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Abstract 

Part I 1 An approach to the total synthesis of the tri terpene shionone 

is described, which proceeds through the tetracyclic ketone 1. The -shionone side chain has been attached to this key intermediate in 5 

steps, affording the olefin 2 jn 29% yield. A method for the stereo--
specific introduction of the angular methyl group at C-5 of shionone 

has been developed on a model system. The attempted utilization of 

this method to convert olefin 2 into shionone is described. -

2 - -
Part II 1 A method has been developed for activating the C-9 and C-10 

positions of estroger~c steroids for substitution. Estrone has been 

converted to 4 f3 ,5 ~ ~epoxy-10f3 -hyd.roxyestr-3-one; cleavage of this 

epoxyketone using an Eschenmoser procedure, and subsequent modification 

of the product afforded 4-seco-9-estren-3,5-dione )-ethylene acetal. 

This versatile intermediate, suitable for substitution at the 9 and/or 

10 position, was converted to and.rost-4-ene-3-one by known procedures. 
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TOTAL SYNTHESIS OF SHIONONE 
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Introduction 

While it seems unlikely that steroids (1) and triterpenes (2) 

have been produced by nature primarily for the edification of organic 

chemists, it remains true that these molecules provide conformationally 

well-defined substrates upon which the chemist may test and develop 

u.ny of his ideas ( 3). For the synthetic chemist, they provide as 

goals a variety of molecular structures which are complex enough to 

tax available methods and also to require new ones; yet which are 

simple enough to allow progress and understanding to grow from the 

attempted syntheses. Due to their biological activity and somewhat 

uniform structure, the steroids have received a great deal of atten

tion from synthesists over the past few decades ( 4), but the rather 

_,re complex and d1 versified tri terpenes have only begun to yield to 

total synthesis within the past ten years. 

The first tri terpenoid structures totally synthesized were those 

of the 0(-onocerin skeleton 1. Most characteristic of this structure -
is the symmetrical nature of the molecul.es, which are composed of two 

identical halves joined by the C-11, C-12 bond. Such symmetry greatly 

simplified the synthesis of these JDOlecules, for every recorded ap-

proach has proceeded through the dimerization of an intermediate such 

as 2. By means of this technique, both Corey (5) and Eschenmoser (6) -
have formally achieved total synthesis of the onocer.adiene structure 

1 (R-H), while Stork (7) has accomplished the first total synthesis of -
a natural triterpene, 0(-onocerin (1, R-oH) (8). Construction of the -
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f., 

1 ,.,.., 

small molecules to be d.imerized involves only relatively minor stereo-

cbellli.cal problems, but a price must be paid be:fore these can be joined 

since enantiom.eric mixtures will couple to give both the desired and 

undesired diastereomers. Thus enantiomerlc purity must either be pur-

chased in some natural starting material or achieved by resolution of 

dl products prior to dimerization; the stereochemical serpent must be 

appeased. 

Another structure common to many natural triterpenes is the poly-

cyclic carbon framework A-1, which is shared :for ~ple by germanicol --
(~), lupeol (A_-3) and oleanoic acid (~, R-ecti, A12 olef'in). This 

atomic array is characterized by a tra.ns-~-trans-~ backbone (C-5, 

C-10, C-9, C-8 and C-14), by 1,3-diaxial angular methyls (on C-10 and 

C-8}, and by two adjacent quaternary carbons (C-8 and 0 .. 14) bearing 

methyl groups in the~ orientation. 

Early syntheses of this structure were all. based upon the discov

ery by Barton and Overton (9) that 0(-onocera.dienedione (A-6) cyclizes 
. -
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Chart A 

HO 

HO 

A-S --

A-7 
~ 



.5 

under strongly acidi.c condi. tions in 18% yield to the unnatural penta

cyclic tr.iterpene ~-onocerenedione (A-5, R=-0). This molecule bears -
the desired carbon framework A-1 , and thus all of the previously men-.-

tioned syntheses of the 0(-onocerin series might in principle provide 

entry into this system as well. Corey demonstrated this trans forma.-

tion on his o(-onoceradiene intermediate A-7, which he converted to .-

~-onocerene (!:.5• R=H2 ) in 10% yield (.5). 

When this approach was directed towards nonsymmetrical pentacyclic 

tr1terpenes of the oleanane structure (~, R=CH
3

, A12 or A13 (18) 

olefin] (10, 11, 12) its shortcomings became clear. Joining of two 

nonidentical fragments to form the C-11, C-12 bond was always performed 

in a totally nonstereospecific manner, since resolution of two sets of 

enant1omers and matching of the proper pairs was never attempted. Giv-

en the mixture of diastereomers produced from this coupling, workers 

reported obtaining oleanenes after cyclization in yields of from 2% 

(10) to "low" or "small" (12 1 11). It is apparent f'rom these results 

that syntheses which do not provide specifically for the introduction 

of properly oriented backbone substituents cannot succeed to any appre-

c1able degree. 

Recently, elegant. and highly stereospecific syntheses have been 

reported of molecules containing the A-1 structure, specifically of -
germanicol (A-2) by Ireland and co-workers (13) and of lupeol (A-3) by 

....._ -
Stork and co-workers ( 14). Each asymmetric center in these molecules · 

vas introduced with careful ·regard for achieving proper stereochemistry. 

While each center presented a challenge 1 the stereospecific orientation 
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of the ~-methyl groups on adjacent quaternary carbons probably proved 

the most demanding aspect in each of these syntheses. 

Ireland discusses two attempts at introducing this configuration 

of atoms. Methylation of the aldehyde B-1, although it does afford the -
desired anti-methyl groups in B-2, was found to proceed with difficulty - -
and in only 50% yield. This approach was therefore abandoned and the 

enone ~:3 was synthesized. Conjugate addition of the appropriate Grig

nard reagent to this enone, followed by enolate trapping and subsequent 

regeneration, afforded the crucial enolate anion ~· Treatment of 

this with iodomethane stereospecifically produced the desired inter-

mediate B-5, from axial attack on the enolate anion. -
Stork reports only a single approach to ". • • the critical intro

duction of the two vicinal trans-methyl groups at C-8 and C-14 ••• ". 

Reductive opening o±' the cyclopropyl ketone B-7 a:f'fords the enolate ............. 

anion B-6 (drawn in a different orientation), which on alkylation with -
iodomethane stereospecifically produces the desired ~-methyl groups 

1n B-8. The striking similarity of the enolate anions B-4 and B-6 is 
~ - -

indi.cative of the fact that the actual carbon-carbon bond forming re-

action which produces the difficult to achieve ~-methyl groups is 

the same in both syntheses. The ingenious methods by which these eno-

lates are generated, however, are vastly different and suit other pur-

poses o:f' the schemes into which they fit. 

Total synthesis bas recently approached yet a third triterpenoid 

carbon :framework C-1, which is shared by the natural products alnusen-..-
one (C-2), friedelin (C-J), and shinone (C-4). Characteristic of this - ..- . -
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Chart B 

CHO 

AcO 

-
0 ''• 

B-7 
~ 
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Chart C 

0 
C-1 - C-2. --

c-s ,...._ C-6 -

C-7 ,_.._ 
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structure are the anti-trans-anti-trans backbone (C-10, C-9, C-8, C-14, 

C-13), the two 1,3-diaxial angular methyls (at C-9 and C-14), and the 

two adjacent quaternary carbons (C-13 and C-14) bearing trans-oriented 

llethyl groups at the C-D ring juncture. Ireland selected the molecule 

C-5 as a key intermediate for the synthesis of the pentacyclic molecules 

alnusenone (C-2) and friedelin (C-3) (15a), and found that once again -- -
construction of the substituted adjacent quaternary centers was a dif

ficult problem (15b). An initial approach to intermediate C-5 was fi--
nally abandoned when all attempts to introduce the cK-methyl group at 

the C-D ring juncture of ketone C-6 proceeded in low yield • .....,_ 

It became clear at this point that logistically it woUld be wise 

to introduce the trans vicinal methyl grouping at an early stage in the 

synthesis. Thus a new approach to the pentacyclic C-5 was attempted, -
and at the same time the synthesis of a new intermediate C-7 was em--
barked upon. This second intermediate was primarily aimed at the tri

terpene shionone (c-4), but potentially coul.d have served as a precur

sor for alnusenone or friedelin should the pentacyclic C-5 have proven _..... 

unattainable. For this tetracyclic intermediate as well, the emphasis 

o~ the synthetic planning was heavily placed upon the proper introduc

tion of the trans vicinal methyl groups. 

Ireland and Welch were able to synthesize the intermediate 9~2 

by the method shown in Chart D, and finally converted this to d.l

alnusenone (16). The key step in introducing the trans diaxial sub

stituents relied upon Nagata's hydrocyanation reaction (17) to trans-

form. the enone D-3 to the trans-fused cyano ketone D-4. Subsequent 
~ -
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reduction of the nitrile to a methyl group followed by a Friedel-Crafts 

type cyclialkylation (18) of the olefin mixture D-8, afforded the re-,_., 

quired intermediate C-5 in high overall yield. -
Whil.e this work was in progress, t.hree independent routes towards 

the tetracyclic intermediate C-7 were being explored, all with differ-.........,.. 

ent methods for the introducti~n of the trans vicinal methyl groups. 

J. w. Tilley arrived at the tetracyclic ketone C-7 in ca. 3% overall - -
yield by the route outlined in Chart E (19a). Crucial to this synthe-

sis was the directive effect of the alcohol :fUnction of E-4 on cyclo--
propylation of the enol ether (20), which resulted in th~ required 

trans-substituted C-D ring fusion of E-5. -..-.. 

c. Lipinski developed a biogenetically patterned synthesis outlined 

in Chart F based upon acid catalized cyclization of the polyolefinic 

aldehyde F-7 (21). Previous work on a model system (22) indicated that ---
cyclization should proceed to give the trans-fUsed C-D ring juncture, 

and this was realized in practice. The overall yield of ketone £:1 

:f'rom dibromide F-1 was ca. 3%. __, -
The thi:rd synthesis of key intermediate C-7 was the cyanide addi-...-... 

tion approach developed by c. J. Kowalski; the details surrounding its 

elucidation have already been discussed (23). This approach parallels 

that outlined in Chart D for the penta.cyclic intermediate C-5, and in --
fact these routes were developed at the same time. Since the overall 

yield ot ketone C-7 is greatest (10%) by this method, and since the 
. -

reactions employed are amenable to large scale production, this route 

was used in practice for the actual preparation of tetracyclic C-7. 
. -
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The improvements and modifieations which have been made in this scheme 

after repeated utilizati on have not as ye-t been described in any one 

work; so the complete and updated version of this key route to inter-

mediate C-7 has been included in the discussion and experimental sec--.. 

tions of this thesis (Charts H and I). 

A11 three syntheses of the tetraeyclic intermediate C-7 reached -
their goal at about the same time. The products from these routes were 

shown to be identical in all respects (mp, mmp, ir, nmr), and a single-

erystal X-ray structure arialysis indicated that this material did in

deed have structure C-7 ( 19b). -
Ef'f'orts then turned to elaboration of this intermediate into one 

of the desired triterpenes, and when the synthesis of alnusenone from 

pentacyel.ie C-5 became fact, shionone (C-4) (24) was singled out as - -
the logical. ehoiee. J. Tilley attempted to convert the ketone C-7 into -
shionone (C-4) by the route outlined in Chart G (19d, 25). Construe--
t.ion of the A ring was the first goal, but this could be accomplished 

only af'ter masking the D ring functionality in some suitable f'orm. A 

simple olefin was chosen for the mask, and to this end the enol phos

phorodiamidate G-1 was prepared from intermediate C-7. Lithium/ammonia 
.......- -

reduction of' both the phosphorodiamida te and the aroma tic ring in the 

same reaction vessel gave the dienone G-2 in good yield. -
A problem arose at this point, however, for the scheme required 

~-alcohol ~ in order to direct cyelopropylation of' the A ring olefin 

from the ~ sid~. Upon reduction of' the enone G-2, even using Brown's __. 

trieyclo borohydride reagent J, the ratio of G-J to G-4 could not be - --
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1owered be1ow 57 to 43. Thus, in order to make this scheme reasonable, 

the predominant ex-alcohol had to be separated from the sensitive p
isomer by chromatography, reoxidized to enone G-2, and then recycled -
in this manner two more times to obtain a 6).% yield of the desired al-

cobol G-4. -

Once th13 alcoho1 had been obtained, however, it wa.s readily cyclo

propylated and oxidized to ketone G-5. Lithium/ammonia reductive cleav--
age of this cyclopropyl ketone, followed by acetic anhydride trapping 

of the eno1ate anion, produced eno1 acetate G-6 in 72% yield. A cer-__. 

tain amount of the ketone G-8b was almost always isola ted from this -
reaction as well. Direct alkylation of the enolate anion generated 

from enol acetate G-6 was never attempted, due to some difficulties - . 

encountered on a model system. Instead the enolate anion was treated 

with Simmons-Smith reagent to generate the sensitive cyclopropyl alco-

hol G-7, which was cleaved in acid to the desired methylated A. ring -
intermediate G-8a. -

Tilley then protected the A ring ketone as the ethylene ketal, 

and functionalized the D ring by hydroboration and oxidation to obtain 

ketone G-10. Of several varied attempts to convert the ketone G-10 to -- -
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the aldehyde G-13, only the simple methylene Wittig reaction, followed --
by hyd.roboration and oxidation proved successful. Aldehyde G-13 was 

~ 

methylated and the product reduced to afford the neopentyl alcohol 

G-15. Iodide G-16 was required for coupling with ~-(1,1-dimethylallyl)-- ~ 

nickel bromide (4) (26) to afford the completed. side chain; but mater-._. 

ial limitations allowed only two attempts at preparation of the iodide 

from alcohol G-15. Both of these attempts failed, and the only mater-
~ 

ial remaining then was a small amount of enone G-2, from which eomple--
tion of the synthesis would not have been possible. 

While the goal of shionone had been so closely approached., it had 

not been reached. The work of J. Tilley had generated the shionone A 

ring, but at the same time had demonstrated the shortcoming of the 

cyclopropylation approach, i.e. generation of the required axial allylic 

alcohol G-4. His work had nearly resulted in completion of the side -
chain, but in its failure pointed to a second possible trouble spot in 

the $Cheme, preparation of the neopentyl iodide G-16. In light of the --
knowledge Tilley had shed on the problems of constructing the shionone 

liOl.ecule, we set about to attempt the conversion of intermediate 

£:.Z to shionone. The results of these attempts are set forth in the 

body of this thesis. 
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Discussion 

Elucidation of the cyanide addition approach to key intermediate 

_9:'l has already been described in detail elsewhere (23). In order to 

assemble in one work, however, a complete and updated version of this 

synthesis, we have decided to j,>resent once again the preparative route 

to shionone intermediate C-7. An outline of this approach is contained ---
in Charts H and I. 

Reduction of the starting material, m-methoxycinnamic acid (H-1), -
aft'ords alcohol H-2 in only 1110dera.te ( 61%) yield at'ter purification. 

~ 

The crude alcohol H-2 may be used directly in the second step, however, - . 

and when this is done the chloride H-J is obtained following vacuum -
distillation in an excellent 79% overall yield from the starting acid 

H-1. Preparation of' the allylic alcohol H-4 is quite straightforward, - -
as is its oxidation to enone H-5 using Collins reagenta Jones oxidation ,....._ 

in this instance proved quite unpredictable and at times produced only 

intractable products. Under very mild conditions 2-methyldihydroresor-

cinol underwent Michael addition with enone H-5, and the resulting trl-
""'-

one H-6 underwent the known transformation to enone H-8 according to - ,.,.,..._ 
the procedure of H. Smith and co-workers (27). 

Dieth;rlaluminum cyanide ( 17a, c, f') was used to convert enone H-8 ......,_.... 

to the tra.ns-cyanoketone H-9 in 82% yield, and only small amounts of --
the cis-fused isomer 5 were ever produced. It is interesting to note 
~ ,._ 

that when Ireland and W:elch used this same reagent on the enone D-3 
. -

(16), they obtained principally the .E:!-fused cyanide.§.. and only minor 
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amounts of' the trans-isomer D-4. In order to obtain the desired trans--

s -
isomer D-4, they had to use a mixed reagent (17a, c, e) of' triethyl--
aluminum and hydrogen cyanide in tetrahydrofura.n. 

The results of' Ireland and Welch are consistent with studies by 

Nagata (17b, d) which indicate that with diethylaJ.uminum cyanide, enones 

such as 7 undergo reversible 1 ,4-add.i tion of cyanide; the thermodyna.m--
ica.ll.y more stable ~-fused enolate 8 is produced, which generates the -
cis-fused product 9 on work-up. The kinetic cyanide adduct, however, - -
is the trans-f'used enolate 10, and in the presence of' HCN in the mixed -
reagent this gets trapped by p:rotonation to give 11. The observed -
trans product f':rom diethylaluminum cyanide and enone H-8 seems incon-
sistent with these results, until one considers the alcohol !'unction 

present in this molecule. This alcohol may well be acting as a proton 

source to trap out the kinetic trans-enolate, thus accounting f'or forma-

tion of the trans-f'used product H-9. -
In our previous work (2J), the failure of' attempts at reducing the 

nitrile 1n ketal H-10 to the angular methyl group of H-12 have been - -
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described. These attempts employed diisobutylaluminum hydride reduc-

tion of H-10 to imine H-11, and treatment of this crude imine under - -
the conditions of the Nagata modification of the Wolff-Kishner reduc

tion (28). This second reduction involves prolonged formation of the 

hydrazone from the imine in a hydrazine/hydrazine hydrochloride buffered 

lledium prior to the addition of strong base. R. Czarny has subsequently 

had difficul.ty in reducing nitrile 12 using this same method (29), and -
found indications that the ketal function was hydrolyzing during hydra

zone formation. Employing another of Nagata's techniques (30), Czarny 

subjected the crude imine :from diisobutylaluminum hydride reduction of 

n1 trile 12 to buffered hydrolysis eondi tions. He was able to obtain a -
quantitative crude yield of aldehyde 13, which on Wolff-Kishner reduc--
tion using the normal basic conditions afforded an 8~ yield of ketal 14 ,.,...,. 
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after purification. 

In light o:f' these results, the nitrile H-10 was submitted to the -
exact procedure described by Czarny. The product from reduction of 

H-10 with excess diisobutylaluminum hydride, st111 exhibited some ni--
trlle absorption in its ir spectra. Attempted hydrolysis of the crude 

imine !b.!.! under Czarny's conditions produced none of the aldehyde J!:12• 
but returned only unchanged imine. When a longer time was employed for 

hydrolysis, the :product which resulted showed only a weak carbonyl band 

in its ir spectrum, and some loss of the ethy-lene ketal signal in its 

nm:r spectrumo Since the reduction and hydrolysis were clearly not pro-

ceed.ing as they had on the tricyclic 12, and since the pathway to key ......... 
intermediate C-7 had already been completed at this point, Czarny's .............. 

approach was pursued no longer. 

As outlined in Chart I, addition of methylma.gnesium iodide to 

cyanoketone H-9 results in diol I;..1. This reaction can be performed 
,.,...._, -

e1 ther by adding the Grlgnaxd reagent to a solution of the ketone, or 

by using the reverse addition process. The former procedure was used 
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initially and results in significant amounts of starting ketone in the 

p%Qduct (from enolization) • while the latter modification by J. Tilley 

eliminates this problem. Grignard addition to H-9, selective acetylation .,...._ 

of I-1 and hydration of I-2 all proceeded in good yield; when these 
~ -

reactions were performed in sequence with purification of only the final 

product, then olefinic acetate mixture I-3 was obtained in 90% yield -
from the cyanoketone H-9. -

Treatment of cyanide I-3 with diisobutylaluminum hydride afforded -
the crude imine I-4 which was reduced using the Nagata modification of --
the Wolff-Kishner reduction (28). Hydroxy olefin mixture I-5 thus ob--
tained in 80% yield was then oxidized to the keto olefin mixture I-6. -
J. Tilley"s improved cyclization procedure for the olefin I-6 (19e) -
using refiuxing trifluoroacetic acid afforded an -85•15 mixture of the 

trans-anti-trans ketone C-7 and the cis-anti-trans isomer 15. The - ,.,., -- .,.,.. 
structure determination of this first isomer has already been mentioned 

1n the Introduction; the purification and characterization of this 

latter isomer have been performed by Tilley (19e). From this mixture 

a 64% yield (from alcohol I-5) of the desired tetracyclic ketone C-7 -- ............... 
was obtained by crystallization. When the 1110ther liquors from this 

cr,rsta.lliza tion • containing nearly a 1•1 ratio of the two isomers 

(determined by vpc) • were treated with refluxing trifluo:roacetic acid 

for 48 hr, no change in the ratio of isomers was observed. 

In an effort to possibly raise the proportion of the tra.ns-~

tn.ns isomer produced, the cycliza.tion of ketone I-6 was run in tri-...,__, 

fluo:roacetic acid at room temperature. Under these conditions, the 
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reaction required 10 days to reach completion, whereupon the product 

it afforded bad essentially the same composition as that from refluxing 

ac.id. Analysis by vpc of quenched a.liquots from this reaction indicated 

that durlng the first two days both the trans-~-tra.ns and the cis

~-trans isomers were formed in nearly equal amounts. Following this 

the former isomer continued to increase with respect to the latter, 

until the final 85•15 ratio was achieved. This result seems to indicate 

that a minor olefin isomer in the ketone mixture .!.:.£. cyclizes a.t a. 

faster rate than most of' the sample and affords a higher proportion of 

the ~-fused B-C ring juncture. 

The exact reason why this might be occurring is not clear but the 

results can be rationalized by assuming the operation of two cycliza.

tion mechanisms, a.s recently discussed by K. E. Harding (31). He has 

suggested that ~-fused cycllza.tion products in such systems result 

mainly from the concerted trans a.dd1 tion of a proton and the intramole

cUlar mcleopbile (in our case an aromatic ring) across the substrate's 

double bond. Trans products he maintains are the principal result of' 

cycl1zat1on of' the nucleophile into a discrete cationic intermediate 

in a nonconcerted process. These mechanisms can account for our results, 

1f for some subtle conformational or electronic reasons our principal 

minor isomer 17 readily cyclizes by a concerted pathway while the major -
isomer 18 does not. The exocyclic olefin isomer is present in such -
sall amounts in olefin mixture I-6 that it is unimportant to this dis--
cussion. Then early in the cyclization, olefin 17 would lead mainly -
to cis-fused ketone 15 by the concerted mechanism, while isomer 18 - ~ ,...,..... 
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would generate principally trans-fused ketone C-7 via the discrete --
cationic intermediate 16. Nearly equal rates o:f these two cycllzations -
would produce both products in a bout the same amount. Once all o:f the 

C.I~O 

lS 
~ 

IG -
t t 

17 IS - __, 

minor isomer 17 had been consumed, however, continued cycliza tion main,._ 
ly through cation 16 would increase the amount of the trans-fused ketone -
_2::7. but produce little additional ~-fused isomer~· This rational

ization explains both the initially observed 1a1 formation o:f isomers, 

and the finally obtained preponderance of' ketone C-7. --
This cyclization completes the synthesis of tetracyclic ketone 

C-7. The overall yield of this key intermediate originally reported -
for the cyanide addition route was 3% (23). As a result of' the modi-

fications and step combinations which have been discussed above, the 
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yield for the fourteen steps from~-~ethoxycinnamic acid has been raised 

to 10%. The collected procedures describing this synthesis are included 

in the Experimental section. 

During the period when J. Tilley was attempting the conversion of 

intermediate C-7 to shionone as described in the Introduction, the work ,__ 

comprising Part II of this the:::;is was being performed. Experience with 

the Eschenmoser cleavage reaction of ec:-keto epoxides (32) was gained 

i.n that work, and we were impressed by the ease with which epoxy-ketones 

such as 19 could be converted to ring opened acetylenic ketones (21), - -
by means of P-toluenesulf'onylhydrazone _intermediates (20). In light -

orj) 
0 

20 ,..._ 21 ___, 

of our experience and a series of' publications at that time, a possible 

new use for this cleavage reaction began to become apparent. 

Peterson and Kama.t (33) had shown that trifluoroacetolysis of 

acetylenic tosylate J-1 proceeded to give mainly ketone J-3 after hy--- --
d:rolysis of the intermediate enol trifiuoroacetate J-2; while the --
methylated acetylene J-4 following this sequence afforded predominantly -
the five-meJilbered ring ketone J-6. Johnson and co-workers (34) applied -
these findings to polyolef'iri cycliza.tion reactions, and found that 

formolysis of allylic alcohol J-7, followed by hydrolysis of the re-..__ 
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sulting enol formates J-8, gave an excellent yield of the trans-fused -
hydrindane J-9. Later, Lansbury and DuBois (3.5) showed that such cycli--
zation could be initiated from the tertiary alcohol J-10 using cold --tri:tluoroacetic acidJ they obtained good yields of ketone J-12 (4a1 -
ratio ~ aa< -methyl) from hydrolysis of the enol tri:tluoroacetate J-11. -

Thus it appeared that cationic cycliza.tion of acetylen1o alcohols 

offered promise as an annelation reaction. At the same time it was 

clear :from our experience that the Eschenmoser cleavage of 0<{1 f3 -epoxy-

ketones provided an easy route to acetylenic ketones, and so ultima. tely 

to the alcohols. The possibility of combining these reactions into 

some useful scheme became a question of more than idle interest when 

the problem of converting intermediate C-7 into shionone arose once -
again, In light of the difficulties J. Tilley had encountered trying 

to obtain ~-allylic alcohol G-4, we sought another method of introduc-
ing the ~-methyl at C-5 of shionone. This prompted our investigation -
of the pathway outlined in Chart K for construction of the A ring, 

As a model for this study, a small amount of intermediate G-2 stUl -
remained from the work of Tilley. If this could be converted to acety-

lenic alcohol K-J, then it seemed trifluoroacetic acid cycliza.tion of --
the alcohol should afford principally the enol tr1fluoroacetate K-4 • 

. -
The correct ring size could be expected since Peterson had obtained only 

six-membered ring cyclized. products from acetylene J-1. It seemed that -
the desired stereochemistry of the newly formed angular methyl group 

should predominate since on cycliza.tion alcohol J-10 afforded 80% trans-
. -

fused product and alcohol J-7 gave exclusively trans-fused product, -
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This latter cyclization may proceed through cationic intermediate 22 --
and may owe its high degree of stereospecificity to the axial methyl 

group 1,3 to the cationic center (31, 18). This group should hinder 

approach by the acetylene nucleophile from the ~ face of the cation, 

22 23 - --
and thus lead to a trans ring juncture as observed. It was hoped that 

alcohol K-3 would cyclize principally through cationic intermediate 23; - -
in this case the axial methyl group held rigid at the B-C ring juncture 

should similarly affect the cyclization and cause trans-fused product 

K-4 to predominate. -
In order to prepare alcohol K-3, the enone G-2 was treated with - - ' 

'base and hydrogen peroxide and afforded a<,~ -epoxyketone ..!5::.! in excel

lent yield. The ~-toluenesulfonylhydra.zone o:f the ketone was formed in 

0 
si~u at -18 in a 1a1 mixture of acetic acid and methylene chloride 

(32b, c); ~his intermedia~e decollposed as the mixture was then stirred 

a~ room temperature, and acetylenic ketone K-2 was obtained in 69% yield -
after chro~ tography. Methylli thium addition to the ketone proceeded 

smoothly to afford acetylenic alcohol K-3 for the cycliza.tion study. -
When alcohol K..:3 was treated with a mixture of trifluoroacetic -
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acid and trifluoroacetic anhydJ."'ide at -18° (3.5), the ensuing reaction 

required 20 min to reach completion as determined by vpc. After evap-

oration of the sol vents from this mixture under reduced pressure, the 

single product obtained was an enol trifluoroacetate. This was deduced 

to have structure K-4 when upon hydrolysis it afforded G-8b as the only - ---
product, having the same mp, Dllnp, ir, and nmr as the material previously 

prepared by J. Tilley. The yield of G-8b from the acetylenic alcohol -
was 92% after chromatography; apparently the cyclization proceeds under 

these conditions with a remarkable degree of stereospecificity. 

This result is consistent with cyclization through a discrete 

cationic intermediate such as 23 as discussed above. It casts some ,.,..__ 

doubts, however, on Harding's proposal (31) that cyclizations of such 

tertiary alcohols (:for instance Lansbury' s alcohol J-10) proceed through -
initial dehydration to intermediate olefins, even under these conditions. 

He has used this argument to account for ~-fUsed cyclization products 

(about 20% in Lansbury's case) which he maintains are due to concerted 

protonation/cyclization of the intermediate olefins. Our alcohol K-3 --
should be as prone (or more so) to dehydration as is alcohol J-10, and -
should therefore yield ~-fUsed product from concerted protonation/ 

cyclization as does J-10. Yet no ~-fused products are observed. -
Either the intermediate olefins in our case do not participate in such 

concerted reactions, or the alcohol K-3 does not dehydrate to olefins --
prior to cyclization. This latter possibility seems most reasonable, 

and casts doubts on whether Lansbury's alcohol J-10 is dehydrating 
. -

under these conditions either. If both alcohols J-10 and K-3 are --
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eyclizing through discrete cationic intermediates, then the 20% ~

fused product in Lansbury's case could be due to the lack of: any bulky 

axial substituents 1,3 to the cationic center (18). 

Regardless of: the detailed mechanism of cyclization, the Eschen

mser cleavage/cyclialkylation procedure provided an extremely stereo-

specific way of introducing the required axial methyl group at the A-B 

ring juncture. In addition, it had been possible to trap the enol 

trifluoroa.cetate K-4. The great similarity between this compound and -
Tilley's enol acetate G-6, made us confident we could generate enolate -
anion K-.5 as he had done, only from enol trifluoroacetate K-4. The - --
anion could then be cyclopropylated, or possibly methylated, to ulti

mately yield the desired A ring of G-8a, Unfortunately our confidence -
was so great and the amunt of enone G-2 was so small that this reaction -
was never attempted, Instead, the remainder of G-2 was used in a sec--
ond study. 

Subsequent to Johnson's published conversion of J-7 to J-9, he re---
ported an unusual cyclization of this same molecule under different 

conditions ( 36) • 
0 On treatment of J-7 in methylene chloride at -78 -

with trifluoroacetic acid (which is only very slightly soluble at this 

temperature), he obtained the olefinic chloride 24 in 60% yield after -
purification, He offers a possible explanation for this unusual trans

formation, based upon the very low concentration of trifluoroacetic 

acid present in the cyclization mixture. He proposes that the kinetic 

intermediate from cyclization resembles the linear vinyl cation 2.5, -
which is quickly trapped by normal concentrations of good nucleophiles 
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25 -
to afford .5-membered ring products such as J-8. When no good nucleo--
phile is present in any appreciable concentration, however, this cation 

rearranges to the thermodynamically more stable (due to the trans ring 

juncture) system 26. Eventually, this abstracts a chloride from methy--
lene chloride to afford the observed product 24. _.,_ 

This cyclization of a methylated acetylene to a cylohexane deriv-

ative looked very attractive for generation of' the shionone A ring since 

it introduced the C-4 methyl group of' shionone without resorting to 

experimentally difficult procedures involving an enolate anion. In 

order to determine the appllcabili ty of' Johnson's finding to our system, 

the methylated acetylene L-2 was prepared. This was accomplished by -
treating acetylenic ketone K-2 in ether and tetrahydrofUran with an -
excess of methylll thium and. then methyl iodide. The product mixture 
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obtained in 83% yield contained alcohol L-2 and ether L-1 in a 2,6&1 - -
ratio. When this reaction was performed using 20% HI'lPA-tetrahydrofuran 

as solvent, only ether L-1 was obtained • ..-...-

When alcohol L-2 was treated with 1% trifluoroacetic acid in methy-....-
0 lene chloride at -20 , no reaction seemed to occur within 2.5 min as 

determined by vpc. The mixture was then allowed to warm to room temper-

ature for 7.5 min, and afforded after work-up a crude product containing 

a moderately strong enol trifluoroaceta te band in the ir, After hydrol

ysis of the enol trif'luoroacetate and purification of' the product, a 

47% yield of pregnenone L-6 was obtained (the small scale of the re-__.. 

action may account for a somewhat low yield), The stereochemistry of 

this product was assigned by analogy w1 th Johnson's results from acety-

lene J-7 and our experience with alcohol K-J. Some nonpolar material - -
was also obtained from chromatography of the hydrolyzed product, but 

it was obtained in such a small amount that it could not be determined 

whether it was the desired chloride L-3 or dehydration product L-.5. - --
This :rather disappointing result suggested that ur..der conditions 

vigorous enough to solvolyze our tertiary alcohol at an appreciable 

rate, enough trifluoroacetic acid had to be present that it trapped 

out the undesirable ..5-membered. ring product. In view of our success 

with the cyclization of terminal acetylene K-3, and of our confidence -
that enolate anion K-.5 could be generated from enol trifluoroacetate --
K-4, the cycllza.tion of methylated acetylenes was temporarily aba.n-·-
do ned. 

A1 though the new A ring sequence seemed essentially worked out, 
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it appeared unwise at this point to preparatively apply this sequence 

to the generation of Tilley's intermediate alcohol G-15, via the olefin -
G-8a. Tilley had already encountered problems in trying to complete -
the side chain from alcohol G-15, raising the possibility that this -
transformation might require considerable study. Since a great many 

steps were involved in reaching the alcohol, it could only be prepared 

in relatively small amounts which might again prove insufficient to 

achieve the final transformation. Thus a more reasonable alternative 

was pursued, that of elucidating a pathway for the completion of the 

side chain on more readily available material. 

As a substrate for this work, the simplest model from key inter-

mediate C-7 would still possess the aromatic A ring intact. For con--
struction of such a model the D ring ketone of C-7 does not have to be --
Jla.Sked or protected for operations in the A ring, and thus can be uti-

lized directly as an aid for introduction of the side chain as outlined 

1n Chart M. When the tetracyclic ketone C-7 was treated with Vilsmeir -
reagent (POC1

3
-DNF) (:37a) and the reaction was carried to 8'7% conversion, 

a 75% yield (based on recovered starting materlal) of chloro aldehyde 

~was obtained (37b). If the reaction was carried to complete conver

sion, this yield dropped to 71%. A second principal product isolated 

from the reaction mixture was found to be the chloro dialdehyde M-1. -
Formation of this species accounts for the lower yield of the desired 

.ano-aldehyde M-2 when the reaction was carried to higher conversion • 
. -

Chloro aldehyde M-2 was sought partly as a result of work by Coates -
and Shaw (:38) J they demonstrated that o(, ~-unsaturated ester 27, -
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substituted with a methoxy leaving group at the ~-position, could be 

reduced with lithium in ammonia to the demethoxy saturated ester 28. -
Welch and Hagan (39a) subsequently showed that such reductions could 

be coupled with methylation of the intermediate ester enolate anion to 

&!ford 0( -methylated esters (e.g. 29-rJO). In both of these cases, 

the 1n1 tially formed product bears the ester group in an axial orien-

ta.tion, 1,3 to an axial methyl group. The relationship of this work 

to chloro aldehyde M-2 is cleara such a reductive alkylation o:f this -
intermediate should a:fford principally the methylated aldehyde M-3 with -
the aldehyde oriented in the 0(. configuration as desired for elaboration 

into the side chain. 

Dissolving metal reductions of ot, ~-unsaturated aldehydes are 
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almost unmentioned as preparative reactions in the literature (40); 

the proposed reduction in our system promised to accomplish so much in 

one step, however, that its investigation was deemed worthwhile. 

Chloro aldehyde M-2 was therefore treated with lithium in ammonia fol,...,._ 
lowed by iodomethane quenching under a variety of conditions, Initial 

attempts afforded low yields of the desired aldehyde M-J. From these --
reactions varying amounts of acid soluble compounds were obtained from 

the 10% hydrochloric acid wash of work-up, while considerable amounts 

of polar material were obtained after chromatography. The polar chro-

mtography products appear by ir and nmr to be a mixture of diastereo-

merle alcohols of structure )1, probably formed by dimerization of the ,..,., 

interJiledia.te radical anion 32. Formation of dimers in the reduction -. 

CH30 

'31 -
of Ott •I' -unsaturated carbonyl compounds is not uncommon in the absence 

of a. proton source (41a, b), The acid soluble products are probably 

amines of some sort formed by various possible reactions between ammonia. 

and the starting aldehyde or product ( 41c). 

Conditions were modified in order to minimize these side reactions, 



Chloro aldehyde M-2 was kept isolated from the ammonia atmosphere of ,...,.._ 

the reaction vessel during addition by the use of a non pressure-equal-

ized dropping fUnnel. A high concentration of dissolved lithium was 

eaployed • and most of the ammonia was removed from the reaction mixture 

prior to quenching of the enolate anion with iodomethane. These steps 

were taken in order to limit undesired reactions of ammonia ~ith the 

starting material or product. A high dilution of the chloro aldehyde, 

a slow addition rate of chloro aldehyde to the reducing solution and 

vigorous stirring of the reaction mixture during addition were also 

employed J in this case the purpose was to minimize coupling of the 

radical anions. When all these modifications were finally arrived at 

and applied in a single reaction, a 64% yield of the desired aldehyde 

M-3 was realized after chromatography. No epimeric methylated aldehydes -
were observed. 

There is little doubt that aldehyde M-J has the proper stereochem-........_. 

istry about the newly formed asymmetric center. House and co-workers 

have examined the stereochemical course of alkylation of enolate anions 

exocyclic to simple cyclohexane rings, and have observed a marked pre

ference for equatorial alkylation (42). Welch has commented on the 

stereospecificity of this process in relation to his experience with 

the reductive alkylation of unsaturated ester 33J on methyl iodide _.. 

alkylation of the presumed ester enolate anion 34, he obtained greater -
than 95% atereoselective equatorial alkylation, resulting in podocarpic 

acid derivative 3.5 (J9b). This is completely analogous to his result ..._, 

discussed earlier from the reductive alkylation of ester 29, which also ...._. 
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OCl"h 

gave equatorially methylated product. Ireland and Mander have examined 

the alkylation of a system very similar to ours, that of an aldehyde 

enolate anion exocyclic to a fused cyclohexane ring. They observed 

that methylation of aldehyde 36 with potassium t-butoxide and iodometharie 
. -- -

af'fords only the equatorial alkylation product 37 (43). All of these -
CHO 

'37 -
examples exhibit predominant or exclusive equatoria.:t alkylation of 

enolate anions exocycllc to saturated six-membered: rings' there is no 

reason to suppose that the alkylation which generated aldehyde M-3 --
would have behaved any differently. 

In two steps f'rom the D ring ketone of key intermediate C-7 the ,_ 
aethylated aldehyde M-3 had been synthesized. This conversion argued -



strongly against use of olefin G-2 in our synthetic planning since six ,..._.., 

steps are required to achieve the parallel transformation by way of 

that intermediate. In order to make either route worthwhile, however, 

the remainder of the side chain still had to be attached to an aldehyde 

such as M-). 
~ 

Aldehyde M-) was smoothly reduced to the alcohol M-4 wi·::.h lithium -- .........-
aluminum hydride, and we hoped to convert this to the iodide M-5 for --
coupling with ..,...-(1 ,1-dimethylallyl)-nickel bromide (4) (26). A number 

. .,.,., 

of attempts at preparing this iodide failed however. With the reagent 

•ethyltriphenoxyphosphonium iodide, under conditions which afford good 

yields of iodide from other sensitive primary alcohols ( 44), only mix

tures of nonpolar olefinic compounds (probably )8 and J9) were producedJ 

"""""' -

~0 
38 -

under milder conditions, little or no reaction occurred. The reagent 

itself was shown to be good when it smoothly converted dodecyl alcohol 

to the corresponding iodide. These results are not unreasonable since 

the alcohol function of M-4 not only has neopentyl character, but is ,.._., 

•ttached to a carbon 1,)-diaxially disposed to a methyl group held 

rigid at the ring juncture. Steric hindrance should tend to prevent 



46 

intermolecular reactions of this alcohol. Once such a reaction occurs, 

however, such as formation of a phosphonium ester, then steric crowding 

probably accelerates elimination of any bulky leaving group which may 

haTe :formed. This steric acceleration and the neopentyl nature of the 

alcohol might well be expected to produce rearranged olefinic products 

through cationic intermediates. A different route to the si~e chain 

intermediate M-6 was devised to avoid this problem, and is presented _....., 

in Chart N. 

Nagata's f'ormylolefination reaction of' carbonyl compounds which 

has been used on hindered aldehydes (30) was applied to aldehyde M-3. ,__ 

Treatment o:f this aldehyde with a sevenfold excess o:f the phosphonate 

anion 4o and hydrolysis of the intermediate aldimine N-1, affo::rded an - -

40 
~ 

41 
~ 

89% yield of the oc, fa -unsaturated aldehyde~ after purification. 

Reduction of this aldehyde was initially attempted using lithium in 

UIDIOnia, but only a 34% yield of the saturated product N-4 could be -- . 

obtained; the principal product appeared to .be the dimeric alcohols 41. _., 
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Such large amounts o£ coupling may be due to the very unhindered nature 

Qf the aldehydic carbon; no attempts were made to increase the yield 

of this reaction. 

Another method pursued to effect this reduction was based upon the 

recent procedure o£ Nagai and co-workers (45) "for reducing o<,p -unsat

urated carbonyl compounds to silyl enol ethers. Treatment o£ the alde

hyde N-2 with excess triethylsilane in a small amount of benzene, with .......... 
the periodic addition of catalytic amounts of tris-(triphenylphosphine)-

rhodium chloride, produced the crude silyl enol ether N-3. This was ............ 
hydrolyzed under mildly acidic conditions and an 83% yield o£ the desired 

saturated aldehyde N-4 was obtained after chromatography. ,.__.., 

Completion o£ the side chain was accomplished using the Wittig 

reaction. The crude salt obtained from triphenylphosphine and methyl 

iodide (still containing small amounts of unreacted phosphine) was 

treated with phenyllithium to generate isopropylidine Wittig reagent 

(46). Treatment o£ the aldehyde N-4 with a "fivefold excess o£ this re-
....,.....v 

agent afforded the desired side chain intermediate M-6 in 83% yield -
after chromatography. A viable side chain synthesis had thus been 

arrived at, which in five steps converted the tetracyclic ketone C-7 -
into the side chain intermediate M-6 1n 29% overall yield. -

With the side chain synthesis complete, the question then arose o£ 

how to couple this scheme with that for the A ring. In order to utilize 

the Vilsmeir/chloro aldehyde reduction sequence, it was almost necessary 

to perform these manipulations before reducing the A ring. Our experi

ence with the extremely slow cyclization of olefin mixture I-6 in tri-..........., 
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fiuoroaeetic acid at room temperature, and the stability o:f the D ring 

olefin of alcohol K-3 to the trifluoroacetic acid cyclization conditions -
:for acetylenes, led us to believe that the side chain double bond would 

be stable to the -20° trifluoroaeetic acid eyclization conditions. At 

the same time we felt confident that an enolate anion such as K-5 could ............. 

be generated from an enol trifiuoroacetate and alkylated USing an HMPA 

eo-solvent. These considerations, coupled with the fact that we had 

already completed a route to olefin M-6, prompted us to invest our time 
,yW 

and material in the preparation of this intermediate for conversion to 

shionone. 

At this point it appeared that the most difficult portion o:f the 

work was over. After Birch reduction of the A ring in olefin M-6 and ,..,_ 

subsequent acid hydrolysis o:f the product, the o<, ~ -unsaturated ketone 

formed should have been subject to the same procedures shown in Chart 

K :for the D ring olefin G-2. Birch reduction o:f the aromatic ring o:f 
"""""""' 

olefin M- 6 using the procedure of Tilley (19:£') af:forded the crude enol .,..._ 

ether 0-2 as shown in Chart o. Tilley's hydrolysis procedure used to --
obtain enone G-2 was then employed. Enol ether 0-2 was heated at 70° ....._ ~ 

1n a mixture of ethanol and .5!! hydrochloric acid :for 40 min. A:fter 

work-up the desired enone 0-6 was not obtained, but instead the hydroxy-.--

enone 0-4 had been afforded, possessing none o:f the l1lllr signals char-__, 

acteristic of the side chain olefin. Crude alcohol 0-4 was then treated .....,._. 

with p..toluenesulfonic acid in refluxing benzene for 19 h:r, in an at--
tempt to regenerate the side chain double bond. The product :from this 

reaction, obtained in 69% yield after chromatography, consisted of a 
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13•87 mixture (as determined by nmr) of olefins 0-5 and 0-6. -- ....,...._ 
The observed hydration of the side chain olefin of 0-6 under the --

relatively mild acidic hydrolysis conditions described above raised 

some serious questions about the stability of the side chain double 

bond throughout the rest of our synthesis. As a test, the aromatic 

olefin M-6 was subjected to the exact same trifluoroacetic acid/anhydride -conditions used to effect cyclization of alcohol K-3. To our dismay no ..........-

starting material was recovered, but instead the crude tertiary tri

fluoroacetate 0-1 was obtained. It was clear that the side chain double --
bond was not compatible with our proposed cationic acetylene cyclization. 

Had a. good deal of time and material not been invested in the olefin 

M-6 that was on hand, the synthetic plan would have been modified at ,......_, 

this point to proceed through some intermediate such as alcohol 42. -
The A ring could then have been completed, and the side chain olefin 

~OH 

c~o 

introduced by the Wittig reaction as nearly the last step. In view of 

our investment of time and material in the intermediate M-6, however, --
it was decided to proceed from this compound and later attempt finding 

milder cyclization conditions to forwt the A ring. 
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Another Birch reduction of olefin M-6 afforded crude enol ether ,_ 

_2:3, which was hydxolyzed with oxalic acid to the (3 , ?f -unsaturated 

ketone 0-3 without affecting the side chain. This enone was then con-.._ 

jugated under mild basic conditions and a 72% yield (from M-6) of the -
desired Ol,~ -unsaturated ketone£::§, was obtained after purification. 

We hoped to complete the synthesis from this enone by the ro:tte outlined 

in Chart P. 

Epoxid.a.tion of the enone 0-6 with basic hydrogen peroxide proceeded --
in excellent yield to a:f':ford the epoxyketone P-1. When the Eschenmoser .....-

cleavage reaction was attempted on this molecule using the same condi-

tions employed for epoxide K-1, a low yield of the desired acetylene -
P-2 was obtained1 this was possibly due to acid reacting with the side ,_ 

chain. When the reaction conditions were modified so that 2a1 methylene 

chloride acetic acid was used as solvent instead of a 1a1 mixture, a 

longer reaction time was necessary. The acetylenic ketone P-2 was ob-,........ 
tained in 63% yield after chromatography, however, with the side chain 

still intact. Addition of' methylli thium to this ketone was straight

forward, and afforded the tertiary alcohol P-3 for cycliza tion. 
"""""" 

Our earlier experiment had shown that alcohol L-2 in 1% trifluoro,..,_, 
acetic acid methylene chloride cyclizes principally to give enol tri

f'luoroacetate L-4 (not vinyl chloride). Based on this observation, it -
was expected that cyclizat1on of alcohol P-3 under similar conditions --
would giTe the desired six-membered ring enol tri:f'luoroacetate in the 

A ring. It. was hoped that these conditions would be mild enough to 

preserve the side chain as well, in which case enol trifiuoroaoetate 
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P-4 would be obtained for conversion into shionone, When alcohol P-J - --
was treated for a short while w1 th o • ..5% trifluoroacetic acid (to about 

5Q% reaction) and then with 2.o% trifluoroacetic acid in methylene 

chloride, essentially none of the desired enol trifluoroacetate P-4 -
was obtained, Surprisingly enough, the principal product from this 

reaction appears to have been the chloro olefin P-5, with trifluoro-..__. 

acetate in the side chain but not in the A ring, Upon hydrolysis of 

this crude product, an alcohol (not a ketone) was obtained with a single 

olefinic proton in the nmr, consist.ent with structure P-6. None of the 
~ 

nmr signals characteristic of the side chain double bond were present. 

This cyclization result is quite interesting when compared to our 

previously discussed results obtained on acetylene L-2. Even with a -
higher concentration of trifluoroacetic acid present in the cyclization 

of alcohol P-J as compared to that of alcohol L-2, the principal product - -
obtained appears to be the chloride P-5 as opposed to the enol tri---
fluoroacetate L-4. Since the substrates in these reactions differ by --
aore than just the acetylenic methyl group, and since the reaction 

conditions were not exactly parallel, one can only speculate as to the 

aeaning of these results. They seem to indicate that six-membered ring 

vinyl cation 4J from alcohol P-J is more reactive towards methylene - ---
chloride than the five-membered ring cation 44 from alcohol L-2, Thus 

.. - -
cation 4J reacts quickly with the solvent to afford principally chloro -
olefin P-5, while cation 44 does not react with solvent, but eventually ,._ ,_ 
reacts with the 1% trifluoroacetic acid present to afford enol trifluoro

acetate L-4. Johnson's results with cyclization of acetylene J-7 to -- ,__ 
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chloride 24 (36) (page 36 ) can be rationalized along similar lines. -
One might argue that since the initially :formed linear vinyl cation 25 

~ 

reacts only slowly with methylene chloride, then when no appreciable 

concentration o£ tri£1uoroacetic acid is present, this cation reversibly 

rearranges to the bent vinyl cation 26. I£ this bent cation does react -
rapidly with methylene chloride, then even i£ it is not the more stable 

cation this rapid reaction would still account £or formation of the 

l!lix-membered ring chloride 24. Such a postulated difference in reactiv
"""""' 

ity towams methylene chloride for the linear and bent vinyl cations in 

this l!leries o:f compounds neatly explains the observed results. 

Although cyclization of alcohol P-3 to the chloride P-5 has inspired 
~ . -

soae interesting mechanistic speculation, it was rather a disaster for 

our synthetic purposes. Not only was the desired enol tri£luoroacetate 

not produced, but even under these dilute acid conditions the side chain 

ole:fin had added acid. Since our results id th the side chain alcohol 

0-4 indicated that ca. 85% of the desired ole:fin could be regenerated - -
:t'rom such hydrated species, it seemed reasonable at this point to per-

form the originally intended tri£luoroacet1c acid cyclization at the 



56 

expense of the side chain. As shown in Chart Q, shionone hydrate Q-4 
~ 

might then be prepared and the olefin regenerated as the last step. 

Toward this end, alcohol P-3 was treated with trifluoroacetic acid -
and trifluoroacetic anhydride at -18° to afford the crude bistrifluoro-

acetate Q-1. It was clear from spectra of this material that both an -
enol trifluoroaceta. te and the side chain trifluoroaceta te had been formed. 

Hydrolysis of this material afforded a hydroxyketone consistent with the 

structure Q-2. Conversion of the bistrifluoroacetate Q-1 to the hydrated ,...- ,....,_, 

shionone species Q-4 was then attempted. ,.._ 

Bistrifluoroacetate Q-1 was added to methyllithium in 1,2-dimethoxy--
ethane and tetrahydrofuran to generate the enola te dianion Q-3. This ........-
llixture was then treated with lil'lPA followed by methyl iodide, and the 

resulting product after work-up was stirred with ethanolic potassium 

hydroxide to epimerize any axial methyls 0( to the carbonyl of Q-4- (24e). -
The nmr spectrum of the crude product from this reaction exhibited no 

d. 0. 73 singlet. This singlet is characteristic of the C-5 methyl group 

of shionone (24d), and is also present in friedelin and in Tilley's 

ketone G-Sa; this singlet is not present, however, in ketones G-8b or ,..,_ . -
Q-2 which lack a methyl group ~ to the carbonyl. Thus it appears --
doubtfUl that any of the methylated. ketone Q-4 was present in the crude 

.....-; 

product. On silica gel tlc this material showed at least six spots, 

but no meaningful products could be isolated due to the small scale of 

the reaction. 

Generation of the enolate dianion Q-3 was then attempted using ex-
~ 

cess li thiwn in ammonia to cleave the bistrlfluo:roacetate Q-1. The re---
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sulting blue solution from this reaction was quenched directly with iodo-

methane, and once again a complex product mixture was obtained. After 

treatment with ethanolic potassium hydroxide, this crude product had an 

nmr spectrum lacking any J o. 73 singlet, and this experiment was pursued 

no further. Additional attempts at the conversion of Q-1 to Q-4 almost 
............... ~ 

certainly would have been made at this point, had it not been for the 

results o:f D. 'Walba from some concurrent work in this labo:ratory (47). 

Pentacyclic diether R-1 had been prepared in large quantity by A • ..--
Hagenba.ch in these labo:ratories (48) using a route which parallels that 

outlined in Chart D for the preparation o:f Welch's intermediate C-5. 
~ 

Walba converted a portion of this material to the enone R-3, and was 
..-..,.., 

able to transform this into acetyl-enic alcohol R-6 by the same sequence ,.__, 

which had generated acetylenic alcohols K-3 and P-3. He then cyclized - -
alcohol R-6 to the enol trifluoroacetate R-7, and attempted to gene:rate -- -
a.nd methylate the enolate anion from this intermediate. With methyl-

lithiwa used to cleave the enol trifluoroacetate and methyl iodide used 

as alkylating agent, several attempts were unsuccessful at generating 

the desired methylated ketone R-8a 1 the only identifiable product from ---
these reactions was the una.lkylated ketone R-8b. Acetic anhydride was -
then employed to trap the enolate anions, but only low yields of enol 

acetates were achieved; the ketone R-8b was again the other major pro-
,...,..._; 

duct. Additional studies on the enol trifluoroacetates from cholestan

one, with methylllthium cleavage and acetic anhydride trapping, produced 

low yields of enol acetates as well. 

It is well known that enol acetates are readily cleaved by methyl-
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lithium to the corresponding enolate anions (49); however, it would 

appear that our earlier assumption that enol trifluoroacetates would 

behave similarly is incorrect. No examples of this reaction of enol 

trifluoroacetates could be found in the literature, and the reason for 

their problematic behavior remains unclear. It would have been inter-

esting to study this reaction ~n a simple system on a large enough 

scale to determine exactly what was occurring, but the problem of com-

pleting the A ring still remained unsolved. 

Since the problems of the friedelin and shionone A rings were 

essentially the same, and since Walba's acetylene R-6 was in more plen
~ 

tiful supply than the alcohol P-3, he kindly afforded me a portion of 
~ 

his material for some experiments. Cyclization of acetylenic alcohol 

R-6 was attempted using formic acid (34) as shown in Chart S, in an --
effort to generate an enol ester more "normalu than the trifluoroaceta.te. 

When a 1a1 mixture of formic acid and methylene chloride, containing a 

trace of acetic anhydride to remove any water, was used to effect cycli

za.tion at ca. 0°, only starting material R-6 was recovered after 2 hr. -
When performed at room temperature, this reaction required 4. 5 hr to 

reach completion as determined by vpc analysis. The crude product 

appeared to be a 1 a1 mixture of the desired enol formate S-1 and the --
dehydration product S-2. When this mixture was resubmitted to the --
same reaction conditions for 5 hr longer it remained unchanged, indica-

ting that olefin S-2 did not cyclize to enol formate S-1 under these -- ..-
conditions. Other experiments in the shionone series showed that the 

side chain olefin added formic acid under similar conditions, so no 
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Chart S 

OCH3 

' ~ l 
HCO~H, CH1,Clt. 

S-l ,....._,., 

S-2. --

CH3 a) R: Cz Hs 

§..::.:3 b) R = tH3 

0 

R-8b 
r ~ 
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attempts were made to increase the ratio of S-1 to S-2. _........ ....-

Another approach to the problem was prompted by our isolation of 

the olefinic chloride P-5. It seemed that if the six-membered ring --
vinyl cations such as 43 readily abstracted chloride from methylene -
chloride then they might also react with ethers to afford enol ethers 

such as S .. .J. These products would be desirable since they could be 
"""""" 

cyclopropylated (50) for introduction of the required methyl group 

upon acid hydrolysis (20). Thus acetylenic alcohol R-6 was treated --
with borontrifluoride etherate complex in ether, with some pinene added 

to scavenge protonic acids. These were mixed at -78° and warmed slowly 

to room temperature for a period. The crude product obtained after 

work-up appeared to be a mixture of the uncyclized olefin S-4 and the ............, 

known ketone R-8b previously prepared by D. Walba, in a ratio of ca. --- -
2a1. No enol ether S-Ja was observed. It remains uncertain whether --
ketone R-8b was formed by quenching of the vinyl cation by hydroxyl ,._,.._. 

from the alcohol substrate or by hydrolysis of the enol ether S-3 on -
work-up. Whatever the case, it would appear that the ether solvent is 

too basic and affords too much elimination product to be useful. A 

similar reaction was attempted under somewhat milder conditions in 

dimethyl ether (bp -24°) for 4 hr, but no reaction occurred to any 

significant extent. 

Peterson's work had shown that methylated acetylene J-4 cyclizes -
faster than the corresponding terminal acetylene J-1 (33). If the -
methylated acetylene in our A ring system would also cyclize faster, 

then perhaps less elimination would occur in using the borontrifluoride 
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etherate/ethyl ether conditions on such a system. We decided to try 

the experiment shown in Chart Ton the methylated acetylenic ether L-1, -
in hopes o£ getting principally cyclized product. A most illportant 

question to be answered, however, was whether ethyl ether would act 

analogously to trlfluoroacetic acid and give five-membered ring enol 

ether T-1, or analogously to mtlthylene chloride to give the six-membered -
ring enol ether T-2. The latter possibility would allow direct 'forma-

~ 

tion o~ the shionone A ring by hydrolysis. 

Acetylenic ether L-1 was treated with borontrifluoride etherate -
complex in ethyl ether; under mild conditions at -78° no reaction 

occurred, but under more vigorous conditions at room temperature all 

o~ the starting ether was consumed. Instead o£ the desired enol ether 

T-2 or ketone G-8a, the main product £rom this reaction appears to have -- --
been the previously isolated ketone L-6. The crude product seems to -
contain about hal£ this ketone, with the remainder of the material 

consisting o£ two very nonpolar compounds by tlc. Not enough material 

was present to separate these, but one was probably ole£in mixture L-5 --
analogous to the uncyclized material S-4. The other might have been .-....-

Tinyl fluoride. T-3, as vinyl cations have been shown to trap fluoride .--... 

from borontrifluoride . ethexa te (51). 

Whether the oxygen function in ketone L-6 came £rom the ethereal 
. -

solvent or £rom the ether oxygen present in starting material L-1 re--
mained unclear. Acetylenic ether L-1 was then treated with borontri-....,._ 

fluoride etherate complex in methylene chloride £or 30 min at -18°. 

This reaction a££oroed no enol ether or ketonic products, nor any start-
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Chart T 

a.) BF1 • 0( C~ Hs )t. 
tca.Hs)~.O, -'18° ... ltT. 
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T-2. -
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ing material; thus at least in methylene chloride the ether function 

from starting material is not quenching any vinyl cations produced. 

On1y two nonpolar products were obtained having the same R£ on tlc as 

those £rom the ether reaction; again too little material was present 

to allow separation and identi£ication o£ the products. 

Our results at this point indicated that while the A ril~ enol 

trifluoroacetate could be made £rom P-3 (at the expense o£ the side 
~ 

chain), its conversion to the alkylated species was not the trivial 

matter we had expected. The use o£ other cyclization conditions on 

non-methylated acetylenes to generate enol £ormates or enol ethers 

gave considerable elimination products a thus we could not generate 

appropriate species to allow introduction o£ the C-4 methyl group. When 

methylated acetylenes were cyclized, £ive-membered ring products occurred. 

As a logical modi£ication o£ this last scheme, cyclization o£ a methyl-

ated ole£in was attempted next as outlined in Chart u. Since the inter-

mediate cyclized cation should not have the pre£erence £or linearity 

exhibited by vinyl cations , we hoped to obtain six-membered ring prod-

ucts such as £ormate ester U-3. ,..._, 
Acetylenic ketone P-2 in tetrahydrofuran was treated with excess .............. 

aethylli thium, and then HMPA and excess methyl iodide were added sequen

tially. The single clean product £rom the reaction was methylated 

acetylenic ether U-1. Reduction of the acetylene with sodium in ammonia ....._ 

afforded the diolefinic ether U-2, which it was hoped would cyclize in --
formic acid to formate ester U-3. If the side chain could be maintained .............., 

intact, hydrolysis and then oxidation o:f ester U-3 would a££ord shionone; 
~ 
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if the side chain did add acid, then a final dehydration step would be 

necessary as well. Under a variety of cycliza.tion conditions employing 

formic acid or trifluoroacetic acid, the desired ester U-3 could not be .........,._ 

formed. The products at low temperature appeared to be principally 

olefins, probably either U -4a or U-.5a 1 with only small . amounts of any 
.,._ --

ester products. At room tempe~ture and with prolonged reaction times, 

significant addition of acid to the side chain olefin occurred (e.g. 

U-4b and U-5b), but hydrolysis of the esters afforded no secondary al--- ---
eohols (A ring hydroxyl) for oxidation to shionone hydrate. 

While it has not been possible through the efforts described above 

to effect the total synthesis of shionone, much has been accomplished 

towards the final realization of that goal. Most importantly a high 

yield, stereospecific method has been developed for introduction of the 

side chain. By means of the Vilsmeir reaction/reductive alkylation pro-

eedure, the methylated aldehyde M-J has been arrived at in two steps --
from key intermediate C-7; six steps are required for the parallel ........-, 

transformation to aldehyde G-14 using previously established procedures. --
Such a reductive alkylation of a Vilsmeir reaction product has never 

before been perf'ormed; these efforts provide the first demonstration 

of the feasibility and utility of this useful and interesting process. 

Completion of the shionone side chain :from aldehyde M-3 has been --
accomplished in three high-yield steps. This compares most favorably 

with recorded syntheses of' similar side chains in other systems which 

generally proceed in more steps and in lower yield (52). Such is the 

ease even though intermediate M-3 possesses an unfavorable 1,3-diaxial 
. -
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steric interaction between the C-12a methyl group and the axial aldehyde 

function. An important feature of this sequence for the shionone p:rob-

lem 1s that it can be readily interrupted once the saturated aldehyde 

N-4 bas been reached. Protection of this aldehyde or the corresponding -
alcohol 42 would allow delay in introducing the side chain olefin until .....-
arter completion of manipulations elsewhere in the molecule. Such 

flexibility is quite valuable in view of the extreme acid sensitivity 

of the double bond which has become apparent during these efforts. 

Another significant accomplishment of this work, one which may 

stil1 prove applicable to the synthesis of shionone, was elucidation of 

the cyclization route to enol tri:fluoroacetate K-4. Essentially what ,..-... 

this route demonstrates is a new and highly stereospecific procedure 

for methylation of enones such as G-2; the new methyl group is int:ro-
~ 

duced at the A-B ring juncture, {3 to the carbonyl, such that it be

comes 1,3-diaxially disposed to the angular methyl group already pre

sent at the B-C ring juncture. This method could prove generally val-

uable for the synthesis of certain polycyclic ring systems, and comple-

ments nicely the efforts described in the second part of this thesis. 

In this latter work, a method has been developed for substituting sim-

Uar A-B ring junctures at the position (5 to the carbonyl; both methods 

employ the Escherunoser cleavage reaction of epoxyketones, in parallel 

yet d1£ferent schemes. 

The acid cyclization sequence described above potentially could 

accomplish still more than the stereospecific introduction of a methyl 

group to such A-B ring junctures. The enol trifluoroacetate K-4 can ,..,-., 



be isolated from the cyclization, and the enol trlfluoroacetate function 

preserves what is the thermodynamically and kinetically less favored 

direction of enolization of the A ring ketone. It remains for future 

study to determine whether such a trapped enolate can be effectively 

utilized to introduce substitution at the otherwise difficultly access-

ible position 0( to the ring juncture. For the shionone synthesis, 

this could provide for introduction of the C-4_ methyl group 1 regardless 

of the feasibility of this scheme, however, the cyclization procedure 

has been shown to introduce the required axial methyl group at the C-5 

position of the shionone and friedelin type A rings. 

A number of alternative cyclization procedures have also been 

axamined for forming the shionone A ring from acetylenic or olefinic 

intermediates such as P-3 or U-2. These studies have excluded certain 
......-.. --

possible cyclization conditions, and in doing so have uncovered some 

interesting results concerning the cationic cyclization of the acetylenic 

intermediates. 

The efforts described above have served to overcome several dif-

ficult problems in the total synthesis of shionone, through the novel 

application and adaptation of certain reactions in new synthetic se-

quences. Knowledge has been gained in attempting to apply these se-

quences in an actual shionone synthesis, and what has thus been learned 

should serve to guide future attempts at the construction of this mol-

ecule. 
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Experimental Section 

All reactions were run under an argon atJilOsph.ere unl.ess otherwise 

noted. Melting points labeled (vac) were taken in evacuated capillaries 

on a Hoover capillary melting point apparatu~while all others were de

terlllined on a Kofler micro hot stage melting point apparatus. All melt

ing points and boiling points are uncorrected. Infrared spectra ( ir) 

were taken on a Perkin Elmer 2J7B grating infrared spectrometer. Nu

clear magnetic resonance spectra (nmr) were taken on a Varian Associates 

Model T-60. Ultraviolet spectra (uv) were taken on a Cary recording 

spectrometer, Model 11M. 

Alumina refers to grade I, neutral alumina supplied by M. Woelm, 

Eschwege, Germany, made up to grade II or III as indica ted by addition 

of J% or 6% water with shaking and equilibration prior to use. Ordi

na.cy silica gel columns used the 0.05-0.2 rnm silica gel "for column 

chromatography" llla.nufactured by E. Merck, Darmstadt, Germany. High 

pressure silica gel chromatography used the Silica Gel H "For T.LC Ace. 

To Stahl n manufactured by E. Merck, Darmstadt, Germany. 

Anhydrous solvents were dried immediately prior to use. Ether, 

tetrahyd.rofuran (THF) and dimethoxyethane (DME) were distilled from 

11 thiua aluminum hydride 1 ~-butyl alcohol and pyridine l'l'ere dis

tilled from calcium hydride; hexamethylphosphoramide (HMPA) was distilled 

at reduced pressure from caleiua hydride a allllliOnia was distilled from a 

blue lithium or sodium solution a and methylene chloride and methylene 

iodide were distilled f'rom phosphorous pentoxide. Petroleum ether re-
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:fers to the "Analyzed Reagent" grade hydrocarbon fraction, bp J0-60°, 

which is supplied by J. T. Baker Co., Phillipsburg, N.J. and was not 

~urther purified. When anhydrous solvents were required in amounts 

less than~· 200 ml, especially in small volumes at different intervals 

throughout a reaction, it was found most convenient and time saving to 

distill them. through the specially designed solvent drier described in 

the Appendix. 

Microanalyses were performed by Spang Microanalytical Laboratories, 

Ann Arbor, Michigan. 
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3-(m-Methoxyphenyl)~l-pr~panol (H-2). 
~.... .... - - __.....,.. ......_... 

To a rapidly stirred suspension of 52 g (1.38 moles) of lithium 

aluminum hydride in 64o ml of dry ether, a solution of 100 g (0.56 

mole) of m-methoxycinnamic acid (H-1) in 400 ml of dry 'lliF was added .._..... 

over a 2-hr period so as to maintain gentle reflux. The stirred mix-

ture was heated at reflux for an additional 2 hr, cooled in <:Ln ice 

bath, and carefully treated with 50 ml of 95% ethyl alcohol to destroy 

excess lithium aluminum hydride. This suspension was poured onto 100 

Ill of concentrated sulfuric acid and 1. 5 kg of ice, and the aqueous 

phase was separated and extracted with ether (six 500-ml portions). 

The combined organic phases were washed with 5% aqueous sodium hydroxide 

solution (two 15Q-ml portions) and saturated brine ( 150 ml) , and then 

dried (Na2so4). Upon removal of the drying agent and concentration at 

reduced pressure there was obtained 85 g of a yellow oil, which on 

distillation afforded 56.8 g (61%) of the alcohol H-2 as a nearly ,.._., 

colorless liquid, bp 98-106° (0.1 mm); ir (neat) 3330 (OH), 1600, 

1585, 1490 (aromatic), and 1260, 1150, 1035 cm-1 (ArOCH
3
). 

1-Chloro-J-(m-met hoxyphenyl)-propane (H-3). 
~,... ,....., ............... 

A. From the alcohol H-2. 

The procedure of A. Cohen was employed (53). To a stirred and ice 

cooled solution of )6.8 g (0.}42 mole) of the alcohol H-2 in 40 ml of ----
N,N-dimethylaniline was added dropwise over a period of 20 min 26.5 m1 

(0.37 mole) of freshly distilled thionyl chloride. After stirring for 

0 an additional JO min with ice cooling, the mixture was heated at 100 
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for 1.5 min, and then cooled and treated with 200 ml of 10% hydrochloric 

acid and 100 m1 of saturated brine. This mixture was extracted with 

five 1.50-ml portions of ether, and the combined organic phases were 

washed with .5% aqueous sodium hydroxide solution (two 100-ml portions) 

and water (two 100-ml portions), and then dried (Mgso4). After removal 

of: the drying agent, concentration of the solution at reduced pressure 

left 63.8 g of a brown liquid, which on distillation afforded .58.6 g 

(93%) of the chloride H-3 as a yellow liquid; bp 82-87° (0.1.5 mm)a -
1r (neat) 1600, 1.58.5, 1490 (aromatic), and 126.5, 11.50, 104o cm-1 (ArOMe). 

B. From m-Methoxycinnamic acid (H-1). 

To a rapidly stirred suspension of 200 g (.5.27 moles) of lithium 

alwa1num hydride in 2 1. of dry ether was added over a 4-hr period a 

solution of 400 g (2.2.5 moles) of m-methoxycinnamic acid (H-1) in 1.2 1 • .,..,..,., 

of dry THF at a rate such that moderately vigorous renux was maintained. 

With continued stirring, the mixture was heated at renux for another 

6 hr, cooled with an ice bath, and cautiously treated with .500 ml of 

ethyl acetate followed by .500 ml of water. The resulting suspension 

was poured onto a mixture of .500 ml of concentrated sulfuric acid and 

3 kg of ice, and the aqueous phase separated and extracted with 2.5.% 

ether-methylene chloride (three 1-1. portions). The combined organic 

phases were washed with .5% aqueous sodium hydroxide solution ( 1 1. ) , 

•ater (1 1.), and saturated brine (two 1-1. portions), and then dried 

(Na2so4). Removal of the drying agent and evaporation of solvent at 

reduced pressure left crude alcohol H-2 as a pale yellow oil. --
To a stirred solution of the entire crude alcohol H-2 in 300 ml of -
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ice cooled N,N-dimetbylaniline w-as added over a 1-hr period :300 ml (480 g, 

4,04 moles) of thionyl chloride, After stirring with cooling for an 

additional :3 hr, the red solution was heated on a steam bath at gentle 

renux for 2.5 min until evolution of sulf'ur dioxide ceased. The reaction 

mixture was cooled, treated with 2 1. of 10% hydrochloric acid and 1 1. 

of water, and then extracted with ether (two 1-1. portions) and 2.5% 

ether-methylene chloride (two 1-1. portions). The combined organic 

extracts were washed w1 th .5% hydrochloric acid ( 1 1.) , .5% aqueous sodium 

hydroxide solution (two 1-1. portions), and saturated brine {two 1-1. 

portions), and then dried (Na2so4). After removal of the drying agent 

and distillation of the solvent through a Vigreaux column, a dark oil 

was obtained which on distillation afforded :377.4 g (79%) of the chloride 

H-:3 as a yellow liquid, bp 8:3-118° (0 • .5-0.7.5 mm)J ir (neat) identical 
.-...v 

to tba.t. of product from part A. 

6-(m-Methoxyphenyl)-1-hexen-:3-ol (H-4). 
~~ w ~ 

In an oven dried apparatus was placed 6.)6 g (0.262 mole) of 

magnesium turnings and 1.5 m1 of dry ether, This mixture was stirred 

and treated with about 6 ml of a solution of 4),8 g (0,2:37 mole) of 

tbe chloride H-:3 in :3.5 m1 of dry ether. A drop of iodomethane was --
added to initiate the reaction, and once vigorous reflux had begun, 

1.50 llll. of dry ether was added over a .5-min period so as. to maintain a 

.xi era te rate of reflux. The remainder of the chloride solution was 

then added over a 1.5-min period to maintain reflux, which was continued 

for an additional 2 hr by external heating, This mixture was chilled 

I~ 
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in an ice bath, and a solution of 17.4 ml (0.262 mole) of freshly dis

tilled acrolein in 30 m1 of dry ether was added with rapid stirring 

over a 30-min period. After continued stirring for 30 min without 

cooling, the mixture was poured onto 500 ml of ice and water, and 200 

Ill of saturated aqueous ammonium chloride solution was added. The 

aqueous layer was separated and extracted with ether (four 300-ml por

tions), and the combined organic phases were washed with water (300 ml), 

saturated aqueous sodium bicarbonate solution (two 300-ml portions), 

and saturated brine (300 ml), and then dried (Mgso4). After removal 

of the dessicant and evaporation of the solvent under reduced pressure, 

the green liquid residue was distilled from a trace of barium oxide. 

After a forerun of 0.92 g, bp 39-40° (0.15 mm) there was obtained 41.0 

g (84%) of the alcohol H-4 as a greenish liquid, bp 111-115° (0.07 mm); --
1r (neat) 3360 (OH), 1640 ( C•C ), 1600, 1585, 1490 (aromatic), and 

1260, 1150, 104o cm-1 (ArOMe). This alcohol, if protected from traces 

.of acid, is stable for months when stored at -25°. 

6-(~-~~t~oxyphenyl)-1-hexen-3-one (H-5). ,---.......... - "' ............... 
A solution of 5.4o g (26.2 mmoles) of the allylic alcohol H-4 in -

50 ml of dry methylene chloride was added all at once to a vigorously 

stirred solution of 44.4 g (170 mmoles) of chromium trioxide dipyridine 

complex (54) in 600 ml of dry methylene chloride. After stirring for 

15 min, the dark solution was filtered with the aid of suction through 

250 g of grade II alumina on a Buchner funnel r 300 ml of methylene 

chloride was used to rinse well the dark residue in the reaction flask 
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and was then filtered through the alumina as well. The combined fil-

trates were concentrated under reduced pressure and dried at 0.05 mm 

pressure for one hour. In this manner 4.98 g (93%) of enone H-5 was ............... 

obtained as a clear oil that smelled faintly o'£ pyrldinea ir (neat) 

1675 ( c-o), 1610 ( c-c ), 1600, 1580, 1485 (aromatic), and 1260, 1150, 

104o cm-1 (ArOCH
3
). 

5-(2'-m-Methoxyphenyl)-8ao<-methyl-3,4,8,8a-tetrahydronaJehthalene-1,6 
~ ft ~ _._,._. ~ w ~ .._..~ zw; 

(2H,?H)-dione (H-7). --
A solution of 4.98 g (24.2 mmoles) of freshly prepared, crude 

vinyl ketone H-5 and 2.86 g (22.7 mmoles) of 2-methyldihydroresorcinol -
in 125 mJ. of methanol was treated with 1.4 ml of triethylamine and 

stirred at room temperature for 23 hr. Concentration of this solution 

at reduced pressure afforded crude trione H-6 as a brownish oila ir -
(neat) 1725, 1715, 1695 ( c-o), 1600, 1580, 1485 (aromatic), and 1260, 

1150 cm-1 (ArOCH
3
). 

According to the procedure of H. Smith and co-workers (27), the 

above trione H-6 was combined with 3.3 g of benzoic acid and 2. 75 ml of --
triethylamine in 51 ml of xylene. After 10 m1 of the xylene was distilled 

from this mixture into an empty Dean Stark water separator, the solution 

was heated at reflux through the separator for 24 hr. Upon cooling, 

the solution was diluted with 500 ml ether, washed w1 th sa tura. ted aqueous 

sodium bicarbonate solution (five 100-ml portions), 2% hydrochloric acid 

(three 100-ml portions) • and saturated brine (two 100-m1 portions), 

and then dried (MgS04). After removal of the dessicant and evaporation 
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of the solvent at reduced pressure, the resulting brown oil (6.52 g) 

was distilled in vacuum. After removal of 1.50 mg of a forerun that 

boiled at 114-116° (0.01 mm), 4.30 g of the enedione H-7 bp 1?5-205° --
(0.01 mm) was collected. A small amount of sublimed 2-methyldihydro-

resorcinol which contaminated the product was removed by washing the 

distillate with acetone; removal of the acetone at reduced pressure 

then afforded 4,11 g (54%) of enedione H-7; ir (neat) 1710, 1665 ( c-o), -
16oO, 1.580, 1485 (aromatic), and 126o, 11.50 cm-1 (ArOMe). 

1o(-Hydroxy-5-(2'-m-methoxyphenylethyl)-8ao<-methyl-1,2,),4,8,8a-
~~ ..... '-' ,_, w ,__W' aw: ~.... .. 

hexahydronaphthalen-6(7H)-one (H-8). 
• ... ~:wa w - _,_........_. .............. 

Selective reduction of the enedione H-7 was accomplished using the -
procedure of H. Smith and co-workers (27). A rapidly stirred solution 

of 11.0 g (35.2 mmoles) of dione H-7 in 290 ml of absolute ethanol was -
chilled between zero and five degrees and treated dropwise with a solu

tion of 2,0 g (53 mmoles) of sodium borohydride in 390 ml of absolute 

ethanol. The a.ddi tion was done over a 20-min period a. t such a rate tha. t 

0 the internal temperature remained below 5 • After stirring at the low 

temperature for an a.ddi tional 10 min, the reaction was quenched by the 

cautious addition of 14 ml of acetic acid followed by 50 ml of water. 

This mixture was extracted with five 150-ml portions of ether, and the 

combined extracts were washed with 2% aqueous sodium hydroxide solution 

(three 150-ml portions) and water (two 1..50-ml portions), and then dried 

(MgSo4). After removal of the drying agent and evaporation of the sol

vent at reduced pressure, a yellow oil was obtained which on crystalli-
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tation from ether-hexane afforded in two crops 8. 74 g ( 79%) o:f hydroxy 

enone Bas white crystals; ir (CHC1
3

) 360.5 (OH), 16.5.5 ( C=-0), and 

1600, 1,580, 1485 cm-1 (aromatic). 

~x:r_-.5/$ -.{2'-m-me~o_!y_phe~]-)-8ac<-met~l-6-oxo-1,2,3,4,~ 

~· 7,8 ,8a-decahy<L-ronaph~lene-4a. p_ -~rbon1;_tri~ (!!;,2) and 

1o<-Hydroxy-.5e<-(2~-m-methoxyphenylethyl)-8ac<-methyl-6-oxo-1,2,3,4,4a, 
.,. ... --:ow= __--._.. ii&lll ,....,'W *W',., ___. 

,5,6, 7 ,8,8a-decahydronaphthalene-4aO< -carbonitrlle (.5). 
• ~ wa w:- ,...- ,._. 

According to the general procedure o:f Nagata and co-workers (17a, 

c, e), 140 ml (210 mrnoles) of a 1.5 ~solution of diethylaluminum cy-

anide in benzene was added in a slow stream over several minutes to a 

stirred, ice cooled solution o:f 21.9 g (69.8 mmoles) o:f the enone H-8 -
in 230 ml of dry benzene. After stirring :for 2 • .5 hr without cooling, 

the mixture was poured with vigorous stirring onto 1 1. of 10% aqueous 

sodium hyd:roxide solution and 1 kg o:f ice. The solution was extracted 

with four 800-ml portions of methylene chloride, and the combined or

ganic extracts were washed with 10% aqueous sodium hydroxide solution 

(.500 ml) and water (two 500-Jill. portions), and then dried (NazS04 ). 

After removal o:f the drying agent and concentration of the solution 

under reduced pressure, the resulting gum was crystallized :from ether-

hexane and afforded 19.04 g (80%) of trans fused cyanide H-9 as white -o · crystals, mp 115-121 • The analytical sampl9, obtained after two :fur-

ther crystallizations o:f a portion o:f this material from ether-hexane, 

melted at 122-12~; ir (CHC1
3

) 361.5, )480 (OH), 222.5 (C:N), 1720 ( c-o), 

16oO, 1..58.5, 1490 (aromatic), and 1260, 11.50, 10.50 cm-1 (A:rOMe); nmr 
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(CDClJ) cf 1.12 (s, .), C-8a CH
3
), 3.70 (m, 1, C-1 H), 3.80 (s, 3 1 Ax 

OCH
3
), and 6.6-7.3 (m, 4, Ar H)~ 

Anal. Calcd for c21H27NOJt C, 73.87; H, 7.971 N, 4,10. Founds 

C, 7J.96J H, 7.96J N, 4.06. 

The mother liquors from the first crystallization were chrorna.to-

graphed on 1 kg of silica gel; elution rdth ether gave none of the 

desired compound in the :first 4. 5 1., but afforded o. 610 g of an oil in 

the next 1.5 1.. Crystallization of this oil from ether-hexane afforded 

0.361 g of crystalline cyanide J:!.::2• mp 119-122°; nmr (CDC1
3

) identical 

with that of pure material. The total yield of the trans fused cyano

ketone was thus 19.4 g (81 • .5%). Continued elution of the column with 

1. 75 1. of ether produced mixtures of the cyanide H-9 and. two other .,....,..__ 

compounds, one of which finally eluted with an additional 2 1. of ether 

and amounted to o. 947 g of a yellowish oil. Attempted crystallization 

of this oil from ethanol-hexane afforded the cis fused cyanoketone 5 
- -

as an amorphous white precipitate which turned into a sticky gum on 

dryingJ ir (CHC13) 3620 1 3500 (OH), 2250 (C:N), 1720 ( C=O), 1600, 

1.585, 1490 (aromatic), and 1260, 1150 cm-1 
(AIOCH

3
) 1 nmr (CDC1

3
) cf 

1.18 (s, 3, C-8a CH3), 3.80 (s, 3, Ar OCH3), 4.0 (m, 11 C-1 H), and 6.6-

7.3 (m, 4, Ar H). 

Anal. Calcd for c21H2~o3 a C, 73.87; H, 7.97J N, 4.10. Found1 

C, 73.731 H, 7.97J N, 4.07. 

, . 

l"'.=H~xy-5 ~ -(2 -m-methoxyphenylethyl)-Sao<-methyl-6-oxo-1 ,2,3 14,4a, 
,-~~~ - -
5,6,7,8,8a-decahydronaphthalene-4a~ -carbonitrile ethylene acetal (H-10). -
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A stirred mixture of 42J mg (1.24 mmoles) o:f the cyanoketone H-9. --
1 m1 of ethylene glycol and 6 mg of p-toluenesulfonic acid in 20 ml of 

benzene was heated at reflux through a Dean Stark water separator. 

After 2.6 hr at reflux the mixture was cool~, washed with saturated 

aqueous sodium bicarbonate solution (three ..50-ml portions) and water 

(five .50-ml portions), and then dried (Mgs o4 ). After removal of the 

dessicant and evaporation of the solvent at reduced pressure, 482 mg 

of a white gum was obtained. Purification of this material. on ptlc 

(55) (80% ether-petroleum ether, double development) afforded 4J6 mg 

( 91%) of the ketal J!;.!.9 as a clear glass (Rf 0. 26); ir ( CHC1
3

) 3605, 

3460 (OH), 2230 (C:N), 1600, 1585, 1485 (aromatic), and 1150, 1100, 

· 10.50, 1040 cm-1 (AJ:OCH
3 

and ketal) a nmr (CDC1
3

) -5 o. 98 (s, 3, C-8a 

CH
3
), 3.?9, 3.7-4.2 (sand m, 8, Ar OCH

3
, -O-CHR2 and -O-(CH2) 2-0-] 

and 6.6-7.5 (Ar H). This material was used directly in the next step 

without further purl :fica tion. 

Attempted reduction o:f the cyano ketal H-10 and hydrolysis of the inter-
, .... ~--- ~ - ,-. ---
mediate immine to the aldehyde H-13. -- ~ .._.. -

The exact procedure of R. Czarny (29) was applied to cya.no ketal 

H-10. To a stirred solution of 24.0 mg (o.o624 mmole) of the cyano -
ketal. H-10 in 1. 5 ml of dry benzene was added 0.146 m1 ( 0.144 mmole) - . 

of a o. 98 ~ solution of diisobutylaluminum hydride in benzene. After 

stirring at room temperature for 2 hr this solution was poured onto .50 

ml of ice-cold 5% aqueous sodiWII. hydroxide solution. The resulting 

mixture was extracted with three 30 mJ. portions of methylene chloride, 
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and the combined organic phases were washed with 25 ml of water and then 

dried (MgSo4 ). Af'ter removal. of the dessicant and evaporation of the 

sol vent at reduced pressure, there was obtained 21 mg of crude imine 

H-11 as a white gum. The ir spectrum of this material showed a new peak -
at 1625 cm-1 (-C=NH), but still showed about 30-40% of the original 

nitrile absorption (2230 cm-1). 

To a stirred solution of this oi~ in 1. 5 ml of THF and 1. 5 ml of 

methanol was added 23.6 mg of sodium acetate, 0.19 ml of water and o.o6 

Jill of acetic acid. This solution was heated at reflux with stirring 

for 10 min, and then was poured onto 50 ml of ice-cold saturated sodium 

carbonate solution. The resulting mixture was stirred for .£!• 5 min, 

and then extracted with three 30-ml portions of methylene chloride. 

The combined organic phases were washed with 25 ml of water and then 

dried (MgSo4). After removal of the dessicant and evaporation of the 

solvent at reduced pressure, 21 mg of a cloudy oil was obtained. The 

ir spectrum of this material was almost the same as that of the imine 

H-11 before hydrolysis, and showed onl.y a very small peak at 1715 cm-1 -
(£!. 1.5% o:f' full scale); since this result does not agree with that 

obtained by Czarny, his procedure was modified at this point. 

The crude product was resubmitted to the same hydrolysis and work-

up conditions described above, except that reflux was maintained for 1 

hr. The ir spectrum of the 20 mg o:f' resulting oil showed a greatly 

dia1n1shed. band at 1625 cm-1 (-C=NH, ~· 2.,5% original intensity) yet 

still only a small carbonyl absorption at 1715 cm-1 (ca. 30% o:f' a full 

scale peak). In the nmr spectrum, the integral of that portion o:f' the 
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3.7-4.2 multiplet downfield of 3.86 (-O-.(CH2 )2-0-) had dropped with 

respect to the integral of the total multiplet, as compared with the 

corresponding integrals for starting cyano ketal H-10. These data are -
most consistent with a product resulting from little hydrolysis of the 

imine but some hydrolysis of the ketal function. 

~ 0( ~ ~ ;:Pi~xy-5, _:-(2 '-m-methoxyphenylethyl)-60< ,8aO< -dimethyl-1 ,2, -- ~ ~ --
3,4,4a ,5,6, 7 ,8,8a-decahydxonaphthalene.=_4a.@ -carboni trile (1:.!). , 

Methylmagnesium iodide solution was prepared by adding 8. 78 ml 

(20 g, 14o mmoles) of iodomethane in 80 ml of dry ether to a stirred 

suspension of 3.75 g (0.1.54 mole) of magnesium turnings in 10 ml of 

dry ether. The addition was per:formed. over the course of 30 min so as 

to maintain vigorous reflux, and the solution was then cooled. A 50 ml 

portion of this mixture was added d.ropwise with ice cooling to a stirred 

solution of 4.80 g (14.05 ~~les) of ketonitrile H-9 in 30 ml of dry ,...__ 
benzene and 70 ml of dry ether. The white suspension which f'ormed was 

stirred for 1 hr at room temperature, poured onto a mixture of 150 ml 

of saturated aqueous ammonium chloride solution and 100 g of ice, and 

extracted with six 100 ml portions of chloroform. The combined extracts 

were washed with water (200 ml) and saturated brine (two 200-ml portions), 

and then dried (MgSo4 ) ; after removal o:f the dessicant and evaporation 

of the solvent under reduced pressure, 5.0 g of a white solid was ob

tained which showed significant ir absorption at 1720 em -t ( 0=0). 

This material was treated with the remaining 50 ml. of the methylmagnesiu.m 

iodide solution discussed above, under exactly the same reaction and 
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work-up conditions described above and gave 4.75 g of a white solid, 

One recrystallization from ether-acetone afforded 4. 02 g (80%) of 

crystalline diol I-1, mp 170-173°. The analytical sample obtained -
after two further crystallizations of a sample of this material from 

the same solvent system, melted at 175-178°; ir (CHC1
3

) 3610, J46o 

(OH), 2220 (-C:N), 16oO, 1585, 1485 (aromatic), and 1150, 1o4o cm-1 

(ArOCH
3
); nmr (CDC1

3
) cf 0,93 (s, 3, C-8a CH

3
), 1.13 (s, 3, C-6 CH

3
), 

3,80 (s, 3, Ar OCH
3
), 3.82 (m, 1, C-1 H), and 6.6-7.3 (m, 4, Ar H). 

~. Calcd for c22H
31

N0
3

1 C, 73.92; H, 8.74; N, 3.92. Founda 

C, 73.82; H, 8.69; N, 3.81. 

This product is sensitive to strong or prolonged acidic conditions, 

which should be avoided during work-up and handling. 

toe -Acetoxy-6~ -hydroxy-5f!-(2"-m-methoxyphenyl)-6oc ,8aoc -dimethyl-! ,2, 
~ ..........___ ._... -
3,4,4e.,5,6,7 ,8,8a-decahydronaphthalene-4ap -carboni trile (I-2) • 
.,. ,_, ~ ---zzwa w ._.. ~ ._ zwa -- __._...,.... 

To a stirred solution of 200 mg (0.56 mmole) of cyano diol I-1 in --
4 ml of pyridine at room temperature was added 0,8 m1 (86 mg, 8.4 mmoles) 

ot acetic anhydride. After stirring for 22 hr, the reaction mixture 

was diluted with 250 ml of ether and 100 m1 of ethyl acetate, This 

solution was washed with water (100 ml), saturated aqueous sodium bi

carbonate solution ( 100 m1) , and sa tura. ted brine (two 7 5-m1 portions) , 

and then dried (Na2so4 ). · Following removal of the drying agent and 

evaporation of the solvent at reduced pressure, there remained 249 mg 

of a sticky white solid which was crystallized from ethyl acetate

chloroform and afforded 167 mg (75%) of the acetate I-2 as fine white --
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crystals, mp 159-164°, Two additional crystallizations of' a portion of' 

this material from the same solvent system provided the analytical sam-

ple which melted at 163-16jD; ir (CHC1
3

) 3600 (OH), 2225 (C:N), 1725 

(acetate C=O), 1600, 1585, 1485 (aromatic), and 1150, 1035 cm-1 (ArOCH
3
); 

nmr (CDClJ) J 1,02 (s, 3, C-8a CH
3
), 1,12 (s, 3, C-6 CH

3
), 2.03 (s, 3, 

COCH
3
), 3,80 (s, 3, Ar OCH

3
), 5.1 (m, 1, C-1 H), and 6.7-7.4 (m, 4, 

aroma tie), 

Anal, Calcd f'or c24H
33

No4 a C, 72.15; H, 8,3Jt N, 3.51. Found1 

C, 72,22; H, 8.22; N, 3.48, 

10S:Aceto~-5~-(2'-m-methoxyphenylet~l)-6,8ac<-~imethyl-1,2,3,4,4a,7, 
... w ._~ ._. 

8,8a-octahydronaphthalene-4a.~ -carbonitrile (I-3). 
~ ............... tw&_,........._ 

A. From pure cyano alcohol I-2. 

To a stirred solution of 167 mg (0,418 mmole) of the cyano alcohol 

I-2 in 3. 5 ml of dry pyridine at -10° was added dropwise over a 2-min -
period 0,15 ml (2,1 mmoles) of' thionyl chloride, The solution was then 

0 0 stirred for 75 min with the temperature maintained between 0 and -10 , 

and then for 30 min without cooling. The mixture was diluted with 100 

ml of' ether and 100 ml of ethyl acetate, and the resulting solution 

was washed with water (two 50-m.l portions) and saturated brine (two 50-

Jill portions), and then dried (Na2so4), After removal of the dessicant 

and evaporation of the solvent under reduced pressure, there was obtained 

157 mg of' an oil which on purification by ptlc (55) (50% ether-petroleum 

ether, single development) afforded 145 mg (91%) of the mixture of' ole

fins 1;1 as a gum (Rf' 0, J4); ir ( CHC13) 2220 ( C:N), 1735 (acetate C=oO), 
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1600, 1585, 1490 (aromatic), and 1150, 1035 cm-1 (ArOCH
3
)r nmr (CDC1

3
) 

cf 0.95, 1.08 (two singlets, 3, C-8a CH
3

, ratio £!• 4a1), 1.62 (s, 3, 

C-6 CH
3
), 2.04 (s, 3, COCH3), 3.80 (s, 3, Ar OCH

3
), 5.0 (m, 1, C-1 H), 

6 
5.41 (m, £!• 0.2, C-7 H of~ olefin component), and 6.7-7.4 (m, 4, Ar 

H). A portion of this gum was crystallized once from ethanol to afford 

the analytical sample which melted at 89-108°1 ir and runr were the same 

as those of chromatographed material. 

~. Calcd for C24H31No3a C, 75.56; H, 8.19; N, 3.67. Founda 

C, 75.64; H, 8.21; N, 3.66. 

B. From the cyano ketone H-9 without purification of intermediates. 

A solution of 88 ml (200 g, 1.41 moles) of iodomethane in 800 ml 

of dry ether was added over the course of 90 min to a stirred mixture 

of 40.5 g (1.67 moles) of magnesium turnings in 130 ml of dry ether so 

as to initiate and maintain vigorous reflux. This mixture was cooled 

with an ice bath, and a solution of 51 g (0.15 mole) of the cyano ketone 

H-9 (dissolved with mild heating) in 900 ml of benzene was added over a -
.50-min period. Stirring and cooling were continued for an additional 

45 min, and the solution was then carefully treated with 4o ml of satur-

ated aqueous ammonium chloride solution. This mixture was poured onto 

2. 0 1. of ice and saturated aqueous ammonium chloride solution, and the 

resulting aqueous solution was extracted first with one liter of me~

ene chloride, and then with four 60Q-IIll portions. The combined organic 

phases were washed with .500 ml of water and dried (Na2so4 ). After re

moval of the drying agent, the solvents were evaporated at reduced 
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pressure and 51.6 g of solid cyano diol I-1 remained. 
~ 

A solution of 51.6 g of this crude diol I-1 in one liter of dry .,..,._, 

pyridine was treated with 385 ml of acetic anhydride and stirred at 

room temperature for 22 hr. The mixture was diluted with 2.0 1. of 

ethyl acetate and 1.5 1. of ether and the resulting solution was washed 

with water (two 7.50-ml portions), saturated aqueous sodium bicarbonate 

solution (four 500-m.l portions), water (750 m.l), and saturated brine 

(.500 ml), and then dried (MgSo4 ). After removal of the dessicant and 

evaporation of the solvent under reduced pressure, there was obtained 

57 g of solid hydroxy acetate I-2. --
This crude alcohol I-2 (57 g) was then dissolved in 1.1 1. of dry -

pyridine, and the solution was chilled with an ice 1:ath. To this solu

tion 61 ml (102 g, 0.856 mole) of thionyl chloride was then added drop-

wise with stirring over a 30-min period. The solution was stirred at 

0° for an additional 75 min, and then without cooling for 45 min. This 

mixture was then diluted with 1 1. of benzene, 1 1. of ethyl acetate 

and 1.5 1. of ether, and poured onto 500 ml of ice and water. The 

organic layer was separated, washed with ice-cold 10% hydrochloric acid 

(four 1-1. portions), 5% aqueous sodium hydroxide solution (1 1.), and 

water (two 1-1. portions) and then dried (Mgso4 ). After removal of 

the drying agent and concentration of the solution at reduced pressure, 

55.6 g of brown oil was obtained which on crystallization from ethanol 

afforded 42.2 g ( 74%) of olefin mixture I-3 as slightly brown crystals; .......,_ 
ir and nmr spectra are identical with those of :pure material. The 

mother liquors were chroma. tographed on 2 kg of silica gel. Elution 
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with 4 1. of 7o% ether-petroleum ether gave 700 mg of material that 

lacked the 2220 cm-1 (C:N) absorption in the ir. Continued elution 

With J 1. of the same solvent system afforded 8.83 g (16.2%) of the 

desired cyano acetate I-3 as an oil. The ir spectrum of this material ......_ 

was almost identical with the spectrum of the crystalline cyano acetate 

except for a slightly diminished n1 trile absorption (2220 cm-1 ). 

The combined yield of the olefin mixture B from crystallization 

and chromatography was 51.03 g (89.6% from cyano ketone Ji:2). 

5,_ -Q' ~-Methoxyphenyleth~)-4a p ,6,8~«-tri~et~l-1 ,2!],4,4a,?,8,8a-
... ~....... 'W" ............. ~zwi ..._.... ....... 

octahydronaphth-10<-ol (I-5). , _,_..._.,_. ........... 
To a stirred solution of 14.0 g (36.7 mmoles) of crystalline cyano 

acetate I-3 in 56o m1 of dry benzene at room temperature was added 92 -
a1 (0.147 mole) of a 1.6 M benzene solution of diisobutylaluminum 

hydride. After stirring :for 2.5 hr, the mixture was poured onto 1 1. 

of 10% aqueous potassium hydroxide solution and ice and extracted with 

four 700-JIIl portions of ether. The combined ethereal phases were washed 

With 10% aqueous potassium hydroxide solution (two 600- m1 portions), 

water (two 6oO-m1 portions), and saturated brine (600 ml), and then 

dried (MgSo4 ). After removal of the dessicant and concentration of the 

solution under reduced pressure, there remained 12.9 g o:f crude hydroxy 

imine B as a white foam; ir (CHC1
3

) )620 (OH), 1612 (~0=-NH), 1600, 

1,585, 1485 (aromatic), and 1260, 11.50, 1o4o cm-1 (ArOCH
3

). 

The entire crude product from above was combined in a 2 1., three-

neck flask with 6o Jill o:f 99% hydrazine hydra. te and 17. 6 g of hyd.razine 
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dihydJ:ochloride in .540 m1 of triethylene glycol, This mixture was heated 

0 with stirring for 5 hr at an internal temperature of 135 • A brisk argon 

stream was then passed into the flask and out through a distillation 

head for a period of 1.75 hr to remove the moisture and excess hydrazine, 

During the first 15 min, 116 g of BS::potassium hydroxide pellets was 

added portionwise, and during the last 1,5 hr the internal temperature 

was raised to 155°, The argon flow was then stopped (although an argon 

atmosphere was maintained), and stirring was continued for 5 hr with 

the internal temperature at 15~, The heating bath was then turned 

off but not removed, and the mixture was allowed to cool to room tem-

perature over a 7-hr period, The resulting solid white mass was dis

solved in 1,4 1, of water and extracted with four 800-ml portions of 

ether, The combined organic layers were washed with nine 800-ml por

tions of water, one 800-ml portion of brine, and dried (Mgso4), After 

removal of the dessicant and evaporation of the solvent under reduced 

pressure, there was obtained 10,2 g of a white solid which on crystal-

lization from ether-hexane gave 9.57 g (80%) of crystalline olefin 

aixture I-51 ...-..,.. 
0 mp 92-103 , Two subsequent recrystallizations of olefin 

:aixture I-5 from ether-hexane afforded the analytical sample, mp 98-,.._ 

toSOa 1r (CHC1
3

) 3610, 3450 (OH), 1600, 1585, 1485 (aromatic), 1370 

(CH
3
), and 1150 cm-1_ (AIOCH

3
); nmr (CDC1

3
) $ 0,75, 0,90 (two singlets, 

3 1 C-8a CH
3

, ratio £!• 1a3), 0,82, 1,00 (two singlets, 3, C-4a CH
3

, 

ratio £!• 1a3), 1,61 (s, C-6 CH
3
), 3.7 (m, 1, C-1 H), 3.76 (s, 3, Ar 

) 
. 6 

OCH3 1 5.38 (m, £!• 0,25, C-7 H of ~ olefin component), and 6,6-7,3 

(a, 4, Ar H), 
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~. Calcd for c22H
32

o2 a C, 80,44; H, 9,82, Founda C, 80,2)1 

H, 9. 82, 

When this same experiment was performed on the cyano olefin mix-

ture I-J obtained as an oil from chromatography, the crude olefin mix-
~ 

ture I-5 was afforded as an oil in 81% yield; the ir spectrum of this -
material was the same as that of crude olefin mixture I-5 obtained from --
crystalline starting material. No attempts at purification of this oil 

were made, but it was subsequently oxidized and cyclized with acceptable 

results (c,f, preparation of tetracyclic ketone C-7). --
5~ ;_(2' -m-f<'l::._th~henylethy_!)-4a f3 ,~8aoc.-trimet~l-),4,4a, 7 ,8,8a-, .._.. ~ ---
hexahydronaphalen-1(2H)-one (I-6). ,. .-. __ ...-

To a stirred and ice cooled solution of 269 mg (0,82 mmole) of the 

crystalline olefin mixture I-5 in 30 ml of acetone was added dropwise -
oYer a 1-min period 2,5 ml of 8! Jones reagent (56). After stirring 

at 0° for 10 min, the reaction mixture was quenched with 10 ml of 2-

propanol and diluted with 100 ml of water, Most of the acetone wa~ 

evaporated from the solution at reduced pressure, and the remaining 

liquid was extracted w1 th four 80-ml portions of ether. The combined 

ethereal extracts were washed with water (two 10Q-ml portions) and 

saturated brine (two 200-ml portions), and then dried (Na2so4 ). After 

removal of the dessicant and evaporation of the sol vent \inder reduced 

pressure, there was obtained 277 mg of a yellow oil, A 2,54 mg portion 

of this oil, on purification on ptlc (55) (30% ether-petroleum ether, 

single development), afforded 237 mg (9J%) of ketone I-6 as a semi-
~ 
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crystalline oil (R£ o.4o); ir (CHC1
3

) 1700 ( C=O), 1600, 1585, 148.5 

(aromatic), and 1260, 11.50, 104o cm-1 (ArOCH
3
). The analytical sample, 

prepared by crystallization c£ a portion o£ this material £rom ether, 

melted at 68-93°; ir (CHC1
3

) same as above1 nmr (CDC1
3

) do. 70, o. 98 

(two singlets, 3, C-8a CH
3

, ratio~· 1a3), 1.6,5 (s, 3, C-6 CH
3
), 3.82 

(s, 3, Ar OCH
3
), and 6.6-7.3 (m, 4, Ar H). 

~. Calcd £or c2zr
30

o2 a c, 80.94; H, 9.26, Founda c, 81.021 

H, 9,38. 

8-Methoxy-4a~ ,10b~ ,12a0( -trimethyl-3,4,4a,4b0( ,,5,6,10b,11 ,12,12a-
~- _. ,.-.., -- ..._..,_ ._.., ~ 

2-ecah~chrysen-!..{~)-~ (.£:1), 

A. From crystalline olefinic alcohol mixture I-,5, 

A stirred and ice cooled solution o£ 12.49 g (38 mmoles) of crystal-

line olefinic alcohol I-.5 in 8,50 ml of acetone was treated portionwise -
over a ,5-min period with 19.0 ml (1,52 meq wts) of 8 _!!Jones reagent 

(56). After stirring for 10 min with cooling the solution was treated 

with 12 ml of 2-propanol and poured onto 1.8 1. of water. This mixture 

was extracted with four 1-1. portions of ether, and the combined organic 

phases were washed with saturated aqueous sodium bicarbonate solution 

(two 80Q-ml portions) and saturated brine (700 ml), and then dried 

(MgSo
4
). After removal of the dessicant and concentration of the solu

tion at reduced pressure, there was obtained 12.0 g of ketone I-6 as a -
light brown solid. 

1, Using refluxing trifluoroacetic acid, 

The cycliza tion was · performed using a slight modification o£ 
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the procedure of J. Tilley (19g). An 11.5 g portion of crude keto-

olefin I-6 was dissolved in 115 ml of tri£luoroacetic acid, and the -
solution was heated at reflux with stirring for 3.5 hr. Analysis by 

vpc (57) of quenched aliquots from the reaction mixture showed that the 

peak corresponding to starting ma terlal (oven temperature 300°, ret. 

time 1.3 min) did not completely disappear until near the end of this 

period. The black mixture was cooled with an ice bath and diluted with 

1 1. of ether and 1 1. of benzene. This solution was washed with water 

(two 500-ml portions), 10% aqueous sodium hydroxide solution (two 4oo

ml portions) and saturated brine (500 ml), and then dried (MgSo4). 

After removal of the drying agent and evaporation of the sol vent under 

reduced pressure there was obtained. 12 g of a brownish foam which after 

two crystallizations from ethanol afforded 7.6 g (64% from alcohol I-5) -
of tetracyclic ketone C-7 as light tan crystals, mp 149-151° (vac). -
The analytical sample, prepared by three crystallizations of this solid 

from ether, melted at 150-152° (vac); ir (CHC1
3

) 1700 ( c-o), 16o5, 

1575, 1500 (3,4-disubstituted anisole), and 1030 cm-1 (ArOMe); nmr 

(CDC1
3

) cf 0.90 (s, 3, C-4a CH
3
), 1.19, 1.22 (two singlets, 6, C-12a 

and C-10b CH
3
's respectively), 3.77 (s, 3, Ar OCH

3
), and 6.6-7.3 (m, 

3, Ar H). 

Anal. Calcd for c2~30o2 a C, 80.94; H, 9.26. Founda C, 80.89; 

H, 9.34. 

The mother liquors from the ethanol crystallization, on analysis 

by vpc (57) (oven temperature 300°) , exhibited two peaks with ret. times 

of 1.? and 2. 0 min, in a ratio of nearly 1•1. These peaks correspond 
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in retention time to the cis-anti-trans fUsed tetracyclic ketone 15, and -- ~ 

the trans-anti-t~ans ~~sed product C-7 respectively (19e). When a por-,._ 

tion of this mixture was dissolved in trifluoroacetic acid and heated 

at reflux for 48 hr, quenched aliquots from the dark solution showed 

the same peaks in unvaried ratio on analysis by vpc (same conditions as 

above). 

2. Using trlfluo:roacetic acid at room temperature. 

A solution of 34 mg (0.103 mmole) of the crude keto-olefin 

mixture I-6 in o. 5 ml of trifluoroacetic acid was stirred at room tem-
perature in a closed flask under air. Small aliquots were periodically 

removed, quenched with potassium carbonate in ether, and analyzed by 

vpc (57) (oven temperature 300°). That peak corresponding to pure start

ing material (ret. time 1.3 min) gradually decreased with time until it 

was no longer present after 10 days. Two new peaks appeared (ret. time 

1. 7 min and 2. 0 min), corresponding to the cis-~-trans fused isomer 

1.5 and the desired trans-anti-trans product C-7 respectively. After 2 - -- -
days, both peaks had formed to an equal extent, but then the latter 

peak started increasing with respect to the former so that at the end 

of 10 days they were present in a ratio of ~· 8.5a1.5; this ratio re

mained unchanged after four more days of stirring, at which time the 

solution was diluted with .50 m1 of ether. This mixture was washed with 

water (50 ml) and saturated aqueous sodium bicarbonate (two 20·ml por

tions), and then dried (Mgso4 ). After removal of the dessicant and 

evapora. tion of the sol vent under reduced pressure, there was obtained 

J4 mg of a brown oil, the analysis of' which by vpc (same conditions as 
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above) was unchanged from that of the last aliquot before work-up; 

this also provided the same analysis by vpc (same conditions as above) 

as the crude product obtained fl."'m refiuxing trifluoroacetic acid 

(part 1). After crystallization of this oil from ethanol, 21 mg (60% 

from the hydroxy olefin mixture I-5) of the ketone C-7 was obtained as 
,....,.._ -

brown crystals, melting at 146-149° (vac). 

B. From the crude noncrystalline olefin mixture I-5. 

When crude, noncrystalline olef'in mixture I-5 J-:as employed in this -
reaction sequence, and refluxing trlfiuoroacetic acid was used to effect 

cyclization, tetracyclic ketone C-7, mp 144-148° (vac), was obtained --
in .54% yield (from crude alcohol I-5). ,._ 

6a, 7-Epoxy-4a j3 ,10b f> ,12a0( -trimethyl-3,4,4a,4boc: ,5,6,6a, 7 ,10,10a0(, 
~-- ~ - awa ._.. ::woa liW' w 

10b,11,12,!2a-tetradecahydrochrysen-8(9H) -one (K-1). , - .._, ._..._. ,._,~ .... ............... 

To a stirred solution of' 125 mg (0.419 mmole) of enone G-2 (19f) -
in 10 ml of methanol at room temperature was added 1 ml (~. 300 mg, 

16 mmoles) of 3o.% aqueous hydrogen peroxide solution and 0.5 ml of to% 

aqueous sodium hydroxide solution. After stirring under air for 1 hr, 

this cloudy mixture was diluted with 75 ml of' ether and the resulting 

solution was shaken with 25 ml of saturated brine in 100 m1 of water. 

The aqueous phase was separated and extracted with two 30-m.l portions 

of ether, and the combined organic phases were washed with two JO .. ml 

portions of saturated brine and dried (Mgso4). After removal of the 

dessicant and evaporation of the solvents at reduced pressure, there 

was obtained 126,4 mg of semi-crystalline material. Purification of 
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this material on ptlc (55) (Jo% ether-petroleum ether, single develop

ment) afforded 108.4 mg (82.5%) of the epoxyketone K-1 as a white solid ........._ 

(Rf 0.45); mp 98-100° (vac). The analytical sample obtained from two 

crystallizations of this solid from methanol-methylene chloride melted 

at 102.5-103.~ (vac); ir (CHC1
3

) 1700 ( C=O), 1450 (-CH2-), and 1385 

cm-l (crrt
3
); nmr (CDC1

3
) cr 0.82, 0.87, 1.05 (J singlets, 9, C-4a, C-10b, 

and C-12a CH
3
's), 3.16 (s, 1, C-7 H), and 5.49 (s, 2, H~C=C~H). 

~· Calcd for c21H
30

o2 z C, 80.21r H, 9.62. Founda C, 80.44; 

H, 9. 69. 

10( -(J 1-Butynyl)-4ba.t ,Ba ~ ,10aoc -trimethyl-3,4,4a f3 ,4b,5,6,8a ,9,10,10a-- --- - - - -
decahydro_phenanthren-2 ( 1H) -one ( K-2) • .,. - ....... .........,.._ 

A slight modification of the general procedure of Escherunoser and 

co-workers (J2b, c) was employed in this reaction. To a dry mixture of 

77.0 mg (0.244 mmole) of the epoxyketone K-1 and 48.8 mg (0.261 mmole) -
0 of p-toluenesulfonylhydrazine at -20 was added with stirring and swirl--

ing 1.5 ml of -20° acetic acid-methylene chloride (1a1). After stirring 

for 5 min at -20°, the solution was stored in a -20° freezer for 15 hr. 

The mixture was then stirred at room temperature for an additional 4 hr 

(during which time it turned red) and was then diluted with 150 ml of 

ether. The resulting solution was washed with 5% aqueous sodium hydrox

ide solution (two 30-ml portions), water (30 ml), and saturated brine 

(two )Q-ml portions) , and then dried ( MgS04 ). After removal of the 

dessicant and evaporation of the solvents at reduced pressure, 81 mg of 

a yellow gum was obtained. Purification of this material on ptlc (55) 
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(3o% ether-petroleum ether, single development) afforded 50.5 mg (69.2%) 

of the acetylenic ketone~ as a yellow oil (Rf 0.48) which was suitable 

for analysis: ir (CHC1
3

) 3300 (acetylenic C-H), 2120 (-~C-), 1700 ( C=O) 

and 1390 cm-1 (CH
3
): nmr (CDC1

3
) cf 0.77, 0.85, 1.13 (3 singlets, 3 each, 

C-4b, C-8a and C-10a CH
3
's) and 5.49 (s, 2, H:C:C~H). 

Anal. Calcd for c21H30oa C1 84.51; H, 10.13. Found& C, 84.25; 

H, 10. 02. 

10( -(3' -Butynyl) -2 f3 ,4bO< ,8af3 ,10a0( -tetramethyl-1,2,314,4a,8 ,4b,5,6, 
,.-.._ ._, ~ ,-..._,.. 

8a,9,10,10a-tetradecahydro-2C(-~enanthrol (K-3). , ._- - ---- ,..._._ 

To a stirred and ice cooled mixture of o. 36 ml ( o. 685 mmole) of 

1.9 ~ethereal methyllithium solution (Ventron Corp.) and 2.0 ml of dry 

ether was added over a 2-min period a solution of 19.0 mg, (0.0636 mmole) 

of the acetylenic ketone K-2 in o.4 ml of dry ether. Two additional -
0.4-ml portions of dry ether were used to help effect complete addition. 

After stirring for 10 min longer at 0°, and for 5 min without cooling 1 

the reaction mixture was cautiously quenched with 0.5 ml of water and 

was then diluted with 100 ml of ether. This solution was washed with 

water (20 ml) and saturated brine (two 20-ml portions) 1 and then dried 

(MgSo4 and a trace of K2co
3
). After removal of the drying agents and 

evaporation of the solvent at reduced pressure, 18.8 mg of a clear oil 

was obtained. Purification of this material on ptlc (55) (50% ether

petroleum ether) afforded 16. 0 mg ( 80%) of the alcohol !C; ') as a white 

solid, mp 84-88° (vac). The analytical sample obtained from two crys

tallizations of a portion of this material from ether-hexane melted 
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at 91.0-92,S0(vac); ir (CHC1
3

) 3600 (OH), 3300 (acetylenic C-H), 2115 

(-CEC-), and 1)85, 1370 cm-1 (CH
3
); nmr (CDC1

3
) dr 0,81 (s, 3), 1,00, 

1,03 (2 singlets, 6), 1,17 (s, 3, C-2, C-4b, C-8a and C-10a CH3•s) and 

5,45 (s 1 2, HC=CH), 

~. Calcd for c22H
30

oa C, 84,02; H, 10,90, Found& C, 84,01; 

H, 11. 04, 

~~ ,6a. p ,lOb !_,12aoc-_!_etramethyl-3,4,4a,4boc ,5..!..6,6a,7 110,10a ~10~ 
~ zw: aws 

12,12a-tetradecahydrochrysen-8(9H)-one (G-8b), 
.. .._. ,..._, w ~ ................. 

A modification of the procedure o:f Lansbury and DUBois (35) rra.s 

developed to allow isolation of the intermediate enol trifluoroacetate, 

A mixture of 2. 0 ml of trifluoroacetic acid and 0, 6 ml of trifluoro

acetic anhydride was cooled in a -18° bath; 1,6 ml of this cold solu

tion was then added to 16,0 mg (0,508 mmole) of the acetylenic alcohol 

0 . 
K-3 at -18 , and the mixture was stirred at this temperature for 20 -
min, Ana.l.ysis by vpc (57) of a base quenched aliquot o:f this mixture 

w1 thdrawn 15 min into this period showed almost no remaining starting 

material (oven temperature 250°, ret, time 1,2 min), At the end of 20 

Dd.n, the pressure in the system was reduced with a vacuum pump, and the 

cooling batl_l was then removed to facilitate evaporation of the solvent:;!, 

Most of the liquid was gone within 5 min, but the residual oil was dried 

at room temperature for 20 min at .£.!• 0, 05 mm pressure, This oil was 

ba.ndl.ed so . as to avoid prolonged contact with moist air and appeared 

to be the desired enol trifluoroacetate B• ir (CHC1
3

) 1790 (enol 

trifluoroacetate C=O), 1695 (enol trlfluoroacetate C=C), 1:385 (CH
3

) 
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and 1220, 1170, 1140 cm-1 (R-0-C and CF
3

)J -1 no remaining 3300 em 

(acetylenic C-H)a nmr (CDC1
3

) cf 0.81, 0.90, 1.04 (3 singlets, 3, 3 

and 6, C-4a, C-6a, C-10b, and C-12a CH
3
's), 5.28 (m, 1, CF

3
co2-C=C-H) 

and 5.44 (s, 2, H-C=C-H); analysis by vpc (S7) showed only one peak 

{oven temperature 250°, ret. time 1.2 min). 

A solution of the crude enol trifluoroacetate K-4 described above -
in 1 m1 of acetone and 1 m1 of methanol was treated with 3 drops of 

water and stirred at room temperature for 50 min. Analysis of an ali

quot from the reaction mixture at this point by vpc (57) showed two 

peaks (oven temperature 250°, ret. times 1,2 and 1.8 min) in a ratio of 

3•2, the first having the same ret. time as the enol trifluoroacetate. 

To the stirred solution were then added 5 drops of 10% hydrochloric acid 

and 2 drops of water. An aliquot from the reaction mixture 25 min after 

this addition showed only the ret. time 1.8 min peak on vpc (2,50°). 

After neutralization of this solution with sodium bicarbonate and re-

moval of most of the solvent under reduced pressure, the resulting 

residue was treated with 100 m1 of ether. This mixture was washed with 

20 ml. of water and two 20 m1 portions of saturated brine, and then dried 

(Mgso4). Following removal of the dessicant and evaporation of the 

solvent at reduced pressure, 17.5 mg of a yellow solid was obtained. 

Purification of this material by ptlc (55) (~20 em plate, 40% ether

petroleum ether, single elution) afforded 14.7 mg (92%) of the known 

tetracyclic ketone G-8b as a white solid, mp 166-172° (vac)a their ,_....... 
and nmr spectra of this material were superimposable on those of puri-

fied ketone G-8b prepared by J. Tilley (19h). Crystallization of this 
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solid from methylene chloride-hexane afforded white crystals, mp 170-174° 

(vac) [lit. (19h) mp 172-176° (vac~; a mixture of these crystals with 

a sample of ketone ~ from J. Tilley ( mp 172-176° ( vac )] , mel ted at 

170-174° (vac). 

?-..2.z!±b~8a..@_ ,1~~hyl.:._1«-(3~.E.~_ll)-~,4~ ,4b,~ 

~,9.J..!_9.z.!Ob-dodec::El,_~2~ -:e_h~anthrol (~) and ~~t:oxz-2~ ,4b~ 

~ ~ Oa~ -te!:Eam..:_~Yl.:._l 0(. -5}..: -pe~~:l_l) -1,2 &4~ ,4b, 5, ~Sa, 9 !.1~ 

10b-dodecahydro~henanthrene (L-1). ,. ~~~ ...... ,.._,..._ 

A quantity of 0.101 ~ ethereal methyllithium solution was prepared 

by dilution of 0.56 ml (1.01 mmole) of a 1.8 ~ ethereal methyllithium 

solution (Ventron Corp.) to 10 m1 with dry ether. To a stirred and 

ice cooled 2 ml portion of this solution was added a solution of 24.0 

mg (0.0805 mmole) of the acetylenic ketone K-2 in 0,4 ml of dry ether; -
two additional o.4-ml portions of ether were used to help effect com-

plete addition. 0 After stirring at 0 f'or 10 min, the reaction mixture 

was allowed to stir without cooling for 20 hr. During this period the 

following additions were made to the reaction mixture a 7. 6 Jo4l ( 0.121 

mmole) of dry iodomethane after 15 min; 1.5 ml of dry THF af'ter 35 min; 

15JW1 (0.242 mmole) of dry iodomethane after 1 hr; 0.5 ml of 0.101 ~ 

ethereal methyllithium solution and then 0.1 ml of dry iodomethane after 

2.5 hr; 0.5 ml of 0.101 ~ ethereal methyllithium solution after 7.5 

hrJ 1. 0 ml. of dry iodomethane and then 0.1 ml of 1. 8 .!:! ethereal methyl

lithium (Ventron Corp.) after 17.5 hr. It was not until the end of the 

20 hr period that the peak corresponding to unmethylated acetylenic al-
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cobol JE::1 on analysis by vpc (57) (oven temperature 280°, ret. time 1.5 

min) had completely disappeared. · Following this prolonged course of 

events, the above mixture was diluted with 100 ml of ether, and the re-

sulting solution was washed with two 25-ml portions of water and two 

2.5-ml· portions of brine and then dried (Na2so4 with a trace of K2co
3

). 

After removal of the drying agents and evaporation of the solvents at 

reduced pressure, 27.5 mg of a yellow oil was obtained which after puri

fication on ptlc (55) (10X20 em plate, 25% ether-petroleum ether, single 

development) afforded two compounds. There was obtained 16.0 mg ( 60%) 

of the desired alcohol~ (Rf 0.30) as a white solidi ir (CHC1
3

) 3605 

. (OH) and 1)90, 1375 cm-1 (CH
3
); nmr (CDC1

3
) o.ao, 0.9?, 1.01, 1.14 

(4 singlets, 3, 6 and 3), 1.77 (m, 3, c:c-CH
3
), 5.44 (s, 2, H-G-C-H). 

Also obtained was 6. 0 mg (23%) of the methyl ether~ (Rf o. ?0) as a 

yellow oil; 1r (~AC13) 1390, 1375 (cH
3

) and 1075 cm-1 (R-O-CH
3
); nmr 

(CDClJ) cf 0.79, 0.92, 1.01, 1.06 (4 singlets, 12, C-2, C-4b, C-8a and 

C-10a CHJ's), 1.74 (m, 3, C~C-CH3), J.06 (s, 3, ROCH
3

) and 5.41 (s, 2, 

H-C=C-H). These compounds were not purified further but were used di-

rectly in subsequent experiments. 

In another experiment performed on very crude acetylenic ketone 

K-2, the reaction mixture was treated with about 20% its volume of HMPA -
just prior to addition of excess iodomethane. None of the alcohol L-2 -
was formed in this instance, and only the ether L-1 could be isolated. -
For a detailed description of this procedure used on the closely anal-

ogous acetylenic ketone P-2, see the preparation of acetylenic ether --
U-1. -
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50( 18 f3 -Dimethylpregn-3-en-20-one (L-6). 
~ ..-. ~__..., -~ .,..._,_ 

A modification of the cyclization procedure of W. s. Johnson and 

co-workers (36) was employed in this reaction. A stirred solution of 

16.0 mg (0.0485 mmole) of acetylenic alcohol L-2 in 10 ml of methylene -
chloride was cooled with a -18° bath and treated with 0.1 ml of tri

fluoroacetic acid. Stirring was continued at -18° for 2.5 min, during 

which time analysis by VJ?C (57) of sodium bicarbonate-rrater quenched 

aliquots showed only one peak (oven temperature 280°, ret. time 1.8 

min) ; this :peak has the same ret. time as the starting material and 

as the cyclized enol trifluoroacetate L-4. The above .mixture was then --
stirred without cooling for 1.25 hr and subsequently diluted with 100 

ml of ether. The resulting solution was washed with .5% aqueous sodium 

hydroxide solution (two 30-ml portions), water (30 ml) and saturated 

brine (30 ml), and then dxied (!vlgS04 ). After removal of the dessicant 

and evaporation of the solvents at reduced pressure, there was obtained 

20.3 mg of crude enol trifluoroacetate k:!; as a yellow oil a ir ( CHC1
3

) 

1790 (enol trifluoroaceta te 0=0) , 1700 (enol trifluoroaceta te c-c) , 

1385, 1370 (CH
3
), 1220, 1175, 1050 (trifluoroacetate R-0- and CF

3
), and 

no 3600 cm-1 (OH); nmr (CDC1
3

) cf 0.81 (s, 3), 0.89, 0.93 (2 singlets, 

/1 
3), 1.04 (s, 6, C-.5, C-8, C-10 and C-13 CH

3
's), 1.96 (m, CH

3
-C-02CcF

3
), 

and .5. 46 ( s, 2, H-C=C-H) ; analysis by v:pc (57) showed four peaks (oven 

temperature 280°, ret. times 1.4, 1.8, 2.3 and 2.6 min) in a ratio of 

.£!• 6a12a1 a 1, which was unchanged from that of a quenched aliquot from 

the reaction after 30 min at room temperature. 

To a stirred solution of 20.3 mg of the crude trifluoroacetate 
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L-4 in 1 ml o£ methanol and 0,.5 ml o£ ether was added 1 ml o£ 10% aqueous __. 

sodium hydroxide solution, A£ter stirring at room temperature £or 1 hr 

this mixture was diluted with 100 ml o£ ether, and the resulting solu

tion was washed with water (100 ml) and saturated brine (two 100-ml 

portions), and then dried (Ngso4). A£ter removal o£ the drying agent 

and evaporation o£ the solvent at reduced pressure, there wo.s obtained 

18,2 mg o£ a yellow oil, Puri£ication o£ this material on ptlc (.5.5) 

(10X20 em plate, 1.5% ether-petroleum ether, single elution) a££orded 

8 mg (47%) o£ the pregnenone ..!!;;.§ as a white solid; ir (CHCl
3

) 1695 

(~)and 1387, 1360 cm-1 (CH
3
); nmr (CDCl

3
) dr 0,71, 0,81, 0,89, 1,03 

(4 singlets, 3 each, C-.5, C-8, C-10, C-13 CH
3
's), 2,08 (s, ~· 3, CH

3 
(C=O)R], and 5.4.5 (s, 2, HC=CH); analysis by vpc (57) showed only one 

peak (oven temperature 280°, ret, time 2,2 min), 

From the ptlc described above, a very nonpolar fraction (R£ 0, 70) 

containing 4,2 mg o£ an oil was obtainedr analysis by vpc (.57) showed 

one peak (oven temperature 280°, ret, time 1,4 min); ir (CHCl
3

) 1387 

(CH
3

) with no }400-3650 (OH) or 1790-1650 cm-1 (CaO); nmr (CDC1
3

, 

noisy) cf 0,80, 0,88, 1,02, 1,26 (4 singlets, R3c-CH
3

•s) 1,69 [s (broad), 

~CH;J, 1,78 (m (obscure), C:C-CH
3
j, 5.45 (s, HC=CH), These spectra 

are consistent with either ole£inic chloride L-3 o~ acetylenic dehydra-.._ 

tion product L-5. -
~-Chloro-8-m.!._thoxy-4a!.,12ao<.-trimetE.;rl-3,4,~~C<. ,5,6,10b,11!.12,1~ 

~cahydrochr_!_sene-2-car~ldehyd,...! (~) and 1-Chloro-8-methoxy-4-d.e ,10b_t, , ._.. ~ "" 

12aO<-trimethyl-3,4,4a,4b0(,5,6,10b,11,12,12a-decahydrochrysene-2,9-
., ~ ~ &awiS ~..., ,.-
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dicarba.ldehyde ( N-1). 
__.--.;.- -

A modification of the procedure of Moersch and Neuklis (37a) was 

employed in this experiment, Ice cooled phosphoryl chloride ( 12 ml, 

20.1 g, 0.131 mole) was stirred and treated over a 1-min period with 

13.6 ml (12,8 g, 0.176 mole) of dimethylformamide. After stirring for 

30 min without cooling, the viscous solution of Vilsmeir reagent was 

added at room temperature to a stirred solution of 1.1.58 g (3 • .54 mmoles) 

of tetracyclic ketone C-7 in 24 ml of dimethylforma.mide. The stirred ---
reaction mixture was then heated with a preheated, 60° oil bath for 6 

hr so that the internal temperature rose to a constant 55-56°. After 

cooling with an ice bath, the solution was poured onto 350 g of' ice 

and 40 ml of' 40% aqueous sodium hydroxide solution, and the resulting 

mixture was extracted with f'our 50-ml portions of' methylene chloride. 

The combined organic phases were washed with water (six .50-ml portions) 

and saturated brine (two 50-ml portions), and then dried (Mgso4 ). After 

removal of' the drying agent and concentration of' the solution at reduced 

pressure, there was obtained 1.310 g of' a yellow solid which was chro-

ma.tographed on 200 g of silica gel in a high-pressure column. Af'ter 

elution with 400 ml of' methylene chloride, concentration of the next 

600 ml of eluent from the column at reduced pressure provided 8.54 mg 

(64.5%) of the chloro aldehyde M-2 as a white solid, mp 196-198° (vac). -
The analytical sample, obtained after crystallization of a portion of 

t.his material :from acetone-methylene chloride-water, mel ted at 198. 5-

1990 ( vac); ir ( CHC1
3
) 27 50 (weak, aldehyde C-H) , 166 5 ( unsaturated 

aldehyde~), 1605, 1575, 1500 (aromatic), 1385 (CH
3
), and 1150, 
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104o cm-1 (ArOCH
3
); nmr (CDC1

3
) Jr 0.92, 1.21 (2 singlets, 3 and 6, 

C-4a, C-10b and C-12a CH's), 3.77 (s, 3, Ar OCH3), 6.6-7.3 (m, 3, Ar H), 

and 10,30 (s, 1, CHO). 

~. Calcd for c23H29o2Cla C, 74.08; H, 7.84; Cl, 9.51. 

Founda c, 74.12; H, 7,96; Cl, 9.49, 

No material was eluted from the column by an additional 350 ml of 

methylene chloride, but concentration at reduced pressure of the follow-

ing 600 mJ. afforded 154 mg ( 13. 3%) of starting ketone as a white solid; 

1r and nmr spectra are the same as those of a purified sample of ketone 

C-7. Further elution with 500 ml of 5% methanol ether gave 147 mg of .,..,._ 
a white solid, which on crystallization from acetone methylene chloride 

water afforded the dialdehyde ~· mp 265-266° (vac, dec); ir (~fC13) 

2770 (aldehyde C-H), 1670 (aldehyde C=O's), 1605, 1570, 1495 (aromatic), 

and 1150, 1055 cm-1 (ArOCH
3
); nmr (CDC13) cf 0,92 1 1,21 (2 singlets, 

3 and 6, C-4a, C-10b and C-12a CH3's), 3.90 (s, 31 Ar OCH3), 6,70 (s, 

1, C-7 H), 7.80 (s, 1, C-10 H), 10.30 (s, 1, C-2 CHO), and 10.50 (s, 

1, C-9 CHO). 

Anal. Calcd for c24H29o3Cla C, 71.90; H, 7.29; Cl, 8.84. 

Found& C, 71.82; H, 7.24; Cl, 8.90, 

The yield of the desired chloro aldehyde M-2 based upon recovered -
starting material was 74. 5%. In a similar experiment, in which the 

reaction mixture was heated with a 69° bath for 4.5 hr, the yield of 

purified aldehyde N-2 (without recovery o:f starting material) was 71%. --
8-~iethoxy-2 {3 ,4a. f3 :>10b,S ,12ae(.-tetramethyl-1 ,2,3 ,4,4a.,4b~ ,5,6,10b,11, 
,.,....._. :::w- .., :cws -=- ._. ..._. sw:--. __.. ,..... awa 4WP ----... ~ 
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!!!.!~-d~e~h,r_d~~sene-2~rbc;,_~ (~::2). 

A three-neck flask was fitted with a D.ry Ice condenser, a reflux 

condenser, a non pressure-equalized dropping fUnnel, and a magnetic 

football stirring bar. The system was flushed with argon, and 7 em 

(259 mg, 37.6 mg atms) of lithium wire was added in pieces ~· 1 em 

long. After the Dry Ice condenser was charged, .£§:• 120 ml of dry am

monia was distilled in from a reservoir of blue lithium/ammonia solu

tion and then 50 ml of dry THF was added. A solution of (253 mg, o. 678 

mrnole) of the chloro aldehyde J:SS. and 128 pl (100 mg, 1. 356 mmoles) of 

dry !-butyl alcohol in 60 ml of dry THF was placed in the dropping fun

nel which was then externally pressurized with~· 2 psi of argon. This 

mixture was added dropwise over a 50-min period to the vigorously stirred 

lithium/ammonia solution. After an additional 15 min, portions of 

dry powdered sodium benzoate were added until the blue color faded. A 

hot air gun was used to heat the yellow-orange suspension as most of 

the ammonia was evaporated over a JO-min period through a mercury bub

bler. A gentle argon stream was then passed in through the Dxy Ice 

condenser and out through the reflux condenser (fitted with the mercury 

bubbler), and the mixture was heated to reflux with hot air over a 30-

min period. The argon flow was halted (although an argon atmosphere 

was maintained) and 40 ml of dry THF was added. The reaction mixture 

was stirred with ice cooling, and was treated after 10 min with 5 ml 

(11.4 g, 80 mmoles) of iodomethane. The suspension turned white, and 

after stirring without cooling for 2 hr, the mixture was diluted to 200 

ml with ether. This mixture was washed with water (two 50-ml portions), 
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1Q% hydrochloric acid (50 ml), saturated aqueous sodium bicarbonate 

solution (.50 ml) and saturated brine (50 ml), and then dried (Mgso4). 

Following removal of the drying agent and concentration of the solution 

under reduced pressure, 281 mg of a gummy solid was obtained. Purifi

cation of this material on ptlc (55) (15% ether-petroleum ether, devel

oped twice) afforded 154.4 mg (64.4%) of the aldehyde 111-3 as a slightly .,.._..._, 

yellow solid (Rf o.45)J ir (CHC1
3

) 2805, 2705 (aldehyde C-H), 1720 

(c-o), 1605, 1575, 1.500 (aromatic), 1385 (CH
3
), and 1245, 1o40 cm-1 

(ArOCH
3

)a nmr (CDC1
3

) cr 0.76 (s, 3, C-12a CH
3
), 0.93, 1.00 (2 sing

lets, 3 each, C-2 and C-4a CH
3
's), 1.21 (s, 3, C-10b CH

3
), 3.76 (s, 3, 

Ar OCH
3
), 6.6-7.3 (m, 3, Ar H) and 9.45 (s, 1, CHO). Crystallization 

of a portion of this material from ether-hexane provided the analytical 

sample which melted at 111-116° (vac, dec w/bubbling); ir and nmr 

were the same as those of chromatographed material. 

~. Calcd for c24H34o2 a C, 81.31; H, 9.67. Founda C, 81.43; 

H, 9. 6?. 

While this reaction has been performed on a 6oO mg portion of 

chloro aldehyde in 5?.% yield, some difficulty was encountered with the 

alkylation in reactions of more than one gram. The nmr spectra of 

these reaction products showed both the dr 9.31 aldehyde singlet of 

methylated product, and a di9.50 doublet corresponding to the aldehyde 

signal split by a C-2 H. Although the reason for this incomplete alky-

lation has not yet been uncovered, it may well be due to incomplete re-

moval of ammonia. UpOn addition of iodomethane this could lead to for-

mation of methyl ammonium iodide, a proton source. 
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Another reduction was performed in a manner similar to that detailed 

abover however, one third of the above lithium concentration was used, 

twice the aldehyde concentration, and twice the addition rate of alde-

hyde. Chromatography of the product from this reaction afforded a polar 

solid material in 16% yield, believed to be the dimer mixture 31; ir 
"""'"" 

(CHC1
3

) 3610, 3550 (OH), 1605, 1575, 1500 (aromatic), 1)80 (CH
3
), and 

1150, 1040 cm-1 (ArOCH
3
); no 1665 or 1720 cm-1 ( C=O)a nmr (CDC1

3
) 

dr 0.76-0.96 (broad overlapping singlets, 6, C-4a and C-12a CH
3
's of 

various diastereomers), 1.20 (s, 3, C-10b CH
3
), 3.76 (s, 3, Ar OCH

3
), 

4.00 [s (broad), 1, -Oi;CHJ, 5.66 [s (broad), 1, C-1 H], and 6.6-7.3 

(m, 3, Ar H). No further attempts were made at purification or char-

acterization of this material. 

1 0( -Hydro~e!_hyl-8-m.;.._thoxy -S@ , 4a f3 , 1 Ob (!. , 12a « - tetramethyl;l , 2, 3, 4, 
=-'CWZ 'W tw£ 

~~~o<~,6,10b!!1~2,12a-dode~ahydrochrysen~ (!t~). 
.. .._.-.:w:a~ 

To a stirred suspension of 110 mg (2.9 mmoles) of lithium aluminum 

hydride in 5 ml of dry THF was added over a 5-min period a solution of 

143 mg (0.403 mmole) of the aldehyde M-3 in 4 ml of dry THF. Three -
additional 1-ml wash portions of dry THF were used to effect complete 

transfer. After stirring for 2 hr at room temperature, the reaction 

mixture was cooled with an ice bath and cautiously quenched by the se-

quential addition of 0.11 ml of water, 0.11 ml of 10% aqueous sodium 

hydroxide solution, and 0.33 ml of water • . The resulting suspension 

was filtered, with the aid of 100 ml of ether, and after concentration 

of the filtrate under reduced pressure, there was obtained 139.3 mg (97.%) 
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of the alcohol~ as a white foam; ir (CHC1
3

) 3625, 3470 (OH), 1608, 

1575, 1495 (aromatic), and 1385 cm-1 (cH
3

)J no 1720 cm-1 ( C=O)a nmr 

(CDC1
3

) C) 0,97, 1,00 (two singlets, 9, C-2, C-4a, and C-12a CH
3

's; 

~· ratio of peaks 2a1); 1,21 (s, 3, C-10b CH
3
), 3.43, 3.55 (two sing

lets, 1 each, -OCH H.-), 3.67 (s, 3, Ar OCH
3
), and 6.6-7.3 (m, 3, Ar H). a o 

Crystallization from methanol of a portion of this material afforded the 

analytical sample, mp 123.5-125.~ (vac); ir and nmr were the same as 

those of the c:rude material above. 

~. Calcd for c24H
3

6o2 a C, 80.85; H, 10.18. Founda C, 80.73; 

H, 10.25. 

Methzltriphenoxyp~ospE9nium iodid~. 
r ~ 

The procedure of Landauer and Rydon (58) was employed. A stirred 

solution of 12.4 g (39.6 mmoles) of triphenylphosphite was treated with 

.3. 70 m1 (8.4 g, 59.3 mmoles) of iodometha.ne, and heated at reflux with 

a 75° bath for 18 hr. The bath temperature was then raised to 88° for 

5 hr and 91' for 13 hr. The heating bath was then turned off but not 

removed, and the entire system allowed to cool over the course of five 

hours. At this time 20 rnl. of dry ether was added (the product was pro

tected from air and moisture at all times), and the heavy red oil in-

duced to crystallize w1 th some scratching. Following removal of the 

ether layer, the product was washed w1 th f'i ve 20.. ml portions of' dry 

ether, and any remaining sol vent was then evaporated. at reduced pressure. 

In this manner 14.8 g (83%) of the iodide was obtained as a yellow solid. 

This dry material was stored under argon and was stable over a period of 
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weeks; it was not purified further, but was used as such in all experl-

ments, 

Attempted conversion of alcohol M-4 to iodide N-.5. 
~ .._,..--_.----._.. 'W2 ._, ......... ·~ --- ......... 

A. Using methyltriphenoxyphosphonium iodide in dimethylformamide. 

A modification of the prol"!edure of Verheyden and Noffatt (44) was 

employed, To a stirred dry mixture of 45 mg (0,126 mole) of crystalline 

alcohol M-4 and 114 mg (0.252 mole) of powdered methyltriphenoxyphos--
phonium iodide at room temperature was added 1,0 ml of dimethylformamide, 

After stirring for 90 min, this mixture was diluted with 70 ml of ether, 

and the resulting solution was washed with .5% aqueous sodium thiosulfate 

solution (two 25-ml portions), water (four 25-ml portions) and saturated 

brine (25 ml), and then dried (Mgso4 ) for 5 min. Following removal of 

the dessicant and evaporation of the solvent at reduced pressure, 110 

mg of an oil remained. Purification of this material on ptlc (55) (12X20 

em plate, )0% ether-petroleum ether, single development) afforded ).5.5 

mg (8J%) of an oil (Rf 0. 58), which showed four peaks on analysis by 

vpc (57) (oven temperature )00°; ret. times 1.), 1.5, 1.6 and 1.7 mina 

peak ratios, 1a1a)a)); nmr (CDC1
3

) showed about 20% of the d ),4) and 

).55 singlets characteristic of starting material and about 80% of one 

proton contained in mul tiplets between tf 4. 6-5. 6, but no significant 

peaks in the region around tf ). 2 ( -CH2-I), 

In a repetition of this experlment)dimethylformamide which was 

freshly distilled from 4l molecular sieves was used and the reaction 

mixture was stirred for only 1 hr. The results obtained in this case 
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were the same as those described above, and consistent with a product 

mixture resulting from rearrangement and dehydration of the starting 

alcohol. 

Dodecyl alcohol was submitted to the same conditions described 

above as a check on the reagents. The crude product obtained exhibited 

in its nmr spectrum none of the cr 3.62, J a 6Hz triplet characteristic 

of starting material, but instead showed a prominent new triplet, d 
3.19, J - 6Hz, indicative of the iodide, 

B. Using methyltriphenoxyphosphonium iodide and sodium iodide in 

dimethylformamide, 

A dry mixture of 14.7 mg (0.412 mmole) of the alcohol M-4, 4o mg -
(0.885 mmole) of methyltriphenoxyphosphonium iodide, and 50 mg (0.33 

mmole) of sodium iodide was cooled in a -22° bath and treated with 0.5 

ml of chilled dimethylformamide at -22°. The resultant suspension was 

stirred for 1 hr at -22°, 80 min at 0°, and 16 hr at room temperature. 

During these periods, aliquots were removed from the reaction mixture 

and analyzed by tlc (55) (40% ether-petroleum ether, single develop

aent) and vpc (57) (oven temperature 300°)a both tests indicated no 

change from starting material (tlc Rf 0.20; ret. time on vpc 2. 7 min) 

during the entire time. The reaction mixture was diluted with 70 ml of 

ether and the resulting solution washed with 5% aqueous sodium thio

sulfate solution (25 ml), water (25 ml), and saturated brine (25 ml), 

and then dried ( MgSO 4). After removal of the drying agent and concen

tration of the solution at reduced pressure, there was obtained 37 mg 
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o£ a clear oil; nmr (CDC1
3

) clearly shows the c) 3.43 and 3.55 singlets 

of' starting alcohol, which only integrate to ~· 75% of' one proton each; 

and a small amount o£ two new singlets, cr 3.17 and 3.25, which integrate 

to less than 2o.% of' one proton eacha tlc (55) (40% ether-petroleum ether, 

one development) shows only one significant spot which corresponds to 

starting material (Rf 0.20). 

The reaction was repeated using twice as much methyltriphenoxyphos-

phonium iodide and half as much solvent, with stirring at room tempera

ture for 24 hr. A clear oil was obtained after work-up which was the 

same as the crude product above, mostly starting material. 

c. Using methyltriphenoxyphosphonium iodide in methylene chloride. 

In a modification of the procedure of Landor and co-workers (59), 

a dry mixture of 19.7 mg (0.0552 mmole) of the alcohol M-4 and 125 mg -
(0.276 mmole) of methyltriphenoxyphosphonium iodide was treated with 

0.5 ml of' methylene chloride. After stirring for 45 hr at room tempera

ture, this mixture was diluted with 75 ml of ether and the resulting 

solution was washed with saturated aqueous sodium bicarbor~te solution 

(25 ml), water (three 2.5-ml portions) and saturated brine (25 ml), and 

then dried (Mgso4). Af'ter removal of' the dessicant and evaporation of 

the solvent under reduced pressure, there was obtained 97 mg of an oil; 

nmr (CDC1
3

) still showed the 6 3.43 and 3. 55 singlets of starting ma

terial, with a one proton integral each. Purification of the oil by 

ptlc (55) (10X20 em plate, 2Q% ether-petroleum ether, one development) 

afforded 11.5 mg (59%) of' starting alcohol~ (R£ 0. 09); ir (CHC1
3

) 
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identical with t'P.at of pure starting material, 

~Methoxy-2 p ,~a ~,lOb f3212a.O(-tetramethyl-2~-(3 1 
-o::x:o-1 

1 
-propenyl)-1, 

... ~ ~~· .__ w ~ =- ~ 

2,3,4,4a,4bO< ,5,6,10b,11,12,12a-dodecahydrochrysene (N-2). . -.._. ---- _ _..,......... ~ ....._...... 

The general procedure of Nagata and Hayase (30) was adapted for 

this work. A stirred suspension of 880 mg (21 mmoles) of 57% sodium 

hydride oil dispersion in 13.5 m1 of dry THF was cooled with an ice 

bath and treated over a 5-min period with a solution of 5.46 g (21 

mmoles) o£ diethyl-2-(cyclohexylimino)-ethylphosphonate in 25 m1 of dry 

THF. The ice bath was removed for 10 min and then replaced for 5 mint 

a solution of 1.100 g (3.10 mmoles) o£ the aldehyde M-3 in 18 ml of -
dry THF was then added over a 1-min period, with the aid of two 2-ml 

portions of dry THF to effect complete addition. This stirred mixture 

was heated with a preheated 60° oil bath for 80 min, cooled with an ice 

bath, and then poured onto 1.50 m1 of ice and water. The resulting mix-

ture was extracted with three 200 ml portions of ether, and the combined 

ethereal phases were washed with 200 ml of saturated brine and dried 

(MgSo4). After removal of the drying agent and concentration of the 

solution at reduced pressure, 6.3 g of a yellow-brown oil containing the 

aldimine N-1 was obtained. -
Hydrolysis of the aldimine N-1 was accomplished by treatment of -

the 6. 3 g of cr..tde product from above in 150 ml of benzene with .500 ml 

of 1% aqueous oxalic acid solution. This two phase system was stirred 

at room temperature for 19 hr. The organic layer .was separated and 

the aqueous layer was then extracted with three 200-ml portions of ether. 
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The combined organic phases were washed with 2% hydrochloric acid (200 

&1), 2% aqueous sodium hydroxide solution (two 200-ml portions) and 

saturated brine (200 ml), and then dried (Mgso4). After removal of the 

drying agent and evaporation of the solvent at reduced pressure, 1.64 g 

of a yellow oil wa.s obtained, Purl fica tion of this oil on 200 g of 

silica gel in a high pressure column was accomplished by elution with 

4Q% ether-petroleum ether. The second 200 ml of eluent from the column 

was concentrated at reduced pressure, and there was obtained 1. 066 g 

(89.%) of unsaturated aldehyde~ as a white solidJ ir (CHC1
3

) 2735 

(aldehyde C-H), 1675 ( C=O), 1625 ( C=C ), 1605, 1575, 1495 (aromatic), 

1385 (CH
3
), and 1035 cm-1 (ArOCH

3
)J nmr (CDC1

3
) c- 0,87, 1,04 (2 sing

lets, J and 6, C-2, C-4a and C-12a CH
3
's), 1.21 (s, 3, C-10b CH

3
), 3.76 

(a, 3, Ar OCH
3
), 6,05 (dd, 1, J • 16 and 7.5 Hz, C-2 1 ~H), 6.6-7. 3 

(m, 4, Ar H and C-1' Q- H), and 9 • .52 (d, 1, J = 8 Hz CHO). This material 

was not purified further but was used directly in subsequent reactions. 

8-Methoxy-2~ ,4a {!;,lOb fJ ,12a0( -tetramethyl-2o< -( 3" -oxopropyl)-1,2,3,4, 
,-...._,_.. --- .._...-. ..._. ..._.. ~ 

4e.,4b0( ,5,6,10b,11,12,12a-dod~ahydr.Q.chrysene (~). 
, ... __. =- -

A. Using triethylsilane and tris-(triuhenylphosphine)-rhodium 

chloride. 

A modification of the procedure of Nagai and co-workers (45) was 

developed for reduction of the unsaturated aldehyde N-2. In 1.25 ml of -
stirred triethylsilane, 135 mg (0.355 mmole) of the aldehyde N-2 did -
not dissolve over a period of 5 min at room temperature. This mixture 

was treated with 0.67 ml of benzene to effect solution, and then 4.5 mg 
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(4.9~moles) of tris-(triphenylphosphine)-rhodium chloride was added, 

The stirred solution was heated with a 50° bath for 2. 75 hr; during 

this time, two 2-mg (2.2#moles) portions of the rhodium catalyst were 

added after 1,25 and 2,0 hr of heating. After transfer of this solution 

to a larger flask using ~· 25 ml of ether, evaporation of the solvent 

at reduced pressure afforded a yellow oil which contained the silyl enol 

ether N-3. A solution of this oil in 5 m1 of acetone was treated with 
"""-

0.5 m1 of 5% hydrochloric acid and stirred for 20 min at room tempera

ture. Ether (100 ml) was added and the resulting solution .was washed 

with water (two 25-ml portions), saturated aqueous sodium bicarbonate 

solution (25 ml), and saturated brine (25 ml), and then dried (Mgso4). 

After removal of the dessicant and evaporation of the solvent at reduced 

pressure, 200 mg of a semicrystalline yellow product was obtained. 

Purification of this material on ptlc (55) (35% ether-petroleum ether, 

single development) afforded 113 mg (83.3%) of the aldehyde N-4 as a ,........... 

white solid (Rf 0,42); ir (CHC1
3

) 2735 (aldehyde C-H), 1720 ( 0=0), 

16o5, 1575, 1495 (aro~atic), 1380 (CH
3

) and 1035 cm-1 (ArOCH
3
); nmr 

(CDC13) c( 0,90, 1.00, 1.05 (3 singlets, 9, C-2, C-4a and C-12a CH3's), 

1.22 (s, 3, C-10b CH
3
), 3.77 (s, 3, Ar OCH

3
), 6.6-7.3 (m, 3, Ar H) and 

9. 80 ( m, 1 , CHO). This rna terial was not purified further but was used 

directly in subsequent reactions. 

B. Using lithium in ammonia. 

A solution of 1.35 em (50 mg, 7.25 mmoles) of lithium wire ·in ~· 

25 ml of dry ammonia and 10 m1 of dry THF was prePa,red. in a flask fitted 
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with a non pressure-equalized dropping funnel. In this funnel was placed 

a solution of' 52 mg (0.136 mmole) of' the unsaturated aldehyde N-2 and -
12,8jtl (10.1 mg, 0.136 mmole) of' }:-butyl alcohol in 25 ml of dry THF. 

The funnel was externally pressurized with argon, and the aldehyde solu-

tion was added dropwise over a 35-min period to the stirred blue solu-

tion. After stirring for 10 min longer, the reaction mixture was treated 

with small portions of' powdered sodium benzoate until the blue color 

faded, The ammonia was then evaporated through a mercury bubbler over 

a 20-min period, and the resulting suspension was poured onto .50 ml of 

1o% hydrochloric acid and ice. This mixture was extracted with three 

.50-ml portions of ether, and the combined extracts were washed with 

water (.50 ml), 5% aqueous sodium hydroxide solution (two 50-ml portions), 

water (three 50-ml portions), and saturated brine (50 ml), and then dried 

(M8S04 ). After removal of the drying agent and concentration of the 

solution at reduced pressure, 67 mg of a yellow solid was obtained. 

Purification of this material by ptlc (55) (JO% ether-petroleum ether, 

single development) afforded 24 mg ( 46%) of' a white semi crystalline 

material (Rf' O,o4); ir (CHC1
3

) 3605, 3570 (OH), 1605, 1575, 1495 

(aromatic), 1385 (cH
3

) and 1035 cm-1 (A:rOCH
3
); nmr (anc1

3
) d' 0,95, 

0.98 (broad overlapping singlets, 9, C-2, C-4a and C-12a CH
3
's), 1.22 

(s, J, C-10b CH3), 3,76 (s, 3 1 Ar OCH3), 3.91 (m, 1, ~CH-0-), 5.1-6,0 

(m, 2, H=-a-c,H), and 6. 6-7.3 (m, 3, Ar H). These spectra are consistent 

with those expected for the mixture of' alcohol dimers 41. Another 34 -
mg of' solid (Rf' o. 34) obtained from the above ptlc was submitted to a 

second purification on ptlc (55) (15% ether-petroleum ether, double 
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development), and 17.6 mg (34%) of the desired aldehyde~ (Rf 0.)4) 

was obtained. The ir and nmr spectra of this material are the same as 

those obtained in part A above. 

Preparation of isopropyltriphenylphosphonium iodide. 
~~ ~ ~wa,_, ~..,. 

According to the procedure of Wittig and Wittenberg (60), 7.2.5 g 

(27.6 mmoles) of triphenylphosphine and 3.4 ml (.5.78 g, J4 mmoles) of 

iodomethane were combined in a flask. This mixture was heated under a 

reflux condenser with a 98-102° bath for 24 hr and then cooled. The 

white solid mass which had formed in the flask was broken up and crushed 

(under an argon atmosphere) and the resulting coarse powder was washed 

with 10 ml of dry ether, and dried of any remaining solvent at reduced 

pressure. This crude iodide weighed 11.89 g and was not purified fur-

ther1 it was stored as a solid under argon for use in subsequent ex-

periments, and remained intact for at least several weeks. Some of the 

triphenylphosphine starting material must have been present as an im-

purity in the iodide, as it was later identified in all reaction mix-

tures in which the iodide was employed. 

~ethoxy-2 f!...!4a._f t.!Ob,.e..,12a0l.-tet~methp-2D( -__(4" -me_!..hyl-2::gentenyl)

~2,~~0C,.5,6,10b~11,1~12a-!od~cahydrochrysene ~). 

The Wittig reaction was performed using a modified procedure of 

Bothner-By and co-workers (46). A stirred suspension of 4.62 (10.7 

mmoles) of crude isopropyl triphenylphosphonium iodide in 30 m1 of dry 

THF at room temperature was treated dropwise over a 3-min period with 
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4.03 ml (8.55 mmoles) of a 2.12 ~ solution of phenyllithium in 30% 

ether-benzene (Alfa Inorganics, Inc.). The red suspension was stirred 

for 2.25 hr, and then a solution of 819 mg (2.14 mmoles) of the aldehyde 

N-4 in 9 ml of dry THF was added over a 5-min period J two 2-ml portions -
of dry THF were used to effect complete addition. After stirring at 

room temperature for 50 min longer, the red mixture was diluted with 

.500 ml of ether, and the resulting solution was washed with water (three 

200-ml portions), 10% aqueous hydrogen peroxide solution (200 ml) and 

water (200 ml). The solution was then shaken with 200 ml of 10% aqueous 

hydrogen peroxide solution for .5 min to convert any remaining triphenyl-

phosphine impurity to the oxide. The organic phase was separated, 

washed with 10% aqueous so<lium thiosulfate solution (200 ml) and satur

ated brine (1.50 ml), and_ then dried (Mgso4). After removal of the 

dessicant and evaporation of the solvent at reduced pressure, a semi-

solid mixture was obtained. This material was filtered through a glass 

wool plug with the aid of 100 m1 of petroleum ether to remove most of 

~he relatively insoluble triphenylphosphine oxide. Concentration of 

the filtrate at reduced pressure afforded 1.2 g of a yellow oil which 

was purified by chromatography on 120 g of silica gel. The first 150 

ml of eluent showed four spots on tlc (55) (4% ether-petroleum ether, 

single development) and was discarded; the next 2.5 m1 was put aside, 

and concentration of the following 2.50 ml at reduced pressure afforded 

6.51 mg (74 • .5%) of the olefin~ as a white solid; ir (CHC13) 16o.5, 

1.57.5, 149.5 (aromatic), 138.5 (cH3), and 103.5 cm-1 (ArOMe); nmr (CDC1
3
) 

cf 0.92, 0.98, 1.0.5 (3 singlets, 3 each, C-2, C-4a and C-12a CH3's), 
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1.21 (s, ), C-10b CH
3
), 1,59, 1,66 [2 singlets, C=C(CH

3
)2l, 3.76 (s, 3, 

Ar OCH
3
), 4,85-5.35 (m, 1, C=C-H) and 6,6-7.3 (m, ), Ar H). 

Evaporation of the solvent :from the 25 ml :fraction that was put 

aside afforded 101 mg of an oil, Purification of this material on ptlc 

(55) (13X20 em plate, 4% ether-petroleum ether, single development) 

afforded an additional 69 mg ( 7. 9%) of olefin M-6. This material had -
the same nmr spectrum as olefin M-6 described above; the combined yield .......-

was thus 720 mg (82,5%). Crystallization of a portion of this material 

:from methanol with a trace methylene chloride afforded the analytical 

sample as :fluffy white crystals, mp 78-80° (vac)r ir and nmr of this 

sample were the same as those of chromatographed material above, 

~. Calcd :for c2~44oa C, 85,23J H, 10,85, Founda C, 85.06J 

H, 10,66. 

Treatment of the aromatic olefin M-6 with tri:fluoroacetic acid/anhydride 
~..._.~_......._.,_- ~ ..... ~ ...... .. 

0 mixture at -20 • 
.,:- .... . .. 

The aroma. tic olefin N-6 was subjected to the same conditions used -
to cyclize the acetylenic alcohol K-3. A mixture of 2, 0 m1 of trifluoro-...__. 

acetic acid and 0,6 ml of tri:fluoroacetic anhydride was chilled in a 

-20° bath and a portion of this cold mixture was added to 20 mg ( 0. o49 

mmole) of the olefin M-6 at -20°, The resulting mixture was stirred -0 . 
at -20 for 20 min, and then the pressure over the solution was reduced 

with the aid of a vacuum pump, Following this the cooling bath was 

removed to :facilitate evaporation of the solvents (which took about 

5 min) and the remaining residue was dried at room temperature at £!• 
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0,05 mm pressure for 1 hr. This oil appears to be the crude trifluoro-

acetate,£:ia ir (CHC1
3

) 1775 (trifluoroacetate CaO), 16o5, 1495 (aro

matic), 1380, 1370 (CH
3
), 1165 (cF

3
), and 1035 cm-1 (ArOCH

3
)a nmr 

(CDC1
3

) cf 0,89, 0.97, 1,20 (3 singlets, C-2, C-4a, C-10b and C-12a 

CH
3
's), 1,54 [s, CF3co~c(cH3);), 3.74 (s, Ar OCH

3
), 6,5-7.3 (m, Ar H) 

and almost no remaining 5.05 (m, R2C=CHR
1

) or 1,61 [s, C=C(CH
3

)2]. 

The side chain olefin signals are clearly lacking in the nmr spectrum, 

~ ,4a .!_.4 0~, 1~ :!=.trame~yl-2~- ( 4 '-methyl-~.:R::!,!:_eny.!,_) -1,2, 3 ~ 

4a,4bo<,5,6,10,10aoC,10b,11,12,12a-tetradecahydrochrysen-8(9H)-one (0-6). 
~ ..._......,. ---...,.. -- -~ ____. w~--= ""-" ...- .,._....... 

A. Attempted preparation using hydrochloric acid-ethanol treatment 

of Birch reduction uroduct 0-2. 

1, Reduction 

Both the Birch reduction and the acid catalyzed hydrolysis 

were performed using the procedure of J, Tilley (19f), A solution of 

100 mg (0,254 mmole) of the aromatic olefin M-6 and 4.2 ml (3.32 g, -
4.5 mmoles) of !-butyl alcohol in 8,0 ml of dry THF was added to .£!• 

2.5 ml o:f dry, stirred ammonia, Two 1-ml portions o:f dry THF were used 

to help e:f:fect complete addition, With continued stirring, this solu

tion was treated with 1.3 em (48 mg, 6,97 mmoles) o:f lithium wire, re-

fluxed :for 2 hr and then cautiously quenched with 1,2.5 ml o:f methanol. 

With the aid o:f gentle hot air heating the ammonia was evaporated under 

a stream o:f argon over a 1-hr period, The remaining mixture was par-

titioned between 100 ml of ether and 70 ml o:f water and the aqueous 

layer was separated and extracted with 2.5 ml of ether. The combined 



119 

organic phases were washed with 50 ml o£ water and 50 m1 of saturdted 

brine, and then dried (Mgso4 ) for 5 min. After removal of the dessicant 

and evaporation of the solvent at reduced pressure, 114 mg of the crude 

1,4-dihydro compound~ was obtained; nmr (CDC1
3

) c:f 0.92, 1.04, 1.10 

(3 singlets, C-2, C-4a, C-10b and C-12a CH
3
's), 1.62, 1.68 (2 broad 

singlets, C=C(CH
3
)J, 3.53 (s, ~OCH3), 4.63 (m, -0-C=C-H), 5.10 (s, 

R2C=CH-R1
), and no peaks between 6.6-7.4 (Ar H). 

2. HyQ~lysis and conjugation 

The crude 1,4-dihydrocompound 0-2 was dissolved in 12 ml of ,...._ 

ethanol and treated with 8 ml o£ 5 ~ hydrochloric acid. This solution 

was stirred and heated in a 65-70° bath for 4o min, and then cooled and 

poured onto .50 ml of water. The resulting mixture was extracted with 

three .50-ml portions of ether, and the combined extracts were washed 

with saturated aqueous sodium bicarbonate solution (two 50-ml portions) 

and saturated brine (.50 ml), and then dried (MgS04). After removal of 

the drying agent and evaporation of the solvent at reduced pressure, 

106 mg of a yellow oil was obtained; ir 36oO, 3430 (OH), 1660 ( C=O), 

1615 (c-c), and 1390, 1380 cm-1 (CH
3
); nmr (CDC1

3
) cf 0.92, 0.95, 1.15 

(3 singlets,~· 6, 3 and 3, C-2, C-4a, C-10b and C-12a CH
3
's), 1.24 

r: -o ls, ~· 6, R~C(CH3)2j, 5.86 (broad s, ~· 1, O=C-CH:ooC), and only traces 

of any peaks at 5.1 (R2C=CH-R
1

) or 1.61 and 1.68 [C=C(CH
3

)2). These 

spectral data are consistent with those of desired enone 0-6 with a hy-__. 

drated side chain, i.e., the alcohol 0-4. This material was not char--
acterized further but was dehydrated in an ef£ort to obtain enone 0-6. -

A stirred solution of 106 mg o£ the crude alcohol 0-4 described --
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above and 6 mg of ,E-toluenesulfonic acid monohydrate in 10 ml of benzene 

was heated at reflux through a Dean Stark water separator. The side arm 

of the separator had been filled with Drierite before heating was begun. 

After 4 hr at reflux, the stirred solution was treated with an addition-

al 6 mg of _E-toluenesulfonic acid monohydrate, and then reflux was con-

tinued for 15 hr longer. The ~eaction mixture was then cooled and di-

luted with 100 ml of ether, and the resulting solution was washed with 

5% aqueous sodium hydroxide solution (two 30-ml portions), water (30 ml) 

and saturated brine (30 ml), and then dried (MgS04). After removal of 

the dessicant and evaporation of the solvents at reduced pressure, 110 

mg of a semicrystalline product was obtained. Purification of this 

material on ptlc (55) (40% ether-petroleum ether, single development) 

afforded 66.6 mg (68.8% based on the aromatic olefin M-6) of a mixture --
of olefins ~ and !2z.§ as a pale yellow solid (Rf 0.29)a runr (CDC1

3
) 

was the same as that of purified enone 0-6 except that the d 5.07 -
multiplet (R2C=CHR ') integrated to only 87% of one proton, while a new 

multiplet was present at d 4. 63 (RR'C=CH2) and integrated to 13% of 

two protons; the broad singlets at d 1. 62, 1. 69 were also somewhat 

smaller than for the single isomer 0-61 analysis by vpc (57) showed ,.....,....,. 

only one peak (oven temperature 300°, ret. time 3.9 min), having the 

same ret. time as the enone 0-6. -
B. Preparation employing mild acid hydrolysis of the enol ether 

0-2 and base catalyzed conjugation. of the enone 0-3. 

1. Reduction 
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Birch reduction of the A ring was performed on 50 mg of the 

aromatic olefin l-1-6 exactly as described in part A above, except that --
all material quantities employed were reduced to half the stated amounts. 

In this manner 56 mg of crude enol ether 0-2 was obtained. -
2. Hydrolysis of the enol ether 0-2 

To a stirred solution of 56 mg of crude enol ether 0-2 in 1 --
ml of methylene chloride at room temperature was added sequentially 2 

Jill of ethanol, 0. 5 ml of water and 50 mg of oxalic acid. After stirring 

for 2 hr, the reaction mixture was diluted with 100 ml of ether, and the 

resulting solution was washed with 5% aqueous sodium hydroxide solution 

(two 25-ml portions), water (25 ml) and saturated brine (25 ml), and 

then dried (MgS04). After removal of the dessicant and evaporation of 

the solvents at reduced pressure, there was obtained 50 mg of crude ~, 

)f -unsaturated ketone 0-3 as an oil; -
and no peak at around 3600 cm-1 (OH); 

ir (CHC1
3

) 1710 ( C=O), 1385 (CH
3

) 

nmr (CDC1
3

) ~ 0,93, 1.06, 1.08 

(3 singlets,~· 2a1a1, C-2, C-4a, C-10b and C-12a CH
3
's), 1.61, 

[2 broad singlets, c-c(CH
3
)J, 2.39, 2,69 [2 broad singlets, E.!!• 

allylic C-6, C-10 and C-7 H's] and 5.10 (m, R2C=CH-R
1

). 

J, Conjugation of the enone 0-3 

1. 68 

2a1, 

To a stirred solution of 50 mg of the crude nonconjugated 

enone 0-3 in methylene chloride at room temperature was added sequen
-..;.. 

tially 1 ml of ethanol, 0.15 ml of water and 0.10 ml of to% aqueous 

sodium hydroxide solution. After stirring for 30 min, the solution 

wa.s treated with o. 05 ml of 40% aqueous sodiwu hydroxide solution, and 

1 hr later a white precipitate began forming in the reaction mixture. 
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This suspension was diluted with 100 ml of ether after stirring for a 

total of 2.3 hr, and the resulting mixture was washed with water (two 

25-ml portions) and saturated brine (25 ml) and then dried (MgSo4). 

After removal of the dessicant and evaporation of the solvent at reduced 

pressure, 50 mg of a yellow solid was obtained, Purification of this 

material on ptlc (55) (40% ether-petroleum ether, single development) 

afforded 35 mg (72,2%) of the enone 0-6 as a pale yellow solid; ir ..-...... 

(CHC1
3

) 1655 ( C=O), 1615 (C=C) and 1390, 1375 em-! (CH
3
); nmr (CDC1

3
) 

cr 0.88, 0,90, 0,93 (3 singlets, 9), 1.15 (s, 3 1 C-2, C-4a, C-10b, C-12a 

CH
3
's), 1,61, 1,67 [rather obscure singlets, C=C(mr

3
)21, 5.08 (m, 1, 

R2C=CHR
1

) and 5.87 (broads, 1, O=C-CH=C); analysis by vpc (57) indi

cated 9g;r; one component (oven temperature 300° 1 ret, time 3.8 min). 

This material was utilized directly 1n subsequent experiments without 

further purification. 

~·?_:._Epoxy-~ ,4a.J ,1Q_b ~ ..23ae< -tetram~hyl-2~-( L(:.~ethyl-3.::-pe~).; 

1,2,3,4,4a 04bo<,5,6,6a,7,10,10ac<,10b,11,12,12a-hexadecahydroch~JSen-=-- _., _ zwc;-.._.. --= ,_.=w - w aws,... ..,. ,. 

8(9H)-one (P-1). 
~,...,... 

To a stirred solution of 392 mg (0.988 mmole) of enone 0-6 in 9 -
ml. of methylene chloride at room temperature was added sequentially 

20 m1 of methanol, 5.3 ml of 30% aqueous hydrogen peroxide solution, 

a.nd 1,2 ml of 1o% aqueous sodium hydroxide solution. After stirring 

under air in a closed flask for 21 hr, this mixture was diluted with 

300 m1 of ether. The resulting solution was shaken with 100 ml -of 

water, and the aqueous phase was separated and extracted with 100 m1 
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of ether. The combined organic phases were washed with 100 m1 of water 

and 100 ml of saturated brine, and then dried (MgSo4 ). After removal 

of the dessicant and evaporation of the solvents at reduced pressure, 

429 mg of a white gum was obtained which on crystallization from meth

anol-methylene chloride afforded :310 mg (76.2%) of the epoxyketone P-1 -
as white crystals, mp 10:3.5-105.SO (vac, dec); ir (CHC1

3
) 1700 ( C=O), 

1450 (-CH2-) and 1:375 cm-1 (CH
3
); nmr (CDC1

3
) di 0,90, 1.12 (2 singlets, 

9and 3, C-2, C-4a, C-10b, C-12a CH3's), 1.59, 1.67 [2 broad singlets, 

1 
.. o.. 

C=C(CH
3)2 , :3.11 (s, 1, C-CH), and 5.07 (m, 1, C=CH-). The analytical 

sample obtained from a second crystallization of a portion of this ma

terial from methanol-methylene chloride melted at 107-108,SO (vac)r 

ir and nmr spectra of this sample were the same as those of the crys-

talline material described above, 

Anal, Calcd for c28H44o2 a C, 81.50; H, 10.75, Founda C, 81.49; 

H, 10. 73, 

Purification of the mother liquors from the first crystallization 

~n ptlc (55) (10X20 em plate, 40% ether-petroleum ether, single develop

ment) afforded an additional JO mg (7.4%) of the desired epoxide P-1 as --
a solid (Rf 0.40); nmr spectrum of this material was the same as that 

of the crystalline product described above. The total yield of epoxy-

ketone P-1 from crystallization and ptlc was :340 mg (83. 6%). -
pent!._nyl)-J,4,4a ,8 ,4b,5,6, 7,8 ,Sa, 9,10, 10a-dodecahydrophenanthren-2( 1H)-
, ,_.., - ~ z::wa ._. ........... ---- ..._. ._ 

one (P-2). --
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A slight modification of the general procedure of Eschenmoser and 

co-workers (32b, c) was employed in this reaction. To a dry mixture of 

51.0 mg (0.124 mmole) of the epoxyketone P-1 and 24.5 mg (0.131 mmole) -
of R-toluenesulfonylhydrazine at -20° was added with stirring and swirl

ing 2.5 ml of -20° acetic acid-methylene chloride (1,2). After stir

ring for 5 min at -20°, the solution was placed in a -1SO to -25° 

freezer for 30 hr. The mixture was then stirred at room temperature 

for 13 hr (during which time it turned a bright red) and was then di-

luted with 100 ml of ether. The resulting solution was washed with 

water (two 25-ml portions), saturated aqueous sodium bicarbonate solu

tion (two 25-ml portions), and saturated brine (25 ml), and then dried 

(MgS04 ). After removal of the dessicant and evaporation of the solvents 

at reduced pressure, 57 mg of a yellow oil was obtained. Purification 

of this material on ptlc (55) (6.5X20 em plate, 15% ether-petroleum 

ether, single development) afforded 31 mg (63.3%) of the acetylenic 

ketone~ as a white solid (Rf 0.32); ir (CHC1
3

) 3300 (acetylenic 

C-H), 2120 (-C:C-), 1700 ( C~) and 1390, 1380 cm-1 (CH
3
); nmr (CDC1

3
) 

E 0.76 (s, 3), 0.91 (s, 6), 1.21 (s, 3, C-4b, C-7, C-8a and C-10a CH
3
's), 

1.62 and 1.68 (2 broad singlets, C=C(CH
3

)2l, and 5.1 (m, 1, RCH...C). The 

analytical sample obtained from two crystallizations of this material 

from methanol mel ted at 90.5-91. 5' ( vac); ir and nmr spectra of this 

sample were the same as those of chroma.tographed material described 

above. 

Anal. Calcd for c28H44oa C, 84,791 H, 11.18. Founda C, 84.72; 

H, 11.21. 
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I ) (JI ' ~(<_:!._utynyl ~bE!, ?tX ,Sa e._J:.Oa~2,.ntameth,y~ -1..4 -m.:,!-~::;3 -

pentenyl)-1,2,},4,4a)S,4b,5,6,?,8,8a,9,10,10a-tetradecah~ro~2e<-... _. ._., ~ ,_, --= ,.-.,...,. .._... w ~'LW -

phenanthrol (P-3). 
,--wz-= - ,....,.,._ 

To a stirred and ice cooled mixture of 1.1 ml (1.81 mmole) of 1.65 

M ethereal methyllithium solution (Ventron Corp.) and 2.2 ml of dry 

THF was added over a 7-min per~.od a solution of 55.0 mg (0.139 mmole) 

of the acetylenic ketone P-2 in 2.5 ml of dry THF. Two additional 1-ml -
portions of dry THF were used to help effect complete addition. After 

stirring for 25 min without cooling, the reaction mixture was cautiously 

quenched with 1 ml of water and was then diluted with 100 ml of ether. 

This solution was washed with 25 ml of water and 25 ml of saturated 

brine, and then dried (Mgso4 ). After removal of the drying agent and 

evaporation of the solvents at reduced pressure, there was obtained 56.7 

mg (99%) of crude alcohol~: ir (CHC1
3

) 36o0 (OH) 3300 (acetylenic 

C-H), 2115 (-c=C-) and 1385, 1375 cm-1 (cH
3
); nmr (CDC1

3
) ~ 0.89 (s, 6), 

0.97, 1.06, 1.13 (3 singlets, 9, C-2, C-4b, C-7, C~8a and C-10a CH
3
's); 

tlc (55) (50% ether-petroleum ether, single development) showed one 

dark spot (Rf o. 50) and several barely visible minor spots. This ma

terial was used directly without fUrther purification in subsequent 

experiments. 

Cyclization of the acetylenic alcohol P-3 with trifluoroacetic acid in _... ._. ..-..._.. =-cw ..._.. - ow= ::w:: 

methylene chloride to give the chloro olefin P-5. 
.... .._... ,_.. - ~ ,_ :rws ._. 

A stock solution of~· 2% trifluoroacetic acid and~· 0.5% tri

fluoroacetic anhydride in methylene chloride was prepared by mixing 0.4 
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m1 of trifluoroacetic acid, 0,1 ml of trifluoroacetic anhydride and 19 • .5 

m1 of dry methylene chloride. To a stirred solution at 0° of 12 mg 

(0.0291 mmole) of the alcoholJ:2in 0,4 m1 CH2Cl2 was added 0,1 m1 of 

the 2% acid solution. After stirring at 0° for 3.5 min and without cool-

ing for 1.25 hr, this mixture was treated with 2 m1 of dry methylene 

chloride and 0 • .5 m1 of the 2% acid solution. The mixture was stirred 

at room temperature for another 1.5 hr and then diluted with 7.5 ml of 

ether, The resulting solution was washed with 20 ml of ice-cold, satur-

ated aqueous sodium bicarbonate solution, 20 rn1 of water and 20 ml of 

saturated brine, and then dried (Mgso4). After removal of the dessicant 

and evaporation of the solvents at reduced pressure, there was obtained 

17 mg of a yellow oil; ir (CHC13) 3600 (OH, ~· .50% normal intensity), 

3300 (acetylenic C-H, ~· .50% normal intensity), and 177.5 (trifluoro

acetic C.O, ~· 30% of full scale). As cyclization appeared incomplete, 

this oil was treated with 2 m1 of the 2% acid solution and stirred at 

room temperature for 30 min. The mixture was then diluted with 70 ml 

of ether, and the resulting solution was washed with ice-cold saturated 

aqueous sodium bicarbonate solution (25 ml), water (20 ml) and saturated 

brine (20 ml), and then dried (Mgso4). After removal of the dessicant 

and evaporation of the solvent at reduced pressure, there was obtained 

17 mg of the crude chloro olefin trifluoroaceta te P-.5 as an oil; ir ,_...... 

(CHC13) 3300 (acetylenic C-H, ~· 1Q% normal intensity), 177.5 (trifluoro-

acetate c-o), 137.5 (CH
3

) and 1170 cm-1 (cF
3

); nmr (CDC13) di 0,87, 

0,98, 1,04 (3 singlets, R3C-CH3's), 1 • .56 (s, (CH)2cg CCF]• .5.43 (m, 
2 3 

C~C=C-H), and no 5.05 (m, R2C=CHR
1

) or 1.61 (c-c(cH
3)2]. 
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A mixture of 14 mg of the crude trifluoroacetate P-5 and 0,5 m1 ,__ 

of 5% aqueous sodium hydroxide solution in 2 ml of methanol was stirred 

at room temperat.ure for 20 hr. This mixture was then diluted with 70 

ml of ether and the resulting solution washed with 25 ml of water and 

25 ml of brine, and then dried (Mgso4). After removal of the drying 

agent and evaporation of the solvent at reduced pressure, th~re was 

obtained 14 mg of crude chloro alcohol !.::.§. as a yellow oil; ir ( CHC1
3

) 

36oO (OH), 3300 (acetylenic C-H, ~· 1o% normal intensity), 1705 ( C=O, 

~· 10% normal intensity), and 1385 cm-1 (CH3)a nmr (CDC1
3

) cf 0,89, 

0,96, 1,05 (3 singlets, R3C-CH3's), 1,22 [s, (CH3)2 c:~_], and 5.42 

(ClC=CH), 

Conversion of the acetylenic alcohol P-3 to the crude enol bis-trifluoro-
~ ~'W'..-......._. ~ CW£~ zwa=-:wu .._... ,_.:w::: ~--- uw_._,. w.._, ~ 

acetate Q-1. 
~ 

A mixture of 2,0 m1 of trifluoroacetic acid and 0,6 m1 of tri

fluoroacetic anhydride was cooled at -18° and 2,0 m1 of this cold solu

tion was added to 26,2 mg (0,0635 mmole) of alcohol P-3 at -18°, The 
~ 

0 resulting brown solution was stirred at -18 for 30 min, and then the 

pressure in the system was reduced with a vacuum pump, Removal of the 

cooling bath facilitated evaporation of the solvents which took about 

10 min, and the brown residue was then dried for 30 min at room tempera-

ture at ~· 0, 05 mm pressure, In this manner 29 mg of crude enol trl

fluoroacetate ~ was obtained as a brownish gum; ir (CHC1
3

) 1790 (enol 

trifluoroacetate CaO), 1775 (trifluoroacetate CaO), 1695 (enol tri

fluoroacetate C=C), 1370 (CH3), 1165, 1140 (cF
3

) and essentially no 
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(1-2%) 3300 cm-1 (acetylenic C-H); nmr (CDC1
3

) ~ 0,89 (s, 9), 1.02, 

1.o4 (2 singlets, 6, C-2, C-4a, C-6a, C-10b and C-12a CH
3
's), 1.54 (s, 

2, (cH
3

)2 C ~TFA)' and 5.23 (s (broad), 1, TFA-0-C.CH]. Due to the 

sensitive nature of this intermediate it was not purified further but 

was used directly in subsequent experiments. 

Hydrolysis of_the crude enol bis-trifluoroacetate Q-1 to the hydroxy 
~- ~~ -~ .._.... ~ ..-.. ........ 

~tone Q-~. 

To a stirred solution of ~· 12 mg of trifluoroacetate Q-1 in 1 
~ 

m1 of 2-propanol was added 0.1 m1 of 5% aqueous sodium hydroxide solu

tion. After stirring for 14.5 hr, this mixture was diluted with 70 ml 

of ether, and the resulting solution was washed with 20 m1 of water, 

and 25 ml of saturated brine, and then dried (Mgso4). After removal 

of the dessicant and evaporation of the solvent at reduced pressure, 

there was obtained 11. 4 mg o:f crude ketone Q-2 as a yellow solid 1 ir -
(CHC1

3
) 3600, 3450 (OH), 1700 (C=O), 1470 (-CH2-) and 1385, 1375 cm-1 

(CH
3
); nmr (CHC1

3
) di 0,90, 1.10 (2 singlets, C-2, C-4a, C-6a, C-10b, 

C-12a CH
3
's) and 1,22 (s, (cH

3
)2 a:~_]; tlc (55) (75% ether-petroleum 

ether, single elution) shows one large spot (Rf 0.30). 

~n~tion~d alky_!.ation of an enolate anion_~m the crude 

enol bis-trifluoroacetate Q-1. 
~~ ~ ... - ............... 

A. Using methyllithium. 

A stirred mixture of 0.14 m1 (0.238 mmole) of 1.71 ~ ethereal 

methyllithium (Ventron Corp.) and 0.3 m1 of dry DME was cooled in an 
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ice bath (a white precipitate formed) and treated with a solution of 

~· 16 mg (0.04 rnmole) of the crude enol tri:fluoroacetate Q-1 in 0.32 ,....,..,_ 

ml of dry DME. After 10 min at 0°, the suspension was treated with 

0,6 m1 of dry THF to effect solution of the precipitate, This solu-

tion was stirred for 10 min at room temperature and then for 15 min 

at 0°, after which 0,25 ml of dry HMPA was added, followed by 0.25 

ml of dry iodomethane. After stirring without cooling for an addi-

tional 23 min, this mixture was diluted with 75 ml of ether. The re

sulting solution was washed with 5% hydrocr~oric acid (seven 20-ml 

portions) and brine (20 ml), and then dried (Mgso4). After removal 

of the dessicant and evaporation of the solvent at reduced pressure, 

there was obtained ~· 25 mg of a yellow gum1 ir and nmr spectra 

looked much like those of unalkyla ted ketone Q-2, with no [ o. 71 ,._.., 

C-6a CH
3 

singlet characteristic of the shionone A ring (24d). A solu-

tion of this gum in 3 ml of ethanol was treated with 36 mg of 85% 

potassium hydroxide and stirred at room temperature for 12.5 hr. 

The mixture was diluted with 75 ml of ether, and the resulting solu-

tion was washed with 20 ml of water and 20 ml of saturated brine, 

and then dried (Mgso4). After removal of the dessicant and evapora

tion of the solvent at reduced pressure, there was obtained 18 mg of 

a yellow oilJ nmr (CDC1
3

) was rather undescriptive, but still did 

not exhibit any Ji 0.71 singletJ tlc (55) (75% ether-petroleum ether, 

single elution) showed at least 6 spots, one of which (Rf 0,30) had 

the same Rf as unalkylated ketone Q-2 • 
.I'W 
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B. Using lithium/ammonia, 

To a stirred solution of~· 1 mm (4 mg, 0.6 w~ atm) of lithium 

wire in~· 5 ml of dry ammonia, was added a solution of 0.046 w~ole of 

crude enol trifluoroacetate Q-1 in 1,5 ml of dry THF. Two additional ...,....._ 

0,25-ml portions of dry THF were used to effect complete addition, 

The blue color faded after 10 min, so another 1 mm (4 mg, o.G mg atm) 

piece of lithium wire 1as added, The resulting blue solution was stirred 

at reflux for 55 min longer, and was then quenched by the rapid addi

tion of 0,25 ml (595 mg, 2.5 mmoles) of dry iodomethane, After another 

65 min the ammonia was evaporated from the solution with the aid of a 

hot air gun, and 75 m1 of ether was added to the residue, This mixture 

was washed with two 20-ml portions of water and 20 ml of saturated 

brine, and then dried (Mgso4). After removal of the dessicant and 

evaporation of the solvent at reduced pressure, there was obtained 20 

mg of a yellow oil, This material was submitted to the same hydrolysis 

conditions as described in part A, and afforded the same sort of complex 

mixture as in part A (possibly even worse); no ~ 0,71 singlet was 

apparent in the nmr spectrum of this crude material. 

~e~yclization of ace~I!l.c alcoh~_3-:§. tQ.._enol~.1~ 

with fo~c ~d. ,. 
A. At -~-0°, 

A cold (-5°) mixture of 1 ml of dry methylene chloride, 1 ~ of 

formic acid (distilled from B2o
3

) and 0,1 m1 of acetic anhydride was 

added to 15.5 mg of the alcohol R-6 at -~, This mixture was stirred --
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at -5° for 20 min and at 0° for 2.2 hr, and then the solvents were re-

moved under reduced pressure (vacuum pump). After drying for 1 hr at 

~· 0.05 mm pressure, the residue amounted to 15.5 rng of a white solid; 

ir (CHC1
3

) was the same as that of starting materialJ analysis by vpc 

(57) showed one peak (oven temperature 300°, ret. time 2.9 min) with 

t~e same ret. time as starting material. 

B. At room temperature. 

The reaction was repeated using exactly the same amounts of mate-

rials as described above, but at roo.m temperature. This mixture was 

stirred for 4.5 hr, during which time tlc (55) (50% ether-petroleum 

ether, single elution) of aliquots showed gradual disappearance of the 

Rf 0.43 spot (starting material) and clean appearance of two new spots 

(Rf 0.54 and 0.63) of about equal intensity. The solvents were then 

removed at reduced pressure (vacuum pump) and after drying for 12 hr 

at 0.05 mm pressure, the residue amounted to 16 mg of a yellow oil; ir 

(CHC13) 3300 (acetylenic C-H, ~· 5o% normal intensity), 1730 (enol 

formate 0=-0, ~· 5o% normal intensity) and no remaining 36o0 cm-1 (OH); 

nmr (CDC13) cf 3.76 (s, 3, Ar OCH3), 5.14 (m, ~· t, -0-C~CH), 5.50 (m, 

~· t, R2C-cH-R
1
), 6.6-7.3 (n, 3, Ar H) and 8.06 (s, ~· t, HC02C=C). 

These spectra are most consistent with a product that consisted of a 

1a1 mixture of the desired enol formate S-1 and the acetylenic olefin -S-2. --
Attempted cyclization of alcohol R-6 to enol ether S-3 with borontri-

,...,..._ twa,......,~ ---.--- .... ....-.:...-- ~twa--- __.. ..--...._. ..-......-
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A. In diethyl ether. 

To a stirred solution at -78° of 15.4 mg of acetylenic alcohol R-6 --
and 0.1 m1 of pinene in 1.5 m1 of ether, was added over a 1-min period 

0,5 ml of borontrifluoride etherate complex (distilled from calcium 

hydride). 0 This mixture was stirred at -78 for 3 hr, at whi~h time 

tlc (55) (5o% ether-petroleum ether) was unchanged from that at the 

beginning of the reaction and still showed the Rf 0,4o spot correspond

ing to starting material, The temperature of the stirred solution was 

then raised slowly as the 250 ml Dry Ice/acetone cooling bath was allowed 

to warm to room temperature. After stirring for a total of 21 hr this 

solution was poured onto 50 ml of to% aqueous sodium hydroxide solution 

and ice, The resulting mixture was extracted with two .50-ml portions 

of ether, and the combined organic layers were washed with 25 m1 of 

water and 25 ml of saturated brine, and then dried (Mgso4). After 

removal of the dessicant and evaporation of the solvent at reduced 

pressure, 53 mg of a thick gum was obtained; ir (CHC1
3

) showed no 

3600 cm-1 (OH), about 60% of the 3300 cm-1 (acetylenic C-H) band of 

starting material, and about Jo% of a full scale peak at 1700 ( C=O); 

nmr (CDC1
3

) showed no quartets in the region~· di 3.0-3.7 (ethyl 

ether or ethyl enol ether); analysis by vpc (57) showed three signi

ficant peaks (oven temperature 300°, ret, time 2.7, 3.2 and 5.1 min) 

in a ratio of~· 6a2aJ, with the last peak having the same ret. time 

as the known ketone R-8b (47). These data are consistent with a mix--
ture of dehydrated acetylene S-4 and cyclic ketone R-8b. -- - · 
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B, In dimethyl ether, 

This experiment was attempted on 16 mg of the acetylenic alcohol 

R-6 with 0,5 m1 of pinene and 0,5 ml of borontrifluoride etherate com-
-.,.; 

plex in ~· 5 m1 of refluxing dimethyl ether (distilled from sodium 

hydride), The reaction was allowed to proceed for 4 hr, but the ir 

spectrum of the product after work-up showed both 3600 (OH) and 3300 

cm-1 (acetylenic C-H) bands, with the same intensities as in the spectrum 

of starting alcohol, and no 1700 cm-1 (C=O); nmr showed no new singlets 

or quartets cr 3.0-3,7 (ethyl or methyl ethers). These spectra are 

consistent with little or no reaction of the starting alcohol];;.§ under 

the conditions of this reaction, 

~cli~n of tE_e acet_yle!l_ic eth....£!._L-1._.wi th borontrifluQEid~i_hera.!:! 

comE!ex in ether • .... ~ 

To a stirred solution at -78° of 9 mg of the ether L-1 in 0,5 ml -
of dry ether was added dropwise over a 5-min period 0,5 ml of borontri

f1uoride etherate complex. After stirring for 30 min at -78° the solu-

tion froze, so an additional 0,5 ml of dry ether was added, The re-

0 sulting solution was then stirred at -78 for ~· 3 hr, after which the 

temperature was slowly raised as the Dry Ice/acetone bath was allowed 

to warm to room temperature, Stirring was continued at room temperature, 

and 17 hr after being mixed the solution was diluted with 70 ml of ether. 

The resulting solution was washed with two 25~ml portions of saturated 

aqueous sodium bicarbonate solution and 25 ml of brine, and theti. dried 

(MgSo4). After removal of the dessicant and evaporation of the solvent 
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at reduced pressure, there was obtained 10 mg of a yellow oil. The ir 

and nmr spectra of this material were the same as those of crude preg-

nenone L-6 obtained from 1% trifluoroacetic acid cyclization of ether 
~ 

L-1; no starting ether or enol ether peaks ( ,£ ).1-). 7) were evident --
in the nmr. Analytical tlc (55) (15% ether-petroleum ether) showed 

about half the material in a spot (Rf O.JO) having the same Rf as preg

nenone ~' and the remainder in two overlapping spots (Rf 0.65). These 

data are most consistent with a product mixture containing ~· 50% of 

the pregnenone L-6, and ~· 50% of elimination and/or fluorinated pro--
ducts (L-5/T-J). ,.._ .,...,.._ 

A similar experiment was performed on 9 mg of the ether L-1 with -
0.1 ml of borontrifluoride etherate in 1.0 ml of dry ether. After 

0 stirring at -78 for J hr, this mixture was worked up and a quantitative 

recovery of starting material was obtained. In another experiment, a 

solution at -18° of 9 mg of the ether L-1 in 0.5 ml of methylene -
chloride was treated with 0.05 ml of borontrifluoride etherate. After 

stirring at -18° for )0 min, this mixture was worked up and the product 

obtained was found to contain no starting ether or enol ethers (nmr), 

nor any ketone (ir); tlc (55) (15% ether-petroleum ether, single elu

tion) showed only the two overlapping spots (Rf 0.65) which were pre

sent on tlc (same conditions as above) of the crude pregnenone product 

described above. 

20(-Methoxy-2 p ,4b eX, 7o< ,8a f3 ,10ao(:E_entamethyl-7.8 -(4' -metQyl-)
1 
-pen-....--._. ..... "- =-- :c:w: ..... 
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To a stirred and ice cooled mixture of 1.0 ml (1.71 mmoles) of 

1.71 ~ethereal methyllithium solution (Ventron Corp.) and 1.0 ml of 

dry THF was added over a 10-min period a solution of 47 mg (0.118 mmole) 

of the acetylenic ketone P-2 in 1.0 ml of dry THF. Two additional 0.5---
mi portions of dry THF were used to help effect complete addition. 

After stirring for 25 min without cooling and then for 7 min with ice 

cooling, this solution was treated sequentially with 1.0 ml of dry HMPA 

and 0.5 m1 of dry iodomethane. The ice bath was then removed and the 

solution was stirred at room temperature for 20 hr; tlc (50% ether

petroleum ether, single development) of an aliquot after 19 hr was the 

same as that of an aliquot after 1 hr; both showed two large spots 

(Rf 0.00 and 0.74) • The mixture was then diluted with 100 ml of ether, 

and the resulting solution was washed with water (eight 25-ml portions) 

and saturated brine (25 ml), and then dried (Mgso4 ). After removal of 

the dessicant and evaporation of the solvent at reduced pressure, there 

was obtained .52 mg (quantitative) of the crude ether U-1 as a clear oil; -
1r (CHC1

3
) 1390, 1375 (CH

3
), 1075 (R-OCH

3
) and no 3600 (OH), 3300 

(acetylenic C-H) or 1700 cm-1 ( C=O); nmr (CDC1
3

) dr 0.89, 0.93 (2 

singlets, 9 1 ~· 2a1), 1.05, 1.07 (2 singlets, 6, C-2, C-4b, C-7, C-8a 

and C-10a CH
3
's), 1.61, 1.67 (2 broad singlets, CaC(CH

3
)21, 1.75 (m, 

C3C-CH
3
), 3.o4 (s, 3, R OCH

3
), and 5.06 (m, 1, R2c-CH-R')a tlc (55) 

(5% ether-petroleum ether) shows one dark spot (Rf 0.56) and only faint 

traces of any other uaterial. This oil was not purified or character-

ized further, but was used directly in subsequent reactions. 
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~c<-l'1ethoxy-2p ,4b0(, 7o<. ,8a,P, 10ao< ::eentamethyl-~ -1!±_1-m.2,_thJ1_-3" -pe~ 
·---- ~ =-- - ,_. -

tenyl)-1o<.-(3'-pentenyl)-1 ,2,3,4,4:.t_,4b,5,6,7,8 ,8a,9,10,10a-tetradeca-
--.. aw: ......., ~ ........ ....._.. i4W<' .--...._. .._..... ..._... ...,...-... ~ 

hydrophenanthrene (U-2). - -
To a stirred and refluxing blue solution of 15 mg (0.65 mg atm) 

of sodium in~· 10 m1 of dry ammonia and 2 m1 of dry THF were added 

over a 5-min period a solution of 52 mg (~. 0.118 mmole) of the crude 

acetylenic ether U-1 in 2 m1 of dry THF. Two additional 0.5-ml portions --
of dry THF were used to help effect complete addition. The blue color 

of this stirred mixture faded after 1 hr at reflux, so an additional 12 

mg (0. 52 mg atm) of sodium was added. After additional 2 hr the blue 

solution was quenched by the careful addition of 1 m1 of water, and then 

the ammonia was allowed to evaporate through a mercury bubbler over an 

18 hr period. This suspension was diluted with 100 m1 of ether, and 

the resulting mixture was washed with water (two 25-ml portions) and 

saturated brine (25 ml), and then dried (Mgso4). After removal of the 

dessicant and evaporation of the solvents at reduced pressure, there 

was obtained 51 mg (98%) of the crude diene U-2 as a cloudy gum; ir -
(CHC1

3
) 1390, 1375 (CH

3
) and 1075 cm-1 (R-OCH

3
); nmr (CDC1

3
) dr 0.05 

(s, trace of silicon grease), 0.90, 0.93, 1.04, 1.09 (4 singlets,~· 

2111111, C-2, C-4b, C-7, C-8a and C-10a CH
3
's), 1.62, 1.67 (2 broad 

singlets, C=C(CH
3

)2), 3.07 (s, 3, R OCH
3
), 5.10 (m, 1, R2C=CH-R") and 

5.40 (m, 2, H-C=C-H)J tlc (55) (2% ether-petroleum ether) showed only 

one major spot (Rf 0.73) with only slight traces of impurities visible. 

This gum was not purified or characterized further, but was used directly 

in subsequent experiments. 
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Attempted cyclization of the olefinic ether U-2 with formic acid or tri-
~ ._..,:ws "W',_, _., -

fluoroacetic acid. -- ...... 
A stirred and ice cooled solution of 6.9 mg of the ether U-2 in --

0.5 ml of methylene chloride was treated with 2.0 ml of cold formic 

acid (distilled from B2o
3
). This cloudy solution was stirred with ice 

c~oling for 5 min, and then poured onto 25 m1 of 10% aqueous sodium 

hydroxide solution and 35 ml of crushed ice. The resulting mixture 

was extracted with two 40-ml portions of ether, and the combined organic 

phases were washed with 25 ml of water and 25 ml of saturated brine, 

and then dried (}~So4). After removal of the drying agent and evapor

ation of the solvent at reduced pressure, there was obtained 8.0 mg of 

a cloudy guma ir (CHC1
3

) showed no 3600 cm-1 (OH) peak but does show 

~· 30% of a normal intensity c-o peak at 1715 cm-1 (formate)a nmr 

(CDC13) has a rather obscure angular CH3 region; all but ~· 10% of 

the ,f 3. 08 singlet (R OCH
3

) is gone; the disubsti tuted. olefin d" 5. 4 

appears unchanged; the trisubstituted olefin dr 5.05 (m) and 1.61, 1.67 

(2 singlets) appears mostly intact; only a small amount of formate 

( [ 8.1) was present (~. 10-20% of a proton). These spectra are most 

consistent with a product mixture resulting from elimination of the 

tertiary ether of starting material or elimination of the secondary 

formate from any cyclization product. 

When this reaction was attempted using neat formic acid, the sub-

strate was found to be insoluble. Formic acid and chloroform at room 

temperature for 12 min gave similar results to those described in detail 

above. Prolonged formic acid-methylene chloride treatment at room temp-
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erature for 7 hr completely destroyed the trisubstituted olefin, and 

yet did not afford any secondary alcohol on hydrolysis of the esters. 

Trifluoroacetic acid (10%) in methylene chloride at _-40° for 6 min did 

not seriously affect the side chain, but destroyed ~· 6Q% of the 

starting ether functionality and afforded almost no trifluoroacetate 

ester products. 
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Appendix 

For many of the reactions employed in this work, small amounts 

(less than ~100 ml) of anhydrous solvents were needed at several dif

ferent times during a procedure. A special apparatus, which allows for 

the easy distillation and collection of such solvents immediately prior 

to use, was therefore designed. Shown in Fig. 1, this "solvent drier" 

eliminates the need for maintaining and handling a large number of dry 

collecting flasks by combining the collector and distilling head in one 

piece. 

The apparatus as set up for use is shown in Fig. 2. I-Ii th stopcock 

"B" closed (protecting the septum), and "A" open, the solvent is heated 

to reflux for a period of about 30 minutes or longer to thoroughly dry 

the solvent and interior walls of the apparatus. When solvent is about 

to be needed, stopcock "A" is closed and collecting begins. (If the 

system is accidentally forgotten while in this mode, solvent will fill 

the apparatus to the overflow tube and then begin returning to the dis

tilling flask; the possibility of the pot going dry is greatly dimin

ished). When enough solvent has collected, stopcock "B" is opened and 

dry solvent is removed through a septum protecting "B", using a dry 

syringe with a slightly curved six-inch needle. Stopcock "B" is then 

immediately closed. When enough solvent has been removed, stopcock 

"A" is opened until need for more dry solvent is anticipated; at that 

time the above processes are once again repeated. 

This apparatus has proved most convenient in actual operation; 
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and since the solvent is always freshly distilled and never transferred 

to and stored in intermediate vessels, there is never any doubt as to 

its absolute dryness. 

2 MI'W\ BoRE 

TEFLCN 

STOPCOCKS 

II B'' 

"'A'' 

~-+--200- 300 1'\'\ I 

PYREX 8tJL8 

-30cm 

FIGURE. :1. 
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SOLVENT AND 
0\~'{ING AGENT 

F\GURE 2. 
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l?ART II 

CONVERSION OF ESTRONE TO ANDROST-4-EN-3-0NE: 

A NEW METHOD FOR ACTIVATING THE C-9 AND C-10 

POSITIONS OF ESTROGENIC STEROIDS FOR SUBSTITUTION 
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Introduction 

One o£ the greatest difficulties in synthesiz~ng complex organic 

molecules such as steroids and triterpenes is efficiently constructing 

the basic carbon skeleton (1). Logistically this task is best approached 

by joining large fragments which contain as many essential carbons as 

possible, These pieces must be suitably functionalized to allow later 

elaboration into final product, but must also be stable to a variety of 

reaction conditions. Readily available aromatic compounds often prove 

ideal for such purposes, and have therefore seen frequent use as an 

excellent source of annular carbons in synthesis (2). 

Much o£ the value of these aromatic fragments is due to their sus-

ceptibility to partial reduction by metal-ammonia systems (3). The 

most useful and frequently encountered aromatic intermediates are of 

the same type as the 0-alkylated A ring (1) of estrogen. These can be ,_ 

~ 
RO~ 

~ 
RO~ 

1 2. - -
reduced in good yield to dihydro compounds (2), which can be hydrolyzed -
in mild acid to give p , Y -unsaturated ketones ( 3), or in strong acid -
to give conjugated enones (4, R=H) (4, .5a, 6a). The o(,(il-unsaturated ,_ 
products have been by far the most frequently used intermediates in 

such schemes, for many good synthetic methods are known which employ 
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this grouping (7). 

In many instances, however, it would be desirable to arrive at an 

unsaturated intermediate in which the ring fusion ~ to the carbonyl 

group had been stereospecifically substituted with an appropriate alkyl 

group (e.g. 4, R=alkyl). For example, the androgenic steroid testoster-,...... 

one (5), the triterpene cycloartenol (6) and the antibiotic fUsidic acid - -
(7) all possess alkyl substitution at the ten position. In order to 

H 

0 HO 

5 
;yV 

s -

benefit from the possible utility of employing aromatic A ring precursors 

for the synthesis of those molecules, it must be shown that substitution 

at C-10 can effectively be introduced starting from the aromatic ring. 

That no general method exists for accomplishing this transformation 
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becomes evident in considering the highly explored field of steroid to

tal synthesis. The highest yield, most straightforward synthetic routes 

are those to estrogenic compounds which utilize aromatic precursors for 

the aromatic A ring (8). These same routes modified by Birch reductions 

are used as well to generate 19-norsteroids in good yields (8). When 

10-alkyl steroids are synthesized, however, intermediates bearing the 

aromatic A ring are seldom employed; and instead entirely different 

approaches are devised to provide for introduction of the C-10 substi

tuent (8). Those few routes which do alkylate C-10 starting from an 

aromatic A ring (9) are very specific and hardly applicable as general 

solutions to the problem. 

Thus it has been the purpose of this research to develop a some

what general method for substituting the C-10 position of aromatic A 

ring type precursors for steroid and triterpene synthesis. 
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Dlscussion 

In seeking a method of substituting the C-10 position of aromatic 

A ring type steroid and triterpene precursors, it was most helpful to 

consider the best methods by which the C-10 position has already been 

substituted from non aromatic :Lntermediates. Nany syntheses of 19-methyl 

steroids proceed through intermediates such as enone 8, with R==methyl 
"""' 

or R= some protected 3-oxybutyl side chain (8). In developing one of 

the best of these synthesis, Stork and HcMur:ry (10) have transformed 

enone 8a stereospecifically into the methylated ketone 9, via lithium/ 
,_ -

ammonia reduction of 8a, followed by methyl iodide alkylation of the -

q -

~) R.::· CH ~ n = 2, f = OH z' /'0 1 

0'--' 

0 

10 -
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intermediate enolate anion. Hydrolysis o£ the ketal fUnction o£ ketone 

9 and subsequent cyclization then led to D-homotestosterone (10). 
NV ,__. 

Since 0{, ~-unsaturated ketones are subject to 1 ,4-addi tions, dis-

solving metal reductions, alkylations, and combinations o£ these reac

tions (7), then either the 0( or ~ or both positions o£ Stork's inter-

mediate 8a could in principle be substituted be£ore closing the A ring. ,..,_ 

I£ such an intermediate could readily be arrived at £rom an aromatic A 

ring, then the overall transformation £rom aromatic to C-10 (and possi

bly C-9) substituted enone would encompass exactly the conversion we 

seek to effect (e.g. 1 to 4, R=alkyl). - ,._ 
From the Birch reduction products o£ aromatic intermediates such 

as 11, one can envisage several ways to e££ect suitable cleavage to -
enone intermediates o£ type 12. An interest in the Eschenmoser cleavage -

R(H) 
RO 

\l -II -
reaction o£ f:1( ,~ -epoxyketones (11), as possibly being synthetically 

use£ul in this as well as other applications, prompted the design o£ a 

scheme specifically incorporating this reaction; thus, we hoped to 

learn something o£ the generality of the cleavage reaction, as well as 

to e£fect the desired change in an aromatic system. 

The Eschenmoser cleavage reaction is per£ormed on o<,~ -epoxyketones 
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by either of two principal methods. Epoxyketone 13 for example can be ....,., 
converted to the ~-toluenesulfonylhydrazone ~ or the strained aziridine 

hydrazone 1.5. The former compound undergoes mild acid catalyzed cleavage 

Clh 

HN/NQ 
Ts l-4-

~ 

Clh 

q, , N'N.(Jl V..q, ,so 

--

0 

\'3 -

CH1 

('''' 
Ill 0 

IG -
to the acetylenic ketone 16 (R=Ac) in 83% yield (from epoxyketone 13) 

,...,.., ,NY 

(11b), while the latter affords the same product in 87.% yield on heating 

(11a). Acetylenic ketones such as 16 are thus available in good yields ,._ 

by means of this reaction, which has been applied to a variety of other 

systems as well (11c). It has also been demonstrated that acetylene 

16 (R•H) can be hydrated using mercuric ion catalysis to the 3-ketoseco-,._ 

steroid 17, and this can be cyclized to testosterone (.5) (11d). -- -

5 -
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The transformation of epoxyketone 13 to the 3-ketosecosteroid 17 -- """""' 
would have great bearing on the problem at hand if the Eschenmoser 

cleavage reaction could be induced to occur in a compound such as 18. ,.,_ 

I£ it could, then the acetylenic product 19 could be hydrated and se_., 

lectively ketalized to give the desired unsaturated ketone 12, which ,.._, 

corresponds directly to Stork's intermediate 8a. Thus it was decided ,._ 

0 

\S -
to attempt the synthesis of an epoxyketone such as 18 from an aromatic -
intermediate such as 11; and determine if it could indeed be cleaved -
to an acetylenic ketone (19) and then converted to the desired enone -
ketal 12. -

The actual system chosen for initial study of this transformation 

was estradiol, and the proposed route for its conversion to an inter-

mediate such as enone 12 is outlined in Chart A. Estradiol (A-1) was - -
selectively methylated on the phenolic oxygen to afford ether A-2. The -
aromatic ring was then reduced with lithium in ammonia and the resulting 

enol ether was hydrolyzed under mildly acidic conditions, all according 

to a modification of the procedure of 'li ilds and Nelson ( 4) • The ~ , lf -

unsaturated ketone A-3 thus obtained was converted to the dienone A-4 
......._ -

by treatment with pyridinium hydrobromide perbromide (12), and it was 

planned to effect epoxidation of this dienone with basic peroxide to 



HO 

0 

0 

0 
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Chart A 

K2.Co3 , Qc~h"e CH30 

A- l 75% 
r-

A-5 --

- A-7 ,..._ 

f:rsO\i) c, H, 

(CH~ 01-l)z.. 

0 

A-1. -
(co~ f.\)z., H,O , 

~HlO~ 

S9% 



156 

give the Eschenmoser reaction substrate A-5. -
Unfortunately this last step could not be made to yield the desired 

product. Epoxidation was performed using either sodium hydroxide or 

potassium carbonate as base, and the disappearance of starting material 

was followed by the decrease in the ultraviolet absorption maximum at 

304 ~of diluted aliquots from the reaction mixture. Under conditions 

which effect complete epoxidation of ~.~ -unsatura~ed ketones within a 

few hours (13), the dienone A-4 was not completely consumed until nearly - -
twenty-four hours; this is understandable as the second double bond 

should render the {:?, position less electrophilic. Unfortunately, o( , p -
epoxyketones are known to be unstable to prolonged treatment with base 

or basic peroxide (14), and to yield a variety of cleavage/oxidation 

products. Apparently the rate of epoxidation of A-4 was slower than _..; 

the rate of these secondary reactions; none of the epoxide A-5 could ,.._.., 

be isolated from the reaction mixture which yielded mostly complex 

mixtures of base soluble products. This is in accord with a recent 

observation in the literature (15) about the similar epoxide 20, which --
yields the diosphenol 21 and cleavage product 22 on treatment with base. - -

0 

20 - 21 - 22 -
Considering the retarding effect of the 9(10) double bond on epoxi-
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dation of the A ring enone, it was decided to mask this olefin during 

epoxidation; but in such a way that it could be easily regenerated 

after the epoxide was formed (or even after the Eschenmoser cleavage 

reaction). A C-10 alcohol function appeared suitable for this purpose, 

and it had been shown that this group could be easily introduced to the 

enone A-J by either of two methods. As outlined in Chart B, Djerassi ......,..., 
and co-workers (16) had demonstrated that peracid epoxidation of the 

5(10) double bond of enone A-J proceeded to give epoxyketone B-1. Base -- -
induced opening of this epoxide then afforded the enone B-J, bearing the --
desired C-10 alcohol. Shapiro and co-workers (17) had also synthesized 

the alcohol B-J; they did so by reduction of the intermediate hydro--
peroxide B-2, which they had obtained as the principal product from -
photosensitized oxidation of the enone A-J. Presumably enone B-J should - --4 be subject to epoxidation in basic hydrogen peroxide since the A olefin 

is no longer part of an extended dienone system; thus epoxy-alcohol 

~ seemed easily attainable. 

An interesting patent report by Legatt and Shapiro (18) had even 

described the conversion of hydroperoxide B-2 directly to the desired -
epoxide ~ by treatment with dilute methanolic sodium hydroxide solu

tion. This ingenious procedure presumably utilizes the hydroperoxide 

function present in the molecule B-2 itself to effect epoxidation -
(possibly intramolecularly) of the double bond. Although no yield was 

reported, this sequence seemed most intriguing, and it was decided to 

employ a photooxygenation route to introduce the C-10 alcohol function. 

Rather than deal with the problems of protecting the C-17 alcohol for 
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Chart B 

0 

8-l --

0 0 
B-Z - 8-3 ,...----

0 

l 
B-4 B-5 --

j 
,....___ 

HO 

(''' ,, 

'" 0 
e-6 B-7 - .,._._ 
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the subsequent dehydration step (i.e. B-4-+B-5 or B-6-+B-7), we chose -- ,..._ __ 
to employ the 17-deoxy series for this study. 

Estrone (C-1) was thus subjected to Wolff-Kishner reduction fol--
lowed by methylation of the phenolic oxygen to give ether~ in 95% 

yield after crystallization. Reduction of the aromatic ring with lith-

ium in ammonia, and mild acid hydrolysis of the resulting enol ether 

afforded the ~,~-unsaturated ketone £::1• Rose Bengal sensitized 

photooxygenation (19) of this enone proceeded quite rapidly and there 

was obtained a 44% yield of the 10 p-hydroperoxide ~ after crystal

lization. The stereochemical assignment is made by analogy with the 

previously discussed photooxygenation of enone A-3. This material -
proved extremely insoluble, however, and was difficult to work with 

and purifyr for this reason it was not usually isolated, but instead 

the crude hydroperoxide mixture C-4a was employed directly for most re-..-

actions. 

Sodium iodide reduction (20) of the crude hydroperoxide mixture 

C-4a afforded a 7•1 mixture of the p-alcohol C-6 and the o(-alcohol 
_.. -
C-8 in 63% overall yield from enone C-3. Better results were obtained - -
reducing the hydroperoxide mixture with diphenylphosphine, in which 

case the desired alcohol C-6 was obtained itself in 64% yield. Also -
obtained from this second reduction was 9% of what appears to be the 

A ring phenol C-7. This material does not seem to be present to such -
an extent in the crude hydroperoxide mixture C-4a, and thus probably -
forms by elimination in some of the hydroperoxide during the reduction 

step. 
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Treatment of the enone C-6 with basic hydrogen peroxide afforded --
a 94% yield of the desired epoxyketone C-5; the overall yield of the -
epoxide C-5 from enone C-3 was thus 60% via the alcohol C-6. - ..-...; -

Direct conversion of crude hydroperoxide mixture C-4a to epoxide ---
C-5 was attempted next using the basic conditions of Legatt and Shapiro -
(18). Simply stirring the hydroperoxide mixture~ in methanolic 

sodium hydroxide did indeed afford epoxyketone C-5, but the yield after -
purification was a rather disappointing 32% (from enone C-3). The -
cause of this low yield was investigated by perform!~~ the same rear-

rangement on crystalline hydroperoxide C-4b. In this case a 64% yield --
(from hydroperoxide C-4b) of epoxyketone C-5 was obtained, and the ma--- -
jor side product was found to be the alcohol C-6. Since this alcohol 

. -
is subject to epoxidation by basic hydrogen peroxide, it seemed wise to 

treat the crude base rearrangement product from hydroperoxide C-4 with -
basic hydrogen peroxide prior to isolation of the epoxyketone C-5. -
This was done by treating crude hydroperoxide mixture C-4a with meth-

~ 

anolic sodium hydroxide for 30 min , and then by adding hydrogen peroxide 

to this mixture and stirring for another 30 min. The yield of epoxy

ketone C-5 was 49% (from enone C-3) in this case, considerably improved -- ,...._ 
from the 32% yield obtained without hydrogen peroxide treatment. Phenol 

~Z was also isolated as a side product (12% yield) in this reaction; 

it has probably been present to some extent in all of the reactions 

involving hydroperoxide C-4, but has not always been isolated. 
"""-

Several brief attempts at dehydration of the alcohol C-5, in an -
effort to generate the olefin D-1 , resulted in complex product mixtures; 

""--

this olefinic epoxide seemed a most difficult species to obtain. Since 
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it appeared reasonable that the alcohol function m.lght not interfere 

with the Eschenmoser reaction, it was decided to attempt cleavage with 

the 10 fo -hydroxy group in place, Thus epoxyketone C-5 was treated -
with ~-toluenesulfonylhydrazine in 1a1 acetic acid-methylene chloride 

at -18° and later warmed to room temperature (11b, c). Spectra of the 

crude product, taken i~~ediately after the reaction work-up, indicated 

nearly pure acetylenic hydroxyketone D- 2 ; on standing overnight, how-__. 

ever, this product underwent significant decomposition. 

Since generation of the A9-olefin was called for anyway, immedi-

ate dehydration of the crude cleavage product was attempted, Epoxy-

ketone C-5 was cleaved and the resulting cr~de alcohol D-2 was treated - ,_ 
within an hour of its isolation with thionyl chloride in pyridine, 

Enone D-3, obtained from this reaction in ?1% yield (from epoxyketone 
~ 

£:2) after chro~atography, contained a small amount of the phenol C-7 

(-5%); none of the exocyclic olefin isomer was observable in the nmr. 

The enone D-3 had only to be converted to the ketal D-5 and this - -
transformation proceeded quite smoothly, Hydration of the acetylenic 

side chain of enone D-3 with mercuric sulfate in acidic aqueous methanol -
(21) afforded the diketone ~ in 64% yield after purification (free 

of the slight phenolic impurity present in the starting enone), Se-

lective ketalization of the saturated ketone proceeded quite well and 

an 88% yield of the desired ketal D-5 was obtained. -
In converting t he aromatic ether C-2 to the enone ketal D-5 we - -

had effected the des ired transformation of an aromatic A ring compound 

into an intermediate of the versatile type 12, Certain establishment 
~ 
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of the identity of enone D-5 was sought, however, and this was provided --
by elaborating this intermediate into the known androstenone D-7. The ,..._ 

enone ~was treated with lithium in ammonia followed by iodomethane 

according to the reductive alkylation procedure of Stork and McMurry 

(10). Without purification the methylated ketone D-6 thus obtained -
was hydrolyzed to remove the ketal, and the resulting crude product 

was cyclized to afford androst-4-en-J-one (D-7) in 54% overall yield --
(from enone D-5). The melting point and nmr spectrum of this material --
are in agreement with those reported for enone D-7 in the literature ,.._ 

(22). In addition to the desired product a small amount (5%) of a mix

ture was obtained which contain~..-60% of what appears to be the 10«.-

isomer of enone D-7 (from lli~ analysis). Not enough material was ob--
tained to clearly establish this, however. 

Synthesis of the 0(, ~-unsaturated secosteroid ,!.?.:;.2• from aromatic 

A ring ether C-2, demonstrates a transformation which expands the po--
tential usefulness of aromatic intermediates in polycyclic systems. It 

may now be possible to substitute the 9 and/or 10 positions (steroid 

numbering) of such compounds in a variety of ways previously impossible 

starting from aromatic precursors. Modifications of this scheme are 

currently being investigated within the Ireland group on compounds re-

lated to fusidic acid. 



Experimental Section 

All reactions were run under an argon atmosphere unless otherwise 

noted. Helting points labeled (vac) were taken in evacuated capillaries 

on a Hoover capillary melting point apparatus while all others were de

termined on a Kofler micro hot s tage melting point apparatus. All melt

ing points and boiling points are uncorrected. Infrared spectra (ir) 

were taken on a Perkin Elmer 237B grating infrared spectrometer. Nu

clear magnetic resonance spectra (nmr) were taken on a Varian Associates 

Model T-60. Ultraviolet spectra (uv) were taken on a Cary recording 

spectrometer, Model 11M, 

Alumina refers to grade I, neutral alumina supplied by M, Woelm, 

Eschwege, Germany, made up to grade II or III as indicated by addition 

of 3% or 6% water with shaking and equilibration prior to use, Ordi

nary silica gel columns used the o. 05-0,2 mm silica gel "for column 

chromatography" manufactured by E, I'ierck, Darmstadt, Germany. High 

pressure silica gel chromatography used the Silica Gel H "For TLC Ace, 

To Stahl" manufactured by E. Merck, Darmstadt, Germany, 

Anhydrous solvents were dried immediately prior to use. Ether, 

tetrahydrofuran (THF) and dimethoxyethane (Di1E) were distilled from 

lithium aluminum hydride; tert-butyl alcohol and pyridine were dis

tilled from calcium hydride; hexamethylphosphoramide (H~~A) was dis

tilled at reduced pressure from calcium hydride; ammonia was distilled 

from a blue lithium or sodium solution; and methylene chloride and 

methylene iodide were distilled from phosphorous pentoxide. Petroleum 
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ether refers to the "Analyzed Reagent" grade hydrocarbon fraction, bp 

J0-6o0
, which is supplied by J. T. Baker Co., Phillipsburg, N.J. and 

was not further purified. 

Microanalyses were performed by Spang Microanalytical Laboratories, 

Ann Arbor, Michigan. 
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3-Methoxy-1, 3, 5( 10 )-est:!'."a.trien-17 {3_ -ol (A- 2). , ------Wi~ ,.......... 
A stirred mixture of 3.99 g (14.6 mmoles) of estradiol (A-1), -

28.0 g (0.20 mole) of potassium carbonate and 13.5 m1 (18.2 g, 0.143 

mole) of dimethylsulfate in 135 m1 of acetone was heated at reflux for 

75 min. After cooling, the mixture was treated with 100 ml of water 

and most of the acetone was evaporated under reduced pressure. This 

material was extracted with three 100-ml portions of ether, and the 

combined organic phases were washed with water (two 100-ml portions) 

and saturated brine (100 ml) and then dried (!1gS04). After removal of 

the dessicant and evaporation of the ether under reduced pressure, there 

was obtained 20 g of a liquid. This material was dissolved in 100 ml 

benzene and filtered through 600 g of grade III alumina with the aid of 

2.5 1. of benzene. Evaporation of the filtrate at reduced pressure 

afforded 288 mg of crude 3,17~ -dimethoxy-1,3,5(10)-estratriene as a 

white powder; nmr (CDC1
3

) cf 0.78 (s, C-18 H), 3.36 (s, C-17 OCH
3
), 

3.74 (s, C-3 OCH
3
), and 6.6-7.3 (m, Ar H); lit. (23) nmr (CDC1

3
) ~ 

0.80 (s, C-18 H), J.J9 (s, C-17 OCH
3
), and 3.76 (s, C-J OCH

3
). 

Following elution of the alumina after 15 hr with 2 1. of acetone 

and concentration of the eluent at reduced pressure, there was obtained 

4.9 g of a thick oil which on crystallization from n-hexane afforded in 

two crops 3.11 g (75%) of the alcohol A-2 as fine white crystals mp 119--
120° ~lit. (4) 120.5-121.5°]; ir (CHC1

3
) )620 (OH), 1610, 1575, 1500 

(aromatic), and 126o cm-1 (ArOCH
3
); nmr (CDC1

3
) ~ 0.76 (s, J, C-18 

H), 3.69 (m, 1, C-17 H), 3.76 (s, 3, Ar OCH
3
), and 6.6-7.3 (m, 3, Ar H). 
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~ -Hy~~_z:-5~-~t::s_en-3-on~ (!;2). 
A modification of the procedure of Wilds and Nelson (4) was employed 

for the reduction of the A ring and hydrolysis of the resulting enol 

ether. A solution of 2.96 g (10.3 mmoles) of the aromatic alcohol A-2 --
in 200 m1 of THF was added dropwise over a 15-min period to a stirred 

blue solution of 3.5 g (0.5 g atm) of lithium wire in~· 460 ml of 

ammonia (distilled from the cylinder through potassium hydroxide drying 

towers). After stirring for an additional 20 min, the solution was 

treated w1 th 120 ml of ethanol over a 4o-min period. The ammonia was 

then allowed to evaporate from the white suspension over the course of 

16 hr, during which time the reaction mixture was protected from oxygen. 

Following evaporation of about half the solvent at reduced pressure, 

the remaining material was diluted with 1 1. of ether and the resulting 

JJdxture was washed with 250 ml of water and three 250-ml portions of 

saturated brine, and then dried (Ngso4 ). After removal of the dessicant 

and concentration of the solution under reduced pressure, there was 

obtained 3.1 g (quantitative) of 3-methoxy-2,5(10)-estradien-17~-ol 

as a white solid; nmr (CDC1
3

) cf 0.75 (s, C-18 H), 2.66 [s (broad), 

C-1 and C-4 H], 3. 55 (s, ~ OCH
3
), 3. 66 (m, C-17 H), and 4. 65 [s (broad), 

C-2 H]t no cf 6.6-7.3 (Ar H). 

To a solution 3.1 g of the crude 1,4-dihydro compound described 

above in 250 ml of methanol was added a solution of 3.8 g of oxalic acid 

dihydrate in 50 ml of water. The solution was stirred for 40 min at 

room temperature, and then poured onto 500 ml of saturated aqueous so-

dium bicarbonate solution. This mixture was extracted with three 300-ml 
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portions of ether, and the combined organic phases were washed with 

saturated aqueous sodium bicarbonate solution (three 250-ml portions) 

and saturated brine (250 ml), and then dried (Mgso4 ). After removal of 

the dessicant and evaporation of the solvent under reduced pressure, 

there was obtained 2.87 g of a white solid which upon two crystallizations 

from ethyl acetate afforded 1.65 g (59%) of enone A-3 as white plates ; --
mp 197-198° (vac, dec) (lit. (4) 199.8-201° (vac, inserted at 180°)]; 

ir (CHC1
3

) 3610, 3470 (OH), and 1710 cm-1 ( C=O); nmr (CDC1
3

) cr 0.76 

(s, 3, C-18 H), 2.44 (s, 4, C-1 and C-6 H), 2.73 (s, 2, C-4 H), and 3.70 

[t (broad), 1, J = 2 Hz C-17 H]. The mother liquors were chromatographed 

on 120 g of silica gel, eluted with 111 ethyl acetate-benzene. Follow-

ing the first 280 ml, 120 ml of eluent was collected; concentration 

of this solution at reduced pressure afforded 570 mg of material which 

after crystallization from ethyl acetate gave 280 mg of enone A-3, mp ......_ 

196-198° ( vac, dec); the total yield of p, ~-unsaturated ketone ,t1 

was 1.93 g (68%). 

17 -Hydroxy-4,9-estradien-3-one (A-4). -
A stirred solution of 1.463 g (5.34 mmoles) of the enone A-3 in -........ 

75 ml of pyridine was chilled with an ice bath and treated with 2.06 g 

( 6. 4 mmoles) of pyridinium hydro bromide per bromide prepared according 

to the procedure of Fieser (24) • After stirring with ice bath cooling 

for 4 hr, the reaction mixture was kept in a 4° refrigerator for 16 hr. 

The solution was then diluted with 650 ml of ether and the resulting 

solution was washed with 10% aqueous sodium thiosulfate solution (250 ml), 
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10% hydrochloric acid (200 ml), saturated aqueous sodium bicarbonate so

lution (259 ml), water (250 ml) and saturated brine (250 ml), and then 

dried (Mgso4). After removal of the dessicant and concentration of the 

solution at reduced pressure, there was obtained 1.4 g of yellowish 

solid which on crystallization from acetone and then from acetone-

methylene chloride afforded 90Z mg (62%) of the dienone A-4 as white -
crystals, mp 168.5-170.5° [lit. (25a) 187-188°, and (25b, c, d) 168.5-

169.5]; ir (CHC1
3

) 3615, )440 (OH), 1655 ( C=O), and 1605 cm-1 ( C=C ); 

nmr (CDC1
3

) cr 0.90 (s, 3, C-18 H), 2.11 (s, 2), 2.44 (s, ~· 2), 3.67 

[t (broad), 1, J ~8Hz C-17 H], and 5.68 (s, 1, C-4 H); uv (EtOH) 304 

~ (£•23,900). 

~t~t~ epoxi~ation o_! the dienqp.e ~4_!-o A-5. 
~ w -~ .____ • 

Epoxidation was attempted using a modificati~n of the procedure of 

~Ancera and Reingold (13). To a stirred and ice cooled solution of 97.5 

mg (0.357 mmole) of the dienone A-4 in 2.5 ml of methanol was added 0.5 -
ml of 3o% aqueous hydrogen peroxide solution and 0.15 ml of 10% aqueous 

sodium hydroxide solution. Stirring and cooling of this mixture were 

continued, and at various times measured aliquots were withdrawn and 

diluted to an exact volume with ethanol. The 304 ~ uv absorbance of 

these diluted aliquots was measured to determine the remaining concen-

tration of dienone A-4 in the reaction mixture. After 9 hr the absorb,...._ 

ance had only decreased to half of its initial value, so additional 

30% aqueous hydrogen peroxide solution (0.25 ml) and 1o% aqueous sodium 

hydroxide solution (75~1) were added. The reaction mixture was then 
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stored in a 4° refrigerator for 15 hr, after which the 304 ~ absorbance 

of the diluted aliquot measured 23% of the initial value. At this point 

the reaction mixture was diluted with 200 ml of ethyl acetate and the 

resulting solution was washed with two 500-ml portions of water and 500 

m1 of saturated brine, and then dried (Mgso4). After removal of the 

dryir~ agent and evaporation of the solvent at reduced pressure, there 

was obtained 37 mg of a yellow solid which had the same principal peaks 

in its ir and nmr spectra that characterize the starting dienone A-4. --
After acidification with 10% hydrochloric acid, the aqueous phases were 

extracted with two 100-ml portions of methylene chloride, and these ex

tracts were combined and dried (Mgso4). After removal of the drying 

agent and evaporation of the solvent at reduced pressure, 21 mg of a 

yellow oil was obtained. This oil streaked badly on tlc (26) (acetone, 

single development)J vpc (27) (oven temperature 300°) showed one prin

cipal peak (ret. time 2.9 min) comprising~· 60% of the eluted material1 

ir (CHC1
3

) 3610, 3550-3000 (acid OH), 1710 ( C=O), 1655 ( C=O), and 1600 

em -l ( c-c ) 1 nmr ( CDC1
3

) showed nothing between £ 6. 6-7.4 (no A ring 

Ar H). 

A similar experiment was performed on 81 mg of dienone A-4 in 1.0 
~ 

m1 of methanol at room temperature, but 25 mg of potassium carbonate 

was used as base and five 0.1 ml portions of 3o% aqueous hydrogen per

oxide were added to the solution during the 69 hr it stirred. As in 

the experiment described above, this reaction afforded after work-up a 

small return of starting material from the neutral extracts and a mix

ture of base soluble components (no phenols) from the aqueous washes. 



172 

~M~hoxyestr~-1~3,5(10)-trien~ (C-2) • 
..-ww .... - ._, ~ 

A modification of the procedure of K. J. Sax and co-workers was 

employed (28). A stirred mixture of 5.0 g (18.4 mmoles) of estrone 

(C-1), 35 g of 85.% potassium hydroxide pellets and 25 m1 of 85% hydra---
zine hydrate in 250 ml of diethylene glycol was heated at reflux for 

1 hr with an internal temperature of~· 142°. With the aid of an argon 

stream passing through the reactior. vessel, moisture and excess hydrazine 

were then distilled from this mixture over ~· a 45-min period until 

the internal temnerature reached 200°. After continued gentle reflux 

0 at 200 for 3 hr the solution was cooled, diluted with 500 ml of water 

and then poured onto a mixture of 400 ml of concentrated hydrochloric 

acid and 600 ml of ice and water. The resulting mixture was extracted 

with ether (four 800-ml portions) and the combined organic phases were 

washed with water (six 800-ml portions) and brine (800 ml) and then 

dried (Na2so4 ). After removal of the dessicant and evaporation of the 

solvent at reduced pressure there was obtained 4.79 g (quantitative) 

of crude 3-hydroxyestra-1,3,5(10)-triene (C-7) as a white solidJ ir -
(CHC1

3
) 3595, )420 (OH), 1610, 1585, 1500 (aromatic), 1)80 (cH

3
) and 

1175 cm-1 (ArOH); nmr (CDC1
3

) cf 0.72 (s, 3, C-18 H), 5.3 ~ (broad), 

1, ArO H], and 6.5-7.3 (m, 3, Ar H). 

To a stirred solution of 4.79 g (18.4 mmoles) of the crude 3-hydroxy

estra-1,3,5(10)-triene (~) described above in 95 ml of dioxane were 

added 65 ml of water, a solution of 1.9 g (29 mmoles) of 85% potassium 

hydroxide in 9 ml of water, and 2.5 ml (3.3 g, 26 mmoles) of dimethyl 

sulf'ate. 0 This stirred mixture was heated with a 110 bath at gentle 
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reflux for 4 hr, wlth the addition of another 1.9 g (29 mmoles) of 85% 

potassium hydroxide and 2,5 ml (26 mmoles) of dimethyl sulfate halfway 

into this period, After cooling, this mixture was then poured onto 100 

g of ice and the resulting suspension was filtered; the white solid 

remaining in the filter was dissolved in ~· 500 ml of ether and this 

solution was dried (Na2so4). After removal of the dessicant and evap

oration of the s olvent at reduced pressure, 4,96 g of a light yellow 

solid was obtained which on crystallization from methanol-methylene 

chloride afforded 4.73 g (95%) of aromatic ether C-2 as white crystals, .......__ 

mp 77.0-78,5° [lit. (28) mp 78-79°]; ir (CHC1
3

) 1608 , 1575, 1500 (aro

matic), 1377 (CH
3

) and 1255, 1152, 1040 cm-1 (ArOCH
3
); nmr (CDC1

3
) 

0,72 (s, 3, C-18 H), 3.76 (s, 3, ArO CH
3

) and 6,5-7.3 (m, 3, Ar H). 

Reduction was accomplished according to a modified procedure of 

Wilds and Nelson (4). Into a flask containing a stirred solution of 

4.73 g (17.45 mmoles) of the aromatic ether C-2 in 400 ml of dry ether -
was distilled ~· 500 ml of ammonia from the tank (through potassium 

hydroxide drying towers), To this stirred solution was added over a 

10-min period 140 em (5.1 g, 730 mg atms) of lithium wire in small pieces, 

followed by the dropwise addition over the course of 1 hr of 130 ml of 

absolute ethanol, The reaction mixture was protected from oxygen while 

most of the ammonia was allowed to evaporate over ~· 16 hr, and the 

remaining suspension was cautiously treated with 1 1, of water. This 

mixture was extracted with ether (three 900-ml portions) and the combined 
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organic phases were washed with 300 ml of Claisen alkali, two 800-ml 

portions of water and 800 ml of saturated brine and then dried (Na2so4). 

After removal of the dessicant and evaporation of the solvent at reduced 

pressure, 7 g of a damp solid was obtained. 

A modification of the procedure of F. Colton and co-workers (29), 

vas employed for hydrolysis of the reduction product describ~ above. 

A mixture of 7 g of the crude reduction product, 20 ml of water and 10 

m1 of acetic acid in 75 ml of methanol and 25 m1 of chloroform was 

heated at reflux for 1 hr. After cooling the solution was diluted with 

2.4 1. of ether and the resulting solution was washed with water (800 

ml), saturated aqueous sodium bicarbonate solution (two 800-ml portions), 

water (800 ml) and saturated brine (800 ml), and then dried (Mgso4 ). 

After removal of the dessicant and evaporation of the solvent at reduced 

pressure, there was obtained 4. 5 g of a damp product which on three crys-

tallizations from methanol-methylene chloride afforded 2.78 g (61%) of 

enone C-3 as white crystals, mp 117-119°. The analytical sample obtained --
from crystallization of a portion of this material again from methanol

methylene chloride melted at 118-119.~; ir (CHC1
3

) 1710 (CaO), 1450 

(-CH2-) and 1378 cm-1 (cH
3

)J nmr (CDC1
3

) cf 0.72 (s, 3, C-18 H), 2.44 

[s (broad), 4]and 2.72 [s (broad), 2]; lit. (30) nmr (CDC1
3

) cf 0.72, 

2.43 and 2.72 (3 singlets). 

Anal. Calcd for c18H26oa C, 83.67; H, 10.14. Found& C, 83.77; 

H, 10.15, 
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The photooxygenation apparatus described in the Appendi x was flus hed 

with oxygen and a very gentle oxygen stream was circulated through the 

system to prevent liquid from passing through the fritted discs. A 

solution of 200 mg (0.774 mmole) of enone C-3 in 9 rnl of methyl acetate 
~ 

was placed in the apparatus followed by a partial solution of 45 mg of 

Bose Bengal in 1 ml of pyridineJ an additional 6 rnl of methyl acetate 

was used to effect complete addition of the enone and sensitizer. The 

system was sealed and tap water was run through the cooling jacket at 

~· 100 ml/min. The Dry Ice trap was filled and then the circulated 

oxygen stream was increased to a brisk flow. With a General Electric 

650 watt DWY bulb positioned in the lamp cavity at the uppermost level 

of the solution, irradiation was begun by applying 75 volts to the lamp. 

Oxygen uptake ceased at the theoretical amount (17 ml) after about 2 min 

and illumination was stopped after 3.5 min. The oxygen stream was slowed 

and the mixture was rinsed from the apparatus with the aid of 90 ml of 

ether. The resulting solution was swirled with 30 ml of silica gel and 

this mixture was filtered with the aid of 50 ml of ether through a short 

column containing an additional 30 rnl of silica gel. After evaporation 

of the solvent at reduced pressure the residue was dried for 1.5 hr at 

-o.o; mm pressure and 229 mg (quantitative) of crude hydroperoxide C-4a 
~ 

was obtained as a pink oilJ ir (CHC1
3

) 3525, 3260 (-0-0-H), 1665 (C=O), 

1595 (c-c) and 1380 cm-1 (cH
3
); nmr (CDC1

3
) cf 0.77 (s, C-18 H) and 

5.98 (s (broad), C-4 H]. Crystallization of this material from ether

hexane afforded 100 mg (43.7%) of the hydroperoxide C-4b as slightly 
~ 

pink crystals, mp 170-172° (vac, dec). A second crystallization of a 
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portion of this material afforded the analytical sample as white crystals, 

mp 170-172° (vac, dec)J nmr (cn
3

)2so Ji 0.74 (s, 3, C-18 H) and 5. 88 

(s (broad), 1, C-4 H]. This crystalline material was exceedingly insol-

uble in chloroform, carbon tetrachloride, benzene a~d acetone. No ir 

was obtained for this solid due to its insolubility. 

Anal. Calcd for c18H26o3
a C, 74.45; H, 9.02. Founda C, 74.551 

H, 9. 02. 

10,8-Hydroxyestr-4-en-3-one (C-6) and 10oe-Hydroxyestr-4-en-3-one (C-8). 
,.. ,_. ,_____, __ ..--...._.,.. ---- ~ ............... =-z - ............... 

A. Photooxygenation of t he enone C-). 

The photooxygenation apparatus described in the Appendix was flushed 

with oxygen and a very gentle oxygen stream was circulated through the 

system to prevent liquid from passing through the fri tted discs. A 

solution of 200 mg (0.774 mmole) of enone C-3 in 9 ml of methyl acetate __. 

was placed in the apparatus followed by a partial solution of 45 mg of 

Rose Bengal in 1 ml of pyridine; an additional 7 ml of methyl acetate 

was used to effect complete addition of the enone and sensitizer. The 

system was sealed and tap water was run through the cooling jacket at 

~· 100 ml/min. The Dry Ice trap was filled and then the circulated 

oxygen stream was increased to a brisk flow. With a General Electric 

650 watt DWY bulb positioned in the lamp cavity at the uppermost level 

of the solution, irradiation was begun by applying 75 volts to the lamp. 

Oxygen uptake ceased after~· 2.5 min and illumination was stopped af-

ter 3. 0 min. The oxygen stream was slowed and the mixture was rinsed 

from the apparatus with the aid of 90 ml of ether. The resulting solu-
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tion was washed with 5% aqueous sodium hydroxide solution (three 25-ml 

portions), 2% hydrochloric acid (25 ml), 5% aqueous sodium hydroxide 

solution (25 ml) and saturated brine (two 25-ml portions), and then 

dried (Mgso4 ). After removal of the dessicant and evaporation of the 

solvent at reduced pressure, there was obtained 228 mg of the crude 

hydroperoxide mixture C-4a as a pink solid, -
B. Reduction of the hydroperoxide mixture C-4. 

1. Usine sodium iodide 

A modification of the procedure of Bailey and Erickson (20) 

was employed for the reduction, 0 A stirred solution of -25 of 225 mg 

(~. o. 714 mmole) of the crude hydroperoxide ~ described above in 

1,5 ml of methanol and 1 m1 of methylene chloride was treated with a 

solution of 232 mg (1.55 mmoles) of sodium iodide in 1 m1 of methanol, 

0,5 m1 of methylene chloride and 0.4 ml of acetic acid, The cooling 

bath was removed and after stirring at room temperature for 2,3 hr the 

mixture was diluted with 100 ml of ether. The resulting solution was 

washed with water (25 ml), 5% aqueous sodium hydroxide solution (25 ml), 

10% aqueous sodium thiosulfate solution (2X25 ml), water (25 ml) and 

saturated brine (25 ml) and then dried (NgS04). After removal of the 

dessicant and evaporation of the solvent at reduced pressure, 225 mg of 

a tan foam was obtained.. Two crystallizations of this material from 

ether-hexane afforded 50 mg (24%) of p -alcohol~ as faintly yellow 

crystals, mp 139-141° (vac); ir (CHC1
3

) 3600, )440 (OH), 1662 (C=O), 

1625 (C•C), 1455 (-CH2-) and 1380 cm-1 (cH
3
); nmr (CDC1

3
) ~ 0.77 (s, 



178 

3, C-18 H) and 5.74 (d (broad), 2, J =2Hz, C-4 H]; uv (cH30H) 237m~ 
4 (£•1.)X10 ). Purification of the 175 mg of nonvolatile material remain-

1ng in the mother liquors from the above crystallizations was accomplished 

by ptlc (26) (ether, single development). The major fraction contained 

an additional 66 mg (31%) of p -alcohol~ as a white foam (Rf 0.39): 

n.mr (CDC1
3

) same as that from crystalline material above. This raised 

the total yield of A -alcohol C-6 to 116 mg (55% from enone C-J). The r ~ _,.,... 
analytical sample was obtained as white crystals from crystallization 

of a portion of the chrornatographed material above from methylene-chlor

ide-hexane, and melted at 140.5-141.5° (vac); ir and nmr were the same 

as those of crystalline material described above. 

Anal. Calcd for c1gH26o2 a C, 78.79; H, 9.55. Founda C, 78.75; 

H, 9 • .58. 

A second fraction obtained from the above ptlc (Rf 0.21) contained 

17 mg (8% from enone C-3) of the 0(-alcohol C-8 as a white solid; ir - -
(CHC1

3
) 3590, )420 (OH), 1665 (C=O), 1455 (CH2) and 1380 cm-1 (cH

3
); 

nmr (CDC1
3

) Jr o.67 (s, 3, C-18 H) and 5.80 s (broad), 1, C-4 H • 

Crystallization of this material from ether and a trace of methylene 

chloride afforded the analytical sample which melted at 177-180° (vac, 

deCJ inserted at 170°); ir and nmr were the same as those of chrornato-

graphed material above. 

~. Calcd for c18H26o2 a C, 78.791 H, 9.55. Founda C, 78.74; 

H, 9.44. 

2. Using diphenylphosphine 

In the manner described in part A above, 205 mg of crude hydro-
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peroxide C-4a was prepared from 176 mg (0.682 mmole) of enone C-3; irra--- ~ 

diation in this case, however , was continued for only 2.5 min. A stirred 

suspension at 10-15° of 205 mg of this crude hydroperoxide in 5 m1 of 

benzene was treated with 177~1 (190 mg, 1.02 mmoles) of diphenylphos

phine. The suspended solid dissolved at once, and after stirring at 

10-15° for 35 min the resulting solution was treated with 50)Al (~ 0.77 

mmole) of 30% aqueous hydrogen peroxide solution. After 5 min, 90 ml 

of ether was added and the resulting solution was washed with saturated 

aqueous sodium bicarbonate solution (six 30-ml portions), 10% aqueous 

sodium bisulfite solution (30 ml) and saturated brine (30 ml) and then 

dried (Hgso4 ). After removal of the dessicant and evaporation of the 

solvent at reduced pressure, 363 mg of an oil was obtained. Purifica-

tion of this waterial on ptlc (26) (ether, single development) afforded 

120 mg ( 64% from enone £;;]) of the j3 -alcohol~ as a white foam (Rf 

0.42); nmr (CDC1
3

) was the same as that of ft -alcohol~ described 

in part B-1 above. A second fraction from ptlc (Rf 0.76) contained 

17 mg (9%) of phenol~; nmr (CDC1
3

) was the same as that of the Wolff

Kischner reduction product obtained in the preparation of aromatic ether 

C-2. --
A. From crude hydroperoxide C-4a with methanolic sodium hydroxide. 

Photooxygenation of 400 mg (1 .54 mmoles) of enone C-3 was performed -
using the same procedure described for obtaining C-4b, except that all --
material amounts were doubled, and illumination was continued for 5 min. 
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The entire 522 mg of crude hydroperoxide C-~a obtained as an oil from ---
this reaction was dissolved in 10 ml of methanol, stirred at 0° and 

treated with 1 ml of 5% aqueous sodium hydroxide solution. After stir-

ring with ice cooling for 6 hr this solution was diluted with 100 ml of 

water and the resulting mixture was saturated with sodium chloride and 

then extracted with ether (four 125-ml portions). The combined organic 

extracts were washed with water (three 100-ml portions) and saturated 

brine (two 100-ml portions) and then dried (Na2so4 ). After removal of 

the dessicant and evaporation of the solvent at reduced pressure, 421 mg 

of a yellow foam was obtained. This material was purified by column 

chromatography on 30 g of grade III alumina. The column was eluted with 

125 ml of 5o% ether-petroleum ether and then with 25 ml of 75% ether-

petroleum ether; continued elution by this latter solvent mixture af-

forded in the next 100 ml, 144 mg (32% from enone C-3) of the epoxyketone -
C-5 as white crystals, mp 124-129°. Crystallization of a portion o:f this --
material from ether-hexane afforded the analytical sample as :fine white 

needles, mp 128-129.5°; ir (CHC1
3

) 3590, 3480 (OH), 

(CH2), 1380 (CH
3

) and 104o, 1015, 995, 975, 950 cm-1 

cf 0.76 (s, 3, C-18 H) and 3.10 (s, 1, C-4 H). 

~. Calcd for c
18

H26o3
a c, 74.451 H, 9.02. 

H, 9. 07. 

Another experiment was performed using the same 

terial amounts described above, except that the base 

1710 ( C=O), 1450 
,o, 

(c-c); nmr (cnc1
3

) 

Found a c, 74.)4; 

procedure and ma.-

catalyzed epoxida-

tion was performed at room temperature for 1 hr. The yield of epoxy-

ketone C-5 from this reaction was 31% after chromatography. --
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B. From pure hydroperoxide C-4b with methanolic sodium hydroxide. 

A stirred solution of 140 mg (0.476 mmole) of crystalline hydroper-

oxide C-4b in 10 ml of 1a1 methanol-methylene chloride was treated at 
~ 

room temperature with 1 ml of 5% aqueous sodium hydroxide solution. 

After stirring for 1.6 hr this mixture was diluted with 150 ml of ether 

and 20 ml of methylene chloride and the resulting solution was washed 

with water (two 50-ml portions) and saturated brine (50 ml) and then 

dried (MgS04 ). After removal of the dessicant and evaporation of the 

solvent at reduced pressure 141 mg of a yellow oil was obtained. Purl-

fication of this material on ptlc (26) (30% ether-petroleum ether, sin

gle development) afforded 90 mg (64%) of the epoxyketone C-5 as a slightly 
~ 

yellow solid, Rf 0.21; nmr (CDC1
3

) was the same as that from material 

described in part A. Only one volatile component was present in this 

material as determined by vpc (27) (oven temperature 220°, ret. time 

2.2 min), and it has the same ret. time as epoxyketone C-5 described 
~ 

in part A above. A second fraction obtained from ptlc (Rf 0.15) con

tained 36 mg of crude alcohol C-6 as a yellow oill ir and nmr of this 
~ 

material show major peaks corresponding to those present in the spectra 

of purified alcohol C-6 described above. Analysis by vpc (27) reveals 
~ 

one major component (oven temperature 220°, ret. time 2.7 min) compris

ing about 90% of the volatile material; this component has the same 

ret. time as alcohol C-6. 
~ 

C. From crude hydroperoxide C-4a with methanolic sodium hydroxide 

and hydrogen peroxide. 
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The same photooxygenation procedure described in part A of the 

experimental discussion of alcohols C-6 and C-8 was applied to 200 mg 
....-.. -

(0.774 mmole) of enone C-J; all material amounts and the work-up were -
the same, but irradiation of the solution was continued for J.5 min. 

The entire 219 mg of pink-solid hydroperoxide C-4a thus obtained was -
dissolved in J.5 ml of methanol and 1.5 ml of methylene chloride. This 

stirred solution was treated with 0.5 ml of 5% aqueous sodium hydroxide 

solution and after JO min with 0,6 ml of Jo% hydrogen peroxide solution, 

After stirring for an additional JO min this mixture was diluted with 

100 ml of ether and the resulting solution was washed with water (25 ml), 

10% aqueous sodium thiosulfate solution (two 25-ml portions), water (25 

ml) and saturated brine (two 25-ml portions) and then dried c~~so4). 

After removal of the dessicant and evaporation of the solvent at reduced 

pressure, 162 mg of a yellow oil was obtained, Purification of this ma

terial on ptlc (26) (JO% ether-petroleum ether, single elution) afforded 

111 mg (49% from enone ~) of epoxyketone ~as a white solid, Rf 0,21; 

nmr (CDClJ) was the same as that from material described in part A; 

analysis by vpc (27) showed only one major component (~9o% of the 

volatile material) having the same ret. time as epoxyketone C-5 described -
in part A (oven temperature 220°, ret, time 2,2 min), 

A second fraction from the above ptlc (Rf 0.29) consisted of 2J mg 

(11.5%) of phenol~? as a pale yellow solid; nmr (CDClJ) was the same 

as that of the Wolff-Kischner reduction product C-7 obtained in making -
aromatic ether C-21 analysis by vpc (27) showed one volatile component -
having the same ret. time (oven temperature 220°, ret, time 2,7 min) as 
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phenol C-7. -
D. From hydroxy e~or.e C-6 using basic hydrogen peroxide. 

To a stirred solution of 50 mg (0.182 mw~le) of the hydroxy enone 

~ in 1.5 ml of methanol was added at room temperature 0.3 ml (~. 2 

mmoles) of 30% aqueous hydrogen peroxide solution and then 0.1 m1 of 

10% aqueous sodium hydroxide solution. After stirring for 45 min this 

mixture was diluted with 100 ml of ether and the resulting solution was 

washed with water (two 25-ml portions) and saturated brine (two 50-ml 

portions) and then dried (l'igSo4). After removal of the dessicant and 

evaporation of the solvent at reduced pressure there was obtained 50 

mg ( 94%) of epoxyketone ~ as white crystals, mp 126-129°; nmr ( CDC1
3

) 

was the same as that from purified material from part A; on tlc (26) 

(50% ether-petroleum ether, single development) only one spot (Rf 0.36) 

was visible; analysis by vpc (27) showed only a single volatile com

ponent (oven temperature 220°, ret. time 2.2 min). 

Attempted dehydration of alco~ol C-5. 

To a stirred solution at -10° of 47 mg (0.16 mmole) of alcohol C-5 -
in 1.7 ml of dry pyridine was added 75JU1 (117 mg, 1 mmole) of thionyl 

chloride. 0 After stirring at -10 for 15 min longer, the solution was 

diluted with 30 m1 of saturated brine and 10 m1 of water. This mixture 

was then extracted with ether (three 35-ml portions) and the combined 

organic phases were washed with water (three 35-ml portions) and satu

rated brine (two 35-ml portions) and then dried ( Na2so4). After removal 
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of the dessicant and evaporation of the solvent at reduced pressure, 

there was obtained 13 mg of a brown oil; ir (CHC1
3

) showed two weak 

bands at 1725 and 1665 cm-1 (saturated and unsaturated C=O), as well as 

~ItA -1 ( ) bands at 3595, 3250-3~ em OH, acid? ; otherwise peaks were broad 

and 111-defineds nmr (CDC1
3

) showed no singlet at~· dl 3.1 (C-4 H of 

4,5-epoxide). The combined aqueous phases described above were extracted 

with methylene chloride (three 50-ml portions) and the combined organic 

extracts were washed with 50 ml of water and two 50-ml portions of brine 

and then dried (Na2so4). After removal of the dessicant and evaporation 

of the solvent at reduced pressure, there was obtained 28 mg of a brown 

oil; ir (CHC1
3

) showed only a small peak at 1725 cm-1 (saturated C=O) 

with almost none at 1665 cm-1 (unsaturated C=O), and otherwise was 

comprised of broad, ill-defined absorptions; nmr (CDC1
3

) showed no 

singlet at ~· d 3.1 (C-4 H of 4,5-epoxide) and consisted mostly of 

broad unintelligible peaks. On tlc (26) the products from both the 

ethereal and the methylene chloride extracts streaked badly from the 

origin to Rf .42 (50% ether-petroleum ether, single development). 

_!,0 2 -Hydr~,:_se~,:1.:estryn-5-on~ (E:,g). 
The general procedure of Eschenmoser and co-workers (11b, c) was 

adapted to epoxyketone C-5. A dry mixture at -20° of 54.3 mg (0.187 ---
mmole) of epoxyketone C-5 and 37.3 mg (0.200 mmole) of ~-toluenesulfonyl-,..._ 

hydrazine was treated with 1 ml of a -20° ~ixture of 1s1 acetic acid

methylene chloride. This mixture was stirred between -20° and -10° for 

30 min, at 0° for 30 min, and at room temperature for 6 hr; a yellow 
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color developed in the solution during the first hour at room tempera-

ture and remained throughout the remainder of the reaction. The solu-

tion was then poured onto 35 ml of water and the resulting mixture was 

extracted with ether (three 35-rr~ portions). The combined organic 

phases were washed with saturated aqueous sodium bicarbonate solution 

(two 35-ml portions) and saturated brine (two 35-ml portions) and then 

dried (Na2so4 ). After removal of the dessicant and evaporation of the 

solvent at reduced pressure, 57 mg of a yellow oil was obtained. Puri-

fication of this oil the following day on ptlc (26) (10X20 em plate, 

50% ether-petroleum ether, single development) afforded 25 mg (49%) of 

acetylenic ketone~ as a yellow oil; ir (CHC1
3

, within 1 hr of iso

lation) 3590, )410 (OH), 3300 (acetylenic C-H), 2120 (c:c), 1710 (C=O), 

1455 (CH2) and 1380 cm-1 (cH
3
); nmr (CDC1

3
, within 1 hr of isolation) 

d 0.76 (s, C-18 H). On the following day examination of this material 

on tlc (26) (50% ether-petroleum ether, single development) revealed 

a large spot with Rf 0.40, and an equally large streak from the origin 

to Rf 0.20. Attempts to crystallize this oil from ether-hexane met with 

no success; reexamination of the product on tlc (same conditions des-

cribed above) six days after isolation by ptlc revealed only a small 

spot at Rf 0.40 but a very large streak from the origin to Rf 0.22. 

Spectra were taken of the six day old material; ir (CHC1
3

) 3510, }400-

3000 (acid OH?) , 3300 (acetylenic C-H), 2120 (C:C), 1710 (broad, C=O), 

4o -1 and rather broad peaks below 1 0 em ; nmr (CDC1
3

) still showed 0.76 

(s, C-18 H), but numerous peaks in the methylene region dr 1.0-3.0 

were different than in the nmr of this material within 1 hr after isola-
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tion. Since the initially obtained alcohol~ appears to be unstable 

on standing at room temperature, no combustion analysis was obtained. 

4,)-Seco-9-estren-3-yn-5- one (D-3). 
~ ,_,_.__........ -- ~-.-. 2iiW' :cwt .,..._,.,.., 

A. Eschenmoser cleavage of er~xyketone C-5. 

The general procedure of Eschenmoser and co-workers (11~, c) was 

adapted to epoxyketone C-5. A dry mixture at -15° of 144 mg (0.495 -
mmole) of epoxyketone C-5 and 98 mg (0.525 mmole) of ~-toluenesulfonyl--
hydrazine was treated with stirring with 3.1 ml of a -15° mixture of 1s1 

acetic acid-methylene chloride. The mixture was stirred between -15° 

and -10° for 1 hr, at 0° for 30 min, and at room temperature for 5 hr, 

and was then diluted with 150 ml of ether. The resulting solution was 

washed with water (50 ml), saturated aqueous sodium bicarbonate solution 

(three 50-ml portions) and saturated brine (two 50-ml portions) and then 

dried (Mgso4 ). After removal of the dessicant and evaporation of the 

solvent at reduced pressure, there was obtained 146 mg of crude acetyl-

enic hydroxyketone D-2 as a yellow oil. Due to the unstable nature of -
this material it was used within~· 1 hr in the next step. 

B. Dehydration of acetylenic hydroxyketone D-2. 

To a stirred -10° solution of 146 mg of freshly prepared cr~de hy

droxyketone D-2 in 5.3 ml of pyridine was added 0.32 ml (540 mg, 4.5 -
mmoles) of thionyl chloride (distilled from triethylphosphite). After 

stirring for 15 min longer between -10° and-~, this mixture was diluted 

with 150 ml of ether. The resulting solution was washed with 5% hydro-
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chloric a?id (two 50-ml portions) , water (50 ml), saturated aqueous 

sodium bicarbonate solution (50 ml) and saturated brine (two 50-ml por

tions) and then dried (Mgso4) . After removal of the dessicant and evap

oration of the solvent at reduced pressure 136 mg of a brown oil was 

obtained. Purification of this material on ptlc (26) (40% ether-petro

leum ether, single development) afforded 90 mg (71% from epoxyketone 

C-5) of the acetylenic enone D-3 as a slightly brown oil; ir (CHC1
3

) ,_.. ,..._ 

3300 (acetylenic C-H), 2120 (c:c), 1660 ( C=O), 1600 (C=C), 1455 (-CH2-) , 

and 1385 cm-1 (cH
3
); nmr (CDC1

3
) ~ 0,89 (s, C-18 H) , no peaks between 

5. 0-6.5 [C-1 H of 6. 1(10) olefin], with very small peaks at 0. 73 and 

6.6-8,0 (possibly a trace of phenol C-7). This slightly impure material --
was used in future experiments. The analytical sample was obtained by 

evaporative distillation of a portion of this material at 140-150° (0.3 

mm); ir and nmr were the same as those described above except for the 

absence of the srrall impurity peaks in the nmr. 

~. Calcd for c18H24oa C, 84.32 ; H, 9.44. Founda C, 84,27; 

H, 9.44. 

4,5-Seco-9-estren-3,5-dione (D-4), 
~ --. ,_. ,..,.., 

To a stirred solution of 100 mg (0.364 mmole) of acetylenic enone 

D-3 in 5 ml of methanol was added 0.5 ml of a 1o% aqueous sulfuric acid -
solution saturated with mercuric sulfate. A yellow white precipitate 

formed immediately after this addition and remained as the mixture was 

stirred at room temperature for 1,25 hr. This suspension was then di-

luted with 150 ml of ether and the resulting mixture was washed with 
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saturated brine (50 ml), saturated aqueous sodium bicarbonate solution 

(two 50-ml portions) and saturated brine (50 ml) and then dried (Mgso4 ); 

some difficulty w~s had with emulsions during these washes. After re-

moval of the dessicant and evaporation of the solvent at reduced pres-

sure, 89 mg of a slightly yellow oil was obtained, Purification of 

this material on ptlc (26) (60% ether-petroleum ether, single develop

ment) afforded 67 mg (63%) of the enedione C-4 as a slightly yellow oil __.. 

suitable for analysis ; ir (CHC1
3

) 1710 (saturated C=O), 1660 (unsatur

ated C=O), 1600 (C=C), and 1455 cm-1 (-CH2-); nmr (CDC1
3

) di 0,88 (s, 

3, C-18 H) and 2,14 G, 3, -C(O) CH
3
1. 

Anal. Calcd for c18H26o2 : C, 78.79; H, 9.55. Founda C, 78.74; 

H, 9. 66, 

4,5-Seco-9-estren-3,5-dione )-ethylene acetal (D-5). 
~ - _....... - - ..........-

A stirred mixture of 59 mg (0.215 mmole) of enedione D-4, 5 mg of -
~-toluenesulfonic acid and 1 m1 of ethylene glycol in 12 ml of benzene 

was heated at reflux through a Dean Stark water separator with Drieri te 

in the collecting tube, After stirring at reflux for 50 min the mixture 

was cooled and diluted with 60 ml of ether. The resulting solution was 

washed with saturated aqueous sodium bicarbonate solution (two 30-ml 

portions) and water (five 50-ml portions) and then dried (Ngso4 ). After 

removal of the dessicant and evaporation of the solvent at reduced pres-

sure, 68 mg of a yellow oil was obtained. Purification of this material 

on ptlc (26) (10X20 em plate, 60% ether-petroleum ether, single elution) 

afforded 60 mg (88%) of the enone ketal D-5 as a clear oil suitable for -
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analysis; ir (CHC1
3

) 1655 (C=O), 1600 (C=C), 1380 (cH
3

) and 1055 cm-1 

(acetal C-0); nmr (CDC1
3

) cf 0.88 (s, 3, C-18 H) , 1.36 (s, 3, C-4 H) 

and 3.97 [s, 4, -O(CH2 )2o-]. 

Anal. Calcd for c20H30o
3

a C, 75.43; H, 9.50. Founda C, 75.53; 

H, 9.32. 

Androst-4-en-3-one (D-7). ------ ,..__ 
A. Reductive methylation of enone D-5. 

A modification of the procedure of Stork and McMurry (10) was 

employed in this step. A solution of 2 mm (7 mg, 1 mmole) of lithium 

wire in ~12 m1 of dry ammonia and 2 m1 of dry ether was prepared. To 

this stirred blue solution at reflux was added dropwise over a 2-min 

period a solution of 66.6 mg (0.209 mmole) of enone ~and 3.76~1 

(0.209 mmole) of water in 4 ml of dry ether. After stirring for 20 min 

longer, the blue solution was quenched with a solution of 0.15 ml (0.34 

g, 2.4 mmoles) of iodomethane in 1 ml of dry ether. The blue color 

faded immediately and stirring was continued for 1 hr longer. Most of 

the ammonia was then evaporated over a 10-min period with the aid of a 

hot air gun. This suspension was diluted with 100 ml of ether and the 

resulting mixture was washed with water (three 30-ml portions) and satu

rated brine (two 30-ml portions) and then dried (Mgso4 ). After removal 

of the dessicant and evaporation of the solvent at reduced pressure, 

there was obtained 72 mg of crude methylated ketone D- 6 as a cloudy oil; -
ir (CHC1

3
) 1700 ( C=O), 1455 (-CH2-) and 1380 cm-1 (cH

3
); nmr (CDC1

3
) 

d 0.76 (s, .- 3 , C-18 H) , 1.10 (s, ,......3, C-19 H), 1.35 (s, ,....3, C-4 H) 
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and 3.89 [s, -4, -O(CH2 )2o-], as well as a large sinelet at 0,07 (sil

icon grease impurity), This material was used directly in the next 

step without purification. 

B, Hydrolysis of the ketal D-6 and subsequent cyclization to andro

stenone D-7. 

A solution of 72 mg of crude ketal D-6 and 0,56 m1 of 10% hydro--
chloric acid in 1,4 m1 of acetone was stirred for 20 min at room temp-

erature, The mixture was diluted with 100 m1 of ether and the resulting 

solution was washed with water (25 ml), saturated aqueous sodium blear-

bonate solution (25 ml) and saturated brine (25 ml) and then dried 

(Mgso4). After removal of the dessicant and evaporation of the solvent 

there was obtained 63 mg of a cloudy oil, This material was dissolved 

in 1.9 m1 of ethanol, treated with 13 mg of 85% potassium hydroxide 

pellets and the resulting mixture was heated to reflux, After refluxing 

for 90 min, the mixture was cooled and diluted with 75 ml of ether. 

This solution was washed with water (25 ml), saturated aqueous ammonium 

chloride (25 ml) and saturated brine (25 rnl) and then dried (Mgso4). 

After removal of the dessicant and evaporation of the solvent at reduced 

pressure, 52 mg of crude androstenone D-7 was obtained as a yellow oil. -
Purification of this material by ptlc (26) (25% ether-petroleum ether, 

double development) afforded one large uv active band which was removed 

from the plate in three equal parts. From the center portion of this 

band (Rf 0, 33) there was obtained 30.5 mg (54% from enone D-5) of andro-_....,. 

stenone D-7 as white ~rystals , mp - 101-104° [lit. (22a) mp 104-105~. 
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After one crystallization of this material from methanol , a sample was 

obtained which melted at 104-105°; ir (CHC1
3

) 1665 (C=O), 1615 (C=C), 

1455, 1435 (-CH2-) and 1380 cm-1 (cH
3
); nmr (CDC1

3
) cf 0.76 (s, 3, C-18 

H), 1.20 (s, 3, C-19 H) and 5.74 ~s (broad), 1, C-4 H]a lit. (22b) nmr 

(CDC1
3

) (f 0.76 (s, 3), 1.19 (s, 3) and 5.73 (s, 1). The lower portion 

(Rf 0.25) of the uv active chromatography band afforded 3.0 mg (5%) of 

an oil consisting of 2 volatile components by vpc (27) (oven temperature 

230°); the minor component (,_4o%) had a ret. time of 2.3 min, the 

same as that of recrystallized androstenone D-7, while the major isomer 
~ 

(~60%) had a 2.0 min ret. time. The nmr (CDC1
3

) of this mixture showed 

singlets at d 0.79, 1.20 and 1.25, as well as two broad singlets at 

d 5.83 and 5.74 (~. 3&2 ratio); the lit. (31) nmr (CDC1
3

) for 17p-

acetoxy-100(-androst-4-en-3-one is reported as cf 0.77, 1.~4 and 5.78 

(singlets). The second component in this fraction may well be 10o(-

androst-4-en-3-one. 
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Appendix 

A need to efficiently photooxygenate small to moderate amounts 

(~1-20 mmoles) of material prompted the design of the photooxygenation 

apparatus shown in Fig . 1 (32). A s olution of compound and sensitizer 

is placed in the outside well (the tapered construction allows small 

amounts of material to be efficiently cooled and irradiated in the bot

tom of the well, while still maintaining an appreciable total volume 

for the apparatus ) . Oxygen is bubbled in through the fritted discs (a 

gentle flow must always be maintained when liquid is in the well to 

prevent seepage through the frits ). Cooling water is circulated through 

the cooling jacket, and the lamp (usually a G.E. DWY bulb powered by a 

Variac) is suspended in the central cavity so that the filament is just 

below the liquid level in the well. A condenser (water or Dry Ice) is 

fitted atop the apparatus to limit solvent loss. 

If desired, oxygen uptake can be measured to determine the extent 

of reaction. In this case a pump is used to circulate oxygen through 

the apparatus as part of a closed system (Fig. 2). The system is fitted 

with the same sort of manometer, burette gas reservoir and mercury filled 

leveling bulb commonly used to measure gas uptake during low-pressure 

hydrogenation. It is sometimes difficult to obtain exact readings, 

however, especially when volatile solvents are employed, as temperature 

variations on irradiation can cause significant vapor pressure changes 

of the solvent. 
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Proposition 1 

The synthesis of a detergent, specifically designed to solubilize 

membrane bound proteins in their active form; and its use in some test 

systems is proposed. 

Among the earliest triumphs of biochemistry lies the elucidation 

of the Embden-Meyerhof glycolytic pathway and the Krebs• tricarboxylic 

acid cycle. Considering the complexity of these systems, it seems 

remarkable at first glance that their unraveling should have come so 

early in the history of biochemistry; however, an examination of the 

experimental methods used to attack these systems, reveals the impor

tant key which made understanding possible. Virtually all of the 

enzymes involved in these two pathways are water soluble proteins 

which can be readily purified in an active form. Thus, each pure 

enzyme can be combined with various substrates and co-factors in 

in vitro experiments, which allow direct determination of the enzymatic 

requirements and reaction products. Each reaction can be studied 

independently, and the pieces of the pathway systematically put into 

place. 

Other systems have not been so easily studied. Electron transport, 

for example, long remained a poorly understood process until it was 

finally worked out in some detail by B. Chance (1), using transport 

inhibitors and spectroscopic techniques on essentially in vivo enzyme 

systems. The same powerfUl techniques used to unravel the glycolytic 
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pathway could not be a pplied here since mos t of the electron transport 

enzymes are tightly bound to membrane surfaces and cannot be isolated 

in pure, active form for in vitro experiments. Thus, there is no easy 

way to do separate experiments with individual enzymes in order to 

determine which i nteract with which, which with NADH, and how these 

interactions occur. The problem of untangling t he biochemis~ry in such 

a system is extremely difficult. 

Unfortunately, there are a large number of important membrane 

bound proteins which, like the electron transport enzymes, cannot be 

isolated for study in any sort of pure, active, soluble form. If such 

isolation were possible, understanding of their exact fUnctioning might 

progress at the fast rate associated with soluble proteins, and thus 

would greatly accelerate work in many areas of biochemistry. Much 

effort has gone into solving this very problem for specific enzymes, 

with varying degrees of success (2), but no good general technique has 

yet been developed. In order to approach a general solution, one must 

first consider the nature of membranes and membrane bound proteins. 

Hardly understood themselves with any great certainty, membranes 

and their properties (3) seem reasonably well explained by the fluid 

mosaic model (4); in essence, this model views the basic membrane as 

a lipid bilayer, with hydrophobic groups abutting on the interior, and 

hydrophilic groups forming the two boundary surfaces which interact 

with the aqueous media (Fig. 1-a). Stabilizing this structure is the 

thermodynamic decrease in free energy associated with isolating the 

hydrophobic side chains essentially outside of the surrounding water 
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structure. The actual membrane bound proteins are imbedded in this 

bilayer as shown in Fig. 1-b, with major hydrophilic regions exposed to 

the aqueous solution, and with an intensely hydrophobic middle section 

R~GlcNS 

H'(OROPHOS\C RE<MlON S 

a -- ~ 
FIGURE I 

favorably interacting with the hydrocarbon region of the membrane. It 

is this hydrophobic belt which holds the protein in the bilayer (exactly 

as the lipids themselves are held in). 

If this model is correct, then in order to remove an intact protein 

from the lipid bilayer, one would have to provide a suitable substitute 

nonpolar interaction for this middle section of the protein; in essence, 

what is called for is a less polar solvent than water, or a surface 

active agent (detergent) which can effectively solubilize this hydro-

carbon region. Both approaches have been tried (2), but when proteins 

have indeed been solubilized two main problems have arisen. Most fre-

quently, the protein is denatured, and no enzymatic activity can be 

observed (although in this state the various inactive components can 

be separated reasonably well (5)). When it is possible to obtain active 
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solubilized enzymes, they are difficult to purify as they tend to form 

large a ggregates. 

These results are understandable, for with a short chain, very 

nonspecific detergent such as SDS, the detergent is small and flexible 

enough to easily slip into the protein and destroy its tertiary struc

ture (and hence its activity). The inactive polypeptide chains are 

completely dissolved, however, and thus become separable into distinct 

units. With large , polymeric, nonionic d~tergents (such as Triton X-

100), penetration into the enzyme is less likely and thus denaturing 

is less of a problem. Since a molecule of the detergent is quite large 

and coiled, however, it probably interacts with itself, other molecules 

of detergent, and possibly even other protein molecules, as much as it 

interacts with any one specific molecule of protein. Thus, the solubil

ized detergent-protein-lipid mass may not contain any discrete species 

which are soluble and isolable, but more likely is an equilibrium mix

ture of everchanging aggregates of the various components. Removal of 

the detergent therefore, often leads to aggregation of the protein mol

ecules, since protein-protein interaction (about their hydrophobic re

gions) should be quite strong, while the protein-detergent interaction 

should be no stronger than the weak detergent-detergent interaction. 

What seems to be called for as a solution to this problem, is a 

detergent which interacts more strongly with the protein than with it

self; such a detergent must not readily interact with several species 

at once to form solution aggregates, and yet must be large enough to 

remain outside of the protein and not destroy its tertiary structure. 
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In order to design such a detergent, one should begin by considering an 

interaction with membrane bound proteins which must be quite favorable, 

i.e. that between the protein and lipid in an actual membrane (Fig. 2-a). 

While a monolayer of these lipids should be most compatible with the 

protein, the hydrocarbon portion of the lipids offer no more favorable 

an interaction with water than the protein itself; hence such a mono-

layer would not solubilize the protein. 

b 

F lGURE '2.. 

A suitably substituted hydrocarbon chain could be constructed, 

however, in order to provide a favorable interaction with both the 

protein and the water. Such a chain, when fully extended along the 

hydrophobic belt of the protein, would have polar groups (X) directed 

into the aqueous medium as shown in Fig. 2-b. As drawn, this species 

should be soluble; unfortunately, the hydrocarbon chains would probably 

coil on themselves (entropically more favorable) and cause the proteins 

to aggregate. If the hydrocarbon could be made rigid, however, this 

problem would be eliminated; the required rigidity could be suitably 
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achieved by incorporating the proper ring structure in the molecule, 

as shown in Fig, 2-c. This type of molecule should meet all the cri-

teria set forth above for a detergent, except possibly the first; in 

view of its large, totally rigid structure such a compound may be ex-

tremely crystalline and difficult to get into solution. The synthetic 

problems associated with such a molecule are formidable as well. 

Fortunately, the solution to either of these problems may be the 

solution to both. Total rigidity may not be necessary (or even desired) 

as long as the detergent has enough structure to prevent coiling on 

itself. The detergent need not be a single compound, either, as certain 

diasteriomeric mixtures would do equally well in solvating the protein, 

Both of these modifications should tend to decrease the detergent's 

affinity for itself, while greatly simplifying the synthesis of the 

molecule, 

In view of these considerations, the mixture of diastereomers 1 -
is proposed as meeting the criteria set forth for a membrane-protein 

detergent, Each tricyclic subunit is rigid, so any given molecule can-

e~c. cc? 
HN(t~)z. HN(C.Hl\z.. 
~ G:> 

1.. -
e 

'"'COLe Oz. C. . 
HN{CHl) 
e H~ (c..~l) 

G) 
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not coil upon itself. When laid flat, these molecules have a hydrophobic 

edge corresponding in length to a fully extended 15 carbon chain. Since 

the most prevalent fatty acids in membranes number 16 or 18 carbons, 

one of the detergent molecules should span halfway across the hydrophobic 

belt of a protein, Thus, two monolayer belts of these molecules around 

a membrane protein, with their hydrocarbon edges inward, should closely 

simulate for the protein the membrane itself. The outside functionalized 

edge, being quite polar, should interact very well with an aqueous media; 

hence the entire protein-detergent complex should be water soluble ex-

actly as desired, 

The actual process of solubilizing proteins held in membranes 

might best be accomplished by sonicating a mixture of the membranes 

and detergent, When closed membranes are sonicated themselves, they 

are torn apart and reform into smaller closed bilayer structures 

(vesicles), These vesicles have a minimum size which is a fUnction of 

surface tension effects, and which is still large with respect to the 

membrane proteins. 

Presumably such vesicles form since the exposed edge of a torn 

membrane is an unfavorable, high-energy species in aqueous solution, 

In the presence of a detergent such as 1, however, the torn edge of the 
~ 

membrane should be able to favorably interact with the nonpolar edge 

of the detergent molecules, This interaction should lead to species 

such as 2, which on further sonication with detergent s~ould give small-_... 

er pieces 3. Since a closed membrane surface no longer needs to be 
~ 

maintained, the ultimate products of this continued process should be 



206 

g 
2 - 5 ,_ 

detergent solubilized proteins 4 and small detergent coated - pieces of 

lipid bilayer 5. Each detergent molecule 1 will bear a net charge at - ~ 
biological pH, and thus the solubilized species should be charged and 

repel one another. Having the charged detergent molecules dispersed 

over the large surface of the enzyme "belt" should be more favorable 

than having them in small charge-concentrated micelles of their own. 

Both of these effects should tend to stabilize the sonication fragments 

as discrete entities, separable from each other and from any excess 

detergent without aggregation. 

In order to test the validity of the above reasoning, the deter-

gent 1 should be synthes ized. - This can be approached most efficiently 

(6) by the construction of a suitable tricyclic fragment and the sub-

sequent dimerization of this to give the large detergent molecules. 

One such possible synthesis is out lined in Chart A. 

The starting material, 4,4 -dimethoxybenzophenone (A-1) is commer--
cially available (?). Hall and co-workers have shown that the carbonyl 

fUnction in such molecules can be completely reduced to the hydrocarbon 

using lithium-ammonia and ammonium chloride (8). Subsequent addition 
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of more lithium and ~-butyl alcohol to the reaction mixture should effect 

normal Birch reduction of the aroma tlc rings, to afford after mild a.cid 

hydrolysis the symetrical unsaturated diketone A-2 (9). H. C. Brown's 
~ 

annelation reaction involving carbonylation of cyclic organoboranes (10) 

could then be employed. Treatment of diketone A-2 with 3 equivalents .,....._.... 

of thexylborane should yield only the trans, trans fused intermediate 

A-3: after carbonylation of borane A-3, the keto dialcohol A-4 should - -- --
be obtained with the trans , trans ring fusions retained ( 10). The 

rigid tricyclic nucleus could thus be formed in essentially two steps. 

Formation of the ketal A-5 and protection of one alcohol function .....__ 

as a benzyl ether would afford alcohol A-6. This could be converted -
to the bromide A-7 suitable for coupling to a dimeric species. A num,..._ 
ber of procedures might be envisaged for this coupling; among the sim-

plest would be carbonation of the derived organolithium A-8, followed 
~ 

by subsequent addition of a second mole of organolithium A-8 to the -
initially formed lithium carboxylate. This procedure should yield the 

ketone A-9 (11) (notea all compounds after coupling are diastereomeric -
mixtures of coupled products). 

Hydrogenation of both the ketone and benzyl ether would afford 

triol A-10, the ketal functions of which could then be hydrolyzed. -
Conversion of the resultant diketone A-11 into the bis-dimethylamine --
A-12 could be accomplished using the reductive amination procedure of -
Borch and Durst (12). Oxidation of the trial A-12 would afford tri

~ 

ketone A-13. Treatment of A-13 with 2-lithio-2-trimethylsilyl-1,3-,.-- ~ 

dithiane (13) should afford the tris-ketenethioacetal A-14, hydrolysis -
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of which (14) shou~d result in the desired dete~gent 1. -
The synthesis of the mixture 1 would allow studies of its solubility -

and micellar behavior in aqueous solution at biological pH•s (12). 

Assuming reasonable water solubility, its function as a membrane-protein 

detergent could then be tested. Several recent attempts to i solate 

active, solubilized (Na+-K+) ATPase (2b, c, d, e,f), NADH oxidase (2e, f), 

and glycerol-3-P acyltransferase (2g), have met with only partial, or 

no success; as assays have been established for all of these enzymes, 

they all represent good candidates for this study. 

Nembranes containing one or more of the desired enzymes (see above 

references), could first be combined with a solution of 1 and tested -
for activity to determine if the mere presence of detergent inactivates 

the protein. If not, this mixture would then be sonicated, centrifuged 

to separate undissolved material, and both phases would be tested for 

activity; if all the activity remained in the solid phase, conditions 

would have to be modified until activity could be obtained in the solu-

tion. Separation of the excess detergent from this solution would then 

be attempted by either dialysis or chromatography. If the excess deter-

gent could be removed, leaving an active, soluble fraction behind, then 

detergent 1 would be performing as expected. -
The next step would be to effect separation of the enzyme being 

sought, in a pure active form. Since the detergent should form a rela-

tively stable species with the protein (preventing aggregation), it 

might well be possible to treat the solubilized proteins exactly as 

naturally soluble proteins; the standard techniques normally used to 
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separate these could then be relied upon. If these techniques proved 

ineffective, then some of the more specialized techniques which have 

already been applied to solubilized systems (2b, 5) might be utilized. 

If the desired proteins could indeed be separated by these means, in 

a pure, active form, then the detergent could be considered a success. 

Since this detergent would perform by mimicking the normal membrane, 

then success with one protein might well mean success for a great many 

proteins. Nodifica tions of the polar groupings could be made, to deter

mine which side cha ins allow enzyme solubilization under the mildest 

conditions; and perhaps if the results seemed promising, other stuctural 

modifications rnieht be tried. If such a detergent could indeed be per

fected, which would be generally applicable for solubilizing membrane 

proteins, its use would have a great accelerating effect upon the pro

gress of modern biochemistry. 
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Proposition 2 

It is proposed that a study be made of the directive effects of 

the ether function on the course of hydrobo:ration, for olefinic ethers 

in nonethereal solvents. 

Since H. C. Brown's initial observation that the rate of addition 

of diborane to olefins is greatly enhanced in ethereal solvents (1), 

a great deal of work has been done in studying the reaction and devel

oping its synthetic potential (2, 3). Hydroboration involves a stereo

specifically-cis addition to double bonds, and the boron fUnction in 

in the resulting product is open to replacement by a number of groups 

with complete retention of stereochemistry. Thus, effective control 

during hydroboration over which face and which end of an olefin boron 

attaches to, can be an important synthetic tool for stereospecifically 

introducing a great many groups into a molecule. 

Two major factors have thus far been uncovered which clearly direct 

the addition of diborane. The first of these is the polarity (or polar

izability) of the double bond, which is the principal determinant of 

which end boron attahes to. It is well-known that hydroboration pro

ceeds in an anti-Yarkownikoff sense (2), and it seems generally true 

that the boron attaches itself to the more electron rich end of the pi 

bond. Substituents attached to the double bond (4), to allylic (5) and 

even to homoallylic (6) positions affect addition in keeping with this 

principte, as governed by their inductive and mesomeric interaction with 
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the olefinic bond. 

The second major factor, steric environment about the double bond, 

directs addition to that face of the olefin which is least hindered (2); 

and for electronically similarly substituted bonds, to that end which 

is less sterically demanding (2). This steric effect, coupled with the 

anti-I>'Iarkownikoff nat ure of hydroboration, frequently leads in practice 

to the generation of principally one of the four possible cis adducts 

(2), and thus accounts for the value of the technique in stereospecific 

synthesis. 

If another control over the direction of hydroboration could be 

devised, one which would reverse one (or both) of the normal directive 

effects, then all the many procedures developed for utilizing normal 

hydroboration adducts could oe applied for synthetic purposes in pre

viously unrealizable adducts. It would be especially valuable syntheti

cally if one could induce borane to add to the more hindered face of 

certain olefins, since most reagents tend to avoid approaching from 

the hindered side. A possible key to such a control may be related to 

the strong catalysis of hydroboration by ethers. 

Early workers found diborane to be rather unreactive in nonethereal 

surroundings. It was observed that for a gas phase mixture of ethylene 

and diborane , "Reaction at room temperature was slight, if at all" (?); 

while neat md-~tures of diborane with acrylonitrile or methyl methacrylate, 

after twenty hours at room temperature, had only undergone 62% and 34~~ 

reaction respectively (8). Such sluggishness is in great contrast to 

the ether catalized reaction, the speed of which makes conventional 
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kinetic studies most difficult (2). 

It is well-known that borane forms complexes with the oxygen of 

ethereal solvents (9). As borane by itself is so unreactive , it is 

likely that the ether complexed species is actually the reactive agent. 

This suggests the possibility that olefinic compounds with ether func-

tions incorporated in the same molecule might well undergo rRpid hydro-

boration in nonethereal solvents; more importantly, when the ether 

function and olefin are stereospecifically held in close proximity, 

activation of the borane as an ether function complex might well lead 

to intramolecular addition (stereospecifically) at a much higher rate 

than the intermolecular process. Such a process could provide the 

sought after directive effect discussed above and thus warrants inves-

tigation. 

Studies already in the literature of the directive effects of sub-

stituents on hydroboration, have all been done in ethereal solvents 

(ether, diglyme, THF); thus, although the presence of directive effects 

can be looked for, the lack of any such effects can always be attributed 

to a very fast solvent catalyzed addition. In simple cyclic ethereal 

olefins such as 1, the principal products (e.g. 3) always result from 
...,... -

intermediates (2) in which boron is bound ~ to the carbon bearing the ...... 

OCI-\3 

0' 
0CH5 

6 B\.43 
.... B ... 6····0H 

,. H,C>,, OW 
(Ca.Hsl~. 0 

l. 2 '3 ..- ..-.. ..-.. 
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substituent (5b, c). This might suggest some sort of intramolecular 

complex addition, but the completely trans relationship between the 

adduct and ether function in such cases precludes this possibility. 

The study then, really gives little indication of whether an intramo-

lecular complex would affect addition in the absence of competitive 

solvent catalized addition. 

There are a few observations which may bear more directly on the 

problem. Cholest-5-ene adds borane to give 6 ~-cholestanol as the only 

alcoholic product following peroxide oxidation, this being the sterically 

less demanding adduct; cholest-5-ene-3 fi3-ol (4), however, also yields 

15-2o% of a minor product, the 3)3, 6~-diol (10). 

Ho 

I 
-B 

A complex such as 5 could explain this difference in products, although 
~ 

the unfavorable methyl-oxygen interaction with the A ring in the re-

quired boat configuration strongly suggests that it may not be an im-

portant factor. 

In a case where complex formation has definitely been observed (11), 

the molecule 7 was heated with one equivalent of borane in THF, and the 
~ 

adduct on nitrogen(8 ) was isolated with no addition to the double bond. 
~ 
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Such a result is reasonable as nitrogen forms very strong complexes 

with borane, which are much less reactive than ether complexed borane. 

Treatment of this adduct with excess ethereal borane at room temperature, 

Q CJ 6 ooH H,~ ... H 

£/~ N 
H~~ '~ 'R '~ R 

'7 8 " \C ll - - - ~ _.. 

followed by oxidation, gave 9, and 10 in a ratio of 1aJ. Heating the 
...- -

complex 8, however, with no excess borane -
9 and 10 upon oxidation as a 1a1 mixture. 
~ ...._. 

0 at 150 for ten hours, gave 

It is tempting to attribute 

this difference in products to an intramolecular hydroboration inter-

mediate such as 11, but other explanations could account for this ob,.... 
servation just as well. 

One literature case appears to involve an intramolecular hydro-

boration directed in an unfavorable ~~rkownikoff sense, although not 

by a complexed borane. When the molecule 12 was treated with diborane -
in THF (12), the principal products upon oxidation were the diols 13. 

1'2. -

'"'\_CH 

H 1 CIS 
oHJ 

-
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Under certain conditions, however, a third diol assigned the structure 

14 was obtained. - Presumably, this unexpected product arises from an 
C't\3 

-
intramolecular hydroboration of the 7,8 double bond by the borane 

adduct to the vinyl group; for steric reasons, this can occur only at 

the ring juncture and only from the ~ face, probably through an inter-

mediate such as 15. Thus some evidence exists that intramolecular 
-.; 

addition can lead to reversal of the normal course of the hydroboration 

reaction. 

Experiments reported to date contain little clear data bearing on 

the question of intramolecular complex-directed hydroboration; thus 

a study should be undertaken to determine the stereochemical course of 

diborane addition to ether-bearing olefinic molecules in nonethereal 

solvents. Any number of molecular frameworks could be constructed 

which would provide good systems for this study, but certain molecules 

already known to give single, well-defined hydroboration products in 

the hydrocarbon case should suffice for this study. 

The norbornene system 16 (R=H), has been shown to give on hydro--
boration/oxidation, 99.5% of the exo-alcohol 17 (R=H), this result be-,__ 

ing attributed to steric hindrance about the endo face of the double 
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bond (13). The carbomethoxy compound 1!L (R=-C02Ne) has also been hydro-

H 

R 
H 

R fl 
l'7 

H 
R 

IS ,_ 

borated in THF to give a 1a1 mixture of the two exo alcohols 17 and 18 ..... -
(R=C02Me), with no observed endo product (14). Exo approach is steri

cally much preferred in this system. 

For the purpose of this study, the endo ether A-1 would be an ideal 
~ 

starting compound. A dilute solution of these molecules in a nonpolar, 

nonethereal solvent (benzene), could be treated with externally gener

ated diborane, and the resulting adduct(s) oxidized with basic peroxide. 

As all four possible alcohols can be otherwise synthesized , the pro

duct(s) could easily be identified. Formation of principally or ex-

elusively alcohol A-3 would strongly indicate addition via an inter-_..._ 

molecular complex, as in A-2; formation of the other endo-alcohol -.. 
would be very unlikely except for a very loose, active complex. For-

mation of endo-exo mixtures could indicate the occurrence of simple 

intramolecular versus intermolecular competition, or the possibility 

that the A-2 adduct is a more active hydroborating agent than intra-
molecularly ether complexed BH

3
; such a result would call for solvent 

and temperature variation, or changes in the hydroborating agent (RBH2 

or R2BH). Finally, complete exo addition might indicate that a five-

membered transition state complex such as A-2 is just very unfavorable, -
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and the next homologous methyl ether A-4 would then be tried. .....-

Depending upon the results obtained above, the compound A-4 should ....__.. 
be studied to determine whether endo addition would occur at all, and 

whether only one, or both of the endo-alcohols A-6 and A-8 would form 
............... -

(reflecting on the possible transition states A-5 and A-7). Positive - -
results at this stage might indicate investigation of further homologs 

A-9 (n=2,),etc.), to determine the effects of chain lengthening on the -
regio- and stereospecificity of the reaction. If ether A-1 does indeed -
lead to alcohol A-J, then the C-6 methyl compound A-10 (n=O, or 1) - --
should be studied to see whether the intramolecular complex can reverse 

the normal position of hydroboration to give tertiary alcohol A-11. 
~ 

At this stage, other ether functions (especially the readily cleaved 

benzyl ether) mieht be investigated, and possibly the unprotected al-

cohols as well. Although more convenient than the ether, the alcohol 

function introduces complicating features by virtue of its reactivity 

towards borane, which is why ether functions were selected for the in-

itial proposed study. Finally those compounds studied should be hydro-

borated in ethereal solvents as well, to ascertain the significance of 

any observed directive effect. 

Whether intramolecular complex addition is observed for the nor-

bornene ethers or not, at least one other system might be studied to 

insure that the results are not unique to the somewhat strained bicyclo 

(2. 2.1) heptene structure. Sondheimer and i'lolfe ( 15) have observed 

that the octalene system 19 (R=H) on hydroboration/oxidation affords a -
mixture of both alcohols~ and E._ (R=H). However, when R=CH

3
, only 
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the ~addition product 1!: occurs, presumably since the axial 0(- methyl 

sterically hinders this face of the double bond. Compounds 23 and 24 - --
(n=1 and 2) are both readily synthesized from the easily made ot1 ~-

R R 

R 

20 -
OH 

Z.l ,_ 

unsaturated ketone E· In accord with the results from !2.. (R=CH
3
), 

hydroboration/oxida tion of thes e molecules in the absence of intramo-

CH3 

c",o~ 
~ 
tCH1)~ OCH3 

24--
lecular complex addition, would be expected to give only the secondary 

{3-alcohol, analogous to 1!.· Addition via an intramolecular complex, 

however, would be expected to give 0<-adducts instead. It should be 

possible by simple chemical manipulation and by nrnr techniques to de-

termine the position and stereochemistry of the alcohol function in the 

products. The results from this study would shed additional light on 

the question of intramolecular complex addition: and taken along with 

those from the norbornene system s hould allow some conclusions to be 

drawn as to the nature and generality of this process. 
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The experiments suggested above could provide some interesting 

insights into the nature of the ether catalized hydroboration reaction, 

and might also afford a valuable new tool for stereospecific synthesis. 
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Proposition 3 

It is proposed that a molecular system be constructed that may 

promote and will unambiguously show the presence of intramolecular 

( 112
8 

+ ~2a) cycloaddition between a pair of olefins. 

Orbital symmetry considerations for the concerted (2 + 2) cyclo-

addition process for olefins indicate that for the thermal reaction 

only the (f.f2s + ~2a) process should be allowed (1). The geometry of 

such a reaction is at first somewhat difficult to envisage, but one can 

see that the mode of addition shown in Fig . 1-a is indeed that required. 

c, Q. a 
~ C' 
~ c , 

,,., Q 

'--- __/ 

r-~ -
,, 

d 1111 ol 
•' J J' b b b 

a. b 
F\GURE 1 

The lower olefin forms both new sigma bonds to the same side of the old 

pi bond (2 ), while the upper olefin forms one new sigma bond to each s 

side of the old pi bond (2a). It s hould be noticed that the two olefins 

are not equivalent in this process; and that groups which are cis in 

the 2s component will remain cis in the product, while groups which are 

cis in the 2 component will become trans in the product (Fig. 1-b). a 
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One way validly argue that overlap between the orbitals involved 

in such a transition is poor at best, and that the activation energy 

for such a process may thus be quite high (even though it is symmetry 

"allowed"). In addition, the rigid geometric requirements are entro-

pically quite unfavorable, and so the frequency factor for the reaction 

should tend to be rather low. One might therefore expect to observe 

little cyclization via this pathway. 

It would appear that this is actually so, for the (1Y2s + ~2a) 

cycloaddition has been shown to occur definitely only in cases of rather 

unusual olefins, such as ketenes, allenes, and isocyanates (2). Only 

one case has been reported in the literature in which evidence indicates 

a thermal (2 + 2 ) process for a noncumulated double bond; this ins a 

volving the very strained trans olefin 1, dimerizing at room temperature -

2. -
to give 2 (3). While this certainly seems to be an example of the con--
certed thermal reaction, it is rather discomforting that no other such 

additions have been found for noncumulated olefins. 

Simple olefins will not undergo thermal (2 + 2) additions, but 

various gem difluoroolefins and especially tetrafluoroethylene, readily 

undergo reaction with themselves and other olefins to give substituted 
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cyclobutanes (5). Several such reactions have been investigated, and 

at least for some tetrahalo olefins, addition appears to proceed via a 

diradical mechanism (6). In other cases, where radical stabilization 

should not be as great, the answer seems less clear. In a recent study 

of the cycloaddition of tetrafluoroethylene to pure cis and pure trans 

dideuteroethylene, it was found that both isomers give the same product 

mixture(?); it was argued that this result indicates a biradical mech-

anism must be operative, to account for this scrambling. Such may not 

be the case. 

Earlier in this discussion, it was noted that the stereochemistry 

of the 2 component is reversed in a concerted thermal process, Hhile a 

that of the 2 component is retained; but no prediction is made as to s 

which olefin will be which. For example, with cis dideuteroethylene 

and tetrafluoroethylene, one would get trans-1,2-dideuterocyclobutane 

from each addition in which the dideuteroethylene were 2 , and cis-1,2-
a 

dideuterocyclobutane from each addition in which the dideuteroethylene 

were 2s• If there were no preferred mode of addition, then a 1,1 mix

ture of products would result; a similar argument leads to the same 

conclusion for the trans starting olefin. Thus a (2 + 2 ) process s a 

could be consistent with the observed results. 

The authors who performed this study, contend that since a CF2 

group has a larger moment than a CHD group, then tetrafluoroethylene 

should be much less prone to 2 addition. raking such assumptions about a 

a reaction pathway that has never been observed in such a system (much 

less well characterized) seems unwarranted. Unless systems are employed 
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in which the mode of addition of both components can be clearly deter

mined, then such studies cannot be used to rule out the (2 + 2 ) pros a 

cess; nor can they hope to reveal it, unless some preference for one 

addition mode does indeed exist. Hence it is possible that the concerted 

reaction is occurring in these simple cases . 

The obvious experiment to be performed is the thermal cycloaddition 

of two compounds such as 3 and 4. Formation of principally isomers 5 
,.,.., ""-" -

and 6 would strongly indicate a (2 + 2 ) process , while the occurrence 
- s a 

of large amounts of 7 and 8 as well, would be inconsistent with a con---
A/16tt: babe 

B A A 6 

'3 .... - - 5 6 '1 8 - - -
certed mechanism. Unfortunately, as mentioned above, only gem difluoro-

olefins readily undergo such cycloadditions; this makes the desired 

experiment impossible in simple systems, as there is no way in which to 

determine the addition mode of the fluoroolefin component. A possible 

solution to this problem would be to design a system in which steric 

contraints would allow only a single geometry for the (2 + 2 ) addition. s a 

In such a system, a gem-difluoroolefin could be employed for the 2 s 

component, and a cis or trans substituted (deuterated) olefin for the 

2 component. The relative stereochemistries in the product of the a 

substituents from the 2 component would allow determination of whether 
a 

the concerted process had occurred. 
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Constraining the olefins such that each can assume only one of the 

two possible addition modes can best be achieved by attaching them both 

to the same molecule. In doing so, it might also be possible to struc-

ture the system so that the (2
5 

+ 2a) geometry of approach would be 

more favored than for free olefins approaching totally randomly. The 

unfavorable entropic effects associated with concerted addition might 

thus be somewhat countered, and the likelihood of observing this process 

increased. 

One such system which could easily be synthesized is the molecule 

A-5. Treatment of the kn01m bicyclolactone A-1 (8) with one equivalent - ~ 
of 2-butynyl Grignard at -30° should result in the lactol A-2 (9). -
i-lolff-Kishner reduction of this would produce the alcohol A-3 (10), ..._ 

which upon metal ammonia reduction of the triple bond and Jones oxidation 

of the alcohol should result in the trans olefinic ketone A-4. Conver--
sion of the ketone to a difluoromethylene can be accomplished via a 

Wittig reaction (11), which should give the desired diolefin in only 

five steps from A-1. -
Examination of molecular models of A-5 shows that there is only 

~ 

one possible way in which the two olefinic fragments can interact with 

the (2 + 2 ) geometry; s a 
~ that mode is shown as A-5 • - Only one product, 

A-6, can result from such a concerted process, and thus upon heating -
A-5 in dilute solution one should obtain principally one product (A-6) 
~ ....--

if the (2 + 2 ) addition predominates. Fortunately, the product A-6 s a ~ 

should be available from the alcohol A-3; Jones oxidation, difluoro--
methylene Wittig treatment, and cyclization would produce the cycle-
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butene A-7, which after hydrogenation from the least hindered side should 
~ 

afford the desired A-6. This could then be compared to any product(s) ..-.--

formed on heating A-5, and also tested under the reaction conditions 
~ 

to determine its stability. 

The cis olefin corres ponding to A-5 should be cyclized as well. 
~ 

This product should be available from hydrogenation of the acetylene 

~ followed by a difluoromethylene Wittig reaction. Assuming A-6 is 
~ 

found to be stable to the cyclization conditions, then if on cyclization 

the cis olefin produces the same product mixture as the trans, then one 

of the cyclizations (and probably both) cannot be occurring via a con-

certed pathway. If, however, the trans olefin A-5 does yield principally 
~ 

A-6, while the corresponding cis olefin does not, then this would be 
~ 

strong evidence for the occurrence of the (2 + 2 ) cycloaddition among s a 

these nonstrained, noncumulated olefins. 
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Proposition 4 

It is proposed that the thermal rearrangements of methyl and allyl 

carbonates and sulfites derived from enolate anions be investigated, as 

a possible means of regiospecifically monoalkylating enolate anions, 

The alkylation of enolate anions is an important synthetic tool 

which has received a great deal of study (1a, 2), For many unsymmetrical 

ketones, methods have been developed which allow selective formation of 

either of the two possible enolate anions. Treating a ketone (e,g, 1) -
with acetic anhydride under acid catalyzed, equilibrating conditions 

generally affords the more high substituted enol acetate (2) (3); 

-

HC~ 
~G 

-

4 -
from this,the more highly substituted enolate anion (3) can be generated -
under conditions which preclude any equilibration to the isomeric eno-

late (4) (4), Treating ketones with an excess of strong base under ,_ 
nonequilibrating conditions produces the kinetic enolate, which usually 

consists of the less substituted isomer (4) (5). -These methods, along with dissolving metal reductions of o1, f3 -

unsaturated ketones (e,g, 5~6) (6) provide an excellent source of --
specific enolate anions, In view of the excellence of these procedures, 
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5 
.,-.J 

it seems unfortunate that regiospecific monoalkylation of such enolates 

frequently occurs in only poor to moderate yield. The principal reason 

for this problem seems to be equilibration of the enolates during alky-

lation, and reenolization of already alkylated material which leads to 

polyalkylation (1b). 

For example, a 1&99 mixture of anions 3 and 4 on treatment with 
~ -

benzyl bromide only affords between .54 and 61% yields of the monoalkylated 

ketone mixture 7 + 8; -- although only 1% of the enolate mixture was rep-

resented by 3, between 10 and 14% of the product mixture consisted of -the corresponding alkyl ketone 7 (7). A similar although more extreme -case is exemplified by alkylation of enolates 9 and 10 (7) . The former - ""--

anion affords an acceptable 70% yield of monobenzylated ketone 11; -
while alkylation of a mixture of a 16a84 mixture of enolates 9 and 10 - -
affords at best only a 27% yield of ketone 12. Longer reaction times -
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in this instance lead to increased amounts of ketone 11 and polyalkylated --
material. 

Numerous other situations have been found in which a specific eno-

late anion could be generated but not regiospecifically monoalkylated 

in acceptable yield. As a result of this, a number of procedures in-

volving activating or protecting groups (1c), enamines (ld), metalo 

enamines (1e, 8) and cyclopropylation (9) have been employed to circum-

vent the problem. While all of these methods have merit, they often 

involve extra steps, sensitive intermediates, and reaction conditions 

incompatible with functional groups which are stable to normal enolate 

alkylation conditions. Enolate anions are the most readily obtained 

and most frequently encountered group for such alkylation reactions, 

and thus it would be valuable to find a good direct method of regio-

specifically alkylating specific enolate anions. 

Both the polyalkylation and enolate equilibration problems encoun-

tered during these alkylation reactions can occur as a result of ketone 

(product) formation in the presence of unalkylated enolate anion (a 

strong base). The product ketone acts as an acid promoting enolate 

anion equilibration, and at the same time generates a new enolate which 

leads to polyalkylation. In view of this inherent problem with alkylation 
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on carbon, it might be better to attack the enolate anion (e.g. 13) on ...,._. 

oxygen to provide an enol intermediate (14) capable of rearrangement -

under neutral conditions to the alkylated ketone (15) or its equivalent. 

Since no ketone would ever be formed in the presence of enolate anion, 

the problems normally associated with alkylation reactions would be 

precluded, 

A possible choice for an intermediate such as 14 would be enol -carbonate 16. Enolate anions do indeed react with alkyl chloroformates 

on oxygen, to afford enol carbonates (10) , r~ny pyrolytic studies 

have been performed on the analogous saturated carbonates 18, which -
have been shown to undergo thermal decarboxylation when one of the 

alkyl substi tuents bears hydrogens on the carbon ~ to oxygen ( 11). 

Such reactions appear to be concerted processes, probably occurring 

through a symmetry allowed, six electron transition state ( -2 + G-2 
"' s s 

+ c.2 ). In an enol methyl carbonate such as 16, however, abstraction 
s -

of a hydrogen from a f.! carbon would require formation of an allene or 

acetylene in a six-membered ring; such a process should be most un-

favorable. 

Another rearrangement pathway might exist for the enol carbonate 
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D' f. "'' 

so~1' 
CCz. 

&CH3 .. CH3 if H & 

I 

.!§ \7 
/'-" 

16, proceeding through an allowed six electron, six center transition --
state (-2 + cS"- 2 + cS"- 2 ) and resulting in the methylated ketone 17. -, s s s ......... 

A rough calculation of the enthalpy change for this process is shown 

in Table 1. Using values from s . w. Benson's tables (12), this calcu

lation indicates that AH~98 for transforming carbonate .1i, into ketone 

17 should be - - 24 kcal/mol . Since carbon dioxide is released as part -
of the reaction, the entropy change for the reaction should be favor-

able as well. Thus , both mechanistic and thermodynamic considerations 

indicate that rearrangements of methyl enol carbonates such as 16 to -
methylated ketones such as 17 might indeed be realizable. Should this -
prove true, then in effect it would represent a means of regiospecifi-

cally methylating enolate anions. 
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TABLE 1 

Enol Carbonate 16 i-Iethyl Ketone 17 + C02 

Atom or Group I Substituents I ~ H~ Atom or Group I Substituents \ AH~ 

1 c (c)(cd)(H)2 - 4.76 1 c (c)2(H)2 - 4.95 

2 cd ( c)(H) + 8.59 2 c (c)2(co)(H) - 1. 8 

3 cd (o)(c) +10.34 3,5 co (c)2 -31.5 

4 c (cd)(cd)(H)2 - 4.76 4 c ( CO ) ( C ) ( H ) 
2 - 5.0 

5 0 ( cd)( co) -44.1 6 ,7,9 C02 -94.1 

6 ,9 co (0)2 -34.9 8 c (c)(H)
3 

-10.8 

7 0 (c)( co) -44.1 

8 c (O)(H)
3 

-10.8 

for pertinent atoms 6H0 

f -124.5 for pertinent atoms O.Ho 
f -148, 2 

0 
AH298o = [-148. 2 - ( -124, 5)] kcal/mole = -23.7 kcal/mole 

A survey of the past literature has revealed no attempts at such 

rearrangements. Nost recorded carbonate pyrolyses were done on systems 

in which an alkyl group bearing hydrogens on the f!i -carbon was present 

(11). As discussed above, such systems on thermal rearrangement afford 

olefin and alcohol products. Several aromatic methyl carbonates such 

as 22 have been pyrolyzed, but were found to yield aromatic ethers (23) - --

20 -

OH 
-+-

CH 
~ 

21 - '2'2. -
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and carbon dioxide as products (11, 13). Such a result is not entirely 

surprising, as rearrangement to the C(-methyl phenol (20) would involve -
a nonaromatic intermediate (21) from a concerted six center cyclic pro---
cess. The loss of aromaticity in such cases might cause other pathways 

to predominate. 

The only enol methyl carbonate which could be found in the litera-

ture which might have served as a good model for this rearrangement is 

carbonate 24 (10a). Unfortunately, aside from its preparation, the __.. 

2+ ,...__ 

only significant data reported for this compound which relates to our 

discussion is its boiling point. At this temperature, 120° (14 mm), 

apparently no thermal rearrangements are observed; higher temperatures 

may thus be anticipated for the proposed transformation. 

In view of the scarcity of information concerning the rearrange-

ments of such enol methyl carbonates, and the possible synthetic utility 

of the proposed six center process, the thermal rearrangements of these 

species should be investigated. The initial study should be attempted 

on some simple enol carbonates such as 25 and 26, and the pyrolysis - -
products should be carefully identified. If the major reaction pathway 

does indeed lead to the desired methylated ketones, then a number of 

other carbonates (such as 2?, 28 and 29) could be studied as well. All -- -
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2B -
of these compounds correspond to enolate anions which are normally very 

difficult to regiospecifically monomethylate; demonstration of a good 

yield carbonate rearrangement procedure would be most significant in 

these cases. 

Regardless of the outcome of the above experiments, one or more of 

the allyl carbonates corresponding to methyl carbonates 25-29 should be 
-~ 

studied as well. Enol carbonate 30, for example, could conceivably 

pyrolyze by three pathways. A simple ene elimination reaction would 

generate allene and ketone 1. A rearrangement pathway corresponding -
to that proposed for the methyl carbonates above would lead directly 
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to allyl ketone 31. Finally a third six center, six electron process -
might lead to the allyl enol ether 32, which could then rearrange it-,._,.. 

self to the ketone 31 in a normal Claisen reaction (1f). -
If allyl rearrangements such as 30-+31 could be effected in good --

yield for the "difficult to alkylate" species discussed above, this 

too would be significant. The terminal olefin of this group essentially 

functionalizes it for further transformations (or degradation). If the 

methyl carbonate rearrangements proceed as desired, they cannot be gen-

eralized to higher saturated homologues (ethyl, propyl ••• ) as such 

groups would undergo the ene elimination reaction. The allyl rearrange-

ment would thus provide entry into these homologous and functionalized 

alkylated species . 
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It should also be noted that the ideas and experiments discussed 

above apply just as well to the closely analogous but little studied 

enol sulfites (e. g. 33) (14). Depending upon the outcome of the pro-
~ 

posed carbonate studies, the generally more labile sulfites might be 

similarly investigated, in hopes of improving yields or observing the 

desired rearrangements at all. If the proposed rearrangements can in-

deed be shown to occur smoothly in any of the above systems, then they 

should provide a synthetically useful means for regiospecifically 

monoalkylating enolate anions. 
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Proposition 5 

A total synthesis of the sesquiterpene dilactone dl-vernolepin 

is proposed. 

Several naturally occurring sesquiterpene lactones have recently 

been isolated and shown to possess significant in vivo tumor-inhibitory 

activity against carcinoma in rats (1a). Such compounds, if available 

in greater quantities and possibly in modified forms (i.e. syntheti

cally), could be investigated further in the search for clinically 

valuable anti-cancer agents. Unfortunately, these molecules combine 

abundant, sensitive functionality with complex stereochemistry, result-

ing in quite challenging and as yet unrealized synthetic goals. The 

object of this proposed research is the total synthesis of one of these 

tumor-inhibitory lactones, vernolepin (1, 17) (A-1). 
~ 

In considering synthetic approaches to vernolepin, it is important 

to recognize the high reactivity of both exocyclic methylene groups 

(lb, c). Such sensitive functionality should be introduced (or un

masked) at a very late stage in the synthesis to avoid problems during 

other transformations. Grieco and Hiroi have recently developed a 

method for introducing such 0{-methylene groups on oc-unsubstituted 

lactones (2a). While this method should indeed be applicable to the 

vernolepin lactones, it proceeds in a rather disappointing 50% yield 

when applied to a model for the vernolepin Jr-lactone (2b). Other 

previously developed methods for introducing such o(-methylene groups, 



247 

Chart A 

0 

1 -

~ ,. 

2 . ,. ~ ~ -«t. 0 
, 

c:w,~ 

R T~s:" 
0 

-'18°~RT 

~ ~) R: C."2 N M~2. -
~) R: c"~s~ 

I..: N-{<) 
• - 2. 

0 

!S -

2 -

~ 

4 -

?' 
: ,.oH 

••• 

A) x~ N Me3 
(£> 

b) x = s"""(t 
G:>'~.p,.. 

A) R: c:H~ N Mttl. 

6 -

~, 

'b .. .. 



248 

or for forming e><: - methylene lactones in general (2c-j), appear even less 

promising for use on vernolepin. 

Two methods have been demonstrated , however , which do an excellent 

job of regenerating protected ~-methylene groups in natural o<-methylene 

lactones. Kupchan has shown (1c) that the di-~-propyl thiol adduct of 

vernolepin (A-Jb) can be methyl~ted to the sulfonium salt A-2b, and - --converted to vernolepin in high yield by treatment with saturated sodium 

bicarbonate solution. NcCloskey has utilized the dimethylamino group 

for the same purpose in his dehydrosaussurea lactone (1) partial syn-
thesis (3). Quaternization of the amine 2, followed by bicarbonate ,_ 
promoted elimination according to the method of van Tamelen (2j), pro-

1) Mel 

0 0 

I z 
duced an almost quantitative yield of exocyclic methylene lactone 1. -In view of the simplicity of these procedures and their proven high 

yields in generating sensitive O£-methylene lactones in actual sesqui-

terpenes, these methods make compounds A-Ja and A-Jb appear most attrac-__, ~ 
tive as intermediates for vernolepin. For these reasons and others to 

be discussed shortly, the bis-dimethylamine A-3a has been selected as ,......._.._ 

an intermediate for tlus synthesis. Its transformation to vernolepin 

via the quaternized suecies A-2a would be expected to proceed well . _.... 
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according to the method of JlicCloskey. 

Since the trans- 0 -lactone in vernolepin appears more sensitive 

than the ¢-lactone ( 1 b) , formation of the 'lf -lactone of A-)a would --
probably best be performed late in the sequence. The possibility of 

lactone formation between the C-8 alcohol function and C-12 also sup-

ports this reasoning. The isomeric lactone vernomenin (1a, b) (3) -
actually does occur naturally along with vernolepin; the formation of 

0 

J 

such isomer mixtures should be avoided in a directed synthesis, however. 

A possible method of introducing the desired ~-lactone in inter-

mediate A-Ja represents the principal key to this entire approach to -
vernolepin. It is proposed that this lactone be constructed by the 

intramolecularly directed attack of an ester enolate anion upon an epox-

ide, to insure both stereo- and regiospecific formation of the ~-lac-

tone and C-8 alcohol function. Ester A-4a is the required intermediate ,..,.,_ 

for this step. The attack of enolate anions upon epoxides is well-known 

(2i, 4), and it seems likely that the conversion of A-4a to A-Ja will _.._.... .........__ 

work, provided the bis-ester-enolate anion of A-4a (4) can be formed -and is stable long enough for the reaction to occur. 

A number of factors having a bearing on this situation appear fav-

orable. Comparison of the conditions necessary for non-nucleophilic 
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base catalyzed opening of epoxides (5) (two hours in refluxing ether/ 

hexane using lithium N-isopropylcyclohexylamide as base) with those 

needed for the formation of ester enolate anions (6a) (ten minutes at 

- 78° in THF , using lithium N- isopropylcyclohexylamide as base) , almost 

insure enolate formation in our system before epoxide cleavage . Once 

the enolate dianion 4 does foro, it could conceivably undergo intramo,.,._ 

lecular attack of the 4 position upon the epoxide at the 8 position 

(4b) - to give 

R 

o~ 

i ntermediate 5 (7) . 

t-4 

-
" fe;R 

I CH 
\o I 
o-C ... 

'0 

J./a 

~ 
0 Q 

"c-C.HR 
I/ 

0 

-stb 

Such an attack is highly unlikely, 

~~ 

3 a.' ---

5 

oe 
0 s 

-c-cHR 
II 
0 

however , s i nce conformation 4b , necessary for this reaction to take --
pl ace, requires a l , J-diaxial interaction bet ween the vinyl and ester 
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groupings, as well as a boat like conformation of the cyclohexane ring. 

At the low temperatures which would be utilized for this reaction, con-

formation 4a (which leads to the desired product A-3) should be greatly - -preferred. 

Another possible difficulty concerns the nature of the R groups in 

dianion !_ • Ideally, one woulc desire R=CH2S-_!:!-Pr or R=CH2NHe2. for 

reasons already considered: forming an anion f3 to sulfur or nitrogen, 

however, might lead to direct elimination. While there is certai~~y 

evidence for elimination of sulfur anions (8), it would appear that 

lithium enolate anions of /3 amino esters are stable in THF at low 

temperatures. This stability has recently been demonstrated by Schles-

singer and co-workers (9) who treated ethyl 2-butenoate (7) with lithium ...... 
diisopropylamide in an effort to generate the ester enolate anion 6. ,....... 

7 ,..., 

When they carried this reaction out in THF under a variety of tempera

ture conditions (-40° to -100°), they obtained after quenching
1

nearly 

quantitative yields of the I·iichael adduct 9. This implies not only -
that the i'Iichael addition is faster than proton removal from ester ?, -
but also that the intermediate anion 8 is stable under these conditions -
and is not in rapid equilibrium with the starting ester 7 and diisopro--
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pylamide anion, If such an equilibrium existed, eventually only the 

anion 6 would be present since its formation is certainly not reversible --
under these conditions, 

While the above considerations indicate the transformation of A-4a 

to A-3a should be possible, this intramolecular epoxide opening is such --
a crucial part of the proposed synthesis that it should first be estab-

lished on a model, Esterification of the readily prepared epoxy alcohol 

10 (10) with 3-(N,N-dimethylamino)-propionyl chloride (11a) [also easily __.. --
prepared (11)] would produce an ideal model compound~· The first 

0"" Cl~ li(t) 0R 
,.0 + R 0'" NR' 

)" , ... o )ro ,. 
0 

. b-{R . 
OH 

.... OH . 

0 
10 II 12 - -

0 

/J 
.9. : CHz NMez. 

step in the realization of this proposal would be preparation of this 

model and study of the formation and reaction of its enolate anion, 

If the lactone alcohol 1Ja can indeed be formed from epoxy ester 12a, 
-..-v -

this would provide strong indication that the transformation of ester 

~ to lactone_!:]~ should be realizable, 

If the {3 -amino anion proves unsuitable in the above study, then 

a parallel study should be performed using the simple acetate ester of 

12 (R=H), If the anion of ester 12 (R=H) can be formed and cyclized - ,.._,..,. 
to lactone 13 (R=H), then the overall synthetic plan could easily be 

directed towards producing lactone A-3 (R=H) via cyclization of ester ,.,.._ 
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A-4 (R=H), The method of Grieco and Hiroi could then be employed to ,..._ 

convert A-J (R=H) to vernolepin (A-1). It should be noted throughout -- --
the remainder of this discussion that merely by changing the acid chlor-

ides employed in this scheme, one should be able to produce lactone A-J -with a variety of R groups , 

Assuming the model study justifies our use of the &3 -am:tno ester~ 

then the problem at hand becomes one of synthesizing the alcohol A-5 -
for esterification (as per model) to give A-4a, While one might ap-

~ 

preach A-5 by more conventional means, it might be of great advantage 
~ 

to utilize the methodology es tablished in the model sequence at this 

point as well. The ester A-6 , if subjected to the conditions used f or .......-
the model, should generate the enola te anion; this would be expected 

to close, giving the six-membered ring cis-lactone (stereospecifically) 

rather than the less favorable seven or eight-membered ring bicycle-

compounds (the possible result of attack at the 6, ?, or 8 position). 

Again an intramolecula r reaction would be employed to establish neces-

sary stereochemistry. 

The key intermediate A-6, which by this route essentially defines ,..__. 

all the asymmetric centers in vernolepin, may be approached analogously 

to Berchtold's trans -benzene trioxide synthesis (12a). Singlet oxygen 

addition to 14 yields the epoxy epidioxide 15, which rearranges in - ""-

O""o 'O.a USJ····a A 
~ .. ~ .... ;..;so . ·b··· ------~~~ ··o .. . ... 

0 
14 15 - /{., 



quantitative yield upon heating to give trans-benzene trioxide, 16. 
~ 

This thermal rearrangement of epidioxides has been performed in other 

systems as well (12b, c), and it seems likely that the diepoxide A-6 --should result on heating epidioxide B-1 • ...-

Although lack of stereospecificity may be a problem, epidioxide 

B-1 should be produced on sensitized photooxygenation of diene B-2. 
,.._.... -
Singlet oxygen participation in 4 + 2 cycloaddition reactions is well

known to be a fascile process (13a), quite subject to the directing 

effects of steric hinderance (13b). In the case of diene B- 2 , since --there are only trigonal centers ~ to the quaternary carbon, one would 

expect no pseudo-axial or equatorial preference for either the ester 

or vinyl side chain. Any steric shielding then, of the sort which 

would accompany a rigid axial group , will not be present here; in this 

case, the length and bulk of each side chain must directly determine 

the amount of shielding on each face of the molecule. How significant 

this effect will be in the outcome of singlet oxygen addition is un-

certain, yet for ester B-2 the effect must be at least operative in -
the proper sense; and one might thus hope to obtain a preponderance 

of addition from the side bearing the vinyl grouping. 

For initial experiments, even a 1t1 mixture of isomers (if separ

able) would be acceptable. If subsequent steps should prove workable, 

then other ester chains might be examined on B-3 to better direct the --
stereochemistry of photooxygenation. Recent efforts of Corey (14) 

have demonstrated that intramolecular '11'-11' interactions of conjugated 

systems with aromatic ester s ide chains can be used to effectively 
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shield one side of a molecule and thus induce stereospecificity in re-

actions of the conjugated system. If the alcohol B-3 were esterified --
with the appropriate aromatic grouping , then shielding of the type ob

served by Corey should result in photooxygenation predominantly from 

the side bearing the vinyl group, as desired. After rearrangement of 

the epidioxide to the diepoxide, the aromatic ester could th~n be re-

placed by the aminopropionate to afford A-6. 

The synthesis then reduces to the preparation of the alcohol B-3, 
~ 

devoid of stereochemical problems, which may then be esterifiee to give 

B-2. Simple lithium aluminum hydride reduction of the ester B-4 would - ............ 
be expected to yield the desired alcohol, and this unsaturated ester 

should be the result of non-nucleophilic base induced cleavage (15) 

of the tosyl hydrazone B-5. The hydrazone would be prepared under mild -
conditions from the keto ester B-6, which would itself result from .....,.._, 

acetylation, by the method of Rathke and Dietch (6, 9), of the enolate 

anion of ethyl-2,5-dihydrobenzoate (B-7) (16). -
In twelve steps it may thus be possible to synthesize dl-vernolepin 

from trivial starting material. 
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