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ABSTRACT

Several 4=-methyl=4-polyalkenyl=2=cyclohexenols were syn=
thesized in the hope that their acid-promoted cyclizations

would yield polycyclic compounds in which the first two ring

Junctures formed would have a cis,anti,trans backbone, a pro=
‘cedure which is well precedented in the literature. Compounds
of this stereochemistry bear a structural relationship to the
pentacyclic triterpenes alnusenone and friedelin, thus offer=
ing a possible route to these and other triterpenoid compounds.
Consequently, the model compounds 58 and 82 were synthesized.
Their cyclizations in formic acid yielded complex mixtures of
products with varying degrees of cyclization. Using stannic
chloride as cation initiator in dichloromethane, these two
alcohols cyclized to afford good yields of tricyclic products
with high degrees of stereoselectivity. The structure of the
tricyclic olefin §§§ formed in 32% yield from alcohol 58, is
believed to be that shown based on fact that the first three
centers formed must be in a cis,antl relationship in order

for cyclization to occur, and that the fourth center is trans

to the third by previous anslogies and by spectral data.
Absolute confirmation of the structure is pending the results
of an x-ray analysis. The structures of the olefins 109 and
110, formed in 62% yield from the alcohol 82, were confirmed
by alternate synthesis of their hydrogenation product.

Based on the results of these model studies, alcohol 51 was
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synthesized, and its cyclization was studied, in hoées of ob=-
taining the pentacyclic olefin 50. A compound with spectro=-
scopic data consistant with the structure of 50 was isolated
on brief treatment with stannic chloride in dichloromethane.
Unfortunately, the yield was only 12%. In order to establish
the structure of the pentacyclic olefin as 50, a sequence of
reaétions was devised to transform the olefin into the penta=
cyclic ether D=6. The required two carbon atoms were intro-
duced via an eight-step sequence, affording the pentacyclic
aldehyde 191 in 6.5% yield from olefin 50. Attempts to de=
oxygenate the carbonyl oxygen were unsuccessful. The structure
of the olefin is believed to be 50 on the basis of its nmr
spectrum, which shows an angular methyl group at 1.05 ppm,
assigned to the methyl at C-=6b, since it would lie in plane
of the C=11,12 double bond. The other stereochemically pos=-
In addition to being an unlikely product on mechanistic
grounds, the structure of this olefin would place the C=6b<

- out of the plane of the double bond, thereby placing its |
chemical shift at higher field.

The yield and selectivity in the cyclization reaction
appears to decrease as the number of alkyl substituents on
the iniernal double bonds is increased. This is explained
on the basis of the stronger interactions that would develop
in the transition states in the substituted cases, as opposed

to those with a lesser degree of olefin substitution.
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In a related study, the cyclopentenol 194 was cyclized
with stannic chloride to afford a 37% yield of the pentacyclic
olefin 195, which was successfully transformed intec a known
compound, the enone D=4. ILike the ether D=6, D=4 was used
previously as an intermediate in the first total synthesis
of alnusenone (Ireland and Welch, 1970). Successful irans=
formation of olefin 195 into enone D=l served to confirm the
structure of 195 and also constituted another formal toéal

synthesis of alnusenone.
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Historical Introduction

I. Triterpene Chemistry

"The triterpenes are a large, diverse class of CBO
isoprene compounds which are widely found in nature. While
most of the triterpenes are restricted to the plant king-
dom, a few, such as lanosterol (1) have been isolated from

animal sources (1).

= OH

3 3
1 Lanosterol
2b R = H

Betulin (2a2) was the first triterpene isolated, in
1788 (2). However, their size, multiple centers of asymmet=-
ry, and meager functionality hampered the structural eluci-
dation of the triterpenes until 1949, when Ruzicka and co=
workers (3) postulated that the gross structure of oleanolic
acid was 3a. Prior to this, oleanolic acid had been chemi=
cally correlated to g-amyrin (3b), as well as betulin (2a)

to lupeol (2b) (&),

Thus, with the knowledge of structure 3a for oleanolic



3a R = COOH, Oleanolic
acid

CH3 CH3

3b R = CH3, £ ~Amyrin
acid, the basic structural types of the common triterpenes
were rapidly determined. The elucidation of the relative
structure and stereochemistry of the triterpenes has Dbeen
reviewed by several authors (1,4-9). In addition, two excel=-
lent volumes, which catalogue the itriterpenes known through
1972, have recently appeared (10,11).

Once the interest in the chemistry of the triterpenes
had been evoked, chemists turned their attention toward the
biogenetic aspects of triterpene synthesis. 1In 1953, Wood-
ward and Bloch (12) and Dauben and coworkers {(13) postulated
that the acyclic polyene squalene (4) was the precursor of
lanosterol (1) and ultimately, cholesterol (5) (Fig. 1) via
a series of olefin cyclizations, Wagner-Meerwein rearrange=
ments, and losses of methyl groups. It was then experimen=-
tally confirmed by Bloch (14,15) that squalene (4) was con-
verted to cholesterol in wiveo. The details of this work

have been reviewed (16).

In 1955, Stork (17) and Eschenmoser (18) independent-



5 Cholesterol

Fig. 1

ly proposed a theory which postulates that not only lanoster-
ol (1), but all the triterpenes are ultimately derived from
squalene(4) via cyclization = rearrangement sequences. The
implications of their theory, commonly known as the Stork-

Eschenmoser hypothesis, will be discussed in Part II of the

introduction (vide infra).

More recently, 2,3=oxidosqgualene (6) has been implicated
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as the precursor of lanosterol (1) (19,20),; A~amyrin (3Db)

(21), and the mold metabolite, fusidic acid (7) (22) (Fige. 2).

Lanosterol (1)

B-Amyrin (3Db)

-

/

CH
3

Fusidic Acid (Z7)
Fig. 2

Chart A illustrates squalene oxide (6) in a chair-chair-
chair-chair~boat form, which is believed to cyclize (23)
according to the above hypothesis with the aid of a protonic
enzyme, EnZH+, to the tetracyclic carbonium ion A=-l. Stereo=-

specific attack by water at C~18% of A=1 would produce dam=

# Naturally occurring triterpenes are numbered according to
the scheme suggested by S, Allard and G. Ourisson, Tetrahedron,
1, 277 (1957).

Bicyclic compounds are described as derivatives of naphtha-
lene. Tricyclic compounds are described as derivatives of
phenanthrene. Tetracyclic and pentacyclic compounds of the




\Chart A

HO .
Dammaranediol (A=-2)

H3 .3
Shionone (A-7)



Chart A (continued)

4 CH

CR3. CH3 ;3

ey o CH~ CH
’ 3 3Dupeol (2a)

Gé&manicol (A=6)

s CH CH3
CHB CH3 .
- Tirucallol (4A=9)




Chart A(continued)
C

CH; EHB ¢ -Amyrin (32)

CH3 ,CH3

Taraxerol (A=12)

k 3 /.
CHy ¥Friedelin (4=15) CH3 CHBAlnusenone (A=14)



maranediol (A;g). Alternatively, the C-16,17 bond could
migrate to C~18 to produce the tetracyclic ion A-3, with the
charge at C-17. Markownikov addition to the C-21,22 double
bond would produce the pentacyclic ion A-4, which, on loss
of a proton from either terminal methyl group would yleld
lupeol (2a). Migration of the C-20,21 bond to C=22 in A-4
would produce a cation which, on loss of the C-17 proton,
would yield germanicol (A-=6). Alternatively, seven sequen=-
tial 1,2-hydrogen and methyl shifts in catlion A-3, followed
by loss of the C-3 hydroxyl proton, would afford the tetra=-
cyclic triterpene, shionone (A=7). Cation A=1 could also
undergo sequential hydride and methyl shifts, and loss of a
proton at C=8 to give either euphol (A=~8) or tirucallol (A-9).
Cation A=10, the probable precursor of germanicol (A=6),
could also undergo a single hydride shift from C-13 and sub-
sequent loss of a proton from C-12 to yield g-amyrin (3b).
Two consecutive shifts and loss of the C~15 proton from A=10
would produce taraxerol (A-12). Alternatively, sequential
hydride and methyl shifts to the rearranged cation A-13,
would yield alnusenone (A-14) on deprotonation and oxidation.

Further rearrangement of cation A=13 would produce friedelin

(A=13).

(6,6,6,6,6] type are described as derivatives of chrysene
and picene, respectively. Pe ntacycl ¢ compounds of the type
E6,6,6,6,5} are described as derivatives of CJclopenxaiqja
chrysene, as indicated in "The Ring Index" (24).



Other conformations of squalene oxide (6) will yield
triterpenes upon enzymatic cyclization {(23)¢ Lanosterol (1),
for example, is formed via a chair-boat-~chair~boat cycliza-

tion of squalene oxide, whereas hydroxyhopanone (8) is a

CHB CHB 8 Hydroxyhopanone

product of squalene oxide in the all=chalr conformation.

The combination of methyl and hydrogen migrations, com=-
monly referred to as backbone rearrangements, are common to
a number of triterpene biosyntheses (25), and several such
processes have also been observed in vitro. Examples of
special interest to the present work are the rearrangements of
friedelene (9) (26a-d) and alnusene (10) (27) to the same
mixture of 18p-olean~12-ene (11) and olean=13(18)~ene (12)
(fig. 3). The identical mixture is also obtained from olean=-
12-ene (13) or germanicane (14) under the same conditions
(28). This establishes the structural relationship between
alnusenone (A=14), friedelin (A=15), and g-amyrin (3b). What
is egpecially interesting about these backbone rearrange-

ments is that they constitute a complete reversal of the
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Fig. 3
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proposed biogenetic process (17,18). 1In a study of the frie-
delene-oleanene rearrangement, Coates (29) suggested that in
the enzyme process, a compensation mechanism must occur
which iowers the energy barrier for the g-amyrin-friedelin
conversion, since the reverse process is energetically more
favorable. Prior to Coates's work (29), Courtney and co=-

workers (26d) were able to isolate glutin~5(10)-ene (15) and

15

hypothesized that it was an intermediate in the rearrange-
ment to olean~-13(18)-ene (14). Furthermore, it was found
(264,29) that olean-12-ene (11) could be isolated without
further rearrangement, provided the conditions were mild
enough (ie, zinc chloride-~acetic acid or chloroform=hydro=-
chloric acid). This suggests that conditions might be found
in which an appropriately substituted friedelin derivative,
ies 3%, bx-epoxyfriedelane (16) could be made to undergo re-
arrangement, so as to yield 3-epi~g-amyrin, which should be

readily converted to g—amyrin (3b). A rearrangement of this
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1) BFB-EtZO

2) Epimerize
at C=3

type has been recently effected by Yamada and coworkers (30)

for 3«,l4«-epoxyshionane (17). Treatment of the oxide 17
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with boron triflouride etherate afforded, among other pro=
ducts, the hydroxy olefins 18 and 19. O0lefin 18 bears a
structural relationship to A-amyrin (3b).

Tétal syntheses of polycyclic triterpenes began a de=-
cade ago with the synthesis of the symmetrical triterpene

«-onocerin (20) by Stork (31). Logically, the symmetry

R = OH

R CAc

i

of the product suggested that the skeleton be constructed
through the coupling of two identical units. Previously,
while elucidating the structure of <~onocerin (20), Barton
and Overton (32) had discovered that treatment of «=~onocerin
diacetate (21) with acid afforded the cyclized compound 22,
which was named Y~onccerin diacetate. This transformation,
coupled with the findings of Schaffner and coworkers (33)
signified that Stork's «-onocerin synthesis (31) also con-
stituted the first synthesis of a pentaéyclic triterpene.
Their work (33) involved the conversion of ¥-onocerin diace-

tate (22) to the keto alcohol 23, and then %o hopenone=I
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(24), which is derived from hydroxyhopanone (8).

The details of these and other triterpene syntheses have
been reviewed by Evans (34) and Tilley (35). The early syn-
theses had the disadvantage of limiting the scope to symmet-
rical compounds, or those which are readily coverted to un=-
symmetrical ones, le, 22-v23. In addition, the yields in
the ring closure step were t00 low (2-20%) to provide effic-
ient entry into the unsymmetrical triterpenes.

In 1956, Halsall and Thomas {(36) first suggested the
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idea of constructing the pentacyclic skeleton by Jjoining the
AB and DE portions, followed by cyclization. This approach
was used by Corey and coworkers (37) in the synthesis of
olean-11,13(18)~diene (B=£6) by joining the olefinic bromide
B=1 to the enol lactone B=2, according to the procedure out=-
lined in Chart B. Although the scheme was fairly straight-
forward up to the dienol B-=5, the cyclization to the diene
B=~6 proceded in only 2-8% yield.

A similar approach was followed by Barltrop and cowork=-
ers (38) who synthesized enone 3~4 via the bromide 2=1, and
the enone 3B-7 by treatment with base. Again, great diffi-
culties in the cyclization step were encountered.

In a different synthesis, Ghera and Sondheimer (39)

joined the frans and cis decalones, 25 and 26, via a two=-

step coupling with acetylene, to ultimately form the tetra=-
cyclic diel 27. Cyclization in acid (yield not reported)

yielded the equilibrium mixture of 18«~olean-12-ene (11) and
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Chart B

i
CHy CHy Bol
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olean-13(18)-ene (12).

A synthesis of fA-amyrin (3b) from olean-13(18)-ene (12)
was reported by Barton (40) in 1968. However, its length
and coﬁplexity made this route to the unsymmetrical triter=-
penes unattractive.

Alternatively, the ability of triterpenes of the frie-~
delin type to rearrange to compounds having the B-amyrin
skeleton does offer some attractive possibilities for the
synthesls of a wide variety of triterpenes. Thus, a large
part of the research efforts in the Ireland laboratory has
focused on the synthesis of triterpenes of both the friedel-
in and B-amyrin types. This work has been highlighted by
the stereoselective total syntheses of d,l-alnusenone (A~14)
(41) and d,l-germanicol (A=6) (L2).

The key steps in both of these syntheses lay in the
stereoselective introduction of two angular methyl groups
oriented trans to each other on adjacent quaternary centers,#
In the case of germanicol (A=6), the problem was solved
(42-4L4) by the steps outlined in Chart C. The ketone ketal
C-1 was transformed in three steps to the unsaturated ke~
tone C-2. Treatment of C=2 with excess pmemethoxybenzyl=-
magnesium chloride afforded an enolate which was acetylated.
The resulting enol acetate (-3 could be isolated, and the

enolate be regenerated in an appropriate solvent. Methyla-

(o}
€

¥ This structure cccurs ly 1
For an extensive tabulation of the compounds,
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Chart C

CH .
3 germanicol (A-6)
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tion produced the ketone ketal C-4. Hydrolysis of the ketal
and cyclization with polyphosphoric acid proceeded smoothly,
vielding the unsaturated ketone C=5. Reduction of the car-
bonyl group and a two=-step lithium-ammonia reduction afforded
the hydroxy enone C-6. The methyl group at C-4a was intro-
duced via a conjugate addition of cyanide (45). Formation
of unsaturation next to the C-3 carbonyl group, followed by
geminal methylation and removal of the carbonyl and C-4a
functionality afforded d,l=-germanicol (A~€). The conversion
of ketone C-4 to enone (-6 played an important part in a
related phase of the present work (see discussion section).
In an early attempt at the synthesis (34,46) of alnu-
senone (A-14), the introduction of a methyl group at C-12b

oriented trans to the one at C~6b in ketone 28 to produce

CEt

ketone 29 met with poor success. Only 17% of ketone 29 was
formed, along with 60% of O-methylated product and 13% of

starting material, ketone 28, This problem was circumvented



20

in the final synthesis (41) via a conjugate addition of

cyanide (45) to enone 30 to afford the trans cyano ketone

OEt
CEt

EtBAl
— ey
CN,; THF

MeO

30 21

31 in high yield. The subsequent features of the synthesis
are outlined in Chart D. From the cyano ketone 31, a four-
step sequence produced the olefinic mixture D=1, in which

the cyano group at C~6b had been reduced to the required
p-methyl group. Cyclization of the mixture D-1 afforded a
1:3 mixture of the B/C c¢cis compound D=2, and the desired

B/C trans isomer D-3. Elaboration of ring E was effected
through a four-step sequence to enone D=4, The C-8a methyl
group was introduced via a cyclopropane in two steps, fol=-
lowed by oxidation to afford the cyclopropyl ketone D=5.

The methano group served not only as a precursor to the C-8a
methyl, but also as a protective group against methylaton at
C-9. Base=catalyzed methylation occurred exclusively at C=11,
and removal of the carbonyl group afforded the pentacyclic
ether D-6. 3Birch reduction, followed by methylation afforded

d,l=alnusenone (A=14).
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Chart D
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Chart D (continued)

Alnusenéne (A=-14)



23

The use of aromatic rings as precusors to cyclochexane
rings has found wide application in the steroid field (47a,b).
The pentacylcic enone D=7 might also serve as a suitable pre-
cursor for friedelin (A-15). Recently, Tilley (35) synthe-
sized the tetracyclic keto olefin 32 in five steps from the

dienone 33, as a possible approach to the synthesis of shi=-

34 A=7 Shionone

Fig. &

onone {A-7) (Fig. 4). Thus, a plausible route was available
for the synthesis of friedelin (A=15) from enone D=7. The
synthesis described in Figure 4 was complicated by stereo-

chemical problems and some low yields. This was partially
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overcome by Kowalski (48) who prepared the dienol-triflouro=-
acetate 34 from dienone 33, but could not convert it into
ketone 32. Hence, the elaboration of ring A for shionone and
friedelin has not yet been accomplished with good efficiency.
Recently, Stork and coworkers (49) have completed a syn-

thesis of lupeol (2b). One aspect of the synthesis is es=~
pecially important in relation to the present work. That is
the reductive cleavage-methylation of the cyclopropyl ketone
35, to afford the keto olefin 36. This provides another

example of trans vicinal methylation, as well as providing

a precedent for a reaction to be discussed later.
OH OH

Finally, the biogenetic-like approcach (50) to natural
product synthesis has resulted in the ingenlous syntheses
of a number of triterpenocids (Chart E), such as g-onocerin
(E~1) (51a), malabricanediol (E=2) (51b), hexanor=isoeu=
phenol (E-3, R = H) (5ic), 24,25-dihydrolanosterol (E-4)
(51d,e), 24,25~dihydroprotosterol (E-5) (5le), parkeol (E=7)
(51e), tetrahymanol (E=8) (51f), A~amyrin (E=9) (51g),

g-amyrin (3b) (51g), and germanicol (A-6) (51g), isoeuphenol
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Chart E
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Chart E (continued)
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(E=35, R = CHZCH=C(CH3)2) (51e), and isotirucallol (E=6) (51e).

II. Polyolefin Cyclizations

The process of forming alicyclic compounds by the acid
treatment of acyclic, polyolefinic substrates has been known
for some time, largely from work in the terpene field (52).
In 1936, Hibbit and Linstead (53) studied the cyclizations
of a number of monodlefinic alcoheols and established the most
favorable structural relationships for cyclization. The two
basic rules are: 1) the cationic center should be separated
from the double bond by three tetrahedral carbons (cyclohexyl
cation formation), and 2) that the attacking double bond have
a substituent on the first olefinic carbon to stabilize the
newly formed cation.* There are some exceptions to these
rules. If the elctronic factors are such that a five-men-
bered ring would be more stable electronically than a six-
membered one, then its formation will be preferred or at
least competitive (54). Secondly, five-membered rings can
also be formed i1f the attacking double bond is of low nuce
leophilicity (or an aromatic ring) (55), so as to allow a
non-conerted cyclization.

The stereochemical aspects of polyene cyclization began
to take shape with some later work of Linstead (56). Treat-

ment of 1=(3-butenyl)-cyclohexancl (37) or 1-(3=butenyl)-

¥ For a recent study on this subject, see ref. 65b,
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cyclohexene (38) with mixtures of acetic and sulfuric acids
and acetic anhydride gave a 25% yield of cis~®~decalyl ace-
tate (39) (56a). Similarly, cyclization of the 2-methyl
alcohoi 40 yielded mostly the cis acetate 41 (56b). Ace-

tate 41 was also produced from the isomeric alcohol 42 (56c).

R
X
R R OH
. OAc
0 \ . \
3Z R=H PR
LO R = CH ,
.......R 3 /
39 R=H b2
N
! 41 R = CH
3
38 R=H
&1 R = CH3

Stork's first interpretation of these results (57) postula-

ted the intermediacy of the monocyclic diene 43 (Fig. 5).

CHy =% gt —_—
4
AcOH
43 I

Fig. 5
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Concerted protonation is believed to occur at the endocyclic
double bond with concomitant migration of the butenyl double

bond in a trans, antiparallel fashion, followed by attack by

acetate on position 3 of the side chain.

The finding that lanosterol (1) was biogenetically de-
rived from squalene (4) (12,13) set the stage for intensified
study of the polyene cyclization process. Thus, in 1955,
Stork (17) and Eschenmoser (18) independently formulated
their hypothesis which launched the ever=-growing field of
research on non=-enzymic polyolefin cyclization.

The essential features of their hypothesis is outlined
in Chart F. If a polyolefin, such as the monocyclic diene
43 is protonated by acid in a concerted fashion (Fig. 5),
then cyclization will lead to the formation of the bicyclic
cation F-1, which‘can undergo attack by a nucleophile Y, to
give the bicyclic product F=-2, possessing a cis ring fusion.
On the other hand, if the protonation is non=concerted, then
the monocyclic cation F=3 is produceds and the cyclization
could then proceed through two alternate pathways, a and Db,
leading to the bicyclic cations F=1 and F=4, respectively.
Attack by Y on F=1 would again produce cis-fused F=2, whereas
attack on the trans cation F=4 would give rise to the itrans-
fused decalin F=5.

Extending this one step further, if an acyclic dienyl
cation, such as F-6 could be produced, then concerted cycli-

zation would produce the trans-fused cation Fel; leading to
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Chart F
CHB CH3 CH3
Y
AN H+ +
— —_—
concerted Y
b3
- Fe-1 P2
H+
Nnon-=con=
certed a
CH
3 CH3 CH3
AN b + Y
3 | '?r—)
F-3 F=i F=5
non-=Ccon=
certed concerted
CH3
AN
+
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trans decalin F-5. Non=-concerted cyclization would then
produce the monocyclic cation F=3, which would then react
as previously described. In summary, concerted cyclization
of a pélyene containing a trans double bond yields a product

with trans fused rings. Similarly, cis fused rings are

formed if the internal double bond in the substrate is cis.
Eager to test their hypothesis, Stork (17) and Eschen-
moser (18) made compounds of general formula 44 and tested

their cyclization under acidic conditions. A summary of

their work is described in Chart G. Eschenmoser subjected
trans-desmethyl farnesic ester (G=1) to acid and obtained

the bicyclic hydroxy ester G=2 in 60=70% yield. However,

on cyclization of the gis ester G=3, the irans product G=2
was also obtained (59). The resulils are explained cn the ba=
sis of Stork's findings (17) from the cyclization of farne=
gic acid (G=4) with boron triflouride etherate in benzene,

in which the monocyclic acids, G=5 and G=6, were isolated.
Thus, the isomeric esters G-1 and G~3 were probably cyclizing

to the monocyclic ester 45, which was then protonated in a
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Chart G
COO0Me 7o 4
CH COOMe CH5 COOle
A
HnSO
2250
AN HCOOH
CH3 }{3
G~1

|

G=5 trsns

G=6 cis
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non-concerted fashion to give the cation 46 (see F=3 in

[
§
(Y

R e]
t

b

Chart F) which then cyclized to give the trans bicyclic ester
G=2. The feasibility of alicyclic cations as intermediates
in certain c¢yeclizations has been discussed (59~62).

Vhen attempts were made to extend these cyclizations to
larger sysiems containing more double bonds, the yields were
dfasticall& lowered. This was explained by Johnson (63) on
the premise that a2 molecule containing a number of highly
substituted double bonds would probably suffer indiscrimi-
nate protonation, resulting in a myriad of cyclization pro-
ducts. Consequently, the answer to the dilemna lay in the
construction of a substrate, which under the appropriate
conditions, would lead to the selective formation of a single
cation.¥ The results of some of the efforts in the labora-

tories of Johnson (63) and van Tamelen (64) have been reviewed.

# The term “cation® is used here and throughout this thesis
in a rather loose interpretation. It is used for the pur-
poge of clarity, with no attempt being made to distinguish
between actual cations, transitory cations, bridged cations,
or solvated cations.
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The key feature of all these and related studies (51,61,
62,65=71) is the selective formation of a cation in the pre=
sence of properly juxtaposed double bonds of known stereo=-
chemistry, via the acidic protonation or complexation of an
appropriate oxygen~containing functional group. Those groups
which have been successfully utilized for selective cation
generation include alcohol esters (63,65); epoxides (51,66),
. acetals (67), aldehydes (68), and allylic alcohols (69,70).
Of related interest are cyclizations in which the initiating
functionality is a cyclopropyl ketone (71), and in which
acetylenic bonds, as well as olefins, participate in the

cyclization (70,72).

The yields of fully=cyclized material in those cases
studied depended on a number of factors. These variables
included reaction conditions; type of oxygen functionality,
number of double bonds, and the degree of substitution about
them. However, one phenomenon was common to all these studiess
the stereochemistry about the ring fusions in the products
were obtained stereospecifically, and were determined solely
by the stereochemistry of the double bond Ifrom which it was
formed. Some possible exceptions to this were those cases
in which there was the possibility of a deprotonation-repro=
tonation sequence during the cyclization (72,73). Cycliza=
tions of this type have been observed frequently in the
Ireland laboratories (35,72=75).

The complete preservation of stereochemistry during the
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cyclization is consistant with either the concerted mechanism
of Stork (17) and Eschenmoser (18), or one which involves ine

termediate bridged ions (Fig. 6). These bridged intermedi-

ates have been suggested by Johnson and Crandall (76) as a
possible explanation for the observations in their sulfonate
ester solvolyses.

A third mechanism which may explain some of the obser=-
vations reported (17,18,63,64,66d,f) involves the intermee
diacy of short=-lived alicyclic cations. Strong arguments in

‘favor of this mechanism have been presented by Harding (61,
62,77). While this mechanism cannot explain reactions in
which & ¢cig double bond is cyclized with complete stereo=
chemical retention, the possiblity of its occurrence in the

formation of trans fused rings cannot be ruled out.
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Thus,; polyene cyciization studies have provided the op~
portunity for chemists to employ & series of highly predictw
able theoretical concepts to gain high achievements in syne
thetic endeavors, none the least of which are the synthesis
of steroids (69g,J,70) and triterpencids (51). In addition,
the study of polyene cyclizations have led to the discovery
of efficient methods for the stereoselective synthesis of
tfisubstituted olefins. These methods developed through
1971 have been reviewed (78).

Of special interest to the present work are the early
studies of Johnson (61,6%9a,c,e~i) and Marshall (69b,d,k) in
which an allylic alcohol was used as a substrate for cyclie-
zation. These studies are summarized in Table I. Allylic
alcohols have the advantage of being capable of easily gen-
erating stable allylic cations, which can readily undergo
cyclization with an appropriately situated double bond (60,
79). In addition, attack on the allylic cation by an ioniz~
ing solvent, such as formic acid, would not hamper the cyec-
lization, since this process is potentially reversible.

From those studies outlined in Table I, of special note are
those in which a ¢is octalin system is generated in the first
two rings of the product (reactions 2,5¢8). The raticnale be=
hind the formation of the cls produc¢t has been discussed pre-
viously (61,69a,f) and is shown in Fig. 7. The generalized
allylic cation 48, which could be formed from allylic alco-

hol 47, can exist in either of two possible ground state



37

Table I
Rxn. Substrate Ma jor vroduct % Yield Ref,
. _OH

L [:%;:L\jij [:::ji:::] 80-92 69

H

OH

) . OH
2 ; ; 50 61,69a,f
3 80 69b,d
L 30 69¢c
5 90 61,69c,T
N
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Table I (continued)

Rxn. Substrate Iia jor Product % Yield Ref,

. o8

thy CHy

22

30,70

CK3 ey

34

60

52

61

61

69gs

699,h

691
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conformations, 48a and 48e, depending on whether the side
is axial or equatorial, respectively. TFor cyclization to
occur, the attacking double bond must be oriented parallel
to the plane of the allylic system, g0 as to allow maximum
T -orbital overlap in the transition state (80). While this
is theoretically possible for transition states 48a%* and
L8e*, the conformation of the side chain in 48a% is in the
form of a highly distorted boat, the energy of which would
be high enough to preverit cyclization and zllow ring inver-
sion to produce the cther conformer, 48e, and finally, 48e%.
The other possible transition state conformstion of cation 48
is 48°¢, in which the side chain is above the plane of the
ring. Cyclization in this conformation would lead to trsns
fused products. Examination of a model of cation 48° indi-
cates that the side chain is not long enough to allow over=
lap between the 7~orbitals of the allylic system and the side
chain double bond without serious distortion of the latter.
Hence, it is reasonable to aséume that only transition state
48e* is of sufficiently low energy to permit cyclization,
leading to the cis fused octalyl cation 49. Once the first
cyclization step has occurred, or if the cyclization is con=
certed, the stereocchemistry of the remaining double bonds
will determine ring fusion geometry, as was discussed above.
Referring again to Table I, it is noteworthy that the

polyecyclic products from reactions 7 and 8 have cis,anti.irans

geometries about their first three rings. This is exactly
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the proper stereochemistry for the €/D and D/E ring Jjunc=-

tures of the pentacyclic ether D=6, an intermediate in the

alnusenone synthesis (41i). Hence, it was hoped that the ole-
finicether 50 could be synthsized via az cationic cyclization
of allylic alcohol 351; and that D=6 could be made via elabe
oration of olefin 50, thus constituting a formal total syne
thesis of alnusenone (A~14). The studies leading toward

this ultimate goal comprise the essentisl features of the

research described in this thesis.
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Discussion

Early in the work leading to the synthesis of alnusenone
(A=14) (41), progress was hampered to some extent by the
finding that the product resulting from the addition of di-

ethylaluminum cyanide in benzene (45b) to enone 30 was al-

22 30 A

most exclusively the g¢is cyano ketone 52. This difficulty
wasg soon overcome by employing the protonic conditions of
triethylaluminum and hydrogen cyanide in tetrahydrofuran
(45a), thus affording the desired trans cyano ketone 31
in high yield.

While this work was in progress, other methods of se=
lective generation of trans 1,2-diaxial methyl groups in
cyclic systems became the subject of extensive investigation
in the Ireland laboratory. Other previous approaches from
this laboratory (34.46) and others (81,82) gave predominately

cis products.

Une synthetlic goal to which several investigators directed
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their efforts was the tetracyclic ketone 33; a potentially

MeO ~

A=7 Shionone

useful intermediate for the synthesis of shionone (A=7)s In
one gpproach, ketone 53 was synthesized by procedures simi-
lar to those described for alnusenone (A=14) (41i). The de=-
tails of this route aredescribed in Chart H (74). Addition
of either cyanide reagent to the hydroxy enone Hel, afforded
the trans cyano ketone H=2 as the major product in 80% yield.
Addition of methyl Ggrignard to ketone H=2 yielded the cyano
diol H~-3, which was monoacetylated to the hydroxy cyano ace-
tate He4. Dehydration, followed by nitrile reduction pro=
ceded with hydrolysis of the acetate, affording the mizture
of hydroxy olefins H=5. Oxidation of the hydroxyl and acid=
catalyzed cyclization with p-toluenesulfonic acid in boiling
toluene afforded an 82418 ratio of the desired ketone 53, and

the cis,anti,trans isomer, H-6. The overallyield was 10%

from commercial materials.
In another approach the cyclopropyl methyl ether J=1

{35,83) was caused to react with lithium m-methoxyphenvl
& y
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Chart H
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acetylide, followed by triple bond reduction, to afford al-
cohol J=2 and its C~1 epimer in roughly equal amounts (Chart
J)e Dehydration of alcohol J=2, followed by hydroboration,
yielded the secondary alcohol J=3. Oxidation of the hydroxyl
group and treatment of the resulting ketone with methyllithe
ium afforded the tertiary alcohol J~4, which underwent de-
hydration and cyclopropane cleavage to afford the olefinic
ketone H=5. Treatment with trifluorocacetic acid® produced
the tetracyclic ketones 53 and H=6. The overall yield was
3e3% from commercizl materials.,

Prior to these studies, Ireland and Dawson (68c) had suc=-
cessfully effected a concerted cyeclization (see introduction,

part II) of aldehyde 54 (Fig, 8) with stannic chloride in

iy _— oy ZCPh-p-Br
’ 1) SnVCng, ’ ‘
N Ch3N02 | J ;4 ,j
CHs 2) Hy=Pt 0}53 CI_‘% !
s4 7 55 A-0H (38%) 52
Fig. 8 56 «=OH (5%)

nitromethane to produce the epimeric alcohols 35 and 56.

Proof of the irans stereochemistiry of the methyl groups was

shown by an x=ray c¢rystallography study of the p=bromoben-

* These conditions produced an 85:15 ratio of the tetracyc-
lic ketones 53 and H=6 in contrast to the 82:18 ratio using
p=toluenesulfonic acid in tolusne.
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zoate 57, which was derived from the g-alcohol 359.

The succeés of this work prompted an extension of the
cyclization studies, in order to utilize aldehyde K=1% (75)
to furnish the tetracycliec ketone 53 (Chart K). Thus, treat=-
ment of aldehyde K=1 with stannic chleoride in nitromethane
afforded a mixture of products, from which three could be
identified as the tetracyclic alcohols K~2 and K=3, and the
partially cyclized alcohols K~4. Although the partially cyc=-
lized products could be separated from the tetracyclic ones;
this was not necessary, for oxidation of the mixture afforded
the tetracyclic ketones X=5 and 53, as well as the bicyclic
ketones H=5. Treatment of the entire mixture with p-~toluene-
sulfonic acid in boiling toluene yielded more of the desired
ketone 53, and some isomeric ketone H-6. The overall yield
of ketone 53 from this sequence was 2%.

The successful formation c¢f the desired 9,10-dimethyle
trans-decalol systems via a polyolefin cyclization, coupled
with the studies of Johnson and Harding (61), in which a gcis,-

anti,trans-perhydrophenanthrene systen was formed (see reac-

tions 7 and 8 in Table I), suggested the posgsibility of util-
izing this approach to synthesize the pentacyclic compound

50, via the cyeclization of the alcohol 5i.

* Aldehyde K=1 has been utilized twice as a key intermediate
in the present work. A modified synthesis of this compound
will be described later on.
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Chart K

3 CHO
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Hs RZ = Hel
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H, Rp = MeD
MeO, R, = H
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Rather than plunge directly into a problem of this com=
plexity, it was decided to study the cyelization resction on
a simpler model compound, with the hope of eventually exe
tending the work to alcohol 51 if the results from the model
study were encouraging. A suitable model polyene to study

was alcohol 58. It was felt that cyclization of this alcohol

in formie acid would yield, after cleavage of the formate
products, a mixture of the tricyclic alcohols 59, and ole-
fins 60.

In devising a synthetic route to alcohol 58, it was ad-

vantageous to note the structural symmetry elements present
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in the molecule. Besides the obvious symmetry of the trans
tetrasubstitéted double bond; it is apparent that both car=-
bon chains extending from the double bond possess a 4-methyl-
butyl fesiduee Therefore, it was anticipated that a sym-
metrically structured intermediate, A, could be made and

subsequently elaborated into alcohol 58. The compound ideally

CH3
fg) CH
CHB/\ .
3
A

suited for this purpose was the aldehyde 61 (A, f{g) = CHO).
This compound had been synthesized previously in this lab-
ratory (84) in the course of another study. Aldehyde 61
should be readily elaborated via a Stork enamine synthesis
(85) with methyl vinyl ketone (MVK) into the trienone 62

(fig. 9). Reduction of enone 62 would yield the desired al=-

CH
36HG CH,;
'J —
CH =
CHy
61

Fig. 9
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cohol 58.

The synthesis of aldehyde 61 and its conversion to alco-
hol 38 is described in Chart L. The reactions leading to
aldehyde 61 have been modified from the previous study (84).
The trans dibromide [=2 was prepared by the known procedure
(86) of treating 2,3-dimethyl-i,3=butadiene (I=~1) with bro=
mine. The product obtained after crystallization was iso-
merically pure, uncontaminated by any of the cis isomer €3
(86). Coupling (87) of the dibromide I=2 with methallyl-
magnesium chloride afforded the triene 1~3 in 93% yield.*#

CH3

Br
” CH
3

63

Letually, the product obtained was contaminated with 10-15%
(vpe) of an impurity, which could be almost completely re=
moved by spinning band distillation. The structure of the
contaminant was not determined, but the c¢cis triene &4 is a
reasonable postulate. The propensity for the trans dibromide

I=2 to underge isomerization to the gig isomer 63 under a

#* The coupling of dibromide I~2 with a variety of unsatura=
ted Grignard reagents has been utilized for the synthesis of
other unsaturated compounds bearing the transg tetrasubstitue
ted double bond (68¢,88).
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Chart L
CH CH
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variety of conditions is known (86). This may be occurring
during the coupling reaction. The fact that this was not
discovered by Muchmore or in an earlier run during the pre=
sent work may have been due to the quality of the vpe column
used in the analysis. Even on a new 4% SE=30 column, the
impurity appears as a small shoulder that is barely discern=
ible. Although rearrangement during the coupling of allylic
units may also be a problem (89), this did not appear to be
the case here, as the nmr spectrum of the product was rela-
tively simple, which would not be the case for a compound

such as the triene 65, in which rearrangement had cccurred.

The next step in the synthesis called for the differene
tiation of the two ends of the triene L=3. This was accomplished

by hydroboration (90) with the hindered reagent, disiamyl-
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borane (66) (91). As expected (92), this reagent select-

Cy Oy
_CH=CH —#BH
CHJ 2
66

ively attacked the terminal methylene of triene L=3. which
on oxidation with basic peroxide, furnished the alcohol L=4
in 28% yield (65%, based on recovered triene). The other
possible product, diol L=5, was not isolated. Oxidation of
aleohol 1=4 was readily accomplished with pyridinium di-
chromate (93) or Collins reagent (9%4a), prepared in giftu
(94b). Aldehyde 61 was isolated in 94% yield, using the for-
mer reagent. Reaction of aldehyde 61 with pyrrolidine, cone=
densation of the resulting enamine (85) with methyl vinyl
ketone, and acid hydrolysis afforded the trienone 62 in 70%
vield. Reduction of enone 62 with lithium aluminum hydride
afforded the desired allylic alcohol 58 in 99% yield.

The product was shown 4o consist of two components by
vpe and nmr. Integration of the angular methyl region from
0.96=1.01 ppm indicated that the two components were present
in a 1:2 ratio. The minor product was tentatively assigned
to the AK-glcohol 58z, based on the higher chemical shift eof
the C=4 methyl group. The major product was assigned to the
B=alcohol 58b. The overall yield of alcohol 38 from 2,3=

dimethyl=i,3=butadiene (I-1) was 26%, based on the recovery



58a  ok=OH
580 F=OH

of triene L=3.

The initial cyeclization studies of alcohol 58 were con=-
ducted using formie acid as both solvent and cation initia-
tor. The use of formic acid has been reported in other
studies (61,63,69%92=f,h,i,k) (see Table I) with gratifying

rezulis., Treaiment of sleohol 358 with anhydrous formic acid

[

for five minutes, followed by brief treatment of the c¢crude
product with lithium aluminum hydride, afforded a colorless
oil which appeared to consist of at least thirteen volatile
components by vpc. These components were subdivided into
three groups, A, B, and C, based on thelr retention times
(180°, 4% SE-30 on Chromosorb WAW=-DMCS, 6° x 1/8"). Group
A consisted of six compeonents aceounting for about 80% of
the volatile materisl. All had retention times under two
minutes. Group B consisted of four unresoclved peaks, rang=
ing from 2.4=3,5 minutes, and accounted for 10% of the vole
atile materisl. Group C had only one component at 4 minutes,
and this accounted for the remaining 10% of the material.

An initial preparative tlc separated the mixture into a
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hydrocarbon fraetion (14.6%) and an aleohol fraction (85.3%).
The former cdnsis%ed of components Aj=Ays with 4y comprising
80% of the total hydrocarbon mixture. The nmr spectrum
showed.a cluster of peaks at 0.91 ppm,; corresponding to ang-
ular methyl groups, and a broad peak at 5.30 ppm, which is
indicative of the olefinic hydrogen at position 2 of a 3=
methyl-trans~octalin, such as 67 (67b,c,fs,6%e;g,h), and a

signal indicating two olefinic hydrogens on adjacent carbons

at 5.71 ppme. The spectrum was virtually superimposable with
that of the major product isclated from the cyeclization of

alcohol 58 with stannic chloride (yide infra), which is

tentatively zssigned the tricyclic diene 68. The alcohol
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fraction isolated from the chromatography displayed eight
volatile components in the vpc trace. Three had retention
times of 1.35, 1.55, and 1.85 minutes. These were part of
the group A components and were designated LYY A5§ and Aég
respectively. The Agi peak had identical retention time to
AQ of the hydrocarbon fraction. The three components com=
prised about 50% of the alcochol fraction. The four components
of group B made up 25% of the volatile material, and peak C
accounted for the remaining 25%. Preparative tle of the al-
cohol fraction (40% ether in pet. ether) yielded at least six
separate bands. The bulk of the material was found in fwo
groups of two unresolved bands each, designated D (Rf = 0,5
to 0.7) and E (Rf = 0.0 to 0.25). The product in bands D
and E accounted for 31% and 34% of the total product, rese
pectively. Band D contained the components Ap's Aﬁg and Ag
in a ratioc of ca. 2:1:1. The ir specirum displayed a strong
hydroxyl frequency at 3600 et and strong vands at 1650~
1700 and 900 cm“i, which are characteristic of a terminal
methylene. The nmr spectrum also displayed the signals of a
terminal methylene, but integration of this region indicated
that the signal zccounted for less than one hydrogen. Bands
D and E contained the four components of group B and compo=
nent C. This band displayed a very sirong hydroxyl group in
the ir spectrum. Preparative tlc afferded band F, which ac-
counted for 18% of the product and consisted of ca. 80% of

component C. The chief nmr spectral characteristic of this



58

band was the presence of a signal at 4.13 ppm, which is
characteristic of a methine hydrogen on a carbon bearing a
hydroxyl group. On the basid of the above chromatographic
and spectral data, the following deductions are made concers
ning the structures of the cyclization products. Components
Al-Au were hydrocarbons, of which 4;, the major component,
appeared to be tricyclic and had the spectrsl characterist-
ics of the tricyclic diene 68, which was also isolated from
a subsequent cyclization using stannic chloride. The three
components A, AS’ and Ag were alcohols, and at least one
of them was non=tricyclic. A possible structure with these

characteristics is the alcohol 69, which could result Ifrom

nucleophilic attack by formate on an intermediate cation.
The major portion of the product consisted of highly polar
components, which are probably diols, resulting from the
attack of formic acid on the double bonds of the intermedi-
ate cyclization products (69¢,95).

The complexity of the product mixtures resuliting from

the cyclization of alcohol 358 in formic acid were discour=
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aging, especially in light of other studies being conducted
at the same time. ©P. Bey had studied the cyclization of al-
coliol 20 (Fig. 10) (96). Treatment of alcchol 70 with for-
mic acid at 90, followed by hydride reduction afforded a
mixture of products from which the two major alcochols, 71
and 72, were isolated in 20% and 8% yields, respectively. In
addition, two tricyclic hydrocarbons, tentatively assigned
gtructures 73 and 74 were isolated in respective yields of
7.5% and 2%.%* The isolation of alecohol 71 and hydrocarbon
73 suggested that the tricyclic carbonium ion 75 had to have

been formed in at least 27.5% yield, which was much greater

71
than any possible formation of cation 76, as suggested by the
cyciization of alcohol 58. In another study by Bey (96),
alcohol 77 was treated with formic aecid at 9° for five mine
utes to yield, after reduction, the tricyclic hydrocarbon 78,
and the epimeric alcohols 79 and 80 (Fig. 1i). The stereo~

chemical identity of the cyclization products of both alco=

# The yield of hydrocarbon 74 was not representative, since
it appeared to react with oxygen on standing.
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ey

Fig. 11
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hols, 70 and 77, was established by chemical correlation with
each other and with compounds of known stereochemistry (97)
A priori, it is not possible to predict that the cycli=
zations of alcohols 70 and 77 should proceed with a high de=-
gree of selectivity, while that of alcohol 58 should not.
In fact, since the terminal double bond of alcohol 58 is di-
substituted, it is not unreasonable to anticipate that its
cyclization would proceed even better than alcohols 70 and
77 on the basis of electronic factors. On steric grounds,
however, examination of models of the major products pre-
dicted* for the three compounds suggest a possible explana-
tion for alcohol 38's non~selectivity (Fig. 12). Alcohols
71 and 79 are free of 1,3-diaxial interactions between posi-
tions 3 and 5, since there is no methyl group at position 3.

On the other hand, alcohol 81 would possess a severe inter-

#* The major products are expected to be eguatorial alcohols,
since attack on the terminal carbonium lon is expected o
occur in an equatorial fashion, avoiding a 1,3 interaction

with the C=5 methyl group (98).
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action at these positions, which would tend to destabilize
the molecule. In addition, alcohols 71 and 79 contain double
bonds at the B/C ring junctures; which would flatten out the
C ring, thus avoiding any strong interactions there. However.‘
because of the cis fused B/C ring juncture in alcohol 81, an
additional 1,3~diaxial interaction exists between the C-10
methyl group and the C=-8(14) single bond. Harding (77) pre-
dicts that 1,3 interactions present in a final cyclization
product would also be present in the transition state lead-
ing to its formation, especially if the cyclization is step=~
wise., Therefore, it is reasonable to assume that the frann“w
sition state leading to the cyclization of alcohol 58 would
have an additional energy of roughly 7.4 kcal/mole (99) as
- compared to the transition states in the cyclization of al-
cohols 70 and 77. Hence, there may be a greater possibility
for side reactions with alcohol 58.

In order to test this hypothesis, the cyclizaticn of a

modified alcohol 82 was studied, since the major product
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predicted, alcohol 83, would be devoid of the interactions
expected in alcohol 81. During the course of this study
(vide infra), it was determined that formic acid was a poor
cyclization medium for this type of substrate, and that
stannic chloride in dichloromethane gave high yields of tri-
cyelic products. Based on these findings, the cyelization
of alcohol 58 using stannic chloride‘was investigated.

The use of Lewis acids to promote cationic reactions in
~oxygen=-containing substrates is well known. Epoxides have’
been made to undergo rearrangements to allylic alcohols by
the action of triisobutylaluminum (100), diisobutylaluminum
hydride (100,101), activated alumina (102), and aluminum iso=-
propoxide (103). Boron triflouride etherate has been used
{o produce polycyclic alcohols from polyolefinic epoxides
(51a,c~g,66). Stannic chloride reacts with pelyolefinic
gldehydes (68) and acetals (67) to afford polycyclic alco=-
hols also. Stannic chloride has also been employed successe

fully in the cyelization of allylic alcohol 84 (69j) to pro=

CH3

CHy CH,
CH
SnClh 3 '
70% ]
CH3
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duce the tetracyclic diene 85 in ca. 70% yield.
Less known are the cyclizations of J,.¢=unsaturated acid
chlorides, such as 86 (104), with stannic chloride to pro-

duce the 2~cyclohexenones 87.

¢
R COCl R
SnClu
e}
60%
R = H, CH3
86 87

The cyclization of alcohol 58 proceeded readily with
stannic chleride in dichloromethane to yield a mixture of
seven hydrocarbons. There was always a preponderance of one
component under & variety of conditions. This major compo=-
nent could be optimized if the reaction was carried out at
low temperature. Thus, treatment of alcohol 58 with excess
stannic chloride in dichloromethane at =78° produced a 41%
yield of hydrocarbons, in which the major component comprised .
76% of the mixture, and thrae others accounted for about 6%
each, No other material was recovered after column chroma=-
tography, suggesting that polymerization had occurred to a
large extent. Use of more solvent did not alter the results
significantly, nor did the addition of dialkyl carbonates
(70a,b). The major product was estimated by vpc to have
formed in 31.5% yield (18.6% isclated pure). Purification
was effected by either preparative vpe (6' x 1/8" col., 10%



66

carbowax on Chromosorb WAW-DMCS, 200°), or more conveniently,
by repeated column chromatography on either silica gel or
alumina. The major product isolated displayed an nmr spect-
rum characteristic of the tricyclic diene 68, which is be=-
lieved to be the major hydrocarbon from the formic acid cyc=
lization. The formation of the double bond at C~-2,3 (ster-
01d numbering) instead of C-3,4 from the teriary carbonium

ion 76 is based on the studies of Barton and coworkers (105),

CH3
68

and is explained on the basis of steric (106) and hypercon-
jugative (107) effects. The utility of this selective.bcnd
formation has been utilized by Johnson (69j) in a dihydro-
Progesterone synthesis aﬁd by Soffer (108) for a sesquiter~
pene synthesis. It is reasonable to assume that the other
double bond isomers of diene 68, the adsl isomer 88 and the
exocyelic olefin 89 are also formed. If this is the case,
then cyclization actually proceeded with greater selectivity
than the‘31.5% yield represented by the isolation of diene £8.
The higher yields of tricyclie products in the stannie
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chloride study are probably due to the lower acidity and
lower nucleophilicity of the medium. In formic acid, the
products were susceptible to attack by protonation of the
double bonds, leading to diols after reduction. Alsa, the
nucleophilicity of formic acid is probably high enough to
attack the intermediate non~triecyclic cations. In stannic
chloride~dichloromethane, the double bonds of the substrate
would be able to attack the intermediate cations without
competition from an external nucleophile.

With the tricyclic diene 68 now readily available, an
attempt was made to study the reactivities of the two double
bonds toward a number of reagents. Since the ultimate goal
of this work would be the synthesis of the pentacyelic ether
D=6 from olefin 50 (Chart M), then diene 68 might serve as
an excellent model to study this conversion. It was envise
iéned that the most straightforward approach would be through
the ketone M-1. This ketone should be readily available from
olefin 50 via hydroboration (90) with a hindered reagent to
produce the alcohol M=2. The selective oxidation at C-2 is
expected (35,109) on the premise that attack at C~1 would
be more sterically hindered, since the reagent would encoun-
ter a 1.3 interaction with the methyl group at C-ha. A
étriking example of regioselective hydroboration in a cig-
decalin has been reported recently by Hochstetler (110).

Returning to diene 68, it was felt that hydrobofation

would proceed faster at the disubstituted double bond than
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Chart M
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at the trisubstituted one (90). Surprisingly, treatment

of diene 68 with either disiamylborane (91), thexylborane
(111), or 9-borabicyclononane (9-BBN) (112) resulted only in
the recovery of starting material. Finally, treatment with
a slight excess of diborane, folloﬁed by basic peroxide oxi-
dation afforded the alcohol M~-3 as the sole hydroboration
pfoduct in 69% yield, based on recovered starting material;
No trace of the desired alcohol M~-4 was detected. When di=
ene 68 was treated with a large excess of diborane, the diol
M=5 was isolated in 6?% yield. Evidence that the product was
indeed the diequatorial alcohol M~-5 lay in the nmr spectrum,
in which the signals of the two methine protons on the car-~
bons bearing hydroxyl groups appeared as broad multiplets
with half-band widths of 19 and 22 Hz (113).

In addition to hydroboration, an attempt was made to se~-
lectively epoxidize one double bond in diene £8. Treatment
with a 50% excess of 99% m~chloroperbenzoic acid (114) affore
ded a 75% yield (based on recovered starting material) of a
single epoxide, in which only the trisubstituted double bond
was oxidized (Fig. 13)., The product was tentatively assigned
the structure 92, since examination of a model of diene 68
indieated that attack from the «<~face would encounter less
hindrance. Epoxide Qg rearranged quantitatively to a single
ketone, tentatively assigned stiructure 93 on the premise
that migration of the C-2 hydrogeh is stereospecific (115).

A crystal of this ketone was submitted for x-ray analysis.
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Fig. 13
In addition, an atfempt was made to reduce epoxide 92 with
lithium in ethylenediamine (116), but a complex mixture of
products was obtained, ahd this was not investigated further.
The study described above in which stannic chloride was
used as a cyclization catalyst for alecohol 58 was a result
of the success achieved in the next study, the cyelization

of alcohol 82. The selection of this alcohol as a substrate

1) HCOOH

3

2) LiAlHu

for cyclization was made in order to determine if the lack
of two 1,3-diaxial interactions in product 83 would render

the cyclization more selective than that of alcohol 58 (vide

supra).
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In planning the synthesis of alcohol 82, it was deter-
mined that the latter step should be analogous to those in
the synthesis of alcohol 38 (Chart L). Specifically, enamine
homoanﬂelation (85) of aldehyde 94 to form the enone 95 and

Fig., 14
CHO CH3
| —
™
CH
3 C 3
o4 82

reduction to alcohol 82 (Fig. 14).

Consequéntly, the problem was reduced to the synthesis
of aldehydé 94, The general key intermediate, B, in this
synthesis must pdssess a trans trisubstituted double bond

with functional groups f(g) and f'(g), which would be ca=-

o
' (g)

CH;
B

pable of being elaborated into an allyl and 2-formyl-group,
respectively. Of the many syntheses of trisubstituted double
bonds (78), the one that appeared most attractive for this
study was the orthoester Claisen rearrangement developed by

Johnson and coworkers (117), in which the allylic aleohol
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96a was converted into ester 97a in over 90% yield with
> 97% stereoselectivity. Therefore, the synthesis of the

CH,C(OEt)
”[j”t]::OH ‘ 3 3 COOEt
' NN
R AN Z o, CHzCOOH | R

C
Hy

96 97

a R=CHj, b R=H

lowerJhomolog, alcohol 96b, and its elaboration into aldehyde
‘ 2& was envisioned. The synthetic route to aldehyde 94 is

6utliﬁed in Chart N. Conversion of 4-chloro=-i-butene (N=1)
(118} to its Grignard reagent and reaction with methacrolein
produced alcohol 96b in 69% yield. Although commercially
available, chloride N-1 is rather expensive. Consequently,
it was prepared from the readily available and inexpensive
allyl bromide (98) via conversion to the Grignard (119) and
condensation with paraformaldehyde to give 3-buten-1-ol (99)

/\/Br—-—-* A" — /\/\cl

98 29 N=1
(118) in 56% yield. Reaction of alcohol 99 with thionyl
chloride and a catalytic amount of pyridine (120) yielded

69% of the chloride N=1. On heating alcohol 96b with excess

triethylorthoacetate and a catalytic amount of propionic acid
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Chart N.

cl 1) Mg CH3C(OE’:.)3
2) cH =C(Me)C‘{0 00H
™ \\\ &%

Z
(O S

COOEt HO
' (06H5) 3P
LiA1H ' CC1L
in
9% X 7!&;;
CHg
Fras N2

1) Mg L1(1-Px)oN
2) CO ? —
887 2 Megg%HMPA
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Chart N (continued)

coon CHs » OH oy
LiALH), C04-PyT,
967 93%
N NN
3 | CHs
N=-5 N=6

CH
cHo 1; Pyrrolidine
2) MVK
84%
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at 140°, the desired diene ester 97b was formed in 88% yield
(121). From the nmr spectrum, the ratio of itrans to cis es-
ters was determined to be 97:3, based on the integration of
the sigﬁals at 1.60 and 1.67 ppm, which were assigned to the
methyl group on the trans and c¢cis double bonds, respectively
(78a).* Reduction of ester 97b with lithium aluminum hydride
Proceeded readily, yielding 99% of alcohol N-=2. This alco-
hol was converted to the corresponding chloride N-3, by re=-
action with triphenylphosphine and carbon tetfachloride (122)
in 74% yield. The Grignard reagent of chloride N=3 was
treated with excess carbon dioxide and afforded the homolo-
gated acid N=4 in 88% yield. Methylation of acid N=4 was
effected by the excellent procedure of Pfeffer and Silbert
(123). Conversion of acid N=4 to its dilithium salt with
lithium diisopropylamide, and reaction with methyl iodide

in the presence of hexamethylphosphoramide (HMPA) afforded
the methylated acid N=5 in 95% yield, uncontaminated by ei=-
ther the unmethylated acid N-4 or dimethylated acid. Lithium
aluminum hydride reduction of acid N=5 yielded alcohol N=6
(98%), which was oxidized using Collins reagent (94) to the
desired aldehyde 94 in 93% yield. The conversion of the al-
dehyde into alcohol 82 was effected as described previously.
Condensation of the pyrrolidine enamine of the aldehyde 94
with methyl vinyl ketone, followed by acid hydrolysis afforded

¥ Subsequent structures in this series are depicted as being
trang, although the cis isomer was present throughout.



76

an 84% yield of enone 95. Reduction to the allylic alcohol
82 proceeded in 98% yield.

The cyclization of alcohol 82 in formic acid was stud-
ied.. The alcohol was mixed with anhydrous formic acid at
9°, and the mixture was poured onto aqueous base and cracked
ice after eight minutes. The resulting crude product was
then treated with lithium aluminum hydride. The vpc trace
of the resulting mixture consisted of at least fourteen com=
ponents, in which six peaks, designated A-F, having retention
times (205°, 10* x %" 10% carbowax) of 1.65, 4.3, 5.15, 5.55,
6.3, and 8,0 minutes, respectively. These six peaks comprised
ca. 75% of the total peak area. In addition, three unresolved
peaks, ranging from 6.6-7.7 minutes, comprised 20% of the peak
area, and five minor peaks at 1.15, 1.75, 2.3, 2.55, and 2.8
minutes accounted for the remaining 5% of the volatile mater=-
ial. The ir spectrum indicated the presence of a hydroxyl
group (3550 cm“l) and the terminal vinyl moiety (1635, 995,
915 cm"l). The nmr spectrum also showed chemical shifts
characteristic of the terminal vinyl group (see experimental
section). The mixture was subjected to preparative vpc (same
column as above), and components A-F were isolated. Each
component displayed the spectral characteristics of the ter-
minal vinyl group, indicating that each was non-tricyclic.
Components A, C, D, and E contained only two prcton signals
in the 4.76~5.23 ppm range of the nmr spectrum, indicating
that they were probably bicyclic. Componénts,B and F dis=
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Played three protons in this range, indicating that they were
probably monocyclic. The isolated yields and funetionality

assignments for componenté A-F are summarized in Table II.

Table 1I
Component % Yield Isolated Type
A 6.7 Olefin
B L. 4 Alcohol
c 3.2 Alcohol
D 2.5 Alcohol
E 6.4 Alcohol
F 3.8 Alcohol

The structural assignments for components A~F are illus=
trated in Chart 0., These assignments were made largely on
the basis of spectral data. Rigorous confirmation of the
structures was not possible, since only 3-6 mg of each com=~
vonent was isolated. It was apparent from the spectral data
that all six were non-tricyclic, and hence, the experiments
were not repeated. The structure of allithe components ex-
cept the bicyclic alcohol 104 are consistant with a stepwise
cyclization mechanism, as is described in Fig. 15. Ioniza=-
tion of alcohol 82 would produce the allylic cation 106.
This cation could undergo attack by the trisubstituted double
bond to produce the bicyclic cation 107, or by formic acid
to yield, upon reduction, the allylic alcohols 101 and 105.
The fact that these alcohols are single epimers strongly sug~
gests that they are formed by attack on the allylic cation

106, while it is in the conformation 106a, with the side
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Chart 0

F (105)
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Fig. 15
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chain oriented axially (Fig. 16). Attack by formic acid

Fig. 16

ghould pfoceed preferentially from the top, yielding alcohols
;g; and 195, after hydride reduction., It has already been
implicated (61) (see introduction) that the conformation 106e
with the equatorial side chain should lead to cyclization.
Attack by formic acid on cation 107 would yield the epimeric
alcohols 102 and 103 after reduction. Loss of a proton from
cation 107 would produce the biecyclic triene 100. The for-
mation of the rearranged alcohol 104 could occur either by

reprotonation of triene 100, followed by formate attack. Al-
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ternatively, a 1,2 hydride shift in cation 107 could occur
(Fig. 17) to yield the rearranged cation 108. Attack by for-

mic ac;d and reduction would afford alcohol 104,

Fig. 17

The failure to isolate any products having a tricyclic
structure in the cyclization of alcohol 82 with formic acid
indicated that complete cyclization could have only occurred
to the extent of about 20%, if at all. The isolation of bi-
cyclic alcohols éuggested that formic acid was competing for
the positive site on cation 107 with the terminal vinyl group.
To make double bond attack the more favorable process, it
‘would be necessary to use conditions in which a strong exter-
nal nucleophile was absent from the medium.

The success of stannic chloride in nitromethane as a cyc=
lization medium for éllylic alcohols (69j) prompted its imp~
lementation in the present study. Treatment of alcohol 82
with stannic chloride in nitromethane for 1% minutes at =28°
afforded an oil, from which a mixturé of two hydrocarbons
were isolated in 24.7% yield, (4% SE-30, 6* x 1/8 ", 170° ,
0.95 and 1,0 min). In addition, a 12.3% yield of a mixture
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of compounds with retention times of 1.8-2.2 minutes was
isolated. The hydrocarbon fraction displayed an nmr spec~
trumcharacteristic of completely cyclized material, i.e.,

no terminal viﬁyl group. The two signals for angular methyl
groups were observed at 0.81 and 0,91 ppm. The region for
allylic hydrogens integrated to between six and seven hydro-
gens, indicating that the mixture consisted of the two hyd-
rocarbons 109 and 110, with 109 predominating. The higher
boiling components were not characterized at the time, but
were identified from the dichloromethane study (vide infra)
as containing thechlorocarbon mixture 111. These compounds
are believed to originate by abstaction of a chlorine atom

from stannic chloride by the tricyclic cation 112.

2
3
109 a-2 | 112 . 111
110 A-3

An extensive study was undertaken in hopes of increasing
the yield of the tricyclic dienes 109 and 110. The varia=-
tion of cyclization conditions is summarized in Pable III.
The products isolated from the various reactions are illus~

trated in Chart P. The best yield of tricyelic dienes 109
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Chart P

CH3

P-1 R=C6H5
111 R= Cl

P-2 R=CF4CHy0
P=6 R=g=CH, 0~Cgl,
P-7 R=p=CH;0~Cghy,

C 3 C 3
g‘:ﬂ', R1=H9 R2=CH30 2_“§_ RISH) R2=CH30

P=5 R1=CH30, Ro=H ' P=9 R1=CH30. Ro=H
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and 110 was obtained in the dichloromethane-ethylene carbon=-
ate reaction (run 2). The reversal of the distribution of
hydrocarbons (109 and 110) and chlorocarbons 111, as compared
to dichloromethane only (run 4) is noteworthy. Apparently,
the abstraction of chlorine by the tricyeclic cation 112 to
produce chlorocarbons 111 is competitive with the loss of a
rroton to form hydrocarbons 109 and 110. It is possible

that the ethylene carbonate may be acting as a mild base to
enhance the rate of proton removal at the expense of chlorine
abstraction. The high proportion of chlorocarbons 111 in the
dichloromethane study (run 4) does not rule out the possibil=-
ity that chlorine abstraction from the solvent is also oceur-
ring. The abstraction of chlorine from dichloromethane by
reactive vinyl cations has been observed by White (124). An-
other side reaction which appears the be competitive with the
formation of tricyclic dienes 109 and 110 is the interruption
of the cyclization at the bicyclic stage, i.e., removal of a
proton from the bicyeclic cation 107 to yiéld the triene 100
(Fig. 15). The results in Table III indicate that there is

a relationship between the propertion_of triene ;gg_produced
and the polarity of the solvent used in the cyclization.
While the exact nature of this effect is difficult to ascer=
tain, it is possivle that the solvent polarity may have an
effect on the conformation or "coiling" of the side chain

in alecohol 82. The effects of solvent on the conformation

and reactivity of polyolefinic compounds has been discussed
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by van Tamelen (125). It is postulated that in a solvent of
low polarity; the conformation of the side chain may be ori-
ented in a number of random positions, including those in
which the internal double bonds are exposed to the surround-
ing medium and are probably’solvated by it. In solvents of
high polarity, the molecule is believed to exist in a more
compact, coiled conformation, in which the double bonds are
internally solvated. Such a conformation for alcohol 82
would increase the prbbability that the terminal vinyl group
is oriented in a ﬁosition favorable for cyclization from the
bicyeclie cation 107. On the contrary, if the chain is un-
folded, &s in a non-polar solvent, cyclization would be ham=-
pefed by the necessity of an additional chain-folding step,
and hence, proton loss would probably become competitive,
Another phenomenon worthy of comment is the formation
of the phenylated hydfocarbon mixture P=1 in the benzene
study (run 3). It is, of course, readily deduéed that these

products originated from the éttack of the triéyclic cation

112 on benzene,
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It seems odd that these types of products resulting from
the trapping.of a terminal cation by aromatic solvents have
not been observed in other cyclizations using these cond-
itions.(67). While not exactly a preparative experiment,
the proportion of tricyclic products indicate that the tri-
cyclic cation 112 had to have been formed in at least 50%
yield,

From the results of the benzene study, it was of inter-
est to test the Friedel-Crafts nature of the intermediate
cations formed during the cyclization of aleohol 82. Thus,
anisole and methyl benzoate were selected as solvenis because
of their propensities to respectively activate and deactivate
the aromatic ring toward electrophilic substitution (126).

As expected, cyclization of alcohol 82 in anisole (run 6)
yielded a high proportion (48%) of arylated material. On
examination of these products, it became apparent that par-
tially cyclized products were present in addition to the tri-
eyelic products P=6 and P=7, ‘The fully eyclized material

was readily separated from the fest by silver nitrated sili-
ca gel chromatography. The remainder of the arylated mater-
ial was identified as the substituted cyclohexenes P=4% and
P-5 by their spectral characteristics and by their conver-
sion to the hexahydro derivatives P-8 and P=9 via catalytic
hydrogenation. Products P=-8 and P=9 appearéd to each consist
of two products by vpe, suggesting that they are either epi=-

meric about C-4, or they contain the isomeric components 113.



88

DL o
O

The cyclization in methyl benzoate (run 7) proceeded

CH
113

without any observation of solvent trapping. The tricyclic
diens 109 and 110 were isolated in relatively good yield
(35%). In addition, the occurrence of the bicyclic triene
100 or chlorocarbons 111 was minimal. This solvent system
is closely related to the run in dichloromethahewethylene
carbonate, and probably exerts the same effect.

The success of Clarke and Bergman (127) with cycliza-
tions of vinyl cations in trifluoroethanol pronmpted its utile
ization in the present study. This systenm should possess the
two features of high polarity and low nucleophilicity nec=
essary to effect selective cyclization. However, the results
obtained with aleohol 82 in trifluoroethanol (run 5) offered
no advantage over other solvents. Besides the other products
isolated from the other runs, the tricyclic‘trifluoroethyl
ethers P-2 were isolated in 16% yield.

With the efficacy of obtaining tricyelic products with
alcohol 82 suceessfully demonstrated, attention was directed

toward unequivocally establishing the structures of the tri-
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cyclic hydrocarbons 109 and 110. The fact that these com-
pounds were virtually inseparable, and that they each had
two electronically equivalent double bonds, suggested that
converéion to a derivative suitable for structural analysis
would be impractical. This left the possibility that proof
of the structures of hydrocarbons 109 and 110 might lie in
the alternative synthesis of a derivative common to both. A
suitaﬁle Qandidate for this was the tricyclic saturated hyd-
focarbon 114, which could be obtained by catalytic hydro-
genation of the tricyclic dienes 109 and 110 (Fig. 18).

&/

[

Treatment of the hydrocarbon mixture with palladium on carbon
in hexane under a hydrogen atmosphere afforded a 96% yield
of a single saturated hydrocarbon, tentatively assigned the
structure 114,

In planning an alternate route to hydrocarbon 114, care

must ve taken to assure that each asymmetric center is intro-
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duced in a stereoselective manner that would allow for the
isclation of a single stereoisomer at or near the final step.
The route enivisioned utilized 2-(2-m-methoxyphenyl)ethyl=-2-
methyléyclohexanone (115) as the key intermediate. Using

OMe

v

transformations patterned after the germanicol synthesis (42),
ketone 115 should readily undergo cyclizétion in polyphos=
phoric acid (128) to the trieyclic olefin 116. This compound
possesses the basic carbon skeleton necessary for conversion
to hydrocarbon 114, and has only one asymmetric center. The
remaining chirality should be readily introduced by a variety
of possible reactions until a suitable intermediate, i.e. 117,
would be obtained which possesses all the required asymmetric
centers in 114, and hence, conversion to hydrocarbon 114

would complete the synthesis.
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The initial planning was reduced to the synthesis of the

ketone 115. The parent compound, 2-methyle=2«(2-phenyl)ethyl-
cyclohexanone (118) was first prepared by Kon (129) by the

CH
3 1) NalNH,,

2) C6H5CHZCHzBr

118

[

alkylation of z—methylcyélohexanone with g~phenylethyl bro-
mide. The yield was not reported, but the procedure described
that mostly starting material was recovered. This ineffici-
ent reaction is typical of attempts to alkylate strongly ba-
sic enolates with g-phenylethyl halides and tosylates. These
types of compounds were first shown by Ingold (130) to yield
styrenes in essentially quantitative yield on treatment with
strong bases. Alkylation is réadilyvachieved, however, if

the enolate substrate has less basic character, i.e., addi-
tional electron withdrawing groups. Much of the early work

in this area has been reviewed by Gillham (131), who attempted
to alkylate the highly basic enolates through the use of the
3-bromomethyl=-1,2~-benzisothiazoles 119 (Fig. 19), While the
reagents readily alkylated a variety of ketone enolates, i.e.,
cyelohexanone enolate (120), the general application of this

method was thwarted by the poor conversion to the phenyl~
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Fig. 19

ethylated ketones 122.

Clearly, the approach that would circumvent all these
problems would be to have the g-phenylethyl moiety already
incorporated into the enolate 123. Methylation would yield

0
CH;I :
OMe $ OMe
' _ C
¢ ;

123 12

the desired ketone 115. The successful implementation of this
of this procedure has been achieved in the Ireland laboratory
and is illustrated in Chart Q. In the germanicol synthesis
(42), the required ketone (-4 was generated via a conjugate

addition of memethoxybenzyl Grignard to enone C-2. Methyla-
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Chart Q




o4

tion was accomplished via acetylation, followed by cleavaée
of the acetate with methyllithium, and treatment with methyl
iodide. A similar sequence was utilized by Ireland and Bald-
win (4§) for the synthesis of the model compound Q=2, via
conjugate addition-methylation of enone Q-=1. When Ham (132)
attempted to extend this to the parent enone, 2-methylenecyc-

lohexanone (124), the products isolated appeared to stem from

o
| OMe
>
. |
2 CH,
2k : 125

1,2 addition of the Grignard, forming the allylic alkoxide
125.
The approach that was ultimately selected was the reduct-

ive cleavage of the spirocyclohexanone 126. The cleavage of

the cyclopropyl ketone carone (127) to carvomenthone (128)
was first reported by Bayer (133) and later confirmed by
Norin (134a) and Dauben (134b). Several examples of regio=-

specific cleavege of cyclopropyl ketones appear in the liter-
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CH

s

ature, and many of these haye been discussed by Staley in
his comprehensive review (135). | ‘

 The basic rationale for the selective cleavage of a par-
ticular bond of a cyclopropyl ketone‘is that the bond that is
cleaved usually possesses the greatest amount of overlap with
the T-orbital of the carbonyl group (134). This is illus-
trated in Figure 20 for carone (127). If the bénd cleavage

0
CH
-3
CH
3
o
CH
= 3
130

Fig. 20 CH
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were thermodynamically controlled, then bond a should be
cleaved preferentially, since it would produce the dianion
129, in which both ionic sites are secondary. Cleavage of
bond b would yield the less stable dianion 130, with the
negative charge focused on a tertiary carbon. The obser=
vation that only bond b is cleaved to ultimately produce
carvomenthone (128) lends support to the overlap hypothesis,
There are several examples, however, in which orbital over=
lap considerations lead to an incorre¢t prediction of bond
cleavage. This phenbmenon is especiglly pronounced when a
substituent on the cyclopropane is capable of stabilizing a
negative charge. For example, Fraisse-Jullien and Frejaville

(1i36) observed that reduction of the cyclopropyl ketone 131

LJ.-NH3 , "
+

132 (ko%) 133 (25%)

yields products exclusively from cleavage of bond g. Over=
lap considerations would predict that bond b is more suscep-
tible to cleavage. A more striking example of the effect of
an aryl substituent on ring cleavage was also demonstrated
by the French authors (136) in the study of the reductive

cleavage of trans~2-phenylcyclopropyl methyl ketone (134).
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8U4%

In this case, orbital considerations are meaningless, due to
the non-rigidity of the molecule., Nevertheless, reductive
cleavage occurred exclusively at bond b. Staley (135) attribe
utes the selectivity in these cases to the ability of the
aromatic ring to stabilize a negative charge in the transie
tion state.

Extending this concept to the present study, reduction

of the spiroketone 126 would be expected to undergo cleavage
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of bond b to yield the enolate 123, as opposed to cleavage
of bond a, which is favored on the basis of overlap consider=
ations. The conformation of ketone 126 is expected to be

that shown in Figure 21, in which the less substituted methy-

::§§=o | ‘22:::::ji§;>§§b
CgHy |

26 138
‘ Fig. 21

m—MeO-CéH4

lene is oriented axially. This is largely based on steric
grounds, and by analogy to the observation made by Arbuzov
(137) for the conformation of 2-benzylidinecyclohexanone oXx~
jde (338) in which the oxirane oxygen preferentially occupies
the axial position.

With the above considerations in mind, the synthesis of
the saturated compound 1l4 was undertaken and is outlined in
Chart R. The initial intermediate was the-known (138) 2«(m=
methoxy )benzylidinecyclohexanone (R=2), which was readily a-
vailable by the condensation of m-methoxybenzaldehyde (R=1)
with excess eyclohexanone (57% yield). Aldehyde R=1 is, in
turn, obtained from m~hydroxybenzaldehyde via methylation
with methyl sulfate (139). The enone R=2 was reduced with
sodium borohydride to afford the allylic alcohol R=3 in 90%
yield. Methylenation of alcohol R~3 was accomplished in 98%



99

Chart R .
HO . 0
NaOH NaBHy,
N 90% N

0
NS

R-1 57%

Meo/ MeO

Icnz'ZnI
——
98.5%




100

Chart R (continued)

OMe OMe

Hos Pd=C
96%
Hy
R=5 a C-4b gH
R=5 b C-4b «H
atb = 7176
0
1) Li-NHB, t=Buo : LiMeZCu
— —
2) H30 93%
74%
CHj
R=6
W=K QI‘

trace
TSNHNH,, NaBHj,
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yield by Simmons~Smith reaction (140), which utilizes iodo-
methylzinc iodide, ICsznI, prepared from diiodomethane and
a zinc-copper couple (141). The desired cyclopropyl alcohol
E:ﬂ_was-tentatively assigned as the cis structure, based on
the directive effect of an allylic hydroxyl group (142). Pre=
sumably, the zinc reagent coordinates with the oxygen, there=-
by delivering the methylene exclusively from the same‘side

as the alcohol., Oxidation of alcohol R~4 with Jones reagent
(143) afforded the cyclopropyl ketone 126 in 72% yield. 4n
attempt to convert enone R=2 directly into cycloprop&l ketone
126 with dimethyloxosulfohium methylide (144) was only par-
tially successful, the desired ketone being isolated in a
scant 11% yield.

Simultaneously with the synthesis of cyclopropyl ketone
126, Stork published his synthesis of lupeol (49). This ap-
peared to contain the first example of a reductive cleavage-
alkylation of a cyclopropyl ketone. Prior to this, the only
attempts at trapping the enolate from a cycleprbpane cleavage
were acetylation (145). Reductive cleavage of ketone 126,
followed by methylation was effected using Stork's conditions
(49). The desired ketone 115 was formed in 69% yield, The
product contained some impurities which were not character-
ized, but were assumed to be compounds resulting from unse=
lective methylation, rather than non-regiospecific bond cleav=-
age of the eyclopropane., This hypothysis was later confirmed

by Gerrans (146), who was able to isolate ketone 115 in 82%
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yield under modified conditions. Ketone 115 was readily cyce
lodehydratéd with polyphosphoric acid to afford the tricyelie
olefin 116 in 91% yield. To introduce a hydrogen stereose-
lectively at C=4b, which would be trans to the C-8a methyl
group, catalytic hydrogenation was selected, based on the
work of Stork (147), who was able to obtain the trans product

140 by catalytic hydrogenation of alcohol 139 with palladium

OMe OMe
y HO .
C
3
139 140 ;hl

on strontium carbenste. Examination of a model of either ole-
fin 116 or alecohol 139 indicated that the molecule was almost

’g}apar because of the large number of sp2 carbons (Fig. 22).

H

. R =
< R 139 R = OH
~— ; .
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With a near-planar structure, the angular methyl group at
C-8a should hinder catalyst binding from the top to a great=-
er degree than from the bottom. The presence of a hydroxyl
group iﬁ Stork*'s compound (139) may exert a little effect,
but Augustine (148) suggests that an equatorial hydroxyl has
& lessepronounced ¢ffect on hydrogenation stereochemistry
than an axial one.

When olefin 116 was subjected to eatalytic hydrogenation
with palladium on carbon in hexane for 22 hours, a 96% yield
of reduced material was obtained. The product consisted of
two components in a ratio of 7:76 by vpe. The major product
was isolated by preparative vpe (5% SE=30 on Chromosorb WAW-
DMCS, 200°), affording ) 99% pure matefial. It was possible
to prove unequivocally that the stereochemistry of the major
component was igggg using an nmr technique developed by Na=-
gata and coworkers (149). He has shown that it is possible
to determine the stereochemistry and conformations of come

— pounds of the 2-methoxyoctahydrophenanthrene skeleton (142).

H OMe

&
5
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Nagata suggests (149) that magnetic deshielding of the C=4
proton is related to its steric environment. In the case
where the B/C ring fusion is trans, there is a strong inter-
action 5etween the C-4 and C-~5 equatorial hydrogens, which
tends to deshield the C~4 proton by about 0.21 ppm, relative
to 2-methoxytetrahydronaphthalene (143). Taking the C-1
proton as an internal reference, then the difference in chen-
ical shifts between the C~1 and C~4 hydrogens (A1,4) would
give an indication of the stereochemistry of the ring fusion.
For +the octahjdrophenanthfenes related to this study, the
A1'4 values were shown (149) to be 0,60 and 0.39 ppm for the
trans and cis compounds, respectively. The nmr spectrum of
the major product from the hydrogenation of olefin 116 dise
played a signal for the C-1 hydrogen at 6.58 ppm and for the
C-4 proton at 7.12 ppm. The Al,h for this product is there=-
fore equal to 0.54 ppm, which is quite close to the 0,60 that
is indicative of the trans isomer R=5Db.

The next step was to reduce the aromatic ring to provide
functionality for the introduction of the C-10a methyl group,
and at the same time, introduce a hydrogen at C~ka anti to
the one at C-4b. This should be readily actomplished via
Birch reduection (150), followed by acid hydrolysis. The con=
version of a 2-methoxyoctahydrophenanthrene structure 144,
in which the B/C ring fusion is trans, into an enone of type
145 is well known in synthetic chemistry (31,147,151). Since

the separation of isomers R-%a and R~5b by vpc was tedious,
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it was felt that the Birch reduction should be carried out on
the mixture, in hopes that the major product could be sepa=
rated from the others. Reduction of the mixture of o¢tahydro-
phenanthrenes R-5%a and R=5b with lithium in emmonia and tert-
butyl alcohol yielded, after hydrolysis, a semi-crystalline

- product. From this mixture, the major product could be iso=-
lated in 100% purity by recrystallization from methanol. The
yield of the desired enone R-6, corrected for the isomer pu~
rity of the starting material, was 744.

For the introduction of the C=10a methyl group, lithium
dimethylcuprate (152) was selected for its efficacy in form-
ing gig~decalones via conjugate addition to «,g-unsaturated
ketones (153). Treatment of enone R=6 with excess lithium
dimethylcuprate at 0° afforded a 93% yield of ketone 117.

The crude product consisted of one volatile product in )96%
abundance by vpe, indicating the high degree of stereoselecte
ivity in the organocopper addition., : ‘ L

Progress in this scheme was temporarily halted at this



106

point when difficulties were encountered in reducing the car-
bonyl of ketone 117. Using the modified Wolff-Kishner reduc-
tion developed by Nagata (154), less than a 10% yield of hyd-
‘rocarbon 114 was formed, which was not enough for an ir spect-
rum at the scale employed. Reduction of the tosylhydrazone
of ketone 117 with sodium borohydride (155) gave a similar
yield. Sufficient material was obtained for peak enhancement,
by comparison with the hydrocarbon 114, derived from the hyd-
rogenation of the tricyclic olefins 109 and 110, obtained
from the cyclization of alcohol 82. This was encouraging

and prompted the search for an alternative route to hydro-
carbon 114,

The reduction of enol phosphates has been used for the
selective synthesis of olefins (156). The use of enol phos-
phorodiamidates has been recently reported from this labora-
tory (157). Basically, the procedure (Fig. 23) requires the
generation of an enolate (146) or alkoxide (147), and sub-
sequent phosphorylation with N,N,N',N'~tetramethyldiaminophos-
phorochloridate (148) (158) to yield the enol or alkyl phos-
phorodiamidates 149 and 150, respectively. Reduction with
lithium in ammonia or amine solvents affords the correspond-
ing olefin 151 or alkane 152.

The route which ultimately led to the synthesis of hydro-~
carbon 114 is outlined in Chart S. Treatment of the enone
R=6 with excess lithium dimethylcuprate, followed by the addi-
tion of HMPA and finally, the phosphorochloridate 148, afford-
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- OP(NMe H

0
+ ClB(NMey), 7

146 148 l&& 151
oig(NMez)2
i:]// + ClP(NMez)2 >
2 148 150 152
Fig. 23 '

ed an 87% yield of the phosphorodiamidate S=1. The reduction
of S-1 proceeded readily with lithium in ethylamine and tert-
butyl alcohol to yield 86% of olefin $-2., Catalytic hydro=-
genation of S~2 to the saturated tricyclic hydrocarbon 114
proceeded quantitatively. Thevir spectra of the saturated
hydrocarbons prepared by the two independent péthways were
compared (Fig. 24) and were shown to be identical, as were
their nmr spectra (Fig. 25). The vpc traces of the two pro-
ducts each showed one volatile component, which were complete=-
ly superimposable when injected together.

Having established the identity of the two products from
the two synthetic routes, the remaining task was to establish
that the structure was indeed that of hydrocarbon 1ii4. To

accomplish this, ketone 117 was reduced with lithium tri(i~-
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Chart S
0
I
0 OP(NMez)2
, 1) LiMeZCu :
2) 148
c 87% o
3 H3,
R=6 S=1

Li-EtNH2 ' szPd-
100%
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2
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"Fig. 25 A.. Nmr spectrum of saturated . hydro-
carbon 114 from tricyclic diene

mixture, 109 and 110. (CDClB)

Fig.‘25 B. Nmr spectrum of saturated hydro-
carbon 114 from tricycli olefin $=2,
CDCL
(coel,)
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butoxy)aluminum hydride to give a quantitative yield of alco=-
hol 153. The conclusion that the product was the axial alco=-

p-Br-C6H4002
lii li&

hol was based on the halfeband width of the C-2 methine pPro=
ton (9 Hz) and thé fact that hydride attack would be unfa=-
vorable from the g-face, due to interaction with the C-10a
methyl group (98). Treatment of alcohol 153 with p=-bromo-
benzoyl chloride in pyridine afforded a 75% yield of the p~-
bromobenzoate 154, which was analyzed by x-ray crystallography
by Dr. R. Marsh and Mr. J. Sherfinski (159).

These men obtained the following data. Ester Lﬁ& (MW =
418.4) crystallizes in the triclinic'space group Pl with the
following cell dimensions: a = 11.83 ¥ 0.003 4%, b = 11,025
10,008 4%, ¢ = 11.549 ¥ 0,008 A%, o = 130,05 ¥ 0.04°, £ =
113.63 T 0.03°, ¥ = 86.09 ¥ 0.04% 7z = 2, D, = 1.36 g/ec.
X=-ray intensity data were collected on a modified General
Electric XRD-5 quarter-circle diffractometer with nickel=fil=-
tered CuKo(A = 1.5418 A®) radiation. Solution was by Patter-
son-Fourier techniques. Full matrix least squares refinement

of heavy atom positional parameters and isotropic temperature
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factors for carbon and oxygen, and anisotropic temperature
factors for bromine converged at an R value of 0.138 for
3,018 independent reflections. Computations were done under
the CRYM crystallographic computing system (160)., The compu-
ter=-drawn perspective structure of ester 154 is shown in
Figure 26, The structure, as drawn, is the enantiomer of the

one shown above. The hydrogen atoms have been omitted.

A AT

&

Fig. 26

The geometry of ester 354
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The encouraging results obtained from the cyclizations
of the two model alcohols 58 and 82 prompted the next study,

namely, the synthesis and cyclization of alcohol 51, in hopes

of obtaining the pentacyclic olefin 50. For the synthesis

of alcohol 51, advantage was taken of the previous synthesis
of aldehyde K-1 by Lipinski (?5) and later modified by Moser
(162). It was necessary to repeat this synthesis ;giggzg
for elaboration into the alcohol 51,  During the course of
this reinvestigation, several improvements on the individual
steps were made, and this greatly increased the overall yield
of aldehyde K=1.

The improved synthetic scheme is outlined in Chart T,
The first two steps have been described elsewhere (88)., Coup=-
ling of the trans dibromide I~2 (86) with propargylmagnesium
‘bromide (163), followed by bis~trimethylsilylation afforded
an 82% yield of the disilyl enediyne T-1. The yield of 51%
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Chart T
3 1) CH,MgBr 3 Il
Br 2) EtMgBr (//\\\ 1) AgNO4
N l —_
| Br 3) Messicl II 2) KCN
C 82% s 98, 3%
1-2 3 SiMe, CHq
I-31
ol CH
3
”I 1)SiazBH
| — | |
2)HOAc ,”
Il 2 3
Pz I=3
EtMgBr
CHy0
39-2% (rec. _T__"_'_%)
CH, cH,
'/\ X 1)LiAlH4
| Na(Qie
Il 2) I
CH
CH,O0H ~*'3 97 5% I b0
T-5 LiMe,Cu / - T=6
100%QH3
N 77 .8%
CHg CHj
CH,OH



115

Chart T (6ontinued)
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3 MeO ‘@/ MgCl

_—
89.3%

2 Me O

Sla.zBH
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H.O OH™
272’ Me O
84.84%
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previously reported (88) was undoubtedly due to rearrangement
during the fofmation of the propargyl Grignard reagent (135)
to l-propynylmagnesium bromide (156) (163a). Apparently, the

HC=CCH,MgBr ————— CH,C=ClgBr

155 | 315!3
rearrangement is significant if the Grignard formgtion is
carried out at temperatures above 25°, This was later cone
firmed by Sondheimer (164) who formed the reagent in boiling
ether and allowed the mixture to reflux for several hours.
Addition of this reagent to propargaldehyde afforded a 35%
yield of only the rearranged carbinol 157, as opposed to the
normal product 158, Unfortunately, this problem was not easily

HCEECCH(OH)CEECCH3

127 | 158

HCEECCH(OH)CH2CEECH

overcome in %Zhe present study,. since the formation of the re-
sgent was rather capricious. The Grignard could not be formed
below 20°, and even then, only after a large amount of pro-‘
pargyl bromide had been added. Once the reaction began, its
own exothermicity forced the temperature up quite high, lead-
ing to rearrangement. While the temperature could be con-
trolled rather well on a 1.2 mole scale of propargyl bromide,
extensive rearrangement occurred with 1.95 moles, since the
yield dropped from 82% to 54%, which is in the range previ=-

ously reportéd'(88).
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The trimethylsilylation of acetylenes‘is a well known
(165) reaction and is widely used due to its ability to pro-
tect the acetylene bond from a number of reactions, such as
catalytic hydrogenation (166). Corey and Kirst (167) used
lithio~1=trimethylsilylpropyne (159) for alkylation, since

R=-X + LiCHZCEECSiMej————————é RCH20§ECSiMe3
159
it circumvents the problem of acetylene to allene isomeriza-
tions frequently observed upon treatment with strong bases
(168), Ireland and coworkers (88) found this reagent inef-
fective in coupling with the dibromide 1=-2, thus resorting
to the two~step procedure of coupling of propargyl bromide,
followed by bis-trimethylsilylation. The disilyl compound
T=-1 is a highly crystalline solid, which allowed for its
facile removal from any rearranged acetylenic or allenic ma-
terial, which at best could only be monosilylated.

For the removal of the trimethylsilyl groups; the excel-
lent procedure of Schmidt and Arens (169) was employed._ As
in the published procedure (88), a 98% yield of the enediyne
T-2 was realized by treatment of the disilyl compound I-1 with
silver nitrate, fbllowed by potassium cyanide.

The next step required the differentiation of the two
terminal acetylenic groups in such a way that one end of the
molecule was rendered relatively inert, while the other end

remained reactive for further manipulation. This was accomp-
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lished via the hydroboration—profonation sequence developed
bj Brown (1705. Treatment of the enediyne T-2 with one equi=-
valent of diéiamylborane, followed by protolysis with acetic
acid, afforded a mixture of hydroecarbons which were approx=-
imately a 1:2:1vmixture of unreacted enediyne T-2, the desired
dienyne I-3, and the triene I=4, While Lipinski (75) and
Moser (162) both carried out the next reaction on the distil-
late_from the crude mixture, it was felt that a recovery of
unreécted enediyne T=2 would be desirable, as well as practi=-
cal. This was accomplished by first distilling the crude
product, followed by simple chromatographic filtration
fhrough silica gel with petroleum ether to remove most of the
boronic impurities (75,162). Next, the mixtufé was subjected
to high-pressure columﬁ chromatography‘with petroleun ether
eluent, which readily separated any unreacted enediyne T=2
from a mixture of the dienyne T=3 and triene T=4,

The latter mixture was éubjected to hydroxymethylation
(171) with ethylmagnesium bromide and‘formaldehyde to afford
the propargylic alcohol T-5 in 39% yield, based on recovered
gnediyne. The triene was inert to these conditions and could
be separated from alcohol T=5 by chromatography.

The triple bond in alcohol T=5 provided the rudiments of
the trans trisubstituted 9,10-double bond in aldehyde K=1.

The conversion was readily effected using the procedure de-
veloped by Corey (172). The transformation of a propargylic

alcohol, such as 160, into a itrans trisubstituted allylic
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R H R ~H
- A e ~
RC=CCH,0H — _=C= N eyon  Me—CT C\cnzon
160 162 161

alcohol, such as 161, is accomplished by férst reduction of
the alcohol with lithium aluminum hydride in the presence of
sodium methoxide. Subsequent treatment with iodine affords
the 3=-iodo alcohol 162 almost exclusively. A ratio of rough=-
ly 93:7 of 3-~iodo alcohol 162 and the 2-iodo isomer has been
postulated by Katzenellenbogen (172b). Reaction of the iodo
alcohol 162 with lithium dimethyl cuprate results in the dis=-
placement of the vinyl halide (173) by methyl, yielding the
methylated alcohol 161. A
Utilizing this procedure, alcohol __i,was treated w1th
lithium aluminum hydride and sodium methox1de, followed by
jodine to afford the desired iodo alcohol T=6 in 97% yield.
This product contained ca. 7% of the 2-iodo isomer, which was
¢arried throughout the remainder of the synthesis. During
this reaction, it was imperative that the excess hydride be
decomposed with ethyl acetate prior to the iodination step. |
" Otherwise, formation of hydrogen iodide dccurs, which results

in protonation of the intermediate aluminum complex 163, re=-

c=¢C
/ \ -~ ~
Al CH H CHZOH
\0/

163 164

%

2
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sulting in the formation of the disubstituted alcohol 164
(172v). Also, the reaction must be allowed to warm up come
pletely to rpoom temperature after iodination, or else the
alcohol 164 will again be produced, presumably due to in=-
complete iodination (172b).

Treatment of the iodé alcohol T=6 with excess lithium
dimethylcuprate, followed by methyl iodide, afforded the 3=
methyl alcohol I=7 in quantitative yield. |

.~ To elaborate alcohol T=7 for the introduction of the
aromatic ring, the procedure of Iee and coworkers (122) was
used. Treatment of alcohol T=7 with triphenylphosphine in
carbon tetrachloride gave the chloride TI~8 in 78% yield. The
resulting chleride T-8 was treated with excess m~-methoxyben=
zylmagnesium chloride in 1:1 tetrahydrofuran=HMPA (174) +to
afford the triene T~9 in 89% yield, The major change from
from Lipinski's procedure (75) is the use of a four-fold ex~-
cess of magnesium, along with more solvent during the prepa-
ration of the Grignard reagenf. This reduces the amount of
self-coupling product, 1,2-bis=(m-methoxyphenyl)=ethane (165)

produced during the Grignard formation.

OMe OMe
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It was found that this by~product, 165, served as an ex~
cellent interﬁal standard for the next reaction. Hydrobore
ation of triene T=9 with disiamylborane, followed by basic
peroxidétion afforded the alcohol T=10 in 85% yield. Lipin-
ski (75) described the use of a three to five-fold excesss
of disiamylborane, and his yields were 60-70%. This was
found to be unnecessary. The use of 1.05 equivalents of the
reagent completely consuﬁed the starting triene T=9 in ten
minutes.

Collins oxidation of the alcohol T-10 afforded the de-
sired aldehyde K-1. “The product was always used without fur-
ther purification in the next reaction. The yield of alcohol
T=10 from the dibromide I~2 was 18%, as compared to 4% ob=~
tained by both Lipinski (75) and Moser (162),

The remainder of the synthesis of alcohol 51 from alde~
hyde K=1 is outlined in Chart U. Treatment of aldehyde K=1
with a two=fold excess (175) of silver oxide yielded the acid
U=1 in 88% yield from alcohol izlg.

Subsequent réactions in the scheme were carried out ex= '
actly like the synthesis of alcohol 82 and require no fur~
ther comment. The carboxylic acid U=1 was methylated with
lithium diisopropylamide to afford acid U=2 in 97% yield.
Reduction of the acid with lithium alﬁminﬁm hydride afforded
a 94% yield of the alcohol U-3, This alcohol was oxidized
to aldehyde U-4 by Collins oxidation in 92% yield. Enamine
annelation with methyl vinyl ketone afforded a 92% yield of
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Chart U

87%
(from MeO
T=-10)
U=1
CHB OH
CQOOH CH3 CHB
LiAlHy
-3
Me

MeO
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enone U=~5. Reduction withlithium aluminum hydride yielded
99% of the desired alcohol 51. The overall yield of alcohol
51 from the dibromide I=2 was 12%.

The cyclization of alcohol 51 appeared to take on a much
higher degree of complexity than the previcus model studies
would have indicated. The best conditions for cyclization
again proved to be low temperature. However, at least iwo
equivalents of stannie chloride were necessary for reaction
to occur. The addition of dimethyl carbonate led to a de=~
crease in the reaction rate, but did not offer any improvee
" ment in the product distribution.

VA typical vpe analysis of the products is shown in Figure
27. In contrast to thé rather simple traces observed in the
model studies, the major product D from the cyeclization of
alcohol 51 accounted for only about 25% of the volatile mater=
ial. The chief problem, however, appeared to be polymeriza-
tion. Chromatography of the crude mixture resulted in the
recovery of only about 45% of the material. Since this re-
covered material displayed identical vpc behavior as in Fige
ure 27, it is assumed that the material which could not be
recovéred was involatile, and hence, polymeric. From the
chromatographed material, component D could be isclated vire
tually pure by either trituration with cold hexane or a second
chromatography on silica gel impregnated with 10% silver nit-
rate. The yield, as estimated by vpc, was 12% (8% isolated).

Component D was assigned the structure of the desired penta-
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Fig. 27 The cyclization products from

alcohol 5% (4% SE=30 on Chromosorb WAW~

DMCS, 300Y)
eyclic olefin 50 on the basis of spectral data (see experi-
mental section)., The confirmation of this structure will be
attained on conversion into the gem~dimethylated intermediate
D=6 from the alnusenone synthesis (41),

None of the other components from the cyclization could

be isolated in pure form. However, the ir spectra of chro-

matographic fractions rich in components A, B, and C all dis=



125

MeO

rs :
5

played a large band at 1602 em™1, and a weaker band at 1575
cmul. which are characteristic of a 1,2,4=trisubstituted
benzene (176). No product was found with the methoxy group

at the 1 position, i.e., the pentacyclic olefin 166.

The inability to characterize the other eyclization pro=

ducts fully renders an explanation of the mechanism of the
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eyclization of alcohol 51 somewhat difficult. More work is
needed in ordér to ascertain either the nature of the cyc~
lization process, or to discover more suitable conditions
for incfeasing the yield of the pentacyclic olefin 50.

The next task undertaken was that of converting olefin
50 into the pentacyclic intermediate D=6 from the alnusenone
synthesis (41). Hydroboration of oclefin 50 with diborane
and basic peroxide oxidation afforded a mixture of two alcoe
hols in quantitative yield. Preparative tlc readily separae
ted the two products, which were assigned the structures of

the egquatorial alcohol M-2, and the axial alcohol 167. These

assigned structures were based largely on their half-band
widths of the methine protons on the hydroxyl-bearing carbons,
and on their mobility on tlc. The ratio of alcohols M=2 and
167 was 77:22. Proof that these alcohols were not simply

epimeric about the same carbon was demonstrated by their oxi-
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dation to the two different ketones, tentatively assigned the
structures M-1 and 168. The lack of regioselectivity in the
hydroboration of olefin 50 was resolved by the finding that

the undesired alcohol 167 readily underwent dehydration with
phosphorous oxychloride in pyridine (177) to regenerate ole~
fin 50 as the sole product in 93% yield. Hence, the actual
¥ield of alcohol M=2 was increased to over 95%., The yield of
ketone M=1 from the alcohol M=2 was 93%.

The elaboration of ring E of the ketone M=1 proved to be
an exceedingly difficult task, for the carbonyl group was
" very unreactive, probably due to steric hindrance.

The first attempt at conversion of the carbonyl to the
requifed gem~dimethyl grouping was the use of exhaustive
methylation with trimethylaluminum. Meisters and Mole (178)
were successful in converting several ketones, tertiary al-

cohols, and carboxylic acids to compounds with completely
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methylated quaternary carbon sites.

Since most of the examples described (178) utilized ke=-
tones ip which one or more phenyl rings were adjacent to the
carbonyl, it was deemed necessary to test the reaction on a
model compound before sutjecting the ketone M-1 to the re-

action. For this, coprostanone (169) was chosen, since it

possessed an A/B cis ring fusion with a carbonyl at C-3,
which is exactly the structure present in ketone M-i. When
coprostanone was heated in a sealed tube af 200° in a 1:1
solution of trimethylaluminum in benzene for 64 hours, a 65%
'>yield‘of the desired 3,3-dimethyl-5p~cholestane (170) was
isolated in ca. 85% purity after chromatography.

Proof that the reaction had indeed inserted two methyl
groups in place of the carbonyl lay in the fact that the pro-
duct was a safurated hydrocarbon, which possessed a doublet
in thé ir spectrum at 1385 and 1365 cm-l, characteristic of

the gem~-dimethyl group. In addition, the methyl region of
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the nmr spectrum integrated to twenty-one hydrogens (seven
methyl groups). Interestingly, the minor product was also

a saturated hydrocarbon, but it did not contain the gem-
dimethyi group. This leaves the possibilities of the product
being either the monomethylated hydrocarbon 171, or Sﬁ-ghol-
estane((;zg). How either of these products could be produced

" in the reaction is not clear.

CH3C8H17
CH
o .
171 R = CH,
172 R=H

It was found that exposure of coprostanone (169) to neat
trimethylaluminum for short periods at atmospheric pressure

led to the formation of the tertiary alcohol 173. When this

cHy"pH17

CH3
HO

(o
~J
W

|
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alcohol was exposed to the trimethylaluminum~benzene condi-
tions under pressure, the same hydrocarbon mixture was pro-
duced in essentially the same yield and distribution. This
suggesté that the first step in the methylation of the general
ketone 174 is the addition of one methyl group, forming the

0 | ony ok CIE( CH3
¢ AlMe T P
R” Rt — 3, R /<;- > g g
174 | 175 176.

tertiary aluminum alkoxide 175, which undergoes C-0 bond
scission, followed by a second methylétion via a tertiary
carbonium ion. |

When the pentacyclic ketone M-1 was subjected to trimeth~
ylaluminum at 200° under pressure, the product mixture ob=
tained was mostly starting ketone, along with some alcoholic
and hydrocarbon products as well, This implied that in the
-case of ketone M=1, the addition of the first methyl group
was the slow step. This is quite reasonable, since it is

readily seen from Figure 28 that the addition of a methyl

CH3
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group from the top necessitates that the C~11 carbon attain
sp3 character, thus causing the oxygen to assume an axial
position having severe interactions with the C-12b methyl
group.

The hydrocarbon products isolated from the methylation
attempt exhibited identical tlc and vpc behavior as the de=-
sired compound D=6, but not enough material was available
for spectral determinations. Hence, a scaled-up repetition
of the methylation reaction was called for.

It was felt, however, that since a tertiary aluminum al-
koxide was a likely intermediate in the first step of the
reaction, then one should be able to achieve the same overall
-effect by adding a methyl group, via a Grignard or methylli-
-thium, followed by subjecting the resulting tertiary alcohol
to trimethylaluminum. |

The reaction of ketone M=1 with either organometallic
reagent was exceedingly sluggish, serving as further indica-
tion of the steric hindrance inAthe vicinity of the carbonyl.
The alcohol 177 could be formed in quantitative yield, but
only by repeated treatments with methyllithium in tetrahydro=-
furan. In all probability, the addition of TMEDA would en-
hance the methyl addition (179).

When the alcohol 177 was treated with trimethylaluminum
in benzene at 2000, a 56% yield of hydrocarbon products was
obtained. Unfortunately, the nmr spectrum indicated that

the products were the two olefins 178 and 179 in a ratio of
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roughly 45:55,
- Thus, while the exhaustive methylation proceduré”had been
successful on the steroid model, the method failed with the
ketone M=-1, probably due to the steric compression on the
«-face of ring E, making dehydration the favored-process.

The inability to gem~dimethylate the ketone M=-1 directly
necessitated an alternate scheme. It was felt that if the

aldehyde 180 could be obtained, then methylation, followed

by reduction would yield the desired compound D=6 (41).
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The first attempt at the synthesis of the aldehyde 180
was via the exocyclic olefin 178. Although it was the minor
product from the dehydration of the tértiary alcoholllzz, it
should be readily accessible via a Wittig reaction on the
ketone M-1. Treatment of the ketone with excess méthylene-
triphenylphosphorane in dimethyl sulfoxide (180) resulted
in the complete recovery of starting material.

A less direct approach to the olefin 178 was prompted
by a recent report of Coates and Sowerby (181) of.a three=
step procedure illustrated below. The ketone 174 is treated

R"COQ CH,SPh

' 1)PhSCH,Li YA Ii-NH,  GHp
/C\ - 'd ; — /é\
R” "R’ 2)R"COC1 - R7 R” "R
174 181 18

with phenylthiomethyllithium (182), and the resulting adduct
is acylated. Reduction of the ester 181 with lithium in am-

monia affords the methylene derivative 182.
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The reaction of the ketone M-1 with phenylthiomethyl-
lithium yielded a very complex mixture, as evidenced by its
ir spectrum (C=0 and OH) and tlc (7 spots, including start-
ing material). As a result, this reaction was not investi--
gated further.

Another approach to the aldehyde 180 would be via the

epoxide 183, which should yield the desired aldehyde upon

rearrangement with boron triflouride etherate (183). Reac-
tion of ketone M=1 with dimethylsulfonium methylide (144)
yielded only recovered ketone (39%) and an unidentified ole~-
fin (48%). No trace of epoxide 183 was found.

At this point, it became apparent that the carbonyl
group of Ketone JM-1 was simply too hindered to react with a
good number of standard reagents which normally react with
ketones., Thus, the use of ylides of phosphorous and sulfur
Were ruled out, since the partial negative charge on the re-

active carbon would be too stabilized by the adjacent hetero-
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atom (184),

What was required, therefore, was a reagent possessing
high nucleophilic reactivity, which was also not susceptible
to either steric hindrance or proton abstraction (enoliza-
tion), and yet capable of producing a product with suitable
functionality for the elaboration into the aldehyde 180.

The feagents that belong to this category are those in which
a carbanion is adjaceht to, but not in resonance with, a
hetercatom. These include the modified Wittig reagents of
Emmoné‘(185) and Corey (186), in which a phosphonic acid de-

rivative is the stabilizing moiety. Also in this category,

. but of more limited applicability, are the trimethylSilyl

Grignard (187), dimsyl sodium (188), and 9nborabicyclo[3.3.i]-
nonane-9~carbanion (189). All these reagents would produce
fhe methyleﬁe derivative 178, if successful. |
Fortunately, a more attractive procedure appeared in a
recent report of Johnson, Coates, and coworkers (190). Their

procedure involved the reaction of ketone 174 with a substi~-

HO ,CH,SR
: R
ey + RSCH,Li —— —_— A
R™ "R R R R" R
174 184 a R = Ph 185 186

b R = Me

tuted 1~lithiomethyl sulfide (184) to afford a f~hydroxy
sulfide 185, Alkylation, followed by base treatment afforded

the epoxide 186. The advantage of this three-step procedure
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over that using a sulfur ylide is that one utilizes a highly
reactive carbanion in the initial carbon-carbon bond-forming
step, while still being capable of generating an intermediate
betaine.;;Z, as in the ylide reaction. This alternate for-

o+

o":\ CH,SRile

R R
187

mation of a betaine in an epoxide synthesis has been utilized
previously (191), although the present procedure eliminates
the use of intermediaheﬂ-hydroxy sulfoxides, which require

an additional reduction step, as well as their existance as
diasteriomers,

The specific éulfur reagents employed by Johnson -and
Coates (190) were phenylthiomethyllithium (184a) (182) and
methylthiomethyllithium (184b) (192), with the latter pos=-
sessing high reactivity, even ﬁith very hindered ketones.
Since phenylthiomethyllithium had already been used with
ketone M=l without success, the reaction with the aliphatic
reagent appeared to be the most logical experiment to try
next.

Unfortunately, the deséripticn of the procedure for meth-
ylation and base treatment was omitted from the paper. It
was decided to experiment with cyclododecanone (188), since

a study of that substrate was described in the article.
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HO |
o \_LH,SCH, &
777 2) NaOMe
85%

188 189 190

»Treatment of cyclododecanone (188) with methylthiomethylli-
thium afforded, after chromatography, the hydroxysulfide 189
in 77% yield., After brief experimentation, it was found that
methylation with methyl iodide (191b,c), followed by treat-
ment of the resulting sulfonium salt with methanolic sodium
methoxide afforded the epoxide 190 in 85% yield.. cher’re-
~agents that have been used in the ring closufe Stepkihclude
agueous hydroxide (191a,c), dimsyl sodium (191b), andmsodium
hydride (1914).

Having successfully effected the transformation of a ke-
tone to an epoxide via a non-stabilized sulfur-containing
carbanion, the stage was now set for its application to the
‘ pentaéyclic ketone M=1. The outline of reactions for ifs
convefsion to the aldehyde 180 is outlined in Chart V. Treat-
nment of ketone M-1 with methylthiomethyllithium afforded the
p-hydfoxy sulfide V=1 in 59% yield. Methylation was effected
with excess methyl iodide in acetone (193), yielding 67% of
the g-hydroxy sulfonium salt V=2. Treatment of the salt with

methanolic sodium methoxide afforded the epoxide 183, which
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Chart V

59%

67% '
(from V=-2)
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rearranged to the desired aldehyde 180, as well as its C-11
epimer, in 67% yield, based on the sulfonium salt V=-2.

Methylation of the aldehyde mixture was effected with
methyl iodide and potassium tert-butoxide in glyme (194). A

57% yield of product was obtained, but examination of the nmr
spectrum indicated that some unmethylated aldehyde was present
(probably the one with the axial hydrogen, which could not 5e
abgtracted during the mefhylation), In addition to the desired

aldehyde 191, there appeared to be some non-aldehydic material,

CH, = CHO

191

as evidenced by the weakness of the aldehyde chemical shift
in the nmr spectrum and the low intensity of the carbonyl
freduency in the ir.

An attempt to reduce the carbonyl of the aldehyde, thereby
yielding the desired ether D=6 (41) was not successful. This
was not totally surprising in light of the fact that the car-
bonyl group would be subjected to intense steric hindrance,

since it lay below the plane of the molecule and in close
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proximity to the C-=12b methyl group. The product displayedh
residual carbonyl absorption in the infrared and was largely

resinous in nature. No product corresponding to the ether

D=6 could be detected by vpc or tlec.

Alternatively, the reductive cleavage of a phosphorodi=
amidate ester of the alcohol 192 should be less susceptible
to steric interactions. Under aprotic conditions, the same
overall transformation would be effected, and the ether D=6
should be the product. However, with the aid of a proton
source during the reduction, the aromatic A ring should also
be reduced, thereby yielding the enone D=7 on acid hydrolysis
of the reduction product. A similar transformation was uti=:

4ii2gd(157b) to circumvent the low yields previously obtained
(#1) in the two-step sequence of Wolff-Kishner reduction,
followed by Birch reduction, beginning‘with the ketone 193.
The overall yield from ketone 121 to enone D=7 was 47%,
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1) LiAlH

48
2 ) n=Buli, lﬂ‘_s_
3) Li-NH

W=K 4) H
16% ot - 47% ot CH3
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2) 1’.:].--NI'I3

1) n-Buli,148

2) Ll-MeNH
None or trace
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The alcohol 192 was readily produced via reduction of the
aldehyde 191 with lithium aluminum hydride. Purification was
possible at this stage, affording alcohol 192 in 60% yield.
The alcohol underwent phosphorodiamidation upon treatment
with n-butyllithium and the phosphorochloridate 148. The
resulting phosphorodiamidate was used without purification
in the remaining reactions.

An attempt to effect an aprotic reduction to produce the
ether D=6 was again unsuccessful. The product isolated (3 mg)
Exhibited vpc and tlc behavior different from that of an au-
thentic sample of ether D-6. In addition, the compound was
virtually insoluble in most common organic solvents, which
is unusual for compounds of this type.

In a final attempt to produce a product which could be
compared to a knoWn compound,.the phosphorodiamidate was
sub jected to normai Birch reduction conditions, following
the.previous procedure. outlined for the ketone 193 (204),
Working on a scale of 36 mg of alcohol 192, the phosphorodi=-
amidate was reduced, yielding only 3.5 mg of product exhib-
iting the properties of an unsaturated ketone. This mater-
ial appeared to consist of two components by vpc in a ratio
of 1:3. The major component did appear to be the desired
‘enone D=7, as demonstrated by peak enhancement experiments.
The material also exhibited identical tlc behavior as an au=
thentic sample of the enone D=7. Unfortunately, the small

amount of material and the fact that it was a mixture pre-



143

vented conclusive spectral comparisons. The infrared spectra
were quite similar, but the nmr spectrum contained some ex=
traneous signals, when compared to the authentic sampie.
Whether these signals were due to the impurity or to the fact
that the two products were different compounds cannot be as-
certained.

The low yield in the reduction step can best be attribu-
ted to the instability of the reactive site. Since the car-
bon atom to be reduced is both primary and neopentyl in na=-
ture, it would be exceedingly unstable, especially in view -
of the intense steric compression that is present. There
are basically two possibilities for side reactions. First,
reduction of the phosphorodiamidate group may be slow. In
this case, the aromatic ring may be reduced while the mole=
cule is still phosphorylated. Under the conditions of acid
- hydrolysis, the oxygen of the ester could be protonated,
allowing formation of a primary cation, which would certainly
rearrange to a more stable species. Secondly, if reduction
- does occur, then there exists the possibility that a primary
free radical is formed, and this could also lead to rearrange=-

ment or fragmentation.
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In hopes of extending the successful cyclizations of the
cyclopentenol 77 (96) to larger systems capable of generating
a pentacyclic skeleton, Moser (162) synthesized the cyclo=-
pentenol 194 from the aldehyde K=1 (75). Cyclization of this
alcohol should yield the pentacyclic olefin 195. Elaboration

H
- MeO 3

of this compound into an intermediate in the alnusenone syn-
thesis (41) would constitute a formal total synthesis of +the
natural product (A=14).

The synthesis of the cyclopentenol 194 by Moser (162) is
described in Chart W, and is patterned after the synthesis
of alcohol 77 (96). Reaction of the aldehydé K=1 (75) with
the Grignard reagent derived from l-chloro=-l4~-trimethylsilyl=-

butyne afforded the alcohol W-1 in 70% yield. Hydrolysis of

the trimethylsilyl group and hydration of the triple bond was
accomplished in one step by reaction of the alcohol W=1 with

acidic mercuric sulfate. The crude keto alcohol was oxidized
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Chart W

MeBSiCEECCHZCHZMgCl
2
70%
MeO
Wl
1) H,SOys HoSO
) HgSOys HpSOy NaOH
2) HpSOy ‘ .
> 80
50% %

MeO
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with Jones reagent to yield the diketone W=2 in 50% yield
from W-1. Base-catalyzed cyclization of the diketone W=2
produce@ the expected (195) cyclopentenone W=3 in 80% yield.
Reduction of enone W=3 with lithium aluminum hydride afforded
a 99% yield of the desired cyclopentenol 194,

Moser found (162) that treatment of alcohol 194 with for=-
mic acid, followed by hydride reduction yielded a mixture
consisting of six products, designated A~F. The distribution

of these products is shown in Table IV. Component D was sep=

Table IV
Component (s ) Ret. time @ 290° Estimated portion
(column A), min of volatile mater.
A-C 2.1 = 3.0 25%
D 3.3 50%
E 4,15 12%
F 4,95 124

arated from the rest of the mixture by chromatography on sil=-
ica gel impregnated with 10% silver nitrate. Its structure
was tentatively assigned as the tricyclic diene 196, on the
basis of its nmr spectrum. A broad multiplet at 5.36 ppm was
indicative of an olefinic hydrogen on é trisubstituted dduble
bond, and the aromatic region integrated to four protons.
Components E and F were not separated, but gave spectral data
characteristic of fully-cyclized material.

With an unfavorable product distribution from the formic

acid study, Moser (162) investigated the use of stannic chlo=-
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ride in dichloromethane. He found that not only was the pro=~
duct distribution altered in favor of the pentacyclic com=-
ronents, E and F, but that component F was made the predom=
inant product over E by four to one, provided the reaction
was run at -78°, Under these conditions, the product distri-

" bution was that shown in Table V.

Table V
Components Ret. time @ 290° Estimated portion of
(column A), min volatile material
A-C 2.1=2.9 | 10%
D 3.05 » 5%
E 4,05 15%
F b7 55%

This concluded Moser's findings, and the remainder of the
study was incorporated into this research. Treatment of the
cyclopentenol 194 with excess stannic chloride in dichloro-

methane at ~78° afforded a mixture of products,; as described
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in Table V. After chfomatography and recrystallization, a
33% yleld of the major component F was isolated. The total
yield of F, as estimated by vpc, was 37%..

The'structure of F was tentatively assigned as the penta-
éycli& olefin 195, on the basis of sPectral data. Thisﬁas-
signment was later confirmed by conversion to a compound of
knownistructure. Since the proportions of components D and.
E were rather small, they were not isolated and characterized
at this time. In fact, their ultimate isolation was some=
what serendipitious, '

Alcohol 194 proved to be a very reactive compound, &s was
shown by its rapid consumption in dichloromethane with only
a slight excess of stannic chloride. In contrast, cycliza=
tion of the cyclohexenol 51 (vide supra) required a larger
excess of stannic chloride and longer reaction times. In ad-
dition, the cyclopentenol 194 was relatively clean, whereas
that of cyclohexenoi j;,was rather complex, even under opti-
mum conditions. | |

Further proof of the greater reactivity of the cyclopen=-
tenol 194 was demonstrated in an attempted column chromatog- |
raphy on silica gel, in which the alcohol was completely de=~
stroyed. From this chromatography, a 65% yield of volatile
material (the remainder being polymeric) was obtained, whose
vpe trace was virtually superimposable with that from the
formic acid cyclization (162). In addition to components

A, B, and C, components D, E, and F were produced in a ratio
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‘of 13:3:4, By repeated chromatography on silica gel-gilver
nitrate, component D (vide supra) was isolated virtually pure
©in 9.3% yield (13.3% estimated by vpe). Components E and F
were isolated by preparative tlc, with E belng sllghtly more
mobile, using petroleum ether as eluent.

Component E (2.6% isolated, 3.2% estimated) displayed
~ three methyl singlets in the nmr at 0.72, 1.01, and 1.33 Ppm,
The aromatic region contained three signals at 6.67, 6.73,
and 7.05, whose coupling patterns were characteristic of a -
1,2,3=-trisubstituted benzene (66f). The structure of com-
ponent E was tentatively assigned as the 1-methoxy olefin
197. Thus, with the isolation of the 3~-methoxy pentacyclic
olefin 195 in 37% yield, and of the 1-methoxy olefin 197 in

3.2% yield, it may be stated that the cyclization of the cyc=
}opentenol 194 proceeded stereoselectively with the simul-
taneous formation of five consecutive asymmetric centers in

at least 40% yield.
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‘¢he higher reactivity of the cyclopentenol 194, in com~
varison to the cyclohexenol 51, is probably best éxplained
on the basis of the stabilities of their respective inter-

mediate allylic cations, 198 and 199. As a general rule,

cn .

N R
8 199

MeO

cyclopentenyl cations are believed to be more stable than
‘cyclobexenyl cations, and those cations possessing aikyl .
subtituents on the terminal carbons of the allylic system
are more stable than those without substituents at these
positions (196). Therefore, it is expected that the cyclo-
pentenyl cation 198 would be more stable than the cyclohex-
enyl cation 199 on both arguments; Consequentiy, it is rea~
gonable to assume that the cyclopentenol 194 has a higher
propensity to ionize, which woﬁld make selective cyclization
a mﬁch more favored process than in the cyclohexenol 51,
where ionization is more sluggish. In addition, the allyl
cation 198 can only assume a planar structure, whereas~122
may have two different conformations, thus introducing the
possibility of conformational equilibria and competitive

side reactions.
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The final task remaining in the cyclization study of
the cyclopentenol 194 was to confirm the assigned structures
for'the,pentacyclic olefins 195 and ;22; To accomplish this,
the~3-m§thoxy isomer 195 was transformed into a compound of

- known structure by the procedures outlined in Figure 29.

1) 0804
2) HZS
3) Pb(OAc)u

—2
H3  88%

Dbk

Thé‘o;efin 125 was osmylated with osﬁium tetroxide and pyri=-
dine (19?)f The resulting osmate ester was cleaved with hyd-
‘rogen sulfide (198), and the glycol thus formed was oxidative=-
ly'cleaved with lead tetraacetate (199) to yield the diketone
200 in 88% yield. Base-catalyzed cyclization afforded a 66%

yieid of the enone D=4, a known compound from the alnusenone
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synthesis (41). The identity of the enones D=4 was estab-
lished by comparison of their ir, nmr, vpc, and tlc behavior,
ags well as their melting points and the melting point of a
1:1 mixture. ’

InubrderAto establish that the l-methoxy pentacyclic
olefin 197 was indeed stereochemically identical to the 3-
methoxy isomer 195, both compounds needed to be demethoxyle=
ated. The phosphorodiamidate procedure (157) was selected
for the deoxygenation of a phenol in order to effect the
transformation, as well as to extend the scope of the method.

‘A model study was first performed on 3=hydroxy=1,3,5(10)=
estratriene (201). Phosphorylation of the phenol 201 pro=
ceeded in B9% yield, and reduction of the phosphorodiamidate

CH, - Cli,
1) Meli
2) 148 . lll.
- 8 7 !
S 9 O‘
(MeyN), PO

Li/NHy?Et0H

= 0
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202 afforde 1,3,5(10)-estratriene (203) (200) in quantitative
yield. |

f‘The sequence for the degradation of the pentacyclic ole=
fins ;25 and 197 is outlined in Chart X. The methyl groups
.on thé oxygen atoms were cleaved off by the reaction of the
olefinic ethers with lithium diphenylphosphide (201). The
resulting phenols, zzl_and X=2, were produced in 91% and 71%
yields respectively. Conversion of the phenols to their
respective phosphorodiamidates, X=3 and X~4, was accomplished
by treating the phenols in the same fashion as in the steroid
model. The phenols X=1 and X-2 were treated with methyllithium
and the phosphorochloridate 148 (158). Reduction of the
phosphorodiamidates X=3 and X-4 proceeded smoothly with li-
thium in liquid ammonia. The same hydrocarbon, assigned
structure X=-5, was produced in 96% and 74% yield from the
3= and 1~ isomers, respectively. This conversion of a phe=
nol to a hydrocarbon is an adaptation of the method of Ken=
ner and Williams (202) which déscribes the metal-ammonia
reduction of phenolic phosphateé.

Comparisoen of the ir, nmr, vpe, tle, and melting boint
data confirmed the identity of the itwo hydrocarbon products
as X-5. Thus, the cyclization of the cyclopentenol 194 to
pentacyclic products proceeded stereospecifically, with the
only variation being in the position of the final cyclization
into the aromatic ring. A distribution of products resulting

from attack at the positions ortho and para to the methoxyl
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Chart X
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group have been observed in this laboratory (75) and others
(66f,71c).

; The isolation of the enone D=4 as a transformation pro=
duct of'the pentacyclic olefin 195 constitutes another for-
mal total synthesis of dl~alnusenone (A-14) (41). -
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CONCLUSION

From the studies undertaken in this research, it has been
shown that certain h-methyl-h-pclyalkenyl-2-cycldhexenols can
beimade to undergo cationic cyclization upon treatment with
the Lewis acid stannic chloride.

The yields; and therefore, the selectivity of the reac-=
tions vary greatly with the substrate. The general trend
appears to be that the selectivity of the reaction varies
inversely with the number of substituents on the internal
double-bonds of the polyene side chain. This is in direct
contradiction to what is predicted on stereoelectronic grounds,
based on the fact that increasing the substitution of a double
bond should enhance its nucleophilicity by producing a more
stable cartonium ion. This implies that the added substitu-
ents tend to cause increased steric interactions in the tran-
sition state, thereby allowing for possible side reactions
either by conformational inversion, deprotonation, polymeri-
zation, or a combination of these, while in the cationic inter=-
mediate stages of cyclization.

It also becomes apparent from these studies that the abile
ity for the initial cation to form in lieu of all other pos=~
gible reactions is an important factor in the substrates
propensity to yield cyclized products. A cyclopentenol,
rarticularly one substituted in either the 1 or 3 position,

such as in the alcohol 124, is much more reactive than a
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cyclohexenol toward cation formation, besides producing inter=
mediates with far less steric interactibhs.

As was shown from the extensive solvent studies of the
alcohol 82, the nature of the solvent may also play an impor-
tant role in the yield, as well as tﬁe product distribution,
of the cyclization study. This effect of solvent is attribu-
ted to the capability of the double bonds in the side chain
to be repelled by polar solvents, thereby becoming internally
solvated, with the net effect being to increase the proximity
of the double bond to a developing cationic site, making the
cyclization more favorable.

The determination of the structures of the products ob=
tained in the cyclizations is the most crucial aspect of the
investigation., In the case of the alcohol 82 which contained

an internal trans=trisubstituted double bond in the side chain,

the products were formed in high yield and were identified
through alternate synthesis of a derivative. The other model
alcohol studied; alcohol 58, with a tetrasubstituted double
bond, a comparatively lower, but still acceptible yield of
a single product was realized, whose structure is virtually
guaranteed by spectral data, while confirmation is pending
the results of an x-ray analysis.

Turning attention to substrates which would produce a
pentacyclic product for ultimate conversion into synthetic
triterpenes, one finds that the cyclopentenol 194 gave fair

Yields of pentacyclic products, of which the major one was
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identified by'ccnversion to a known triterpene intermediate,
and the minor one was correlated to the major one by parallel
degrada#ions to the same compound.,

Although the overall yield of the synthesis of the alco-
hol 51 was excellent, the remainder of the study was hampered
by a very low yield of cyclization product, coupled with a
long reaction sequence required to convert it to another tri-
terpene intermediate to establish its structure. The stefic
environment of the cis D/E ring juncture is undoubtedly re=-
sponsible for both of the problems encountered, which combined
to thwart the final confirmation steps by reducing the mater=-
ial available to a few milligrams of a product contaminated
to the extent that valid comparisons could not be made, él-
though the possiblity of their identity can not be ruled out.
To draw a viable conclusion from this cyclization study,
further theoretical considerations are necessary, in addition
to attempts to interpret whatever physical and chemical data
are available., The aspects of these interpretations are pre=-

sented in the following discussion.
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The inability to confirm the structure of the pentacyclic
olefin by chemical means necessitates that alternative pro-
cedures be sought to confirm the structure.

The pentacyclic olefin and its subsequent transformation
products possess no less than six asymmetiric centers as part
of their structﬁre. It would be advantageous to try to elim=-

6

inate some of the 2° x 4 = 32 possible stereoisomers. Fortu=
nately, this task is greatly simplified if the assumption is
made that the first cyclization step yields a g¢ig fused deca-
lin ring systemn. This is a valid assumption, not only from
‘the many precedented examples, but also from the fact that
‘stereoelectronic factors require quasi-axial bond formation
so as to assure maximum orbital overlap between the attacking
double bond and the allylic system.

Once this is established, one can ascertain that the
third asymmetric center formed in thg reaction, that of C-12b,

must be formed in such a way that the methyl group is oriented

antl to the second center, C-12a, (Fig. 30). Attack in a cisg

A4

Fig. 30
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fashion will push the methyl group and the R group back into
the plane of the rings, establishing the stereochemistry as
that shown. The poor reactivity observed during the E ringv
transformations subsequent to cyclization also serves as good}
evidence for the proposed stereochemistry.

Focusing attention on the B/C ring fusion, one may util-
ize the nmr spectrum of the aromatic region and the arguments
developed by Nagata and coworkers (149) to establish that
the ring juncture is trans (Fig. 31). The C=-4 hydrogen at

6.60 ppm is taken as the reference, The C=1 hydrogen appears
as a doublet centered at 7.164ppm. This renders the 1&1’4
equal to 0.56 ppm, which is in close aggreement with the value
of 0.60 ppm for trans octahydrophenanthrénes of type A (149),.
Using similar arguments described for the first cycliza-
tion step, it is easily demdnstrated that the second cycli-
zation step will place the hydrogen at C-6a anti to the methyl
group at C-6b (Fig. 32). Therefore, with the information that
the B/C ring fusion is trans, it is established that the 1la,

6a, and 6b carbons are oriented trans,anti. The pleces may

now be fitted together, yielding the following information,
The only structures possible are the desired trans,anti,trans,-
anti,cis compound 50 and the trans,anti,cis,anti,cig compound
204, Therefore, the entire structure will be determined by
the stereochemistry of the second cyclization step.

With this information in mind, one may examine the mech=

anlstic aspects of this step to determine if one mode may
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A= attack / \ﬁ‘ - attack
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be ruled out or at least be rendered improbable. The bicyc-
lic cation intermediate that is formed initially must exist

in the conformation depicted in structure 205, with the side

chain oriented equatorially. There are three possible phe=-
nomena that can occur at this point. First,lthe molecule can
undergo ring inversion to give the form 206, with the side
chain now oriented axially. In their ground states, the two
are probably of almost equal energy, since each possesses
one 1,3 diaxial carbon=carbon interaction. Cyclization in
this conformation should be relatively strain free, with
the majof energy barrier being that of torsional strain (98)
due to the eclipsing of the C~12b methyl by the one at C-6b.
Several arguments have been presented (67é,7?) with the
contention that ring inversion is slow relative to cycli=-

zation, This argument becomes especially important when the
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cationic intermediates are polycyclic and cig fused. For the
Present case, one may envision the bicyclic intermediate 206
as a substituted 9-methyl-g;§rdécalin. A conformational
study by Cerig and Roberts (205) of 2,2=diflouro=9-methyl-
cis-decalin has shown that the barrier to inversion from one
chair,chair form fo the other is about 9 kcal/mole. The ar=-
- gument against ring inversion applies well in most cases, and
may apply equally well here, but it is still possible that
the barrier to cyclization is just as high as the barrier to
ring inversion, and hence, may make the two processes com=
petitive, ,
The argument which virtually eliminates thié poésibility

is the fact that if cyclization were to occur in conformation

206, the tricyclic cation 207 would be formed, which is not
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in the proper conformation for the last cyclization step. For
that to occur, a second ring=inversion is necessary, only
this time, it requires the inversion of two g;grdeoalin rings.
The enefgy for this inversion would be rather high, and since
the cyclization is carried out at -63.5%, it probably does
not occur to any great extent. Therefore, it may be conclu=-
ded that any product formed from the cyclization of cation
206 will not give pentacyclic products.

The remaining possibilities are the two which involve the
bicyclic cation 205, with the equatorial side chain. The
transition states for both of the possible modes of reaction

are illustrated in Figure 33. The terminal carbon of the

A
/
>~
CH3 3
E
. .gisn Trans

double bond in the side chain must be oriented along a line
AOE, which is perpendicular to the three bonds on the trig-

onal carbon, again to allow maximum orbital overlap. To
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determine which stereochemistry will predominate, one must
attempt to estimate the energy differences between the two
transition states A¥ and E¥,

“According to the Felkin Principle (98), attack is favored
from an axial direction, provided there are no severe steriec
interactions from that direction. These interactions may
manifest themselves in two ways: (1) a bulky axial substit=-
uent which would be 1,3 to the attacking nucleophile, or (2)
a bulky nucleophile. With only axial hydrogens at positions
. C-8 and C-12a, the fdrmer possibility may be ruled out. On
the other handg, the'attacking carbon atom has a,ﬁ-phenylefhyl
group attached to it, which should render it bulkief than an
atom with R = H, as in alcohol 58. Since it is almost certain
that the tricyclic olefin 68, which is formed from alcohol 58

has the trans,anti,cis structure, then the steric interactions

in the transition state A* from alcohol 51 should be even
greater,

In discussing the possibilities of axial vs. equatorial
attack on a cyclohexyl cation, Harding (77) points out that
the AO portion of the line AOE is inclined at an angle of 60°
toward the gyn axial hydrogens at positions 3 and 5 (Fig. 34).
With the distance from point O to each hydrogen nucleus ta-
ken to be about 2.55 A° (206), any point along line AO between
3.6 Ao and about 0.25 A% from point O is less than 2.4 A°

from the hydrogens. The value of 2,4 A0 is the minimum com=

bined van der Waals radii of two hydrogen atoms (207).



Therefore, at a distance of 1.54 A%, the normal carbon-carbon
bond length, the distance between the hydrogens and the ap=-
proaching carbon atom is less than the combined van der Waals
radii of two hydrogen atoms. When one takes into account the
hydrogens on the entering carbon, as in alcohol 58, the strain
must necessarily increase. When a larger R group, such as in
alcohol 51, is present, the effect would become exceedingly
worse.

On the other hand, no such interactions would be present
if the attacking carbon were to approach equatorially along
line EO, 1In fact, due to the 60° angle of the axis, the
distance between a point along the EO portion and and the ax~-
ial substituents in the 2 or 6 positions (which is the C=12b
methyl in this case) should be virtually the same as in the

product, which would be no more than the distance between
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methyl groups in a gauche-butane situation, or about 3.25 a°.
Fortunately, the R group is pointed away from the C-12b methyl
group, thereby rendering the steric interactions for this ex-
ample no greater than thét when R = H.

If the Curtin~Hammett Principle is operating, the above
theoretical considerations would predict that the major pro-
duct should be the one resulting from equatorial attack to

produce the cis,anti,trans cation 208. Since the B/C ring

MeO

fusion has already been shown to be trans, then the pentacyc=

lic product which should be formed preferentially is indeed
the desired olefin 50,

With the possibilities narrowed down to the 'C/D trans
olefin 50 and the C/D cis olefin 204, the task of assigning
the correct structure has been greatly simplified and virtu-
ally becomes apparent upon examination of the chemical shifts
of the angular methyl groups (Fig. 31). These signals occur
at 0.90, 0.95, 1.05, and 1.25 ppme. .The lowest field shift
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is easily assigned as the C=1ka methyl group, since it is ad~
jacent to the phenyl ring (66£,77). The signals at 0.90 and
0.95 are assigned to the methyl groups at C-8a and C-12b,
Although the actual assignments cannot be made with absolute
certainty, the siénal at 0.90 is virtually catholic to all
the cyclization products derived from the model alcohol 82,
as well as the tricyclic olefins 109, 110, and 68. The con-
sistancy of thié'signal can only be ascribed to that methyl
group which remains unchanged in all the products, namely,
the one at the D/E ring juncture. There is no methyl peak
at 0.95 ppm in the tricyclic olefin mixture 109 and 110, in
which the methyl group corresponding to the one at C-12b is
ébsent.

The peak at 1.05 ppm is assigned aé the C-6b methyl group.
1té low field resonance is attributed to the fact that it is
in the plane of the 11,12 double bond (Fig. 35), which would
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caﬁse a deshielding effect, similar to the one observed for
the same methyl group in the pentacyclic olefin 195 (vide
supra).. Several other examples of this downfield shift are
observable in the model series related to this study. In the

alcohol M-3, the chemical shift of the methyl group in ques-

tion is found at 1.1 ppm, whereas it is shifted to 1.0 ppm
in the dihydroxy compound M=-35. Similarly, the tricyclic ani-

sole derivatives P-6 and P-7 show methyl resonances at 1.03

ahd 1.06 ppm.
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The normal chemical shift for a methyl group in the same
relative position in some tricyclic aromatic systems such as

209 (66f,208,209) occurs in the region of 0,88-0,94 ppm;

° 1o ®
=
o
o
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® o
™
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Even in derivatives of 6lefin 50, such as the hydrobération
products M-2 and 167, this resonanée is shifted up to 0.90=
0.95 ppm. If the cig isomer 204 was the correct one, then
the C-6b methyl group would be out of the plane of the double
bond (Fig. 36), and hence, its signal should appear in the

Fig. 36
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normal region of about 0:96 ppm or less, which is the standard
chemical shift for the C-9 methyl group on a c¢cis~decalin (210).
Besides the inference of the correct structure of the
pentacyclic olefin as 50 on the basis of spectral data, it
would be advantageous to confirm the structure by other means.,
As was stated previously, the formation of the C/D cis olefin
204 is not likely on the basis of mechanistic considerations.
In addition, there are the ample precedented examples which
demonstrate that a cis ring fusion has never been formed from
a trans double bond, unless there exists the possibility of
deprotonation and reprotonation (see introduction), which
makes possible a comcerted protonation=-cyclization sequence
which would lead solely to ¢is fused products. The possibil—v
ity of deprotonation-reprotonation has been suggested only
once during the course of this work, when formic acid was
used as the cyclization initiafor. The use of stannic chlo=-
ride renders the cyclization medium aprotic, thereby ruling
out this possibility. |
In order to poésibly rule out any furfher doubt of the
structure of the pentacyclic olefin, other non-~chemical means
may be employed. Of course, the most definitive determina-
tion would be x-ray analysis of a. suitable derivative, such
as the pentacyclic ketone M=1l. Preliminary inspection of
this compound (211) indicates that the crystals are mono=-

clinic and may be suitable for crystallographic study.
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Alternatively, one could employ the technique of nmr shift
reagents on a suitable derivative, such as the alcohol 167.
A preliminary study has been done (212) on a related compound,
19-hydroxyfriedelane (210) (213), and the results indicate

G 54

that one could make assignments of the methyl signals in this
‘tompound. Because of their similar structures, it may be
possible to correlate the ﬁagnitude of the shifts in the
alcohol 167. If the correct structure is the cis olefin
204, then the C-6b methyl group of its alcohol derivative
should be further from the hydroxyl group and should thereQ
fore migrate to a lesser degree.

While other shift studies ﬁay Be possible on other de=-
rivatives, the close correlation of the two pentacyclic al=-

cohols 167 and 210 make this study most attractive. .



174

Experimental
General |

Meljing point determinations were made on a Kofler hot
stage or Thomas-Hoover melting point apparatus. Melting
voints and boiling points are uncorrected.

N Microanalyses were performed by Spang Microanalytical
Laboratory, Ann Arbor, Michigan.

Vapor phase chromatograms (vpc) were determiried on either
aﬁHéwlett-Packard 5750 or F&M 810 research chromatograph-
using helium carrier gas at a flow rate of 60 ml/min. The
following liquid phases were used on Chromosorb WAW-DMCS

solid support:

Column Liquid Phase Length x 0.D.

A 4% SE-30 6* x 1/8%
B 5% SE=30 6* x 1/8"
c 10% Carbowax 20M ' 6* x 1/8"
D 20% Carbowax 20M : 6*:x-1/8"
E 10% Carbowax 20M 10+ x 4"
| F 20% Carbowax 20M 10 x %

Nuclear magnetic resonance spectra (nmr) were determined
on a Varian Mcdel T=-60 spectrometer. Chemical shifts are re=-
ported in parts per million (ppm) downfield from tetramethyl=-
silane internal standard. The abbreviation "br* preceeding
the multiplicity of a signal signifies that the signal was
broad. Infra red spectra (ir) were determined on a Perkin-

Elmer 237B spectrophotometer.
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Mass spectra were determined on a CEC Model 21-103 mass
spectrometer by Mr. Ronald Klefbeck. Ultraviolet spectra
(uv) were determined on a Cary Model 14 spectrophotometer.

Solvents, unless otherwise specified, were obtained from
commercial sources and used without purification. Solvents
referred to as dry were distilled from their respective dry=

ing agents as follows:

Formic acid ' Boric anhydride
Ether, tetrahydrofuran, 1,2-di- Lithium aluminum
methoxyethane hydride

Bengzene, pyridine, it-butyl alcohol, Calcium hydride
pyrrolidine, HMPA

242,2=triflouroethanol Linde 4x molecular

sieves
Dichloromethane, carbon tetra- Phosphorous pentox=
chloride, methyl iodide ide

Pet. ether refers to Bzker Anhalyzed reagent grade petroleum
ether (bp 30-60°),

Evaporative (bulb=to-~bulb) distillations were done in
a modified Buchi kugelrohrofen.

Supports used for column chromatography were either
70-325 mesh silica gel, Woelm neutral alumina, or Florisil.
Preparative tlc was carried out on plates coated with a 2 mm
layer of silica gel 254 + 366 (acc. to Stahl). Analytical
tle plates were coated with a 0.5 mm layer of silica gel G.
High-~pressure column chromaiography was performed using a

2" x 20" glass column and fittings supplied by Chromatronix,
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1,4=Dibromo~2,3~dimethyl=trans-2~butene (I~=2)
avv\E;;v;;;;;T3;;;;;ZEguizgl;;;ﬁ;;;;;;;gv;:;;rding to the
procedure of Sweeting and Johnson (86) from 189.7 g (2.31
mole) of 2,3-dimethy~1,3-butadiene (I~1) (Columbia Organic,
distilled from hydroquinone) and 375.6 g (2.31 mele) of bro=-
mine. The total yield of dibromide I~2 was 378.6 g (68%).
Crystallization from pet. ether yielded colorless needles,

mp 46-47,5° (1it., (86) mp 47-47.4°).

2,5,6,9~Tetramethyl~trans-1.5,9~decatriene (I=3)
P —— e P S s P e eI e e Nt N N N NS TNSNSTNSTINSTN

., A. Preparation of methallylmagnesium chloride, To &

nixture of 38.4 g (1.6 mole) of magnesium turnings and 300
mivof dry tetrahydrofuran was added a little methylmagnesium
iodide in ether, followed by the dropwise addition of a solu-
tion of 39 ml (36.2 g, O.4 mole) of methallyl chloride (MC&B,
distilled) in 38 ml of tetrahydrofuran over 7 hours., The
temperaturs was maintained at 30-35° with external heating
du:ing the addition, and for ah additional 6 hours after the
a@dition was complete. The gray mixture was then allowed to
cool to room temperature. Titration (as total base) indi-
cated a concentration of 1.1 M,

Bs Coupling. The freshly prepared Grignard solution was
transferred to a clean, dry flask by means of a syringe, and
a solution of 24.2 g (0.1 mole) of the dibromide I=2 in 75
ml of tetrahydrofuran was added over 5 mours. The tempera-

ture was kept at 30~35° during the addition and for an addi=-
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tional &4 hours after the dibromide:was added. The excess
Grignard reageht was then decomposed by the slow addition of
125 ml of saturated ammonium chloride ( exothermic ), fole
lowed Ey 125 ml of saturated brine. After stirring for 1
hour at room temperature, the layers were separated, and the
-aqueous layer was extracted with 2 x 150 ml of ether. The
combined organie layers were washed with 2 x 200 ml of sat-
urated brine and dried (NMgSOy). Evaporation of the solvent
afforded a light yellow liquid which appeared to be a 15:85
‘mixture of two components by vpe (column 4, 100°)., Distile
lation of the mixture through a 6" Vigreaux column at 0.15 mm

afforded the following fractions:

Fraction Bp Weight %_Trans
1 39-40° 3.66 g 80%
2 Lo-46° 14.2 g 91%

The total yield of coupling product, based on the two frace
tions, was 17.86 g (93%). Spinning band distillation of

fraetion 2 at 0.85 mm yielded the following fractions:

Fraction Bp Weight %_Trans
2-1 61-63° 0.766 g 60%
2-2 63-64° 1.363 g 82%
2«3 640 2,488 g 86%
2=l 6L 3.370 g 91%
2-5 64 5.786 g 97%

The fractions composed of »90% trans product were combineds

ir (CHCl;) 1645 and 885 em™1 (5C=CH,)s mnmr (CD013),J 1.67
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(s, 6, (C,EB)C:C(CE_B))D 1.77 (s, 3, (C-H—B)C::CHZ)’ 2.10 (s, 8,
>C=CCH,~-), and 4.72 (br s, b, >C=CH,).

2, 5,6,9=Tetramethyl-trans=~5,9~-decadienol (L—b)

A solution of 35 g (0.183 mole) of the triene I=3 (>90%
pure by vpe) in 100 ml of dry tetrahydrofuran was cooled to
0°, and 0.09 mole of a solution of disiamylborane (66) (91,92)
was added dropwise over 1% hours. The mixture was then al=-
lowed to warm to room temperature and stir overnight. After
cooling to O°, a solution of 12 g of sodium hydroxide in 40
‘ml of water was a¢ded,<followed by the slow addition of 35
ml of 30% hydrogen peroxide. The external ice bath was
raised and lowered to keep the mixture below the reflux temp-
erature. Water was then added, and the mixture was extracted
with 3 x 200 ml of ether. The combined extracts were washed
with 3 x 200 ml of water, 200 ml of saturated brine, and
dried (Mgsoq). The soclvent was evaporated, and the residual
0il was subjected to column chromatography on 1200 g of Flor-
isil with pet.‘ether as initial eluent. The recovered trie’
ene L=3 amounted to 20 g (57%). The desired alcohol I=4 was
isolated by elution with 40% ether-pet. ether. Distillation
afforded 10.83 g (28%, 65% based on recovered triene) of
alcohol L-4 (bp 111-115° @ 1.5 mm), The product was com=-
posed of >95% of one volatile component by vpe (column 4,
140°)s ir (CHCLy) 3620, 3450 (OH), 1649, and 890 en™}
(C=CH2); nmr (CDCLB) d 0,93 (d, 3, J = 6 Hz, CH(CﬁB)CHZOH),
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1.‘4'3 (s, 1, Oﬂ)o 1.67 (s, 6, (CE_B)C"’C(C,I:[,B)); 1.75 (br s, 3
(C_}_{_S)C=CH2). 3.48 (4, 2, J = 5.5 Hz, CI{_ZOH), and 4.72 (br s,
2, >C=CH,). |

2,5,6,9-Tetramethyl-trang~5,9~decadienal (61) .

To a sus;;;;;;;\;;ﬁzgjngg\zzg\;;;zg;/;;-pyridinium di-
chromate (93) in 200 ml of dry dichloromethane was added 1.05
g (5 mmole) of alcohol L-4 in 20 ml of dichloromethane. The
mixture was stirred for 40 hours at room temperature, and
then filtered through a bed of Florisil, which was washed
with 3 x 200 ml of dichloromethane. The filtrate and washe-
ings were concentrated through a Vigreaux column on a steam
bath. Bulb=to-bulb distillation of the pale yellow residue
(72=76° @ 0.25 mm) afforded 0.98 g (94%) of aldehyde 61,
containing 90% oné volatile component by vpec (column 4, 140°):
ir (CHC13) 2720 (aldehyde C-H), 1720 (C=0), 1650, and 890
on™d (>C=CH,); nmr (CDCL,) 4 1.11 (4, 3, J = 6.5 Hz,
CH(C};LB)CHO). 1.67 (s, 6, (03_3)c=0(01i_3)), 1.75 {85 3» (C_}i3)0=CH2),
h,72 (s, 2, >C=Cﬂ2), and 9.67 (d, 1, = 2 Hz, CHO).

J-Methyle=l=(3,4,7-trimethyl=trans=-3,7=-octadienyl )=2~-cyclo=
ANV\I\M/‘\,\/\M/\,’\MAM.MMAM/W\N
hexenone (62)

g N N S

To a solution of 1.40 g (6.7 mmole) of aldehyde 61 (90%
pure by vpc) in 50 ml of benzene was added 0.72 g (10 mmole)
of pyrrolidine in 5 ml of benzene. The mixture was main-

tained at reflux for 1% hours under a Dean~Stark water sep-
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arator and 6" Vigreaux column. Most of the solvent was then
distilled off, and the residue was allowed to cool. A solu-
tion of 0.91 g (13 mmole) of freshly distilled methyl vinyl
ketone'in 40 ml of dry benzene was added, and the yellow
8olution was stirred at room temperature for 1 hour and at
reflux for 17 hours. The reaction was hydrolyzed by fhe ra=-
pid addition of a solution of 0.78 g of glacial acetic acid
and 0,37 g of sodium acetate in 0,75 ml of water. After
stirring at reflux for 5 hours, the mixture was allowed to
cool, and then washed with 50 ml each of water, 5% hydro-
chloric acid, saturated sodium bicarbonate, water, and dried
(Nazsoq). Evaporation of the solvent afforded a yellow oil
which consisted of three volatile components by vpc (column
A, 180°). Two minor components accounted for 5% each of the
volatile products, and the major product comprised the re~
maining 90%. Chromatography on 100 g of silica gel (benzene)
afforded, after 1 1, of forefractions, 1.364 g of a pale
yellow liquid, consisting of >95% one volatile component by
vpe (column A, 180°). Bulb=to-bulb distillation (116-124°
@ 0.1 mm) yielded 1.158 g (70%) of 96% pure enone 62 as a
colorless liquid: ir (CHClB) 1665 (C=0), 1610, and 885 em™t
(>C=CH2); nmr (CDClB)<J 1.20 (s, 3, angular CH3 ), 1.68
(s, 6, (QEB)C=C(CE3)). 1.77 (s, 3, (CE3)0=CH2). 4,73 (br s,
2, >C=CH,)s 5.91 (d, 1, J = 10 Hz, C-2H), and 6.75 (d, 1,

J = 10 Hz, C~3H); wuv (CH_OH) 224 nm (¢ = 10,900),

3
Anal. Calcd. for 018H280’ C, 83.023 H, 10,84, Found:
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C, 82.955 H, 10.94.

Semicarbazoﬁe. mp 136.5—138.00.

Anal. Calcd, for 019H31N303 C, 71.883 H, 9.84;
N, 13,24, Found: C, 71.85; H, 9.65; N, 13.26.

L-Methyl=l=~(3,4,7=-trimethyl=trans=-3,7-octadienyl )~2-cyclo=
e Y U e e e B P P W Y g Y o ¥ W e R I Vi Vo g )

¥ 1
hexenol (58)
TN
A mixture of 190 mg (5 mmole) of lithium aluminum hyd-

ride in 35 ml of dry ether was cooled to 0%, and 2.555 g
(9.82 mmole) of enone 62 (98% pure by vpe) was added in 20 ml
of ether over 35 minutes. After the mixture had stirred at
0° for 1% hours, 0.7 ml of water was added (frothing), and
the mixture was stirred for an additional 2 hours, during
which time it formed a white suspension. Magnesium sulfate
was added, and the slurry was stirred for an additional 1%
hours. The white solid was removed by filtration and washed
several times with ether. The filtrate and washings were
concentrated, and the residue was evaporatively>distilled

to yield 2.551 g (99%) of alcohol Qgias a colorless liquid.
The mixture consisted of two volatile components by vpc

(column A, 180°): ir (CHClB) 3600 (OH), 1648, and 885 cmm1

(>C=CH2); nmr (CDClB) $ 0.96 (s, 1, angular CHB,cx-alcohol),
1401 (s, 2, angular CHy» g~alcohol), 1.63 (s, 6, (CH3)C=C(CHs),
1.75 (s, 3, (053)c=CH2), 4,10 (m, 1, Wy s, = 12 Hz, 2 CHOH), |
4,70 (s, 2, >C=Cﬁ2), and 5.63 (m, 2, CH=CH).

Anal, Calcd. for CIBHBOO' C, 82.38; H, 11.52. Found:
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C, 83.20; H, 11.48.

Cyclization of alcohol 58 in formic acid.

A mixture of 109 mg (0.416 mm&ié) oE élcohol jﬁ,ané 20
ml of anhydrous formic acid was shaken at room temperature
for 5 minutes (61,69f), during which time it became cloudy
and slightly pink. The reaction mixture was then poured onto
200 g of cracked ice with rapid stirring. Sodium chloride
and sodium bicarbonate were added, and the solution was ex-
tracted with ether. The combined extracts were washed with
water and saturated sodium bicarbonate until the agqueous
layer attained pH 8. After washing with saturated brine and
drying over sodium sulfate, the solvent was evaporated. The
resulting yellow oil (115 mg) was added in 5 ml of dry ether
to a mixture of 70 mg (1.84 mmole) of lithium aluminum hyd-
ride and 5 ml of ether. After sirring for 11 hours at room
temperature, 5 ml of 10% sodium hydroxide was added, and the
stirring was continued for an additional hour. The mixture
was extracted with ether, and the combined extracts were
washed with water, saturated ammonium chloride, saturated
brine, and dried (MgSOu). Evaporation of the solvent afforded
103 mg of a colorless oil, ’

A vpe trace (column A, 1800) showed at least 13 components,

which were divided into 3 groups:
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Group Retention Time, min % of Volatile Mater,
A (Ai-Aé) less than 2 min 80%

C 4 min ‘ 10%

Preparative tlc (pet. ether) separated the mixture into
a hydrocarbon fraction (16 mg, 14.6%) and an alcohol fraction
(93 mg, 85.3%). The hydrocarbon fraction consisted of the
components A=A, with A, comprising ca. 80% of the mixtures
nmr (CD013)<S 0.91 (m, 9, angular CHB)' 5430 (m, 1, Wh/z =
8 Hz, C=CH), and 5,71 (m, 2, CH=CH).

The alcohol fraction consisted cf 8 peaks belonging to

the three groups described above:

Group % of Volatile Material

AA(Au',AS.Aé) 50%
B (Bl"‘Bu) 2570
c - 25%

Preparative tlc of the alcohol fraction (40% ether-pet.
ether) yielded two broad bands: D (3% mg, R, = 0,5-0.7), and
E (37 mg, Rf = 0,0-0.25), Band D consisted of a 2:1:1 ratio
of Au’, A5, and Aés ir (CHC13) 3600 (OH), 1650~1700 (C=C),
and 900 en™! (>0=CH,); nmr (CDC1,) & 4.70 (br s, 1, >C=CH,),
and 5.30-5.93 (m, 2, olefinic H).

Band E contained the components in groups B and C: ir
(CHC1,) 3600 en™l (OH). Preparative tlc (50% ether-pet.

ether) of Band E afforded 20 mg of material consisting of cz.
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80% of component C by vpc (column A, 180°): nnmr (CDClB) §
0.73=1.05 (m, 3, angular CHy), 1.21 (s, 3, angular CHj)

1. 63 (s, 3, C=C(CHL )), L, 13 (my, 1, W h/2 = 8 Hz, D)CHOH), and
5.50~5.80 (m, 1, oleflnlc H).

Cyclization of alcohol 58 with stannlc chloride in dichloro-
tetramethy1~1,4,4a,hb5,?,8,9,16,iOa-éecahydrophenanthrene (68)
ml of dry dichloromethane was coocled to -?8°. and 150 Ml qf
stannic chloride was added. After sfirring at -78°% for 1
hour, the mixture was warmed to ~6° in an ice-salt béth. The
stirring was continued for % hour, during which time the sol=-
ution turned orange. The mixture was then poured into a sol=
ution of 50 ml of water and 15 g of potassium carbonate, maine-
tained at 0°, After stirring for % hour, the layers were
separated, and the aqueous layer was extracted with 2 x 30 ml
of dichloromethane. The combined organic layers were washed
with 50 ml of water and dried (Mgso4). Evaporation of the
solvent afforded 199 mg of a colorless oil.

A vpc trace (column A, 180°) indicated the mixture to
consist of seven volatile components, one of which predomin-
ated in >76% abundance. The mixfure was subjected to column
chromatography on 55 g of silica gel (pet. ether). After
70 ml, 41 mg of impure product containing ca. 75% of the

ma jor product was isolated in five 10 ml fractions, and 35 mg
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(19%) of material in which the major product comprised >98%
of the volatile material was isolated after 155 ml of addi-
tional eluent was collected. The total yield of the major
product was estimated to be 58 mg (31.5%). o

Alternatively, the product could be isolated in >99%
purity by chromatography on neutral alumina (act. I) or
preparative vpc (column E, 200°, ret., time = 17.6 min).

On standing at -20°, the pure product solidified to a
waxy solid, mp 44=47°, An analytical sample was prepared
by bulb-to-bulb distillation (102° @ 0.6 mm): ir (CHCL,)
1670-1650 cm™ L (w, C=C); nmr (CDC1,) 4 0.83 (s, 3, angular

CH.)» 0.91 (s, 6, angular CH,), 1.67 (br d, 3, J = 3 Hz,
7 7

(ch)c=cx). 5.28 (m, 1, Wy, = 75 He, C=CH), and 5.56~

5096 (m, 2, CH=CH).

~Anal. Caled. for C18H28' C, 88.45; H, 11.55. Found:
C, 88.60, 88.55; H, 11.44, 11.42.

2#, 4z, 8a ,10aﬁ-Tetramethyl-1,2ﬁ,3&,4,4a,4b »7+8,82,9,10,10a~

dodecahydro~3f=-phenanthrenol (M=3)

A solution of 25 mg (0.102 mmole) of diene 68 and 1.2 mg
of hexadecane (Aldrich) in 1 ml of dry tetrahydrofuran was
cooled to 0°, and 80 sl of a 0.93 M solution of diborane
(0.148 mmole) was added. The reaction was stirred at ¢°
for 5 hours, and 1% ml of 20% sodium hydroxide was added,
followed by 2 ml of BO%thdrogen peroxide, After stirring

at room temperature overnight, a little potassium carbonate
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was added , and'ﬂw,mixture was poured into 301m1 of water
and extracted with 3 x 20 ml of ether. The combined extracts
were washed with 30 ml of water, 30 ml of saturated brine,
and dried (Mgsou). Evaporation of the solvent afforded 33

mg of a colorless oil. Chromatography on 8 g of silica gel

afforded 9 mg of recovered diene £8 with 50 ml of 1-2% ether=-
pet. ether. On gradually increasing the ether~-pet. ether
ratio to 1:1, 11 mg (69%, based on recovered starting mater-
ial) of a single alcohol N=-3 was isolated after 150 ml of the
solvent was eluted. A portion was rechromatographed on 15 g
of neutral alumina (act. II) to yield alcohol M=-3 as an oil,
>99% of one volatile component by vpc (column 4, 220°),

An analytical sample was prepared by bulb-to-bulb dis-
tillation (104° @ 0.55 mm)., The colorless distillate solidi-
fied on standing in the microanalyéis tube: ir (CHClB)

3620 em™* (0H); nmr (CDCl) 4 3.43 (br m, 1,W,/p = 20 Hz,
>CHOH), and 5.60-5.80 (m, Zi—cﬂfpﬂ)';

Anal. Caled. for C18H300= C, 83.20; H, 11.48. Found:
C, 83.01; H, 11.42, |

| tetradecahydro-jg.-6ﬁ~phenanthrénediol (M=5) o ’ |
v~vNX\;;;;;Z;;ﬁ:;MZg?;\;;/YQTIS;F;;;I;;ﬁ:;“EEenés§§{in 2 ml
of dry tetrahydrofuran was cooled to 0°, and 215 pl of a
0.93 M solution of diborane (0.4 mmole) was added. After
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14 hours at 0%, the mixture still contained starting mater-
ial aftef vpc.analysis (column A, 220°)., An additional
500 ul of the diborane solution was added (0.465 mmole), A
second Qpc trace showed complete depletion of starting mater=~
jal., An additional 250 ul of the diborane solution was added
after 6 hours, and the solution was stirred for 3 hours more.
The excess diborane was decomposed by the addition of 3 ml
of 20% sodium hydroxide (frothing), followed by 2 ml of 30%
hydrogen peroxide. After stirring at room temperature for
%4 hour, a little potassium carbonate and 30 ml of water were
added, and the mixture was extracted with 3 x 15 ml of ether.
The combined extracts were washed with 2 x 20 ml of water and
dried (MgSOQ). Evaporation of the solvent afforded 33 mg of
a foam, which separated 17 mg of a white solid on trituration
with hexane. The product consisted of one high boiling com=
ponent by vpe (column A, 300°). An additional 3 mg of pro=-
duct was obtained on concentration of the mother liquor (to-
tal yield, 20 mg, 67%). | | |
Crystallization from acetone and then chloroform-acetone
afforded small, colorless needles, mp 193-194%: ir (CHClj)
3600 cm™® (OH); nmr (CDC15)§ 3.40 (br m, 1, w'w = 20 Hz,
> CHOH), and 3.93 (br m, 1, wh/z = 19 Hz, »CHOH).
Anal. Calcd for 018H3202‘ C, 77,093 H, 11.50. Found:
C, 77,113 H, 11.53.
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2%, 3¢=Epoxy=2, 4ax, 8a€,10aﬂ-tetramethyl-1 2, 3 4,ba,l408, 5 8y~

¥

A mlxture of 48. 8 mg (O 2 mmole) of diene 68, 5 mg of :
sodium bicarbonate, and 1 ml of dry dichloromethane was
cooled to 5°, and 51 mg (0.3 mmole ) of-99% m=chloroperben=-
zoic acid (114) in 200 w1l of dichloromethane was added.

After 1 hour, analysis by vpc (column A, 180°) showed roughly
84% reaction. 4An additional 5 mg of the peracid was added,
and the reaction was quenched after 45 minutesby the addi-
tion of 2 ml of 10% sodium sulfite. A vpc trace (column A,
200°) of the crude product solution showed a mixture of 3
volatile components in a ratio of 10:85:5. The mixture was
diluted with 30 ml of ether and washed with 20 ml each of
10% sodium sulfite, saturated sodium bicarbonate, saturated
brine, and dried (Nazsoh)‘ Chromatography on 8 g of silica
gel afforded 6 mg of recovered diene 68 after elution with
25 ml each of pet. ether and 1% ether-pet. ether. After 25
ml each of 2% and 4% ether-pet. ether had elutéd, 34 mg (75%)
of epoxide 92 was obtained which was > 99% one volatile compo=
nent by vpe (column A, 200°) in 25 ml of 8% ether-pet. ether.

An analytical sample was prepared by bulb-to-bulb dis~
tillation (110° ® 0.5 mm)s: ir (CHCl;) 1650 en” (w, C=C)»

nmr (CDCl ) { 0.88 (s, 6, angular CH, )» 0.98 (s, 3, angu-
lar CH ), 1.08 (s, 3, CHBC~CH), 2.80—3 03 (m, 1, >c-cg),

a.nd 5.36"5.96 (m’ 2’ .Ij.=c_}:[.).
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Anal., Calcd, for C,gHog0s  C 83.02; H, 10.84, Found:
C, 82.98: ‘Hp 100830

hydro-3(4H)-phenanthrenone (21)

To a solution of 6 mg (O O°3 mmole) of epox1de 92 in 1
ml of dry dichloromethane was added 8.5 ul (9.95 mg, 0.7
mmole) of boron triflouride etherate (Eastman, doubly dis-
tilled from calcium hydride). The solution immédiately turned
dark pink. After 1 hour, the mixture was poured into 10 ml
of saturated sodium carbonate and extracted with 2 x 20 ml
of ether. The combined extracts were washed with saturated
sodium chloride and dried (Mgsoh). Evaporation of the sol=-
vent afforded 6 mg (100%) of white crystals whose vpc trace
(column A4, 200°)Vshowed one volatile component, not identie-
cal with the starting material., Crystallization from ether-
hexane afforded colorless crystals, mp 108,0-112.0°,

An analytical sample was ﬁrepared by recrystallization

from methanol, mp 109.5-113.5°%: ir (CHC13) 1690 (C=0),
and 1655 cm~t (w, C=C); nmr (CD013) 5 0.78, 0.95, 1.28

(3 N 99 angular CHB). and 5.30"‘5-96 (m’ 2’ C.Ii:C.Ii)-
Anal, Calcd. for’c18H280= ¢, 83,023 H, 10,84, Found:

Cc, 83.03: H, 10.72.
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3~Buten-1~0l (39)

VIR TN NN TN -

Allylmagﬁesium brbmide was prepared_according fo the
known procedure (119) from 73.5 g (3 mole) of magnesium
turningé and 86.5 ml1 (121 g, 1 mole) of allyl bromide (98)
(MC&B, distilled) in 970 ml of dry ether. The temperature
was maintained at 0° throughout the addition (23 hours) and
for an additional 3 hour after the addition was complete.

The Grignard solution was then heated to reflux, and 60 g

(2 mole) of dry paraformaldehyde (dried in yacuo over phos=-
phorous pentoxide) was added in one portion (118). The milky
white suspension was maintained at reflux for 6 hours. After
cooling to 0°, 500 ml of 5% hydrochloric acid was added drop=-
wise. After the addition, the mixture was allowed to warm

to room temperature, and the stirring was continued overnight.
The two-layer mixture was separated, and the aqueous layer
was extracted with ether. The combined organic layers were
washed with 500 ml of saturated brine and dried (Nazsou).
Evaporatidn of the solvent and distillation of the residue

at atmospheric pressure yielded, after a small forerun, Lo.5
g (56.2%) of the alcohol 99, as a célorless liquid, bp 108-
111°, (lit. (118), bp 112.5-113.5°): ir (cHC1,) 3620 (OH),
1640, 995, and 920 cm™' (CH=CH,): nmr (CDCl;) & 2.11-2.51
=CHCH,» OH), 3.48-3.88 (m, 2, CH,0H), 4.90-5.08,

2 2
5.11=5.,31 (2 m, 2, CH=C§2), and 5.50~5.68 (m, 1, CH=CE2)o

(m, 3, CH
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4-Chloro~i~butene (N=-1)
. ’Nryzzgv;;;zzgzzzl;;\;:;erts}and Mazur (120) was modified.
To a mixture of 49.8 g (0.691 mole) of the alcohol 99 and
1.57 mi of dry pyridine (maintained at 0°) was added 49 ml
(82.23 g, 0.691 mole) of thionyl chloride over 3% hdurs, %
during which time the solution turned pink. When the addi=-
tion was complete, the mixture was heated to reflux. After
1 hoﬁr at reflux, the mixture was disilled. The opaque dis=~
tillate (bp ca. 70°) was washed with 2 x 20 ml of saturated
sodium bicarbonate, 20 ml of saturated brine, and dried
(MgSOu). Distillation of the filtered liquid afforded 43,44
g (69.4%) of the chloride N-1, as a colorless liquid, bp
68-70° (lit. (118), bp 75°): ir (CHCL,) 1645, 1000, and
925 em™* (CH=CH,); nmr (CDC13)§ 2.51 (a, 2, 3, , = 6.5 Hz,

Jp,3 = 2 Hz, CHyCH=CHp), 3.56 (t 2, Jy , = 6.5 Hz, CHC1),
4093"5013' 5.13=5.35 (2 my, 2, CH:CE'Z)' and 5.“3“6.26 (m, 1,

CH=CH,).

2-Methyl-1,6~heptadien=3-0l (96D) ,
~N/\Xy;vITN;I;;;\;;;;;;;z;;r;;?; g (0.654 mole) of magnesium
turnings was flame dried under a stream of dry nitrogen.

After cooling, 450 ml of dry ether and a crystal of iodine
were added. The flask was heated slightly to maintain a temp-
erature of ca. 30°, while a solution of Lo, 4 g (0.545 mole)

of 4~chloro-i~butene (N-1) in 50 ml of dry ether was added

dropwise. After about 30 ml of the chloride solution was
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added, the yellow iodine color disappeared, and the mixture
began to reflux spontaneously. The remainder of the chloride
solution was added at a rate so as to maintain gentle reflux
(2 hours). After the addition was complete, a sclution of
40.07 g (0.572 mole) of methacrolein (Aldrich technical,
redistilled) in 50 ml of dry ether was added dropwise, while
the mixture was maintained at reflux. After 1} hours at re=-
flux, the mixture became slightly cloudy. The mixture was
cooled to 0°, and 250 ml of 5%hydrochloric acid was added
slowly,bcausing the mixture to separate into two layers.
The coagulant aqueous layer was treated with additional 5%
hydrochloric acid until the mixture became homogeneous. The
aqueous layer was then extracted with I x 200 ml each of sat-
urated sodium bicarbonate, saturated brine, and dried (Na,S0y).
Evaporation of the solvent and distillation of the residue
at 33 mm afforded 47.3 g (68.8%) of alcohol %Db, as a color-
less liquid, bp 85-880. A vpe trace (column A, ?00) of the
distillate showed one volatile component in 99%}purity.

An analytical sample was prepared by distillation through
a 6 Vigreaux column: ir (CHC13) 3605 (OH), 1640, 995, and
910 em™1 (CH=CH,)s nmr (CDCl,) 4 1.71 (d, 3, J = 1% Hz,
(Cly)0=CHy)s 1.83 (s, 1, OH), 2.06 (t, 2, J, = 5% Hz,
C}:LZCH=CH2), 4,08 (t, 1, J3a4 = 6 Hz, > CHOH), 4.76=5.30 (m,
L, (CH3)c=cgz. CH=C_}_{_2). and 5.43-6.25 (m, 1, c_};aCHz).

Anal. Caled. for CgHqyOt C, 76.14; H, 11,18, Founds
C, 75.98s H, 11.20, |
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Ethyl Lemethyl-trans-l,8-nonadienocate (97b)

- Tﬁe éenefal ﬁrscedurévof Johnson, gi al ,(117) was fol-
lowed (121). A mixture of 6.48 g (0.0513 mole) of the alco-
hol Qéﬁ, 44,5 g (0.274 mole) of triethyl orthoacetate (Ald~-
rich, distilled, bp 138-142°), and 0.235 g of propionic acid
was heated in a flask equipped with a Claisen adapter and
receiver for the collection of ethanol. One thermometer was
. placed just above the liquid level, and another in the dis-
tilling head. With stirring, the mixture was slowly heated,
while the ethanol distilled out, and the temperature above
the liquid rose to 1380. When liquid ceased to distill, the
reaction mixture was kept at 138-1410 for 1 hour. The flask
was allowed to cool to room temperature, and then heated slow=
ly under reduced pressure (0,60-0.65 mm). The excess tri-
ethyl orthoacetate and propionic acid distilled out at 30°,
Distillation of the residue afforded two fractionss (1)
0.55 g » bp 71-72%, 98% one volatile component (column A4,
100°%); (2) 8.29 g, bp 74.5—75;50,'100% one component by vpC.
The total yield of the desired ester 97b, based on the two
fractions, was 88%: ir (CHClB) ;725_(C=O). 1640, 1000,
and 920 cm™ (CH=CH,)s nmr (CDCL,) $ 1.25 (t, 3, J = 7 Hz,
OCH,CHy)» 1.60 (s, 2.91, trans CH=C(CH3))s 1.67 (s, 0.09,
cis CH=C(C§_3)), 4,14 (q, 2, J = 7 Hz, OCH,CHy), 4e76-5.35
(m, 3, CH=CH,, CH=C(CHy)), and 5,48=6.15 (m, 1, CHi=CH, ).

Anal. Calcd., for C12H2002’ Cy, 73.433 H, 10.27. Found:
C, 73.295 H, 10,40, |
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4-Methyl-trans-4 8~nonadienol (N-2)

A solutlon of k. 63 g (23 6 mmole) of the ester 97b in
30 ml of dry ether was added over 1 hour to a mixture of 0,90
g (23.5 mmole) of lithium aluminum hydride and 30 ml of dry
ether, The gray suspension was stirred at room temperature
for 12 hours., The excess hydride was decomposed by the drop-
wise addition of 1 ml of water, 2 ml of 10% sodium hydroxide,
and 10 ml of water. The emulsion was stirred for 4 hours
and then extracted with 3 x 20 ml of ether. The combined
extracts wererwashed with 20 ml each of water, saturated
brine, and dried (MgSOu). Evaporation of the solvent and
distillation of the residue yielded 3.58 g (98.6%) of alcohol
N-2, as a colorless ligquid. Bulb-to=bulb distillation (72°
@ 0.5 mm) afforded analytically pure materisl: ir (CHC13)
3630 (OH), 1673 (CH=C(CH )), 1645, 1010, and 920 cm”l (CH*CHZ):
nmr (CDCl Y& 1.56 (s, 1, OH), 1.63 (3, 3, CH—-C(CHB)), 3.63
(t, 2, J = 6 Hz, CﬁZO), 4,78=5.36 (m, 3, CH—C(CHB). and
5.50-6.20 (m, 1, CH=CH,).

Anal. Calcd. for CygH,g0t C, 77.87; H, 11.76. Found:
Cy, 77.965 H, 11.79.

1~ Chloro-#-methyl-trans~4 8=nonadiene (N=3)

“FNﬂ;;;\;;;:;;;;;V;;ﬂE;::v;;ﬁtE:?IE;7P;;;A;odlfled. To a
flask equipped as the one used to prepare ester 97b (vide
supra) was added 2.038 g (13.2 mmole) of the alcohol N=2,

10 ml of dry carbon tetrachloride, and 3.80 g (14.5 mmole)
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of triphenylphosphine (MC&B). The mixture was slowly heated
to boiling., After 10 min at reflux, a colorless liquid
(presumably chloroform) began to distill from the mixture
(op 60~53°). and a white golid precipitated from the reaction
mixture. After ca. 5 ml of distillate was collected, the
temperature in the distilling head began to decrease. The
reaction was maintained at reflux for 33 hours, during which
time additional liquid distilled (bp 700). The reaction was
allowed to cool, and 20 ml of pet. ether was added. Filtra=-
tion of the precipitate, washing of the solid with pet. ether,
and evaporation of the solvent yielded a yellow liquid (2.7 g)e
The product was isolated by column chromatography on 75 g of
silica gel with 5 x 80 ml pet. ether after 186 ml of fore-
fractions, Bulb-to-bulb distillation (75° @ 1.75 mm) afforded
1.688 g (74.1%) of the chloride N~3, as a colorless liquid.
A vpc trace (column A, 100%) showed one volatile component:
ir (GHCl;) 1670 (CH=C(CHg)), 1640, 995, and 920 em™1 (CH=CH,);
nmr (CDCZLB) § 1.61 (s, 3, cl{_=C(CH3)', CH=CH,), and 5.46-6.13
(m, 1, CEFCHZ).

Angl. Caled., for ClOH17Cls C, 69.55; H, 9.925 Cl,.
20.52. Found: C, 69.63; H, 9.94; Cl, 20.47.

s~Nethyl-trans-5,9-decadienoic acid (N=4)
To a dry flask containing 4.2 g (0.175 mole) of magnesium
turnings was added 10 ml of dry tetrahydrofuran and a crystal

of iodine. With rapid stirring, about 2 g out of a total of
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7.55 g (43.7 mmole) of the chloride N=3 and a few drops of
methyl iodide were added. The mixture was heated to reflux,
while the remainder of the chloride N=3 in 50 ml of dry tei-
rahydrdfuran was added over 2% hours. The reaction was main-
tained at reflux for 4 hours after the addition was complete.
Examination of a quenched aliquot indicated some unreacted
chloride was still present. An additional 3 g of magnesium
turnings and 0.1 ml of methyl iodide were added. The react-
ion proceeded spontaneously, as evidenced by rapid refluxing,
and the external heating was discontinued. After the boiling
had subsided, the flask was maintained at reflux for 2 hours.
A vpc analysis (column A, 100°) of an aliquot indicated ale
most complete reaction. After cooling to room temperature,
the reaction mixture was added to a swirled slurry of dry
ice (1 1b) in 100 ml of ether. After the solid had disap=
peared, the mixture was acidified to pH 2, causing a light
yellow liquid to separate. The mixture was extracted with

3 x 100 ml of ether., The combined extracts were washed with
3 x 100 ml of 10% sodium hydroxide. The combined washings
were extracted with 50 ml of ether and acidified to pH 2.
This mixture was extracted with 4 x 100 ml of ether, and

the combined extracts were washed with 2 x 100 ml of satu-
rated brine and dried (MgSDh). Evaporation of the solvent
and bulb-to-bulb distillation of the pale yellow residue

0

(98~101" @ 0.15 mm) afforded 6.959 g (87.5%) of acid N-4, as

a colorless liquid, consisting of one volatile component by
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vpe (column A, 160°): ir (CHC1,) 3400-2750 (OH), 1702 (C=0),
1635, 990, and 910 cm™ ! (CH=CH2): nmr (CDCL,) § 1.60 (s,

3 CH:Q(CEB)): 4e73=5.36 (m, 3, CEFC(CH3): CH=CE2)- 5¢50~-
6.26 (m, 1, Cﬂ?CHz). and 10.81 (br s, 1, COOH).

Anal., Caled. for C Cy 72.49; H, 9.95. Found:

11118922
C, 72.573 H, 10.00,

2, 5~-Dimethyl=-trans~5,9~decadienoic acid (N=5)

Thefproceduré‘bf?Pféffér and Silberé,(123)'was followed.
A solution of 13.4 ml (9.64 g, 0.955 mole) of diisopropyl-
amine (MC&B, distilled from calcium hydride) in 63 ml of dry
tetrahydrofuran was cooled to O°, and 28 ml of a 3,13 M sol~
ution of n-butyllithium in hexane (Alfa, 8.8 mmole) was added
dropwise, keeping the temperature at O-5°. A solution of
6.942 g (38.1 mmole) of acid N=&4 in 30 ml of dry tetrahydro-
furan was added dropwise, again keeping the temperature at
0-5°, The reaction was stirred at 0° for 15 min, and 17.2

ml (17.09 g, 95.5 mmole) of HMPA was added. After 15 min

at 0%, 3.57 ml (8.16 gs 57.3 mmole) of dry methyl lodide

was added in one portion to the amber solution. The color
immediately lightened to yellow, and the temperature rose to
30°. The reaction was cooled to room temperature and stirred
for 2 hours, Acidification to pH 2 caused the mixture to
geparate into 2 layers. The organic layer was washed with

5 x 75 ml of 10% hydrochloric acid, followed by 4 x 50 ml

of 1:1 10% sodium hydroxide-saturated brine. The basic wash=
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ings were reacidified and extracted with 4 x 75 ml of pet.
ether. The extracts were washed with saturated brine and
dried (MgSOa). Evaporation of the solvent yielded a pale
yellow liquid, which on bulb-to-bulb distillation, afforded
7.062 g (94.6%) of the methylated acid N=5, bp 106-111° @
0.175 mm. The colorless distillate consisted of one vola=-
tile component by vpc (column A, 160°): ir (CHClB) 3400~
2750 (OH), 1700 (C=0), 1640, 990, and 915 om™ (CH=CH,);
nmr (CDClB) 4§ 1,18 (d, 3, J = 6.5 Hz, CH(CEB)COOH), 1.61
(85 3» CH=C(CH;)), 4.71~5.36 (m, 3, CH=C(CHy), CH=CH,),
5.46=6,23 (m, 1, CE?CHZ), and 11.30 (br s, 1, COOH).

Anal. Caled. for CyH, 0,t C, 73.43; H, 10.27, Found:

2072
¢, 73.40; H, 10.26.

2, 5~-Dimethyl-trans=-5,9-decadienol (N=6)

A solution of 11.677 g (59.5 mmole) of the acid N-5 in
70 ml of dry ether was added dropwise over 1 hour to a mix-
ture of 3.42 g (90.2 mmole) of lithium aluminum hydride in
120 ml of dry ether, maintained at 0°, The gray suspension
was stirred at 0o° for % hour'énd_at’room temperature for 10
hours. The excess hydride was decémposed with 8.5 ml of
water (frothing). Aftef 14 hours of stirring, a white suéi
pension formed, and ca. 5 g of magnesium sulfate and 25 ml
of ether were added. The mixture was stirred for 6 hours

and filtered. The white so0lid was washed several times with

ether, Evaporation of the solvent yielded a colorless 1ligquid,
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which on bulb-to~bulb distillation afforded 10.624 g (98.1%)

of alcohol ﬁ;é (vp 84° @ 0,30 mm): ir (CHC13) 3620 (OH),

1665 (C=C), 1635, 995, 910 (CH=CH,), and 1025 en = (C-0);

nmr (CDClB) § 0.92 (4, 3, J = 7 Hz, CH}(‘C_I%)CHZOH), 1.60

(s, 3, CH=C(C§B)), 3.48 (br 4, 2, J = 5 Hz, CEZOH)’ ,76=5.33

(my 3, Cﬁ?C(CHB), CH=CE2), and 5.46~6.23 (m, 1, CﬂFCHz).
Anal. Caled. for Cy Hy50: G, 79.06: H, 12.,16. Found:

C, 790155 Hy 12-260

To a suspensidn'of 6.60 g.(éo mmole ) of‘chromium trioxide
in 50 ml of dry dichloromethane was added 9.49 g (120 mmole)
of dry pyridine. A slightly exothermic reaction ensued, ac-
companied by the immediate formation of a dark brown solu-
tion. After 15 min, 1.828 g (10.14 mmole) of the alcohol
N=6 was added in one portion witha little dichloromethane.

A tarry, black residue formed almost immediately. After
stirring for 20 min at room temperature, the mixture was
filtered through a bed of Florisil,vwhich wag washed several
timeg with ether. The light yellow filtrate was concentra-
ted under a 12" Vigreaux column on a steam bathe After di-
lution with 125 ml of ether, the solution was washed with

2 x 100 ml of 5% sodium hydroxide, 2 x 50 ml of 5% hydro=-

" ehloric acid, 50 ml of saturated sodium bicarbonate, 50 ml
of saturated brine, and dried (MgSO,). Evaporation of the
solvent yielded aldehyde 94, as a pale yellow liquid, con-
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sisting of one volatile component by vpe (column 4, 120°),
Bulb-to=-bulb distllation afforded 1.678 g (92.8%) of color-
less aldehyde 94, bp 80° @ 0.75 mm: ir (CHCl;) 2720 (CHO),
1722 (C=0), 1655 (0=C), 1640, 995, and 915 cw > (CH=CH,);
nmr (CDC13) § 1,09 (d, 3, J = 7 Hz, CH(CﬂB)CHO), 1.61 (s, 3,
CH=C(CE3)), 4,80=5.35 (m, 3, CE?C(CHB), CH=C§2), 5.50=6,28
(m, 1, CH=CH,), and 9.63 (d» 1, J = 2 Hz, CHO).

Anal. Caled. for C,,H,,0: C, 79.94; H, 11.18, Found:
Cy, 79.93; H, 11,04,

Aldehyde 94 was characterized fu£ther as the 2,4=dinitro=-
phenylhydrazone, yellow crystals, mp 64,0-65.5° (from etha=
nol).

Anal., Calcd. for C H24N404: Cs 59.995 H, 6,713 N,

18
15.55. Found: C, 59.98; H, 6.70; H, 15.62,

l~Methyl=-b=(3-methyl~trans=3,7-octadienyl )=2=-cyclohexenone (95)

To é solutioh of‘4.594]g (25;5 mmole) of the aldehyde 94
in 250 ml of dry benzene under a Dean=Stark water separator
was added 2.417 g (34 mmole) of dry pyrrolidine in 50 ml of
dry benzene over 10 min. The mixture was slowly heated to
reflux., After 2 hours at reflux, a vpc trace (column A, 120°)
indicated only 20% of the aldehyde had reacted. The mixture
was concentrated to half its volume, and 2 ml of pyrrolidine
was added. After 2% hours at reflux, the aldehyde was vir-
tually depleted. After an additional % hour at reflux, the

reaction mixture was allowed to cool to room temperature.
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The benzene and excess pyrrolidine were removed at reduced
pressure (aspirator), and the residue was dried in yacuo.

The residue was then dissolved in 200 ml of dry benzene, and
a solution of 3.57 g (51 mmole) of freshly distilled methyl
vinyl ketone (containing 0, 5% hydroquinone) in 50 ml of dry
benzene was added over 15 min. After stirring at room tem=
perature for 2 hours, the mixture was heated to reflux and
maintained at reflux for 17 hours, during which time the re-
action mixture was protected from light by wrapping the flask
in glass wool and aluminum foil. A»ﬁixture of 1.55 g of so=-
dium acetate, 5 ml of water, and 4.2 ml of glacial acetic
acid was then added in one portion. After 4 hours at reflux,
the reaction was allowed to coocl to room température. The
mixture was diluted with 200 ml of pet. ether, washed with

k x 200 ml of 2% hydrochloric acid, 2 x 200 ml of saturated
sodium bicarbonate, 200 ml of saturated brine, and dried
(MgSOu). Evaporation of the solvent at reduced pressure af-
forded a pale yellow, viscous 6il, which consisted of essen=
tially one volatile component by vpc (column A, 1600). Frac=~
tional vacvum distillation yielded, after a small forerun,

a fraction boiling at 98~101° (0.1 mm), which contained one
volatile component in 97% purity by vpc (column A, 160°).
The residue was subjected to bulb=-to-bulb distillation
(112-115° @ 0.15 mm)., A colorless distillate (3.912 g) was
obtained consisting of one volatile component in 98% purity.

The total yield of distilled enone 95 was 4.971 g (84%):
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ir (CHCl,) 1665 (CH=CH), 995, and 910 em™ (CH=CH,): uv
(95% ethanol) 226 nm (€ = 11,200); nmr (CDClB) 5§ 1.15 (s,
3, angular CHB)’ 1.61 (s, 3, CH=C(C§3)), 2,46 (t, 2, J = 6.5
Hz, COCH,), 4.80-5.33 (m, 3, CﬁFC(CHB), CH=CH,), 5.46-6.16
(m, 1, CH=CH,), 5.86 (d, 1, J = 10 Hz, C~2 H), and 6.68 (d,
1, J = 10 Hz, C=3 H).

Anal. Calcd. for Cygllpy 02 Co 82,683 H, 10,43, Found:
C, 82,595 H, 10,19,

f-Methylel=(3-methyl-trans=-3,7-octadienyl )-2~cyclohexenol (82)
To a mixtﬁre-of O;Biﬂ é—(s.é mmole) of lithium aluminum

hydride in 40 ml of dry ether, maintained at 0°, was added

a solution of 3.87 g (16.5 mmole) of the enone 95 in 20 ml

of dry ether over 35 min. After the addition was complete,

the gray suspension was stirred for an additional 1% hours,

and 1.5 ml of water was carefully added (frothing). The mix~

ture turned from gray to white. After 15 min of additional

stirring, magnesium sulfate was added. The white slurry

was filtered, and the filtrate was concentrated to a viscous

liquid. Bulb=-to=bulb distillation (110-112° @ 0.1 mm) afford~

ed 3.821 g (98.1%) of colorless alcohol 82. The vpc trace

(column A, 1600) showed two broad, overlapping peaks in a

ratio of 2:11 (epimeric alcohols): ir (CHClB) 3600 (OH),

1640, 990, 915 (CH=CH,), and 1040 en™t (C-0); rmr (cpe1y) §

0.96 (s, 1, angular CHB’ &~alecohol), 1.01 (s, 2, angular

CHy, p-alcohol), 4.18 (br m, 1, J CHOH), and 4,76-5.33 (m,
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3, CH=CH,, CH=CH).
Anal, Calcd. for C16H26O’ C, 81,99; H, 11.18. Found:s
c, 81.82; H, 11.20.

To a flask contalnlng 78 mg (0.333 mmole) of the alcohol
mixture 82 was added 6.5 ml of anhydrous formic acid at 9°.
After 8 min, the cloddy mixture was poured onto a slurry of
25 g of cracked ice and 26 g of 50% sodium hydroxide. The
mixture was stirred for 1% hours, and then worked up with
ether to yield 83 mg of an oil, which was subsequently treated
with excess lithium aluminum hydride. After hydrolysis and
drying (MgSOu), 76 mg of an oil was obtained. The vpc trace
(column E, 205°) indicated the presence of 14 components, in
which 6, designated A-F, accounted for ca. 75% of the vola-
tile material. The retention times of components A-F were
1.65, 4.3, 5.15, 5.55, 6.3, and 8 min, respectively. There
were 5 minor peaks at 1.15-2.8 min accounting for 5% of the
volatile products, and 3 unresolved peaks ranging from 6.6-
7.7 min, accounting for the remaining 20% of the volatile ma=-
terial: ir (CHClB) 3550 (OH), 1635, 995, and 915 cm”1
(CH=CH2); nmr (CDClB)S 3,66=4,33 (m, 1, >CHOH), 4.76-5.23
m, 2, CH=C§2), and 5.50-5,68 (ms; 3, CH=CH, Cﬁ;CHZ)

Preparative vpe (column E, 205°) yielded the components
A~F in high purity:

Component A (100), 5.2 mg: ir (CHClB) 1635, 1000, and
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915 cn™ (CH=CH,); nmr (CDC15) £ 4.91-5.28 (m, 2, CH=CH,),
and 5.30~5.86 (m, 3, CH=CH,, CH=CH).

Component B (101), 3.5 mg: ir (CHClB) 3550 (OH), 1635,
995, and 910 cm™' (CH=CH,); nmr (CDC14) § 1.00 (s, 3, ang-
ular CH;), 1.15 (s, 1, OH), 1.71 (d, 3, J = 2 Hz, CH=C(C§B)),
4,51-5,36 (m, 3, CH=C, CH=CH,), and 5.36~6.16 (m, 3, CH=CH,
CH=CH, ).

Component C (102) 2.5 mg: ir (CHClB) 3620 (OH), 1640,
995, and 915 (CH=CH,); nmr (CDClB) 5 0.91 (s, 3, angular
CHB). 1.18 (s, 3, >(C§3)0H), 4e73~5.23 (m, 2, CH=C§2), and
5.36-6.16 (m, 3, CH=CH,, CH=CH).

Component D (103), 2.0 mg: ir (CHClB) 3600 (OH), 1640,
1000, and 920 em™l (CH=CH,); nmr (CDCL5) 5 0.93 (s, 3, ang-
ular CHB), 1.18 (s, 3, )(CﬁB)OH), 4,75~5.28 (m, 2, CH=CH, ),
and 5.41-6,11 (m, 3, CH=CH,, CH=CH).

Component E (104), 5.0 mg: ir (CHClB) 3600 (OH), 1640,
995, and 915 cm™ 1 (CH=CH,)3 mmr (CDCL,) § 1.05 (s, 6, ang-
ular CH3), 4,76~5,30 (m, 2, CH=C§2), and 5,30-6,00 (m, 3,
CH=CH,, CH=CH).

Component F (105), 3.0 mg: ir (CHClB) and nmr (CDClB)
were identical with starting alcohol 82, except the only

angular methyl signal in the nmr occurred at 1.01 Ppme.

Cyclization of alcohol 82 in nitromethane with stannic chlor-

ide. Isolation of the tricyclic hydrocarbon mixture, 8ag,-

10ag-dimethyl-1,2,4a hb ,5,838a.9.10.1Oa—décahydrophenan-
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threne (109) and 8a£,10aﬁ-dimethyl-1,Z,Qaﬁ,ubds536,8a,9,10,10a-
ﬁv~vZw;:z;;g;;»;;*;zg“;;v2;?;O4 mmole) of the alcohol 82 in
10 ml of nitromethane (MC&B, distilled from Drierite) was
cooled to -23°, and 88 41 (195 mg, 0,75 mmole) of stannic
chloride was added, The cloudy, pale yellow mixture was
stirred at ~23° for 1% min, 2nd then poured into 60 ml of
saturated ammonium chloride, maintained at 0°. The mixture
was extracted with 3 x 50 ml of ether. The combined extracts
were washed with 3 x 50 ml of 10% sodium hydroxide, 50 ml of
saturated brine, and dried (MgSOa). Evaporation of the sol-
vent afforded 114 mg of a pale yellow oil. A vpc trace
(column A, 150°) of the crude mixture indicated one ma jor
component (1.25 min) with ca. 20% of a minor component (1.1
min)., These two components comprised ¢z. 60% of the volatile
material. In addition, a small peak at 1.0 min accounted for
about 7% of the total peak area, and a cluster from 2,1~3.0
min accounted for the remaining 30%9_ Chromatography on 20 g
of silica gel (pet. ether) afforded, after 60 ml of forefrac=
tions, 28 mg (24.7%) of the major components in 20 ml of the
elueﬁt, Bulb=tombuldb distillation (60-64° @ 0.3 mm) yielded an
oil, The products were tentatively assigned the structures of
the tricyclic diene 109 and 110: ir (CHClB) 1655 em™t (C=C)3s
nmr (CDClB) S 0.81 (s, 3, angular CHB)” 0,91 (s, 3, angular
CHB). 1.66-2.21 (m, >6,{7, C=CCH), 5.33~5.95 (m, 4, CH=CH).
Anal, Calcd, for CqgHopys  Co 88,82; H, 11,18. TFound:
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c, 88.76; H, 11.17.
Further elution (120 ml) afforded 31 mg (24.6%) of the

higher boiling components, later assigned structure 11l.

Cyclization of alcohol 82 with stannic chloride in dichloro=
methane-ethylene carbonate

N N )
To a solution of 117 mg (0.5 mmole) of the alcohol 82
and 6 ml of ethylene carbonate (Aldrich, distilled) in 2 ml
of dry dichloromethane was added 350 ul of stannic chloride.
A mildly exothermic reaction ensued, and the solution became
deep red. After 1 hour, the mixture was poured into a sol=-
ution of 25 g of potassium carbonate and 50 ml of methanol.
After the color disappeared, sufficient methanol was added
to form a one-phase mixture. After 10 hours of stirring at
room temperature, the mixture was extracted with 3 x 60 ml
of ether. The combined organic layers were washed with 3 x
60 ml of water, 60 ml of saturated brine, and dried (MgSOh).
Evaporation of the solvent at reduced pressuré yielded 117 mg
of a yellow oil, A vpe trace (column A, 150°) showed two
overlapping peaks, corresponding to the tricyclic dienes
109 and 110 in roughly equal amounts, comprising ca. 75% of
the volatile material., There were traces of lower boiling
cbmponents. and some higher boiling material, later found to
be the chloroecarbons 111, accounting for 15% of the total
peak area. In addition, two minor pesks at 1,2 and 1.5 min

amounted to 5% each. Column chromatography on 25 g of silica
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gel (pet. ether) afforded, after 30 ml of forefractions,
7 mg of the tricyclic dienes 109 and 110 in 20 ml of eluent
in about 75% purity (4.9%), followed.by 61 mg of material
in 40 mi of eluent, which consisted of dienes 109 and 110
in >99% purity (56.4%). |

Finally, 5 mg (3.9%) of the chlorocarbon mixture 111

was isolated in 10 ml of eluent.

Cyclization of alcohol 82 in benzene. Isolation of 8ap,10ag-

dimethyl-7~phenyl=1,2,4a8,4ba,5,6,7,8,82,9,10,10a~dodecahyd=

rophenanthrene (2:;)

The‘reaction describedlabove was repeated; except dry
benzene ( 10 ml, maintained at 5%) was used as solvent.
After 1% hour of stirring, the color changed from pale yellow
to dark red brown. The mixture was poured into 50 ml of wa-
ter at 0° and extracted with 2 x 20 ml of ether. The com~
bined extracts were washed with 20 ml of 10% sodium hydroxide,
20 ml of saturated brine, and dried'(MgSOA). ‘Evaporation of
the solvent at reduced pressure yielded an oil which was dis-
solved in 7 ml of ether and stirred with 3 g of silica gel
impregnated with 10% silver nitrate at room temperature for
10 hours. Filtration of the mixture and concentration of the
filtrate at reduced pressure afforded 119 mg of an oil. The
vpe trace {column A, 150-300° @ 10°/min) showed 3 groups of
components, Group A (ca. 45% of the volatile mixture) con-

sisted of 2 major peaks, A; and Ay, having retention times
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of 1.25 and 1.55 min, respectively. Component Az had a re-
tention time identical to the tricyclic dienes 109 and 110.
Group B-(gg. 20% of the mixture) was an unresolved cluster

of peaks ranging from 2,8-3.6 min., Group C (ca. 30% of the
mixture) consisted of 2 components, 01 and Cz, with retention
times of 7.25 and 7.7 min, respectively, in a 1:8 ratio.

The mixture was subjected to column chromatography on
23 g of silica gel (pet., ether), and samples were collected
in 10 ml fractions. Component 4, (24 mg, 22.2%) was eluted
first (fractions 6 and 7). The ir and nmr spectra were ident-
ical to that of the tricyclic dienes 109 and 110.

In addition, 13 mg (12%) of component Al was isolated
(fraction 9): ir (CHClB) 1640, 1000, 1ind 915 em™1 (CH=CH2);
nmr (CDClB) § 0.86 (s, 3, angular CHB)’ 1.61 (s, 3, C=C(C33)),
5.30=6,23 (m, 3, CE?CHE, CH=CH), and L,80~5.,21 (m, 2, CH=C§2).
Component A1 rapidly reacted with oxygen, and a satisfactory
combustion analysis could not be obtained. The structure of
A, was assigned as the bicyclic triene 100.

The group B components were isolated in 8.5% yield
(fractions 11-13) and were characterized as the chlorocarbons
111.

Components C; and C, were isolated in 27.8% yield (41 mg)
from fractions 14-17)s ir (CHCl,) 1601 and 1495 en™ (CyHg)s
nmr (CCl,) § 0,90 (s, 3, angular CH3)’ 0.96 (s, 3, angular
CHB), 2.46-2,93 (m, 1, CHAr), 5.16-5,83 (m, 2, CH=CH), and
7.08 (s, 5, ArH)s ms (70 eV) m/e 294 ).
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Anal. Calcd. for C22H30 C, 89,733 H, 10.27. Found:

Cc, 89.973 H, 10,20,

Cycllzatlon of alcohol 82 w1th stannic chloride in dichloro=-

methane. Isolation of 7-chloro-8a5,10a€-d1methyl—1 2,4, hae,
v, 5,6, ?,8 82,9,10, 10a-dodecahydrophenanthrene (111)
To a solution of 117 mg (O 5 mmole) of the alcohol 82
in 10 ml of dry dichloromethane was added 88‘pl (0,75 mmole)
of stannic chloride. The solution immediately turned yellow=-
brown. After 4 min, the mixture was poured into 60 ml of
ammonium chloride solution (saturated), maintained at 0o°.
The layers were separated, and the aqueous layer was extracted
with 2 x 50 ml of dichloromethane. The combined organic lay-
ers wererwashed with 50 ml of 10% sodium hydroxide and dried
(MgSOu). Evaporétion of the solvent at reduced pressure
yielded 144 mg of a yellow oil, A vpc trace (column A, 1500).
showed a small amount of hydrocarbon peaks, which corresponded
to the tricyclic dienes 109 and ;;Q; The major products had
retention times between 2 and 3 min. ' |
The mixture was subjected to column ehromatography on 20
g of silica gel (pet. ether), and 10 ml fractions were col-
lected. The tricyclic dienes 109 and 110 were isolated in
fractions 8 and 9, but were contaminated with other hydrocar-
bons (14.4% estimated by vpe).

Material consisting of two components with retention

times of 2.45 and 2.8 min were isolated (fractions 13-16),
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which yielded 44 mg of the chlorocarbons 111 on bulb-to~bulb
distillation (75° @ 0,075 mm): ir (CHCL,) 1650 em™1 (c=C);
nmr (CDC13) § 3.76-4,73 (m, 1, CHCl), and 5.33=6.00 (m, 2,
CH=CH); ms (70 eV) m/e 254 (M%) and 256 (30% of M, M+2¥).

Anal. Caled. for Cy;¢H,.Clt C, 76.005 H, 9.965 CL,
14,02, Found: C, 75.84; H, 9.74; Cl, 13.96.

Cyclization of alcohol 82 in 2,2,2~triflourcethancl. Isola=-

A ot e o e e o e P N N NS N N N ST N N NN NI P

tion of Bag,10ag-dimethyl=~7-(2,2,2- trlflouroethoxy) =~1,2,4a 8,

4b¢;5,6 7,8 8a,9,10 10a-dodecahydrcphenanthrene (P=2)

T lhe procedure descrived avove was repeated veing 176 u
(1.5 mmole) of stannic chloride and 117 mg (0.5 mmole) of the
alcohol 82 in 10 ml of dry 2,2,2-triflourocethanol, maintained
8t 0%, The solution immediately turned bright orange. After
3 hours at 0°, the mixture was allowed to warm up to 12°,

and was poured into 50 ml of water maintained at 0°., After
the color disappeared, sodium chloride was added, and the
mixture was extracted with 3 x 30 mi of ether. The combined
extracts were washed with 30 ml each of 10% sodium hydroxide,
saturated brine, and dried (MgSO4). Evaporation of the sol=
vent afforded 138 mg of a yellow o0il. The vpe trace (column
A. 1500) indicated that the crude product consisted of two
volatile components with retention times of 1.15 and 1.9 min,

comprising 30% and 50% of the volatile material, respectively.

The former corresponded to the triecyclic dienes 109 and 110.
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Chromatography on 20 g of silica gel (pet. ether) afforded
22 mg (2042%) of the tricyclic dienes 109 and 110 in 40 ml
of eluent, after 30 ml of forefractions had been collected.
After 50 ml each of 1%, 2%, and 4% ether-pet. ether had eluted
through the column, an additional 50 ml of 4% ether-pet. ether
yielded 49 mg (16%) of the major product P-2 (bulb-to-bulb
distillation,‘107° @ 0,075 mm)s ir (CHClB) 1650 cm™1 (CH=CH)3
nmr (CDClB) § 0.83 (s, 3, angular CHB)' 1.01 (s, 3, angular
CH3)s 3.83 (qs 2, J = 9 Hz, CH,CF5), 3.83 (br s, 1, >CHO-),
and 5.36-5,80 (m, 2, CH=CH).

Ansl. Calecd. for C,gH,nF,0: C, 68.32; H, 8,60; F,
18.01. Found: C, 68.45; H, 8,703 F, 18.09,

dodecahyérophenanthreﬁe (E:Q and Eiz)‘ o

To a solution of 243 mg (1.0 ﬁmole) of the aleohol 82
in 10 ml of anisole, maintained at 4100 was added 176 al
(1.5 mmole) of stannic chloride. After 15 min at -10°, no
starting material was detected by vpc (column A, 160°). The
mixture was poured into a solution of 25 g of potassium car-
bonate in 50 ml of water, maintained at 0°, After 2 hours,
the mixture was extracted with 20 ml of ether. The extract
was washed with 20 ml each of water, 5% hydrochloric acid,
saturated sodium bicarbonate, saturated brine, and dried

_(Mgsou). The solvent was evaporated at reduced pressure,
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and the excess anisole was removed in vacuo. The residue con=-
sisted of'303 mg of a yellow oil., A vpc trace (column A,
180°) indicated two peaks at 0.45 and 0.6 min comprising ca.
20% of the product (Group A), a peak at 1.2 min (ca. 10%,
Group B), and a cluster of 5 peaks (Group C) comprising ca.
20% of the volatile material in a ratio of 1:3:2:3:2%, with
retention times of 5.2, 5.7, 6.3, 6.6, and 7.5 min, respect~
ively. Chromatography on 50 g of silica gel (pet. ether) in
100 ml fractions separated the mixture into the tricyclic
dienes 109 and 110 (27.6 mg, 12.2%) (fractions 2 and 3),
and 14.4 mg (6.4%) of the bicyclic triene 100 (fraction L),
and 32 mg (24.6%) of the chloroearbons 111 (fractions 5 and
6). After 50 ml of 1%, 2%, and 250 ml of 4% ether-pet. ether
had eluted from the column, 169 mg (49.5%) of aromatic pro-
ducts (Group C) were isolated in 250 ml of 4% ether-pet. ether.
The aromatic products were subjected to 3 successive
column chromatographies on 60 g each of silica gel impreg-
nated with 10% silver nitrate. Elution with pets ether-ben-
zene (7:1) éeparated the components into 3 monocyelic pro=
ducts (96 mg, 28%) in a ratio of 1:3:2 (50 ml)s ir (CHClB)
1640, 1000, 910 (CH=CH,), and 1670 (aromatic C=C)s; nmr CDCl,)
§1.03, 1.06 ( 2 s, 3, C-1 angular CHy)s 1.65 (d, 34 J = 2 Hz,
CH=C(CH3)), 3.78 (s, 2, p-CH;30), 3.85 (s, 1, o=-CH;0), 4,80~
5.40 (m, 3, CH=C(CH;), CH=CH,), 5.40-6.16 (m, 3, CH=CH,,
CH=CH), and 6.63-7.36 (m, 4, ArH); ms (70 eV) m/e 324 (M¥).

The monocyclic products were used directly in the next reaction.
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On further elution (100 ml), 68 mg (20%) of tricyclic
products-weré isolated in a ratio of 3:2.5 and are assigned
the structure P-6 and P~7: ir (CHClj) 1580-1610 cm > (aro-
matic C=C); nmr (CDCl3) & 0.80-1.13 (m, 6, angular CHy)»
3.76, 3.80 (2 s, 3, CHBO), 5.36-6.,03 (m, 2, CH=CH), and 6.,73=-
7.36 (m, 4, ArH); ms (70 eV) m/e 324 (M*). Bulb=-to~bulb
distillation afforded a colorless oil, bp 145° @ 0.05 mm,

Anal. Calcd., for 023H3205 C, 85.13; H, 9.94, Found:
C, 85.11; H, 9.97.

- (0~ and p-Methoxy)phenyl-l-methyl=1=-(3-methyloctyl)=-cyclo=
'hexané (P-8 and 252) A' - o | |
Tova solution of 60 mg (0.185‘ﬁmole) of the monocyclic
aromatic trienes P-4 and P=5 in 7 ml of hexane was added
14 mg of 10% palladium on carbon. The biack mixture was
stirred under 1 atmosphere of hydrogen for 10 hours. Fil-
tration through a bed of silica gel, washing the bed with
ether, and concentration of the filtrate afforded 57 mg of
a colorless oil. The vpe trace (column A4, 2200) indicated
3 peaks at 1.4, 1,85, and 2.4 min ih a relative ratio of.
1:3:2. Preparative tlc (1:1 pet. ether-benzene) yielded
two bands, A and B, with Rf values of 0.7 and 0.6, respectively.
Band A (17 mg, 27.8%) showed two peaks by vpc (column 4,
220°) in essentially equal amounts: ir (CHClB) 1585 and
1600 em™1 (C=C, o=substituted benzene); nnmr (CDClB) § 3.83

(s, 3, CHBO) and 6,73-7,06 (m, 4, ArH). The components of
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band A were assigned the epimeric ortho compounds P-8. An
analytical sample was prepared by bulb~to=buldb distillation
(155° @ 0.06 mm). | |

~ Anal. Calcd. for C,_H,.0: C, 83.59; H, 11.59. Found:

23738
C, 83.56; H, 11.70.

Band B (32 mg, 52.4%) also contained two components in
equal amounts by vpc (column A, 220°): ir (CHClB) 1585,
1612 (C=C, para=-substituted benzene), and 830 em™1 (C=H out~
of=plane bending); nmr (CDClB) d 3.80 (s, 3, CHy0), 7.12
(d, 2, J = 8 Hz, C=3',3" H), and 7.33 (d, 2, J+= 8 Hz,
C~2',2" H). The components in this band were assigned the
structures of the epimeric para compounds P=9. An analytical
sample was prepared by bulb=to-bulb distillation (160° @
0.06 mm).

Anal, Calcd., for CZBHBBO: C, 83.573 H, 11.59. Found:
C, 83.59; H, 11.62,

m=-Methoxybenzaldehyde (R=1)
The Organic Synthesis procedure (139) was followed using

88.8 g (0.727 mole) of m~hydroxybenzaldehyde (Aldrich, mp
102-1040). The methylated aldehyde R-1 was obtained, bp
5859 @ 0.55 mm (Llit. (139) bp 88~90° @ 3 mm). The yield
was 88.45 g (89.3%).
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2 = (m=Methoxy)benzylidinecyclohexanone (R=2)

The procedure of Bal%zly, et al, (138) was modified.
A two;phase mixture of 14.7 g (0.15 mole) of cyclohexanone
(MC&B, distilled, 6.8 g (0.05 mole) of m-methoxybenialdehyde
(R=1), and 2.5 g of potassium hydroxide in 35 ml of water
was heated to reflux with vigorous mechanical stirring. The
mixture was maintained at reflux for 3 hours, during which
time it formed a milky, yellow emulsion. After cooling to
room temperature, the mixture again separated into two layers.
The lower agueous layer was extracted with 3 x 25 ml of ether.
The combined organic layers were washed with 3 x 20 ml of
water (last wash pH 7), 20 ml of saturated brine, and dried
(Mgsog). Evaporation of the solvent at reduced pressure
afforded a yellow oil which consisted of one major peak
by vpe (column A, 150°), along with traces of a high boiling
impurity. The mixture was dried in vacuo to remove most of
the cyeclohexanone. Distillation of the residue at 0.1 mm
afforded a small forerun (bp 126-1310) and a major fraction
weighing 6.16 g (57%), bp 135~140° (1it. (138) bp 160-162°
@ 1.0 mm). A vpe trace (column A, 150°) showed only one
volatile component.

On standing, the product solidified to a low~melting so=-
1id, mp <24%: ir (CCl,) 1680 em ' (C=0); nmr (cc1,) §
1.61-2.11 (m, 4, Cﬂz), 2.25=2.58 (m, 2, C§20=C), 2.61=3,05
m, 2, C.}_IZC=O), 3.76 (s, 3, c_}%o). and 6.63 (m, 5, C=CH, ArH).
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2-(m-Methoxy )benzylidinecyclohexanol (R=3)

| A solution‘bf 4,028 g (18.6 mmole) of the unsaturated
ketone R=2 in 25 ml of methanol was added dropwise over 10
min to é solution of 7.07 g (0.186 mmole) of sodium boro=-
hydride (Ventron) in 150 ml of methanol. The cloudy mixture
was stirred at room temperature for 12 hours, and 10% hydro=-
chloric acid was added portionwise until the solution reached
pH 8., The mixture was diluted with 65 ml of water and
stirred for 10 hours, during which time a fluffy white solid
precipitated. A little saturated brine was added, and the
mixture was extracted with 3 x 75 ml of ether. The combined
extracts were washed with saturated sodium bicarbonate, satu-
rated brine, and dried (Mgsou). Evaporation of the solvent
at reduced pressure afforded a colorless oil, which was un=
stable to vpc (column A, 150°), but was homogeneous by tlc
(CHClB, Ry = 0,08),

Bulb=to-bulb distillation (123° @ 0.1 mm) yielded 3.648 g
(89.9%) of alcohol R=3 as a colorless oil: ir (CClu) 3620
(OH) and 1665 em™! (C=C); nmr (Cc1,) § 3.71 (ss 3, CHg0),
4,10 (br m, 1, >CHOH), and 6.31=-7.43 (m, 5, >C=CH, ArH).

Anal. Calcd, for CquHig08 C 77.03; H, 8.31. Found:
C, 76,995 H, 8.22.

1-m-Methoxyphenyl-trans~spiro!2.i]octan~4—ol (R~lt)

A. Preparation of the zine-copper couple, The procedure

of LeGoff (141) was followed. To a solution of 2.5 g (12.5
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mmole) of cupric acetate monohydrate (B&A, reagent) in 50 ml
of glaciai acetic acid at 80-90° was added 16.25 g (250
mmole) of zinc dust in one portion. After stirring for 2 min,
the mixture was filtered, and the gray solid was washed with
L x 50 ml of glacial acetic acid and 7 x 50 ml of dry ether

and dried in vacuo.

B, Preparation of iodomethylzinc iodide (Simmons-Smith

reacent (140)., The freshly prepared zinc-=copper couple was

covered with 250 ml of dry ether,and 22.3 ml (73.7 g, 0.275
mole) of diiodomethane (MC&B) was added in one portion. A
small crystal of iodine was added, and the reaction was start-
ed by external heating. After 15 min, the reaction began to
reflux spontaneously, which continued forvan additional 15
min, After the reaction héd subsided, external heat was
again applied for an additional 25 min. The mixture was then

allowed to cool to room temperature.

C. Cyclomropylation of the alcohol R-3. A solution of
3.75 g (17.2 mmole) of the allylic éloohol R=3 in 25 ml of
dry ether was added to the freshly prepared Simmons=-Smith re=-
agent. A slightly exothermic reaction ensued, which was
stirred for 4 hours at room temperature. The reaction was
quenched by cooling the flask to 0° and slowly adding 25 ml
of saturated ammonium chloride (frcthing). The organic
layer was washed with 400 ml each of 2% hydrochloric acid,
water, 10% sodium bicarbonate, water, saturated brine, and

dried (MgSOy). Evaporation of the solvent at reduced prese-
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sure and rapid chromatography on 300 g of néutral alumina
(act. III) separated the unreacted diiodomethane on elution
with 1 1. of pet. ether. After 100 ml each of 2%, 5%, 10%,
25%, and 50% ether-pet. ether had eluted, 4.194 g of material
was collected in 500 ml of ether. The product contained

one volatile componeﬁt by vpc (column A, 200°). The material

was dried in vacuo to constant weight (3.92 g, 98.5%). An

analytical sample of the desired cyclopropyl alcohol R=4
was prepared by bulb-to~bulb distillation (110-114° @ 0.1 mm):
ir (CHClB) 3600 (OH) and 3050 em™ ! (cyclopropyl C-H);
nmr (CCl;,) § 0.53-0.95 (m, 2, cyclopropyl CHp), 1.91-2.25
(m, 1, cyclopropyl CH), 3.21-3.48 (m, 1, >CHOH), 3.75 (s, 3,
CH40), and 6.45-7.31 (m, &, ArH).

Anal. Calcd. for C15H2002‘ Cy 77.55; H, 8.68., Found:
C, 77.42; H, 8.80. '

1-m-methoxyphenyl~§ggg§rspiro[z.j]octan—h~one (126)

"o & solution of 261 mg (1.12 mmole) of the cyelopropyl
alcohol R=4 in 15 ml of acetone, maintained at 0° was added
excess Jones reagent (143) dropwise until a yellow color per=
sisted. After 15 min, isopropanol was added until the mix-
ture turned green. The mixture was then diluted with 50 ml
of water and extracted with 3 x 20 ml of ether. The combined
extracts were washed with 20 ml of saturated brine, 20 ml

of saturated sodium bicarbonate, 20 ml of saturated brine,

and dried (Mgsou). Evaporation of the solvent at reduced
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pressure yielded 235 mg of a pale yellow liquid, consisting
of one volétile component by vpc (column A, 200°). Bulb-to-
bulb distillation (104-108° @ 0.1 mm) afforded the cyclopro-
pyl ketone 126, as a colorless liquid (186 mg, 72%): ir (CClq)
3050 (cyclopropyl C-H) and 1685 em™t (C=0); nmr (CClu) §
0.72-1.06 (m, 2, cyclopropyl CHZ)’ 2,16=2,76 (m, 3, cyclo=-
‘propyl CH, C§2C=O), 3.76 (s, 3, CHBO), and 6.51=7.35 (m, 4,
ArH).

Anal. Calcd. for C15H1802’ C, 78.233 H, 7.88. Found:
C, 78.37; H, 7.9%.

Attempted direct cyclopropylation of enone E=2

To a mixture of 4.62 g (0.21Umole) of trimefhyloxosul-
fonium iodide (144) and 0.504 g (0.021 mole) of dry sodium
hydride was added 25 ml of dry dimethyl sulfoxide (frothing).
When the gas evolution ceased, the flask was cooled to 0°,
and 4,34 g‘(ZO mmole) of the enone R-2 in 50 ml DMSO was
added. The light brown suspension ﬁurned deep yellow. The
mixture Was stirred at 0° for 5 min and at room temperature'
for 2 hours, during which time the color changed to light
green. The reaction was then heated ﬁo 55O and maintained
‘at that temperature for 1.5 hours. The mixture was then
poured into 100 ml of cold water. Extraction with 3 x 50 ml
of water, saturated brine, drying over magnesium sulfate,

and evaporation of the solvent afforded 4.25 g of a yellow

0il. The vpc trace (column A, 2000) showed a complex mixture.
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Column chromgtography (CHClB) yielded, after 3.6 1. of fore-
fractions, 1.7 g of material which had an ir spectrum resem=-
bling that of ketone 126. Bulb=to=-bulb distillation of
thesecﬁmbined fractions afforded 496 mg (10.8%) of ketone

126 which consisted of 95% of one volatile component by vpc
(column A, 200°)., The ir and nmr spectra were identical to
those of the product obtained from the Simmons=-Smith reaction

on alcohol R=3, followed by Jones oxidation.

2= (2=-m~Methoxyphenyl)ethyl=2-methylcyclohexanone (115)

A sdlution of 178 mg‘(é.74 mmoie) of theAcyclopropyl
ketone 126 and 94 x1 (74 mg, 1 mmole) of t~butyl alcohol in
5 ml of glyme was added to é solution of 40 mg (5.7 mmole)
of lithium in 15 ml of ammonia. After 45 min at reflux,
180 1 (179 mg, 1 mmole) of HMPA was added: The ammonia was
then evaporated in a nitrogen stream, and the mixture was
warmed to 0%, With vigorous stirring, 18 ml of glyme and
1 ml of methyl iodide were added in one portion. A milky,
white suspension formed almost immediately. After stirring
for 1 hour, 80 ml of water/ﬁas added, and the mixture was
extracted with 3 x 40 ml of ether. The combined extracts
were washed with 75 ml of 5% hydrochloric acid.\3 x 60 ml of
water, 60 ml of saturated sodium bicarbonate, 60 ml of satu-
rated brine, and dried (Mgsou). Evaporation of the solvent

afforded 179 mg of a pale yellow oil., The vpc trace (column

A, 1900) indicated 2 components in a ratio of 9:1.
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Chromatography on 20 g of silica gel afforded, after 200
ml of forefractions (1:1 pet. ether-benzene), 32 mg of mater=-
jal containing the major product in 80% purity (100 ml) and
109 mg Qf pure ketone 115 (550 ml). The total yield of the
ketone 115, as estimated by vpc of the two fractions, was
69% (57% isolated). Bulb-to=-bulb distillation (115-116° @
0.1 mm) of the pure fractions yielded ketone 115 as a color-
less oil: ir (GCl,) 1700 cm™* (C=0); nmr (CCL,) § 1.08
(s, 3, angular CHB)' 3.73 (ss 3, CHBO), and 6.46=7.26 (m,
L, ArH).

‘H s C, 78.01; H, 9.00. Found:

Anal. Calcd. for C16 2202

C, 78.11; H, 9.00.

2-Methoxy=-8a-methyl-6,7,8,8a,9,10~-hexahydrophenanthrene (116)
To a solution of 246 mg (1 mmole) of the ketone 115 in
2.5 ml of dry benzene was added 75 ml of freshly prepared
polyphosphoric acid (161), A cloudy, bright orange mixture
formed immediately. After heating to 50°,lthe mixture was
maintained at that temperature for 1 hour, and then.poured
into 450 g of an ice-water mixture with stirring. After the
yvellow éolor disappeared, the mixture was extraéted with
3 x 100 ml of benzene. The combined extracts were washed
with 200 ml each of water, saturated sodium bicarbonate,
saturated brine, and dried (Mgsoq). The solvent was evapo=
rated at reduced pressure, and the residue was subjected to

chromatography on 25 g of silica gel. After 350 ml of pet.
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ether and 50 ml each of 1%, 2% and 3% ether~-pet. ether had
eluted, 208 mg (91%) of a pale yellow solid was isolated in
200 ml of 4% ether-pet. ether. The solid product (mp 63-65°)
consisted of one volatile component in 98.5% purity by vpe
(column A, 200°). |

Recrystallization from methanol afforded pure tricyclic
olefin 1l§, mp 69-69,5%: ir (CHClB) 1635 cm"1 (C=C);
nmr (CClu) 1,00 (s, 3, angular CHB)' 3.75 (8, 3, CHBO),
5.91 (br %, 1, J = 3,5 Hz, CH=C(), 6.16 (d, 2, Jy 5 = 2 Hz,
= 2 Hz, C~3 H),

C"l H)’ 6.70 (d Of d’ 1, J = 7 Hz’

34 91,3

and 7043 (d, 1’ JB"" = 7 HZ, C-u H)o
’
Anal. Calcd. for 016H280= C, 84,163 H, 8.83. Found:
c, 84,01; H, 8.80.

2-Methoxy=-8ag-methyl-41x,5,6,7,8,8a,9,10~0ctahydrophenan=

threne (R=-5b)

uhv-;;v;fggiz;ioﬁ of 173 mg (0.754% mmole) of the tricyclic
olefin 116 in 32 ml of hexane was added 50 mg of 10% pallad-
jum on carbon. The black suspension was stirred under 1 at?
‘mosphere of hydrogen for 22 hours. The mixture was then fil-
tered through a bed of alumina (act III), which was washed
several timed with ether. Concentration of the filtrate and
washing and bulb-to-bulb distillation of the residue (98° @
0.08 mm) afforded 167 mg (96.3%) of a colorless liquid. The

vpe trace (column A, 200°) indicated two volatile components

in a ratio of 7:76s nmr (CDCl3) d 6.58 (s, 1, C-1 H), 7.12



225

(¢, 1, J = 10 Hz, C-4 H); Ay = 0.54 ppm (trans, 149).
. - ?

The material was subjected to preparative vpc (column B,
2000), and the major product, the trans compound R-5b was
isolated in >99% puritys ir (CCl,) 1610 and 1575 cm™%
(c=C, 1,2,4-trisubst. benzene); nmr (CClM) § 0.71 (s, 3,
angular CHs), 3.70 (s, 3, CH40), 6.50 (d, 1, Jy,3 = 2 Hz,
C"l H), 6055 (d Of d’ 1’ J1’3 = 2 HZ, JB’L" = 9 HZ’ C"3 H),
and 6.98 (d’ 1, J = 9 HZ, C"L" H)o

3,4 7
C, 830353 H, 9.52.

8ap-Methyl-4,4a8,5,6,7,8,8a,9,10~decahydrophenanthren=~
2(3H)-one (R=6) o

A solution of 167 mg (6.726 mmole) of a 92:8 mixture of
the trans tricyclic compound R=5b and its cis isomer R=2a in
20 ml of tetrahydrofuran was added over 10 min to a solution
of 240 mg (34 mmole) of lithium in 62 ml of ammonia (dis=
tilled from sodium). After stirring for 15 min, a solution
of 20 ml of dry i1-butyl alcohol in 5 ml of tetrahydrofuran
was added over 10 min. The blue soclution was then stirred
at reflux for 3% hours, and 25 ml of methanol was added,
causing the blue color to disappear. The ammonia was allowed
to evaporate overnight under a stream of dry nitrogen.

The residue was taken up in 100 ml of benzene and washed

with 200 ml of water, 200 ml of saturated brine, and dried

(MgS0,, ). The solvent was evaporated, and the residue was
I
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dissolved .in 130 ml of methanol. The mixture was heated to
reflux under nitrogen, and 55 ml of 5 M hydrochloric acid was
added. * The mixture was maintained at reflux for 2 hours.
After cooling to room temperature, the reaction mixture was
poured into 200 ml of saturated brine and extracted with

3 x 80 ml of benzene. The combined extracts were washed with
2 x 100 ml of water, 100 ml of saturated sodium bicarbenate,
100 ml of saturated brine, and dried(MgSOu). Evaporation of
the solvent yielded a yellow, partially crystalline solid.

The vpc trace (column A, 2000) showed a large peak com=
prising ca. 80% of the volatile material (ret. time, 2.0 min),
After drying in vacuo overnight to remove any volatile impur-
ities, the crude product was recrystallized from ether-hexane.
The first crop of white crystals of enone R-6 wéighed 91 mg
(mp 125-128°), A second crop of 14 mg had mp 120-1230.

Both crops showed only one volatile component by vpc (column
A, 200°). The total yield, corrected for the purity of the
starting material, was 74%. r

An analytical sémple was recrystallized from ether;hexane,
mp 126-128°= ir (CHClB) 1660 (s, C=O)rand 1615 cm"1 (C#C)s
), and 5.86 (br s, 1,

nmr (CDCl.) § 0,98 (s, 3, angular CH

3 3

>C=CH); uv (CHBOH) 243 nm (€ = 14,400),

Anal. Calcd. for 015H2203 C, 82.52; H, 10,16, Found:
C, 82.58; H’ 100079
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hydro=-2(1H)-phenanthrenone (117)

A solution of lithiuﬁ dimethylcupraté was‘prepared (152)
from 347 mg (1.875 mmole) of cuprous iodide and 3.75 mmole
of ethereal methyllithium in 18 ml of dry ether. After stir-
ring for 10kmin at 0°, 162 mg (0.743 mmole) of the unéatura-
ted ketone R=6 in 12 ml of dry ether was added dropwise over
1 hour, forming a bright yellow suspension. After 2% hours
at 0°, the mixture was poured into 50 ml of a rapidly stirred
solution of 2% hydrochloric acid, and extracted with 3 x 70
ml of ether. The combined extracts were washed with 50 ml
each of water, dilute ammonia, saturated sodium bicarbonate.
saturated brine, and dried (MgSOu). Evaporation of the sol=-
vent at reduced pressure yielded 187 mg of a white crystal-
line solid, consisting of 96% of one volatile component by
vpe (column A, 200°)

"Récrystallization from ether-hexane afforded 110 mg of
white plates, mp 93-960, which was > 99% one volatile component
by vpce A second crop of crystals (19 mg, mp 85-870) was
>96% of the major product by vpc. The combined mother liquofs
were subjected to preparative tlc (1:1 benzene~chloroform),
which afforded two crops of crystals, each containing the
major volatile product in 97%‘purity by vpc. From the mother
liquors of these second sets of crystals, an additional 6 mg

of product, 96.6% of the major volatile product was isolated.

The total yield of the saturated ketone 117 was 161 mg
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(92.6%). An analytical sample was recrystallized from ether-
pentane, mp 96=-98%: ir (CHCIB) 1702 em™1 (C=0); nmrv(CDCla)
§ 0,90 (s, 3, angular CH3) and 0,96 (s, 3, angular CHB)

Anal. Calecd. for G, H, O: C, 81,993 H, 11.18. Found:
C, 81.,90; H, 11.17.

Attempted deoxygenation of the ketone 117
A. By Nagata's modified Wolff-Kishner reduction (154),

A mixture of 8.5 mg (0.0376 mmole) of the ketone 117, 58 mg
| (0.55 mmole) of hydrazine dihydrochloride (MC&B), 0.5 ml
of hydrazine hydfate, and 15 ml of diethylene glycol was
heated to 145° (internal temperature) ih a flask equipped
for the distillation of water. After 6% hours, the mixture
was cooled to 110°, and 2 g of potassium hydroxide was added.
The mixture was heated under a stream of nitrogen until the
femperature reached 175° (3 hours), and maintained at that
temperature for 8 hours. After cooling to room temperature,
the distillate and reaction mixturevwere combined and dilu-~
ted with 100 ml of water, The mixture was extracted with |
3 x 40 ml of ether, and the combined extracts were washed
with 3 x 50 ml of water, 50 ml of saturated brine, and dried
(Mgsoa). Evaporation of the solvent afforded 6 mg of an oil
which showed strong carbonyl frequencies in the infrared
spectrum, Filtration through 1.5 g of silica gel (pet. ether)
afforded less than 1 mg of an 0il whose vpc trace was iden =

tical to that of hydrocarbon 114 obtained from catalytic hyd-
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rogenation of the dienes 109 and 110.

B, By reduction of the tosylhydrazone (155). A solution

of 8 mg (0.0341 mmole) of the ketone 117, 25.3 mg (0.136

mmole) of p-toluenesulfonylhydrazide (Aldrich), and 3 ml of
methanol was maintained at reflux for 3 hours, after which
time no starting ketone could be detected by vpe (column A4,
200°), To this mixture was added 11.34 mg (0.3 mmole) of
sodium borohydride, and the mixture was maintained at reflux
for an additional 6 hours. The solvent was evaporated, and
the residue was subjected to chromatography of 1.5 g of silica
gel impregnated with 10% silver nitrate. With pet. ether as
eluent,. less than 1 mg of material was isolated whose vpc
trace (column 4, 1500) was identical with the sdturated hyd-

rocarbon 11k,

8as,10apg=Dimethyl-3,4,4a 5,40, 5,6,7,8,82a,9,10,10a~dodeca~
PN N NSNS NS NSNS N N NSNS NSNS N NS NS TN T N N N i Nt o et N s s ey
hydro-z-phenanthryl-N,N,N',N'-tetramethyldiaminophosphaeu
‘VV‘W\NWWMW

rodiamidate (S=1)
NN N NNttt
A solution of 54.5 mg (0.25 mmole) of the unsaturated

ketone R=6 in 4 ml of dry ether was added dropwise over 15
minutes to a solution of lithium dimethylcuprate, prepared
from 119 mg (0.625 mmole) of cuprous iodide and 1.250 mmole
of ethereal methyllithium, with 6 ml of dry ether. After 2
hours at Oo, a vpc analysis (column A, 200°) of a quenched
aliquot indicated complete disappeéranée of atarting enone

and formation of the saturated ketone 117 as the sole pro=-
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duct. To.this mixture was added 0.2 ml of HMPA., The bright,
yellow color that had formed disappeared, and a greenish,
oily solid coilected on the sides of the flask. To this was
added 0.4 ml of the phosphorochloridate 148 (158) dropwise
over 5 min., The o0ily solid coating the flask turned to a
fine powder. After 2% hours, the mixture was added to 50 ml
of dilute ammonia to dissolve the copper salts. The blue
aqueous layer that formed was extracted with 3 x 30 ml of
ether. The combined organic layers were washed with 3 x 30
ml of 5% hydrochloric acid, 30 ml of water, 30 ml of satura-
ted sodium bicarbonate, 30 ml of saturated brine, and dried
(MgSOh). Evaporation of the solvent at reduced pressure
afforded 87 mg of a colorless o0il, whichvconsisted of one
majbr high-boiling component in 95% abundance (column A, 230°),

Chromatography on 10 g of silica gel (ether, 100 ml, fol=-
lowed by 3:2 ether-ethyl acetate) yielded a colorless liquid,
which was evaporatively distilled (1_170 @ 0,06 mm) to give
76 mg (86.8%) of the phosphorodiamidaté S=1, as a colorless
0il 97% one component by vpc (column A, 230°): ir (CHClB)
1675 cm™t (c=C); nmr (cDC14) § 0.81 (s, 3, angular CHy),
1.06 (s, 3, angular CHB)' 2,68 (4, 12, J = 10 Hz, CHBN)’
and 5,03 (br s, 1, >C=CH).

Anal, Calcd. for C20H37N202P: C, 65.18; H, 10.12;
N, 7.60; P, 8.40, Found: C, 65.05; H, 10.06; N, 7.52%
P, 8.31.
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rophenanthrene (S=2) vv} h

A solution of 69 mg (0.187 mméle) of the phosphorodiami-
date S=~1 and 0.1 ml of t~butyl alcohol in 6 ml of dry tetra=-
hydrofuran was added dropwise over 15 min to a blue solution
of 25 mg (3.6 mmole) of lithium wire in 40 ml of ethylamine
(distilled from sodium and lithium). After 2% hours at re-
flux, the blue color faded, and 10 ml of ethanol was added.
The mixture was then stirred under a slow stream of nirogen
to remove the amine. A vpc trace (column A, 170°) indicated
one component which accounted for 95% of the volatile matere
ial,

The residue was poured into 50 ml of water and extracted
with 3 x 50 ml of pet. ether, The éombined extracts were
washed with 2 x 50 ml of 10% hydrochloric acid, 50 ml}of
saturated sodium bicarbonate, 50 ml of saturated brine, and
dried (Mgsou). Evaporation of the solvent at reduced pres-
sure yielded 41 mg of a colorless liquid. Chromatography on
2 g 6f silica gel (pet ether) yielded an oil, which on bulb-
to-bulb distillation (74° @ 0.55 mm) yielded 35 mg of the
olefin §=-2 in >99% purity by vpc {(column A, 170%):  ir (CHClB)
1645 em™! (w, C=C); nmr (CDClB) $ 0.83 (s, 3, angular CH3)'
1.05 (s, 3, angular CHy), 5.26 (d, 1, J; , = 7 Hz, C-1 H),

and 5063 (d Of Me 1, J = 7 HZ, C-2 H).

1,2 v
Anal, Calcd. for Cl6H26’ c, 88,003 H, 12,00, Found:

C’ 87.963 H, 11090l
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8ap,10ap~-Dimethyl~-1,2,3,4,4a8,40%5,6,7,8,82,9,10,10a-tetra-

decahydrophenanthrene (114)
V\/\/"\/\M/\M/\NVV\

A, "From the tricyclic dienes 109 and 110. To a solu=-

tion of 49 mg (0.226 mmole) of the diene mixture in 5 ml of
ethanol was added 10 mg of 10% palladium on carbon in»l ml
of athanol. The black suspension was stirred under an atmo=-
gphere of hydrogen for 1 hour. Filtration through a bed of
silica gel and evaporation of the solvent yielded 48 mg (96%)
of a colorless oil, which contained minute traces of unsatu-
rated material by nmr. Filtration through 1.5 g of silica
gel impregnated with 10% silver nitrate (pet. ether) afforded
the pure hydrocarbon 114 (evap. dist., 73-75% @ 0,35 mm);
ir (neat) 2950, 1450 (C-H), and 1375 em™1 (CHB); . nmr (CDClB)
§0.73 (s, 3, angular CHB) and 1.00 (s, 3, angular CHB)'
Anal. Caled. for C, H,y: C, 87.19; H, 12.81. Found:
C, 87.22; H, 13.00.
B. From the tricyclic olefin 5=2. To a golution of 30

mg of the tricyclic olefin S=2 in 8 ml of hexane was added

10 mg of 10% palladium on carbon. The black suspension’was
stirred under an atmosphere of hydrogen for 5 hours. Fil-
tration of the mixture through neutral alumina (act III) and
evaporation of the solvent yielded 30 mg (100%) of the satu-
rated hydrocarbon 114 as a colorless oil, consisting of >98%
of one volatile component by vpe (column A, 1700). The ir
and nmr spectra were superimposable with the product prepared

in part A, above. Peak enhancement of the product from the
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two route indicated one volatile component (column A, 1?00).

Baﬁ’ 10aﬁ-Dime'thyl~1 » 2“,3 ,L”,“’a ,u’b“’ 5’ 6 ;7 ,8,88.’ 9, 10 ,10a-te‘t~

radecahydro=-2g~phenanthrenol (153)
| A solution of 49 mg (0,209 mmole) of the tricyclic ketone
117 in 3 ml of dry tetrahydrofuran was added over 10 min to
a suspension of 166 mg (0.653 mmole) of lithium tri(grbutoxy)-
aluminum hydride (Ventron) in 7 ml of dry tetrahydrofuran,
‘maintained at 0°. After 5 hours, an additional 150 mg of
hydride was added, and the mixture was stirred at room temp-
erature for 4 hours. The mixture was then poured into 50 ml
of water and extracted with 3 x 30 ml of ether. The combined
extracts were washed with 40 ml of saturated sodium bicarbo-
nate, 40 ml of saturated brine, and dried (MgSOy). Evapo-
ration of the solvent afforded 49 mg (100%) of the alcohol
153, as a white solid consisting of a single component by
vpe (column A, 220°): ir (CHCl;) 3600 em™! (OH); nmr
(CDClB) S 0.80 (s, 3, angular CHB),V 1.21 (s, 3, angular
CH3)’ and 4.16 (m, 1, Wh/2 = 9 Hz, C=2eH),

The product was recrystallized twice from ether-hexane
40 afford colorless microneedles, mp 133-1350.

Anal. Calcd. for C16H280= C, 81.29; H, 11.94. Found:
C, 81.32; H, 11.79.
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2B-p=Bromobenzoxy-8a8,10ag-dimethyl=1,2%,3,4,422, 40, 5,6,7 4~
VNN NSNS NS NN NSNS TN .
8,82,9,10,10a~tetradecahydrophenanthrene (154)

A mixture of 38 mg (0.161 mmole) of the alcohol 153,

43,8 mg (0.2 mmole) of p-bromobenzoyl chloride, and 3 ml of
dry benzene containing 0.2 ml of dry pyridine was stirred at
room temperature for 3 hours and then heated to 65°, After
1 hour at 650, an additional 45 mg of the acid chloride was
added. After 15 hours at 65-69°, the mixture was concentra-
ted to a solid. On recrystallization of the crude product
from acetone, 5 mg of a solid was isolated which appeared to
be mostly unreacted acid chloride by ir,

Preparative tlc (1:1 benzene-chloroform) afforded 53 mg
of white crystals (78% yield), which consisted of 95% of one
volatile component by vpc (column A, 250°): ir (CHClB)

1710 (C=0) and 1590 cm™! (aromatic C=C); nmr (CC1)

0.83 (s, 3, angular CHB)’ 1.18 (s, 35 angular CHB), 5430

(m, 1, W,,, = 8 Hz, C~2 «H), 7.55 (d, 2, J = 8 Hz, C-3",5" H)»
and 7.88 (4, 2, J= 8 Hz, C=2',6* H).

The ester lé& was purified by two recrystallizatians.from
acetone to yield colorless prisms, mp 149.5—151.50, consist~
ing of one volatile component by vpc (column A4, 2500). In
addition some material crystallized in clusters, mp 163~166°,
which were ca. 90% of the major product by vpce.

The prisms were separated and submitted for combustion
analysis and x-ray structure determination.

Anal. Calcd. for CpgHy BrO,: C, 65.87; H, 7.45;3
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Br, 19.05. Found: C, 65.94; H, 7.39; Br, 18,88,

5,6-Dimethyl=-1,10-bis=¢rimethylsilyl)~trans=-5-en=-1,9-diyne

(T-1) (75,88)
N N N .
A. Preparation of propargylmagsnesium bromide. The Grig-

nard reagent was prepared by the method of Gaudemar (163).
To a mixture of 28.8 g (1.2 mole) of magnesium turnings and
20 mg of mercuric chloride covered with 150 ml of dry ether,
maintained at 150, was added 2 ml of neat propargyl bromide
Aldrich, redistilled). After about 5 min, a vigorous, exo-
thermic reaction ensued, and an ice béth was used to keep
the temperature below 300. The remainder of the proﬁargyl
bromide (total 143 g, 1.2 mole) was added in 300 ml of ether
over 3% hours, keeping the temperature at 10-200. When the
addition was complete, the mixture was filtered through a
glass wool plug and stored at -20° overnight.

B. Coupling of the Grignard with the dibromide I-2, To

the above CGrignard solution was added a solution of 72.6 g
(0.3 mole) of the dibromide I~2 in 100 ml of dry tetrahydro-
furan over 10 min. After about half of the solution was
Added, a white precipitate formed, and the temperature rose
to 20°. The addition was discontinued momentarily until the
exothermic reaction had subsided. The addition was then con-
tinued, keeping the temperature at 10-15°. When the addition
was complete, the mixture was allowed to warm to room temper-

ature and stir for an additional 1 3/4 hours, after which
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120 ml of saturated ammonium chloride was added. The agueous
layer was.extracted several times with ether, and the combined
organic layers were washed with saturated brine and dried -
(MgSOh). Evaporation of the solvent afforded ca. 60 g of a
light yellow liquid. As an additional precaution against
moisture, the product was redissolved in benzene, and the
solvent was evaporated at reduced pressure.

A vpc trace (column A, 80°) showed one ma jor volatile
component in ca. 80% abundance, along with two minor peaks
of about 10% each: ir (neat) 3300 (s, C=C-H), 2120 (C=C),
and 1960 cm™* (w, >C=C=CH,). |

C, Silylation. The crude coupling product was dissolved
in 50 ml of dry tetrahydrofuran and added dropwise over 45
min to a solution of ethylmagnesium bromide (prepared from
87.2 g, 0.8‘mole, of ethyl bromide and 19.2 g, 0.8 mole, of
magnesium turnings in 400 ml of dry tetrahydrofuran). During
the addition, the mixture was kept at Lo-45° with a cooling
bath, In addition to a great deal of heat, vigorous evolu-
tion Df ethane and the formation of a gelatinous gray pre=-
cipitate were observed during the addition. The mixture was
heated at reflux for 1 hour, then cooled to 40°, and 94 g
(0.863 mole) of neat trimethylchlorosilane (Aldrich, distilled
from phosphorous pentoxide) was added dropwise over 45 mih.
A thick white solid precipitated making the stirring very
difficult. This was partially alleviated by the addition of

100 ml of tetrahydrofuran. The mixture was then heated to
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reflux and maintained at reflux for 1 hour. Affer cooling

to room témperature, a2 mixture of 100 ml of saturated ammonium
chloride and 10 ml of concentrated ammonium hydroxide was
added with cooling. The aqueous layer was extracted with
ether, and the combined organic layers were washed with water,
saturated brine, and dried (Mgsou). Evaporation of the sol-
vent at reduced pressure afforded a yellow, semi~crystalline
solid, |

The crude product was dissolved in 75 ml of warm ethanol

and kept at -20° overnight, during which time the product
crystallizéd. Filtration of the mixture (cold ethanol wash)
yielded 71.5 g of the disilyl compound I-1, white plates,

mp 65-67° (Lit. (88), mp 65-67°). Concentration of the fil-
‘trate and washings at reduced pressure yielded 3.6 g of a
second crop of white crystals, mp 61.5-65°. Both crops were
299% of one volatile component by vpe (column A4, 150°). The
total yield, based on the two crops, was 75.1 g (82%): ir
(neat) 2170 (c C), 1250, and 835-875 cn™ > (CHySi)s mmr (CDCI5)
§ 0.11 (s, 18, @HB)BSi), 1.68 (s, 6, Cﬂ§C=CCﬂa), and 2.26
(s, 8, CHZ)'

5,6=Dimethyl-trans=5-decen=-1,9~diyne (T=2) (75,88).
To a solution of 58.7 g (0.192 mole) of the disilyl compound
T-1 in 600 ml of absolute ethanol, maintained at 300, was

added a solution of 81.5 g (0.480 mole) of silver nitrate
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in 180 ml of water and 180 ml of 95% ethanol dropwise over

1 hour. A thick, white precipitate formed., After stirring
for 2 hours, a solution of 62.5 g (0.960 mole) of potassium
cyanide in 500 ml of water was added over 20 min. When the
addition was complete, the mixture clarified somewhat. The
reaction was stirred until it had cooled to room temperature,
after which it was poured into 1 1. of watér and extracted
with 4 x 300 ml of pet. ether. The combined extracts were
washed with 3 x 500 ml of water, 500 ml of saturated brine,
and dried (Mgsou). Evaporation of the solvent at reduced
pressure and distillation of the residue afforded 30.2 g
(98.3%) of the enediyne T-2, as a colorless liquid, bp 85.5~
86.0° @ 4,3 mm. The distilled product consisted of one vol=-
atile component by vpc (column A, 100°): ir (neat) 3290
(C=C-H) and 2120 em~} (CZC); nmr (cnciB) § 1.70 (s, 6,
cg30‘=ccy_3), 1,93 (m, 2, C=C-H), and 2.26 (br s, 8, CH,).

6,7-Dimethyl-trags-6,10-undecadien—2-ynol (7=-5) (75)

A solution of 30.2 g (0,189 mole) cf the enediyne T=2
in 300 ml of dry tetrahydrofuran was cooled to O°, and a
solution of disiamylborane (prepared from 0.19 mole of a
solution of diborane and excess 2-methyl-2-butene) was added
dropwise over 2 hours. The mixture was then stirred at room
temperature for 4 hours, and 45 ml of glacial acetic acid
was added dropwise over % hour. The mixture was stirred for

an additional 2 hours, and then poured into 13 1. of cold
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water. The layers were separated, and the adueoul layer was
extracted with 3 x 200 ml of ether. The combined organic
layers were washed with 2 x 500 ml of saturated sodium bi-
carbonate, 500 ml of saturated brine, and dried (MgSOu).
Evaporation of the solvent under a 12" Vigreauxvcolumn afford-
ed an opague liquid. The vpc trace (column A, 90°) indicated
a mixture of three components in a ratio of 15:45:40,
Comparisén with previous experiments (75) indicated that
these three components were the doubly-reduced triene T=4,
the desired dienyne I-3, and the unreacted enediyne T-2, re-
spectively. Distillation of the crude product mixture through

a 6" Vigreaux column at 3 mm afferded the following fractions:

Fraction B mm Weight Composition (vpc)
A €5-69° 12.4 ¢ Tely:T=3:T~2 (1:110)
B 69~73 19,0 g Teli s T=3:T=2 (1:5:2)

residue - 22.6 ¢ T=3:T=2 (1:8)

In addition to the expected componehts, each fraction con=-
tained a substantial amount of boronic impuruities (75,162).
Each fraction was subjected to filtration through silica gel
(10 g/ g product) with pet. ether eluent. The products thus
obtained were subjected to high pressure chromatography (pet.
ether). From these purifications, 7.4 g of pure enediyne
I-2 was recovered, and 13.2 g of a 1:8 mixture of triene

T-4 and dienyne T-3 were obtained.
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The latter mixture was dissolved in 50 ml of dry tetra-
hydrofuran and added dropwise over % hour to a solution of
0,163 mole of ethylmagnesium bromide in tetrahydrofuran.
Considerable heat and gas were evolved during the addition.
After the mixture was added, the reaction was maintained at
reflux for 1 hour, (solution made red with 1,10-phenanthroline).
The reaction mixture was then cooled to about 200, and dry
paraformaldehyde was depolymerized at 160-180° and bubbled
through the Grignard solution with a stream of dry nitrogen.
A cooling bath was used to keep the temperature below 25o
during the formaldehyde addition., After about 20 min, the
red color faded to light gray, and the temperature began to
drop. The addition was continued for an additional 10 min.
The vpe trace (column A, 1500) of a hydrolyzed aliquot indi-~
cated complete disappearance of the enediyne T=3 and the
presence of a new, high=-boiling peak (T=5), as well as the
triene T=4, which was inert to the reaction conditions. The
mixture was cooled to 0°, and 75 ml of saturated émmonium
chloride was added slowly. The two-phase mixture was then
poured into 200 ml of water. The aqueous layer was extracted
with 3 x 75 ml of ether. The combined organic layers were
washed with 2 x 100 ml of water, 100 ml of saturated brine,
and dried (MgSOa). Evaporation of the solvent at reduced
pressure afforded 16.3 g of a yellow liquid.

The crude product was subjected to column chromatography

on 140 g of silica gel. The triene T=~4 was obtained (1.3 g)
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with 500 ml of pet. ether eluent. On gradually increasing
the ether‘content of the eluent to 40%, 10.7 g (39.2%, based
on recovered T=2) of the propargylic alcohol T=5 was obtainéd
with 1 1. of 40% ether-pet. ether.

Bulb-to-bulb distillation (89° @ 0.15 mm) yielded alcohol
7-5, as a colorless liquid: ir (neat) 3700 (OH), 2290, 2230
(C=C), 1640, 1000, and 910 cm™ !
1.66 (s, 6, CH4C=CCH5), 1.73 (s, 1, OH), k.23 (br s, 2, 0320}{),
L,80~5.20 (m, 2, CH=QE2), and 5.73 (br m, 1,'CEFCH2).

(CH=CHZ); nmr (CDClB) $

6,7=-Dimethyl=-3~iodo~trans, trans=-2,6,10-undecatrienol (T=6)(75)

The procedure of Katzeneilenbogen (17ébj was foilowed.
To a suspension of 30.45 g (0.564 mole) of sodium methoxide
in 625 ml of dry tetrahydrofuran was added 125 ml of a 2.06 M
solution and 13.3 ml of a 1.86 M solution of lithium aluminum
hydride in tetrahydrofuran* (0,282 mole) over 10 min. The
mixture was stirred at room temperature for 30 min, and a
solution of 27.1 g (0.141 mole) of the propargylic alcohol
I-5 was added over 20 min. An exothermic reaction ensued,
accompanied by vigorous gas evolution. The mixture was heated

at reflux for 1% hours, after which it was cooled to -50, and

¥ Standard solutions of lithium aluminum hydride were pre=-
pared (172b) by dissolving n grams of commercial lithium
aluminum hydride in 10n ml of dry tetrahydrofuran, stirring
for 2 hours, and filtration through a pad of Celite and glass
wool under nitrogen in a Schlenk tube. The concentration was
determined by hydrogen evelution from 10% hydrochloric acid.
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26.3 ml (23.6 g, 0.282 mole) of dry ethyl acetate was added

to destroy the.excess hydride. The mixture was cooled to
-?80, and 178 g (0.701 mole) of iodine in 310 ml of dry tet-
rahydrofuran was added dropwise over 40 min., The reaction
mixture turned a deep red=-brown. The flask was quickly warmed
to 0° in an ice bath and allowed to stir until the tempera~-
ture reached 25°. The reaction was quenched by the addition
of 18 ml of water, followed by 600 ml of ether. After 2 hours
of stirring at room temperature, the mixture was poured into

1 1, of ether., Magnesium sulfate was added, the mixture was
filtered, and the solid was washed several times with ether.
The combined filtrate and washings were washed with 2 x 150

ml of 10% sodium hydroxide, saturated with sodium thiosuifate
~until the iodine color disappeared. The washings were come
bined with an emulsion made from dissolving the filtered
so0lid into 2 1. of water and extraction with ether, washed
with saturated brine, and dried (Nazsoa). Evaporation of the
solvent at reduced pressure yielded 43.85 g (97.1%) of the
3-iod6 alcohol T=6: ir (neat) 3706—3650 (0H), 1640, iOOO,_
and 910 en™! (CH=CH,); mmr (CDOL.) § 1.61 (s, 6, CHyC=CCH,),
4,18 (or 4, 2, J = 5.5 Hz, CH OH), 4.80-5.21 (m, 2, CHeCH,),
5.73 (br m, 1, CI_{_=CH2), and 5.83 (d, 1, J = 5.5 Hz, ~IC=CHCH,).

3,6,7=Trimethyl-trans,trans=2,6,10-undecadienol (T=7) (75)

The procedure of Corey and Posner (173) was followed.

The crude 3=iodo alcohol I~=6 (0,137 mole) in 100 ml of dry
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hexane was added over % hour to a solution of lithium di-
methylcuprate, prepared from 134.1 g (0.705 mole) of cuprous
iodide and 1.41 mole of ethereal methyllithium in ether,
maintained at 0°, The gray suspension turned bright yellow,
and the mixture was stirred at 0° overnight. To the mixture
was added 190 ml of dry methyl iodide over % hour, followed
by 300 ml of saturated ammonium chloride over 1 hour (froth-
ing). A gray precipitate formed during the aqueous addition.
The mixture was poured into a solution containing 500 ml each
of concentrated ammonium hydroxide and water. The aqueous
layer was extracted with '2 x 100 ml of the ammonia-water sol-
ution, 100 ml of 5% hydrochloric acid, 100 ml of saturated
sodium bicarbonate, and dried (MgSOn). Evaporation of the
solvent at reduced pressure yielded 28,9 g (100% crude) of
an amber oil, which was combined with 24.25 g of product
from a previous run.

The vpc.trace (column 4, 1900) indicated ¢1% of the 3=
| des-methyl alcohol and a mixture of ca. 95:5 of the desired
3-methyl alcohol Z:Z_and the 2~methyl isomers: ir (neéf)
3650-3100 (OH), 1670 (>C=CH), 1645, 995, and 910 cm > _
(CH=CH2); nmr (CD013)5'1,65 (s, 6, CH C=CCﬁ3), 1.70 (d, 3,

3

J = 1.5 HZ' CEBC":CH)p 6.16 (d, 2, J = 6.5 HZ, CHZOH)’ L”080"‘

5,21 (m, 2, CH=C§2). 5.45 (br t, 1, J = 6.5 Hz, >C=CH), and
5,66 (br m, 1, CH=CH,). '
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1-Chloro=3,6,7~trimethyl~-trans, trang-2,6,10~undecatriene

(2=8) (75)

The method of ILee, gﬁlgl;(iZZ)}was émpioyed. \A solution
of 0,254 mole of the erude allylic alcohol I=7 and 79.7 &
(0,304 mole) of triphenylphosphine were dissolved in 300 ml
of dry carbon tetrachloride and heated to reflux. The mix=
ture was maintained at reflux for 3 hours, during which time
white trphenylphosphine oxide precipitated. The reaction was
quenched by the addition of 2.5 ml of methanol, and the mix~
ture was heated at reflux for an additional 10 min. After
'cboling to 0°, 500 ml of pre-cooled pet. ether was added,
causing a heavy, white solid to precipitate. ‘The mixtare

‘was filtered, and the solid was washed several times with
cold pet. ether. The filtrate and wéshings were concentrated
at reduced pressure, and an additional 500 ml of cold pet.
ether was added..precipitating more triphenylphosphine oxide.
Evaporation of the solvent at reduced pressure afforded an
amber oil, which was distilled to give the chloride T=-8,
bp 85-92 @ 0.2 mm, as a pale yellow oil (43.5 g, 75.6% from
the propargylic alcohol T=5). '

The distilled product was stored at -20o for 1 day and
then used immediately in the next reaction: ir (neat) 1665
(5C=CH), 1640, 995, and 913 em™ = (CH=CH,); nmr (CDCl;) §
1.65 (s, 6, Cﬁ30=CCEB). 1.76 (d, 3, J =’1.5 Hz, Cﬁ30=CH),
4,11 (d, 2, J = 8 Hz, CH,Cl), 4.80-5.21 (m, 2, CH=CHp), 5.48
(br t, 1, J = 8 Hz, >C=CH), and 5.66 (br m, 1,‘0.}_{_=CH2).



245

1-m-Methoxyphenyl-4,7,8-trimethyl-trans, trans-3,7,11~dodeca~

-triene (1-9) (75)

NN N TN N .
The chloride T-8 was coupled with m-methoxybenzylmagnes-

-
—

ium chloride according to the procedure of Stork, et al (174).
To a solution of 43.5 g (0.192 mole) of the chloride T-8 in
200 ml1 of dry tetrahydrofuran and 200 ml of dry HMPA was
slowly added a solution of m~-methoxybenzylmagnesium chloride
(prepared from 134.9 g (0.862 mole) of m-methoxybenzyl chlor-
jde and 82.8 g (3.448 mole) of magnesium turnings and a few
crystals of 1,10-phenanthroline in 800 ml of dry tetrahydro-
furan). During the initial stages of the addition, the red
color that formed as the Grignard was added quickly lightened
to yellow, and a large amount of heat evolved. After about
25% of the Grignard solution was added. (1 hour), the red
color persisted, and the temperature began to drop. The
remainder of the Grignard was added over an additional 3
hours, and the mixture was stirred at room temperature over=-
night. The reaction mixture was then cooled to Oo, and 100
ml of saturated ammonium chloride was carefuliy added. The
aqueous layer was extracted with 3 x 300 ml of ether. The
combined organic layers were washed with 6 x 300 ml of water,
300 ml of saturated brine, and dried (MgSOu). Evaporation
of the solvent at reduced pressure afforded a light yellow
0il, which consisted of one high-boiling product (column A,
210°) with about 3% of contaminants. In addition, the bis=-

1, 2-m-methoxyphenylethane (165) was present in about 16% of
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the mixture. Also, there was a great deal of low-boiling
m-methyl aniséle. which was removed by distillation (op
38° @ 1.0 mm) (55.7 g).

The.amber residue (80.5 g) was distilled at 0.001 mm to

give, after a small forerun, the following fractions:

Fraction Bp (0.001 mm) Weight Composition (165:T-9)

1 124-131° 1.80 g | 1:1
2 131~136° 1.18 g 111
3 136-140° 34.12 g 113
Iy 140-152° 27.9 g 0:1 (98.3% pure)

Fraction 3 was redistilled to give the following:

3-1 75=102° 0.675 g mixture
3-2 122-136° 4,35 g 317
3-3 136-144° 6.67 g 319
3-4 144-148°  11.90 g 2:8
3~5 148° 10.10 g 2:98

Fractions 3-2, 3-3, and 3-4 were combined withvfractions
1 and 2. Chromatography on 600 g of silica gel afforded,
after 500 ml each of 1% and 2% ether-pet. ether, and 2 1.
of 4% ether-pet. ether, 15.8 g of triene T=9, consisting
of 98% of one volatile component by vpc (column A, 210°),
The total yield of triene T-9 was 53.6 g (89.3%)s ir heat)
1640, 995, 910 (CH=CH,), and 1615-1585 cm™ = (q, aromatic

C=C); nmr (CDClB) § 1.60 (d, 3, J = 1.5 Hz, CE3C=CH), 1.63
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(s, 6, CH C=CCE3)’ 3.80 (s, 3, CHBO), 4,80-5,40 (m, 3,

3
CH=CH,, >C=CH), 5.66 (br m, 1, CH=CH,), and 6.63=7.50 (m,

4, ArH).

12-m~Methoxyphenyl=5,6, 9=trimethyl-trans, trans-5,9~dodeca~
dienol (T7-10) (75)

TN NN TN TNSTNTTNST NGNS

A solution of 10.1 g (32.3 mmole) of the triene T~9

(98% one volatile component, containing 2% of the diphenyl-
ethane_léé_as internal standard) in 10 ml of dry tetrahydro-
furén was cooled to 00, and 47.9 ml of a 6.76 M solution of
disiamylborane (32.3 mmole) was added in one portion. Affer
4 hour, a vpc trace (column A, 2100) showed ca. 98% reaction.
After 5 ml of additional disiamylborane was added (3.38 mmole),
a second vpc trace indicated complete consumption of start-
ing material. After 2% hours of stirring at 00, 1 ml of wé-
ter was added (mild frothing), followed by 40 ml of 3N sodium
hydroxide and 15 ml of 30% hydrogen peroxide (added dropwise
over % hour). The temperature rose.to 300 during the perox-
ide addition. After the addition was complete, the mixture
was heated to 40-45° aﬁd maintained at that.temperature for

2 houfs. The mixture was then poured into 200 ml of water
and extracted with 4 x 60 ml of ether. The combined extracts
were washed with 100 ml of water, 100 ml of saturated brine,
and dried (Mgsou). Evaporation of the solvent at reduced
preséure afforded a colorless liquid, which was dried in

vacuo to remove the 3-methyl=-2~butanol by=-product.
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The residue (10;8 g) was chromatographed on 176 g of
Florisil (20% ether-pet. ether) to afford, after 400 ml of

forefractions, 9.05 g (84.8%) of alcohol T=10 in 2.15 1. of
eluent.. The product consisted of >98% of one volatile com-
ponent by vpe (column A, 280°): ir (CHClB) 3620 (OH), 1665
(w, 7C=CH), and 1615~1585 cm™1 (q¢» aromatic C=C); nmr (CDClB)
§1.50 (s, 1, OH), 1.60 (d, 3, J = 1.5 Hz, CH, C=CH), 1.63

(s, 6, Cﬁ_BC=CCﬂ3), 3.66 (t, 2, J = 6.5 Hz, Cl—I_ZOH), 3.80

(s, 3, CH3O)’ 5,21 (br t, 1, J = 5 Hz, >C=CH), and 6.61=7.40

(m, 4, ArH).

12-m-Methoxyphenyl~-5,6,9-trimethyl~trans, trans-5,9~dodeca=-
VW'WVW\/\f\’\’WVWWWWV\NWV
dienal (K=1) (75

The chromium trioxide—dipyridine complex was'prepared
(94b) from 6 g (60 mmole) of chromium trioxide and 9.62 ml
(9.48 g, 120 mmole) of dry pyridine in 150 ml of dry dichlor-
omethane. After 20 min, a solution of 3.3 g (10 mmole) of
the dienol T-10 in 5 ml of dichloromethane was added. After
an additional 20 min, the mixture was filtered through a bed
of Florisil, which was washed several times with ether. The
filtrate and washings were/concentrated at reduced pressure
t a yellow o0il, which was dissolved in 200 ml of ether and
washed with 100 ml each of 5% sodium hydroxide, 5% hydrochlor-
ic acid (twice), saturated sodium bicarbonate, saturated

brine, and dried (MgSOu). Evaporation of the solvent at re-

duced pressure afforded a pale yellow oil, which was ca. 95%
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of one volatile component by vpc (column A, 280°): ir (CHClB)
o -1 ‘
2730 (CHO), 1720 (C=0), and 1615~1585 cm (aromatic C=C);

nmr (CD013)5~ 1.60 (masked d, 3, CH,C=CH), 1.63 (s, 6,

3

C§30=00ﬁ3), 3.80 (s, 3, CH3O)’ 5.20 (br t, 1, J = 7 Hz,

>C=CH), 6.61-7.41 (m, 4, ArH), and 9.75 (t, 1, J = 2 Hz, CHO).

12=m-Methoxyphenyl-5,6,9~trimethyl~trans,trans-5,9~dodeca~
dienocic acid (U=1) - a

To a well-stirréd solution of 10 mmole of the aldehyde
K=1 (crude), 3.94 g (23.2 mmole) of silver nitrate, 5 ml of
water, and 50 ml of absolute ethanol was slowly added 50 ml
of a potassium hydroxide stock solution (made from 21 g of
potassium hydroxide in 350 ml of water). Thefe was an immed-
iate formation‘of a heavy, black precipitate. After two
hours of stirring‘at room temperature, the mixture was fil-
tered, and the gray=-black solid was washed with 100 ml of
water. The combined filtrate and washings were extracted
with 3 x 100 ml of ether. The'aqueOus layer ﬁas acidified
to pH 2 and extracted with 3 x 75 ml of ether. The combined
acid extracts were washed with 50 ml each of water, saturated
brine, and dried (Mgsou). Evaporation of the solvent at re-
duced pressure afforded 3.00 g (87.5% from alcohol T=10) of
the acid U-1l, as a pale yellow oil.

An analytical sample was prepared by bulb-to-bulb dis~
tillation (184° @ 0.0005 mm): ir (CHC1;)  3400-2800 (CH),

and 1710 em™1 (C=0); mmr (cDo1,) § 1.60 (4, 3, CH0=CH),
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1.63 (s, 6, c_}%c=cc_}13), 3.80 (s, 3, CHBO), 5.21 (br t, 1,
J = 6 Hz, $C=CH), and 6.61-7.41 (m, 4, ArH).

Anal. Calcd. for CZZHBZOB: c, 76.70; H, 9.36. Found:
C, 76.79; H, 9.38.

12-m-Methoxyphenyl-2,5,6,9-fetramethyl~trans,trans-5,9-do-

' decadienoic acid (U=2) | |
A solution of 1.44 ml (1.045 g, 10.35 mmole) of dry di-

isopropylamine in 6 ml of dry tetrahydrofuran was cooled to
-20°%, and 4.31 ml of a 2.13 M solution of n-butyllithium in
hexane (9.28 mmole) was added at a rate so as to keep the.
temperature below -50. When the addition was complete, a
solution of 1.424 g (4.14 mmole) of the carboxylic acid U=1
in 1.5 ml of dry tetrahydrofuran was added at a rate so as
t0 keep the temperature below 2%, After 15 min of stirring,
1.04 ml of HMPA was added, causing the amber solution to turn
deep red. After 15 min, 0.374% ml (0.852 g, 6 mmole) of dry
methyl iodide was added. The color immediately turned light
yellow, and the temperature rose to 230. After stirring at
room temperature for 1% hours, the mixture was poured into
50 ml of 5% sodium hydroxide and extracted with 3 x 30 ml of
ether. The combined extracts were washed with 2 x 20 ml of
5% sodium hydroxide. The combined aqueous solutions were
were acidified to pH 2 and extracted with 3 x 75 ml of ether.
The combined acid extracts were washed with 2 x 50 ml of 10%

hydrochloric acid, 2 x 50 ml of saturated brine, and dried
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(MgSOu). Eﬁaporation of the solvent at reduced pressure
afforded 1;430 g (97%) of a yellow oil.

An analytical sample was prepared by bulb-to=bulb dis-
tillation (178° @ 0,0005 mm): ir (CHCl;) 3450-2620 (OH)-and
1705 cm”1 (C=0); nmr (CDClB) S 1.21 (4, 3, J = 7 Hz,
CH(CﬁB)COOH), 1.60 (masked d, 3, CEBC=CH), 1.63 (s, 6,

CﬁB
> C=CH), and 6.61-7.41 (m, 4, ArH).

Anal. Calcd. for 023H3403= Cy, 77.05; H, 9.56. Found:

C=CCﬁ3), 3.80 (s, 3, CH3O), 5,20 (br t, 1, J = 6.5 Hz,

¢, 77.163 H, 9.61.

12-m~Methoxyphenyl-2, 5,6, 9-tetramethyl-trans, trans-5,9,~do-
decadienol (gﬁz) o |

»vA solution of 228 mg (6 mmole) of lithium aluminum hyd-
ride in 20 ml of dry ether was cooied to 09, and 1.41 g (3.96
mmole) of the carboxylic acid U=2 in 5 ml of ether was added
over 10 min. Hydrogen gas evolved during the addition. The
mixture was allowed to warm'tO‘rdom femperature and stir
overnight. The excess hydride was decomposed by the drop-
wise additibn of 1 ml of water. When the gray suspension
turned white (% hour), magnesium sulfate was added. The mix-
ture was stirred for 1 hour, filtered, and the white solid
was washed several times with ether. Evaporation of the S0l~
vent afforded a colorless oil, containing 93% of one volatile

component by vpc (column A, 280°). Chromatography on 100 g

of Florisil afforded, after 100 ml each of 1%, 2%, 4%, and 7%



252

ether-pet. ether, and 800 ml of 10% ether-pet. ether, 1.274
g (93.5%) of the alcohol U=3, in 1.1 1. of 20% ether-pet.
ether. ' |

"~ A chromatographic fraction containing the major product
in 93% purity was used for c¢ombustion analysis and spectra

(bulb-to-bulb distillation, 160°

@ 0.0008 mm): ir (CHClB)
3620 (OH) and 1670 cm™1 (C=CH); ' nmr (CDC15) § 0.95 (d, 3,
J = 6 Hz, CH(CﬂB)-), 1.38 (s, 1, OH), 1,60 (d, 3, J = 1.5 Hz,
CH,C=CH), 1.65 (s, 6, CH3C=CCH3), 3.52 (d, 2, J = 5 Hz, CH,OH),
3.83 (sy 3, CHg0), 5.23 (t, 1, J = 6 Hz, >C=CH), and 6.61-
7.41 (m, 4, ArH).

Anal., Calecd. for 023H3602: C, 80.18; H, 10.53. Found:
C, 80.05; H, 10,62,

12-m~Methoxyphenyl=-2,5,6,9-tetramethyl-trans, trans=-5, 9=do=-

The chromiumn tfioxide-dipyridine complex was prepared
(94) from 500 mg (5 mmole) of chromium trioxide and 796 et
(791 mg, 10 mmole) of dry pyridine in 12.5 ml of dry dichloro-
methane. After 20 min, 251 mg (0.729 mmole) of the alcohol
U=3 in 2 ml of dry dichloromethane was added. After % hour
of stirring at room temperature, the mixture was decanted
through a bed of Florisil, which was washed several times
with ether. Evaporation of the solvent at reduced pressure
afforded a yellow oil, which was dissolved in 50 ml of ether

and washed with 20 ml each of 5% sodium hydroxide, 5% hydro-
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chloric acid (twice), saturated sodium bicarbonate, saturated
brine, and dried (Mgsou). Evaporation of the solvent at re-
.duced pressure afforded 237 mg of a colorless liﬁuid, consist-
ing of >95% of one volatile component by vpc (column A, 2800).
Bulb=to-bulb distillation (1530 @ 0.001 mm) yielded 227
mg (92.2%) of the aldehyde U-4, as a colorless liquid: ir
(CHCL,) 2720 (CHO), 1725 (C=0), and 1670 em ! ( C=CH); nmr
(CDCl )§ 1.11 (4, 3, I = 6. Hz, CH(CH;)CHO), 1.60 (d, 3,

1.5 Hz, CH,C=CH), 1. 63 (s, 6, CH C=CCH3), 3.80 (s, 3,

3 3

CHjO), 5,20 (t, 1, J = 5,5 Hz, 2C=CH), 6.61~-7.41 (m, &4, ArH),
and 9.65 (d, 1, J = 2 Hz, CHO).

Anal., Calcd. for 023 34O s C, 80,65; Hf 10.01. Found:

Cc, 80.67; H, 10.10,

To a solution of 1. 401 g (4 09 mmole) of the aldehyde
U=4 in 40 ml of dry benzene was added 453 ul (386 mg, 544
mmole) of dry pyrrolidine in 8 ml of dry benzene. The mix=
ture was heated at reflux under a Dean-Stark water separator
‘and 6" Vigreaux column for 2% hours, at which time a vpc
trace (éolumn A, 280°) idicated complete depletion of the
starting aldehyde. The mixture was concentrated to ca. 15
ml in volume, and the remainder of the solvent was removed

at reduced pressure, first under aspirator, and then in vacuo

fbr 1 hour.
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The residue was redissolved in 40 ml of freshly distilled
benzene, aﬁd a solution of 622‘Fl (538 mg, 7.68 mmole) of
freshly distilled methyl vinyl ketone (0.5% hydrogquinone)
in 8 ml of drykbenzene was added. The mixture was stirred
at room temperature for 2 hours and then heated at reflux
for 17 hours (flask wrapped in Al foil to protect from light).
The solution turned a light yellow color during the reflux
period. A hydrolysis mixture of 0.25 g of sodium acetate,
0.5 ml of water, and 0.5 ml of glacial acetic acid was added,
and the mixture wés.maintained at reflux for an additional
4 hours.

After the reaction had cooled to room temperature, 50 ml
of pet. ether was added, and the mixture was washed with 50
ml of water. The agueous wash was extracted with 50 ml of
pet. ether. The combined organic layers were washed with
3 x 50 ml of 5% hydrochloric acid, 50 ml of saturated sodium
bicarbonate, 50 ml of saturated brine, and dried (NgSOy).
Evaporation of the solvent at reduced pressure afforded a
light yellow oil.

A vpe trace (column A4, 2900) indicated one major volatile
component (3.6 min) with ca. 10% of another component exist-
ing as a shoulder, and a trace of more volatile components
(aldehyde). The ir spectrum showed a strong peak at 1675
cm"1 (unsaturated ketone) and a small peak at 1725 cmm1
(aldehyde).

Chromatography on 160 g of silica gel afforded, after
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100 ml each of 1%, 2%, and 4% ether-pet. ether, 1.8 1. of
8% ether, 750 ml of 12% ether, and 250 ml of 16% ether as
forefractions, 1.48 g (91.9%) of the enone U=5 in 750 ml of
16% ether-pet. ether. The product contained one volatile
component in 94% purity by vpc(column A, 290°).

An analytical sample was prepared by bulb-to=-bulb distil-
lation (194° @ 0.0025 mm): ir (CHCL) 1675 em™! (c=0);
nmr (CD013)S 1.16 (s, 3, C~4 angular CHB), 1.60 (d, 3,

J = 1,5 Hz, CﬁBC=CH), 1.63 (s, 6, CHBC=CCH3), 3.80 (s, 3,
CH3O)’ 5.21 (t, 1, J = 6 Hz, > C=CH), 5.90 (4, 1, J = 10 Hz,
C~-2 H), 6.73 (d, 1, J = 10 Hz, C=3 H), and 6.63-7.50 (m, 4.
ArH).

Anal, Calcd. for C27H3802: C, 82.18; H; 9.71, Found:
C, 82.25; H, 9.69.

L4eMethyl=l- (10~m-methoxyphenyl=3,4,7-trinethyl-trans, trang~
A T i Y e i e e N e T Ve P B i P
3,7~decadienyl)-2~cyclohexenol (51)
W\,‘\N'\MNV\/\N\/\N\I'W

A solution of 103 mg (2.7 mmole) of llthlum aluminum hyd-

ride in 25 ml of dry ether was cooled to 0°, and 2.102 g

5.33 mmole) of the enone U-5 was added in 20 ml of dry ether
over 35 min. The mixture was stirred at 0° for 1% hours,

and 1 ml of water was carefully added (frothing). After

the gray mixture had turned white, stirring was continued for
1% hours, Magnesium sulfate was added, and the mixture was
stirred for an additional 3 hour. The white slurry was then

filtered, and the filtrate was concentrated at reduced pres=-
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sure to yield 2.092 g (99.1%) of the allylic alcohol j;; as
a colorless oil: ir (CHClz) 3590 (OH), 1670 (>C=CH), and

1

1650 cm ~ (CH=CH); nmr (CDClB) § 0.96 (s, 0.4 x 3, angular

CHB,a-alcohol), 1.01 (s, 0.6 x 3, angular CHy, p~alcohol),
1.61 (s, 6,CH3F=C053),3.80 (s, 3, CH3O)’ 4,16 (m, 1, > CHOH),
5,20 (t, 1, J = 5 Hz, ) C=CH), 5.60 (m, 2, CH=CH), and 6.61-
7.40 (m, 4, ArH).

Anal. Calcd. for szHuOOZ: C, 81.77; H, 10.17. Found:

C, 81.68; H, 10.16.

Cyclization of the alcohol 51. Isolation of 3-methoxy-6bg,=-
Saﬂ, 12b“’ 1I$aﬁ'term8'ty-,,,a,, 8,8’ 26; 12b, 139 1”" 114’3."'

tetradecahydropicene (50)

A solution bf Zhormg (6.606 mmole) of the alcohol 51 in
24 ml1 of dry dichloromethane was cooled to =63.5° (cryostatic
chloroform bath), and 13.5 ml of a solutibn of stannic chlo-
ride (0.1 M in dichloromethane, pre=cooled to -63.50) was
added. After 30 seconds, 4o/ui of dimethyl carbonate was
added. After stirring for 15 min, the yellow solution was
poured into 75 ml of 20% potassium carbonate, maintained at
O°. The miktﬁre was extracted with 3 x 20 ml of ether, and
the combined extracts were washed with 20 ml of water, 20 ml
of saturated brine, and dried (MgSOh). Evaporation of the
-solvent afforded 240 mg of a foam.

A vpc trace (column A, 300°) indicated 4 ma jor peaks,

designated A~D, with retention times of 1.9, 2.1, 2.6, and
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2.75 min, respectively, In addition, a cluster of peaks (E)
at 1.2-1.4'miﬁ was also observed.

Column chromatography on 20 g of silica gel afforded,
after 56 ml each of 2% and 4% ether-pet. ether, 112 mg of
a mixture whose vpc trace (column A, 3000) was virtually
jdentical to the crude mixture (150 ml of 10% ether). The
estimated ratios of the components A-D were 2:1:2:6.

Chromatography on 14 g of silica gel impregnated with
10% silver nitrate (3:1 pet. ether-benzene, 10 ml fractions)
afforded 32 mg of a fraction containing component D in ca.
85% abundance (fraction &), Fraction 3 (6 mg) contained
component D to the extent of about 15%. The yield of com=-
ponent D, based on these two fractions, was 28.1 mg (12%).

An analytical sample was obtained by recrystailization

of the purer fraction from ether-hexane, mp 186-190°= ir

1 (c=c, 1,2,l4=tri-

(CHClB) 1555 (w, C=C), 1602, and 1575 cm
subst benzene); nmr (CDClB) Svo.9o, 0.93, 1.05, 1.21 ( 4 s,
12, angular CHB), 2.66=3.13 (m, 2, Ar0§2), 3.75 (ss 3, CHBO),
5,60-5,80 (m, 2, CH=CH), and 6.50-7.30 (m, 3, ArH).

Anal. Calcd for CZ?HBSO’ C, 85.66; H, 10.12. Found:
¢, 85.663 H, 10,25,
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Hydroboration of the pentacyclic olefin go. Isolation of

3-methoxy-6bﬁ,8ap,12bx,14ap-tetramethyl-5,6,6&(,7,8,8a,9,-
io,lld,1é,12b,13,14,14b-hexadecahydro-11?-picenol (M=2)
and the 12g~hydroxy isomer 167.

A solution of 59 mg (0.158 mmole) of the pentacyclic
olefin 50 and 20 mg of 2,6,10,14—tetramethylpentadecéne
(Aldrich) in 1.5 ml of dry tetrahydrofuran was cooled to
0°. and 1.5 ml of a 0.85 M solution of diborane in tetrahyd-
rofuran was added. After stirring at 0° for 9 hours, the
excess hydride was decomposed by the careful addition of
0.75 ml of water (frothing). The organoborane was oxidized
by the addition of 3 ml of 20% sodium hydroxide and 3 ml of
30% hydrogen peroxide. Thercooling bath was removed, and
the mixture was allowed to stir for an hour, during which
time the temperature rose to about 40° and then cooled
agein. The %two-phase reaction mixture was extracted with
3 x 25 ml of ether., The combined extracts were washed
with 20 ml of water, 20 ml of satufated brine, and dried
(Mgsou). Evaporation of the solvent afforded 75 mg of a
foam.

Preparative tle (40% ether-pet. ether) separated the mix-
ture into two bands: A (Re = 0.3, 18 mg, 22.4%), and B
(Rg = 0.0-0.2, 48 mg, 76.9%). Neither component was stable
to vpe (column A, 300°),

The structure of the component of Band A was assigned

as the 12-hydroxy axial alcohol 167: ir (CHClB) 3600 (OH),
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1602, and 1575 em~! (C=C, 1,2,4=trisubst. benzene); nmr
(cnc13) 5'0.98, 1.00, 1,20, 1.25 (% s, 12, angular an),
2,66-3.16 (m, 2, ArCH,), 3.76 (s, 3, CHBO), 4,23 (m, 1, =
Wy /p = 7 Hz, C-12 H), and 6,46=7.44 (m, 3, ArH).

- - The alcohol in Band B was assigned as the 1il=hydroxy
isomer M-2s ir (CHCl;) 3600 (OH), 1602, and 1575 em™t
(c=C, 1,2,4=-trisubst. benzene); nmr (CDClB)S 0.96, 1.00,
1,11, 1.20 (4 s, 12, angulaf CHB)' 2.66-3.16 (m, 2, ArCﬂz),
3.75 (sy 3, CHBO), 3.93 (m, 1, wh/z = 22 Hz, C=11 H), and
6., 46=7,30 (m, 3, Arﬁ). Recrystallization (acetone) afforded
colorless needles, mp 190-192.50.

Anal., Calcd. for C c, 81.77, H, 10.17. Found:

2770021
C’ [ ] ’ H’ ® [ ]

3-Methoxy-6bf,8a¢,12bx, 14aB~tetramethyl=5,6,6a%,6b,7,8,9,=
10,12b,13,14,14a~tetradecahydro~11(12H)~picenone (}M=1)

8 ml of acetone wag cooled to 0°, and excess Jones reagent
| was added dropwise until a yellow color persisted. After
15 min, isopropanol was added until a green suspension
formed. The mixture was diluted with 50 ml of water and
extracted with 3 x 50 ml of chloroform. The combined
extracts were washed with 50 ml each of water, saturated
sodium bicarbonate, saturated brine, and dried (Mgsou).
Evaporation of the solvent afforded 69 mg (92.6%) of white
crystals ﬁhich éhowed a single spot on t1lc(20% ether=pet.

ether, Ry = 0,2)1 ir (CHC1,) 1700 em™l (C=0)s nmr (cpe1,)
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0o83) 1.00, 1020' 1.26 (L" s, 12, angular CHB)’ 2020"2.56

(m, 4, cgécocgz), 2.66-3.20 (m, 2, ArCH,), 3.73 (3, 3, CHBO),

and 6.46-7,26 (m, 3, ArH). Recrystallization from acetone

afforded white crystals, mp 200, 5=-204, 5°, '
Anal, Calcd., for 027H3802’ C, 82,185 H, 9.71. Found:

C’ -0 3 H' - e

9,10,12b,13,14, 14a~tetradecahydro-12(11H)~picenone (168)
A solution of 19 mg (0.047 mmole) of the axial alcohol
167 in 2 ml of acetone was cooled to 0°, and sufficient
Jones reagent was added to impart a yellow color to the
mixture.‘ After 25 min, excess isopropanol was added, produce-
v‘*ihg; a green suspension. The mixtufe was diluted with 25
ml of water and extracted with 3 x 15 ml of chloroform.
The combined extracts were washed with 10 ml of saturated
sodium bicarbonate and dried (MgSOu). Evaporation of the
solvent afforded 15 mg (78.9%) of white crystals, consist-
ing of one volatile component by vpc (column A, 3000):
ir (CHCl;) 1675 em™ (C=0)5 nmr (CDC1;)$ 1.00, 1.20
(2 s, 12, angular CH ), 2. 70-3 26 (m, 2, ArCH ), 3.76
(sy 3, CHBO), and 6-53-7.22 (m, 3, Arﬂ).

Regeneration of the olefin 5_ from the axial alcohol 167

B R S

The general procedure of Koechlin and Relchsteln (177)

was followed. A solution of 43 mg (0,108 mmole) of the
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12-hydroxy alcohol 167 in 1 ml of dry pyridine was cooled
to O°, and 0.1 ml of phosphorous oxychloride was added. The
mixture was stirred at room temperature for 24 hours, during
which time the solution turned yellow. After cooling to 0°,
6.5 &l of'water was added dropwise. The mixture was diiuted
with 50 ml of water and extracted with 3 x 30 ml of chioro-
form. The combined extracts were washed with 2 x 20 ml of
10% hydrochloric acid, 20 ml of staurated sodium bicarbonate,
and -dried (Mgson). Evaporation of the solvent afforded 38
mg (93.1%) of the pentacyclic olefin 50, consisting of'90%
one volatile component by vpc (column A, 3000). The ir,
nmf, and vpc data indicated that the product was identical

to the olefin isolated from the cyclization of alcohol 5.

35 3=Dimethyl=5f~cholestane (170)

To a mixture of 31 mg (0.0803 mmole) of coprostanone
(169) and 5 mg of valeric acid in a thick-walled glass tube
was added 1 ml of a 1:1 mixture of'trimethylaluminum.in
benzene (178). The tube was sealed in vacuo and placed in
a stainless steel bomb, which was heated at 200° for 65
hours. After cooling to room temperature, the tube was
opened, and 4 ml of dry benzene was quickly added through
& serum stopper. The mixture was slowiy pipetted into 40
ml of 5% hydrochloric acid covered with 30 ml of ether,

maintained at 0°, After the methane gas had ceased to evolve,

the layers were separated, and the aqueous layer was ex-
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tracted with 2 x 30 ml of ether. The combined organic layers
were washéd with 30 ml of water, 30 ml of saturated sodium
bicarbonate, 30 ml of saturated brine, and dried (MgSOb).
Evaporation of the solvent at reduced pressure afforded a
colorless oil, whose vpc trace (column A, 260°) indicated the
presence of two volatile components in a ratio of ca. i:2
with retention times of 3.5 and 3.65 min, respectively. The
ir séectrum showed only a small residual carbonyl band at
1?10“cm'1. The nmr spectrum showed an increase in the methyl
region and no signals for either olefinic hydrogens of those
ad jacent to a carbonyl group.

The crude product was subjected to chromatography on 12 g
of silica gel (pet. ether), After 17 ml of forefractions,
21 mg (65%) of a fraction was isolated in 5 ml of eluent,
which contained the.majbr product in about 85% purity. A
second fraction was isolated in 5 ml of eluent consisting of
5 mg of material containing the minor component in ca. 75%
purity; This product did not contéin the gem=dimethyl group
(ir) and was not investigated further. |

The ma jor product from a similar run was purified further
by two successive chromatographies on 7 and 10 g of silica
gel impregnated with 10% silver nitrate., The major product
thus isolated contained 95% of one volétile component by
vpe (column A, 260°): ir (CHCl;) 1385 and 1365 em™1 (> ce )
nnmr (CDClB){ 0,63=1.00 (m, 21, CH3) and 1.00~2.16 (m, 31,
CH,, CH).
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Attempted formation of the gem=-dimethyl compound D=6 by

| A,,From the ketone directly. To a mixture of 14 mg

(0.035 mmole) of the ketone M=1 and 2.5 mg of valeric acid
was added 300 44 of a solution of 1:1 trimethylaiuminum and
benzene, all in a tube as described above. The tube.was
sealed and heated at 200 for 64 hours. Workup as described
above afforded 12 ng of a yellow oil. The nmr and . ir spectra
- indicated that the crude product was mainly starting mater-
ial, although an analytical tlc (15% ethér—pet. ether) in=-

dicated a spot with R_ = 0,7, identical with an authentic

f
sample of the desired pentacyclic ether D=6 (41).

Preparative tlc (15% ether-pet. ether) afforded 3 mg of
a nbn—polar material whose tlc and vpc behavior (column A,
3000) were identical to those of the authentic sample. There
was not sufficient material for spectral characterization.

B. From the methyl carbinol 177. A solution of 16 mg

(0.04 mmole) of the ketone __l in 15 ml of tetrahydrofuran
was added to 8 ml of a1 M solution of methylmagnesium bro-
‘mide in ether. After 4 hours, the excess Grignard was de=-
composed with 0.5 ml of staurated ammonium chloride. The
mixture was then diluted with 30 ml of water and worked up
with ether, affording 21 mg of an oily solid, whose ir spect=-
rum was virtually identical to the starting ketone. No trace
of OH absorption was observed.

The recovered ketone was then subjected to two consecu-
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tive treatments of 0.5 ml of a 1.5 M solution of ethereal
methyllithium in 3 ml of tetrahydrofuran for 8 hours. After
the final workup, the ir spectrtim showed no résidual carbonyl
absorption. The crude product was filtered through 2 g of
neﬁtral alumina (act. II) to yield 18 mg of an o0il which
slowly crystallized: ir (CHCL,) 3600 em % (OH).

The crude alcohol, 2 mg of valeric acid, and 1 ml of a 1:1
mixture of trimethylaluminum in benzene was placed in a glass
tube, which was sealed and heated in a steel bomb for 48
hours at 200°, The mixture was worked up as described in the
previous two experiments to yield 17 mg of an oil., The mix-
ture appeared to consist of one major product whose retention
time on vpe (column A, 300°) and Rp on tlc (12% ether-pet.
ether) were identical to those of an authentic sample of the.
pentacyclic ether D=6 (41).

The crude product was subjected to column chromatography

on 10 mg of silica gel (2% ether-pet.'ether).‘ After 55 ml
of forefractions, 9 mg (56%) of maferial was isolated con=
taining the major product in ca. 80% purity: ir (CHClB)
1640 em™t (w, ©=C); nmr (DC1,) § 2.85 (£, 2, ArCHy), 3.75
(s, 3, CHBO), 4,60 (s, 0456 x 2, 2C=CH,), 5.25 (m, 0.45 x 1,
Wh/z = 16 Hz,)>C=CH), and 6.45-7.35 (m, 3, ArH).

On the basis of these data, the non=polar products are

agsigned the structuresof the pentacyclic olefins 178 and
179,
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Attempted reaction of the ketone M=1 with methylenetriphenyl=~
NW?WWWNVVWWV
phosphorane in DMSO (180a)
A solution of 0.5 mmole of methylsulfinylcarbanion (180Db)

was cooled to 0°, and a solution of 223 mg (0.625 mmole) of

méth§1triphenylphosphonium bromide in 0.5 ml of dry DMSO

was added. After 10 min, 4 mg (0.01 mmole) of the ketone M=y
was added in 0.5 ml of dry tetrahydrofuran. The mixture was
heated to 80° and maintained at that temperature for 24 hours.
The excess Wittig reagent was decomposed by the addition of
1 ml of water. The-mixture was then diluted with 20 ml of
water and extracted with 3 x 20 ml of benzene. The combined
extracts were washed with 3 x 20 ml of water, 20 nl of satu=-
rated brine, and dried (MgSOu). Evaporation of the solvent
at reduced pressure afforded 38 mg of an orange, crystalline
solid.

Chromatography on 2 g of silica gel (20% ether-pet. ether)
afforded 4 mg of material which‘was indistinguishable from

the starting ketone by ir or tlc.

Attempted reaction of the ketone M=1 with phenylthiomethyl=-
WM
lithium (181)

A solution of 3.9 mg (0.01 mmole) of the ketone M=1 in
200;%1 of dry tetrahydrofuran was added to a solution of
0,426 mmole of phenylthiomethyllithium (182). The mixture
was stirred for 24 hours at room temperature, and 5 ml of

water was then added. The mixture was dilutedlwith 20 ml
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of water and extracted with 3 x 20 ml of ether. The combined
ekfracts.were washed with 10 ml of water, 10 ml of saturated
brine,‘and dried (MgSOu). Evaporation of the solvent at re-
duced pressure afforded 5 mg of an oil: ir (CHClB) 3600

(OH) and 1700 cm™l (C=0). A tlc of the mixture (30% ether-
pet. ether) showed at least 7 spots, including one correspond-

ing to starting ketone.

Attempted reaction of the ketone M~1 with dimethylsulfoﬁium

methylide (144),

A éolutidn of 15.5 mg (0,04 mmole) of the ketone M-1 in
0.6 ml of dry tefrahydrofurah was added to a solution of 0,08
mmole of dimethylsulfonium methylide, prepared by the proced-
ure of Corey and Chaykovsky (144), maintained at =3°. The
reaction mixture was stirred at -3° for;5 min, at 0° for 2
hours, and at 25° for 3 hour, The mixture was then poured
into 50 ml of water and extracted with 3 x 30 ml of ether.,
The combined extracts were washed With 2 X 50 ml of water,

50 ml of saturated brine, and dried (K2C03). Evaporation
of the solvent at reduced pressure afforded 10 mg of an oil.
A sécond workup of the aqueous layer yielded an additional
5 mg of product. The ir spectrum indicated a strong car-
bonyl band corresponding to staring ketone.

Preparative tlc (30% ether-pet. ether) yielded two bands:
Band A (Rp = 0,30, 7.5 mg, 48.3%) displayed the following
spectral data: ir (CHClB) 1685 and 1645 cm"’1 (s, C=C);
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nmr (cnc13)é 1.03 (s, 6, angular CHB), 1.10 (s, 3, angular
CHB), 1,20 (s, 3, angular CHj), 2,86 (m, 2, ArCH,), 3.75

(s, 3,,CH30), 6.08 (m, 1, >C=CH), and 6.45=7.35 (m, 3, ArH).
Band B (Rf = 0.25, 6 mg, 38.7%) had an ir spectrum identical
with the starting ketone, contaminated with a little material

from Band A.

1-(Methylthlomethyl)cyclododecanol (189)

The general procedure of Johnson, Coates, and coworkers
(190) was followed., A solution of 182 mg (1 mmole) of cyc-
lododecanone (188) in O. 5 ml of dry tetrahydrofuran was
cooled to -?8°, and 1 ml of a 1.35 M solution of methylthlo-
methylllthlum (192) was added. After 1 hour at -78 » the
mixture was allowed to warm up to room temperature and stir
for 1 hour., The reaction was quenched by the addition of
1 ml of dilute ammonium chloride (exothermic). Workup with
ether afforded a yellow o0il, which was subjected to prepara=-
tive tlc (30% ether=-pet. ether) to efford 188 mg (77%) of a
colorless oil: ir (CHClB) 3600 and 3510 cn~1 (OH); nnr
(CD013)§ 1.38 (s, 22, OH, CH,), 2.18 (s, 3, CHjS), and 2.61
(s, 2, CHZS).

1-Oxaspiro[2.1i]tetradecane (290)

A. Preparation of the sulfonium galt. To a solution of

122 mg (0.5 mmole) of thelﬁ-hydroxy sulfide 189 in 0,2 ml
of acetone was added 62 41 (142 mg, 1.0 mmole) of methyl
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jodide. A white precipitate formed after 10 minutes. After
k0 hours of stirring, the solvent was evaporated, and the

cream-colored solid was dried in vacuo (173 mg, 89.6%).

B. Epoxide formation. A mixture of 45 mg (0,116 mmole)

1

o%bthé sulfonium salt and 11 mg of sodium methoxide was
diséoived in 1 ml of methanol and stirred overnight. The
mixture was worked up with ether to yield 25 mg of an oil,
Preparative tlc (20% ether-pet. ether) afforded 21.5 mg‘(95%)
6f an oil, which consisted of one volatile compoﬁént in 95%.
purity by vpc (column A, 70°): ir (CHClB) 3000 cm'1 (CH)3;
nmr (CDC1,) § 1.20-1.66 (m, 22, CHy) and 2.56 (s, 2, >C2CH,) «

3-Methoxy-118=(methylthiomethyl)~-6bs,8ag,12bx,1has-tetramethyl-
piceh»lrx-ol (X:;) N
| To‘a solution‘of 76 mg (0,193 mmole) of the ketone M=1 in
5 ml of tetrahydrofuran af}—78° was added 600 A1 of methyl=-
thiomethyllithium solution (preparéd as above)., The mix=~
ture was allowed to warm to room temperature and stir over-
night. Dilute ammonium chloride solution was added, and the
mixture was worked up with ether to afford 121 mg of an oil.
Preparative tlc (30% ether-pet. ether) afforded 52 mg
(58.7%) of the g=-hydroxy sulfide V=1, as a white, crystalline
solid: ir (CHCl3) 3500 em™ (w, OH); nmr (cDC1,)§ 0.96
(s, 3, angular CHB)' 1.05 (s, 3, angular CHB)’ 1.20 (s, 6,
angular CH3)’ 2.18 (s, 3, CH3S)’ 2.60 (s, 2, CHZS), 2.85
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(t, 2; J = 5.5 Hz, Al_‘cﬂ_z)o 3.51 (s, 1, OH), 3.75 (s, 3, CHBO)t
and 6.1“’6-7028 (ml'B! Arﬁ.)'

n

_ An analytical sample was prepared by recrystallizatlon
from hexane=dichloromethane, mp 165. 5-168 50,
Anal, Calcd. for Cpgly,0,St C, 764263 H» 94713 S, 7.02.

Found: C. . 3 H, . }H S, 0 .

Spiro[ci-oxirane~2,11~(3*~methoxy-6b'¢ ,8a's ,12b'e, 14a'g =

B e T e i i P S et ¥ o Y N . T T T e e N
tetramethyl=5*,6",6a'X, 6b5?58°8a',9',10'.11',12‘,12a'ﬁ.12b',
WMWANVWWVV\A’MW

13',14',14a'-hexadecahydro)plcene

A, Preparatlon of the gp-hydroxy sulfonium salt V. —;. To

a solution of 52 mg (0.114 mmole) of the p-hydroxy sulfide
V=1 in 5 ml bf acetone was added 2 ml of methyl iodide. The
mixture was stirred for 24 hours, during which time a cream=-
colored solid precipitated. An additional 1 ml of methyl
iodide was added, and the mixture was allowed to stir for
an additional 18 hours. Filtration and drying in vacuo af=-
forded 46 mg of a white s0lid which was used directly in the
next reaction,

B, Formation of the epoxide. To a suspension of 85 mg

(0,142 mmole) of the sulfonium salt V=2 in 12 ml of metha-
nol was added 40 mg of sodium methoxide. After a few minutes,
the mixture became clear, but turbidity reappeared within an
hour. The strong odor of methyl sulfide was detected. After

8 hours, the mixture was poured into 60 ml of water and exe
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tracted with 3 x 60 ml of chloroform. The combined extracts
were washed with 60 ml of saturated brine and dried (KZCOB)'

Evaporation of the solvent afforded 63 mg of an oil which

soliéified in vacuo overnight: nmr (CD013)<£'1.?g, 1.10,
1.18, 1.21 (4 s, 12, angular CH,), 2.51 (s, 2, >C~CH,), 2.86
(t, 2, J = 5.5 Hz, ArCﬂe), 3.75 (s, 3, CHBO). and 6.46-7,.28
(m, 3, ArH).

B-Methoxy-ébp,Sap,12bu,1baﬁ-tetramethyl-5,6.6au,6b,?,8,8a,
9,10,11g,12, 12ap.12b 13,14, 14a-hexaaecahydrop1cene-lrd-car-
boxaldehyde (180) and its eplmer

A solution of the crude epoxide lgi (prepared above) in
8 ml of dry dichloromethane was cooled to -15°, and 53 ul1
(60.5 mg, 0.426 mmole) of boron triflouride etherate was
added, The solution was kept at =15 to -10° for % hour,
during which time it took on a pale yellow cast. The reaction
was quenched by the addition of 1 ml of saturated sodium bi=-
carbonate. The mixture was then poured 1nto 30 ml of water
and extracted with 3 x 40 ml of chloroform., The combined
extracts were washed with 20 ml of saturated brine and dried
(KZCOB)' Evaporation of the solvent afforded a foam.,

Preparative tlc (25% ether-pet. ether) afforded 39 mg
(67.3% from the sulfonium salt V=2) of the aldehyde 180,
which consisted of ca. 50% of the C~11 epimeric aldehyde:
ir (CHCL,) 1360 (CHO) and 1725 em™* (C=0)5 nmr (CDCl,) §
0.96 (s, 3, angular CH3). 1.06 (s, 6, angular CHB)' 1.18
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(s, 3’ angular CHB)’ 2.43 (m, 1, CE_CHO)’ 2.85 (m, 2; ArCﬂz)’
3.75 (s, 3, CHBO)’ 6.46-7.28 (m, 3, ArH), 9.55, and 9.63

(2 4, 0.5, J = 2 Hz each, CHO).

-pentameth 1-5,6,6a%,6b, é 8,=

8&5, 115, IZM’ 1“’8.

12,12a’

3-Metﬁoxy-6bg,

8399:

10,11,

,12b 13, 14 1ha-hexadecahydropicene-lri-

carboxaldehyde (_2_)
A suspension of 112 mng (1 mmole) of potassium tert-butox-
ide in 3 ml of glyme was coocled to 0°, and a solution of 39
ng (0.0956 mmole) of the aldehyde 180 and 623 w1 (1.42 g, 10
mmole)'offdry methyl iodide in 2 ml of dry glyme was added
over 10 min. The mixture was allowed to warm to room temper-
ature and stir for 6 hours. On the slow addition of 5 ml of
water, an exothermic reaction ensued. The mixture was dis-
solved in an additional.lo ml of water and extracted with 3 x
20 ml of chloroform. The combined extracts were washed with
10 ml of saturated brine and d:ied (K2C03)‘ Evaporation of
the solvent at reduced pressure afforded 38 mg of a foam.
Preparative tlc (25% ether-pet. ether) afforded 23 mg
(57%) of the methylated aldehyde 191 (R, = 0.30): ir (CHClj)
2700 (CHO) and 1720 cm"'1 (C=0)3 nmr (CDClB)S' 0.80 (s, 3,
angular CHB)’ 0.98 (3, 6, angular CHB)’ 1.11 (s, 3, angular
cné), 1.16 (s, 3, angular CH,), 2.86 (m, 2, ArCH,), 3.75
(s, 3, CH30), 6.46~7,28 (m, 3, ArH), and 9.41 (s, 0.5, CHO).
A band with Rf = 0,35 was also isolated whose ir and nmr
were identical with the starting aldehyde 180 or its epimer
(5 mg, 12%).
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"A‘mixture of 8.5 mg (0,02 mmole) of the crude methylated
aldehyde 191, 1 ml of triethylene glycol, 0.1 ml (300 mg,
2 mmole) of hydraéine hydrate, and 30 mg (0.3 mmole) of hyd-
razine dihydrochloride was heated at 150° (bath temperature)
for 5 hours under nitrogen, during which time the mixtufe
bécamé cloudy. The mixture was then cooled to 1100, ané 120
mg of 85% potassium hydroxide was added. The mixture was
then heated at 150-155° (bath temperature) for 5 hours and
allowed to cool by discontinuation of the heating, but main=
taining contact with the bath overnight.

The reaction mixture was poured into 25 ml of water and
extracted with 3 x 20 ml of chloroform. The combined extracts
were washed with iO ml of water, 10 ml of saturated brine,
and dried (Mgsou). Evaporation of the solvent at reduced
pressure afforded 11.5 mg of a yellow, semi-cryétalline solid,
which was only slightly soluble in chloroform. The insoluble
material appeared to be resinous. |

The ir spectrum (CHClB) showed weakvcarbonyl and olefin=-

1

ic absorption at 1725 and 1650 cm ~ respectively. A broad

OH band (solvent) also appeared at 3450 em™ 3,

. Preparative tlc (25% ether-pet. ether) yielded two 3 mg
bandss Band A (Rf = 0,45) displayed the following spectral
data: ir (CHCl,) 1725 (m, C=0) and 1650 em™t (w, C€=C);

nmr (CDClB)é" 3.75 (s, 3, CHBO)' No aldehyde frequencies
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were detected in either spectrum. ‘

Band B (Rf = 0,0) was virtually insoluble in chloroforms:
ir (CHCl;) 1725 en™! (w, C=0).

In addition a band with Rf = 0,55 was isclated which may
have contained the desired gem~dimethyl product D=6, but the
fraction amounted to less than O, 5 mg.

,118,12bw, 14a8=-pentamethyl-

llrﬁsﬂydroxymethyl-j-methoxy-ébg,8a

5,6 . 6a‘<’6b’7 ’8,88.’ 9, 10.11’ 12’123.5, 12b' 13, 1“’, 14a-hexadecahydr0"‘
MWMWW\MW

plcene (192)
A solutlon of 120 mg of lithlum aluminum hydride in 20 ml

of dry ether was cooled to 0° » and 58 mg of the partially-
pﬁrifiéd aldehyde 192 in 10 ml of etﬁér was added dropwise.
The mixture was stirred at 0° for 1 hour, and 1 ﬁl of water
was added'dropwiée (frothing) until the mixture turned white.
Anhydrous potassium carbonate was added, and the mixture was
stirred for 1 hour and filtered. Evaporation of the solvent
afforded 60 mg of a foam. A vpc trace (column A, 300°) in-
dicated one major volatile component in ca. 90% purity. |
Cﬁromatography on 10 g of Florisil (50% ether=-pet. ether)
resolvéd the mixture into three fractions, isolated in 25 ml
each of eluent. Fraction A (7 mg) consisted of a complex
mixture by vpc and was not characterized further. Fraction
B (52 mg) appeared to contain the major component in 95%
purity by vpc (column A, 300°). Fraction C (7 mg) consisted

of essentially one volatile component with the same retention
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time (7.3 min) as the major component, but was assigned the
structure 6f an alcohol lacking the methyl group at C-11:
ﬂQOH).

Fraction B was induced to crystallize through trituration

nmr (CDC1,) S 3.33 (m, 2, CHC

Qith’ether-hexane. Two crops of crystals were isolated (35 mg, 60%)
which consisted of >98% of one volatile component by vpcs

ir (CHCl;) 3620 (OH) and 1030 em™* (C=0); nmr (CDCLy) §

0.98, 1.03, 1.11, 1.15, 1.23 (5 s, 3 each, angular CHB);

2,83 (m, 2, ArCHy), 3.25 (s, 2, 0520}{), 3.73 (s, 3, CH30),

and 6.46-7,28 (m, 3, ArH).

Phosphorodiamidation of the alcohol 192 (157)

To a solution of 36 mg (0.0849 mmole) of the alcohol 192 and
a few crystals of 1,10-phenanthroline in 3 ml'of dryvglyme was
added 0,189 ml of & 2,12 M solution of n-butyllithium in
hexane (0.4 mmole). After the solution turned red, the mix-
ture was stirred for 5 min, and O.4 ml of dry triethylamine,
0.2 ml of dry HMPA, and 0.4 ml of the phosphorochloridate 148
(158) were added in succession. On the addition of the last
component, the red color faded to a pale yellow. The solution
was stirred at room temperature for % hour, diluted with 75
ml of ether, washed with 2 x 25 ml of water, 25 mllof satu=-
rated brine, and dried (MgSOu). Evaporation of the solvent
at reduced pressure afforded 150 mg of an oil. The material
was dried in vacuo overnight, affording 57 mg of a yellow

semisolid: ir (CHClB) no OH; nmr (ch13)6' 1,00, 1.10,
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‘1.15, 1.17, 1.26 (5 s, 3 each, angular CH;), 2.66 (d, 12,
J = 10 Hz, P-N-CH;), 3.56 (d, 2, J = 4 Hz, CHy0), 3.75 (s 3,
CHBO)’ and 6,46-7.33 (m, 3, ArH).

Note: two extraneous signals were also presenﬁ, 2.?3

(d.»6g J = i4 Hz, P=-N=CH_, n-butylphosphonodiamidate).

33

Attempted deox&genations of the phosphorodiamidate of 192

A, Aprotic reduction. A few small pieces of lithium wire

'nge'édded to 5 ml of dry methylamine (distilled from sodium
fand,lifhiﬁm). After the mixture turned deep blue, the mixture
was stirred at reflux for 2 minutes, and 6 mg of the phosphor=
odiamidate of alcohol 192 was added in 0.3 ml of dry tetra-
hydrofuran. The mixture was stirred for 5 mih. and sufficient
sodium benzoate was added to cause the blue color to disap-
pear. The methylamine was allowed to evaporate under a stream
of dry nitrogen, and the residue was diluted with 20 ml of
water and extracted with 3 x 20 ml of chloroform. The com=-
bined extracts were washed wifh 2 x 10 ml of 5% sodiuﬁ hyd=
roxide and dried (MgSOu). Evaporation of the solvent at re-
duced pressure afforded 6 mg of a yellow oil. A vpé trace
(column A, 300°) indicated the complete disappearance of
starting material, but the major peak did not correspond to
the desired pentacyclic ether D=6. The ir spectrum indicated
& strong band at 1660 and a distorted aromatic region, sug-
gesting possible redu;tion of the aromatic ring.

Chromatography on 2‘g of silica gel afforded, after 25 ml
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each of pet. ether and 5% ether-pet. ether, a 3 mg fraction
in 25 ml 6f 10% ether-pet. ether. This material was virtu-
aliy insoluble in most solvents, thereby making spectral anal=-
ysis impossible. The vpc trace indicated that it consisted
of two overlapping peaks at 2 min (column 4, 300°). The re=-
tention time of an authentic sample of D=6 at this temperature
was 1,6 min.

B, Protic reduction. The procedure of Hagenbach was

followed (204). To a solution of the crude phosphorodiamidate
(prepared from 0.0849 mmole of alcohol 192) in 16 ml of dry
tetrahydrofuran was added 35 ml of dry ammonia (distilled
from sodium). To this solution was added 37 mg of finely=cut
lithium wire. After stirring forv25 min at reflux, 0.3 ml of
absolute ethanol (dried over molecular sieves) was added .
After 35 min, thé blue color faded, and an additional 37 mg
of lithium was added. After two hours following the ethanol
addition, 2.5 mli of absolute ethanol was added. The blue
color faded after 10 min, and the sélventvwas allowed to evap=-
orate under a stream of dry nitrogen.

The residue was poured inte-30 ml of 20% ammonium sulfate
and extracted with 75 ml and 2 x 50 ml of ether. The com=
bined extracts were washed with 50 ml of water, 50 ml of sat~-
urated brine, and dried (Nazsou). Evaporation of the solvent
afforded a yellow-green oil.

The crude reduction product was dissolved in 1 ml of

benzene and 6 ml of 95% ethanol., To this solution was added
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4 ml of 5 N hydrochloric acid. The mixture was heated at re-
flux for 1 hour and then allowed to cool to room temperature.
The reaption mixture was poured into 50 ml of water and ex=-
tracted with 4 x 50 ml of ether. The combined extracts were
washed with 50 ml of saturated sodium bicarbonate, 50 ml of
saturated brine, and dried (Mgsou). Evaporation of the sol=-
vent afforded 15 mg of a yellow oil. The ir spectrum ihdi-
cated the presence of an unsaturated ketone, along with some
gaturated carbonyl. The nmr spectrum showed traces of un-
reduced phosphorodiamidate and a single olefinic hydrogen

at 5.88 ppm (adjacent to a ketone).

A vpc trace (column 4, 300°) indicated two major compo=
nents at 4.2 and 5.0 min in a ratio of ca. 1:3. The major
component had the same retention fime aé an authentic sample
of the enone D-7.. There was also a component corresponding
to the authentic sample by analytical tlc (50% ether-=pet.

ether’ Rf = 0.6)0

Chromatography on 2 g of silica gel (25% ether-pet. ether)
afforded, after 24 ml of forefractions, 3.5 mg of material
in 12 ml of 50% ether-=pet. ether). This product (10% yield
from alcohol 192) exhibited the spectral characteristics of
an unsaturated ketone: ir (CHClB) 1660 (C=0) and 1615 em™!
(C=C)3 nmr (CD013)J 5.88 (s, 1, C=CHCO). While the ir
spectrum was essentially identical to the authentic sample
of enone D-7, the nmr contained some extraneous methyl sig-

nals in the 1.2-1.4 ppm region., The vpc trace (column A,

3000) and tlc (50% ether-pet. ether) indicated that the
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ma jor component behaved identically to authentic enone D=7,
but their identity cannot be established for certain, due to

the differences in their nmr spectra.
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Cycllzation of the cyclopentenol ;2_ Isolation 6f 9-meth=
oxy=3, 5ap.11aﬁ,13acc-tetramethy1-1 2,4,5,58,50%,6,7,112,12,=
13a,13b5-tridecahydrocyclopenta[q}chrysene (_25)

| A solution of 38.2 mg (0.1 mmole) of the cyclopentenol
194 (éo% one component by vpc) in 3 ml of dry dichioromethane
was cooled to =78°, and 1.2 ml of a 0.1 M solution of stan-
ﬁic cﬁloride in dichloromethane (pre=cooled to -?80) was ad-
déd.'iThe solution immediately turned yellow=brown, and then
lighé-yellow. After 5 min, 3 ml of 20% potassium carbonate
solution was added, followed by 5 ml of ether. The mixture
was then warmed to 0° in an ice bath. The mixture was then
poured into 50 ml of water and extracted with 3 x 20 ml of
ether. The combined extracts were washed with 20 ml each of
water, saturated brine, and dried (Mgso4). Evaporation of
the solvent at reduced pressure afforded 40 mg of a color-
less oil.

The vpc trace (column A, 2800) indicated three major
peaks, designated D, E, and F at 4,0, 5.05, and 6.1 min, re-
spectively, in a ratio of 1:3312. In addition, there were -
several unresolvable peaks from 2.8 to 4.4 min.
| The crude product was combined with that of an identical
run from 264 mg of the alcohol (0.69 mmole) to give 309 mg
of the crude product mixture. This mixture was subjected to
column chromatography on ks g of silica gel impregnated with
10% silver nitrate (1:1 pet. ether-benzene). Fractions were

collected in 10 ml quantities:
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Fraction Weight, mg Composition
14,15 18 E 90%
16 3 E:F 1:2
17=22 157 " DsEsF 514390
23 3 Ds: F 11
24=-28 23 D: - 50% + others

29=-45 17 eleven side products

The fractions rich in F crystallized on cooling. Trit-
uration with pet. ether afforded 79 mg of a white solid,
whose vpc (column A, 280°) contained component F in >96%
pﬁrit&. Recrystallization from ether-hexane afforded 66 mg
of cubic crystals, mp 150-151.50. containing only component
F by vpe. The total yield of F was 96 mg (33% isolated) or
108 mg (37% estimated).

From those fractions containing component‘E. there was
estimated to be 17 mg (5;9% yield).

The structure of component F is assigned the pentacyclic
olefin 195s ir (CHClB) 1610 em~1 (1,2,4~trisubst. benzene);
nmr (CDClB) 0.72, 1.03, 1.21 (3 s, 9, angulgr CHB)’ 3.76
(s, 3» CHBO), 6.60 (4, 1, Jg 40 = 2 Hz, C-8 H), 6,70 (d of d,
1, Jg 40 = 2 Hz, Jy9,11 = 8 Hz, C-10 H), and 7.20 (d, 1, J,=
8 Hz, C-11 H). | ,, |

Anals Calecd. for 026H36°‘ C, 85,665 H, 9.95. Found:
C, 85.65: H, 9.99.

Attempted column chromatography of the cyclopentenol 194.
Isolation of 1i-methoxy=3,5ap,1lag,13ax-tetramethyl=1,2,4,5,~

5a,5b%x,6,7,11a,12,13,13a,13bs=tridecahydrocyclopenta[a]jchry=-
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gsene (197) and 66-(2-m-methoxyphenylethyl)=3,5ap,7,%ax=tetra~
WW\’WWWM
methyl-1,2,4, 5, 5a,64,9,9a, 9b=nonahydrocyclopenta [a]naphtha~
WWAIWW\M\NWM

lene (196)

N s e e N v
A 1,36 g portion of the cyclopentenol 9 was subjected

to column chromatography on 95 g of silica gel (30% ether=

pet. ether). After 100 ml of forefractions, 890 mg (65.2%)
of cyélized material was isolated which contained the three
components D, E, and F, isolated previously (vide supra) in
a ratio of 13:3:4,

Chromatography on 40 g of silica gel impregnated with 10%
silver nitrate (2% ether-pet. ether) afforded a 9 mg fraction
in the first 250 ml of eluent, which contained components
E and F in a ratio of 5:1. In the next 100 ml, a 127 mg
fraction was isolated containing components D, E, and F in
a ratio of 1%:2:3, After an additional 1 1. of eluent, 184
mg of almost pure D was isolated (9.3%).

The fraction containing components D, E, and F was sub=~
jected to preparative tlc (pet. ether). A fraétion contain-
ing component E was isolated consisting of 98.5% of E by vpc
(column A, 280°). Also, a fractionﬁgontaining roughly equal
amounts of components D and F amouﬁting to 83 mg was obtained.
From the total solid products and mother liquors, the follow-

ing yield summary is tabulated:

Product Isolated Yield Estimated Yield (vpc)
D 903% 1303%

F 2.8%  4,2%
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Component E was recrystallized from ether-hexane to give
colorless, needle-like crystals, mp 157.5=161°.
Aqvpc trace (column A, 3000) consisted of only one volatile
compopeht: ir (CHClB) 1575 cm.1 (C=C, 1,2,3=trisubstituted
benzene); nmr (CDClB) d 0.72, 1.01, 1.33 (3 8, 9, angular
CHy)s13.75 (s, 3, CH30), 6.67 (d of d) 1, Jg 44 = 8 Hz,,
J8,10 = 1.5 Hz, C-10 H), 6.73 (8, 1, C=8 H), and ?7.05 (4 ofd,
1, Jg,g = 7 Hz, Jg 1o = 8 Kz, C-9 H). & ’f

Anal., Calcd., for 026H360: C, 85.663 H, 9.95., Found:
C, 85.573 H, 9.97.

Component D was evaporatively distilled (110o @ 0,075 mm)
to give a colorless oil: nmr (CDClB) § 0.62; 0.85 (2 s, 6,
angular CH3), 1.60 (br s, 3, >c=CCH3), 3.75 (s, 3, 0530),
5.36 (m, 1, >C=CH), and 6.48-=7.35 (m, 4, ArH).

Anal. Calcd. for 026H36O’ C, 85.66; H? 9,95, Found:
C, 85.763 H, 10.01.

On the basis of these data, the structures E and D are
assigned the 1-methoxypentacyclic olefin 197 and the tricyc-
lic diene 196, respectively.

1?(3-0xobutyl)—S-methoxy-ﬁaﬁ,10bé,12a¢—trimethyl=3,4,4&,4bd,-

5,6,105,11,12,12a-decé;ydro-é(1H)-chrysenone (200) 1
The 3-methoxypentacyclic olefin 195 was osmylated with

osmium tetroxide and pyridine (197), the resulting osmate

ester was cleaved with hydrogen sulfide (198), and the re=-
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sulting glycol was oxidatively cleaved with lead tetraacetate
(199), according to the following procedure., A solution con-
taining'52.5 mg (0.144 mmole) of the 3-methoxy olefin 195,
119.7 mg (0.432 mmole) of osmium tetroxide, and 0.75 ml of
dfy pyridine in 12 ml of dry dioxane was stirred at rooﬁ
tempéfature for 62 hours, during which time a dark brown,
opaque mixture resulted. The solvent was evaporated at re=
dﬁced‘pressure, and the tan residue was dissolved in 12 ml
of dichloromethane while hydrogen sulfide gas was bubbled
through the solution for 40 min, causing a heavy black pre=-
cipitate to form.

The mixture was filtered through a fine glass funnel, and
the black solid was washed with 2 x 15 ml each of dichloro=-
methane, methanol, and tetrahydrofuran, Evaporation of the
solvent at reduced pressure afforded 58 mg of a cream=colored,
crystalline solid, which was dissolved in 12 ml of dry tetra-
hydrofuran.

The solution was cooled to 0°, and 1.0 g of dry lead
tetraacetate was added, causing the mixture to immediately
turn yellow. After stirring at 0° for 20 min, 2.5 ml of
ethylene glycol was added, causing the solution to lose its
yellow color. The mixture was poured into 50 ml of water
and extracted with 3 x 20 ml of ether. The combined extracts
were washed with 30 ml each of water, saturated sodium bicar-
bohate, saturated brine, and dried (Mgsou). Evaporation of

the solvent at reduced pressure afforded 60 mg of a white,
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crystalline solid, which consisted of two volatile components
by vpe (column A, 3000) having retention times of 1.05 and
4;7 min in a ratio of 1:l4,
| Prefarative tlc (7:5 chloroform=-ether) afforded 49.2 mg
(88.2%) of the major component, the diketone 200, as a white,
cerystalline solid, mp 148~150.5°.% The minor component was
not isolated. |
An analytical sample of the diketone 200 was prepared by
recysfalliﬂndpn from ether-hexane, mp 134-135%%; ir (CHClB)
1710 (C=0) and 1610 cm © (C=C, 1,2,4-trisubst. benzene);
nnr (CDClB) 0.80 (s, 3, angular CHB)’ 1.25 (s, 6, angular
CH3)' 2,15 (s, 3, CHBCO). 3.80 (s, 3, CH3O), and 6,53-7.38
(m, 3, ArH).
Anal. Calcd. for C26H3603= C, 78.75; H, 9¢15. Found:
C, 78.68; H, 9.14.

‘14;145,14Eﬁ—dodecahydro-3(ZH)-picenone (D=4)

\ The diketone 200 was cyélized acéofding to the procedure
of Woodward, et al (203). A solution of 19 mg (0.048 mmole)
of the diketone 200 in 1 ml of 10% sodium hydroxide and 10
ml of methanol was maintained at reflux for 10 hours. The

mixture was then cooled, causing a fluffy, white precipitate

¥ Samples melting at either temperature exhibited identiecal
ir and nmr spectra and chromatographic behavior. Both could
be converted to the same enone D=i,
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to form. The mixture was poured into 50 ml of water and ex~
tracted with 3 x 20 ml of benzene. The extracts were washed
with 30 ml each of saturated sodium bicarbonate, saturated
brlne, and dried (MgSOu) Evaporation of the solvent at re-
duced ‘pressure afforded 22 mg of an orange oil.
' Preparatlve tle (9:2 chloroform=~ether) afforded 12 mg
(66%) of the enone D=4, as a cream-colored solid, having ident-
ical vpc, ir, and nmr behavior with an authentic sample pre=
pared by M.I. Dawson. |

Recrystallization from hexane—dichlofomethane afforded
light yellow crystals, mp 197-1999. An autﬁentic sample
melted at 197-200.5°, and a mixture had mp 195.5=-198.5°,
All three samples had identical retention times on vpc (col-
umnn A, 300°) and showed only one spot on tlc (5.5:4.5 chloro-
form-ether)s ir (CHCl;) 1660 (C=0) and 1610 em™ (C=C)s
hmr (CDClB) §0.83, 1.10, 1.21 (3 s, 9, angular CH3)’ 3.76
(s, 3, CHBO), 5.95 (br s, 1, >C=CH), and 6.48~7,36 (m. 3, ArH).

1,3,5(10)=Estratrienyl-3=-(N,N N',N'-tetramethyldiaminophos-
phorodlamldate) (202) -

To a solution of 128 mg (0.5 mmole) of 1,3,5(10)=estra~
trien-3=ol (201), mp 136.5-137°, and a few crystals of 1,10-
phenanthroline in 8 ml of dry tetrahydrofuran was added 300
Al of a 1.6 M solution of ethereal methyllithium (0.48 mmole)
until a brown-colored solution formed. To this was succes-

sively added 300 41 of triethylamine, 300 ul of HMPA, and
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400 41 of N,N,N*,N'=-tetramethyldiaminophosphorochloridate
(1&&) (158). After 1 hour at room temperature, the mixture
was pou;ed into 50 ml of cold water and extracted with 3 x 30
mi of ether. The combined extracts were washed 2 x 10 ml of
water, 2 x 10 ml of 5% hydrochloric acid, 10 ml of water,

10 ml of saturated sodium bicarbonate, and dried (MgSOu).
Evaporation of the solvent at reduced pressure afforded 201
mg of a yellow, crystalline solid.

A single recrystallization from hexane yieldéd 174 mg
(89.2%) of white cystals, mp 129—1330,'consisting of one
volatile component by vpe (column 4, 300°).

An analytical sample was prepared by recrystallization
from hexene, mp 127-130.5°: ir (CHCl;) 1610 em™® (c=C,
1,2,4=-trisubst. benzene); nmr (CDClB) S 0.73 (s, 3, angular
CHy)y 2.71 (d, 12, J = 10 Hz, N-CHB), and 6.75=7.35 (m, 3,
ArH).

Anal. Caled., for C,,H, _N_O,P: C, 67.673 H, 9.03;

221358207 ©
N, 7.17; Py 7.930 Found: C, 67.803 H, 8.913 Ny, 7.10;

p, 8,01,

1,3,5(10)=-Estratriene (ggi)

R e il S S

To a solution d} 40.5 mg (0.103 mmole) of the phosphoro=-
diamidate 202 in 5 ml of dry tetrahydrofuran and 50 ml of
ammonia was added ca. 10 mg of lithium wire. After stirring
for 15 min at reflux, sufficient ethanol was added dropwise

to dissipate the blue color (about 0.5 ml), The ammonia was
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allowed to evaporate under a slow stream of nitrogen. The
mixture was then diluted with 50 ml of water, and the aqueous
mixturg was extracted with 3 x 25 ml of ether. The combined
extracts were washed with 20 ml of water, 2 x 20 ml of 5%
hydrochloric acid, 20 ml of saturated sodium bicarbonate,
and dried (Mgsoq). Evaporation of the solvent at reduced
pressuré afforded 28 mg of a yellow oil, consisting of one
yplgtile component by vpe (column A, 300°). ‘ ;
Filtration through 2 g of silica gel with benzene yielded
25 mg (100%) of pure hydrocarbon 203. Recrystallization
from methanol gave colorless crystals, mp 80,5-81° (1lit.
(200), mp 76°): nmr (CDClB) S 0.75 (s, 3, angular CHB)' and
7.01=7.50 (m, 4, ArH).

3, Saﬁ.llaé,13am~Tetramethyl-1 2,4, 5,5&,5bm 6,7,11a,12, 13,13a,
13bﬁ-tr1decahydrocyclopenta[@]chrysenn (X=5)
WWW‘MWW .

A. From the 3-methoxy olefin 195. The general procedure

of Mann and Pragnell (201) was followed for the cleavage of
the phenolic methyl group. To a solution of 0.6 mmole of
lithium diphenylphosphide (prepared from 111.6 mg, 0.6 mmole
of diphenylphosphine and 0.66 mmole of n=-butyllithium in hex-
ane) was added 80 41 of TMEDA. To the deep orange solution
was added 36.4 mg (0.1 mmole) of the 3-methoxy olefin 195.
After the olefin dissolved, the mixture was heated at reflux
for 19 hours, during which time the solvent had to be replen=

ished. The reaction was quenched by the addition of 1 ml of
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water. After the orange color had disappeared, the mixture
wae diluted with 30 ml of ether, washed with 10 ml of 5%
hydrochloric acid, 10 ml of water, 10 ml of saturated sodium
bicarbonate, and dried (MgSO#). Evaporation of the solyent
at reduced pressure afforded 110 mg of an oil, which contained
one major peak by vpc (column 4, 300°),
| Preparative tlc (219 ether-pet. ether) afforded 32 mg
(91.4%) of the major product, the phenol X=1 (Rf = 0.255.
Recrystallization from ether-hexane yielded white crystals,
mp 188-191? (decomp)s ir (CHClB) 3600 em™! (OH); nmr
(cnc13) d 0.70, 1.01, 1.20 (3 s, 9, angular CH;), 4.58 (br s,
i, OH), and 6.43~7.43 (m, 3, ArH).

Anal. Calcd. for C25H340: Cs 85.66; H,‘9.78. Found:
C, 85.575 H, 9.7k. | |

To a solution of 17.5 mg (0.05 mmole)} of the 3~hydroxy
olefin X-1 and a few crystals of 1,10-phenanthroline in 1 ml
of dry tetrahydrofuran was added enough ethereal methylli=-
thium to impart a brown color to the solution, followed by
35 u1 of triethylamine, 35 pl of HMPA, and 50 ul of the phos-
phorochloridate 148. After stirring at room temperature‘for
17 hours, the mixture was poured into 15 ml of water and ex-
tracted with 4 x 15 ml of ether. The combined extracts were
washed with 10 ml of 5% hydrochloric acid, 10 ml of water,
and dried (Mgsoq). Evaporation of the solvent at reduced
pressure afforded 24 mg (99%) of white crystals, containing
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the phosphorodiamidate X=3 as the only volatile compohent;by
vpe (column A, 300%)s ir (CHCl;) 1610 em™! (C=C, 1,2,4-
trisubst. benzene)s nmr (CDCl, ) § 0.70, 1.03, 1.20 (3 8, 9»
angular CH ), 2.58 (d, 12, J = 12 Hz, N-CH }s and 6.80-7.33
(m, 3, Arﬂ).
2/t PHe crude phosphorodiamidate X~3 was dissolved in 15 ml
of ammonia and 2 ml of dry tetrahydrofuran, and ca. 3 mg of
lithlum wire was added. The blue solution was stirﬁed for
15 m1n at reflux, and 0.5 ml of ethanol was added, causzng
the blue color to disappear. The ammonia was evaporated
under a stream of dry nitrogen, and the residue was dissolved
in 20 ml of water and extracted with 3 x 15 ml of ether. The
combined extracts were washed with 2 x 15 ml of water and
dried (Mgsou). Evaporation of the solvent at reduced pres=
sure afforded 21 mg of an oil, containing one volatile com-
ponent by vpec (column A, 300°),

Preparative tlc (benzene) afforded 16 mg (96%) of pure
pentacyclic hydrocarbon X=5. Recrystallization from metha=-
nol and bulb-to-bulb distillation (167° @ 0.0015 mm) yielded
analytically pure material, mp 99-101.5°: nmr (CDClB) )
0,70, 1.03, 1.23 (3 s, 9, angular CHB) and 7.01=7.45 (m, 4,
ArH).

Anal. Calcd. for 025H34z c, 89.763 H, 10,24, Found:
¢, 89.853 H, 10.19.
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B. From the 1-methoxy olefin 197. The olefin 197 was

demethoxylated in a manner similar to the 3-methoxy isomer
195. A solution of 36.4 mg (0.1 mmole) of the pentacyclic
olefin 197 in 2oo;ﬂ1 of tetrahydrofuran was added to a sol=-
utiongof lithium diphenylphosphide (prepared from 56 mg,
0.30 mmole, of diphenylphosphine, 150 41 of a 2.2 M solution
of n-butyllithium (0.33 mmole) in hexane, and 40 ul of TMEDA).
The ofange solution was heated at reflux for 18 hours, énd
then 2 ml of water was added, causing the orange color to
disappear. The mixture was diluted with 30 ml of ether and
washed with 3 x 15 ml of 10% sodium hydroxide.* The com~
bined washings were extracted with 3 x 20 ml of ether and
acidified with concentrated hydrochloric acid.‘ The aqueous
solution was then extracted with 3 x 20 ml of ether. The
combined extracté were washed with water and dried (Mgsou).
Evaporatioh of the solvent at reduced pressure yielded 7 mg
'of“an*oil{which.showed’nd:aromé%icﬁstretchihg frequencies

in the ir and no aromatié £&drogehs in the nmr.

Evaporation of the basic extracts at reduced pressure
afforded 98 mg of a colorless oil which contained some start-
ing material and a new peak (colomn 4, 3000) in a ratio of
1:3.

The major product was isolated by preparative tlc (ben-
zene ) (Rf = 0.6) and is assigned the 1=hydroxy compound X=23
ir (CHCl,) 3590 (OH) and 1580 em™! (c=Cc, 1,2,3-trisubst.

* The phenolic product did not dissolve in the basic medium.
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benzene); nnr (CDClB)‘S 0.71, 1.01, 1.36 (3 s, 9, angular
CHB)’ and 6.35-7.33 (m, 3, ArH).

The phosphorodiamidation of the phenol X-2 and subsequent
Aréductién was carried out without further purification of
inter@ediates. ' A

To a solution of 14 mg (0.04 mmole) of the phenol Z=Z
éhd a:few crystals of 1,10-phenanthroline in 800‘M1 of dry
tetrahydrofuran was added enough ethereal methyllithium to
impaf% a brown color to the solution. To this mixfure was
added, in succession, 30 ul of triethylamine, 30 ul of HMFA,
end 40 ul of the phosphorochloridate 148, After 4 hours of
stirring at room temperature, the mixture was“poured into 10
ml of water and extracted with 3 x 15 ml of ether. The com=-
bined extracts were washed with 10 ml of water, 10 ml of sat-
urated sodium bicarbonate, and dried (Mgsou). Evaporation
of the solvent at reduced pressure afforded 26 ng of a pale
yellow oil, consisting of one volatile component in >99%
purity (column A, 300°). The product was aésigned as the
1-phosphorodiamidate X=i: 1ir (CHOl,) 3150 emt (c=c,
1,2,3-trisubst. benzene); nmr (CD013)S 0.73, 1.03, 1.40
(3 s, 9, angular CHB)’ 2.73 (4, 12, J = 13 Hz, N-CHB), and
6.70-7.36 (m, 3, ArH).

To a solution of the crude phosphorodiamidate X=4 in 15
ml of ammonia and 2 ml of dry tetrahydrofuran was added ca.
3 mg of lithium wire, and the blue solution was stirred at

reflux for 15 min. The excess lithium was destroyed by the
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slow addition of 0.5 ml of ethanol. The ammonia was then
allowed to evaporate under a stream of dry nitrOgen.
éhepesidue was dissolved in 20 ml of water and extracted
with‘j x 15 m1 of ether. The combined extracts were washed
ﬁitﬁ‘% x 20 ml of water and dried (MgSO.). Evaporation;of
the sdlvent at reduced pressure afforded 16 mg of an oily
splidi , , A ZV | }
‘Pfeparative tlc (benzene) afforded 10 mg (74%) of white
crystals, which were identical to the hydrocarbon X=§, which
was prepared from the Jemethoxy olefin 195. Recrystalliza-
tion from methanol afforded colorless microneedles, mp 97.5-
99.5%, A mixed sample of the products from the two sources

had mp 98.5-101.5? Quantitative peak enhancement (column A,

300°) indicated only one volatile component.
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Proposition 1

It is proposed to synthesize some terpenoid hydrocarbons
which contain the 1-methyltricyclo[3.2.1.02’?]octane ring,
as exemplified by ishwarane and trachylobane. ,

A number of terpenoid compounds have been isolated thch
contain the unusual 1-methyltricyclo[3,2.1.02’?]octane moi=-

ety (1) as part of their ring system. In the sesquiterpene

CH,

=

family, these compunds are represented by structure 2 (1a),

while those in the diterpene family possess structure 3 (1b).

CH
X ~ 3
CH3
i
! 1]
chy |
CH3
R
22 X =0 3
gg X = =0H, =H 22 COZH Me OH
3c COZH Me OAc
34 COZH Me
3e Me Me
3f Me CO.H
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The first sesquiterpenes possessing structure 2 were
named ishwarene, ishwarone, and ishwarol, all isolated in

1935 from the roots of the Indian vine Aristolochia indica,

Linn. (2). These roots have been used for many years in the
treatment of snake and poisonous insect bites (3). Structu~
ral elucidation of these compounds was achieved by Govinda~-
éhari and coworkers for ishwarone (2a) (4-6), ishwarane (2b)
(7), énd ishwarol (2c) (8). Ishwarane (2b) is probablyrthe
hydrocarbon originally designated as ishwarene (2). This
tetraéyclic hydrocarbon has alsc been isolated from the es=-
sential 0ils of the flower petals of Cymbopetalum Qendulié
forum, Bail. (9), a source of beverage flavorings.

In the structural elucidation of ishwarone (2a), it was
found that treatment with acid (5,6) afforded a ring-opened

olefinic ketone, designated as isoishwarone (4a)., Wolff=-

1)HC1 CH

2)Pyr J

3)p~TsOH ’ %

wa-K CH3 tn
ha
b X = H,

Kishner reduction yielded the tricyclic olefin isoishwarene
(4b), which was also formed (9) by treatment of ishwarane
(2b) with cupric acetate in boiling acetic acid. The struc-

ture of 4b was confirmed by independent synthesis by Kelly
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and coworkers'(lo), who later also synthesized ishwarane
(2b) (11).

The isolation and characterization of the diterpenes
possessing structure 3 is largely due to the work of Ourisson

and coworkers (12). From the species Irachylobium verrucosum,

Oliv., the following constituents were isolated: Trachylo=-
. banol (3a), 3X~-hydroxytrachylobanoic acid (3b), 3-acetoxy-
trachylobanoic acid (3¢c) and trachylobanoic acid (3d).

Structural assignments of these pentacyclic compounds were
readily made on the basis of spectral data and by chemical

correlation with compounds possessing the kaurene skeleton

(5) (13).

The isolation of compound poésessing the structure of
trachylobane (3e) completed the scheme of all possible di-
terpenoids derivable from the bridged cation 6, as proposed
by Wenkert (14) as an intermediate in the biosynthetic path~
ﬁé& leéding to the tetracyclic diterpenes. |

Recently, trachyloban=19=-oic acid (3f) has been isolated

from sunflowers (15) and its structure determined (16). In



addition, two new 7-hydroxy trachylobanes 7a and 7b have

been isolated from Sideritis canariensis, Ait,. (17). and

have been named trachinodiol and trachinol, respectively.

RCH, ¥ CHy
722 R = OH, 2b:R=H

. Synthetic endeavors towards thééefcompounds»have been
scant, probably due to their structural complexity and la=
bility of the cyclopropane group. In their synthesis of
isoishwarane (4b), Kelly and Zamecnik (10) utilized the tri=-
gyclic enone 9 as a key intermediate. This enone was pre-
Paredqin six steps from the octalone 8 (18=20) in about.

25% yield. Transformation of the enone 9 into the tetracyc-
lic ketone 10 (11) required seven additional steps, again

in about 25% yield.



CH
3 cH

CH. |
3
CHy 3

10 | 2o

Entry into the trachylobane (3) field was achieved by
Herz and coworkers (21) in a partial synthesis, beginning
with levopimaric acid methyl ester (il1). A six-step se-
quence afforded a 14% yield of the enone 12. In an attempt
to effect a base-catalyzed cyclization, the carbonyl of
‘éhone 12 was reduced, and the majdr alcohol 13 was mesylated.
An attempted hydroboration of the mesylate 1k led to spontan-
eous cyclization, and the desired ester 15 was obtained,
albeit in only 17% yield.

In another partial synthesis, Coates and Bertram (22)
decomposed the tosylhydrazone 16 derived from isosteviol

methyl ester and obtained a four-component mixture in



v

NaBHy,
- 17%

L

CH3 ‘COZMe

13 R=H
7 34, R = Ms

40-60% yield, of which gca. 25% consisted of methyl trachylo-
ban-19-oate (17).

Clearly, the above syntheses all suffer from low yieldé

and the numerosity of steps necessary to construct the tri-
c&clobctane ring system. Each of the above routes forms the
three bdhds of the cyclopropane individually.

It is suggested that a more efficient approachrbe sought



CH;

in which two bonds of the cyclopropane ring are formed at
one time. This may be achieved via the intramolecular ad-
dition of a carbenoid substituent to a cyclic olefin, de-

picted below for the tricyclic system 1. Since the exact

X | CHy —C__ .

CH -

18 1 19
nature of the carbenoid precursor is subject t variation,
the synthetic studies will be devided into two separate
phasess 1) synthesis of the polycyclic skeleton, and 2)
synthesis of a suitable carbenoid precursor and its subse=-

quent cyclization,.

1, Construction of the polycyclic skeleton
a, Ishwarane (2b)

In order to decide exactly which two cyclopropane
bonds should be formed in the final ring closure step, it is
necessary to "hypothetically cleave” each of the three sets
of two bonds in the cyclopropane ring, whose bonds are la=-
belled a, b, and ¢ (Figure 1). Of the three possibilities,
structure 22, which results from “cleavage” of bonds D and ¢
can be ruled out from a practical standpoint, since it pos-
gesses the 3piro£4,§]decane system, whose complex structure

and asymmetry would be difficult to synthesize stereoselect-
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CH ’ 2,0 b,c
X
Y7, ! CHy
c CH H3
3 (] 3 . 3 HB

20 2l . 22
Fig. 1 ’ D
ively. Intermediates 20 and 21, however, offer the possibil-

ity of starting from a decalin intermediate, thus reducing
the problem to the stereoselective intoduction of the pre=
carbene side chain and AZ double bond.

<A priori, it is not possible to predict whether octalinv
gg,orig; would be more suitable. However, it stands to rea=-
son that structure 20 may offer a slight advantage, sinée
ite trans stereochemistry insures that the side chain would
be rigidly held in the axial position, thus,restricting its
movement during the cyclization. This is in contrast to
structure 21, in which conformational inversion is possible
(Figure 2), and henée, the increased chance of side.reactions.
In the study of the decomposition of some diazoketones,

Fawzi and Gutsche (23) determined that the proximity of the



Fig. 2

olefinic bond to the incipient carbenoid center is an impor=-
tant factor in determining the extent of cycloaddition.

With the selection of an octalin with the structure of
20, a suitable starting material would be the octalone 8
(18-20), which was also used by Kelley and coworkers (10,11).
Another reason for choosing the octalone 8 as a key inter=-
mediate is that it should be suitable for bromination at
position: 8 with N-bromosuccinimide (24), and the resulting

bromo enone 23 converted into an appropriate functional
G

grbup, G (i.e., OAc), which could later be manipulated into
a carbonyl group to afford ishwarone (2a), the synthesis of
which has not yet been achieved. The problem of the intro-
duction of the trans pre=carbenoid side chain should be most

readily solved by the conjugate addition of cyanide, devel-

oped by Nagata and coworkers (25).



Et3Al - HCN

b, Trachylobane (3¢)
| ; Using arguments similar to those presented above, the
moét,éuitable precursor for the synthesis of trachylobane
(3e¢) is the tricyclic enone 26. Hydrocyanation of enone 26
has already been accomplished (25).

0
EtBAl - HCN

4%

\b

Enone 26 has been a vital intermediate in difenpene‘
chemistry (26). Its optically active form (enantiomeric with
aﬁ. as drawn) was first isolated by Hosking (27) during the
degradation of manool, and later by Grant and Hodges (28)
while degrading phyllocladene. The synthetic racemate of gé
has been employed as a key intermediate for a number of di-
terpenoid syntheses (29).

As with the bicyclic enone 8, bromination of enone 20
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should allow entry into the 7=hydroxy trachylobanes 7a and
7b (17).

2, Construction of the side chain
a. Ishwarane (2b)

The remainder of the problem involves the synthesis
of a side chain capable of generating a carbenoid center to
éffect cyclopropane formation. Ideally, of course; one mighf
utilize a simple alkyl carbene, as in the bieyclic carbene

30. The attractiveness of this procedure is that cyclization

CH,—C —
3

c
3 ¢cH
30 3

would yield ishwarane directly, The use of alkyl carbenes
" to form cyclopropanes is well documented (30), but their
synthetic utility is somewhat limited. The chief problems

result from their propensity to undergo single bond inser-
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tions or olefin formation (31). An example of how a carbene
side reaction detracted from an otherwise elegant synthesis
is that of thujopsene (32), in which Buchi and White (32)
decomposed the tosylhydrazone 33 with base., The desired

CH
<l ﬁ%‘“‘3
\\TSNHN _ '
CH3 CH3 ) C‘H3 CH 3
31 32 (4%) 33 (10%)

yroduct, thujopséne (32), was obtained in only 4% yiéld, along
with a 10% yield of the cyclopropene 33. | |
Considerable 1mprovement in cyclopropane formation is
realized if the carbenoid center is adjacent to a carbonyl
group. This was first demonstrated by Stork and Ficini (33)
in the decomposition of the diazoketone 34 with copper-=bronze.
0 . , 0
CHN, Cu
S 75%

34 | 2
Subsequently, this reaction has become the reaction of choice
for tﬁe synthesis of polycyclic cyclopropyl ketones, although
the ; 1eld seldom exceeds 50%. Several natural products have

been synthesized using this method (35).

The application of the diazoketone procedure for the
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synthesis of ishwarane (2b) is illustrated in Chart A. Re=
duction of the cyano ketone 25 with lithium tri-(tert-butoxy)-
aluminum hydride should proceed with the formation of the
alcohol A-1, resulting from the equatoriél attack qf the hyd~-
ride 636). Dehydration should proceed to yield thé A2 ole-
fin A-2 as the major product (37). Hydrolysis of the cyano
olefin A-2, followed by treatment of the acid A=3 with oxalyl
chloride should yield the acid chloride A=4, Transformation
of this chloride into the diazoketone A=§5 should be readily
effected with diazoethane (38). Decomposition of the diazo=-
ketone A=5 should yield the cyclopropyl ketone 10 (11).

Although Wolff-Kishner reduction was used to convert the
ketone 10 into ishwarane (2b), it should be possible to in-
crease the yield by employing the three-step sequence used
by Welch (35s) in his recent synthesis of longicyclene., Hence,
reduction of the cyclopropyl ketone 10 with lithium aluminum
hydride should afford the alcohol A=6., Mesylation and re=
duction of the mesylate A=7 would yield ishwarane (2b).

b. Trachylobane (3e)

Using slightly modified procedures, the tricyclic -
cyano ketone 27 (25) should be readily transformed into
trachylobane (3e), as illustrated in Chart B. In this case,
the trisubstituted olefin B=1 is required. Addition of methyl
Grignard, followed by acid dehydration should afford B-1 as
the major product. Hydrolysis of the nitrile, chlorination

of the resulting acid, and diazomethylation should yield the
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Chart A

Y

2) MsCl, pﬁf %
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Chart B

1) oH
2) (coci),

3) CH2N2

Y

1) LiAlH),

P

2) MsCl, pyr/
3) LiAlHu
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diazoketone B=2. Copper-catalyzed decomposition would yield
the cyclopropyl ketone B=3, which should be converted into
trachy;obane (3e) by the three=step sequence described above
(358).

With modifications in the starting materials, the other
terpenoids related to the parent hydrocarbons should be ob=-

talned via routes similar to those described.
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Proposition II

It is proposed to study the effects of certain substit-
uvents and their position on the rate of cyclization of glu-
tacondialdehyde dianils to arylpyridinium salts. It is
hoped that certain 1-(2,6-disubstituted)phenyl-2,6=-disub-
stitufed pyridinium salts will serve as interesting comf
pounds for structural and stereochemical studies. |

Glutacondialdehyde, CSH602’ may be represented as the
dialdehyde 1 or the monoenol form 2 (1). Glutacondialdehyde

OHCCH20H==CHCHO HOCH=CHCH=CHCHO
| i 2

dianil hydrochlorides (5, X = Cl) were first isolated by
Zincke (2) by the reaction of 2,4-dinitrophenylpyridinium
chloride (3) (3) with aniline (4). Independently, Konig

NO, |
= NHp o NI AN ANAR
+
OoN +1‘{\ /> @'—’ @ X" _
cL” |
3 4 ,

4 s

- showed (4) that the hydrobromide 5 (X = Br) was formed by

the reaction of l1-cyanopyridinium bromide (6) with aniline.
Furthermore, Zincke demonstrated (2,5) that the dianil dihydro=
chlorides 5 (X = Cl), on heating with ethanolic hydrogen

chloride, lost a molecule of aniline and cyclized to afford
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NH2

N
[ €1

</ \: |
‘__N;—CN +
. Br~

6 -4

£

. phenypyridinium chloride (7). Thus, a route was discovered

= HC1

EtOH ’
Heat c1™
YA -2

to Nearylpyridinium salts which could not be formed by direct
quaternization of pyridine with unactivated (6) aryl halides
(7) or sulfonates (8), | |
Compounds similar to the dianil 5 have been used for
the synthesis of azulene derivatives (9) and cyanine dyes
(10). The facile cyanide-catalyzed dimefization of 1=phenyl=-
pyridinium chloride (2) to 1,1'-diphenyl-4,4'bipyridinium
dichloride (8, R = Ph) (11) offers an attractive, economical

7 \_/ N —_rR 20
N Ny

R
8

entry into compounds of potential agricultural interest.*

# »paraquat,” 1,1°'dimethyl-4,4'=-bipyridinium dichloride (8,R = Ne
is a leading herbicide sold by Imperial Chemical Industries.

¥
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Despite the wide utility of the dianil 5 and its analogs,
relatively little work has been published of the mechanisms
of its formation or subsequent cyclization.

Van den Dungen and coworkers (12) studied the formation
of the dianil 5 from 2,4-dinitrophenylpyridinium chloride (3).
The rate-determining step was depicted as the electrocyclic
ring cleavage 6f the dihydropyridine 9 to the unsymmetrically-

arylated dianil 10. Transiminization, followed by cycliza-

> G
| HPh XN I\NHPh .
K NO,

NO, 2

NO, | | N02
9 ' 10
tion afforded 1-phenylpyridinium chloride (2).

- In other studies, it was determined that two electron-
withdéawing groups on the phenyl ring'are required for ani-
line to attack the pyridinium salt (13).  The reaction is |
,aiso facilitated by‘electron-withdrawing groups on the pyri=-
dine ring (14). '

The only studies reported thus far on the cyclization
of the dianil 5 are those of Marvell and coworkers (15).
Their initial studies (15a) indicated that the strongly
acidic conditions employed by Zincke (2,5) were unnecessary.

In fact, the addition of one equivalent or less of base
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(i.e., sodium methoxide) caused a slight increase in the

rate (15b). Added salts had no effect, but solvents of high

jonizing power caused a slight increase, The rate-determin-

ing step was postulated to be the cyclization of the dianil

% to the dihydropyridine 11 by one of two possible mechanisms.,
The first is the nucleophilic addition of the phenylamino

function to the imine with the dianil in the g¢cis,cis form 12

2 7 .
PN l — Mechanism 1
PhNZ HN (Dipolar)
by
12 , : l N
. : N H
HPh
E},LN
X
PL , -
" Mechanism 2
i3 (Electrocyclic)

(15v), yielding the zwitterionic species 13. The second
mechanism proposed is an electrocyclization with dianil 5 in
the ¢is,trans form 14, yielding the dihydropyridine 11.

On the basis of salt and solvent effects, mechanism 2
was chosen aé the most likely candidate. However, on test-

ing the reaction on dianils having para substituents on the
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benzene ring (15c), it was found that electron-withdrawing
groups increased the rate somewhat. This observation is more
consistgnt with the dipolar mechanism 1, since the negatively

charged nitrogen on species 15 ecould distribute its electrons

via résonance or inductive effects (Figure 1).

4 Z
A + || 7
RS — + |
i N N
Ar/\H / \
G L4 - ,Ar H
- ' G ,
15
Fig. 1

Inconsistancies in the above results warrant further
investigation into the 'reaction mechanism. The proposeq
stﬁdy would involve the synthesis and cyclization of diahils
" which were substituted a) on the 1 and 5 carbons of the'pent-

adiene chain, and b) on the ortho positions of the phenyl

ring. These dianils are represented by the irans,trans for-

mula 16, although for cyclization to occur, the dianil must

R3 Rl R R3
N4%L\\44%\\\4¢jiNH
16

undergo double bond isomerization to gis,trans for the di=-
, bolarfmechanism 1, and cis,cis for the electrocyclic mechan=

ism 2 (16)0



1336
In a dianil 16 in which only the imino carbon is substi=
tuted (R2 =IR3 = H) (13), one would expect a rate decrease
relative to a dianil having no substituents if R1 was an
electron~donating substituent and the dipolar mechanism were

operating. The reason for this is twofold and is shown in

Figure 2, Polarization of the imine bond would be partially

7

R ANg R

N
N R NH
R NHE T2 1 2
3|\ Ry | @/3 3
JCU
Dipolar \\& ”f////Electrocyclic

a

sl
4

=

jos

Fig. 2

‘neutralized by the electron-donating properties of Rl' Hence,
the amino nitrogen is less likely to attack the bond. In
addition, the presence of R1 in the ihternal region of the
reac¢tion site would probably cause a strong interaction, sim=-

ilar to nucleophilic addition to a hindered ketone.
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In the electrocyclic mechanism, the Ry substituent is lo-
cated on the outside of the ring system (Figure 2). Since it
is doubtful that an electronrdonating substituent would exert

an appreciable effect during a concerted cyclization, no sig-
}

¥

nificént rate changé should be observed.
~ If one now studies a disubstituted dianil with Ry = Rp»
one should see no rate change over one substituent in the

dipolar mechanism, since R, is fairly remote from the reac-

2

tion site. On the other hand, a bulky R, group in an elect-

2
rocyclic reaction would be expected to decrease the rate,
relative to one substituent. This is analogous to a related
study (17) in which the opening of 2,2,4,6-tetramethyl-o~

pyran (17a) to give the acyclic dienone 18a proéeeds about

one~twentieth as fast as the des-methyle-s~pyran 17b (18).
CH3

N

CHy ™

a, R = CHyj; b, R = H

For the next phase of the study, attention would be fo-
cused on dianils with substituents in the ortho positions

on the phenyl ring (16, R, = R, = H, R3 = gubstituent). As

1
in the study of the para substituted dianils (15c),'electron-
withdrawing groups should aid in the polarization of the

C=N bond, thus increasing the rate in the dipolar mechanism.



They should have a negligible effect in the electrocyclic
mechanism, Sterically, ortho substituents would be expected
to play an important role in the dipolar mechanism (Figure

3), since the R, groups would probably have to be in close

3

H
R
3’R3

] ¥
H
I
Po-

Electrocyclic

Fig. 3

proximity with eéchtﬁher at some time during the reaction
pathWay. On the other hand, the electrocyclic process should
not incur any problems from bulky ortho groups. In light of
the kinetic data already available from the para studies (15c),
it is doubtful that variation in the electronic nature of the

ortho substituents would provide all=-conclusive results,

Hence, any significant data would probably have to be obtained
by variation of the size of R3’ while keeping the electronié
nature of the substituents somewhat constant (i.e., methyl,
ethyl, etc.).

The experimental aspects of this study should be rela=-
tively straightforward. For the dianils in which Ry and/or
Rz is substituted, it would be necessary to functinalize a
suitable pyridine derivative, for example, X~-picoline. The

methods of Zincke (2,5) and Konig (4) would be satisfactory
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for the quaternization of the pyridines and for the ring
opening with aniline. Grochowski, Okon, and coworkers (19)
have determined that not only 2-substituted pyridines, but
also 2,6=-disubstituted pyridines can be quatérnized with
2,h-dinitrochlorobenzene. 3
The synthesis of many substituted pyridines haé béeﬁ re=~
viewed (20)., Besides the classical methods of dianil for-
mation, a newer procedure has been introduced (21) which in-

volves the reaction of a 2,6-dialkoxy-‘A3-dihydropyran 19

(22) with an aniline derivative 20.

/ :
+ ArNH, — 5 Dianil
RO~ N0 OR
12 20

Commercial sources should provide an adequate supply of
substituted anilines for the study. DMost ahilines would be
expected to react with the dinitrophenyl salt 3 or cyano

~salt 6. Even phenylenediamines react cleanl& (23) to yield
diamino dianils. |

The kinetic studies should probably be carried out in
methanol solution in the presence of excess triethylamine
(15¢). The disappearance of the dianils would be followed
spectrophotometrically. They should all show an absorption
maximum at about 500 nm (16,24,25). A graphic plot of ab=-

sorption vs., time should’show first order kinetics, from
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which rate constants could be calculated (26).
Another feature of this study is the possibility of pro-
ducing pyridinium salts substituted in all four & positions

(structure 21). These compounds could be used in stereochem=-

7\

N ) a
2 B
21

ical studies (measurement of rotational barriers and rate of
racemization), which are directly analogous to the studies

~done on substituted biphenyls (27).
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Propositioh III

Studies leading toward a stereoselective synthesis of

the antibiotic aphidicolin are proposed.
Aphidicolin (1) is a tetracyclic diterpenocid tetraol

OH
(/r_—-l--~‘CH20H
\
\

HO -~
HOCH,,’ iy

isolated from a culture of Cephalosporium aphidicola, Petch

(1). It has been shown to posses antiviral activity against
& range of DNA-containihg viruses, eg., Herpes simplex, by
inhibiting DNA synthesis (2). The structure of aphidicolin
was confirmed as 1 by x~ray analysis of the bis~acetonhkig.g;

The isolation of aphidicolin (1) marks the first example
of a diterpene possessing a bicyclo[B.z.i}octane ring sys=
tem of its type, although several diterpenes contain the

partial structure 3 (3). Recently, two new diterpenes,
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stemodin (4) and stemodinone (5) have been isolated from

li X = p"OH, &-H

3 5 X=0

Stemodina maritima L, (4). The stereochemistry about C=9

and C-11 (steroid numbering) is inverted in these latter
compounds. relative to aphidicolin. | |

The potential medicinal value of aphidicolin, as well as
its novel chemical structure prompt a study of its synthesis.,
The k?y reactions ;n any pro jected synthesis of the anti-
biotic would be the elaboration of the C and D rinés which
make up the bicyclo[B.Z.i}octane ring system. It is there-
fore reasonable to undertake a model stﬁdy in which full at=-
tention could be paid to the construction of thé C and D
rings, while still maintaining the gross structure of the de=-
sired product. A model compound with these characteristics
is the tetracyclic diol 6, which differs from aphidicolin
by the lack of hydroxyl groups at C=3 and C=-18 (aphidicolane
numbering) (1).

The proposed synthetlc scheme to the diol 6 is outlined
in Chart A. A key intermediate is the tricyclic ether A=2,
available in eight steps from 5~methoxy-l~-tetralone (A=1)
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CH3 CH

3

(5,6), Birch reduction and acid hydrolysis of ether A-2
should yield the bicyclic enone A-3 (7), which should undergo
stereoselective hydrocyanation with triethyaluminum=hydrogen
cyanide (8) to afford the trans cyano ketone A=i4,

It is now necessary to contract ring C to become the
five-membered C ring in the diol 6. The d-cyand group will
serve as a rudiment for the D ring. The approach envisioned
for the final ring closure step involves the formation of
the C-12,17 bond. To effect this, treatment of the keto
aldehyde 7 with base should yield the hydroxy ketone 8.
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Chart A
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Chart A (cont*d)

1) Hy/Pd-C
2) Peracid

3) NaOH

NaOH

1) Jones ox.

2) (CHpOH),,
H+

A4
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Chart A (cont'd)

[
1) (Et0),PCH=CHNCgH, 4 1) Hp/Pd~C

-

2) H3o+ 2) Collins OX.

NaOH Collins ox.

v

<
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Returning to Chart A, treatment of the cyano ketone A=k
with one equivalent of methyl Grignard should Selectively
attack the carbonyl (9), affording the hydroxy nitrile A=S.
Dehydration with phosphorous oxychloride should give the
(312’13 olefin A-6 (steroid numbering) as the major product
(10). Oxidative cleavage of the olefin with osmium tetroxide=
sodium periodate (11) should yield the keto aldehyde A=7,
which on base catalysis should cyélize to fhe acetyl cyclo=-
pentene A=-8. Catalytic hydfogenation, followed by Bayef-
"Villiger oxidation and saponification should afford the epi-
meric hydroxy nitriles A=9,

It would be advisable at this point to protect the hyd-
roxyl group, either as the tetrahydropyranyl ether A-10, or
as the acetal of the corresponding ketone A-1i. The THP

ether is arbitrarily chosen to complete the synthesis.

Treatment of A-10 with diisobutylaluminum hydride and
hydrolysis should produce the aldehyde A=12, which could be
made to undergo a two=-carbon extension using diethyl g=-(cyc=
lohexylimino)=-ethyl phosphonate and base (12a). Hydrolytic
workup should cleave the tetrahydropyranyl group, yielding
the unsaturated hydroxy aldehyde A-13. Catalytic hydrogena-
tion, followed by Collins oxidation (13) should produce the
keto aldehyde 7., Base or acid catalyzed cyclization and oxi-
dation of the resulting keto alcohol g should yield the di~
ketone A-14,

It is hoped that treatment of this diketone with methyl-
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enetriphenylphosphorane (14) will react selectively with the
C-17 carbonyl, since it is probably less hindered (15).
Wolff-Kishner reduction of the keto olefin A-15 should yield
the olefin A-16, which on osmylation and reduction, should
afford 3,18~dideoxyaphidicolin (§). '

For the synthesis of aphidicolin itself, it is necessary
to hgve suitable functionality at C~3 and C-18 for the ulti-
mateuéonversion to hydroxyl groups. This may be readily ac=-

complished via the keto ester B=3, which should be readily

OCH3

| o \COZCHB

| B=3
available from the scheme outlined in Chart B. Reductive
carbomethoxylation (16,17) of the enone B=1 (5)‘affordsvthé
known (18) keto ester B=2. Methylation of B=2 using sodium
hydride in benzene, followed by methyl iodide should produce
the kéto ester B=3, with the desired stereochemistryvatice4
(19,20), Reduction of the C=3 carbonyl with lithium tri-
sec-butylborohydride (21) should yield the hydroxy ester
B-4, with the axial hydroxyl group. Reduction of the ester
with lithium aluminum hydride should yield the diol B=5, and
Birch reduction should afford the dihydroxy enone B=6.
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Chart B
OCH3
1) Li - NH
2) co, 3 Cliy Nal
3 ——
CH,I
3) CH,N, 3
0 ' :
]
i
COZCH3
B=2
HO -~ i
.._.lt
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Chart B (cont'd)
"0 HO

Chart A

L
4

PhCHzO»’

. ’
PhCHZOCH2 3

4

HOCH, CH
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Before elaborating the C and D rings, it is necessary
to protect fhe hydroxyl groups. The dibenzyl ether B=7
should be suitable for this purpose. Through similar pro-
éedures to those outlined in Chart A, one should readily ob-
tain the dihydroxy dibenzyl ether B=8. It is necessary to -
sﬁbstitute a non-reductive hydrogenation of the 'dqﬂ-ﬁnsatu-
rated carbonyl groups in»compOunds analogous to A-8 and
A=13. The triethylsilane procedure of Nagai and coworkers
(22) should be suitable for this purpose.

Catalytic hydrogenation of the dihydroxy dibenzyl ether
B=8 should yield aphidicolin (1) |
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Proposition IV

It is proposed to construct some polymeric sulfonic acids
and to étudy the solvolyses of the sulfonate esters of some
simple unsaturated alcohols on this solid matrix. The ulti=-
maté aim is to increase the degree of sophistication of the
polyméric structures, so as to approach enzyme seleptivity
in thé solvolytic reaction. | |

The solvolytic reactions of the sulfonate esters ofjf,s-
unsaturated alcohols have been studiedreitensively in recent
years. Initial studies on the esters 1 of the parent com-

pound, 5-hexen=1~ol (2) were made by Bartlett (1) with 5=

OR
1a R = Ns
1b R=Ts
2 R=H
3 R = Ac

_ hexenyl-p-nitrobenzenesulfonate (1a). By subjecting this
ester to acetolysis, the uncyclized 5-hexenyl acetate (3)

and cyclohexyl acetate (4) were isolated as chief products.

ONs OAc
HOAc _ OAe .
NaOAc ! | ' + |

1la 3 (39-82.5%) 4 (16=34%)

The ratios of the two products varied, depending on the

amount of sodium acetate added. In each case, however, the

-
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uncyclized acetate 3 was always the major product.

The solvolysis rates were found to vary from 1.5 to 1.7
times greater than that of the corresponding saturated n-hexyl
ester. Bartiétt (1) attributed the rate increase to anchi-
meric assistance (2,3) of the A5 double bond, in formihg the

non-classical ion intermediate 5.

B
1

"This work launched an increasing>effort to study this re-
action and to modify the conditions so as to increase the
proportion of cyclized products, formed by what is commonly
referred to as the " M route” (4). In a later study, Bart-
lett and coworkers (5) studied the acetolysis of the nosylate
1a again under more precise conditions. At 80,8° and with
1.6 equivalents of sodium acetate added, the reéction yielded
83.7% of S-hexenyl acetate (3), 11.6% of cyclohexyl acetate
(), and 4.7% of cycloheiene (2). The amount of cyclohexyl
acetate could be increased to 42% if the sodium acetate was

omitted, but the major product was the diacetate 6, formed

CH

‘ 3
Aco/\/\/Y

OAc
(]
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by protonation of the terminal double bond of the uncyclized
acetate 3. '

To account for the products isolated, these workers pos=
tulated.that three independent mechanisms were in operation.
These are described in Figure 1. First, the nosylate 1a can
suffer direct Sy2 displacement by acetate to yield 5-heienyl
acetate (3). The marked decrease in the formation of 3 when
sodium acetate is omitted>suppbrts this argument. Sécondly,
the eéter could ionize to the acyclic classical cation 7,
which could be attacked by acetate, again forming the acetate
3. Alternatively, intramolecular nucleophilic attack by the
double bond would yield the cyclohexyl cation 8, which would

cyclohexyl acetate (4) on attack by acetate, or cyclohexene
(2) on deprotonation. Thirdly, assistance by the double bond
would produce the non-classical ion 5, which on attack by
acetate would also yield cyclohexyl acetate.

The fact that the overall rate is increased by only 72%
over n-hexyl nosylate indicates that the last mechanism
probably make a relatively small contribution to the total
reaction process. This is in striking contrast to the ace-
tolysis of anti=-7=-norbornyl tosylate -(10) which reacts 1011

times as fast as the saturated counterparf (6), presumably

H 0Ts
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, ONs
ia
Sy2 /Ac- J'unassistex assisted

OAc : +

"'/
’¢+/

-

Z 2
l | OAc™ J
-nt O OAc™
e . .
‘ Ac
. ,

2 8

-

=

Fig. 1
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due to the facile formation of the non-classical ion 11, by
virtue of the proximity of the double bond to the incipient
cationic site.

Clearly the way to increase the proportion of cycllzed
products is to somehow vary the conditions to favor the for=-
mation of either the classical ion 7 or the non-classical
ion Q; the latter being preferred. |

Substitution of urea for sodium acetate essentially dou=-
bles the yield of cyclized products (7), presumably by elim=
inating displacement by acetate. The use of formic acid=-
sodium formate as a medium also increases the yield of cyc-
lized products, as wellas enhancing the reaction rate (8).
The effect of varying the leaving group has beeh studied (9)
with the observation that arenesulfonates yield more cyclized
products than halides., The use of cosolvents has also been
studied (10), and the extent of cyclization has been shown
to increase with increasing solvent polarity, although the
yields are often variable. The best results have been ob=-
tained when the solvolysis was conducted in 2,2,2~-triflouro-
ethanol (11). .

It has been shown (12) that restrlctlng the movement of
the olefinic bond and/or the initial cationic site has a
profound effect on the rate of solvolysis and the degree of
cyclization. Of course, this requires structural modifica-

tion of the substrate,
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In the study on solvent variation (10), the reason given
for increased cyclization with increased solvent polarity was
the solvation of the leaving group by the polar solvent,
which lowered the activation energy of the transition state
leading to cation formation. It is quite possible, however,
that the effect of the polar solvent was to cause the olefinic
side chain to fold, or coil up, due to the repulsion of the
doubleAbond by the solvent.. The result is an incfease in
the proximity of the double bond to the developing cationic
site, The effect of‘olefinic chain folding vs. sclvent po~-
larity has been discussed for selective double bond reactiv-
jties (13) and with regard to the product distribution in
some polyolefin cyclizations (14).

Unfortunately, those solvents which produced the highest
ratio of cyclized to uncyclized products also gave the lowest
yields, presumably due to reaction of the solvent with a cat-
ion intermediate.

One possible way of circumventing.these problems would
be to bind the substrate to a solid matrix. By doing this,
one may be able to imitate the conditions that are present
in an enzymic system. The use of polymeric reagents and
micelles as models for enzymic reactions is well known (15).

In the proposed mechanism of triterpene biosynthesis,
?tork (16) and Eschenmoser (17) proposed that the acyclic
polyene squalene (12) is enzymatically hydroxylated at C-3

(Figure 2), causing a cationic cyclization to occur, producing
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Lanosterol
Steroids
Triterpenes

Figo 2

the tetracyclic cation 13. Through a series of rearrangements,
all the triterpenes may be producgd. More recently, 2,3=
oxidosqualene (14) has been shown k18) to be the actual pre=
cursor of the triterpenes, with the initiator depicted as the

protonic enzyme EnzH ' (Fig. 3).
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It would be naive to believe that the cation initiation
was the only interaction between the enzyme and the substrate.
If this were the case, then one should be able to effect the
§ycliza§ion of squalene oxide (14) and obtain products de-
?ivable from cation‘li in vitro. Attempts to do this have
been unsuccessful (19). What is more likely, is that the sub=-
straté is held in a more or less restricted conformatioﬁ prior
to ca%ion initiation. This would insure that the doublé bonds
are in a favorable position for cyeclization, once an approp-
riate positive site is generated.

j Therefore, the polymer matrix to be constructed for the
solvolyses must not only possess a suitable site for cation
initiation, but also be capable of aiding the olefinic side
éhain in assuming a favorable conformation for cyclization,
;}ather than relying on a statistical variation of ground
state conformations.
" The gross general structure of the polymeric arenesulfon=-

ate ester is depicted in Figure 4. The basic unit is a sul=-

= (DVB)= (CH,=CH=~) (CH,=CH) =
v

<
ﬂ
S0,0

2

Fig. 4
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fonated polystyrene, crosslinked with divinylbenzene (DVB),
which has been copolymerized with a vinylic monomer, ulti=-
métely to contain the polar group (:). It is not necessary
that (:) actually be present in the monomer, for it could be
introduced after polymerization. It is hoped that the éo-
larity of <:> will cause the olefinic side chain to “seé" a
polar medium, - . and consequently assume a coiled confofma-
tion,lso as to be closer in proximity to the incipient cat=
ionic site than in ordinary solution. This effect should be
even more pronounced if the chain is extended (yvide infra).
On the‘ofher hand, the primary carbon atom attached to the
sulfonate group should be sufficiently remote.from the polar
groups so as to "see" only the ionizing solvent used in the
solvolysis. The phenomenon of causing a particular group to
be near another, which wouldn't be in proximity ordinarily,
is quite common in enzyme catalysis, and is known as the pro=-
rinquity effect (20).

The use of polymer-baged substrates in chemical synthesis
gained wide popularity when Merrifield introduced the tech-
nique for the synthesis of peptides (21)., Its elegance and
efficiency is exemplified by the solid phase total synthesis
of the nonapeptide bradykin in ca. 40% isolated yield (22).
Several modifications of the original procedure have been
made in recent years, and these have been reviewed (23).

The chief advantage of the method is the rapidity of the re-

action sequences (4=6 residues/day). The ease of workup is
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also important. Thg peptide is fixed to the insoluble sup=-
port, and hence, never enters the solution. Cdnsequentiy,
purification is accomplished by simply washing the resin.
Also, it is possible to use a large excess of reagents to in-
sure complete reaction at each step, producing a homogeheous

peptide. -

Besides peptide synthesis, the solid phase technique has
been expanded to include the synthesis of oligosaccharides.
(24) énd adrenocorticotropins (25), as well as many novel or=
ganic reagents, including those for effecting Wittig reactions
(26), monoacylation of ester enolates (27), unidirectional
Dieckmann cyclizations (28), acylation of alcohols and amines
(29), oxidation of priméry alcohols (30), peracid oxidations
(31), and methylene transfer reactions (32). A.slight modi=-
fication of this technique is the encapsulétion of a reagent
in a polystyrene=DVB resin (33). _

The synthesis of the polymers described in Figure 4 should
be relatively straightforward. Styrene (15), divinyl benzene,

and the vinylic monomer 16 is suspension polymerized (34),

CH,=CH CH2

2 —CH __,
o D

(DVB)4CH,CHCH,CH)

I
I
K
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forming spheres of the polymer 17. In order to insure that
each phenyl residue is surrounded by functionalized groups,

& two to three-fold excess of the monomer 16 should be used.
As was stated previously, the functional group (:) may or may
hot be equal to the polar group (:), the functional groﬁp
ultimately desired in the polymeric support. In fact, fheir
identity may not be practical at all, since the positioh of
group <:> in the polymer structure would probably be toé far
from fhe oiefin side chain in the polyester described in Fig-
ure 4,

Therefore, some chain-extending transformations would be
necessary. Exactly what monomers 16 are used in the synthe-
sis of the polymer are, of course, dependent on the functional
group desired at the end. For example, if a terminal ester
function is desiréd, i.ee» 18, then the polymerization could
be conducted using styrene and acrolein (16, (:) = CHO)
(Chart A). The resulting polymer, A=-1, on reaction with
sodium triethylphosphonoacetate (35) would yield the unsat-
urated ester A-2. Hydrogenation should afford the saturated
ployester A=3. Sulfonation, followed by conversion to the
sulfonyl chlbride. and reaction with 5-hexen~1-o0ol (2) would
yield the desired polymer 18.

Alternatively, a "reversed ester” function could be em=-
ployed. Reduction of ester A=3 with lithium aluminum hydride

and acetylation would yield the polyacetate 19.
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Chart A
9H=CH2
R* (_ PS
+ CH2=CHCH0 EE— '
+ DVB A=l CHO '
t +
(EtO)ngHCOZEt Na HZ/Pd-C
3 ("PS >
CHSCHCOzEt
A=-2
| +
1) SOBg H

2) S0C1, =3 | .
 PS .
+ ’ 3) onJ:_} -é— I

CHZCHZCOzEt

CHZCHZCOZEt

PS | = Polystyrene = DVB




%9.

1) LiAlH,

“% PS . n -{- PS n
: 2) Ac20 .
CH,CH,CO,Et Cc 2CH2CH OAc

The use of vinyl acetate has some intersting possibili-
ties. The polymer 20 that would be obtained could be hydro-
lyzed and alkylated with ethylene oxide. Acetylation should
yield the acetate 21, an oxygenated analog of the ester 19,

1) OH~
‘6— s n ) —{— PS n
. 2) NaH' ‘Z
OAc : OCH.,CH_OAc
20 3),A020 21 2772

In addition to increased polarity 6ver ester 19, there may
be some different conformational effects imposed 6n'the:hex-
enyl chain of the substrate that could alter the solvolysis.
A full description of all the possible polymers which
could be made and used in this study is obviously beyond the
scope of this discussion. It is clear, however, that tre=-
mendous freedom is possible, allowihg‘the researcher to de=
sign and synthesize novel polymerichstructures utilizing
relatively simple reactions. For example, two different
functional monomers could be used, ylelding a polymer with
different polar conditions. Another interesting possibility
is the use of an ester with an optically active alcohol, i.e.,

22. The aim would be to effect asymmetric ihduction in the
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.é_, S CH,CH,
H,CH,CO, =G == H
CH
22 3

i

solvolysis product, The success of this aspect of the study
is a matter of speculation.

" For the solvolysis conditions, the use of 2,2,2-triflouro=-
ethanol as a solvent is probably a reasonable first choice,
‘becausé of the remarkable results obtained with its use as
a solvolysis medium (11,36-39).

The fiked<nature of the reaction should minimize inter-
molecular reaction, while still maintaing a high effective
concentration of substrate (25). From an economical stand-i,
point, once a polymer structure has shown promise as a sup-
port for selective solvolytic cyclization, its utility could
be increased through regeneration by simply washing to re-
move the products and rechlorination'of the sulfonic acid
group.

Of course, it is doubtful that one could actually hope
Yo achieve true enzyme selectivity using the solid phase re-
agents described above. However, for synthetic purposes,
this is not entirely necessary. This point has recently been
presented by Breslow (40), while discussing the merits of

his remarkable steroidal remote oxidation reaction (40,41):
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"Only when model systems achieve catia
lysis by factors on the order of 10
do they begin to be interesting as
-models for enzymatic hydrolysis, but
no such factors are required for en=
zymatic selectivity. If a random
chemical reaction could simply be ac=
celerated at_a particular atom by a
factor of 102, the resulting select-~
ive attack at that atom would be high-
i ly practical. Accﬁlerations by fact-
ors as large as 1010 geem to be diffie-
cult to achieve in model sgstems, but
‘modest accelerations of 10 or greater
are commonly obtainable by simple
proximity effects.m

For the present discussion, 2 rate enhancement of even 101
would be perfectly acceptable,
One could extend these studies to compounds containing

multiple double bonds, in hopes of achieving polycyelic
compounds by this method (42).
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‘ Proposition V

It is pfoposed that the preparation of lithium di(methyl=
thiomethyl )cuprate and lithium di(phenylthiomethyl)cuprate
be attempted and their reactions with a variety of electro-
-bhilic compounds be studied. It is hoped that theée com-
pounds will provide novel methylene transfer reagents~fqr
fhe preparation of «,f=cyclopropyl carbonyl compounds. If
the above studies are successful, then an aftempt to effect
transannular methylene transfer is proposed, in order to pro-
vide a synthesis of bicyclofz.z.i'heptan-z-one (z-norbofnyl
ketones). This is exemplified by a convergent, stereoseléct-
ive, five-step synthesis of the sesquiterpene f=-santalene
from 2-methyl=-2=cyclohexenone.

The transfer of a methylene group in a conjugated sense
to e,B=unsaturated ketones (1) is limited to the use of

oxygenated sulfur ylides of type 2 (1).

. _ i
Rl\ /CORLL j¥ - ' : 8
R R R R
2 3 6 6 ,CORy,
1 2 Rl-C.:'———C@
R,
8 Rg=R=be. = R, 3 L
B R=Ph, Rg=Me,N - 3 )
¢ Rg=Ne, Rg=Me,N
d R,=Me, R.=Et,N
577 62 R COR
R ’S‘R R R
5 6 2 3

z 4
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~ The first.methylene transfer ylide to be studied extens=~
ively was dimethyloxosulfonium methylide (2a) (2). This
ylide was found to react exclusively in a 1,4 sense with
o, -unsaturated ketones, which led to cyclopropanes, and in
a 1}2 fashion with saturated ketones, yielding epoxides; In
contrast, dimethylsulfonium methylide (5) (2) adds to all ke-

+ -

3

Mez

.

tones in a 1,2 fashion.
Johnson and coworkers (3) have developed another ylide,
(dimethylamino )phenyloxosulfonium methylide (2b), which is

prepared from the phenyl methyl sulfoximine (6, R = CHB)'

ol
NH

é

While the reactivity of this latter ylide parallels that of
the dimethyl species 2a, it appears to have a much broader
scope of usefulness. For example, ﬁsing the optically act-
ive form of ylide 2b, Johnson and coworkers (3c,8b) could
achieve an asymmetric synthesis of a number of cyclopropyl
ketones with optical purities as high as 35%. Recently,
Johnson and Rogers (3d,e) have reported the preparation of

the (dialkylamino)methyloxosulfonium methylides 2¢ and 2d,



VB?SH

which are also effective reagents for cyclopropane or oxirane
formation. |

The ylidg reaction, as depicted above, involves the for=-
mation of the unstable betaine 3 (1) which collapses to form
the cyclopropyl ketone 4 and a sulfoxide 7. Because of  the
instability of the betaine intermediate, it is impoésibie
to stop the reaction at this stage, fherefore rendering cyc-
1opropane formation the only possible mode of reaction.

Several disadvantages have been noted in the use of»
these ylides, especially 2a. First, the reactivity of the
ylide is strongly dependent on the structure of the enone
substrate, being only moderately reactive in some cases
(ta=c), and unreactive in others, such as vinyl ketones and
trans=2-penten-4~one (5,6). Second, the cyclopropyl ketone
formed is probabiy capable of further reaction, which would

lead to the epoxide 8, thereby necessitating the use of only

0
\/

Ry ﬁ Ry

R, Ry

8

one equivalent of the ylide reagent, which may severely
limit its use with hindered ketones. “Third, the reagent
also reacts with ester functional groups (4a). Finally, it
is probably not possibie to carry out the cyclopropylation

in the presence of a saturated carbonyl, since the two
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functional groups would undoubtedly compete for the reagent.
Cne possible way of circumventing most of these diffi-
culties would be to add either the group methylthiomethide

(9a) or phenylthiomethide (9b) in a 1,4 manner to an enone 1.

w - C
R COR CH,SR
S Re=e” 4 L Ry |2 COR,,
/ f— N <+ "RSCHZ " DU N - / .
9aR=Me Rl/ \
) : R
- 1 ' bR = Ph- — 2 3 1
o 10 . ,
CH_SR z///
| 2 _COR, ‘
R “R
2 3
ii

A procedure for the 1,2 additidn of a substituted thio=-
methyllithium compound to ketones has been reported recently
(7). The metalated sulfide 9 is added to a ketone 12, form=-
ing the £ ~hydroxy sulfide 13. Methylation of 13 at sulfur,

OH
R .
—_————» R,=C=CH,SR Ry O
1 2 R,y Rp
9 12 | 13 14

followed by base treatment yields the corresponding epoxides
14 (8). Although this procedure requires three steps, as

opposed to one with an ylide, one takes advantage of the
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greater reactivity of the thiomethyllithium species, és well
as its lower susceptibility to steric hindrance and enoli-
zation.

Other thioalkyllithium reagents have been used for the

1

éynthésis of olefins from hindered ketones (9) and the for=
mation of spirocannelated cyclobutanones (10), E

If the conjugate addition of a thiocarbanion 9 could be
effected, it should provide a versatile synthetic tool, while
overcoming some of the disadvantages of the ylide reaction.
First, the initial product formed is the enolate 10, which
would not react with another molecule of reagent, thereby
allowing the use of an excess of the reagent., Second, the
protonated intermediate 11 would not form a cyclopropane un=-
til the molecule has been S-alkylated and treated with base.
Therefore, the keto sulfide 11 could act as a compound con=-
taining a "masked" cyclopropane, which might allow further
transformations to be performed on the molecule, while de-
laying cyclopropane formation until an appropriate stage of
the scheme, Third, the increased reactivity of the reagent
may permit reaction with enones that were inert to dimethyl-
oxosulfonium methylide (2a) (5). Fourth, if the reagent
could be made to react selectively with unsaturated carbonyls
only, then it should be possible to use the reagent in the
presence of other sensitive functional groups (i.e., ketones,
aldehydes, esters, nitriles). Finally, if cyclopropane for=-

mation is blocked, it may be possible to utilize the sub-
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stituent as a bridge for a transannular bond-forming reaction

via intramolecular alkylation (vide infra).

At the present time, no general method exists for the

| 1,4 addition of a substituted thiomethyl carbanion 9. 1In
an isdlated example, Johnson and Schroeck (8b) added lithium
(S)=Ne=methylbenzenesulfonimidoylmethide (14) (11) to trang-
benzalacetophenone (15) and obtained the diastereomeric ad-

ducts 16. Methylation and treatment with base afforded the

0 |
PhlSI-CHZLi + p h __, PthHZCHCH COPh
Ph
NMe %h
14 15 16
Base
A’,coph
Fh H
17

_cyclopropyl ketones 17. While this example serves to effect
the conjugate addition of a thiomethylene group, it is not
clear that it possesses the desired qualities of the reagent
under discussion, For one thing, it would certainly add in
a 1,2 fashion to saturated ketones.

It is therefore suggested to explore the preparation of
lithium di(methylthiomethyl)cuprate (18) and lithium di-
(phenylthiomethyl)cuprate (19), which should be readily
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formed by the addition of cuprous lodide to methylthiomethyl-
lithium (20) (12) and phenylthiomethyllithium (21) (13),
respectively.,

e 252 CH SCHZLi + Cul —— Li(CHBSCHz)ZCuLi + Iil

W

i

-

3

18
.

2 PhSCHzLi + Cul —m— Li(PhSCHz)ZCuLi + Lil

21 19

The ability of lithium dialkyl cuﬁrates to add to enones
in a 1,4 fzshion, while being unreactive toward saturated
ketones, esters, and aldehydes is well known (14). It is
hoped that the substituted thiomethyl lithium reagents 1&
and 19 will behave in a similar manner. The initial studies
to be undertaken would be to first attempt to form the re-
agents, and then to test their reactivity toward a number
of substrates, such as saturated and unsaturated ketones,
aldehydes, esters, and nitriles. Some typical reaction
studies are outlined in Table I.

If these reactions proceed as desired, then the next set
of experiments would be straightforward. If one encounters
the problem of 1,2 addition to saturated ketones, it would
8till be possible to do competitive rate experiments to see

if there is a substantial difference in the rates, so as to
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Table I
Substrate (RSCH,,) ,CulLi Desired
' 2’2 \ Product
CHB(CHZ)BCHO N.R.
0 N QR.
0
0
\g\,/JL\\C ®
A y
3
0
RSCH2
CHBCN N.R.
CH.CO.Et N.Re.

Possible
Side Product

CH, (CH, ) ;CHOHCH,SR

CH,CH,GHOHCH, SR
CH,

OH S
@CHZSR

Hy

Ho, CHq
\)<G
H.SR

2

HO
[ ;r—CH SR
2

CHBCOCHZSR

CHBCOH(_CHZSR)2
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affor§ selectivity, Typical examples of these studies are
outlined in Table II for ketones. Similar expériments with
compounds possessing other functional groups are possible,
should the reagents prove to be reactive toward them,

If reasonable selectivity toward enones is demonstrated,
then‘one.could investigate the stereochemistry of the addi-

tion, such as with 4-tert-butyl-2—cyclohexenone (22), and

(RSCH ) CuLi +

Me C ' MeB
.2_2. &l
determine the stereochemistry of the product(s) 23.
Next, it is important to demonstrate the ability to con=-
vert the resulting keto sulfides into cyclopropyl ketones.

This is illustrated below for trans-benzalacetophenone (15).

3 0
' RSCH
’/_/‘\Ph (RSCH, ) pCuli
P 7
15 ,
+ .
RSle Co
Me,0TBF, ™
3~ b /;:1\\\///&\\\ Base *ﬁ\\
Bl ; Ph . 5 {A, COPh
2 4
_i ¥4 + RSCH3

26
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The keto sulfide 24 is alkylated, and the resulting keto
sulfonium salt 25 is treated with base. This should form a
‘betaine, identical with that formed from an ylide 2 and an
~enones, This betaine should collapse to the cyclopropyl
ketones 17 and the methyl sulfide 26. r
Another interesting experiment would be to see if tye

initially-formed enolate could be alkylated at the o(~-carbon.
A similar procedure using lithium dimethylcupréte was used

by Roebke (15) for the synthesis of the decalone 28 from the

octalone 27. In the case of the sulfur reagent, this is

1) Me CuLi
2) MeI
C 72%

illustrated for 2-cyclohexenone (29). The methylation of
the enolate would probably be rapid, relative to methyla-
tion on sulfur, although prolonged reaction times would
effect this also. Subjecting the keto sulfonium salt 31 to
basic conditions should yield the cyclopropyl ketone 32.

0 0 0

— =1 —

CHy o ; H3
RSCH, MeRSCH, -

29 R 31 2
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' If‘this last study is successful, then one other experi-
ment is suggested. If the «=-carbon has no hydrogenS‘to ab=-
stract (i.e., is disubstituted), could displacement of the
sﬁlfonium group be effected by the K'=-carbon? The experi-
ments to illustrate this point is shown in Chart A for a
shoft, convergent synthesis of the sesquiterpene p-santa=

lene (33a) (16).

i

23

o' @

Treatment of 2-methyl-2-cyclohexenone (A=1) with the
copper reagent should afford an enolate 34, which should
exist preferentially in the conformation shown with the

thiomethyl substituent equatorial, Attack of an alkylating

axial attack

CH3 } B 34

equatorial attack
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Chart A
0 1) (RSCH,),Culi
2) (CHy),C=CHCH,CHy1
3
A=1
Me.,0¥BF, " 0 Base
3 b CH —_—
> 3
] \
1]
tH
MeRSCH, - CH,
+ BF,~
i
A=3
0
CH
3
1 \
i
¢H CH
RSCH,, 3 3
i _
A=l
Ref. 16a
1) Meli
2) socl

2
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agent at position 2 is expected (17) to occur so as to yield
the species in which the entering group is axial. Hence,
with 5-iodo-2-methyl-2-pentene, the desired (Z)~ketone A=2
should be the major product. Methylation with trimethyloxo=-
nium flouroborate should produce the keto sulfonium salt
A=3., With no «-hydrogens at C-2, treatment with base should
abstract a proton from C-6, affording the enolate A=4. It
is hoped that this will undergo transannular displacement

of the sulfonium group to give the ketone A=5.

Thus, in the first step of the sequence, a carbon a%om
is introduced at C=3, which produces a negative charge on
C=2 for the introduction of a side chain at that position.
In addition, the C=3 carbon is properly functionélized for
direct cyclization to form a bridged species between C-3
and C-6,

The intermediate ketone A=5 has already been conyerted
(16&) to fs-santalene by the two-step sequence shown,
rendering the synthesis by the above method, if successful
a formal total synthesis of g-santalene. Using a different

alkylating agent for step 1, one could also envision a syn-
thesis of g =-santalol (33Db).



1.

2,

3.

390

~References

For a general review of sulfur ylides, see A.E. Johnson,
"Yé%d Chemistry, " Academic Press, New York and London,
1966.

a.

b,

C,
d.

e

b.

Ce

d.

€,

8.

b.’:‘

c.

C.

E-Jo Corey and M. ChayKOVSky, J. Am. Chemo SOC., 84,
867 (1962). ~

ibid., 3782 (1962),

ibid., 86, 1640 (1964).

iEiQQ: 87, 1353 (1965).

C.R. Johnson, E.R. Janiga; and M. Haake, ibid., 99,

13890 (1968).

C.R, Johnson, M. Haake, and C.W. Schroeck, ibid., 92,
6594 (1970). : -

C.R. Johnson and C.W, Schroeck, ibid,, 90, 6852 (1968).

C.R., Johnson and P.E. Rogers, J. Org. Chem., 38,
1793 (1973). S~

ivid., 1798 (1973).

E.J. Corey and M. Chaykovsky, Tetrahedron Letters,
169 (1963). .

H, Koenig, H. Metzger, and C. Seelert, Chem. Ber.,
98, 3712 (1965). , —

This Thesis, p 101.

Agami, C. Prevost, and J. Aubouet, Bull. Soc. Chim,

Fr., 2299 (1967).

C.

Agami and J. Aubouet, ibid., 1391 (1967).

J.R. Shanklin, C.R, Johnson, J. Ollinger, and R.M.
Coates, J. Am, Chem. Soc., 95, 3429 (1973).

&8s
b,

Co,

M. Yoshimine and H.J. Hatch, ibid.,‘ggf 5831 (1967).
C.R. Johnson and C.W, Schroeck, ibid., 93, 5303 (1971).

T. Durst, R. Viau, R. Van Den Elzen, and C.H. Nguyen,
Chem, Commun,.,, 1334 (1971),




391
d. J.M. Townsend and K.B. Sharpless, Tetrahedron lLetters,
3313 (1972).

R.M. Coates and R.L. Sowerby, J. Am., Chem. Soc., 94,
b758, 5386 (1972). -

10, B.M. Trost, D. Keeley, and M.J. Bogdanowicz, ibid., 95,
3068 (1973). e

11. C.W. Schroeck and C.R. Johnson, ibid., 93, 5305 (1971).

9.

12, D.J. Peterson, J. Org. Chem., 32, 1717 (1967).
13. E.J. Corey and D. Seebach, ibid., 31, 4097 (1966).

14. ae H.0, House, W.L. Respess, and G.M. Whitesidéé, ivid.,
- 3128 (1966). B

For a comprehensive review of this reaction, as well as
other uses of organocopper reagents, sees

b, J.F. Normant. S theSiSp 63 (1972).

¢. G.H. Posner, Org. React., 19, 1 (1972).

15. H. Roebke, Ph. D. Thesis, Northwestern University, 1969.

16. For previous syntheses of g-santalene and g -santalol,
see s

a. E.J. Corey, R. Hartmann, and P.H. Vatakencherry,
J. Am, Chem. SocC., §&3 2611 (1962).

b. G. Brieger, Tetrahedron Letters, 1949 (1963).

¢. E.J. Corey and M.F. Semmelhack, J. Am. Chem. Soc.,
89, 2755 (1967).

—~——

d. W,I., Fanta and W.F. Erman, Tetrahedron Letters,
h155 (1969). ‘

e« H.C. Kretschman and W.F. Erman, ibid., 41 (1970),

f. G.L. Hodgson, D.F., MacSweeney, and T. Money, ibid.,
3683 (1972). I

See alsos

ge J. Wolinsky, D.R. Dimmel, and T.W. Gibson, J. Org.
Chem,, 32, 2087 (1967).



392
h. W.I. Fanta and W.F. Erman, ibid., 37, 1124 (1972).

i. T. Gibson and Z.J. Berneus, Tetrahedron letters,
2207 (1972).




