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ABSTRACT

An approach to the total synthesis of the gquinone
antibiotic (%)-naphthyridinomycin A is described. This
research has thus far culminated in the preparation of the
advanced, pentacyclic intermediate gg. The structure of
phenol g§ was secured by an X-ray crystallographic study
of its benzoate ester. Intermediate gg was constructed
from tricyclic lactam g}, phenol }ge and methyl glyoxalate,

employing a stereoselective amidoalkylation reaction and

an intramolecular Friedel-Crafts alkylation as key
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transformations. With regard to the amidoalkylation step,
several new methods for the generation of acylimmonium

ions were developed.in the course of model étudies. The
synthesis of tricyclic lactam g% from the readily available
bicyclic B8 -lactam 3% was accomplished via a 1l3-step
sequence, which included several inferesting intramolecular

reactions.
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An Approach to the Total

Synthesis of (})-Naphthyridinomycin A



I. Background and Retrosynthetic Analysis

T N L T T VI VP Vi S U R N TR R VL VRV VP VPV D VIR VP VIV I

The novel broad spectrum antibiotic naphthyridino-
mycin A (1, Figure 1)l was isolated in 1974 from

Streptomyces NRRL 8034. The structure of this

fascinating alkaloid was elucidated by X-ray crystal-

c . . . .
! Presented in Figure 1 is a stereo-drawing

lography.l
of the conformation found in the X-ray crystal structure.
A minor cogener, naphthyridinomycin B, has also been
isolated, but has not been completely characterized.ld
Naphthyridinomycin A belongs to a growing class of
antibiotics which possess a common quinone nucleus,

as well as other structural similarities. These

include the mitomycins (e.g. mitomycin A, 2),2 the

saframycins A-C (§),3 and the structurally less
complex members mimosamycin (%)'4 mimocin (5~)5 and
renierone (6~).6 This report addresses our progress
toward the total synthesis of naphthyridinomycin A.
Biological studies reveal that naphthyridinomycin
A is quite active against a wide variety of both gram-
positive and gram-negative bacteria.la Its primary
mode of action in E. coli appears to be the inhibition

of DNA synthesis, which occurs within a few minutes

of exposure to low concentrations of the substance.
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In this respect, naphthyridinomycin A is similar to
mitomycin C.7 However, unlike mitomycin C, naphthy-
ridinomycin A does not promote the degradation of
intracellular DNA.

With regard to its antibacterial activity,
naphthyridinomycin A may be functioning as a bio-
reductive alkylating agent as proposed by Moore8
(Scheme I). 1In vivo reduction of the guinone nucleus
to afford hydroguinone Z, followed by 1,4-elimination
via pathway A or B would generate quinone methide
§ or g. These intermediates have been suggested to
serve as reactive bioalkylating agents at the
indicated carbons. Indeed, naphthyridinomycin A may
act as a double alkylating agent which could cross-
link two biopolymers by exploiting these quinone
methides sequentially or simultaneously via the
bis-gquinone methide 10. Quinone methides g and g
may also be useful intermediates for key bond
constructions in the total synthesis of 1 (vide

infra).
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An alternative potential biomechanism is illustrated
in equation 1. Enzyme-promoted elimination of water could
provide vinyl quinone 11, which should also be a potent

biocalkylating agent,

MeO ~Hg0
(1)

Me

Cy

'.._l
}.—l
}._.l

All of the quinone antibiotics presented previously
(}—§) are unified in that one or both.of the mechanisms
discussed above may be responsible for their biological
activity;8 that is, they all possess latent leaving
groups a- and B~ to the quinone nucleus which could be
used in the formation of quinone methides and vinyl
guinones respectively. This analogy suggests that
naphthyridinomycin A may be found to possess antitumor
activity, as has been established for the mitomycinsz'
and the saframycins.

In yet another biomechanistic proposal, the aminal

functions at positions 3a and 7 of naphthyridinomycin A



have been suggested to serve as precursors to immonium ions
which would alkylate basic sites on DNA. This notion
finds precedent in related studies on the aminal con-
taining antibiotic anthramycin.lo

Synthetic efforts in this area have mainly been
limited to the mitomycins,2 culminating in the elegant
total syntheses of several members of this family by
11

Kishi. A recent report by Danishefsky illustrates

the application of an intramolecular amidoalkylation

reaction to the synthesis of renierone (eq 2).12 In

addition, total syntheses of mimosamycin (4)4 and mimocin

(5)5 have been achieved.

Me
OMe MeQ  CO,Me o o |
MaO Me

MeO ver
NHCbz =2l NCbz > . N (2)

steps
Me Me Me

OMe OMe
Renierone

(a) CHOCO,H, (b) CHCIZCO?H,(C)CHZN

2 2°

Examination of the structure of naphthyridinomycin
A (Figure 1) reveals that it possesses eight chiral

centers, an abundance of heteroatoms, and a diverse array



of potentially sensitive functional groups. An additional
problem associated with designing a synthesis of this
molecule is that no chemistry has been reported on the
intact antibiotic. These factors, as well as its
biological activity, make naphthyridinomycin A a very
challenging and worthwhile target for total synthesis.

In deriving a synthetic plan, we have assumed that
the desired stereochemistry at positions 3a and 7 1is
thermodynamically favored and can be attained by facile
equilibration. Furthermore, the intramolecular hydrogen
bond between the 9-hydroxymethyl group and the 14~
nitrogen atom indicated in the crystal structure (Figure
1), suggests that the stereochemistry at position 9 may
be attained by base-catalyzed equilibration.

Initial retrosynthetic analysis reveals that
naphthyridinomycin A possesses three latent aldehyde
functions labeled A, B and C (Figure 2). The latent
aldehydes B and C are readily derived via hydrolysis
of the hemiaminal and oxazolidine groups, respectively,
whereas aldehyde A results from a retro-Friedel-Crafts
disconnection. This transform affords the pyrrolidine
trialdehyde }g. Cyclic olefins can serve as very

convenient protecting groups for polycafbonyl compounds,
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maintaining these sensitive functionalities in a state
of low reactivity until they are revealed by an
oxidative cleavage reaction.13 Thus, reconnection of
each dialdehyde pair to form cyclic olefins leads to
three plausible intermediates: %3, %é and }é'
Evaluation of each of these synthons in terms of ease
of preparation and viability of its ultimate conversion
to the final product led to the selection of }E as a
subgoal for the synthesis project.

The overall strategy which was pursued is illustrated
in Scheme II. To facilitate the proposed chemistry, we
felt that the oxidation states of the 9-hydroxymethyl
group, the 7-hemiaminal group and the guinone nucleus
should be adjusted as indicated in transform A. Having
a methoxycarbonyl group at position 9 would allow base
promoted equilibration at this center, if necessary.
Implicit in this transform was the assumption that the
appropriate oxidation-reduction reactions could be
performed towards the end of the synthesis to establish
the required oxidation levels. As discussed previously,
disconnection to dialdehyde 17 (transform B), followed
by reconnection to form the tricyclic olefin (transform C),
provides 18 as a subtarget. Intermediate 18 could then be

14,15

derived from the amidoalkylation reaction of phenol
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19a and acylimmonium ion 20. We hoped to control both the

~ o~~~

regio- and stereochemical outcome of this reaction, such
that 18 is formed in preference to the three other

possible isomers. Phenol 19a is readily available and

has been employed by Kishi for the synthesis of the
mitomycins. 1,186 Acylimmonium ion 20 should be readily
formed from the corresponding lactam g} and methyl
glyoxalate by a variety of methods. Thus, lactam 21
was chosen as the initial subgoal, and its preparation
is described in part II of this report.

At this juncture, the transformation of dialdehyde

17 or its operational equivalent, to the hexacyclic

M i HO coaMe )
HO CO2 %) 2 3

A~ MeO

MeO

Me
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material %?, warrants further discussion. A very
speculative solution to this problem is illustrated in
equation 3. Reaction of }z with 2-aminoethanol in the
presence of acid should result in the formation of
immonium ion gg, in equilibrium with other species.
Intramolecular Mannich reaction of gg would then con-
struct the final carbon-carbon bond to afford %§.

In a somewhat less speculative plan, Friedel-Crafts
cyclization of }Z, or its equivalent, followed by sub-
sequent straightforward transformations (not illustrated),
would provide intermediates such as %g and g% (Scheme III).
Note that g§ and gf are at the same oxidation level and
that each could serve as a precursor to quinone methide
%? via enolization and l,4—elimination; respectively.l7'18
Incorporation of the oxazolidine ring would occur through
the reaction of g§ with 2-aminoethanol to afford quinone
nmethide g§, which should undergo a facile intramolecular
Michael addition resulting in the hexacyclic structure

17,18 Controlled reduction of the lactam and carbo-

27.
methoxy functions, and oxidation of the aromatic ring
would then afford naphthyridinomycin A.

Our initial attempt to apply this overall strategy
to the synthesis of naphthyridinomycin A is the subject

of this report.
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II. The Synthesis of Tricyclic Lactam 21

R A A e S e R G R e e R L R RS A e R B R R A s A e R e e e e

EEEE??EEE%QE' As discussed in part I, the tri-
cyclic lactam %% serves as a major subgoal in the projected
synthesis of naphthyridinomycin A. After considering
the potential routes to %J:, we focused on constructing
bonds a and E as illustrated in Scheme IV. We felt
that bond a could be formed in a straightforward manner
via an intramolecular alkylation (reactions %, %L).

The construction of bond ? requires the

cyclization of the carboxamide group onto the olefin,
with migration of the double bond (reactions B, B').
This analysis suggested two complementary approaches
to g} which differ in the order of construction of bonds
a and 9, i.e. reaction seguences %? and ?l%:' Both
approaches required the preparation of monocyclic
intermediate 28 or its equivalent. We felt that %g
could be efficiently prepared from the bicyclic 8-
lactam 3}, which in turn is readily available via the
[2+2] cycloaddition of chlorosulfonyl isocyanate and
cyclopentadiene.19 This stereospecific cycloaddition
serves to establish two of the four asymmetric centers

required for the synthesis of 21.

There are several methods which could be employed
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Scheme IV
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to construct bond b in the desired manner:; the intra-

molecular ene reaction of an acylnitroso intermediate

(egq 4),20 the base-promoted cyclization of an epoxy amide

1 and the radical-chain cyclization of an olefinic

22

2
(eq 5),
N-chloroamide (eq 6). The latter two methods must be
coupled with an elimination step (dehydration and

dehydrochlorination, respectively) in order to generate

the desired olefin.

o} 0
—_— (4)
\
(ref 20)
SONHR
A HO 0
O — N 5
H [ \
9 R
(ref 21)
Os. _-NCiMe

0 0
NMe NMe
— + }lﬁ (6)
Cl
Cl

(ref 22)
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Initial studies aimed at the synthesis of 21 via
reaction sequence B'A', employing the intramolecular
nitroso-ene reaction outlined in eguation 7, were
unsuccessful. The remainder of this chapter will

describe a successful approach to 21 which follows

the reaction sequence AB.

OR'
o
)k/N X
/N R
Q Me

T

Me

(7)

Results and Discussion. Bicyclic §-lactam 31, the
starting material for our journey towards %}, had been
prepared by Malpass19 in 34% yield, employing the [2+2]
cycloaddition of chlorosulfonyl isocyanate23 and cyclo-

pentadiene. After greatly improvin‘is procedure,

B-lactam 31 could be readily obtained in guantities
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approaching one mole. Thus, reaction of chlorosulfonyl
isocyanate23 and cyclopentadiene in ether between -16°C
and -24°C, followed by reductive hydrolysis of the

intermediate N-chlorosulfonyl B-lactam (Na2503, K HPO, ,

24 afforded 31 in 50-65% yield.25 This reaction

0°c),
must be carried out with careful regard to the solution
temperature, since higher temperatures resulted in

mixtures of 31 and the rearranged lactam 32.19

31 32

The conversion of bicyclic B-lactam 31 to nitrile-
tosylate 36 is outlined in Scheme V. Treatment of 31
with methanolic hydrochloric acid afforded the g -aminc
ester hydrochloride 33 in 90% yield. The B —amino ester
obtained upon freeing the hydrochloride 33 with aqueous
sodium carbonate was reduced with lithium aluminum
hydride to give the amino alcochol §§ in 80-89% yield.
This sequence could be carried out on a large scale
(0.84 mol) without purification at the intermediate
stages to provide amino alcohol 34 in 89% overall yield

from B -lactam 31. Cyanomethylation26 of 34 (CHZO'NaHSO

3’
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NaCN), followed by acylation with benzyloxycarbonyl

chloride (CbzCl) in the presence of ethyldiisopropylamine
afforded 35b in 86% yield. Formation of the correspond-

ing tosylate 36 (TsCl, pyridine) proceeded in 84% yield.

For large scale preparation (0.7 mol), the sequence from
amino alcohol 34 to nitrile-tosylate 36 was most conveniently

carried out without purification of the intermediates in

71% overall yield.

Scheme V

B R

- = ~NHz" CI™
<i::I:j:4 CH3OH, HCI <:::I:: 3 I} No,CO,
—_— . —
= 0 2) LAH

T co,Me

31 33

~ ~ ~ o~

I} CH0-NaoHSO;,NaCN TsCt

t ot

2} CbzCl, Et(/-Prl,N

OTs Dy

|63% overall, 5 steps|
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Tnadvertently, we found that the reaction of amino
alcohol 35a with CbzCl was highly dependent on the
tertiary amine base employed. Whereas o~amido nitrile
35b was formed in high yield when the acylation was
carried out in the presence of ethyldiisopropylamine,
cyclic carbamate 37a was the major product (along with
lesser amounts of 35b) when triethylamine was employed
as the acid scavenger (eq 8). This same effect was
noted in the acylation of amino alcchol %é with CbzCl
(eq 9). The kinetic acylation of these amino alcohols
(illustrated for 34, eq 9) can occur on nitrogen
(pathway N) to afford carbamate §, or oﬁ oxygen (path-
way O) to afford carbonate 0. Either of these inter-
mediates could cyclize with loss of benzyl alcohol to
give carbamate 37b. However, it was demonstrated that
carbamate N does not cyclize to afford 37b upon treat-

~ o~

ment with triethylamine. Thus, we propose that 37b 1s

formed via carbonate 0. These observations suggest

that the tertiary amine may be playing a role other than
merely that of an acid scavenger. We feel that the
increased propensity for acylation on oxygen in the
presence of triethylamine results from the intermediacy
of the acylammonium ion CszEt3+ cl . Presumably, the

formation of such an acylammonium ion intermediate
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('IHZCN (l;bz
N 0]
d/\( EtsN q:NHCHaCN EtN(i-Pr), Q’N\/CN
0
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§~§ T 35b
BnOCOCI
H
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- T EtsN
| ran A O 7 y
NH N oH H
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o e
OH
gf L, © = NH» ’ 37b
RsN q/o\n/osn
~ Amine __h_l___(_)_
Ety i €9:31

EtN(i-Pr); 295:5

with ethyldiisopropylamine is precluded on steric
grounds, and thus acylation occurs on nitrogen through
direct reaction with CbzCl. The origin of the different
kinetic selectivity for reaction on nitrogen versus
oxygen exhibited by ChzCl and CszEt3+ Cl  remains
obscure, and the generality of these observations have
yet to be explored.

The next stage of the proposed synthesis was the

intramolecular alkylation of nitrile-tosylate 36 to

(9)
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construct bond a (Scheme IV). This was accomplished by
reaction of 36 with potassium t-butoxide to provide a
60:40 ratio of stereoisomeric bicyclic nitriles, 38 and
39 (eg 10). A priori, it was anticipated that little
stereoselection would result from this alkylation
process; however, it had been optimistically predicted
that the diastereomeric nitriles could be resolved by
chromatographic techniques. In the event, large scale
separation of this isomeric mixture was readily achieved
on the Water's Associates "Prep 500" high pressure
liquid chromatograph27 to afford bicyclic nitriles 38

~

and 39 in 57.5% and 37.5% yields, respectively.

?bz ?bz ?bz
CN = N = N
~ -B
foree | (I)—CN + @:}—CN (10)
95 % = =
OTs 60:40
(Reg = 59:41)

36 38 39

The stereochemical assignments of zg and gg were
initially inferred by the base-catalyzed equilibration
of the individual diastereomeric nitriles. In these
experiments both §§ and §g afforded a 59:41 ratio of

38:39 upon treatment with a catalytic amount of
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potassium t-butoxide. Thus, it appears that the diastereo-
mer ratio obtained in the alkylation process is thermo-
dynamically controlled. The stereochemistry denoted in
structure 38 was assigned to the major equilibrium isomer
based upon straightforward consideration of non-bonded
interactions. This assignment was consistent with the
observed spectral data (500 MHZ:H{NMR), as well as by

subsequent chemical investigations. Analysis of the

38 39

500 MHz +

H NMR spectra of gg and ?? was hampered

by the presence of twc (often overlapping) signals

for almost every proton, due to the presence of two
carbamate rotomers in nearly equal proportions. Assuming
the pyrrolidine ring of isomer §§ exists in an envelope-
type conformation, the dihedral angle between vicinal

protons Ha and I_- approaches 90°, while that between Ha and

b

Hc approaches 30°. This is consistent with the negligible

b

coupling observed between H, and H, (J_ _ = 8 Hz) for the

coupling observed between Ha and H, and the substantial

major isomer.28 In contrast, both of the corresponding
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angles of 39 are suitable for coupling, which is
consistent with the coupling constants ocbserved
for the minor isomer (Jab = 8.5 Hz, Jac = 4 Hz).28
Clearly, according to the strategy discussed in the
introduction to this chapter, only bicyclic nitrile 32
is useful for the synthesis. Although we have not
derived a completely satisfactory solution to this
problem, it was gratifying to find that the undesired
38 could be equilibrated as described above on a pre-
parative scale, in order to increase the overall yield
of 39. In the event, cyclization of nitrile-tosylate
36, followed by separation of the isomers and base
catalyzed equilibration of the undesired %g, afforded
a 58% combined yield of the desired isomer 39. Indeed,
this efficient recycle procedure could be repeated to
obtain additional quantities of 39.
With the bicyclic nitrile §g in hand, we addressed
the task of constructing bond b (Scheme IV) to form
the final ring of the tricyclic skeleton. We proposed
that epoxidation of 39 from the sterically less encumbered

13b,29-31 followed by partial hydrolysis of the

face,
nitrile function, would provide epoxy amide 42, a sub-
strate which is suitably disposed for ring closure

(eg 11). It was anticipated that base treatment of

42 would result in intramolecular epoxide ring opening



by the carboxamide function,21

membered lactam §§.
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— s s i

Cbz
|
N
\\‘H
(11)
HO N 0
H
H
45

forming the desired six-

In practice, the reaction of 39

with m-chloroperbenzoic acid afforded a 91:9 ratio of the

two stereoisomeric epoxides, 40 and 41, which were

isolated in yields of 88% and 8.7%, respectively

(Scheme VI).

Scheme VI
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Predictably, the epoxidation of stereo-
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CH2Clz

?bz
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~
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68:32
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isomer 38 proceeded in a less selective manner (MCPBA,

§§=§§ = 74:26; CF3 3H, %3‘%% = 68:32), This difference

in stereoselectivity most likely results from a greater

Cco

steric shielding of the B-face by the nitrile function
in isomer 39, in addition to the dipole-dipole effect
proposed by Henbest.31
Hydrolysis of nitrile éQ with basic hydrogen
peroxide32 gave the epoxy amide 42 in 91% yield (Scheme
VII). A closer examination of structure 42 revealed
that lactam ring formation could occur to afford the
undesired seven-membered lactam 46 in addition to the
desired six-membered lactam f%. Indeed, reaction of f%
with potassium t-butoxide resulted in a 52:48 mixture
of isomeric lactams §§ and §§, which were separated by
medium pressure liguid chromatography. This unfortunate
situation could be improved in the following manner.
Hydrogenolytic removal of the benzyloxycarbonyl group
of 42 to yield secondary amine 47a (1 atm H,, 5% Pd-C,
CH3OH), followed by the addition of aqueous formaldehyde
and continued exposure to hydrogen, provided the

corresponding N-methyl compound 47b in 95% yield.33

~ o~ o~

Treatment of 47b with potassium t-butoxide afforded the

six-membered lactam 48b (82%), nearly to the exclusion

~ o~

of isomer 49b.

~ o~
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Scheme VII
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| | }
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r- o
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Lactams 48b and 49b were prepared independently

~ o~ o~ ~ o~

from 45 and 46, respectively, via hydrogenolysis in the

presence of formaldehyde. With a sample of 49b avail-

~

able for comparison, we were able to observe only traces

of this material in the crude cyclization product

. 13
resulting from base treatment of 47b ( C and lH NMR,

o~

thin-layer chromatography) .

The secondary amine 47a underwent highly regio-

i~

selective cyclization as well, to afford 48a. However,

P
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the insclubility of 48a in all organic solvents except
methanol and dimethyl sulfoxide made it difficult to
isclate from the reaction mixture in pure form. Though
more manageable than %?%f even %g? is only very
sparingly soluble in chloroform and acetonitrile.

The reasons for low regioselectivity in the cycliza-
tion exhibited by 42 as compared to {Zéig remain cbscure.
Examination of molecular models suggests that Al’3
strain34 between the benzyloxycarbonyl group and the
flanking hydrogens on the pyrrolidine ring may be more
severe in the transition state which gives é?, compared
to that which gives %E Thus, the kinetic selectivity
which generally favors the formation of six-membered
over seven-membered rings may be perturbed to make the
latter competitive.

The initial structural assignments for the isomers
45 and éé were based on their 90 MHz lH NMR spectra with
the aid of extensive proton decoupling experiments.

These spectra contain several diagnostic coupling
patterns. For example, the carbinol proton Hd of 45
appears as a doublet. This results from the orthogonal
relationship between Hd and vicinal protons Hc and Hh'
leaving only Hi at a proper angle for coupling (Jdi =

4.5 Hz). 1In the case of 46 however, Hd appears as a
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singlet, reflecting the orthogonal relationship between

it and both of its vicinal neighbors Hy and H,- In
addition, Hb of isomer 45 possesses appropriate angles

for coupling with both vicinal protons Hc and Hg (ch =

5 Hz, Jbg = 8 Hz), whereas H, of isomer 46 is coupled with

only one vicinal proton, Hg (Jbg = 6 Hz), due to a near

orthogonal relationship with Hd.28 Identical coupling

patterns were evident in the 500 MHz lH NMR spectra of

the N-methyl isomers 48b and 49b, which are compared

~ o~~~

over the critical ¢ 3.3-4.4 region in Figure 3. The

relationship between the isomer pairs gg,gz and 48b,49b

~ o~ ~~ o~

was further confirmed by the chemical correlations

described previously. Finally, the spectral data
for ketone §9 derived from %E (CrO3, pyridine),35

and mesylate 51 derived from 48b, are entirely con-

~n.

sistent with these assignments.

45, R = Cbz; X = OH
48b, R = Me; X = OH

50, R = Cbz; X, Hg = O
21, R = Me; X = 0SO,lMe
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He Hq

Jep = 5 H2 Joe® 6.5 Hz

1 1 A 1 a
3.5
48p

Hq

Hy Joa: 6.5 Hz

Hg Jpg* 6 Hz Ma

49b

~ o~ o~

*lonq range coupling

500 MHz 'H NMR Spectra (Dz0)

N R e

Since 48b was such a pivotal intermediate in our
projected synthesis, and to our knowledge, represented
the first member of the 2, 7-methano-1H-cyclopentapvrazine
skeleton ever prepared, we resorted to X~ray crystallog-
raphy to obtain unambiguous proof of its structure and
stereochemistry. The results of the X-ray study,
carried out by N. S. Mandel and G. S. Mandel at the

Medical College of Wisconsin,36 were completely

consistent with our spectral analysis (Figure 4).
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Having selectively constructed the desired tricyclic
skeleton, it remained only to eliminate the elements of

water from 48b to arrive at the desired subgoal 21.

Attempted base promoted elimination of the corresponding

37

Cl, Et,N, 95%) met with limited

¢

mesylate §} (CH3SO2 3
success. Treatment of §} with 1,8-diazabicyclo[5.4.0])~-
undec-7-ene (DBU)38 in refluxing toluene led to the
formation of product(s) which appeared to have DBU
incorporated into the tricyclic skeleton. The reaction
of 51 with potassium t-butoxide in dimethyl sulfoxide
afforded a 15% yield of the desired olefin 21, along
with a host of undesired byproducts. Alternatively,
formation of the phenyl selenide (PhSeSePh, NaBH4,

g8o°cC, 97%)39'40

followed by syn elimination of the
corresponding selenoxide4o (3 equiv _t_——BuOOH41 on the
trifluoroacetate salt, 88%) resulted in a high overall

yield of olefin 21 (eq 12).

Me Te
|
N 1) PhSeSePh, NaBH, N
2) TFA, t-BuOOH
" 85% T ]
H H

51 21

~ o~ ~ o~

(12)
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The lH NMR spectrum of the phenyl selenide inter-

mediate revealed that its formation had occurred with

retention of configuration! The coupling patterns are

entirely consistent with the structure and stereochemistry

indicated for 52a, in analogy to that of 45, 48b and 51

~ ~ ~ o~

discussed above. This can be readily appreciated upon

comparison of the 500 MHz lH NMR spectra of 48b and 52a

~ o~ ~ o~ o~

in the region of § 3.3~4.2 displayed in Figure 5. If

Ho
Jae®6.5 Hz

Hﬂ
Jou® 6.5 Hz

Jpe* 5 Hz
Jug? T Hz

" 1 1 L 1 " s "
{CDCly) 40 35 8

500 MHz 'H NMR Spectra

Figure 5

N TR Y
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the reaction had occurred with net inversicn to afford

52b via an SNZ process, molecular models suggest that

28

H, would be strongly coupled to Hc’ Hh and Hi’ Only

d
the latter coupling was noted in the 500 MHz lH NMR

spectrum of the phenyl selenide (J4:=7 Hz), which is

in agreement with isomer 52a. An additional small

~

coupling to H_, of approximately 2 Hz was noted in the

1

d
H NMR spectrum of phenyl selenide 52a. For

~

90 MHz
reasons which remain unclear, this coupling was not
observable at 500 MHz. Decoupling studies were
carried out at 90 MHz in an attempt to determine the
origin of this splitting, but were hampered by the
close proximity of the critical proton signals at this
field strength. However, the evidence tentatively

suggests that H, may be responsible for this coupling.

h
Me Me
/ /
N N
Hp, ‘ H,
H
PhSe N 0 Hy i \ o
H, fe H H, H
d PhSe
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The above observations strongly implicate the
intermediacy of acylaziridine §§ (eq 13),42 which is
formed by the base-promoted cyclization of §%, and then
undergoes a highly regioselective nucleophilic cleavage
by selenophenolate ion to afford 52a with net

40,43:4%  113ced, the failure of the

retention.
direct base-promoted elimination of mesylate 51 may
have resulted from the partitioning of this highly

strained and reactive intermediate (53) into undesired

side pathways.

Me Me Me
| | f
N _ N - N
B PhSe
— —_— - (13)
MsO PhSe
N 0 N 0 N 0
WM Lo
51 53 52Za

~ A
~ o~

These results suggested that mesylate 54a, formed

~

from the undesired seven-membered lactam 49b, might

~ o~

also serve as a precursor for acylaziridine 53 (Scheme
VIII). In this manner, both ring systems could lead

to the same phenyl selenide 52a. However, attempted

~ o~

formation of the mesylate 54a under standard conditions

~ o~

(CH3802C1, EtBN)37 gave instead a mixture of chlorides
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~ o~ o~

55 and 54b in a l:1 ratio. This ratio was noted to

change with time, approaching an equilibrium value of
??:éﬁ? = 3.6:1 after three days at room temperature.
These observations are consistent with facile participa-
tion of the amino-function in the initially formed

mesylate §§§ to afford the aziridinium ion 56. Cleavage

of this aziridinium ion by the more nucleophilic

Scheme VIII

T N N v

Me Me
I I
N N
B e
MsO
N0 * N~ S0
?
Me : H "
| 53 51
X o~
N 0
H
o M h Me
540 X=OMs |e Cl |
“Tb x=Cl N+ N
~1 ~
e
N~ 0
cow ;

56 55

~ o~



-39-

chloride counterion at both possible sites would give
chlorides 55 and 54b. Equilibration of these chlorides

would then occur through the reversible formation and

45-47 Thus, in order

cleavage of aziridinium ion §§.
to further explore the notion that both ring systems
could afford the same acylaziridine intermediate,
parallel studies should be carried out on the mesylates
derived from g% and é§. Here, the benzyloxycarbonyl
group precludes the sort of participation which thwarted
the study described above,

An alternative approach to acylaziridine intermediate

53 might involve the intramolecular nitrene addition

outlined in eguation 14.48 This route awaits experimental
verification.
l}Ae Me
N ;
e (14)
”/H
NTT0 NN
53

Summary. A synthesis of tricyclic lactam 21 was

RN R VRV V) ~

described, in an 18% overall yield (thirteen steps) from
B-lactam 31 (including one recycle of bicyclic nitrile
38) . Intermediate 21 possesses four of the eight

asymmetric centers required for the synthesis of
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naphthyridinomycin A. Three of these four asymmetric
centers were introduced with complete control of

relative stereochemistry.

Me
|
N
/ NH 18%

L\ > /

= N0 13 Steps N 0
H

31 Subgoal
21

IITI. Model Studies on the Amidoalkylation Reaction

P e e A A D AL R e e e S A RS R e A P N e o e P A e e P AT S e P RS A e N e e

EEEE?@EEE%QE' Having developed a viable and
efficient synthesis of tricyclic lactam %%, we next
tackled the problem of attaching %% to the aromatic
nucleus as outlined in equation 15. The amidoalkylation
reaction of (bis-acyl)immonium ion 57 with the function-
alized benzene derivative %g, a reaction-type pioneered
by Ben—Ishai,15 appeared to be an attractive means of

accomplishing this transformation. As noted previously,

we desired to control both the regiochemical and stereo-
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[ R,0,C
k + MeOQ
HIN e R ,N ! +
7t N\Me 7 \Me Me
\ \
- - OMe
21 57 12
l (15)
0R2 COLRy 0
MeO 2
N
/] N\
Me 7y Me
\
MeO

chemical outcome of this reaction. Due to the complexity
of our system in comparison to those reported in the
literature,15 we felt it wise to explore this trans-
formation in a simpler model system where valerolactam
has been substituted for tricyclic lactam %% (egs 16

and 17). In doing this, we have eliminated the stereo-
chemical issue, leaving only the regiochemical issue

to be addressed.
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OR Et0,C o RO COzE'O MeQ  CO,Et
Me C I_§ + MeQ Me ?
a . N (] N 5 r\(‘j
o e ® +
Me Me MeO °
OMe MeO OR
%g §§ 59 60 (16)
(6] 0
+
o)l\.:hé 0 0
0
MeQ MeQ
— h@ (]_7)
Me Me
OMe MeO
61 62

At the outset, we anticipated that little regio-
selectivity would be observed in the bimolecular
alkylation (eq 16) because both positions a and b of
aromatic ring %g)are highly activated for electrophilic
substitution. However, one might expect to exercise some
control over the site reactivity (formation of %% in
preference to QQ) through the variation of R in {% (R =
H-, MeBSi—, R'CO~, metal cation) and the conditions
under which acylimmonium ion ?g is generated (nature
of the counterion, presence of Lewis acids, etc.).

Alternatively, a more certain solution to the regio-
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chemical problem is the intramolecular amidoalkyl-

ation 12,15a,49

of acylimmonium ion §% to afford benzo-
furan-2(3H) -one 62 (eq 17). Here, attachment of the
acylimmonium ion to the aromatic nucleus via an ester
linkage assures the desired regiochemical outcome.

For this reason, the intramolecular approach was
studied initially.

Results and Discussion. We proposed that the
acylimmonium ion 61 could be generated by the selective
ionization of an a-leaving group (X) from a-amido ester
derivative 63 (eq 18). 1In light of the potentially
sensitive nature of the intermediates en route to
naphthyridinomycin A, it was desirable to find the
mildest conditions under which this model intermediate
(§}) would form. The ability of "soft" metal cations50
[Ag(I), Hg(II), Cu(I), TL(III)] to promote the
ionization of sulfides51 and halides52 in a mild and
chemoselective manner led to the selection of sulfide
63a and choride 63b as model substrates. In addition,

~ o~ ~

acetate 63c was selected on the basis of its projected

v~

ease of preparation and stability.
The synthesis of sulfide 63a from valerolactam

(64) was accomplished in a 47% overall yield (four steps)

as outlined in Scheme IX. The hydroxyl group of the
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Scheme IX
Et02C
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valerolactam—-ethyl glyoxalate adduct §§ was exchanged
for the i-propylthio group, according to the procedure
of Ben—Ishai,53 to give the sulfide 66 (61% overall
from 64). Saponification of the ethyl ester to afford
carboxylic acid 67 (87%), followed by esterifications4
with phenol 19a (89%), readily provided the desired
sulfide-ester 63a. The corresponding chloride (63b)
and acetate (63c) were prepared according to Scheme X.
Crotonate 68, readily prepared from phenol 19%a and E-

~~ o~

crotonic acid (91%),54 was ozonized at -78°C in
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Scheme X
0 (o}
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0
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Me Me
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methanol followed by a dimethyl sulfide workup55 to

give phenyl glyoxalate-methanol adduct 69. Intermediate

69 was found to be somewhat unstable, decomposing

~

gradually at room temperature to afford phencl 19a.

~ o~

Thus, 69 was generally used directly, without separation
from the dimethyl sulfoxide co-product, in the subsequent
reaction with valerolactam (64) to afford the glyoxalate

adduct 634 (70-78%). Alcohol 63d could then be converted

~ ~

to chloride 63b and acetate 63c, employing standard

~ o~

procedures. Interestingly, an attempt to prepare

mesylate 63e by treatment of 63d with methanesulfonyl

~m A

chloride and triethylamine37 at 0°C gave instead the

chloride 63b as the major product.

~ o~

The cyclization of i-propylsulfide 63a (eq 18) was

~ o~

initially examined employing copper (I) trifluoromethane-
sulfonate~-benzene complex [(CuOSOZCFB)z-C6H6},56 a

reagent which has been shown to be a potent thio-

51£-k,56b 1. reaction of 63a with excess copper (I)

P

phile.
trifluoromethanesulfonate in benzene was slow at room
temperature, but heating to 75°C gave the desired
lactone Q% in 60% yield. The addition of hindered
amine bases (ethyldiisopropylamine, 2,6-lutidine) in
order to neutralize the trifluoromethanesulfonic acid

which is generated, resulted in the isolation of



-48-

uncharacterized byproducts in addition to unreacted

starting material (63a) and only a trace of lactone 62.

o~ ~n

Mercury(II) reagents were found to be more reactive

thiophiles for the formation of acylimmonium ion 61 from

o~

sulfide 63a (eq 18). The reaction of 63a with mercury (II)

~ ~ o~

trifluoroacetate57 in benzene at room temperature
resulted in the rapid consumption of starting material

and afforded alcohol 63d upon workup with aqueous

~

sodium bicarbonate. It was presumed that the formation

of alcohol 63d occurred via hydrolysis of the inter-

~ e~

mediate trifluoroacetate 63f during the workup procedure.

Heating the reaction mixture to 80°C prior to the
bicarbonate gquench did not yield lactone §g. The

above experiment suggested that a mercury(II) salt with
a less nucleophilic counterion was required. Thus,
mercury (II) trifluoromethanesulfonate58 (Zg) was easily
prepared via the reaction of mercury(II) oxide with
trifluoromethanesulfonic anhydride. Mercury(II)
trifluoromethanesulfonate was initially obtained as

an acetonitrile solvate [Hg(OSOZCF3)2-(CHECN)1.74 by

lH NMR]. The reaction of this solvate with sulfide

o~

63a at room temperature gave, in addition to lactone

62 (41%3), the Ritter product 63g (30%) (eg 18).

~n

However, the acetonitrile-free salt, obtained upon
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drying the solvate at 110°C under vacuum, cleanly
afforded lactone QE in 80% yield upon reaction with
sulfide ?%S' In this and related amidoalkylation
reactions, adventitious moisture has a deleterious
effect, leading to the formation of dimeric byproducts
of the structure Z} (mixture of two diastereomers).

Ar0,C COLAr
0

N 0 N

Ar = 2,4-dimethoxy—3—methylphenyl

71

Although we have not yet initiated a general study
on mercury (II) trifluoromethanesulfonate as a thiophilic
agent, our initial observations indicate that it is
considerably more potent than copper (I) trifluoro-
methanesulfonate in this capacity. Furthermore,
mercury (II) trifluoromethanesulfonate possesses the
additional advantages of being air stable and only
moderately hydroscopic.

Conceivably, the cyclizations described above
could have been promoted to a certain degree by the

trifluoromethanesulfonic acid liberated during the
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course of the reaction. With regard to this point, no

reaction occurred upon treatment of sulfide 63a with

~ o~

one equivalent of trifluoromethanesulfonic acid in
benzene at room temperature. Heating this reaction
mixture to 80°C resulted in the partial conversion of

63a to phenol 19a, with only a trace of lactone 62

~ ~ o~ ~

being formed as indicated by thin-layer chromatography.
The model lactone 62 could also be prepared by

the treatment of chloride 63b with either silver (I)

~ A

trifluoromethanesulfonate59 or tin tetrachloride at
room temperature (80% and 66%, respectively, from

63d) (eq 18). Interestingly, the recaction of chloride

~ e

63b with silver(I) E—toluenesulfonate6o at room

~

temperature gave a mixture of alcohol é%? and dimeric
ethers Z} after an agqueous quench. However, heating
this reaction mixture to 80°C prior to the agqueous
quench resulted in the clean formation of lactone §%.
This observation implicates the intermediacy of the
covalent tosylate gég,which is relatively stable towards
ionization at room temperature. In contrast, apparently
spontaneous cyclization occurs in the case of the tri-
fluoromethanesulfonate counterion. This qualitatively

establishes tosylate as the lower limit in leaving

group ability for the facile generation of acylimmonium
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ion 61l. The following compilation of relative rates

for departing groups in a typical SNl reaction helps to

put these results into perspective; CF3SO3— : C7H7SO3—

Cl- = 2 x lOlO i 2 x 105 : 1.61

Finally, the reaction of acetate 63c with Lewis

~ o~

and protic acids afforded lactone 62 with varying

~

degrees of success. In the most efficient procedure,

heating acetate 63c and boron trifluoride etherate in

~ o~

benzene at 60°C gave lactone 62 in 58% yield (eg 18).
The spectral properties of the product isolated
from these cyclization reactions are entirely consistent

with the structure 62. Especially characteristic of

the benzofuran-2(3g)—one ring system is the high

carbonyl stretching frequency at 1812 cn 1.2 The

acidic proton at the 3-position, which occurs as a

broad resonance at § 6.09 in the lH NMR, can be cleanly

exchanged with deuterium simply by shaking a chloroform-

d solution of 62 with sodium hydroxide-d in deuterium

o~

oxide for 15 min at room temperature.
0
0
MeO 3

0

Me (
MeO

62

~
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Due to the limited degree of success achieved
upon application of the intramolecular amidoalkylation
to intermediates en route to naphthyridinomycin A
(see part IV of this report), we chose to explore the
corresponding intermolecular approach. The viability
of the intermolecular amidoalkylation was quickly
demonstrated. Treatment of the valerolactam-glyoxalate
adduct §§ with thionyl chloride gave the acylimmonium
ion precursor, chloride zg (99%) . The reaction of
chloride zg with p-dimethoxybenzene and tin tetrachloride

at room temperature afforded the arylated product 73

in 86% yield (eqg 19). Subsequently, the more complex
MeO E'O:Ck o MeO  COLEt o
+ x N SnCi, N
86% (19)
MeO MeO
65, X=OH 73
72, X-=ci ~

reaction of chloride 72 with phenol derivatives 19a and

~~

19b in the presence of Lewis acids was studied in some
detail (eq 20). The results of this study are presented
in Table 2.

Under all conditions examined (Table 2), a mixture
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of regioisomers 59a and 60a was obtained, in ratios

~ o~ ~ o~ o~

ranging from 7.5:1 to 0.17:1, respectively. Furthermore,

small amounts (<10%) of the O-alkylated product 74

~ o~

were typically formed, except in the cases of Entries

E and F where 74 was the major product. The crude

~ o~

reaction mixtures derived from silyl ether 19b contained
only minor amounts of silyl ether products (presumably
59b and/or 60b) in addition to the major products,

~ o ~ o~

phenols §%§ and gq%. Thus, de-silylation has occurred
to a significant extent at some point during the
reaction. In the one experiment for which the silyl
ether products were isolated by chromatography, only
isomer 60b was obtained as evidenced’by conversion to

phenol 60a (CH3OH, EtBN). In general, the crude

~ o~

reaction mixtures derived from silyl ether %%é were
treated with triethylamine in methanol to convert all
silyl ethers into the corresponding phenols prior to
determining the isomer distribution.

The regioselectivity observed in the intramolecular
amidoalkylation reaction (Table 2) is not subject to
any simple generalizations. However, there are certain
points which warrant further discussion. It seems

likely that silver(I) trifluoromethanesulfonate (Entries

E and J) specifically assists in the ionization of the



-56-

chloride leaving group without interacting with the
aromatic moiety. Thus, the regioisomer distribution
observed with silver (I} trifluoromethanesulfonate is
interpreted as being determined by the innate site
reactivity of the unaltered aromatic nuclei %gg and %g?.
On the other hand, with Lewis acids which are capable

of coordinating to the oxygen substituents on the
aromatic ring (e.g. TiCl4, BFB'EtZO, SnCl4) the situation

becomes more complex. At the outset of our studies on

the intermolecular amidoalkylation reaction, we hoped to

Scheme XI
OR 0SnClz COzEt o
MeO MeQ /J\\
+ SaCl, —L + C7T N
Me Me
OMe OMe
19¢ R=H- 19¢ 72
b R=MesSi- ~3s L
HO  COzEt 0SaCl, E102C o
0]
MeO MeO k +
N - . =N
Me Me
MeO OMe

59a 194 58

~ o~ ~ o~ [V
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achieve high regioselectivity through the projected
reaction sequence illustrated in Scheme XI. Exchange
of the Lewis acid (illustrated for SnCl4) for the R
group of phenol derivative %g would provide stannyl
ether 19c¢, which could then assist in the ionization

~ o~

of chloride 72 to afford ion-pair 194,58. Carbon-carbon

-~

formation within this ion pair was proposed to occur
with high selectivity for the desired isomer, 5%a.
This scenario is complicated by the possibility of the
direct reaction of such Lewis acid coordinated species
as 19c, Z§ and zg, as well as uncoordinated 19a,b,

~ o~~~ ~ v

with acylimmonium ion 58.

0SnCly ClaSn~qR 0

R
/
MeO MeQ MeO
Me Me Me
OMe OMe MeO.
\SnCl4
19¢ 75 76

~a o~ ~

The results in Table 2 indicate that the sequence
outlined in Scheme XI is not operating exclusively
under the conditions examined. The reaction of phenol

19a and chloride 72 with tin tetrachloride (Entries A

~
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and B) gave nearly the same isomer ratio (5%9a:60a ~ 2.6:1)

~ e e

as with silver(I) trifluoromethanesulfonate (Entry E).

In contrast, the reaction of silyl ether 19b and

~ o

chloride 72 is more selective for the desired regio-

isomer 5%9a with tin tetrachloride than with silver (I)

~

trifluoromethanesulfonate. In the case of tin tetra-

chloride and 19b, the isomer ratio was found to be

~ o~ o~

dependent on the exact reaction conditions (Entries G,

H, I; optimum ratio of 59a:60a = 2.0:1). The highest

~—~ e e

regioselectivity among the C-alkvlated products (5%a:60a =

~ s e A

7.5:1) was achieved when the amidoalkylation of phenol

19a was performed in the presence of ethyldiisopropyl-

~ A~

amine (1.13 equiv) and tin tetrachloride (2.20 equiv)
(Entry F). Perhaps, the removal of hydrochloric acid
by the amine base promcted the formation of stannyl

ether 19¢ (eq 21), which could then participate in the

~ e~

reaction sequence outlined in Scheme XI as described
previously. Unfortunately, a high level of O-~alkylation

(46%) was observed in this reaction.

OH 0SnCl4
MeO MeO
+
+ 2 38nCly + RN ——— + RyNH  snClg (21)
Me Me
OMe OMe
19a 19¢

~ o~ :
~ ~
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Potentially, the C-alkylated products 5%a and 60a

o e ~ e~ o~

could have resulted from the kinetic formation and
subsequent acid catalyzed rearrangement of aryl ether
z%. In the case of the tin tetrachloride promoted
reactions, the appropriate control experiment indicated
the unlikelihood of the above proposal, Thus, the
rearrangement of aryl ether Z% was found to be slow
under conditions which rapidly led to the formation of

C-alkylated products 5%a and 60a from chloride 72 and

phencl derivatives 19a,b (SnCl4, 0°C). This rearrange-

~ s

ment required over four hours at room temperature to

go to completion, affording 59a and 60a in a 4.4:1

~ -~ e~ o~

ratio (eq 22). Lactone 62 was formed in minor amounts

in this reaction and was converted to 59%9a (EtOH, Et N)

o~

prior to isomer ratio determination.

COE1 | COaEt cozsr

A "
MeO
SnC!
MeO CHZClg , 25° Me

Me

OMe 74 59a Ratio = 4.4 60a

~ ~ o~ ~~ o~

(22)
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The structural assignments for regioisomers 59a

~

and 60a were founded on firm chemical and spectral

~ o~~~

evidence. The preparation of an authentic sample of

isomer §g§ by opening lactone gg with ethanol (EtOH,

Et;3N, 25°C) allowed the unequivocable distinction

between the two regioisomers obtained in the bimolecular

amidoalkylation reaction.

Furthermore, the chemical

shifts and multiplicities of the aromatic signals in the

13

C NMR spectra of isomers 59a and 6Q0a are consistent

o~~~ e

with predictions based upon the corresponding spectrum

of phenol 1%a (Table 3).63

~ 0
MeO MeO Me
0 (] N b N
b b Q
Me Me MeO
OMe MeO OH
192 592 60a
Table 3. 13C NMR Spectral Data for Compounds 19a, 59a
~~~~~~~ and 60a (CDClB). T
Chemical Shift, ppm (Multiplicity)
Compound Carbon-a Carbon-b
19%a 112.1(4) 106.9 (d)
59%a 117.5(s) 107.9(4)
o *
60a 114.2(4) 122.8(s) or 125.0(s)

~ o~

*

could not be made.

A distinction between these two possible assignments
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Summary and Conclusfons. The viability of both
the intra- and intermolecular amidoalkylation reaction
for the attachment of the aromatic nucleus to tricyclic
lactam g} was demonstrated in a model system. As
anticipated, the intermolecular reaction afforded a
mixture of regioisomers. The isomer distribution was
found to be dependent on the aromatic substrate and the
Lewis acid, as well as other factors. Alternatively,

the intramolecular reaction provided a successful

solution to the regiochemical problem.

Iv. The Construction of Pentacyclic Intermediate 93

DN S B O NSRS DS s Bl NS B e s PR S e e N O o e N N TN N N N R T P T T T e R S B g e TSmO R

§§§E%E§~§§§~Q%§gg§§%9§. Encouraged by our successful

model studies on the amidoalkylation reaction, we next
tackled the coupling of tricyclic lactam 21 to the
aromatic nucleus ({2) employing the methodologies which

we had developed during the course of those earlier
studies. We gleaned from the model chemistry that the
intramolecular approach was required in order to control
the regiochemical outcome of this reaction. Along these

lines, lactam 21 was caused to react with glyoxalate-

methanol adduct 69 to afford glyoxalate-lactam adduct
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ZZ% in 56% yield [2,2:1 mixture of isomers at C(9),
naphthyridinomycin A numbering] (Scheme XII). Several
aspects of this transformation deserve comment. In
contrast to the corresponding model reaction, the crude
glyoxalate-methanol adduct §% was purified by flash
chromatography64 prior to reaction with lactam %%. This
procedure was followed in order to remove the dimethyl
sulfoxide coproduct which could not be readily separated
from 77a after the subsequent step. Furthermore, excess §g

~

had to be employed due to its decomposition to phenol 19a,

~

a side reaction which competes with the formation of ZZ§.
Qualitatively, decomposition in this manner occurs more
rapidly in the reactibn of §% with tricyclic lactam a{
than with valerolactam (g{), suggesting that this side
reaction may be catalyzed by the basic amine of %{.
Adduct 77a was found to be somewhat unstable itself,
decomposing gradually at room temperature and more
rapidly upon (unnecessarily) prolonged exposure to
silica gel during purification. These factors, in
addition to the difficult chromatography required to
separate adduct ZZ? from the excess §% and phenol %%g,
may be responsible for the only modest efficiency of

this procedure.

Treatment of 77a with thionyl chloride gave the

~ o~
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corresponding chloride 77b as its hydrochloride salt.

~ o~

It was anticipated that the basic amine of 77b would
have to be protected as its salt for the subsequent
amidoalkylation reaction, so that it would not
intercept the intermediate acylimmonium ion. Thus,
although the free amine (ZZQ) could be isolated via
neutralization of the salt with aqueous sodium carbonate,
the hydrochloride was generally used directly in the
next step.

The reaction of the hydrochloride of 77b with

excess silver(I) trifluoromethanesulfonate59 (CHZClZ’
25°C) provided lactone Z§ in 58% yield (overall from
Zz§) as a ~1.5:1 mixture of diastereomers at position 9.
Similar to that observed for model lactone Qg, the
infrared spectrum of Z§ possessed a carbonyl stretching
vibration at 1810 cm--l which is characteristic of the
benzofuran-2(3H) ~-one ring system.62 The formation of
uncyclized by-products in this reaction, which most
likely result from trapping the intermediate acyl-
immonium ion with water, could be minimized by the
rigorous exclusion of adventitious moisture. The
reactive lactone ring of Z§ could be cleaved by heating

a methanol solution of this substance to reflux,

affording a 1:1 mixture of iscmeric esters 18 and 79.
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Considering the unsatisfactory overall yield of lac-
tone 78 obtained via the intramolecular amidoalkylation
sequence, we decided to investigate the intermolecular
approach. Our model studies suggested that the regio-
selectivity of the reaction with respect to the aromatic
ring would be lower than desired; however, we hoped
that a higher overall yield would more than compensate
for this disadvantage. The results of this study are
outlined in Scheme XIII.

The reaction of methyl glyoxalate with lactam 21

~ o~

afforded the adduct 80a in 96% yield [2:1 mixture of

~ e

diastereomers at C(9)]. This transformation was accomplished
employing "free" (ie. non-polymerized and non-hydrated)
methyl glyoxalate,65 which was obtained by redistilling
once - distilled material from phosphorous pentoxide and
collecting the distillate at -78°C. In this manner,

samples containing up to 95% "free" cglyoxalate (estimated

by lH NMR) could be obtained. Treatment of glyoxalate

adduct 80a with thionyl chloride followed by neutraliza-

~ o~ o~

tion with aqueous sodium carbonate gave chloride 80b

-~~~

[1:1 mixture of diastereomers at C(9)] as the free base
in near quantitative yield. 1In the crucial step, the

reaction of chloride 80b with tin tetrachloride (2.6

~ o~~~

equiv) and phenol 19a (1.3 equiv) resulted in a mixture

~ e
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Scheme XIII

T e e R

OH

1) CHOCO,Me OMe
fanl +
2) socl,

Me

OMe

21 a X:=O0H (96%) 19a

b X=ClI
SnCi,

MeO MeO
+
Me Me
18 (56 %) (10%) Zg

PP

MeO

Me
MeO %%
(%)
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of alkylated products (CH,C1,, 25°C, 40 h). The
separation of this mixture was accomplished with difficulty
by medium pressure liquid chromatography, affording C-
alkylated products 18 and 79 in 56% and 10% yields, respec-
tively, and O-alkylated product 81 [3:1 mixture of dias-
tereomers at C(9)] in 11% yield (overall from glyoxalate
adduct 80a). 1In addition, a 5% yield of the methoxy com-
pound 80¢ (X = OCH;) was isolated [1.2:1 mixture of dias-
tereomers at C(9)], resulting from the reaction of recovered
chloride 80b with the methanol in the column eluent.
More conveniently, pure desired isomer 18 was obtained
in a 48% yield (overall from 21) by direct crystallization
from the crude reaction mixture upon the addition of
ether.

Without the appropriate authentic samples, we could
not accurately determine the extent to which the

undesired regioisomers 82 and 83 were formed in this

Me

MeO
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reaction, if at all. However, since gg and §§ have
escaped detection, we estimate that they comprise less
than 5% of the crude product. Thus, the intermolecular
amidoalkylation reaction has occurred with a level of
regio- and stereoselectivity that was not anticipated.
The regiochemical assignments indicated in structures
%g and zg for the intermolecular amidoalkylation products
were initially based upon their 13C NMR spectra. The
chemical shifts for aromatic carbons a and E (Scheme
XIII) of {% occur at 117.0 ppm and 107.7 ppm,
respectively, and those of zg occur at 117.3 ppm and
107.8 ppm, respectively. Upon comparison with the
l3C NMR spectra of model compounds §g§ and §9§ (refer
to Table 3), these spectral data strongly suggest that
both isomers {g and zg possess the desired regio-
chemistry. 1In addition, the following chemical correla-
tions further support the structural relationship
between {%, Zg and lactone Z§: (1) Each of the inter-
molecular amidoalkylation products (%g and zg) were
identical to one of the two isomeric methyl esters which
formed upon the cleavage of lactone Z§ with methanol.
(2) Heating a chloroform-d solution of major isomer %?

and triethylamine to reflux in a Soxhlet apparatus

o
charged with 4A sieves resulted in the slow formation
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of lactone Z? as a mixture of isomers at position 9,
without significant equilibration of 18 to 79. (It is
assumed that the mixture at position 9 obtained in the
lactone product was generated after lactonization had
occurred). (3) Treatment of }? with sodium methoxide in

methanol at 0°C rapidly established a 1.6:1 ratio of

79:18, in addition to a trace of lactone 78. This is

o e

considered to be the equilibrium mixture.

The assignment of the desired stereochemistry at
position 9 indicated in structure 18 to the major
product of the intermolecular reaction was based upon
spectral and X-ray studies on later intermediates
(vide infra).

As noted above, the relatively high degree of regio-
and stereoselectivity observed in the intermolecular
amidoalkylation reaction was unexpected. Although an
explanation for the selectivity is not readily apparent,
several aspects of this transformation warrant brief
discussion.

With regard to the regiochemical issue, the results
of two highly relevant model experiments are reproduced
in equation 23. 1In contrast to the corresponding
reaction of chloride 80b, the tin tetrachloride promoted

~

reaction of model chloride 72 with phenol 19a was only

o~~~
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slightly regioselective (reaction A, eqg 23). The
presence of the basic nitrogen in chloride 80b appeared
to be the only obvious structural difference between
chlorides 72 and gggvthat could have caused this
difference in selectivity. Thus, the amidoalkylation
reaction of 72 was performed in the presence of ethyl-

diisopropylamine (reaction B, egq 23) in order to more

closely mimic the reaction of 80b. Indeed, this pro-

~ o~

co
/LzE!O OH OH COZE'O OMe COZE'O
MeO
o N e CH,C1, MeO N Me N
* 0°C "
Me Me
1h MeQ
OMs OMe - OH
22 19a 59a
COzEt
P
MeQ
+
Me
OMe
74
Yield (%)

Reaction Conditions 59a:60a 59a+60a

A SnCl, (1.4 equiv) 2.5:1 79

? SnCl4 (2.2 equiv), 7.5:1 37

Et(ifPr)zN (1.1 equiv)



-71~-

cedure resulted in enhanced regioselectivity (§%§:§9§ =
7.5:1) and a possible explanation for this effect has
been discussed above (see pPart III of this report).
However, the major product of this model experiment

was aryl ether z%, the result of O-alkylation. It
therefore became of interest to probe the stereochemical
outcome of the rearrangement of aryl ether §%.
Treatment of aryl ether §} with excess tin tetra-
chloride (CH2C12,
to the corresponding C=alkylated products (eg 24).

25°C) resulted in partial conversion

Chromatographic separation of the crude product gave a
86:14 mixture of %§:Zg (29% combined yield) in addition
to recovered 81 (40%)?3 No evidence for the formation

of regioisomers §g and 83 was observed. The isomer
distribution obtained in this experiment is very similar
to that obtained in the tin tetrachloride promoted

reaction of chloride 80b and phenol 1%a (18:79 = 85:15).

o~ A ~n o~ ~ o~

Thus, it is possible that aryl ether 81 is an intermediate

in the amidoalkylation reaction outlined in Scheme XIII.

OH COzMe OH Cone
0 )
MeO
.’.
Me
Me 81
MeO ~~ J;?

Ratio

]

86:14
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Concerning the stereochemical outcome of the inter-
molecular amidoalkylation reaction at position 9, two
independent issues must be considered (Scheme XIV):
the stereochemistry of the acylimmonium ion intermediate
(E'%Q versus E—%Q) and the diastereoface selectivity
for attack of the aromatic ring on the acylimmonium ion
(a- versus B-attack). According to this analysis, the
major isomer 18 results from g-attack on E-20,
o—attack on E-%Q,or a combination of both of these
modes. There are two factors which may significantly
effect the outcome of these two independent stereo-
chemical issues: (1) Chelation of the Lewis acid
between the ester and the amide carbonyl groups of
acylimmonium ion precursor §9§, as illustrated in
structure %é, would encourage the formation of _Z_—%Q
(2) The state of the basic nitrogen of gg may strongly
influence the diastereoface selectivity of nucleophilic
additions to this electrophile. The amino group of
39 is presumed to exist in gquaternary form under the
reaction conditions, being either protonated (bearing
an SnClS— counterion) or coordinated directly to tin
tetrachloride. 1In effect, this serves to add another
chiral center to the intermediate. If the stereo-

chemistry at the tetrahedral nitrogen is as illustrated
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in structure 85, molecular models suggest that the N-
methyl group should deter B—-attack. In the case of the
alternative stereochemical possibility illustrated in
structure §§, the extent of steric shielding of B -attack
will depend on the effective size of the Z group, a
factor which is difficult to estimate. In conclusion,
firm predictions as to the favored geometry of 20 or
the facial bias for nucleophilic addition to this
acylimmonium ion cannot be made without additional
experimental data. However, if the two effects
discussed above are operating, the favored reaction
course should involve o-attack on zfgg, leading to the

observed major product, 18.

Me z Me
N Nt N+
-~ X0 éi:fi;:ii§ / Z\jEL
x_N \ NS © NSO
N _O,SnCl‘ /lk )k
‘? R' RZ R| RZ
84 OMe 85 56
X,Y:H,Cl R|1R2=H.C02Me

Z=SnClgy or H,SnClg~
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Having coupled the aromatic nucleus and tricyclic
lactam %E in a stereoselective manner, our attention
turned to the construction of the 13a-13b carbon-carbon
bond (naphthyridinomycin A numbering). This trans-
formation would involve two stages: oxidative cleavage
of the 3a-13b double bond of 18 (eq 25) to afford the
aforementioned dialdehyde equivalent, and then bond
formation between positions 13a and 13b via a Friedel-
Crafts cyclization. Before proceeding in this direction,
phenol 18 was protected as its benzoate ester (87)
employing standard conditions (PhCOCl, pyridine, 98%).
The hydrochloride salt of §z was ozonized in methanol
at -78°C emplbying Sudan III as an indicator,66 followed
by reductive cleavage of the peroxide intermediates

(H,, 5% pd-C).°’

As anticipated, this procedure did not
afford a dialdehyde. Instead, the product was a

mixture of regicisomeric cyclic hemiacetals 88 and 89.
This consequence was highly desirable, in that the
stable nature of the tetrahydropyran ring serves to
protect the latent dialdehyde from potentially
destructive side reactions in the subsequent steps

(ie. isomerization at the g-centers, B-elimination,

retro-Mannich fragmentation, aldol condensation) while

still permitting the Friedel-Crafts cyclization to
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1) HCi
2) Oy, MeOH

3) He, Pd-C

88 @ X=H, Y=0H
b X=0H, Y=H

+ (25)

occur via an oxonium ion68 at position 13b (vide infra).

The major component of this mixture of tetra-

hydropyranols (as judged by lH NMR and TLC) could be

isolated in up to 70% yield by chromatography and was
shown to be a mixture of 88a and 88b (88b;:;88a ~ 1.3:1

by lH NMR}.69 The regiochemical assignment indicated
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A A A

formations, and the stereochemical assignment indicated
at position 3a (axial OMe) was based upon spectral and
X-ray studies on later intermediates. In addition to
§§§L§,lesser amounts (~18%) of the regiocisomeric
tetrahydropyranol §g were isolated as a mixture of two
stereocisomers (lH NMR). The regiochemical assignment
indicated in structure §g was based upon the occurrence
of the anomeric (13b) methoxyl groups at an anomalously
high field position in the lH NMR spectrum of this
mixture (§2.98, isomer A; §3.01, isomer B). This
phenomenon is most readily explained by through-space
shielding of these methoxyl groups by the neighboring
aromatic ring.72 Further characterization of gg was

hampered by the relatively small amounts in which it

was isolated.

In an attempt to effect the direct Friedel-Crafts
this isomeric mixture was treated with excess tin
tetrachloride in dichloromethane at room temperature
(Scheme XV). Under these reaction conditions, partial
conversion to a new product occurred, which was
separated from unreacted 88a,b by medium pressure liquid

~ o~

chromatography. The spectral data obtained for this
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substance indicated that it was lactone 90, not the

desired 92. We assumed that lactone 90 had formed

~ o~

via the intramolecular acylation of the 13b-hydroxy group
of 88a by the 9-methoxycarbonyl group. Indeed, slow
lactonization to form 90 with the concomitant release

of methanol resulted when a sample of 88a,b was allowed

~ ey

to stand in chloroform-d solution at room temperature
in the absence of added catalysts.

The structure proof for lactone 90 rests on firm

~

spectral evidence. Specifically, the presence of a

singlet at §6.93 in the lH NMR spectra and a resonance

at 108.5 ppm in the l3C NMR spectra clearly demonstrated

that the aromatic ring still possessed an unsubstituted

carbon [C(13a)], thereby disqualifying structure 92.

~

In addition, the resonances at 101.7 ppm and 91.4 ppm

13

observed in the C NMR spectra of 90 are consistent

~

with the two acetal-type carbons at positions 3a and

73,74

13b, respectively. The assignment of the stereo-

chemistry at position 13b indicated in structure 90
follows the conclusion that the alternative stere;:
chemistry would require the tetrahydropyran ring to
exist in the highly strained boat conformation.

In light of these results, it was concluded that

the conversion of the 13b-hydroxyl group of 88a,b to a
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more reactive leaving group was required to both
facilitate the desired Friedel-Crafts cyclization and
eliminate lactonization as a side reaction. Following
this logic, tetrahydropyranols 88a,b were treated with

~ s o~

hexamethylphosphorous triamide and carbon tetrachloride75

(CHZCl ~78°C to 25°C) to afford a mixture of pyranosyl

X
chloride 91 and hexamethylphosphoric triamide (Scheme
XV). The lH NMR spectrum of this mixture revealed that
the chloride was predominantly (>90%) a single isomer.
This observation is consistent with hypothesis that

88a and 88b are isomeric at position 13b. The axial

~ ~ o~

stereochemistry depicted in structure 91 was assigned

on the basis of the large anomeric effect (~2.7 kcal/
mol) which is characteristic of pyranosyl chlorides.76’77
The crude chloride g} was not purified, but was
treated directly with excess tin tetrachloride in
dichloromethane (-78°C to 0°C) to effect the Friedel-
Crafts cyclization (Scheme XV). This procedure afforded
the desired pentacycle 92 as the major product, pre-
sumably via an intermediate oxonium ion at position
13b. It was assumed that the stereochemistry at the
newly formed center (13b) is as depicted in structure

92 because the transition state leading to the alternate

stereochemistry is highly strained. In order to avoid



-81-

the material losses generally incurred during the
chromatographic purification of tetrahydropyranols
ggéig, the entire reaction sequence from olefin §Z was
performed without purification at the intermediate
stages to affordpentacycle%g in 42% overall yield
(three steps).

Most of the spectral data accumulated for the
product of this Friedel-Crafts cyclization were con-
sistent with the proposed structure gg. Accordingly,
the lH NMR spectrum no longer contained an aromatic

proton resonance. The 13

C NMR spectrum contained

only one acetal-type carbon resonance (101.2 ppm),

and the signal for the aromatic carbon (13a) which
underwent substitution was shifted considerably
downfield (15-20 ppm). There was, however, one
singularly disturbing aspect of the lH NMR spectra of
gg recorded at 34°C in chloroform-d; that is, only
three sharp methoxyl signals of comparable intensity
were evident, even though the integration of the
methoxyl containing region (§3.2-4.0) was consistent
with the presence of the required four methoxyl groups.
Furthermore, the proton o~ to the methoxycarbonyl group

(Hi) appeared as an unusually broad signal. By means

of a variable-temperature lH NMR study, we were able to
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demonstrate that these unusual spectral properties

were the result of some time-dependent phenomenon.7

The highlights of this experiment are illustrated in
Figure 6 for the §3.0-6.0 region. At +60°C in toluene-
98' four sharp methoxyl signals (labeled A, B, C, D) and

three reasonably sharp methine signals (Hd’ H, and Hi)

h

Hu
o]
9 .7 Cone
OMe 2%
1

were observed in the 90 MHz "H NMR spectra of gg
(Figure €-a). Upon cooling to +25°C, methoxyl A and
methines Hd’ Hh and Hi broadened considerably (Figure
6-b). Further cooling to -20°C caused the separation

of methoxyl A and methines H H,_ and Hi into two

d’" "h

resonances each, indicating that the sample temperature
was below the coalescence point of these signals
(Figure 6-c).

We propose that this temperature-dependent effect

is a result of hindered rotation about one or more of
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the single bonds of 82,78 and suggest that the benzoate
ester may be intimately involved. Selective hydrolysis
of the benzoate group of gg was effected without
disturbing the 9-methoxycarbonyl group, affording the

corresponding phenol, 93, in 84% yield (NaOH, H,O,

2

CH,OH, THF, 25°C) (eq 26). The lH NMR spectrum of

3
phenol 93 recorded at 34°C in chloroform-d did not
exhibit the broadened resonances which are characteristic

of benzoate 92. TUpon examination of molecular models,

we concluded that hindered rotation is possible about

HO  CO,Me

0

MeO MeO
NaOH (26)
Me 84% Me Me
92 OMe 93 OMe

~ ~ o~

both the C(10)-0 and C(9)-CO.Me bonds of 92. The

2
benzoate group is directly involved in the former
rotation, and serves as a steric barrier with respect
to the latter rotation.

In order to determine the relative stereochemistry
at the 9- and 3a-positions, a nuclear Overhauser

79,80

enhancement study of phencl 93 was performed
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using the NOE difference technique80 at 500 MHz.

The results of this study are collected in Table 4.

The 500 MHz lH NMR spectrum of 93 was assigned via

analysis of chemical shift data and coupling patterns

Me

Table 4. Nuclear Overhauser Enhancement Study of
~~~~~~~ Phenol 932 (500 MHz).

Proton Irradiated Proton Enhanced
H, H_, H.
i c j
H  (3a-OMe)2 H., H,, NMe, (H )2
c i’ Ta’ ’ h
Hh Hf, BE , 3a-OMe

ECDClg solution. EPartial irradiation of 3a-OMe
could not be avoided in this experiment, and is

most likely directly responsible for the enhancement
of Hh.
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(see Table 9 for detailed spectral data). Irradiation
of H resulted in an enhanced signal for Hc’ and vice
versa. This observation strongly suggests that Hi

and H, have a syn relationship as depicted in
structure 93 and prior intermediates, which
corresponds to the desired configuration at position
9. Irradiation of Hh resulted in an enhanced

signal for H strongly suggesting that H, and

£’ h
Hf have a syn relationship as depicted in structure
93 and prior intermediates.

Although our spectral evidence was quite convincing,
we desired unequivocable proof of the overall structure
and stereochemistry of these advanced intermediates.
For this reason, a single crystal X-ray diffraction
study of benzoate gg was performed. Suitable crystals
were obtained by the vapor diffusion of ether into a
solution of 92 in benzene. The results of the X-ray
study, carried out by N. S. Mandel and G. S. Mandel at
the Medical College of Wisconsin,36 are presented in
Figure 7. The crystal structure of ?% is identical to

the structure deduced on the basis of spectral and

chemical evidence.
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§ETT§EZ~§§§~§9§E%E§EQE§' The research described
in this report has culminated in the preparation of
phenol 93, an advanced intermediate en route to
naphthyridinomycin A. Phenol %% has been prepared
in eight steps (18% overall yield) from tricyclic
lactam g% (Scheme XVTI). A gratifying level of stereo-
control at position 9 has been achieved via an inter-
molecular amidoalkylation reaction.

In the course of our synthesis of %g, we have
constructed all of the carbon-carbon bonds required
for the preparation of naphthyridinomycin A. Furthermore,
this intermediate possesses the correct relative stereo-
chemistry and appropriate functionality for its ultimate
conversion to the target structure.

There are four remaining traﬁsformations which
must be accomplished in order to complete the total
synthesis (Scheﬁe XVI): (1) reduction of the 9-methoxy-
carbonyl group; (2) controlled reduction of the
lactam carbonyl group [C(7)]; (3) oxidation of the
aromatic nucleus; and (4) introduction of the fipal
oxazolidine ring via the methodologies previously dis-
cussed (ec 3 and Scheme III)., It is hoped that with
the aid of the research described herein, the total
synthesis of the complex antibiotic naphthyridinomycin

A will be accomplished in the near future.
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Scheme Xv1
Summary
| OH COzMe(J
MeO MeO
———
Me Me
1
OMe ”

93

~ o~

Naphthyridinomycin A

8 steps | I18%

Average yield per step: 85%
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[
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~
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V. Experimental Section

R e e e G e R Y R RS R R A A A e e R

General. Melting points were determined with a
Blichi SMP-20 melting point apparatus and are uncorrected.
Infrared spectra were recorded on a Beckman 4210 spectro-
photometer. Unless otherwise stated, lH nuclear magnetic
resonance (NMR) spectra were recgrded on a Varian
Associates EM-390 (90 MHz) spectrometer and are
reported in ppm on the § scale from internal tetra-
methylsilane for organic solvents and from sodium
3= (trimethylsilyl)propanocate in deuterium oxide (DZO)'
Unless presented in tabular form, lH NMR data are
reported as follows: chemical shift, multiplicity
(s = singlet, d = doublet, t = triplet, g = quartet,

m = multiplet, br = broad), integration, coupling
constant (Hz) and interpretation. 500 MHz lH NMR spectra
were recorded on the Bruker WM-500 spectrometer at the
Southern California Regional NMR Facility under

National Science Foundation Grant Number CHE-7916324.

lH NMR-variable temperature studies were performed on

a JOEL-FX-90Q (90 MHz) spectrometer. l3C NMR spectra were
recorded on a Varian Associates XL-100 (25.2 MHz) or

a JOEL-FX-90Q (22.5 MHz) spectrometer and are reported

in ppm from tetramethvlsilane on the § scale. When
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multiplicities were determined on the 13C spectra (by
off resonance decoupling), they are reported using the
abbreviations given above. Mass spectral analyses

were performed by the California Institute of Technology
Microanalytical Laboratory on a Dupont 21-492 B
spectrometer, and by the Midwest Center for Mass
Spectrometry at the University of Nebraska, Lincoln, on
a Kratos MS-50 TA spectrometer. Combustion analyses
were performed by the California Institute of Technology
Microanalytical Laboratory, Spang Microanalytical
Laboratory (Eagle Harbor, Michigan) and Galbraith
Laboratories (Knoxville, Tennessee).

Analytical gas-liquid chromatography (GLC) was
carried out on a Hewlett Packard 5880A Level 3 gas
chromatograph, equipped with a split mode capillary
injection system and a flame ionization detector. Unless
otherwise indicated, a 10 m methyl silicone column
(Hewlett Packard fused silica WCOT 0.21 mM i.d.) was
employed. Specific GLC conditions reported are: oven
temperature, carrier gas (hydrogen) flow rate, and
retention times. Flash chromatography was performed
according to the general procedure of Still,64 employing

Merck 40-63 pym silica gel 60 or Whatman 37-53 uym silica

gel LPS-2. Medium pressure liquid chromatography was
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performed using EM Laboratories LoBar Silica Gel 60 pre-
packed columns (column size indicated) on a Chromatronix
MPLC apparatus equipped with a Fluid Metering Inc. Model
RP Lab Pump. Preparative high pressure liquid chromatog-
raphy was performed on a Waters Associates "Prep 500"
equipped with a refractive index detector. Thin-layer
chromatography (TLC) was performed using Merck 0.25 mm
silica gel 60 plates.

When necessary, solvents and reagents were dried prior
to use. Tetrahydrofuran and benzene were distilled from
sodium metal/benzophenone ketyl. Pyridine, t-butanol, tri-
ethylamine, boron trifluoride etherate, dimethyl sulfoxide,
acetonitrile, ethyldiisopropylamine, valerolactam, hexa-
methylphosphorous triamide [(MeZN)3PJ and 1,8-diazabicyclo-
[5.4.0Jundec~7~ene (DBU) were distilled from calcium hy-
dride. Dichloromethane was freshly distilled from calcium
hydride or passed through a column of activity I alumina and
stored over activated 4 AR sieves. Carbon tetrachloride was
dried over activated 4 & sieves. Methanesulfonyl chloride
was distilled from phosphorous pentoxide. Methanol was
distilled from magnesium methoxide. Mallinckrodt anhydrous
diethyl ether was used directly without purification.

Potassium metal was handled according to the pro-
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cedure of Johnson.81 Potassium t-butoxide was prepared
from potassium metal as a solution in E~butanolgl,

or commercial material (Aldrich Chemical Co.) was employed
after sublimation. Silver(I) trifluoromethanesulfonate was
prepared according to the procedure of Whitesides,59 or
commercial material (Aldrich Chemical Co.) was employed
after purification by dissolving in acetone, filtering to
remove insoluble residues, concentrating in vacuo, and dry-
ing at 110°C under vacuum. This hydroscopic substance was
stored and handled in a Vacuum Atomspheres Co. dry box
under nitrogen. Copper(I) trifluoromethanesulfonate was

56a

prepared according to the procedure of Kochi, and was

handled under an argon atmosphere. Polymeric methyl and

ethyl glyoxalates were prepared according to the procedure

of Relly.®>

A gaseous solution of ozone in oxygen was prepared
employing a Welsbach ozone generator. Cyclopentadiene
was prepared by the cracking of dicyclopentadiene

immediately before use. Phenol l9a was prepared

according to literature procedures.ll'l6

cis—6—Az§§icyclo[3.2.O]hept—B-ene—7—gnewi3l).19’25

e N e S o

To a stirred solution of 75 mL (0.86 mol) of chloro-
sulfonyl isocyanate in 1.3 L of ether25 maintained between

-18°C and -21°C under argon was added 90 mL (1.09 mol)
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of cyclopentadiene dropwise over 1 h 25 min. After
stirring for an additional 1 h 15 min between -21°C
and -24°C, the reaction solution was cannulated over
9 min into a rapidly stirred, ice-cooled solution of

252 g (2 mol) of Na,SO, and 483 g (2.1 mol) of K,HPO,-3 H,O

2773 2 4

in 1 L of water. After 20 min at 0°C, the organic layer

2

was diluted with 500 mL of ethyl acetate and the rapidly
stirred mixture was allowed to warm to room temperature
for 45 min. The organic layer was separated and the
aqueous layer was extracted with two 1.2-L portions of
ethyl acetate. An insoluble solid, presumably polymer,
floated between the layers during the extraction, and
was discarded. The individual extracts were washed

with 100 mL of brine, dried (Na SO4), concentrated in

2
vacuo, and then combined to afford 56.2 g of crude 31l.
lH NMR and TLC (95:5 ethyl acetate:methanol) indicated
that this material contained none of the undesired
[4+2] adduct 32. The crude product was combined with
that of a second reaction which had been carried out on
the same scale. Simple distillation (73-80°C, 0.09-
0.15 mm) afforded 93.2 g (50%) of a pale yellow liquid
which solidified upon standing in the cold: mp 32-33°C

(1it.12 oi1).

o R g T— ey sy b S A S N Pt e e P e S G S RS e N T N e T R e A e e e
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Hydrochloride (33). Anhydrous, gaseous hydrogen chloride

UL

was bubbled through a stirred solution of 14.65 g

(0.134 mol) of 31 in 250 mL of methanol for 3 min,

when the solvent began to boil. The solution was allowed
to stir for 20 min at which point TLC (95:5 ethyl acetate:
methanol) indicated that no starting material remained.
Solvent removal in vacuo afforded a tan solid which was
recrystallized from i-propanol/ethyl acetate to yield
21.34 g (90%) of a white, crystalline solid: mp 176-

177°C; IR (nujol) 2400-3300, 1720, 1600, 1545, 1500,

1303, 1268, 1205, 1155, 1040, 732 cm ¥; <TH NMR (D,0)

6.27 (m, 1, =C-H), 5.83 (m, 1, =C-H), 4.50 (d of m, 1,

Jd = 8 Hz, NCH), 3.77 (s, 3, CEB), 3.58 (g, 1, J = 8 Hz,
O=CCH) , 2.80 (d of m, 2, Jq = 8 Hz, CH,).

Anal. calcd. for C7H12C1N02: c, 47.33; H, 6.81;

N, 7.89. Found: C, 47.56; H, 6.46; N, 7.85.

cis-2-Amino-3-cyclopentene~-l-methanol (34). Anhydrous,

B e e . I R i T . " U I VI VI VPR

-

gaseous hydrogen chloride was bubblec through a

ct

stirred solution of 92.0 g (0.843 mol) of 31 in 1 L of
absolute methanol for 3 min, when the solvent began to
boil. After the exotherm subsided, this procedure was
repeated twice more, at which point the solution was
strongly acidic and TLC (95:5 ethyl acetate:methanol)

indicated that no starting material remained. Solvent
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removal in vacuo afforded crude %% as a tan solid: mp
172-173°C.

The crude ammonium salt (33) was partitioned between
Co,.

2773
The aqueous layer was separated, diluted with an additional

3 L of dichloromethane and 500 mL of 2 M agueous Na

100-mL portion of 2 M aqueous Na,CO, and extracted with

2773
two 1-L portions of dichloromethane. The combined

organic extracts were dried (Na2504) and concentrated in
vacuo to afford 127.3 g of the free amine as a dark
liguid. A solution of this crude material in 300 mL of
ether was added dropwise over 1 h 45 min to a mechanically
stirred suspension of 64.86 g (1.66 mol) of lithium
aluminum hydride in 2 L of ether at 0°C under argon.

The reaction mixture was allowed to warm to room

temperature and stir for 2 h. The stirred suspension

was re-cooled to 0°C and slowly and cautiously quenched

via the dropwise addition of 65 mL of water, 65 mL of

15¢ aqueous NaOH and finally 200 mL of water. The
granular suspension was allowed to gradually warm to

room temperature while stirring for 10 h. Some anhydrous
Na,s0

2774
through celite. The filter cake was washed with ether

was added and the salts were removed by filtration

followed by dichloromethane, and the filtrate was con-

centrated in vacuc to yield 95.6 g of a dark liquid.
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Simple distillation (65-68°C, 0.15-0.20 mm) afforded

85.06 g (89% from 31) of a nearly colorless liquid

~

which solidified upon standing in the cold to give a

hydroscopic white solid: mp 29-31°C; IR (neat) 3300,

2920, 2840, 1570, 1440, 1380, 1030, 955, 720 cm_l; lH

NMR (CDCl concentrated) § 5.73 (m, 2, =C-H), 4.03

3'

(d ofm, 1, J, = 6 Hz, NCH), 3.65 (d, 2, J = 7 Hz,

d
OCEZ), 2.73 (s, 3, OH and Ngz), 1.9-2.7 (m, 3, =CCH

OCCH) ; l3C NMR (CDC13) § 134.2 (d4), 131.6 (d), 63.2

=2

(t), 58.4 (d), 41.3 (d4), 38.8 (t).

The lH NMR spectrum of §§ exhibited significant
concentration dependence. See NMR and IR Spectral
Catélog (Appendix I).

The picrate of %% was prepared and recrystallized
from ethanol to afford golden crystals: mp 163.5-165.5°C;
'u NMr (DMSO-d,) & 8.62 (s, 2, aromatic-H), 7.00 (br, 3,
N§3), 6.13 (my 1, =C-H), 5.72 (m, 1, =C-H), 4.19 (br 4,
l, J =7 Hz, NCH), 3.60 (4, 2, J = 6 Hz, chg)’ 3.0-4.0
(br, 1, OH), 2.0-2.8 (m, 3, =C-CH,
Anal. calcd. for C12H14N408: c, 42.11; H, 4.12;

and OCC&).

N, 16.37. Found: C, 41.98; H, 4.00; N, 16.29.

[cis=-2~(Hydroxymethyl)-4-cyclopenten-l-ylamino] -

B R T R T e VI I R N N I T VI VI VI,

acetonitrile (35a) and Phenylmethyl (Cyanomethyl) [cis~
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To a solution of 5.51 g (48.7 mmol) of %é and 3.24 g
(66.1 mmol) of sodium cyanide in 100 mL of methanol and
30 mL of water was added 8.24 g (61.0 mmol) of the
formaldehyde-sodium bisulfite adduct, causing the
precipitation of white crystalline salts. After
stirring for 9 h at room temperature, the reaction
mixture was partitioned between 500 mL of chloroform
and 100 mL of 1 M aqueous NaOH. The aqueous phase was
re-extracted with 200 mL of chloroform and the combined
organic layers were washed with 100 mL of brine, dried
(Na2804) and concentrated in vacuo to afford 7.86 g

of crude 35a as a yellow liquid

~ o~ o~

[Intermediate 35a could be purified, albeit with
some material loss, by MPLC (98:2 to 95:5 ethyl acetate:
methanol) to provide a pale yellow liquid which solidified
on standing: mp 38-43°C; IR (CHC13) 3600, 3100-3600,
3050, 3000, 2930, 2850, 2240, 1611, 1440, 1413, 1358,

1210, 1125, 1085, 1030, 950, 905, 880 cm ¥; TH NMR

(cbcl,) 6 5.91 (br s, 2, =C-H), 3.96 (br d, 1, J = 7 Hz,

3)
NCH), 3.65 (d, 2, J = 7.5 Hz, OCH,), 3,61 (s, 2, NCH,),
1.7-3.0 (m, 5, OH, NH, =C-CH,, OCCH); mass spectrum

m/z (rel. intensity) 152 (2.7, parent ion), 125 (20),

124 (19), 121 (41), 95 (52), 94 (66.8), 80 (45), 79 (61),

68 (27), 67 (71), 66 (100), 65 (26), 41 (59), 40 (29),
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39 (689.]

To a stirred solution of the crude 35a and 17.5 mL
(100 mmol) of ethyl diisopropylamine in 250 mL of
dichloromethane under argon at 0°C was added 9.5 mL
(53.6 mmol) of benzyloxycarbonyl chloride (80% pure by
lH NMR) dropwise over 10 min. After stirring for 1 h
at 0°C, the solution was diluted with 250 mL of
dichloromethane and washed with 100-mL portions of 1 M
aqueous HCl, saturated aqueous NaHCO3 and brine. Drying
(Na2804) and concentration in vacuo gave a yellow oil,
which was purified by flash chromatography on 175 g of
silica gel (60:40 ethyl acetate:hexanes followed by 75:25
ethyl aéetate:hexanes) to afford 12.04 g (86% from 3%)
of a near colorless o0il. 2An analytical sample was
prepared by bulb-to-bulb distillation (225°C, 0.0l mm)
to afford a thick, colorless oil: IR (CHC13) 3200~3600,
3060, 2940, 1693, 1490, 1425, 1400, 1355, 1320, 1250,
1173, 1125, 1030, 905 cm ©; TH NMR (CDCl,) & 7.38 (s,
5, aromatic -H), 6.23 (m, 1, =C-H), 5.83 (m, 1, =C-H),

5.23 (br s, 3, PhCH, and NCH), 4.17 (br 4, 1, J = 17 Hz,

2
Ncgz), 3.73 (4, 1, 3 = 17 Hz, NCEZ), 3.57 (br 4, 2, J =

6 Hz, HOCH,), 1.8-3.0 (m, 4, OH, =C~CH,,

Cc, 67.11; H, 6.34;

OCCH) .

Anal. calcd. for C16H18N203:

N, 9.78, Found: C, 67.26; H, 6,20; N, 9.80.
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To a solution of 78.65 g (0.695 mol) of 34 and 45.2 g

(0.92 mol) of sodium cyanide in 350 mL of methanol and

175 mL of water was added 116.5 g (0.87 mol) of formaldehyde-
sodium bisulfide adduct, causing the precipitation of

white crystalline salts. After stirring for 4 h 15 min

at room temperature, the salts were removed by filtration

and washed with dichloromethane. The filtrate was
partitioned between 2 L of dichloromethane and 80 mL of

15% aqueous NaOH, and the aqueous layer was re-extracted

with 2 L of dichloromethane. The combined organic
layers were washed with 150 mL of brine, dried (Na

580,)

and concentrated in vacuo to afford 109.4 g of crude 35a

as a dark liguid.

To a stirred solution of the crude %§§ and 181 mL
(1.04 mol) of ethyldiisopropylamine in 1.7 L of dichloro-
methane under argon at 0°C was added 121 mL (0.77 mol)
of benzyloxycarbonyl chloride (20% pure by lH NMR, 10%
benzyl chloride) dropwise over 0.5 h. After stirring for
1 h at 0°C, the solution was washed with 200-mL portions
of 10% aqueous HCl, saturated aqueous NaHCO3 and brine,

dried (Na SO4) and concentrated in vacuo to afford

2
227.6 g of crude 35b as a dark, thick oil.

~ o~
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To a solution of the crude §§§ in 750 mL of pyridine
at 0°C was added 267 g (1.4 mol) of p-toluenesulfonyl
chloride. The reaction was allowed to stand at 5°C
for 12 h when it was poured onto 800 g of ice and swirled
until the ice had melted. The crude product was extracted
with two 1-L portions of dichloromethane, and the com-
bined organic layers were washed with two 1-L portions
of 6 N agqueous HC1l, 500 mL of 9% agqueous NaOH, and 400 mL
of brine. Drying (MgSO4, activated charcoal) and con-
centration in vacuo afforded 295.7 ¢ of a red semisolid.
Recrystallization from ethanol yielded 218.5 g (71%,
overall from 32) of an off-white solid: mp 77-78°C.

In a separate experiment, p-toluenesulfonation of
12.0 g (42 mmol) of chromatographically purified §§§
as described above, afforded, after recrystallization
of the crude product from ether/hexanes, 15.55 g (84%) of
a white solid: mp 77-78°C; IR (CHC13) 3020, 2950, 1700,
1595, 1428, 1400, 1360, 1250, 1185, 1172, 970, 950, 935
em™'; 'H NMR (cDCl,) § 7.74 (4, 2, J = 8.5 Hz, tosyl
aromatic-H), 7.39 (s, 5, benzyl aromatic-H), 7.30 (d,
2, J = 8.5 Hz, tosyl aromatic-H), 6.14 (m, 1, =C-H), 5.80 (m,
1, = c-H), 5.16 (br s, 3, PhCH,
J = 18 Hz, NCH,), 4.02 (m, 2, SOCH,), 3.60 (&, 1, J = 18 Hz,

and NCH), 4,12 (4, 1,

NCH,), 2.0-3.0 (m, 6, = C—CEZ, OCCH and CH3 singlet at § 242).
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Anal. calcd. for C23H24N2058: C, 62.71; H, 5.49;
N, 6.36. Found: C, 62.76; H, 5.40; N, 6.39.
Phenylmethyl (2a,3aca,6aa)-2-Cyano-3,3a,4,6a-tetra-

e e RS s s s s s e e Py e T e e e e s e A s g R A i e S N e P s s e e e e e e e e e s

hydro-1(2H) -cyclopenta[b]pyrrolecarboxylate (38) and the

w Ha a e ks e T s e e r o e o e g o e b Ak i st i et v e 0 e o ot ey e e e o T S o e e e

Corresponding (2a,3a8,6a8)-Isomer (39). A 2-I, three-
necked flask, fitted with an addition funnel and a
mechanical stirrer, was maintained under argon and charged
with a solution of 46.5 g (0.105 mol) of §§ in 500 mL of
tetrahydrofuran. A solution of potassium t-butoxide,
prepared from 4.37 g (0.11 mol) of potassium metal and
90 mL of Efbutanol,Bl was transferred via cannula into
the addition funnel, with the aid of two 20-mL portions
of tetrahydrofuran. While stirring, the potassium t-
butoxide solution was added dropwise over 50 min at room
temperature, resulting in the precipitation of much
white solid. After an additional 25 min, the suspension
was poured into 200 mL of water and 100 mL of saturated
aqueous NH4C1. The crude product was extracted with

750 mL of ether, and the organic layer was washed with
200 mL of brine, dried (MgSO4), and concentrated in
vacuo to afford 29.68 g of a pale orange oil. TLC
(35:65 ethyl acetate:hexanes) and lH NMR indicated that

this was a mixture of 38 and 39. The ratio of 38:39

was determined to be 60:40 by GLC [190°C, 29.2 cm/sec,



-103-

RT(38) = 6.29 min, RT(39) = 6.83 min].

The isomeric mixture was separated on the Water's
"Prep 500",27 employing two Water's "PrepPAK" silica
gel cartridges, equilibrated and eluted with 12:88 ethyl
acetate:hexanes. Approximately l-L fractions were
collected at a flow rate of 0.25 L min—l. Fractions 5-8
afforded 16.16 g (57.5%) of pure 38 as a white solid,
and fractions 9-16 afforded 10.57 g (37.5%) of pure 39
as a colorless cil. An analytical sample of 39 was
prepared via bulb-to~bulb distillation (210-220°C, 0.2~
0.3 mm).

38: mp 52-54.5°C; IR (CHClB) 3020, 2960, 2930,
2865, 2240, 1710, 1450, 1410, 1353, 1278, 1205, 1122,

1100, 1065, 1022, 695 cm *; TH NMR (CDCl

13

3 500 MH=z,

see Table 5); C NMR (CDC13, two carbamate rotomers)
§ 153.9, 153.4, 136.1, 131.3, 131.1, 130.3, 130.0, 128.5,

128.1, 127.9, 118.7, 68.8, 68.0, 67.5, 48.1, 47.7, 39.4,

38.3, 37.0, 36.5, 36.0; mass spectrum m/z (rel. intensity)

268 (1.4), 242 (2.2), 152 (12), 108 (15), 92 (10), %91
(100), 79 (9}, 65 (13).

Anal. calcd. for C16H16N202: c, 71.62; H, 6.01;
N, 10.44. Found: C, 71.49; H, 6.12; N, 10.58.

§g: IR (CHC13) 3030, 2960, 2865, 2240, 1708, 1450,

1412, 1360, 1278, 1158, 1120, 995, 695 cm '; <TH NMR
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(CDCl3, 500 MHz, see Table 6): 13

C NMR (CDC13) § 153.5,

136.1, 133.6, 129.7, 128.5, 128.2, 127.9, 119.1, 68.9

(br), 67.6, 46.6, 39.9 (br), 38.8, 36.7 (br); mass

spectrum m/z (rel. intensity) 268 (1.4), 242 (1.5),

152 (9), 108 (14), 92 (10), 91 (100), 79 (10), 65 (13).
Anal. calcd. for Ci16H16N2

N, 10.44. Found: C, 71.59; H, 5.99; N, 10.51.

02: Cc, 71.62; H, 6.01;

Equilibration of Bicyclic Nitriles 38 and 39. (a)

TN O S A AR R P R P AL T R e e U R AU e e R e e i e e R e A e e R e G P e e B e i A e e e A i

?Efff}§§~fng~§§' To a stirred solution of 4.6 mg (0.041
mmol) of potassium t-butoxide in 2 mL of t=-butanol under
argon at room temperature was added a solution of 234.4
mg (0.873 mmol) of %? in 3 mL of tetrahydrofuran drop-
wise over 2 min. At the indicated time periods after
completion of the addition, 0.2-mL aliquots were removed,
partitioned between 10 mL of dichloromethane and 1 mL of
saturated agqueous NH4C1, dried (MgSO4) and concentrated
in vacuo to afford colorless oils which were analyzed

by GLC [190°C, 29.7 cm/sec, gT(38)==6.27 min, RT(39) =

~ ~ o~ ~ ~ -~

6.81 minl]: 5 min, §§:§g = 1.47:1; 20 min, %?:gg =
1.45:1. After stirring for a total of 1 h at room
temperature, the remainder of the solution was partitioned
between 40 mL of dichloromethane and 5 mL of saturated

agueous NH4Cl. The agqueous layer was re-extracted with

10 mL of dichloromethane and the combined organic layers
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were dried (MgSO4) and concentrated in vacuo to afford
202.5 mg (86%) of a colorless oil. lH NMR and TLC
(80:20 benzene:ethyl acetate) confirmed that this
material was a mixture of 38 and 39. GLC (as above)
indicated that the ratio of §§=§§ was 1.46:1.0.

S?z~§E§§§%§g~§fgg~§g. The procedure in part (a)
was repeated employing 4.6 mg (0.041 mmol) of potassium
t-butoxide and 257.8 mg (0.96 mmol) of 39. Aliquots
were processed as above and analyzed by GLC: 5 min,
38:39 = 1.49:1.0; 15 min, 38:39 = 1.48:1.0. After
stirring for a total of 1 h at room temperature, the
remainder of the solution was worked up as in part (a)
to afford 230.2 mg (90%) of a colorless oil. <TH NMR
and TLC confirmed that this material was a mixture of
38 and 39. GLC indicated that the ratio of 38:39 was
1.45:1.0.

Preparative Equilibration - Recycle of 38. To a
stirred solution of 16.08 g (59.9 mmol) of §§ in 100 mL
of tetrahydrofuran and 100 mL of t-butanol under argon
was added 0.48 g (4.3 mmol) of potassium t-butoxide in
15 mI, of tetrahydrofuran. After 35 min at room
temperature, the yellow solution was partitioned between

500 mL of ether and 200 mL of 1:1 saturated agueous

NH4Cl:water. The organic layer was dried (MgSO4) and
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concentrated in vacuo to afford 16.8 g of a pale vellow
oil. GLC [190°C, 29.7 cm/sec, RT(38) = 6.30 min,

RT(39) = 6.84 min] indicated that the ratio of 38:39

~~ e ~ o~

was 1.45:1.0. This isomeric mixture was separated on

the Water's "Prep 500“,27 employing two Water's Prep PAK
silica gel cartridges, equilibrated and eluted with

13:87 ethyl acetate:hexanes. Approximately 1-L fractions
were collected at a flow rate of 0.25 L min_l. Fractions
5-7 afforded 8.64 g (54%) of pure §§ as a white sclid

(mp 52.5-54.5°C), and fractions 8-13 afforded 5.76 g
(36%) of pure gg as a nearly colorless oil.

Phenylmethyl (laa,2aB,4a,5a8,5ba)-4-Cyanchexahydro-

P PG P A R R N S P g g R N N N P N BN N N N e TN N O N N N N R N TN S R A S N N Y R N T O T R P
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To a stirred solution of 12.52 g (47.0 mmol) of %% in

150 mL of dichloromethane under argon was added 15.0 g
(70.0 mmol) of m-chloroperbenzoic acid (80% purity).

After 23 h at room temperature, the precipitated m-chloro-
benzoic acid was removed by filtration and the solids

were washed with dichloromethane. The filtrate was
diluted to 300 mL with dichloromethane, and washed with

50 mL of saturated aqueous NaZSOB’ 75 mlL, of 2 M agqueous
Na2CO3 and 50 mL of brine. Drying (MgSO4) followed by

concentration in vacuo afforded 14.7 g of a thick oil.
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GLC [220°C, 30.3 cm/sec, RT(40) = 3.43 min, RT(41l) =

e ~o~ ~ o e A

5.10 min] indicated that epoxides f? and f} were formed
in a 91:9 ratio, respectively, The mixture of epoxides
was separated by flash chromatography on 200 g of silica
gel. Approximately 100-mL fractions were collected,
eluting with 50:50 ethyl acetate:hexanes (fractions 1-12)
followed by 70:30 ethyl acetate:hexanes (fractions 13-21).
Fractions 6-9 afforded 11.74 g (88%) of pure 40 as a
thick o0il; fractions 10 and 11 afforded 0.19 g (1.4%)
of a 79:21 mixture (GLC) of 40:41; fractions 12-19
afforded 1.16 g (8.7%) of pure %% as a white solid. An
analytical sample of 40 was prepared by bulb-to-bulb
distillation (250°C, 0.012-0.015 mm).

40: IR (CHC13) 3030, 2960, 2240, 1712, 1450, 1410,
1350, 1285, 1215, 1110, 1080, 1030, 990, 975, 905,
845, 695 cm~l; lH NMR (CDC13) § 7.37 (s, 5, aromatic-H),
5.21 (s, 2, OCI_:I_Z), 4.79 (m, 1, NCH), 4.34 (4, 1, J =
7 Hz, NCH), 3.86, 3.69 and 3.59 (br, 2 protons total, OCH),
1.7-2.9 (m, 5, CEZCECQZ).

Anal. calcd. for C16H16N203: c, 67.59; H, 5.67;

N, 9.85. Found: C, 67.35; H, 5.60; N, 9.82.
41: mp 110-112.5°C; IR (CHCly) 3035, 2960, 2245,
1710, 1450, 1412, 1368, 1332, 1283, 1220, 1168, 1125,

1080, 1020, 975, 850, 695 om 1; i nmr (cpcly) § 7.37
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(s, 5, aromatic-H), 5.21 (s, 2, OCE2)’ 4.2-4.7 (m, 2,
NCH), 3.62 and 3.59 (br, 2 protons total, OCH), 1.9-

2.9 (m, 5, CH,CHCH,).

2

Anal. calecd. for C16H16N203:

N, 9.85. Found: C, 67.19; H, 5,58; N, 9.93.

c, 67.59; H, 5.67;

Phenylmethyl (lac,2aB,4a,5aB,5ba)-4-(Aminocarbonyl) -

g§§§9§¥}§2§~£§gz. To a stirred solution of 11.23 g
(39.5 mmol) of 40 in 220 mL of acetone was added 18.1 mL
{160 mmol) of 30% agueous hydrogen peroxide and 40 mL

of 2 M aqueous Na,CO, to afford a white suspension.
After 0.5 h at room temperature, the reaction mixture
was heated to reflux for 1.5 h, and then cooled to 0°C.
Saturated agqueous Na2503 (150 mL) was added followed by
warming to room temperature. The reaction mixture was
partitioned between 500 mL of dichloromethane and 100

mL of water, and the aqueous layer was re-extracted with
500 mL of dichloromethane. The combined organic layers
were washed with brine, dried (MgSO4) and concentrated
in vacuo to afford 11.7 g of a white solid.
Recrystallization from dichloromethane/hexanes gave

0 10.88 g (91%) of a white solid: mp 154-155°C; IR

(CHC1.,) 3200-3500, 3010, 1685, 1585, 1565, 1448, 1403,

3
1350, 1280, 1210, 1110, 842, 692 cm ©; 'H NMR (CDCl,)
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§ 7.36 (s, 5, aromatic-H), 6.53 (br, 1, NH), 6.06 (br,
1, NH), 5.20 (s, 2, OCH,), 4.52 (m, 1, O=CCHN), 4.40
(d, 1, J = 6.5 Hz, O-CCHN), 3.68 (br s, 1, OCH), 3.47
(br s, 1, OCH), 1.4-2.2 (m, 5, CH,CHCE,) ; L3¢ nur
(CDC13) § 174.7, 155.6, 135.7, 128.5, 128.2, 127.9,
67.8, 64.9, 61.9, 58.3, 38.6 (br), 32.5 (br), 31.2 (br).
Anal. caled. for C, H;gN,0,: C, 63.56; H, 6.00;

N, 9.27. Found: C, 63.38; H, 5.93:; N, 9.18.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,~
ey ~~~~~~~-\.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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stirred solution of 279 mg (1.04 mmol) of §§ in 4 mL of
dichloromethane under argon was added 357 mg (1.65 mmol)
of m-chloroperbenzoic acid (80% purity). After 25 h at
room temperature, the reaction mixture was diluted with
dichloromethane, washed with saturated aqueous Na2803,

1 M aqueous Na2C03 and brine, dried (NaZSO4)

and concentrated in vacuo to afford 297 mg of a colorless
oil. GLC [200°C, 36.2 cm/sec, RT(43) = 6.33 min, 5?(§é) =
6.70 min] indicated that epoxides f? and ff were formed

in a 74:26 ratio, respectively. The mixture of

epoxides was separated by MPLC (LoBar size B column,

35:65 ethyl acetate:hexanes followed by 45:55 ethyl
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acetate:hexanes) to provide 201.4 mg (68%) of the less
polar component %3 as a white solid, and 75 mg (25%)
of the more polar component %ﬁ‘as a colorless oil.

{i} mp 106-108°C; IR (CHC13) 3020, 2950, 1702,
1490, 1443, 1408, 1350, 1269, 1249, 1215, 1120, 1095, 845,
690 cm—l; lH NMR (CDCl3) § 7.38 (s, 5, aromatic-H), 5.21
(s, 2, OCEZ), 4.68 (m, 1, NCH), 4.28 (m, 1, NCH), 3.81
(br s, 0.5, OCH), 3.56 (br s, 1.5, OCH), 2.91 (m, 1,

CH,CHCH,), 1.8-2.3 (m, 4, CH,CHCH,).

2

Exact mass calcd. for C16H16N203: 284.1161.

Found: 284.1158.
%ﬁ; IR (CHCl3) 3020, 2955, 1705, 1493, 1445, 1408,
1352, 1335, 1277, 1210, 1170, 1130, 1108, 970, 840, 690
cm-l; lH NMR (CDC13) § 7.40 (s, 5, aromatic-H), 5.21
(br s, 2, OCH,), 4.51 (t, 1, J = 7 Hz, NCH), 4.27
(&, 1, § = 7 Hz, NCH), 3.5-4.0 (br, 1, OCH), 3.44 (m, 1, OCH),

2.76 (m, 1, CH CECHz), 1.7-2.6 (m, 3, CH CHCEz), 1.49 (d of

2 2
d of d, 1, J = 14 Hz, 5 Hz and 2 Hz, C§2CHC§2).
Exact mass calcd. for C,_ H, _.N.O 284.1161.

16716°2~3°
Found: 284.1160.

(b) Employing Peroxytrifluoroacetic Acid. A
solution of peroxytrifluorcacetic acid was prepared as

follows:82 To a stirred suspension of 0.04 mL (1.32

mmel) of 90% aqueous hydrogen peroxide in 2 mL of dichloro-
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methane at 0°C was added 0.22 mL (1.58 mmol) of tri-
fluoroacetic anhydride. After 50 min at 0°C, this solution
was added dropwise over 18 min to a stirred suspension of
118 mg (0.44 mmecl) of §§ and 580 mg (5.5 mmol) of

anhydrous NaZCO in 5 nmL of dichloromethane,

3
coaled between -18°C and -15°C and protected with a

CaSO4 drying tube. After 1.7 h at this temperature, the
stirred suspension was allowed to warm to 0°C for 1.7 h,
when it was quenched with 8 mLof 1:1 saturated aqueocus
Na2803:water. The crude product was extracted

with 40 mL of dichloromethane, dried (Na2804) and con-
centrated in vacuo to afford 124.7 mg (99%) of a colorless
oil. lH NMR and TLC (50:50 ethyl acetate:hexanes) were
consistent with a clean mixture of epoxides 43 and %ﬁ-

GLC [22 m methyl silicone column, 230°C, 23.7 cm/sec,
%?(@%) = 7.82 min, g?(%%) = 8.08 min] indicated that %%

and 44 were formed in a ratio of 68:32, respectively.

Phenylmethyl (2a,4a8,58,7a,7af)-0Octahydro-5-
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carboxylate (45) and Phenylmethyl (2a,3a8 ,5a,68,6a8)
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of 0.41 g (3.64 mmol) of potassium t-butoxide in 30 mL

of t-butanol at room temperature under argon was added
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0.95 g (3.1 mmol) of epoxy amide 42. After stirring
for 2 h, the reaction solution was diluted with 100 mL
of ether, washed with 20 mL of 1:1 saturated aqueous
NH4Cl:water and 20 mL of brine, dried (MgSO4) and
concentrated in vacuo to afford 1.02 g of a mixture of
lactams {é and éé« Thi's mixture was separated by MPLC
(LoBar size B column), collecting 8 mL fractions and
eluting with dichloromethane (fractions 1-5), 93:7
dichloromethane:methanol (fractions 6-52) and finally
90:10 dichloromethane:methanol (fractions 53-80).
Fractions 36-43 afforded 0.404 g (42.5%) of %é as a white
foam and fractions 45-65 afforded 0.439 g (46.2%) of gé
as a white solid.

45: mp 133-135°C; IR (CHC13) 3150-3650, 3010,
2960, 1680, 1490, 1450, 1415, 1362, 1310, 1290, 1270,
1250, 1210, 1169, 1148, 1100, 1055, 975, 750, 720, 690
em™t; e nmr (cDCl,, see Table 8); L3¢ aur (cpcly)
¢ 173.3, 154.2, 136.0, 128.6, 128.2, 127.9, 76.6, 67.5,
60.6, 60.3, 58.9, 39.9, 37.0.

Anal. calcd. for C,_ H,,N,O C, 63.56; H, 6.00;

16718%2%4°
N, 9.27. Found: C, 63.39; H, 5.84; N, 9.24.

46: IR (CHC13) 3600, 3100-3550, 3010, 2975, 1665

(shoulder at 1685), 1490, 1450, 1415, 1360, 1314, 1288,

1210, 1103, 955, 935, 690 cm‘l; g NMR (CbcCl see

3!
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Table 8); 13

C NMR (CDC13) § 177.5, 153.5, 136.3, 128.4,
128.0, 127.4, 79.8, 78.6, 67.7, 67.2, 61.6, 58.7, 39.8,
39.3, 36.6.

Anal. calcd. for C16H18N204 C, 63.56; H, 6.00;
N, 9.27. Found: C, 63.48; H, 5.94; N, 9.22.

(laa,2a8,4a,5a8 ,5ba)-Hexahydro-4 (laH) ~oxireno[4,5] -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ B B e R R I I VI VP

B A A S A S s s A RS R A b s e s A i e e e A e e e o e e e e ey o ot

suspension of 753 mg (2.49 mmol) of é% and 75 mg of 10%
palladium on carbon in 50 mL of methanol was hydrogenated

at room temperature and atmospheric pressure for 20 min.

The catalyst was removed by filtration through celite,

and the filtrate was concentrated in vacuoc to afford

429 mg of a white solid. Recrystallization from chloroform/
hexanes gave 347 mg (83%) of colorless needles: mp 146-
l48°C; IR (CHClB) 3500, 3360, 3000, 1675, 1540, 1110,

1018, 840 cm™%; lm MR (cDCl;) § 7.45 (br, 1, NH), 6.12

(br, 1, NH), 3.93 (4, 1, J = 7.5 Hz, O-CCHN), 3.83 (m,
1, O=CCHN), 3.43 (s, 2, OCH), 1.8-2.8 (m, 5, CH,CHCH, ,
1.43 (d of d of 4, 1, J = 13 Hz, 6 Hz, and 1 Hz, C§2CHC§2).

NH) ,

Anal. calcd. for C8H12N202. c, 57.13; H, 7.19;

N, 16.66. Found: C, 56.98; H, 7.13; N, 1l6.54.

(laa,2aB ,4a,5aB ,5ba) ~Hexahydro-5~-methyl- 4(laH)—

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ B N YT R VR VeIV

~~~~~~~~~~~~~ ~~~~~~~~~~~~ L R VI U A VI VI Dl VI VI VIV U PR PP O

A stirred suspension of 4.14 g (13.7 mmol) of 42 and
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0.60 g of 5% palladium on carbon in 180 mL of methanol
was hydrogenated at room temperature and atmospheric
pressure until 233 mL (10.4 mmol, 0.76 equiv) of hydrogen
had been consumed (0.5 h) and TLC (90:10 dichloromethane:
methanol) indicated that 42 had been cleanly converted to
47a. The hydrogen atmosphere was replaced with nitrogen,
and 1.2 mL (16 mmol) of 37% aqueous formaldehyde was
added. After stirring for 1 h, TLC (as above) indicated
that intermediate 47c (R = CH,OMe) had formed. [The

structure of intermediate 47c had been assigned by lH NMR

in the course of previous experiments: lH NMR (CDClB)
§ 7.27 (br, 1, NH), 6.25 (br, 1, NH), 4.20 (s, 2, OCgZN),
3.6-4.0 (m, 2, NCH), 3.49 (s, 2, OCH), 3.30 (s, 3, Cg3),

1.8-2.9 (m, 4, CI CECEZ), 1.47 (d of d, 1, J = 14 Hz and

2

7 Hz, CHpCHCH,).]

2
Hydrogenation (1 atm) was resumed until 310 mL

(13.8 mmol, 1.01 equiv) of hydrogen was consumed (1 h

10 min). An 0.5-mL aliquot was removed, filtered through

celite, evaporated and analyzed by lH NMR, which indicated

that a trace of 47c remained. (Note that 47b and 47c¢

cospot on TLC and consequently, lH NMR was the most

convenient method to monitor the progress of this

reaction.) Thus, the stirred suspension was hydrogenated

(1 atm) for an additional 10 min during which a final
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5 mL of hydrogen was absorbed. The catalyvst was removed
by filtration through celite, the filter cake was washed
with dichloromethane and the filtrate was evaporated at
reduced pressure to afford a thick oil. This material
was dissolved in chloroform, dried (Na2804) and con-
centrated in vacuo to give 2.6 g of a white solid.

The crude product was purified by flash chromatography on

140 g of silica gel (packed in 97:3 dichloromethane:

methanol, eluted with 93:7 dichloromethane:methanol) to
yield 2.37 g (95%) of a pure, white solid: mp 123.5-
125.5°C; IR (CHClB) 3100-3700 (including: 3660, 3500,

3430, 3375), 3000, 2860, 2800, 2460, 1680, 1550, 1450,

1395, 1220, 1162, 1078, 1007, 838, 650 cm_l; lH NMR

(CDC1., 500 MHz, see Table 7); <T°C NMR (cDCL,) & 177.1,

3!
73.1, 72.4, 58.9, 58.1, 41.2, 38.6, 36.3, 35.2.

Anal. calcd. for C9H14N202: C, 59.32; H, 7.75;
N, 15.38. Found: C, 59.24; H, 7.51; N, 15.43.

(2a, 4a3 ,58 ,72,7a8 ) -OCctahydro-5-hydroxy-l-methyl-

N N VT T I s T T N . T R

2,7-methano-3H-cyclopentapyrazin-3-one (48b). (a) Via

L N R R vy R A L P N R it e R S N B N S N B N RS e P N e s e s e

Cyclization of 47b. To a solution of potassium t-

butoxide, prepared from 0.63 g (16.1 mmol) of potassium

81

and 150 mL of t-butanol, at 30°C under argon was

added 2.00 g (11.0 mmol) of epoxy-amide 47b. The

~ e~

solution was allowed to stir for 20 h between 30°C and
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32°C, at which point TLC (90:10 dichloromethane:methanol,
saturated with ammonia gas) revealed that epoxy amide %Zb
had been consumed and that only a trace of the undesired
seven-membered lactam 49b was present. Glacial acetic
acid (9.2 mL, 16.1 mmol) was added and the reaction
mixture was concentrated in vacuo. The 0oily residue

was dissolved in 3 mL of 1 M agueous NaOAC and 5 mL

of brine, and the aqueous solution was transferred to

a continuous extractor with the aid of some chloroform.
The aqueous layer was continuously extracted with reflux-
ing chloroform under argon for 24 h, and the organic
layer was dried (Na2804) and evaporated in vacuo to
afford a yellow-white solid. The solid was triturated
with 30 mL of boiling chloroform, and 25 mL of hexanes
were added to induce complete crystallization. After
standing at 5°C for 12 h, the crystals were collected,
washed with 1:2 dichloromethane:hexanes, and dried at
56°C under vacuum to afford 1.64 g (82%) of a white

solid {(mp 165-168°C). An analytical sample was prepared
by recrystallization from chloroform/hexanes: mp 167~
170°c, IR (nujol) 3370, 3175, 1655, 1340, 1310, 1252, 1152,

1130, 1072, 1032 cm’l; lH NMR (DZO’ 500 MHz, see Table

8); 13C NMR (DZO) § 178.1, 79.1, 68.6, 66.9, 60.7, 41.9,

41.7, 39.0, 38.5.
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Anal. caled. for C9H14N202 Cc, 59.23; H, 7.75;

N, 15.38. Found: C, 59.46; H, 7.68; N, 15.48.

(b) Via Hydrogenolysis-methylation of 45. A

L Y I I e R R N R I T i e e e

stirred suspension of 168.6 mg (0.56 mmol) of gé, 0.21 mL
(2.8 mmol) of 37% aqueous formaldehyde, and 40 mg of 5%
palladium on carbon in 5 mL of ethanol was hydrogenatéd for
45 min at room temperature and atmospheric pressure. The
catalyst was removed by filtration through celite and the
filtrate was evaporated at reduced pressure. The residue

was dissolved in chloroform, dried (Na SO4) and concentrated

2
in vacuo to afford 113 mg of 48b, which was identical to that

obtained from 47b by lH NMR and TLC (90:10 dichlorcmethane:

methanol, saturated with anhydrous ammonia gas).
(2, 32B8,50,68,6aB)~0Octahydro-6-hydroxy-l-methyl-5, 2~

{iminomethano) cyclopentalblpyrrol-8-one (49b). A stirred
suspension of 155.7 mg (0.515 mmol) of %ﬁ, 0.21 mL (2.8 mmol)
of 37% aqueous formaldehyde and 40 mg of 5% palladium on
carbon in 5 mL of ethanol was hydrogenated for 1 h at room
temperature and atmospheric pressure. The catalyst was
removed by filtration through celite, and the filtrate

was evaporated at reduced pressure, dissolved in chloro-
form, dried (NaZSO ) and concentrated in vacuo to afford

4
103.5 mg of a thick oil. The crude product was purified
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by flash chromatography on 7 g of silica gel (80:10:10
dichloromethane:methanol:triethylamine) to give 88.6 mg
(94%) of an off-white solid (mp 148-155°C). An
analytical sample was prepared by recrystallization from
acetonitrile to yield white crystals mp 159-161°C;
IR (nujol) 3250, 1650 (shoulder at 1625), 1310, 1190,
1055, 1015, 963, 940 em '; H NMR (D,0, 500 MHz, see
Tabel 8); 1oC NMR (D,0) & 184.3, 75.3, 74.6, 71.1,
60.9, 42.5, 41.2, 38.6.

Anal. calcd. for C Hl4N202: C, 59.32; H, 7.75;

9
N, 15.38. Found: C, 58.98; H, 7.61; N, 15.17.

Ladi et i e e e R e Y e e T e VR A O VI AR

B Y e e e e e R U I Vi P N Y R I T T e VI I T

5591. To the dark red solution prepared by stirring

127 mg (1.27 mmol) of chromium trioxide and 0.21 mL

(2.64 mmol) of pyridine in 5 mL of dichloromethane for

0.5 h at room temperature was added 670 mg of celite fol-
lowed by 67.0 mg (0.22 mmol) of 45. After stirring for 45
min, the reaction mixture was filtered, and the filter cake
was rinsed thoroughly with dichloromethane (40 mL). The
filtrate was washed with 5-mL portions of 10% aqueous
NaOH, 1 M aqueous HCl, and saturated agqueous NaHCO3,

dried (MgSO4/K2CO3) and concentrated in vacuo to afford

47.7 mg (72%) of a colorless oil: IR (CHC13) 3390,
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3010, 2950, 1750, 1690 (shoulder at 1705), 1452,

1408, 1331, 1308, 1292, 1210, 1147, 1105, 1020, 920,

1 1 13

695 cm H NMR (CDCl see Table 8); C NMR (CDCL,)

3’
§ 211.1, 172.0, 154.4, 136.0, 128.6, 128.4, 128.0, 67.8,
59.7, 57.3, 56.4, 41.3, 38.0, 36.3.

H, N,0 300.1110.

Exact mass calecd. for C 16N204:

16
Found: 300.1107.

(20.,4a8 ,58 ,70,7a8 ) -Octahydro~-5~[ (methanesulfonyl) -

To a stirred suspension of 0.666 ¢ (3.66 mmol) of %??
and 1.5 mL (10.8 mmol) of triethylamine in 35 mL of
dichloromethane under argon was added 0.32 mL (4.13
mmol) of methanesulfonyl chloride dropwise over 10 min.
After stirring for 40 min at room temperature during
which all of the suspended é?? had dissolved, the reaction
solution was diluted with 50 mL of chloroform, washed
with 15 mL of 1:1 2 M aqueous NaZCOB:brine, dried
(Na2804) and concentrated in vacuo to give 1.11 g of a
white solid. The crude product was purified by flash
chromatography on 40 g of silica gel (90:10 dichloro-
methane:methanol) to afford 0.90 g (95%) of a white
solid: mp 164.5-166°C (dec); IR (CHCl3) 3410, 3040,
2960, 2815, 1680, 1458, 1368, 1343, 1260, 1178, 1155,

1052, 1040, 972, 940, 895, 855, 690 cm_l; lH NMR
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(CDCL see Table 8).

3'

Anal., Calcd. for C10H16N204S. Cc, 46.14; H, 6.20;

N, 10.76. Found: <, 45.91; H, 6.12; N, 10.65.

(200,4aB8,58,70a,7aB)-Octahydro-l-methyl-5- (phenyl-

B I e e e e I e e e e e R R e e e I VI R R R VR Vi v

selenc) 2,7 methano-li-cyclopentapyrazinzizone (52a). To a
stirred suspension of 1.08 g (4.15 mmol) of 51 and 0.78 g
(2.5 mmol) of diphenyl diselenide in 40 mL of absolute etha-
nol under argon at 0°C was added 0.20 g (5.2 mmol) of scdium
borohydride portionwise over 5 min, resulting in vigorous
hydrogen evolution. After stirring for 15 min at room tem-
perature, an additional "spatula tip" of sodium borohydride
was added to completely discharge the yellow color of di-
phenyl diselenide. The reaction solution was heated to re-
flux for 2 h, and then partitioned between 200 mL of chloro-
form and 60 mL of 1:2 2M agueous Na2CO3:brine. The aqueous
layer was re-extracted with 50 mL of chloroform, and the
combined organic layers were dried (Na2804) and concentrated
in vacuo to afford a yellow solid. The crude material was
purified by flash chromatography on 75 g of silica gel

(95:5 dichloromethane:methanol followed by 90:10 dichloro-
methane:methanol) to give 1.31 g (97%) of a white

solid: mp 159-162°C; IR (CHC13) 3400, 3220, 3085,

3015, 2960, 2810, 1675, 1578, 1480, 1458, 1440,

1312, 1258, 1175, 1140, 1032, 1021, 690 cm 1; 'H
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NMR (CDCL,, 500 MHz, see Table 8); ToC NMR (cDely) 8

173.2, 133.8, 129.3, 127.8, 67.3, 64.9, 58.0, 46.9,
39.9, 37.7, 37.4, 36.8.

Anal. calcd. for ClSHlsNZOSe: Cc, 57.07; H, 5.65;
N, 8.72. Found: C, 55.69; H, 5.89; N, 8.56.

(20,488 ,7a,7a8)-1,2,4,4a,7,7a-Hexahydro=-l-methyl-

A s R e e s A R e S N S N N S e s N e S e N G L et u A e T P A T e e s e e P e R TN o

EVR VR R PR VPV VR VR VW R e e e R T I R A TR VR I VP VPP VP VO

solution of 1.27 g (3.97 mmol) of 52a in 10 mL of
chloroform was added 0.4 mlL (5.2 mmol) of trifluoro-
acetic acid. After standing for 10 min at room
temperature, the solution was concentrated in vacuo and
the residue was evaporated with two 10-ml. portions of

chloroform (to remove the excess CF COZH) to give a

3
white foam. A solution of the trifluorocacetate salt

and 1.8 mL (16.0 mmol) of 90% t-butyl hydroperoxide
(Lucidol) in 8 mL of chloroform was allowed to stir at
room temperature for 14 h when TLC (85:15 dichloromethane:
methanol) of an aliguot (partitioned between ethyl acetate
and 10% aqueous NaOH) indicated that all of the phenyl-
selenide §§§ had been consumed. The solvent was
evaporated at reduced pressure and the oil which remained
was maintained under high vacuum for 2 h (in order to

remove most of the excess t-butyl hydroperoxide)

dissolved in 300 mL of chloroform, washed with 50 mL of
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1:1 15% aqueous NaOH:brine followed by 50 mL of 1:1
saturated aqueous NaZSO3:brine, dried (Na2804) and
concentrated in vacuo to afford a pale yellow solid.

The crude product was purified by flash chromatography
on 50 g of silica gel (88:12 dichloromethane:methanol)
to yield 0.572 g (88%) of a white solid: mp 146.5-
147.5°C; IR (CHC13) 3410, 3060, 3010, 2950, 2810, 1670,
1450, 1338, 1308, 1245, 1140, 1035, 1012, 875, 850, 692,
650 cm *; 'H NMR (CDCl;) 8 7.72 (br, 1, Hy), 6.07

(d of d, 1, J = 3 Hz, = 6 Hz, Hh), 5.83 (d of 4,

Jha
= 6 Hz, Hd), 4.09 (d of &, 1, ch

hg
c = 2.5 Hz, J

L, 34 dh

2.5 Hz, J . = 2.5 Hz, J
c3J

il

cb 6 Hz, Hc), 3.82 (t, 1, ch

6 Hz, J = 6 Hz, H 3.39 (4, 1, Jae = 7.2 Hz, Ha)'

bg
3.01 (m, 1, J

oy

gf = 3 Hz, Jgh = 3 Hz, ng = 6 Hz, Jge =

10.5 Hz, Hg), 2.56 (s, 3, C§3}, 2.22 (d of & of 4, 1,

Jea = 7.2 Hz, Jeg = 10.5 Hz, Jef = 13 Hz, He}, 1.47
- _ .13
(d of 4, 1, Jfg = 3 Hz, Jee = 13 Hz, Hf), C NMR

(CDC13) ¢ 174.2, 137.8, 133.4, 68.1, 66.3, 54.3, 44.7,

36.1, 31.3.
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Anal. calcd. for C9H12N2O: C, 65.83; H, 7.37;

N, 17.06. Found: C, 65.78; H, 7.45; N, 17.09.

(2a,3a8,50,68 ,6a8) ~6~Chlorooctahydro-l-methyl-5, 2~

suspension of 59.6 mg (0.33 mmol) of 49b and 0.14 mL

(1.0 mmol) of triethylamine in 4 mL of dichloromethane
under argon was added 32 pl (0.41 mmol) of methanesulfonyl
chloride dropwise over 4 min. After stirring for 50

min at room temperature during which all of the sus-
pended %g? had dissolved, the solution was diluted with
dichloromethane, washed with 1:1 2 M aqueous NaZCOB:brine,
dried (Na2504) and concentrated in vacuo to afford

60.2 mg {(91%) of a white solid. Although homogeneous

by TLC (90:10 dichloromethane:methanol), this material

was determined to be a 50:50 mixture of isomeric chlorides

55 and 54b by 1

~ o~

H NMR (CDClB). The crude product was
purified by flash chromatography on 8 g of silica gel

{90:10 dichloromethane:methanol) to give 51.1 mg (77%)

1

of a white solid (mp 150-152.5°C). H NMR (CDCl,)

indicated that the ratio of 55:54b immediately after

chromatography was 69:31. Within three days in chloro-

form-d solution at room temperature, the mixture of
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isomeric chlorides had reached an equilibrium value of

55:54b = 78:22. Since these isomeric chlorides were

e A

inseparable and underwent ready equilibration, the spectral

data which are reported here for 54b and 55 have been

~

derived from that of a mixture of the two components:
IR (CHC13) 3425, 3230, 3015, 2985, 2960, 2815, 1683, 1440,

1355, 1328, 1240, 1150, 1172, 1130, 1070, 1040, 1008, 918,

890, 840, 825, 690, 658 cm~l; lH NMR (CpC1 500 MHz,

3I
see Table 8).

35

Exact mass calcd. for C.H ClNZO: 200.072.

9713

Found: 200.072.
Ethyl a—Hydroxy 2-oxo~l-piperidineacetate (65). A

solution of 1.07 g (10.8 mmol) of valerolactam and 1.95 g

65 in 10 mL

(19.1 mmol) of polymeric ethyl glyoxalate
of dichloromethane was allowed to stand over 43 sieves

for 5 h at room temperature. The sieves were removed

by filtration, and the filtrate was concentrated in

vacuo to afford an oil. Flash chromatography on 120 g

of silica gel (97.5:2.5 ethyl acetate:methanol) gave

1.79 g (82%) of a white solid: mp 44-46°C; IR (CHC13)
3150-3700, 3020, 2960, 2880, 1745, 1650, 1496, 1470, 1451,

1420, 1352, 1335, 1305, 1220, 1180, 1100, 1020, 660 cm *;

lH NMR (CDCl3) § 5.52 (4, 1, J =7 Hz, OCH), 4.59 (4, 1,

J =7 Hz, OH), 4.23 (q, 2, J = 7.5 Hz, chz), 3.37 (m,
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2, NCEZ), 2.39 (m, 2, O=CC§2), 1.81 (m, 4, CH2C§2C§2CH2),
1.28 (t, 3, J = 7.5 Hz, C§3).
Exact mass calcd. for C,H,-NO,: 201.1001. Found:

9715774

201.0999.
Anal. calcd. for C9H15NO4: c, 53.72; H, 7.51;

N, 6.96. Found: C, 53.73; H, 7. 42; N, 6.88.

Ethyl a-(2-Propylthio)-2-oxo-1l-piperidineacetate (66).

A s P i A s b s Pt T A P NS RS N A s S R e P g T e RS s S N R R G R s s e R s e o,

A solution of 1.59 g (16.0 mmol) of valerolactam (§%)
and 1.98 g (19.4 mmol) of polymeric ethyl glyoxalate65
in 10 mL of dichloromethane was allowed to

stir for 3 h at room temperature. Magnesium sulfate

(2 g) was added, and after an additional 5 h, the reaction
mixture was filtered and the filtrate was concentrated in
vacuo to afford the crude glyoxalate adduct §§ as a

thick o0il. To a stirred, two-phase mixture of the crude
§§ in 9 mL (96 mmol) of 2-propanethiol and 16 mL of

acetic acid at 0°C was added 1.6 mL of concentrated
sulfuric acid. After 10 min at 0°C, the reaction mixture
was allowed to warm to room temperature, and within 1 h,
one homogeneous phase had formed. After stirring for

3.5 h at room temperature, the solution was dissolved in
200 mL of ethyl acetate and the organic layer was

washed with 30 mL of water, three 25-mL portions of

saturated aqueous NaHCO3, and 30 mL of brine, dried
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(MgSO4) and concentrated in vacuo to afford 3.6 g of

a yellow liquid. Purification by MPLC (LoBar size C
column, 50:50 ethyl acetate:hexanes) afforded 2.53 g

(61%, overall from §§) of a pale yellow liquid: IR (CHC13)
2960, 2870, 1732, 1630, 1480, 1460, 1446, 1438, 1412,

1370, 1348, 1330, 1297, 1250, 1172, 1160, 1100, 1080,

1023 ecm *; 'H NMR (CDC1,) § 6.62 (s, 1, NCHS), 4.16

(¢, 2, 3 = 7 Hz, OCH,), 3.67 (m, 1, NCH,), 3.30 (m, 1, NCH,),
2,92 (guintet, 1, J = 6.8 Hz, SCECH3), 2.43 (m, 2,

O = CCHy), 1.82 (m, 4, CH,CH,CH,CH,), 1.1-1.5 (m, 9,
SCH(CH5), and OCH,CH,) .

Exact mass calcd. for C12H21N03S: 251.124. Found:

251.125.

TS S IS S N RS RS RS N BRS s p  AG RY  t S RS e PG e s e e e P e o e e B e e

A solution of 2.48 g (9.56 mmol) of ester §§ in 45 mL

of methanol and 20 mL of 15% aqueous NaOH was allowed

to stir for 1.5 h at room temperature. The reaction
mixture was partitioned between 10 mL of water and 50 mL
of ether and the organic layer was washed with an
additional 10 mL of water. The combined aqueous

layers were acidified with concentrated HCl and extracted
with four 100-mL portions of ethyl acetate. The com-
bined organic layefs were washed with 50 mL of brine,

dried (MgSO4) and concentrated in vacuo to afford 2.16 g
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of a white solid (mp 155-156.5°C). Recrystallization
from ethyl acetate/hexanes gave 1.92 g (87%) of pure,
crystalline acid: mp 158-159°C; IR (CHC13) 2300-3500
(max at 2960), 1720, 1630, 1590, 1482, 1460, 1445, 1411,
1349, 1331, 1295, 1172, 1160, 1100, 1080 cm *; TH NMR
(cpCl,) & 6.57 (s, 1, NCHS), 3.67 (m, 1, NCH,), 3.33

(m, 1, NCEZ), 2.94 (quintet, 1, J = 6.8 Hz, SC§CH3),

2.49 (m, 2, O=CC§2), 1.79 (m, 4, CHZCEQCEZCHZ), 1.30
(two overlapping 4, 6, J = 6.8 Hz, SCH(C§3)2).
Anal. calcd. for C,.H,,NO,S: C, 51.92; H, 7.41;

1071773

N, 6.06. Found: ¢, 52.22; H, 7.36; N, 6.35.
2,4-Dimethoxy-3-methylphenyl o-(2-Propylthio)-2-

R R A e e e AL e s e e N s s A e s N e e P R e N e A A T D S P P s e e S s e A o A

oxo-l-piperidineacetate (63a). To a stirred solution of
0.806 g (3.49 mmol) of valerolactam (64), 0.672 g (4.00
mmol) of phenol 19a, and 0.104 g (0.085 mmol) of 4-

dimethylaminopyridine in 7 mL of dichloromethane pro-

tected with a CasO, drying tube was added 0.790 g (3.84

4
mmol) of N,N'-dicyclohexylcarbodiimide in 3 mL of dichloro-
methane. After 24 h at room temperature, the precipitated
N,N'-dicyclohexylurea was removed via filtration

and the filtrate was concentrated in vacuo. The residue
was dissolved in toluene, filtered to remove additional

precipitate, and evaporated at reduced pressure.

Purification by MPLC (LoBar size B column, 35:65 ethyl
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acetate:hexanes) afforded 1.19 g (89%) of a pale yellow

oil: IR (CHCl3) 2950, 1760, 1640, 1484, l461, 1439,

1418, 1350, 1293, 1240, 1153, 1108 cm ¥; 'u nMR (cDCl,)

§ 6.87 (s, 1, NCHS), 6.84 (4, 1, J = 9 Hz, aromatic-H),

6.52 (4, 1, J = 9 Hz, aromatic-H), 3.3-3.9 (m, 8, NCE2

and two OCH, singlets at ¢ 3.77 and 6 3.71), 3.03 {(quintet,

3
l, J = 6.8 Hz, SCECHB), 2.43 (m, 2, O = CCEZ), 2.11 (s, 3,

CH,CH,), 1.36 (two

27=2
overlapping d, 6, J = 6.8 Hz, SCH(C§3)2).

aromatic—CEB), 1.81 (m, 4, CHZCE

2,4-Dimethoxy=-3-methylphenyl E-2-propencate (68).

B I P B O Y B Y R e . R SV VY

To a stirred solution of 5.30 g (31.5 mmol) of phenol
%gg, 3.25 ¢ (37.8 mmol) of E-2-propenocic acid and 0.38 g
(3.11 mmol) of 4-dimethylaminopyridine in 75 mL of
dichloromethane protected with CasS0, drying tube at

0°C was added 8.00 g (39.0 mmol) of g,ﬁ'—dicyclohexyl—
carbodiimide in 25 mL of dichloromethane. After 15 min
at 0°C, the reaction mixture was allowed to warm to

room temperature for 8 h. The precipitated N,N'-
dicyclohexylurea was removed by filtration and the
filtrate was concentrated in vacuo, dissclved in hexanes,

and refiltered to remove additional precipitate. The

crude material obtained upon evaporation of the filtrate
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was purified by flash chromatography on 200 g of silica
gel (25:75 ethyl acetate:hexanes) to afford 6.8l g
(91%) of a white solid (mp 52-55°C). An analytical
sample was prepared by recrystallization from hexanes
to give colorless needles: mp 55.5-57°C; IR (CHC13)
3000, 2940, 2830, 1733, 1650, 1595, 1480, 1460, 1435,

1406, 1305, 1235, 1160, 1150, 1110, 1095, 1012, 990,

965, 810 cm ¥; TH NMR (cpCl,) § 7.16 (d of q, 1, Iy =

15.5 Hz, Jq = 7 Hz, =CHCH;), 6.84 (d, 1, J = 9 Hz,
aromatic-H), 6.54 (d, 1, J = 9 Hz, aromatic-H), 6.03

(d of g, 1, J; = 15.5 Hz, J_ = 1.5 Hz, =CHC=0)}, 3.77 (s,

d q
3, OC§3), 3.70 (s, 3, OC§3}, 2.14 (s, 3, aromatic—C§3),

1.93 (d of 4, 3, J = 7 and 1.5 Hz, =CHCH,).

Anal. calcd. for C13H1604: c, 66.08; H, 6.83.

Found: C, 66.17; H, 6.63.

e R R e R R I I R e N I R - U PP VP VP V- i VR VIR V-l I AP VDI e
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(4.20 mmol) of crotonate 68 in 40 mL of 1:1 dichloro-
methane:methanol protected with a CaSO4 drying tube and
cooled to -78°C was bubbled with a stream of czone in
oxygen until the solution turned blue. The excess ozone
was removed by bubbling with nitrogen, and 8 mL of
dimethyl sulfide was added. The solution was allowed to

warm to room temperature and stir for 2.5 h, followed by
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concentration in vacuo to afford 1.38 g of a thick oil
containing the glyoxalate-methancol adduct 69 and
dimethyl sulfoxide. (See the procedure for the pre-
paration of ZZ§ for information concerning the purifica-
tion and spectral characterization of gg.)

A solution of the crude glyoxalate ég and 306 mg
(3.08 mmol) of valerolactam (64) in 16 mL of dichloro-
methane was allowed to stand over 4& sieves for 15 h.
After removal of the sieves by filtration, the filtrate
was evaporated at reduced pressure to afford a thick
oil. Flash chromatography on 70 g of silica gel
(ethyl acetate) gave 692 mg (70%) of a white solid:
mp 89-91°C; IR (CHClB) 3540, 3000, 2950, 1765, 1640,

1600, 1483, 1462, 1415, 1302, 1242, 1175, 1110 cm *;

'm NMR (CDCL,) & 6.89 (4, 1, J = 9 Hz, aromatic-H), 6.54

(d, 1, J = 9 Hz, aromatic-H), 5.81 (br s, 1, OCH), 4.68
(br, 1, OH), 3.79 (s, 3, OCHy), 3.71 (s, 3, OCH;), 3.52

(m, 2, NC&Q), 2.46 (m, 2, O=CC§2), 2.14 (s, 3, aromatic~-

13

CH2); C NMR (CDC1l

CHy), 1.84 (m, 4, CH,CH,CH ) §

=272 3
171.2, 168.4, 156.3, 150.0, 137.1, 120.9, 119.5, 105.5,
76.9, 60.7, 55.6, 44.8, 32.0, 22.7, 20.6, 8.9.

Anal. calcd. for ClGHZlNOG: Cc, 59.43; H, 6.55;
N, 4.33. Found: C, 59.40; H, 6.49; N, 4.26.

B N VN R T T IR I e e e
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E%E?E%§EE§ES§E§E§~£§391' A stirred solution of 2.66 g
(11.27 mmol) of crotonate §§ in 300 mL of methanol pro-
tected with a CasS0, drying tube and cooled to -78°C was
bubbled with a stream of ozone in oxygen for 20 min until
the solution turned blue. The excess ozone was removed

by bubbling with argon, 20 mL of dimethyl sulfide was
added, and the solution was allowed to warm to 0°C for 1 h
followed by room temperature for 5.5 h. The solvents were
evaporated in vacuo and the residue was dissolved in
dichloromethane, dried (MgSO4) and concentrated in vacuo
to afford a thick, colorless oil containing the glvoxalate-
methanol adduct q% and dimethyl sulfoxide. (See.the
procedure for the preparation of ZZQ for information
concerning the pugification and spectral characterization
of q%.)

A solution of the crude ég in 8 mL of dichloromethane
was added to a solution of 0.838 g (8.54 mmol) of
valerolactam (g%) in 25 mL of dichloromethane over 43
sieves. After standing for 14 h at room temperature,
the sieves were removed by filtration and the filtrate
was concentrated in vacuo to afford a thick yellow oil
containing crude 63d.

~ o~ o~

To a solution of the crude 634 in 7 mL of dichloro-

oo~

methane protected with a CaSO4 drying tube at 0°C was
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added 6 mL of acetic anhydride and 12 mL of pyridine. After
stirring for 15 min at 0°C followed by 1 h at room tempera-
ture, the reaction mixture was partitioned between 400 mL
of ether and 100 mL of ice cold 1 M aqueous HCl. The orga-
nic layer was washed with 100 mL of ice cold 1 M agueous
HCl, two 75-mL portions of saturated aqueous NaHCO3, and

50 mL of brine, dried (MgSO4) and concentrated in wvacuo

to give 4.1 g of a thick, orange o0il. The crude

product was purified by MPLC (LoBar size C column),
collecting 20 mL fractions and eluting with hexanes
(fractions 1-5), 60:40 ethyl acetate:hexanes (fractions
6-73) and 75:25 ethyl acetate:hexanes (fractions 74-100).
Fractions 49-74 afforded 2.39 g (77%, overall from 64)

of a pale yellow solid (mp 81.5-83.5°C). An analytical
sample was prepared by recrystallization from benzene/
hexanes to afford white crystals: mp 84.5-85°C; IR

@HC13) 3020, 2970, 2850, 1780, 1755, 1670, 1660, 1608,
1490, 1468, 1445, 1420, 1378, 1354, 1298, 1290, 1248,

1175, 1115, 1046, 835 cm ; TH NMR (CDCl,) 6 7.24

(s, 1, OCH), 6.93 (d, 1, J = 9 Hz, aromatic-H), 6.58

(¢, 1, J = 9 Hz, aromatic-H), 3.78 (s, 3, OC§3), 3.72

(s, 3, OCHy), 3.52 (m, 2, NCH,), 2.50 (m, 2, 0=CCH,),

23
2.17 (s, 3, CCHy), 2.13 (s, 3, CCHj), 1.84 (m, 4,
CH,,CH,CH,CH, ) .
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Anal. calcd. for C18H23N07: C, 59.17; H, 6.35;
N, 3.83. Found: <C, 58.99; H, 6.35; N, 3.73.

Mercury (1) Trifluoromethanesulfonate®® (70). To
a suspension of 4.3 g (20 mmol) of red mercury(II) oxide
in 50 mL of benzene at room temperature under argon
was added 5 mL (30 mmol) of trifluoromethanesulfonic
anhydride. The stirred suspension was heated to reflux
for 5 h at which point nearly all of the red solid
had dissolved and a white solid had precipitated. After
cooling to room temperature for 1 h, the solid was
collected on a glass frit washed with several portions
of benzene (50 mL total) and dissolved in 35 mL of
acetonitrile. The solution was filtered to remove a
small amount of insoluble residue, and benzene (55 mL)
was added to the filtrate to induce crystallization.
After cooling to 0°C, the white needles were collected,
washed with benzene and dried under vacuum at 110°C
to afford 5.46 g (55%) of pure, solvent-free mercury(II)
trifluoromethanesulfonate: mp >300°C (dec).

Anal. calcd. for C,F_HgO Cc, 4.82; s, 12.86;

2FgH995,¢
Hg, 40.22. Found: C, 4.93; s, 12.76; Hg, 39.78.
In a separate experiment, the mercury(II) tri-

fluoromethanesulfonate thus obtained was dried under

vacuum at room temperature instead of 110°C. Integration
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of the lH NMR spectra (DMSO—§6) employing chloroform as a

quantitative internal standard revealed that this
material was an acetonitrile solvate possessing the

following stoichiometry: Hg(0SO.,CF

5 3)2-(CH3CN)1_74.
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With Mercury(II) Trifluorcmethanesulfonate. To a

NP N A A e A S AR A A RS e N B e N e P e e R e P e B e e T e g e e

stirred solution of 468 mg (1.23 mmol) of sulfide QEE

in 7 mL of dichloromethane at room temperature under argon
was added 679 mg (1.35 mmol) of mercury(II) trifluorcmethane-
sulfonate to afford a white suspension. After 45 min,
the suspension was diluted with dichloromethane and
filtered to remove the suspended solid. The filtrate was
washed with water and brine, dried (MgSO4) and con-
centrated in vacuo to yield 384 mg of a yellow oil.

The crude material was purified by MPLC (LoBar size B
column, 70:30 followed by 80:20 ethyl acetate:hexanes)

to afford 300 mg (80%) of a white solid (mp 142.5-
144°C). An analytical sample was prepared by
recrystallization from benzene/hexanes to provide

white needles: mp 143-144°C; IR (CHC13) 3020, 2965,
1812, 1648, 1612, 1467, 1425, 1350, 1295, 1225, 1140,
1094, 1078, 1065, 1018, 978 cm L; ' nMm (cDCl,) 6

6.42 (s, 1, aromatic-H), 6.09 (br s, 1, NCH), 3.98
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(s, 3, OCHj), 3.78 (s, 3, OCH;), 3.22 (m, 2, NCH,),

2.49 (m, 2, O=CC§2), 2.07 (s, 3, aromatic-C§3), 1.83

13

(m, 4, CH CH CHZ); C NMR (CH2C12) § 172.5, 170.3,

27=27=2
155.8, 143.0, 139.3, 122.2, 120.7, 100.7, 60.7, 37.4,

cH

56.6, 47.8 (br), 32.6, 23.6, 21.6, 9.2.

Anal. calcd. for c16H19N05

N, 4.59. Found: C, 62.94; H, 6.32; N, 4.56.

C, 62.94; H, 6.27;

Exact mass caled. for C16H19NO5 305.126. Found:

305.126.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~da o~

To a stirred suspension of 874 mg (1.75
mmol) of (CuOSOZCF )2 CeHe in 6 mL of benzene under
argon was added 207.7 mg (0.545 mmol) of sulfide 63a
in 3 mL of benzene. After 3.5 h at room temperature,
TLC (75:25 ethyl acetate:hexanes) revealed that no
reaction had occurred and thus the suspension was
heated to 70-75°C for 1 h to afford a yellow solution.
After cocling to room temperature, the reaction mixture
was stirred with 10 mL of water and the precipitate
which formed was removed by filtration. The filtrate
was partitioned between ether and 1 M agqueous HC1l, and

some additional precipitate was removed by filtration.

The organic layer was washed with brine, dried (MgSO4)
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and concentrated in vacuc to afford 188 mg of a brown
0il. Purification by MPLC (LoBar size A column, 45:55
ethyl acetate:hexanes) gave 99.2 mg (60%) of lactone
§g as an off-white solid.

(c) Via the Reaction of Chloride 63b With Silver(I)

B Y I Y I e e e e T I A R N I T R R VR PR V)

P Y e e e A e R P T R ]

Trifluoromethanesulfonate.59 To a stirred solution

of 202.1 mg (0.625 mmol) of alcohol 63d iﬁ 5 mL of
dichloromethane under argon was added 60 pl (0.822 mmol)
of thionyl chloride over 1 min. After 2.5 h at room
temperature, the solution was concentrated in vacuo to
afford 223 mg (104%) of chloride 63b as a yellow oil:

~

IR (CH,Cl,) 3060, 2965, 1778, 1670, 1486, 1460, 1415,
1285, 1242, 1160, 1110, 1012, 983, 895, 794 cm—l; lH
NMR (CDC1j) §7.27 (s, 1, ClCH), 6.85 (4, 1, J = 9 Hz,
aromatic-H), 6.52 (d, 1, J = 9 Hz, aromatic-H), 3.76
(s, 3, OCH,), 3.68 (s, 3, OCH;), 3.58 (m, 2, NCH,),
2.49 (m, 2, O=CC§2), 2.13 (s, 3, aromatic—C§3), 1.86
(m, 4, CH,CH,CH,CH,).

A solution of the crude chloride 63b in 4 mL of
dichloromethane was added dropwise over 12 min to a
rapidly stirred suspension of 191 mg (0.743 mmol) of

silver (I) trifluoromethanesulfonate in 4 mL of dichloro-
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methane under argon. After 45 min at room temperature,
5 mL of dichloromethane and 2 mL of 1:1 2 M agueous
Na2C03:brine was added. The suspension which resulted
was stirred rapidly for 5 min, the precipitated silver
chloride was removed by filtration through celite and
the filter pad was washed with dichloromethane. The
organic layer was dried (MgSO4) and concentrated in
vacuo to yield 209 mg of a yellow oil. The crude
product was purified by MPLC (LoBar size B column,
equilibrated with 40:60 ethyl acetate:hexanes, eluted
with 70:30 ethyl acetate:hexanes followed by neat
ethyl acetate) to afford 152.4 mg (80%, overall from §§§)
of lactone ég as a white solid.

(d) Via the Reaction of Chloride 63b With Tin

T e e T I I O e T T I T )

Tetrachloride. Chloride 63b was prepared as described

R IR I T ] ~ o~

in part (c) from 98 mg (0.303 mmol) of alcohol §§g and
0.036 mL (0.490 mmol) of thionyl chloride. To a stirred
solution of the crude chloride in 3 mL of dichloromethane
at 0°C under argon was added 0.35 mL (0.35 mmol) of 1 M
tin tetrachloride in dichloromethane over 2 min. After
stirring for 1 h at 0°C followed by 3.5 h at room
temperature, the solution was partitioned between

dichloromethane and 1:1 2 M aqueous Na2CO3:brine. The

organic layer was dried (Na2804) and concentrated in
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vacuo to yield 81 mg of a pale yvellow oil. Flash
chromatography on 8 g of silica gel (equilibrated with
50:50 ethyl acetate:hexanes, eluted with neat ethyl
acetate) afforded 60.7 mg (66%) of lactone 62 as a
white solid.

(e) Via the Reaction of Acetate 63c With Boron

PO P A I 0 S e s S A R e RS B R N S e T e P A N e v R e e e e v o e e A e A v A e S

Trifluoride Etherate. To a stirred solution of 429 mg

A e P RS A A e e R e e A e e e A

(1.17 mmol) of acetate §§S in 7 mI, of benzene under
argon was added 0.29 mL (2.35 mmol) of boron trifluoride
etherate. After 0.5 h at room temperature, heating to
60°C for 6 h afforded a brown solution with suspended
solids. The reaction mixture was partitioned between

50 mL of dichloromethane and 10 mL bf saturated aqueous
NaHCOB, and the aqueous phase was re-extracted with

50 mL of dichloromethane. The combined organic extracts
were washed with brine, dried (MgSO4) and concentrated
in vacuo to yield 400 mg of a foam. The crude product
was purified by MPLC (LoBar size B column, equilibrated
with hexanes, eluted with 70:30 ethyl acetate:hexanes
followed by 80:20 ethyl acetate:hexanes) to afford 208
mg (58%) of lactone §% as an off-white solid.

Reaction of Sulfide 63a With Hg(0802CF3)2~£§§3CN)1 74"

P R e e R e T i e R R R e dE VR ~ A

LV

To a stirred solution of 163.2 mg (0.43 mmol) “of sulfide

63a in 4 mL of dichloromethane under argon was added

~
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284.0 mg (0.50 mmol) of Hg(OSO,CF - (CH,CN) After

2 3)2 1.74°

0.5 h at room temperature, the reaction was quenched
with 5 M aqueous NaOAc and allowed to stir 5 min. The
mixture was partitioned between dichloromethane and 5 M

agqueous NaOAc and the organic layer was washed with

brine, dried (MgSO4) and concentrated in vacuo to

afford an oil. TLC (ethyl acetate) and lH NMR revealed

that in addition to lactone §g, another more polar
substance had formed. These products were separated
by MPLC (LoBar size A column), eluting with ethyl
acetate and collecting 4 mL fractions. Fractions 5-7
gave 54.3 mg (41%) of lactone ?% and fractions 18-33

gave 46.0 mg (30%) of acetamide 63g as a colorless oil.

~ o~

63g: IR (CHC13) 2900-3600 (sharp band at 3430),

~ o~ R

3000, 2960, 1765, 1675, 1635, 1600, 1480, 1300, 1240,

1110 e ' 'm NMR (CDC1,) & 7.49 (4, 1, J = 8.5 Hz, NH),

6.92 (4, 1, J = 9 Hz, aromatic-H), 6.57 (4, 1, J = 9 Hz,
aromatic-H), 5.71 (4, 1, J = 8.5 Hz, NCH), 3.5-4.0

(m, 8, NCH, and two OCH, singlets at § 3.79 and § 3.70),

2 3
2.39 (m, 2, 0=CCH,), 2.1l (s, 3, CCH,), 2.04 (s, 3,

CC§3), 1.83 (m, 4, CH2C§2C§2CH2).

Exact mass calcd. for C18H24N206: 364.164.

Found: 364.163.

Ethyl a-Chloro-2-oxo-l-piperidineacetate (72). To a

A L R e N e Y e R A R RS e e R e o P N P i P e e S e R s A R e R e e A e s s T A
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stirred solution of 716.3 mg (3.56 mmol) of alcohol 65

in 20 mL of dichloromethane protected with a CaSO4

drying tube was added 0.4 mL (5.50 mmol) of thionyl
chloride. After 1.5 h at room temperature, the solvent
was evaporated in vacuo to afford 778.1 mg (99%) of

a pale yellow o0il: IR (neat) 2970, 1762, 1680, 1485,

1468, 1415, 1350, 1300, 1190, 1092, 1025, 760 cm-l;

' mer (cpcly) § 6.93 (s, 1, clcH), 4.24 (q, 2, T = 7 Hz,

chz), 3.44 (m, 2, Ncgz), 2.47 (m, 2, O=CQ§2), 1.87
(m, 4, CH2C32C§2CH2), 1.31 (t, 3, J = 7 Hz, C§3).
Exact mass calcd. for C9Hl435ClNO3: 219.066.

Found: 219.066.
Ethyl o~ (2,5-Dimethoxyphenyl)-2-oxo~l-piperidine-

§SEE§E§~SZ§1‘ To a stirred solution of 138.1 mg (0.63
mmol) of chloride 72 and 130.5 mg (0.95 mmol) of 1,4-
dimethoxybenzene in 4 mL of dichloromethane under argon
was added 90 ylL (0.76 mmol) of tin tetrachloride. After
1 h at room temperature, the reaction mixture was
diluted with 10 mL of dichloromethane and quenched with
3 mL of 2 M agueous Na2C03. The resulting suspension
was rapidly stirred for 10 min and subsequently filtered
through celite. The agueous layer was diluted with

3 mL of brine and re-extracted with two 10-mL portions

of dichloromethane. The combined organic layers were
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dried (Na2804) and concentrated in vacuo to yield 225
mg of a pale yellow oil. Flash chromatography on 18 g
of silica gel (packed in ethyl acetate, eluted with
98:2 ethyl acetate:methanol) afforded 174.9 mg (86%) of
a white solid (mp 87-89°C). An analytical sample was
prepared by recrystallization from ether/hexanes to

give pure 73 as colorless crystals: mp 89-90.5°C;
IR (CHClB) 3010, 2960, 2840, 1740, 1630, 1500, 1463,

1435, 1417, 1370, 1350, 1330, 1295, 1230, 1168, 1045,

1027, 810, 650 cm’l; o nmr (cpcly) & 6.81 (s, 2,

aromatic-H), 6.74 (s, 1, aromatic-H), 6.4l (s, 1, NCH),
4.17 (gq, 2, 3 = 7.3 Hz, chz), 3.73 (s, 6, ocga), 3.43
{(m, 1, NCEZ), 2.80 (m, 1, Ncgz), 2.44 (m, 2, O=CC§2),

1.74 (m, 4, CH,CH,CH,CH,), 1.23 (t, 3, J = 7.3 Hz,

27=27=2

CH,CH,) .

2
Anal. calcd. for C17H23N05: c, 63.53; H, 7.21;

N, 4.36. Found: C, 63.49; H, 7.18; N, 4.33.

1,3-Dimethoxy-2-methyl-4- (trimethylsilyl) oxybenzene

s - A A e Nt T A s e P e e P R e A A o R e g S e I e a NS S R RS P A P s e P S e s

(19b) was prepared by the reaction of phenol 19a with

diethyltrimethylsilylamine in dichloromethane at room
temperature. Bulb-to-bulb distillation (115°C, 0.05 mm)
of the crude product afforded silyl ether 19b as a

pale yellow liguid: IR (CH2C12) 3060, 2970, 2850,

1595, 1490, 1470, 1445, 1420, 1270, 1251, 1223, 1163,
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1112, 1038, 998, 880, 850 cm“l; lH NMR (CDC13) § 6,61

(d, 1, J = 9 Hz, aromatic-H), 6.41 (d, 1, J = 9 Hz,
aromatic-H), 3.72 (s, 6, OC§3), 2.12 (s, 3, aromatic—C§3),
0.23 (s, 9, SiC§3).

Exact mass calcd. for C12H200351: 240.,1182.

Found: 240.1178.
Purification and Characterization of Intermolecular
Amidoalkylation Products 59%a, 60a, 60b and 74: Reaction

T A N e T s P T N N RS R R A e R N N R e Ay B N s A T N e e e P N Al A A e S A U RS e e A R P e e e v e s A e
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To a stirred solution of 208.3 mg (0.85 mmol) of silyl ether
}2? in 4 mL of dichloromethane at 0 C under argon was added
0.85 mL (0.85 mmol) of 1 M tin tetrachloride in dichlorome-
thane over 2 min to afford a yellow suspension. After 8 min
at 0°C, a solution of 149.2 mg (0.68 mmol) of chloride

zg in 3 mL of dichloromethane was added. The reaction
mixture was maintained at 0°C for 50 min during which

the yellow precipitate dissolved, quenched with 5 mL of

1:1 2 M aqueous Na2CO3:brine and diluted with

10 mL of dichloromethane. The resulting suspension

was rapidly stirred for 5 min at room temperature and
subsequently extracted with dichloromethane. The

organic layer was dried (Na2804) and concentrated in

vacuc to afford 288 mg of a pale yellow oil. lH NMR

and TLC (ethyl acetate, 25:75 acetone:dichloromethane)



-143-

revealed that several products were present, and that no
lactone §% had formed. The coproducts were separated

by MPLC on a LoBar size B column, equilibrated with
33:67 ethyl acetate:hexanes and eluted with 60:40

ethyl acetate:hexanes (fractions 1-30) followed by 75:25
ethyl acetate:hexanes (fractions 31-70). Approximately
20-mL fractions were collected. Fractions 19-22
afforded 25.3 mg (8.5%) of phenyl ether zg as a colorless
0il. An analytical sample of Z% was prepared by bulb-
to-bulb distillation at 90°C (0.015 mm). Fractions
33-38 afforded 26.3 mg (8.8%) of silyl ether 60b as a
colorless oil. The regiochemical assignment of the

above silyl ether was based on its clean conversion to

phenol 60a upon treatment with triethylamine in methanol

o~~~

at room temperature. Fractions 43-46 afforded 46.1 mg

(15.4%) of phenol 5%9a as a white solid. An analytical

o

sample of 59a was prepared by recrystallization from

~ o~ o~

benzene/hexanes followed by dichloromethane/hexanes.
Fractions 47-48 afforded 31 mg (10.4%) of a mixture of

59a and 60a (5%a:60a = 1.2:1). Fractions 49-90 gave

~ o~ ~ ~~ ~ o~

90.5 mg (30.3%) of phenol 60a contaminated with

ar s

approximately 10% of 59a. Recrystallization of the

~ o~

impure material from benzene/hexanes yielded an

analytically and spectroscopically pure sample of 60a

~ o
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as a white solid.

74: IR (CHC13) 3020, 2960, 1750, 1650, 1600, 1485,
1

-
r

1462, 1440, 1415, 1350, 1330, 1297, 1230, 1110, 1018 cm

lH NMR (CDC13) § 6.80 (4, 1, J = 9 Hz, aromatic-H), 6.78

(s, 1, NCH), 6.46 (4, 1, J = 9 Hz, aromatic-H), 4.28
(g, 2, J = 7.5 Hz, OCEZ), 3.83 (s, 3, OC§3), 3.78 (s, 3,
OCH,), 3.0-3.8 (m, 2, NCH,), 2.39 (m, 2, 0=CCH,), 2.12

(s, 3, aromatic—C§3), 1.76 (m, 4, CH,CH,CH,CH 1.31

27272 2)’

(t, 3, J = 7.5 Hz, CH,CH,).

Anal. calcd. for C18H25NO6: Cc, 61.52; H, 7.17;

N, 3.99. Found: ¢C, 61.85; H, 7.31; N, 3.49.

59a: mp 150.5-151.5°C; IR (CHCl3) 3540, 3020,

2960, 1740, 1628, 1490, 1465, 1420, 1210, 1130, 1025,
805 cm™'; 'H NMR (CDC1,) § 6.49 (br, 1, OH), 6.39

(s, 2, aromatic-H and NCH), 4.22 (q, 2, J = 7.3 Hz,
OCEZ), 3.77 (s, 3, OC§3), 3.72 (s, 3, OCEB), 3.53 (m,
1, NCH,), 2.95 (m, 1, NCH,), 2.47 (m, 2, O=CCH,), 2.15

(s, 3, aromatic-CH 1.77 (m, 4, CH

13

CH,CH,CH,), 1. 26

3)'
(t, 3, J = 7.3 Hz, CH

27=27=2

CHy); ~~C NMR (CDCl,) § 171.1 (s),

2
170.3 (s), 151.2 (s), 146.6 (s), 142.5 (s), 121.1 (s),

117.5 (s), 107.9 (d), 61.4 (t), 60.8, 56.5, 56.1, 44.6
(£), 32.3 (t), 23.1 (t), 20.9 (t), 14.2 (q), 9.4 (q).

Anal. calcd. for C,,H,-N,O

18%25%2%6°
N, 3.99. Found: C, 61.59; H, 7.09; N, 3.90.

c, 61.52; W, 7.17;
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60a: mp 154-156°C; IR (CHClB) 3545, 3020, 2960,

~

1738, 1630, 1497, 1453, 1450, 1420, 1350, 1332, 1300,

1190, 1115, 1050, 1025, 1010 cm *; <TH NMR (CDC1,) 8

6.62 (s, 1, aromatic-H or NCH), 6.49 (s, 1, aromatic~H or
NCH), 6.21 (s, 1, OH), 4.20 (g, 2, J = 7.5 Hz, OCH,),

3.79 (s, 3, OC§3), 3.65 (s, 3, oCH 3.38 (m, 1, NCEZ),

3)!
2.85 (m, 1, NCEZ), 2.47 (m, 2, O=CC§2), 2.25 (s, 3,

aromatic-C§3), 1.75 (m, 4, CH
13

CH,CH,CH,), 1.25 (t, 3,

27=2
C NMR (CDC1l

2

J = 7.5 Hz, CH,CH § 171.0 (s),

170.7 (s}, 151.0 (s), 1l46.7 (s), 1l45.6 (s), 125.0 (s),
122.8 (s), 114.2 (d), 61.3, 61.0, 60.5, 55.6, 45.0 (t),
32.4 (t), 23.2, 20.9, 14.1 (gq), 10.1 (qg).

Anal. calcd. for C18H25N06: c, 61.52; 1, 7.17;
N, 3.99. Found: €, 61.36; H, 7.03; N, 3.82.

Ethyl a—-(2-Hydroxy-3,5~dimethoxy-4-methylphenyl) -

2-oxo-l-piperidineacetate (59a) Via Ethanolysis of

e T e s I I T D e e T P V. I I VR U R N R

Lactone 62. A solution of 43.3 mg (0.14 mmol) of
lactone 62 in 4 mL of absolute ethanol containing two
drops of triethylamine was allowed to stir for 12 h
at room temperature. Concentration in vacuo afforded
a pale yvellow oil which was identical by lH NMR and
TLC (ethyl acetate) to the less polar regioisomer

obtained in the intermolecular amidoalkylation reaction.

Lewis Acid Promoted Amidoalkylation Reactions of

N L e e S e e U R R S A e L T R R s P R R e R T i e e P P A R R e e Y R e e
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Chloride 72 With Phencl Derivatives 19a and 19b (Table

R e B R Y R R A Y e R s e N N e A S e R R Ru e RS T Rw AL A e e AR A e e R e e e e

B T e e . e R Vi I R e I I VU R

reactions listed in Table 2 were carried out according
to the experimental procedures described below. Phenols
59a and 60a were isolated together from the crude

o~y ~

product by flash chromatography. The ratio of §%§:§q§
was determined by integration of the 1H NMR spectrum
of the mixture of %%% and §Q§ thus obtained. Two sets
of signals were employed for integration: the benzylic
methyl protons and the sum of the aromatic proton and
benzylic methine proton. The latter set of signals were
integrated after D20 exchange of the overlapping phenol
hydroxyl proton. The values for §%§:§q§ reported in
Table 2 are an average of the values obtained by these
two methods. The crude reaction products derived
from silyl ether {%Q (Entries G-J) were treated with
triethylamine in absolute methanol at room temperature
to convert all silyl ether by-products to the
corresponding phenols prior to chromatography and isomer
ratio determination.

Table 2, Entry A. To a stirred solution of 116 mg

P VI R L I R I v )

(0.69 mmol) of phenol 19b in 3 mL of dichloromethane

~ o

at 0°C under argon was added 0.72 mL (0.72 mmol) of 1 M

tin tetrachloride in dichloromethane over 2 min. The
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yellow solution was allowed to warm to room temperature
for 1 h. After cooling to 0°C, a solution of 111.1

mg (0.506 mmol) of chloride z% in 3 mL of dichloromethane
was added. The reaction mixture was allowed to stir at
0°C for 1 h, when it was diluted with 20 mL of dichloro-
2CO3:

brine and stirred rapidly for 10 min. The aqueous

methane, quenched with 6 mL of 1:1 2 M aqueous Na

layer was separated and washed with an additional 15 mL
of dichloromethane. The combined organic layers were
dried (Na2804) and concentrated in vacuo to afford 203
mg of a pale yellow oil. Flash chromatography on 18 g
of silica gel (ethyl acetate) gave 140 mg (79%) of a
mixture of 59a and 60a in a 2.5:1 ratio.

-~ o~ ~ o~

?%9%?~3L~§EE{¥~§‘ To a stirred solution of 164.5
mg (0.749 mmol) of chloride 72 and 149 mg (0.892 mmol)
of phenol %%? in 8 mL of dichloromethane at ~78°C
under argon was added 0.92 mL (0.92 mmol) of 1 M tin
tetrachloride in dichloromethane. The yellow sclution
was maintained at -78°C for 1.5 h, warmed to between
-50°C and -40°C for 1 h, warmed to 0°C gradually over
0.5 h, and finally maintained at 0°C for 0.5 h. TLC
(ethyl acetate) indicated that the reaction did not

proceed at a significant rate until -20°C was reached.

The reaction mixture was diluted with dichloromethane,
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quenched with 6 mL of 1:1 2 M agquecus Na CO3:brine and

2

stirred rapidly for 10 min. The organic layer was
separated, dried (Na2804), and concentrated in vacuo to
afford 286 mg of a pale yvellow oil. Flash chromatography on
20 g of silica gel (ethyl acetate) gave 218.6 mg (83%)

of a mixture of 59a and 60a in a 2.6:1 ratio.

~ A ~

Table 2, Entry C. To a stirred solution of 89 mg

P RV VR R VRV R VIV P W VPV v

(0.53 mmol) of phenol 19%a and 102.8 mg (0.47 mmol) of

~ o~

chloride Z% in 5 mL of dichloromethane at 0°C under

argon was added 65 ul (0.53 mmol) of boron trifluoride
etherate. After 1 h at 0°C, the reaction mixture was
allowed to warm to room temperature for 18 h, diluted

with dichloromethane, gquenched with 5 mL of 1:1 2 M

agueous Na CO3:brine and stirred rapidly for 10 min.

2
The organic layer was dried (Na2804) and concentrated
in vacuo to afford 181 mg of a yellow oil. Flash
chromatography on 20 g of silica gel (ethyl acetate)
gave 137.1 mg (83%) of a mixture of §§§ and §9§ in a
1.8:1 ratio.

?§§%§~EL~§§EEX~P' To a stirred solution of 112.5
mg (0.512 mmol) of chloride 72 and 95.5 mg (0.57 mmol)
of phenol }8% in 5 mL of dichloromethane at 0°C under

argon was added 70 ul (0.64 mmol) of titanium tetra-

chloride. After 1 h at 0°C, the reaction mixture was
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allowed to warm to room temperature for 18 h, diluted
with dichloromethane gquenched with 5 mL of 1:1 2 M
aqueous Na2C03:brine, and stirred rapidly for 10 min.
The suspension was filtered through celite to remove
insoluble salts, and the aqueous layer was separated
and extracted with additional dichloromethane. The
combined organic layers were dried (NaZSO4) and con-
centrated in vacuo to afford 200 mg of a pale yellow
oil. lH NMR and TLC (ethyl acetate) indicated that
much starting materials (19a and 73) remained. Flash
chromatography on 20 g of silica gel (ethyl acetate)
gave 44.2 mg (25%) of a mixture of 59a and 60a in a
0.17:1 ratio.

?3§£%~%L~§EEEX~§‘ To a stirred suspension of 160
mg (0.62 mmol) of silver(I) trifluoromethanesulfonate
and 108 mg (0.64 mmol) of phenol 19a in 5 mL of
dichloromethane at 0°C under argon was added 111.2 mg
(0.506 mmol) of chloride 72 in 2 mL of dichloromethane.
After 1 h at 0°C, the reaction mixture was guenched
with 2 mL of brine and rapidly stirred for 10 min.
Additional dichloromethane and 2 mL of 2 M agueous
Na2C03 were added and the insoluble silver salts were
removed by filtration through celite. The organic

layer was dried (Na SO4) and concentrated in vacuo to

2
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afford 201 mg of an oil. Flash chromatography on 18 g
of silica gel (75:25 ethyl acetate:hexanes followed by
neat ethyl acetate) gave 100.9 mg (57%) of aryl ether
Z% as a colorless oil followed by 50.7 mg (29%) of a
mixture of 59a and 60a in a 2.7:1 ratio.

~ o e~ ~ A

Table 2, Entry F. To a stirred solution of 60.5

B Y P TR I VI PP VP )

mg (0.36 mmol) of phenol 19a and 80 ul (0.68 mmol) of
tin tetrachloride in 2.5 mL of dichloromethane at -78°C
under argon was added 60 ul (0.34 mmol) of ethyldiiso-
propylamine to afford an orange, crystalline precipitate.
After 5 min at -78°C, a solution of 67.3 mg (0.307
mmol) of chloride Z% in 3 mL of dichloromethane was
added causing dissolution of the precipitate to give

a yellow-orange solution. The solution was allowed to
stir for 5 min at -78°C, warmed to 0°C for 1 h, diluted
with dichloromethane and quenched with 4 mL of 1:1

2 M agqueous NaZCOB:brine. The aqueous layer was re-

extracted with 10 mL of dichloromethane and the combined

organic layers were dried (Na 804) and concentrated

2
in vacuo to afford 126 mg of an oil. Flash chromatog-
raphy on 12 g of silica gel (60:40 ethyl acetate:hexanes
followed by neat ethyl acetate) gave 49.5 mg (46%) of
aryl ether zg followed by 40.3 mg (37%) of a mixture

of 5%a and 60a in a 7.5:1 ratio.

~ ~ o~
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Table 2, Entry G. To a stirred solution of 119

O e U VI VI VO U

mg (0.50 mmol) of silyl ether 19b and 93.4 mg (0.425

~ o~ o~

mmol) of chloride 72 in 6 mL of dichloromethane at 0°C

~

under argon was added 0.55 mL (0.55 mmol) of 1 M tin
tetrachloride in dichloromethane over 2 min. After 1 h
at 0°C, the solution was diluted with dichloromethane,
quenched with 6 mL of 1:1 2 M aqueous NazCOB:brine and
stirred rapidly for 10 min. The organic layer was
separated, dried (Na2504) and concentrated in vacuc to
afford 169 mg of a yellow oil. Desilylation (2 drops
Et3N, 3 mL CH3
on 20 g of silica gel (ethyl acetate) afforded 122.5 mg

OH, 3 h) followed by flash chromatography

(82%) of a mixture of 59a and 60a in a 0.76:1 ratio.

v~ ~ o~

Table 2, Entry H. To a stirred solution of 212 mg

s o e P e e A e Sy e

(0.88 mmol) of silyl ether 19b in 4 mL of dichloromethane
at 0°C under argon was added 0.92 mL (0.92 mmol) of 1 M
tin tetrachloride in dichlorcmethane over 3 min. Upon
warming to room temperature for 2 h, a vellow precipitate
formed. The stirred suspension was cooled to 0°C and
154.8 mg (0.705 mmol) of chloride 72 in 3 mL of
dichloromethane was added. The reaction mixture was
maintained at 0°C for 1 h during which the yellow

precipitate dissolved. The solution was diluted with

dichloromethane, quenched with 6 mL of 1:1 2 M agqueous
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Na2C03:brine and stirred rapidly for 10 min. The
aqueous layer was separated and extracted with
additional dichloromethane. The combined organic
layers were dried (NaZSO4) and concentrated in wvacuo
to afford 292 mg of a pale yellow oil. Desilylation
(2 drops Et

N, 3 mL CH,OH, 1 h) followed by flash

3 3
chromatography on 20 g of silica gel (ethyl acetate)
gave 201 mg (81%) of a mixture of §g§ and §9§ in a
0.78:1 ratio.

Table 2, Entry I. To a stirred solution of 120

N I P P R VI VI VP U

mg (0.50 mmol) of silyl ether %?? in 3 mL of dichloro-
methane at room temperature under argon was added 1.1
mL (1.10 mmol) of 1 M tin tetrachloride in dichloro-
methane over 2 min. A yellow precipitate formed within
10 min, and the suspension was allowed to stir for 6 h
at room temperature. After cooling to 0°C, a solution
of 98.6 mg (0.448 mmol) of chloride zg in 3 mL of
dichloromethane was added. The reaction mixture was
maintained at 0°C for 1 h during which the precipitate
dissolved. The solution was diluted with dichloromethane,
CO, :brine and

2773

stirred rapidly for 10 min. The organic layer was

quenched with 6 mL of 1:1 2 M aqueous Na

separated, dried (Na SO4) and concentrated in vacuo to

2
afford 172 mg of a yellow oil. Desilylation (2 drops
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EtBN, 3 mL CHBOH, 1l h) followed by flash chromatography

on 20 g of silica gel (ethyl acetate) gave 118.3 mg

(75%) of a mixture of 59a and 60a in a 2.0:1 ratio.

~ o~ o~ o~~~

Table 2, Entry J. To a stirred suspension of 209

B T R I T P PV PP

mg (0.81 mmol) of silver(I) trifluoromethanesulfonate

and 140 mg (0.58 mmol) of silyl ether 19b in 5 mL of

.

dichloromethane at 0°C under argon was added 106.5 mg
(0.485 mmol) of chloride 72 in 2 mL of dichloromethane.
After 1 h at 0°C, the reaction mixture was quenched
with 2 mL of brine and stirred rapidly for 10 min.
Following the addition of 2 mL of 2 M agueous Na2CO3,
the insoluble salts were removed by filtration through
celite and the filter cake was washed with dichloro-

methane. The organic layer was separated, dried (Na 804)

2

and concentrated in vacuo to afford 198 mg of a yellow

0il. Desilylation (4 drops Et,N, 4 mL CH,OH, 2 h) followed

3 3
by flash chromatography on 20 g of silica gel (70:30

ethyl acetate:hexanes followed by neat ethyl acetate)

gave a mixture of 59a and 60a in a 0.23: 1 ratio.

~A A A s

Tin Tetrachloride Promoted Rearrangement of Aryl

P P P A e A S e R e RS s s e e S N R R e e s A s it e e b e Pt e e T s

Ether 74. To a stirred solution of 56.1 mg (0.16 mmol)
of aryl ether 74 in 4 mL of dichloromethane at 0°C
under argon was added 0.18 mL (0.18 mmol) of 1 M tin

tetrachloride in dichloromethane. After 1 h at 0°C,
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TLC (ethyl acetate) revealed that the conversion of Zé
to §g§ and §9§ was occurring very slowly. The reaction
mixture was allowed to warm to room temperature for
4.5 h, at which point TLC (ethyl acetate) indicated
that aryl ether Zg had been consumed. The solution was
diluted with dichloromethane, gquenched with 4 mL of 1:1
2 M aqueous Na2C03:brine, and rapidly stirred for 5 min.
The agueous layer was separated and extracted with 10 mL
of dichloromethane. The combined organic layers were
dried (Na2504) and evaporated at reduced pressure to
afford 56 mg of a pale yellow oil. lH NMR and TLC
(ethyl acetate) indicated that in addition to the
rearranged phenols §2§ and §9§, lactone §g was present
as a minor component. In order to convert the lactone
62 into phenol §?§r the crude product was dissolved
in 3 mL of absolute ethanol containing three drops of tri-
ethylamine. After standing for 1.5 h at room temperature,
the solution was concentrated in vacuo. The residue
was purified by flash chromatography on 8 g of silica
gel (ethyl acetate) to afford 44.4 mg (79%) of a
mixture of 59a and §9§ in a 4.4:1 ratio, (lH NMR) .
2,4-Dimethoxy-3-methylphenyl [2a,4(S*) and 4 (R¥*),

A e A e A e PG RS e T e A e N e e R R e e RS A P e e e e N Ry e e e B A e e e e e o P A

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.\.~~~~~~~~~~~~~~~~~~~~~~~
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3zox0z2, Tomethano-diizcyclopentapyrazine-d-acetate (77a).
A stirred solution of 489 mg (2.07 mmol) of crotonate
§§ in 7 mL of methanol and 5 mL of dichloromethane,
protected with a CaSO4 drying tube and cooled to -78°C
was bubbled with a stream of ozone in oxygen until the
solution turned blue. The excess ozone was removed by
bubbling with nitrogen and 3 mL (40.8 mmol) of dimethyl
sulfide was added. The reaction mixture was allowed

to warm to room temperature and stir for 2 h. The
solution was concentrated in vacuo to yield an oil
which was purified by flash chromatography on 30 g of
silica gel (95:5 dichloromethane:methanol) to afford
552 mg (104%) of phenyl glyoxalate-methanol adduct é%

, 1
as a colorless oil:

H NMR (CDC13) § 6.84 (d, 1, J =

9 Hz, aromatic-H), 6.51 (d, 1, J = 9 Hz, aromatic-H),
5.13 (4, 1, J = 11 Hz, OCH), 4.51 (4, 1, J = 11 Hz, OH),
4.74 (s, 3, aromatiC*OC§3), 4.68 (s, 3, aromatic—OC§3),
3.51 (s, 3, hemiacetal-OC§3),
A solution of the 552 mg of ég prepared above and

2.13 (s, 3, aromatic—C§3).

8l.1 mg (0.49 mmol) of 21 in 3.5 mL of dichloromethane

was allowed to stand over 4£ sieves at room temperature
under argon for 6 h. The reaction mixture was filtered
to remove the sieves, and the filtrate was concentrated

in vacuo to yield a yellow oil. The crude product was
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purified by flash chromatography on 30 g of silica gel
(75:25 acetone:dichloromethane) to afford 106.9 mg (56%)

of 77a as a mixture of a white solid and a colorless

~ o~

oil. lH NMR indicated that this material was a 2.2:1

mixture of isomers at position 9.

In a separate experiment, the crude 77a was

~ o~

recrystallized from dichloromethane/hexanes to afford

a white solid which was enriched in the major isomer

(~4:1 by “H NMR): mp 112-116°C; IR (CHC1,) 3540, 2960,

1775, 1655, 1660, 1487, 1240, 1165, 1111 cm-l; lH NMR

(CDC13) § 6.89 (4, 1, J = 9 Hz, aromatic-H), 6.54 (d,

1, J =9 Hz, aromatic-H), 6.12 (m, 2, H Hh), 5.74

df
(s, H,, minor isomer), 5.31 (s, H, , major isomer), 4.39

(a4, 1, Jcb = 6 Hz, Hc), 4.20 (br s, 1, OH), 3.93 (t, 1,

Jpe = Jpg = 6 Hz), 3.79 (s, 3, OCH,),

3.55 (m, 1, H), 3.07 (m, 1, H), 2.62 (s, 3, NCHy),

3.72 (s, 3, OCH,),

2.27 {(m, 1, He), 2.15 (s, 3, aromatic—C§3), 1.53 (d of

= £ Ar0O,C
d, 1, er 13.5 Hz, Jfg 3 Hz, Hf). 2

0
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[20.,4(S*) and 4(R*), 4aB,70,7aB)-1,2,4,4a,7,7a~-

e e e e e T e e I Y T I T VP P P S R VIO W
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T N R VR Vv

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ B e e Y I N N L LV YV

(78) . To a stirred solution of 190 mg (0.49 mmol) of

~ s s

77a in 5 mL of dichloromethane protected with a CaSO4

drying tube was added 80 ul (1.09 mmol) of thionyl
chloride. After 3 h at room temperature, the solution
was concentrated in vacuo to afford the hydrochloride

salt of 77b as a yellow semi-solid.

~ s

[In a separate experiment, the free amine 77b was

~

isolated via the following procedure: The crude hydro-
chloride salt was partitioned between dichloromethane
and 1:1 2 M agueous Na2CO3:brine. The organic layer was

dried (Na2804) and concentrated in vacuo to give a yellow

1

oil. H NMR indicated that this material was an approxi-

1

mately 1:1 mixture of isomers at position 9: H NMR (CDC13)

§ 6.87 (d, 1, J = 9 Hz, aromatic-H), 6.62 and 6.85 (two s,
1, Hi), 6.53 (4, 1, J = 9 Hz, aromatic-H), 5.9-6.4 (m, 2,

H 4.56 (m, 1, Hc), 3.93 (t, 1, g = J

bc bg
singlets at § 3.68, 3.72

ar Hh), = 6 Hz, Hb),

3.4-3.8 (m, 7, Ha and three OC§3

and 3.77) 3.00 (m, 1, Hg), 3.54 and 3.56 (two s, 3,

NC§3), 2.28 (m, 1, He), 2.14 (s, 3, aromatic-CH

Hy)»
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1.60 (d of d, 1, Jee = 13.5 Hz, Jfg = 3 Hz, He

A solution of the crude hydrochloride of 77b

~ o

prepared above in 6 mL of dichloromethane was added

)]

dropwise over 12 min to a stirred suspension of 500 mg
(1.95 mmol) of silver(I) trifluoromethanesulfonate in

3 mL of dichloromethane under argon. After 30 min at
room temperature, 10 mL of dichloromethane and 4 mL of
brine was added, and the two-phase mixture was stirred
rapidly for 5 min. The insoluble silver salts were
removed by filtration through celite and the filtrate
was partitioned between dichloromethane and 2 M aqueous
Na,CO5. The organic layer was dried (Na

2 2
concentrated in vacuo to give 176 mg of a blue oil.

804) and

The crude product was purified by flash chromatography

on 15 g of silica gel (55:45 acetone:dichloromethane)

to afford 105.1 mg (58%) of pure lactone 78 as a white solid.

lH NMR indicated that this material was an approximately

1.5:1 mixture of isomers at position 9: mp 195-196.5°C;
IR (CHC13) 3018, 2960, 1810 (shoulder at 1825), 1660,

1611, 1470, 1425, 1341, 1309, 1140, 1070, 1018, 975,

937, 905, 885, 837 cm *; TH NMR (cpcly) & 6.37 (s, 1,

aromatic-H), 6.03 and 6.22 (two m, 2, Hd' Hh), 5.53

(br, Hy major isomer), 5.34 (br s, Hi’ minor isomer),

4,18 (d of 4, 1, J = 6 Hz, J = 2.5 Hz, H ), 3.95
ch c

cd
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(s, 3, OCEB), 3.87 (t, 1,_ch = Jbg = 6 Hz, Hb),

3), 3.53 (m, 1, Ha), 3.00 {m, 1, Hg), 2.63 (s, 3,

3.70 (s,
3, OCH

NCH;), 2.27 (m, 1, He), 2.10 (s, 3, aromatic-CH,), 1.51

(d of m, 1, er = 13 Hz, Hf).
Exact mass calcd. for C20H22N205 370.153. Found:
370.153.

ArOZC

Methyl [2a,4(S*) and 4(R*),4aR,7c,7aB]1-1,2,3,4a,7,7a-

i e g R T . T S T VI VI U PP P P U O
e e T P -, ~~~~~~~~~~~~~~~~~~~~~~~~~~~

R i D e e 2 R VP VP VEP VR VP VP VP WP Vi VP VI VPSR

partially hydrated methyl glyoxalate, prepared according
to the method of Kelly,65 was freshly distilled from
phosphorous pentoxide (50°C, 25 mm). The distillate

was collected in a flask coocled to =-78°C and was warmed
te room temperature immediately before use. lH NMR
indicated that the distillate was >80% "free" methyl

glyoxalate: 'H NMR (CDCly) § 9.42 (s, 1, CHO), 3.90
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(s, 3, OC§3).

A solution of 139.0 mg (0.847 mmol) of 21 and 103.5
mg (1.170 mmol) of methyl glyoxalate (>80% "free") in
4 mL of dichloromethane was allowed to stir for 3 h at
room temperature under argon. The solution was con-
centrated in vacuo and purified by flash chromatcgraphy
on 21 g of silica gel packed in 96:4 dichloromethane:
methanol. The column was eluted with 94:6 dichloromethane:
methanol (fractions 1-15) followed by 91:9 dichloro-
methane methanol (fractions 16-40), collecting approximately
10-mL fractions. Fractions 14-23 were combined to afford

204.5 mg (96%) of 80a as a colorless oil. lH NMR

~

indicated that this material was a 2:1 mixture of isomers

at position 9: IR (CH Clz) 3515, 3060, 2960, 2807, 1755,

2
1660, 1450, 1340, 1305, 1260, 1225, 1165, 1138, 1095,
968, 905, 871 cm T; 1H NMR (cDCl,) § 6.07 (m, 2, Hy, H),

5.66 (br s, Hi' minor isomer), 5.22 (br s, Hi' major
isomer), 4.85 (br, 1, OH), 4.32 (d of 4, ch = 2.3 Hz,
Jcb = 6.5 Hz, Hc’ major isomer), 4.18 (d of m, Jcb =
6.5 Hz, Hc’ minor isomer), 3.90 (m, 1, Hb), 3.78 (s, 3,
237
major isomer), 2.55 (s, NCgB, minor isomer), 2.25 (d of

OCHy), 3.50 (m, 1, H)), 3.02 (m, 1, H)), 2.58 (s, NCH

¢ of 4, 1, Jea = 8 Hz, Jeg = 11 Hz, Jef = 13 Hz, He)’ 1.48

(@ of 4, 1, Jfg = 3 Hz, er = 13 Hz, Hf).
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80a
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Methyl [2a, 4(S*) ,4aB,7a,7aBgl-1,2,3,4a,7,7a-Hexahydro-

AL G R A A A RS A R N T RS A N A RS A S P A e e D S R N R RS RS R RS S N A A BN A RS NN A S R R A

B VI T T . T P Y I I I R R N VL)

oxo-2,7-methano-4H~-cyclopentapyrazine-4-acetate (18), the

P N TR T T N N N T s i O N L R R R I PR VR Ve

~~~~~~~~—v—v~~~~~~~~~~~~—v—v-v-u~~~~~~~~~~~~~~~~m~~~~~~~~~~~~~~

[2a,4(S*) and 4 (R*),4aB,7a,7aB)-a-(2,4-Dimethoxy-3-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
S P T T IV T e I Y I T e A e o R T e '

I I I e T e N R T e e R Y s e e e I R VI VR R T

stirred solution of 204.5 mg (0.81 mmol) of 80a in 4mL

~

of dichloromethane protected with a Cas0, drying tube was
added 0.12 mL (1.69 mmol) of thionyl chloride. After 2 h
at room temperature, the solution was partitioned between
35 mL of dichloromethane and 6 mL of 1:1 2 M aqueous

Na2C03:brine. The aqueous layer was re-extracted with 10 mL

of dichloromethane and the combined organic layers were

dried (Na2504) and concentrated in vacuo to afford 236 mg

1

of chloride 80k as a colorless ocil. H NMR indicated that

~ s

this material was a l:1 mixture of isomers at postion 9: IR
(CH2C12) 3060, 2960, 2818, 1770, 1680, 1440, 1420, 1410,

1345, 1265, 1200, 1181, 1171, 1151, 1143, 1117, 1076, 1042,

1000, 895 cm™T; TH NMR CDC1,) & 6.48 and 6.57 (two s, 1, H,),

5.84 and 6.14 (two m, 2, H Hh), 4.34 and 4.48 (two d of 4,

d’

cq = 2.5 Hz, J = 6.5 Hz, H), 3.90 (t, 1, I = Jp =

6.5 Hz, H.) . 3.77 and 3.81 (two s, 3, OCH,), 3.59
(@, 1, 3, = 7.5 Hz, H)), 3.00 (m, 1 B, 2.53

1, J

ae
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and 2.55 (two s, 3, NCH 2.28 (d of d of 4, 1, Je =

3)’ a

7.5 Hz, Jeg = 10.5 Hz, J = 13 Hz, He), 1.49 (br 4,

ef
1, J = 13 Hz, Hf).

fe

To a bright orange, stirred solution of 178 mg
(1.05 mmol) of phenol %2% and 0.25 mL (2.12 mmol) of tin
tetrachloride in 9 mL of dichloromethane at 0°C under
argon was added a solution of the crude chloride §9§
(prepared above) in 3 mL of dichloromethane. A yellow-
orange precipitate formed upon addition of the chloride.
The stirred suspension was allowed to warm to room
temperature for 40 h. Dichloromethane (20 mL) and 12 mL
of 1:1 2 M Na2C03:brine was added and the two-phase
mixture was stirred rapidly for 5 min. The insoluble
solids were removed by filtration through celite, and
the filter cake was washed with 20 mL of dichloromethane.
The organic layer was separated, the filter cake was
washed with an additional 40 mL of dichloromethane, and
the filtrate was employed to wash the original aqueous
layer. The combined organic extracts were dried (Na2804)
and concentrated in vacuo to afford 369 mg of a pale
vellow oil. A preliminary separation of this mixture
was carried out by MPLC on a LoBar size B column

equilibrated with 99:1 dichloromethane:methanol. The

column was eluted with 96:4 dichloromethane:methanol,
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collecting approximately 10-ml. fractions. Fractions
44-46 afforded 99 mg of a mixture of 19a, 79, 80c and

v ~ ~ o~

8l. Fractions 47-62 afforded 183.2 mg (56% overall
from 80a) of 18 as an amorphous foam, which upon the
addition of ether, crystallized to give a white solid
[mp 166.5-169.5°C (dec)]. An analytical sample of %g
was prepared by recrystallization from dichloromethane/
ether [mp 177.5-179°C (dec)].

Fractions 44-46 were further separated by MPLC
on a LoBar size B column equilibrated with dichloro-
methane. The column was eluted with 97.5:2.5 dichloro-
methane:methanol (fractions 1-45), 97:3 dichloromethane:
methanol (fractions 46-95) and finally 96:4 dichloro-
methane:methanol (fractions 96-160), collecting
approximately 10 mL fractions. Fractions 48-63 gave
36.4 mg (11%) of aryl ether 81 as a colorless oil [3:1

1

mixture of isomers at C(9), by "H NMR]. Fractions 72-

90 gave 10.1 mg (5%) of methyl ether 80c (X = OCH

80c 3) as

a colorless oil [1.2:1 mixture of isomers at C(9), by

lH NMR]. Fractions 117-133 afforded 35.6 mg (10%) of

79 as a colorless oil. These are overall yields based

~ o~

on 80a,

~ o~

In a separate experiment, ether was added to the

crude amidoalkylation product, inducing the crystalliza-
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tion of pure 18 [mp 178-179.5 °C (dec)] in 48% overall
yield (three steps) from tricyclic lactam 21.
}?: IR (CH2C12) 3540, 3060, 2960, 1755, 1650,

1490, 1465, 1418, 1310, 1250, 1190, 1170, 1128, 1020,

994 cm—l; lH NMR (CDC13) § 6.48 (s, 1, aromatic-H},

6.02 (d of d, 1, J = 3 Hz, = 6 Hz, Hh), 6.0-7.0

hg Jha

(bx, 1, OH), 5.91 (s, 1, Hi), 5.83 (4 of &, 1, Jdc = 1.8

Hz, = 6 Hz, Hd), 3.78 (s, 3, OC§3), 3.73 (s, 6, two

Jan
OCH,'s), 3.6-4.0 (m, 2, H_, H), 3.59 (4, 1, J__ = 8 Hz,

Ha), 2.93 (m, 1, Hg), 2.53 (s, 3, NCH,), 2.17 (s, 3,

3
aromatic—CEB), 2.1-2.4 (m, 1, He), 1.55 (4 of 4, 1,
_ _ .13
Jfg = 3 Hz, er = 13 Hz, Hf), C NMR (CDC13) § 172.5,

170.5, 151.4, 146.5, 142.5, 136.8, 133.5, 121.3, 117.0,
107.7, 68.9, 66.6, 60.8, 57.3, 57.1, 56.1, 52.3, 45.0,
35.0, 32.2, 9.42.

Anal. calcd. for C,.H,_N,O c, 62.67; H, 6.51;

21726°2"6"
N, 6.96. Found: C, 62.81; H, 6.58; N, 6.85.

Exact mass calcd. for(:ZIHZGNZOG: 402.179. Found:

402.178.

3) 3540, 3020, 2960, 1745, 1640, 1466,
1419, 1340, 1307, 1220, 1170, 1131 cm—l; lH NMR (CDC13)

79: IR (CHC1

§ 6.52 (s, 1, aromatic-H), 6.0-7.0 (br, 1, OH), 5.96

(s, 1, Hi)' 5.88 (d of @, 1, J = 3 Hz, = 6 Hz, Hh),

hg Ina

5.06 (d of 4, 1, Jac = 2.7 "z, th = ¢ Hz, Hd), 4.39
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(d of 4, 1, ch = 2.7 Hz, Jcb = 6,5 Hz Hc),‘3.82 (m, 1,

Hb), 3.78 (s, 3, OC§3), 3.72 (s, 6, two OC§3'S), 3.61
(da, 1, Jae = 7.5 Hz, Ha), 2.84 (m, 1, Hg), 2.68 (s, 3,

NC§3), 2.17 (s, 3, aromatic-CEB), 2,1-2.4 (m, 1, He),

13
1.45 (4 of 4, 1, Jfg = 3 Hz, er = 13 Hz, Hf); C NMR

(CDClB) § 173.6, 171.1, 151.6, 146.8, 142.7, 138.3,
132.8, 121.7, 117.3, 107.8, 68.8, 66.5, 60.7, 57.6,
56.1, 55.6, 52.4, 45.1, 35.2, 32.8, 9.4.

Exact mass calcd. for C21H26N206: 402.179. Found:

402.180.

8l: IR (CHC13) 3025, 2960, 1762, 1660, 1605, 1487,
1440, 1200, 1160, 1117, 928 cm-l; lH NMR (CDC13) § 6.81
A(d, 1, g =9 Hz, aromatic-g), 6.69 (s, Hi, minor isomer),
6.65 (s, Hi’ major isomer), 6.46 (4, J = 9 Hz, aromatic-H,
major isomer), 6.45 (d, J = 9 Hz, aromatic-H, minor isomer),

6.08 (d of 4, 1, J 6 Hz Hh), 5.26 (d of 4,

hg Iha =
Jdc = 3 Hz, th = 6 Hz, Hd' minor isomer), 5.72 (d of 4,

Jdc = 3 Hz, th = 6 Hz, Hd’ major isomer), 4.32 (& of 4,

ch = 3 Hz, Jcb 6 Hz, Hc’ major isomer), 4.28 (d of d,
ch = 3 Hz, Jcb = 6 Hz, Hc’ minor isomer), 3.7-4.0 (m,
10, Hb and three OCEB'S), 3.4-3.7 (m, 1, Ha), 2.97

(m, 1, Hg), 2.58 (s, NC§3, ninor isomer), 2.33 (s,

NCE3' major isomer), 2.12 (s, 3, aromatic—C§3), 2.1-2.5

(m, 1, He), 1.54 (d of 4, 1, Jfg = 3 Hz, J = 13 Hz, H

fe f)'
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Exact mass calcd. for C21H26N206: 402.179. Found:

402.178.

and 79. A stirred solution of 35.8 mg (0.097 mmol) of
lactone Z§ in 3 mL of methanol was heated to reflux for
1.5 h. The solvent was removed at reduced pressure to
afford a thick oil. lH NMR indicated that this material
was a l:1 mixture of %g and zg.

Sodium Methoxide Catalyzed Isomerization of 18. To

R e R T I VI R R P I VI Ul VI VIV VDA P P U P VAP

a stirred solution of 19.5 mg (0.049 mmol) of %g in

1 mL of methanol at 0°C under argon was added 12.5 mg
(0.23 mmol) of sodium methoxide. After 3 h at 0°C,

the solution was partitioned between dichloromethane and

brine. The organic layer was dried (Na2804) and con-

centrated in vacuo to afford 18.5 mg of a colorless oil.
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lH NMR indicated that this material was an approximately
1.6:1 mixture of 79:18.

TV N A R R RS R R R A U Y e T A R R s e R N e R A i e o s e Y A e At s A A A e A N e e

Ether 8l. To a stirred solution of 36 mg (0.089 mmol)
of 81 in 2.5 mL of dichloromethane at 0°C under argon
was added 0.20 mL (0.20 mmol) of 1 M tin tetrachloride
in dichloromethane. After 5 min at 0°C, the yellow
solution was allowed to warm to room temperature for

12 h. During this period, the solution turned dark and
a precipitate formed. As judged by TLC (92.5:7.5
dichloromethane:methanol), the.reaction appeared to
proceed to partial conversion and then halt. An
additional 0.10 mL (0.10 mmol) of 1 M tin tetrachloride
in dichloromethane was added, and the suspension was
allowed to stir at room temperature for 10 h. The
reaction did not appear to progress further during this
period (TLC). Dichloromethane and 5 mL of 1:1 2 M
agueous Na2C03:brine were added, and the two-phase
mixture was stirred rapidly for 5 min. The organic
layer was separated, dried (NaZSO4) and concentrated

in vacuo to afford 29 mg of a colorless oil. The crude
mixture was separated via MPLC (LoBar size A column),
eluting with 98:2 dichloromethane:methanol (fractions

1-30) followed by 96:4 dichloromethane:methanol (fractions
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31-60) and collecting 4 mL fractions. Fractions 18-25
gave 14.4 mg (40%) of recovered 8l as a colorless oil
[1:1.5 mixture of isomers at C(9)].83 Fractions 39-52
gave 9,8 mg (27%) of a pale yellow oil. lH NMR indicated
that this material was a mixture of 18 and 79 in an 86:14

ratio, respectively.

Methyl {[20,4(S*),4aB,7a,7aB]-0a-~(2-Benzoyloxy-3,5-

B A R R RN R A PR P e N RS e R T TN PG e RSN N N e s P N i e S N g A R N s e o
B T e e e . R T I I I e .V I N N NV VU P VTR

Y R VI VI T L T P VI VR VP B I N R R R LV VI VI Vi P

To a stirred solution of 105.1 ng (0.261 mmol)} of

phenol 18 in 2 mL of pyridine under argon was added

61 ul (0.522 mmol) of benzoyl chloride. After 14 h at
room temperature, 0.5 mL of methanol was added in order

to quench the excess benzoyl chloride. The solution

was allowed to stir for 10 min and was then concentrated
in vacuo. The residue was dissolved in 40 mL of dichloro-
methane and this solution was washed with 5 mL of 1:1 2 M

agueous Na COB:brine. The aqueous layer was re-extracted

2
with 10 mL of dichloromethane and the combined organic
layers were dried (Na2804) and evaporated at reduced

pressure to afford a thick oil. Flash chromatography
on 18 g of silica gel, packed in 99:1 dichloromethane:

methanol and eluted with 97:3 dichloromethane:methanol,

gave 129.7 mg (98%) of pure 87 as a thick, colorless oil:
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IR (CH2C12) 3050, 2983, 2955, 1750, 1650, 1601, 1590,

1450, 1410, 1340, 1306, 1250, 1220, 1175, 1130, 1051,

1022, 890 cm—l; lH NMR (CDCl3) § 8.13 (m, 2, ortho-

benzoyl-H), 7.53 (m, 3, meta- and para-benzoyl-H), 6.60
(s, 1, aromatic-H), 5.98 (d of d, 1, Jhg = 3 Hz, Jhd =

6 Hz, Hh), 5.78 (d of 4, 1, J = 2.5 Hz, J

dc dh ~

H 5.60 (s, 1, Hi), 3.90 (d of 4, 1, ch = 2.5 Hz,

d)'

), 3.68 (s, 6, two

J = 6 Hz, Hc), 3.78 (s, 3, OCH

cb 3
t - =

ch3 s), 3.6-3.8 (m, 1, Hb), 3.48 (4, 1, Jae 7.5 Hz,

Ha), 2.90 (m, 1, Hg), 2.40 (s, 3, NC§3), 2.18 (s, 3,

aromatic—C§3), 2.0-2.4 (m, 1, He), 1.50 (d of 4, 1,

Jfg = 3 Hz, er = 13 Hz, Hf).

Exact mass calcd. for C28H30N207 506.2053.

Found: 506.2065.
Bz0 MeO,C

MeOQO

Me

87

A P A U e e P A A R N A e e S e e R A e RS P e R s Y s e e e P e e e e s S B e e e

A - A e e A A e e e e N e B e e A e e e B Ry Ay e e P A e U R R A RS e s e e P e B B e B e N N e

L T I o N L . I VI P T VR I TV A A e e A A A R e A e o



-171~

acetate (88a), the Corresponding [2a,4(S*),4ag,58,78,8«,

TThydroxyregiolisomer (89). To 71.3 mg (0.14 mmol) of
qz in 4 mL of dichloromethane was added 1 mL of ether
saturated with anhydrous hydrochloric acid gas. The
solution was concentrated in vacuo, and the solid which
remained was triturated with 4 mL of ether. The solvent
was evaporated at reduced pressure to afford 70.0 mg
(92%) of the corresponding hydrochloride salt as a
white, sticky solid.

A stirred solution of 24.0 mg (0.044 mmol) of the
hydrochloride salt of benzoate 87 in 4 mL of methanol
containing 14 drops of a saturated methanclic solution
of Sudan III,66 protected with a CaSO4 drying tube and
maintained at -78°C, was bubbled with a dilute stream of
ozone in oxygen until the red color of the dye discharged
(6 min). The solution was then bubbled with nitrogen for
12 min to remove any excess ozone, and 7 mg of 5%
palladium on carbon was added. The stirred suspension
was placed under 1 atm of hydrogen and was allowed to
warm to 0°C for 1 h. After removing the catalyst by
filtration through celite, the filtrate was concentrated
in vacuo and partitioned between 30 mL of dichloromethane

and 4 mL of 1:1 2 M agqueous Na2CO3:brine. The organic
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layer was dried (Na SO4) and evaporated at reduced

2
pressure to give 23 mg of a mixture of tetrahydropyranols
as a pale yellow oil. The major component, as judged

by lH NMR and TLC (90:10 dichloromethane:methanol),

was isolated via flash chromatography on 6 g of silica

gel (packed in 99:1 dichloromethane:methanol, eluted

with 97:3 dichloromethane:methanol), affording 17.7 mg
(70%) of a mixture of §§§ and §§§ (§§§:§§§ ~1:1 by

lH NMR69). This mixture appeared as a single, homogeneous
spot on TLC.

In a separate experiment, the minor, more polar
coproduct was isolated (~18% vyield) by flash
chromatography. Structure g% has been tentatively
assigned to this coproduct. lH NMR and TLC indicates
that this materiél is a mixture of two stereolsomers.

88a,b: IR (CH2C12) 3700, 3560, 3300, 2990, 2960,
2850, 1755 (shoulder at 1735), 1670, 1602, 1550, 1450,
1411, 1250, 1218, 1176, 1130, 1102, 1089, 1065, 1025,

1015, 960, 892 cm ¥; ‘m nmr®®

(CDCl3) § 8.20 (m, 2,
ortho-benzoyl-H), 7.60 (m, 3, meta- and para-benzoyl-H),

6.62 (s, aromatic-H, 88a), 6.57 (s, aromatic-H, 88b),

~ o~ ~ o~

5.47 (s, Hy» %gé)' 5.23 (4, de = 7.5 Hz, Hd’ %%%), 5.08
(s, H., gg?), 4.95 (4, de = 8.5 Hz, Hyr §§§), 4.83

(s, #,, 88b), 5.79 (s, H,, 88a), 3.48 (s, 3a-OCH,, 88b),

3!
~ o~ ~ o~

~ o~ o~



-173-

3.34 (s, 3a~OC§3, 88a), 3.0-4.1 (m, 13, three OCH3 ,

Hb, Hc, Hj), 2.61 (s, NC§3, %g?), 2.52 (s, NCHB,

2.3-2.7 (m, Hg’ He)' 2.19 (s, 3, aromatic—cg3), 1.70

Ha’ §§§)’

(.ml l' Hf)o
89: TH NMR (CDC1,)  6.57 and 6.53 (two s, 1,

aromatic-H), 3.03 and 2.98 (two s, 3, l3b—OC§3), 2.64

(s, 3, NC§3), 2.15 (s, 3, aromatic—CgB).

BzO COoMe
MeO
Me
OMe
BzO Me
OMe
88a, X = H, Y = QH 39
Q, X=0H, ¥ =4 ~

DAL N B I P R R N S B N R e N S e N P N e P e N e N s e e b e e P 0 mu e e A e e e
e i e e R T o A . I T VI WP DI P VP WP P U
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

dione (90). To a stirred solution of 16.0 mg (0.028

N N R T VRV VR R

mmol) of 88a,b in 2 mL of dichloromethane at -78°C
under argon was added 0.24 mL (0.06 mmol) of 0.25 M tin
tetrachloride in dichloromethane to afford a white sus-—

rension. After 40 min at -78°C, the reaction mixture was

allowed to warm to 0°C for 1h, followed by room temperature
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for 1 h. As judged by TLC (90:10 dichloromethane:
methanol), the reaction appeared to proceed to partial
conversion and then halt. The suspension was recooled
to 0°C and 0.12 mL (0.03 mmol) of 0.25 M tin tetrachloride
in dichloromethane was added. After 30 min at 0°C,

the reaction mixture was allowed to warm to room
temperature for 1 h. The reaction did not appear to
progress further during this period (TLC). The
suspension was diluted with dichloromethane and then
quenched with 1.5 mL of 2 M aqueous NaZCO3. After
stirring the two-phase mixture rapidly for 5 min, 2 mL
of brine was added. The organic layer was separated,
dried (Na2804) and concentrated in vacuc to give 16 mg
of a pale yellow oil. The crude mixture was separated
by MPLC on a LoBar size A column equilibrated with
dichloromethane. The column was eluted with 98:2
dichloromethane:methanol and approximately 4 mL fractions
were collected. Fractions 18-20 gave 5.3 mg of lactone
%Q as a viscous oil. An analytical sample of %9 was
prepared by crystallization from ether. Fractions

30-51 gave 4.4 mg of recovered 88a,b as a colorless oil.

~ o~

90: mp 218-2138°C; IR (CHZClZ) 3060, 2960, 2860,

1770, 1750, 1675, 1600, 1450, 1388, 1245, 1221, 1175,

1160, 1100, 1083, 1060, 1022, 981, 970, 936, 891 S
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'H NMR (CDC1,) & 8.19 (m, 2, ortho-benzoyl-H), 7.59

{m, 3, meta- and para-benzoyl-H), 6.93 (s, 1, aromatic-H),

6.27 (s, 1, Hi), 5.23 (br s, 1, H 4.79 (s, 1, Hh),

a
4.15 (m, 1, HC), 3.81 (s, 3, OCgB), 3.59 (s, 3, OC§3),
3.35 (s, 3, OCE3), 3.3-3.7 {m, 2, Ha’ Hb), 2.31 (s, 3,

NCE3), 2,2-2,6 {m, 2, He' Hg), 2.14 (s, 3, aromatic—cg3),

13- nvr (cnc13)84 § 156.2, 136.0,

1.70 (m, 1, Hg);
133.9, 130.3, 128.8, 126.9, 122.6, 108.5, 101.7, 91.4,
63.4, 61.0, 56.8, 55.9, 55.8, 52.4, 45.4, 37.9, 34.6,
32.8, 9.4,

Anal. calcd. for C28H30N209: C, 62.44; H, 5.62;
N, 5.20. Found: C, 62.20; H, 5.70; N, 5.08.

Exact mass calcd. for C28H30N209: 538.197.

Found: 538.197. Me

OMe

Me

90

Methyl (2a,38,3aa,58,83,12ba,l2co)~-9~-Benzoyloxy-2,3,

P e R R s e s e N A i N e e e R e e e e Y P s P T s s A P R A v R R P e e e e e e e e e
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anthracene-8-carboxylate (92). To a solution of 128.0
mg (0.252 mmol) of benzoate 87 in 5 mL of dichloromethane
was added 1 mL of ether saturated with anhydrous hydro-
chloric acid gas. The resulting solution was concentrated
in vacuo and the residue was twice redissolved in 5 mL of
dichloromethane and concentrated in vacuo to provide
the hydrochloride salt of %Z as an amorphous foam.

A stirred solution of the hydrochloride salt in
14 mL of methanol containing 0.5 mL of a saturated

methanolic solution of Sudan III,66

protected with a
CaSO4 drying tube and maintained at -78°C, was bubbled
with a dilute stream of ozone in oxygen until the red
color of the dye discharged (13 min). The solution
was then bubbled with nitrogen for 15 min to remove
any excess ozone, and 30 mg of 5% palladium on carbon
was added. The stirred suspension was placed under

1l atm of hydrogen and was allowed to warm to 0°C for
1.5 h followed by room temperature for 40 min. The
catalyst was removed by filtration through celite, the
collected solids were washed with methanol followed

by dichloromethane, and the filtrate was concentrated

in vacuo. The residue was partitioned between 40 mL of

dichloromethane and 5 mL of 1:1 2 M aqueous Na2C03:brine.
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The aqueous phase was re-extracted with 10 mL of
dichloromethane and the combined organic layers were
dried (Na2804) and evaporated at reduced pressure tc
afford 170 mg of a mixture of tetrahydropyranols.

To a stirred solution of the crude tetrahydropyranols
and 0.80 mL (8.3 mmol) of carbon tetrachloride in 5 mL
of dichloromethane at -78°C under argon was added 60 ul
(0.33 mmol) of hexamethylphosphorous triamide. After
15 min at -78°C, the sclution was allowed to warm to
room temperature for 1 h. [In a separate experiment
which employed chromatographically purified §§?L?’
this solution was concentrated in vacuo to afford a pale
vellow oil. lH NMR indicated that the crude chloride
was largely, if not exclusively, a single stereoisomer:
'e NMR (cDCL,) & 8.16 (m, 2, ortho-benzoyl-H), 7.60
(m, 3, meta- and para-benzoyl-H), 6.56 (s, 1, aromatic-H),
6.26 (s, 1, Hd), 5.51 (s, l,Hi), 4.96 (s, 1, Hh), 3.2-

4.3 (m, 15, Ha’ Hb' Hc and four OCH, singlets at § 3.42,

3
3.68, 3.70 and 3.83), 2.3-3.2 (m, He, Hg' NC§3, HMPA

and other minor phosphorous containing impurities),

2.20 (s, 3, aromatic—C§3), 1.79 (m, 1, Hf)]. The
stirred solution was recooled to -78°C and 103 ul (0.882

mmol) of tin tetrachloride was added. After 5 min at

-78°C, the reaction mixture was allowed to warm to 0°C
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for 1 h. Dichloromethane (25 mL) and 6 mL of 1:1 2 M
agueous Na2CO3:brine was added, and the two-phase
mixture was rapidly stirred for 5 min. The organic
layer was diluted with 25 mL of dichloromethane and

then separated. The aqueous layer, which contained much
suspended inorganic salts, was filtered through celite and
the collected solids were washed with 50 mL of dichloro-
methane. The combined organic layers were dried (Na2804)
and concentrated in vacuo to afford a pale orange oil.
The crude product was purified by MPLC on a LoBar size

B column equilibrated with dichloromethane. The column
was eluted with 97:3 dichloromethane:methanol (fractions
1-56), 96:4 dichloromethane:methanol (fractions 57-83)
and finally 95:5 dichloromethane:methanol (fractions 84~
120), collecting approximately 10-mL fractions. Fractions
71-89 gave 58.7 mg (42%, overall from §Z) of %%, as an
off-white solid (mp 221.5-223.5°C)}. Single crystals
suitable for X-ray crystallography were prepared by the
vapor diffusion of ether into a benzene solution of

2%. An analytical sample of 2% was prepared by
recrystallization from tetrahydrofuran/ether, again
employing the vapor diffusion technique: mp 225-227°C;
IR (CH2C12) 3060, 2990, 2955, 2840, 1750, 1668, 1603,

1580, 1451, 1433, 1358, 1313, 1242, 1200, 1175, 1124,
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1085, 1065, 1022, 1000, 964, 940, 891 cm +*; <‘H NMm

(CDCl3, 34°C) 6 8.29 (m, 2, ortho~benzoyl—§), 7.63
(m, 3, meta- and para-benzoyl-H), 5.57 (br, 1, Hi)’ 5.12

(s, 1, Hd), 5.02 (s, 1, Hh), 3.87 (s, 3, OCH 3.71

3)’

(s, 3, OC§3), 3.61 (s, 3, OC§3}, 3.1-4.1 (m, 6, Ha' Hb,

H,, OCE3)r 2.50 (s, 3, NC§3), 2.29 (s, 3, aromatic—C§3),

1.9-2.8 (m, 3, H,, H, H); L3¢ aMr (cpel

e ) & 172.2,

£’ 3
168.2, 164.0, 156.0, 152.5, 138.3, 133.7, 130.3, 129.1,
128.6, 126.0, 123.5, 123.0, 101.2, 64.3, 62.3, 60.8,
59.1, 58.2, 55.6, 54.0, 52.4, 50.3, 38.5, 35.5, 32.3,
10.1.

0

Anal. calcd. for C,.H..N

20H35%20g¢  ©»
N, 5.07. Found: C, 63.07; H, 5.95; N, 4.93.

63.03; H, 5.84;

OMe

BzO Me

OMe OMe
91 92

~ o~
~
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§:€%E§9§X£§E§~£%§l' To a stirred solution of 36.6 mg
(0.066 mmol) of benzoate %E in 3 mL of 1:1 tetrahydro-
furan:methanol was added 0.25 mL (0.25 mmocl) of 1 M
aqueous NaOH. After 4.5 h at room temperature, the
solvents were evaporated at reduced pressure and the
residue was partitioned between 30 mL of dichloromethane
and 3 mL of 2:1 brine:water. The aqueous phase was
re-extracted with 10 mL of dichloromethane and the com-
bined organic layers were dried (Na2504) and concentrated
in vacuo to afford 22.2 mg of crude 93. The aqueous
phase was adjusted to pE 8 and was extracted with two
20-mL portions of dichloromethane. The combined organic
layers were dried (Na2804) and concentrated in vacuo

to afford an additional 9.2 mg of crude 93. These two
fractions were combined and purified by flash chromatog-
raphy on 6 g of silica gel, packed in 99.5:0.5 dichloro-
methane:methanol and eluted with 96:4 dichloromethane:
methanol, to givé 24.9 mg (84%) of a sticky white solid.
An analytical sample of 93 was prepared via recrystalliza-

tion from dichloromethane/ether: mp 195-196°C (dec);

IR (neat) 3700-2800 (broad), 1745, 1665, 1608, 1468, 1440,
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1352, 1300, 1175, 1128, 1109, 1083, 1061, 1016, 1000,

961, 940, 790 cm ¥; TH NMR (cpel,
9); 3¢ mmr (cpcl,) § 172.4, 171.0, 150.8, 148.7,

500 MHz, see Table

l44.0, 125.4, 121.9, 115.9, 101.2, 64.4, 62.1, 60.4,
59.0, 58.4, 55.4, 54.1, 53.1, 50.5, 38.5, 35.7, 32.4,
9.9.

H,,N,O

227287278 °
N, 6.25. Found: C, 58.65; H, 6.43; N, 5.93.

Anal. calcd. for C C, 58.92; H, 6.29;

Exact mass calcd. for c22H28N208: 448.1845.

Found: 448.1853.

When the infrared spectrum of ?% was recorded in
dichloromethane, a new carbonyl stretch appeared at
1700 cm-l with a concomittant decrease in intensity of

the stretch at 1745 cm_l.



-Teubrs yowa 103 pajiodal ST IITYS TROTWLYD oyl

‘snyl pue ‘poaxssqo sae s3sTdT3[nuw sjeiedas Afs3zsldwoo omz ~ﬂm pue mz suojoxd
J04 -sTeubls om3} 9S8yl JO I2FJUD 3YI ST polIodea ITys [eolwoyo oyj ‘snyi pue
‘poaassqo siae siopdrizrnu burddetasao oma .mm ybnoays Qm suojoad 104 *SUOTIRIFUSO
~uoo 1enba A1ieou ut Juasaid sIp SISWOIOT BYL * (JUDPIOUTOD die A8ylz aasym

13y 3deox®) suojoad pejelngel TI® I0J Pajou ale 'I2W030X I3PWRQILD YOS I0J JUo

C c
‘STRUBTS omIz " (57T = x.m ‘HS"0 ‘P) 9T°S ‘(HT ‘S) 02°S ‘(S°TT = e ‘ngro ‘p)
9¢°s tlH pue "M f(s'z = r ‘G5 = ¢ 'HT ‘b jo p butddetasno om3) zL°5 ‘(z°¢C
b b b 6,
= °p ~m.mmu Y5p 'yg0 B 3o p) 8L ‘sz = r ‘s's = Vp ‘ng-o ‘b 30 D) G56°¢
Uy pue Py f(Hg 'w) geryL :H oTjeWOTE (9 s1eubts IBYI0Z  UOTINTOS mHUQUm
T
- sz 6z Sz 6z 8 -- - -~ 18'% ‘Z8°¥ H
s'z sz Sz - LT -- - -- - 81°2 Iy
=]
sz Sz s LT - S —- - -- 852 H
| g -- - -- R A— 1T 6°L -- £1°¢ Py
o]
® N T -~ s°2t 8 8T H
i q
I — = e = - 5L Szl -- - L£°2 I
- '] - e
- — - . -- R -~ 09°% ‘95°¥ H
8¢ e -
Hm :: H wm m: n: u: Q: m: (9) 33T1YS m:OMOum
Y3ITM (z1) 3ue3suo) butrduoy 5 [FoTHeHo

S°8€ S[143IN OTI0ADTE I0F pieq [ei3oods YWN Hp ZHW 00S °S °19®d

4d ("H)("H) 220



“TeubTs yovs 103 pojiodadI ST IITYUS TEOTUSBYD
ay1 ‘snyl pue ‘paaissqo axe s3121dr3Inw ojeiedss Arersrdwos oma .ﬂm pue mm
suojoxd 104 “‘syeubis om3 2yl JO I93uUs0 Y3 ST poazrodal IFTUS TroTWaYd oyl

Um sucjoxd

‘sny3 pue ‘paaxssqo axe siyatdrirnu butdderisac omi ~m: ybnoayg
I04 ‘suorleajusdouod jenbs Araedu ur jussaad 91 SIBWO30I OYL  ° (JUSPTIOUTOD

oxe sTeubrs assyil aasym ~w: pue ﬂm ydeoxs) suojoad psieingel e 103 pajou
€
L

21e ‘I92WO0J0X JJePWRIRD YOPd 10] Buo ‘sTeubrs o3am ‘(G621 = ‘HG"0 ‘D)
€ C C

12°6 “(S°TT = U'r 'HG*0 [P 2Ts (sTIT = 0 ‘Hgr0 ‘P) Sz°S ‘(57T = o

‘HS°0 ‘P) 92°S :H pue H {(HS'0 ‘w) 08°G ‘(HT ‘W) L8°G ‘(HG'O ‘w) p6°g

b
"£: pue H u:.mm ~Ev q¢ * L ‘H orjewoxe e mﬂrmgm..‘mm HOEUom ‘uoT3INn{os MHUQUM

e A 66°F ‘€6 H
e A S vv e u
-~ LT --  §8 == == - 69°2 *u
i 'L -- g8 -- ¥ R p— 20°¢€ Py
[o0]
@ L _ .
_ ¥ 3 S 80°7 o,
. . . q
-~  —=  —=  G'8 £T -- g°g 05°¢ H
P 12
6t e/ 58 -- S9°% ‘09°% H
T 2 0
' *m "w Py "w Tw Ty _(9) 33Tus  Zuojoxa
YITM (2H) 3uezsuop Buirdnod o TEoTuPuD
5766 STTIITN OTToA0Td 703 ®ied [eroads WAN i, ZiW 005 9 ST4Rl

ud ("H) ("H)0%0



-184-

Sp°9 HN
8Y°2 330
T
—_— - _— _— —_ L - -- - AR i
. — ¢z -- - - — - - 8v°¢€ Hy
5
L 6z - z o —- - — - £6¢ H
- — z - ST 8 - - - Z5°1 Iy
2
—-— -- -- 51 - el -= -= 0e°2 H
L - -- 8 5'g  -- b ot - Zv°z Py
D
- -- -- -- - 1 -- v L v9°1 H
_— — - -— - 01 v -- 01 15°2 T
24
— - - - - - L 01 - AR H
5
*u Uy u Iy % Py “n U “u
Y3ITM (zZH) 3uezsuo)d buridno)
MMMW . ‘uorINTOs P
-~WIOFOIOTYD UT qLp opTwy Axodg xo3 ®eaeq Teaioads ¥KWN H. ZHW 00S L 2T9elL

T



-185~

T " T 7" T " 0e"L T T " T 7" 9¢€ "L ceE"L HAY
T T 7 0T"S T T T 919 60°S CHoxv
€V ¢ 89°¢C 6v'¢c 7 -- Lv-¢ cs ¢ 9v*¢ T -- F *Hon
¢l L <1 L rs vo-L €S9 9¢°9 r: S 899 v8°9 mm
Sv°T 69°1 SL°T [ —- (Al T0°¢ 98°T 1s°¢ T -—- :
99'¢ 3§ —- 9e*¢c [ - Le-c¢ " vitc I6°¢ T ™~ Ty
AN 80°¢ 90 °¢ 10°¢€ - 18°¢ 88°¢ L8°¢C 10°¢ ¢8°¢ mm
98°1 8L°T Z28°T 5 -~ 86T 6G°T 09°1 LT T ™~ i
L0 ¢ €C ¢ Te'e ¢ —-- sv'c g -- 6v°¢C 3 T ™~ °n
ey Iv°v LE"Y 90" ¥ at9’'¢t €6V 8TV T " LO" P Pu
IT°v 89 "¢ A 0¥ "¢ 8°¢ 66°€ 9L" € EL"E €EL"E 1
ge"¢ L6"¢€ 19°¢ 8E" ¥ 90" ¥ 68°¢ T6°¢ 06°Vv Ve v Ty
8T°¢ A 6t "¢ 0"V (AN 6€°¢ 8e "¢ 9T 4 LE"Y H
(9) 3FTUS TEOTWSYD

M~MWW m~mwww W~MWWW m~mWw M~MMMW M~MMW w\mmmw M~me N~MWW

*S93lRTPaWIDlIUT 0T [OADTIL DPOSO0TOSg X073 eiled Teajzoeds ¥WN H -g o1qel

1



-186-

Y

G €T S €T g -- ST S°ST S°ST 5.5 == § —- r
b
3 " 3 " - S S S S 5 ~~ r
. . ub
G°8 6 « B T S°6 B " 0T S 5 ~" r
. b
- 3 B T 5 - z sz 5 -- r
_ _ o - - - - __ o _ue
yl gl B 3 B 3 3 3 q L
=}
5°8 6 5 - 0T 5 - S°0T 5 -- § - r
2
A S'€T g -- S'€T  S'€T  S'€T  S'€T  f -- 7op
. P
- 3 - L S S T S r
. . _ . (o
L 3 - S°L 8'T - g - sz oz - r
. . . o _ - uo
§°q ) 1 7 ..Hw B W - 5 " 5 ~" I
bq
9 9 9 L 9 S L L 8 r
—7 - — S g S 9 S °dp
q q° 5
_ - - - - - _ _ e,
3 E e T . s 3 e ° L
v
G°9 ' 9 9 G°9 g9 S°9 S L L r
(zH) 3ue3suo) burTdnod
m~mew W~Mmmw m.mmw H~m~Mmmw m.mMm m.mmmw m~mmm m~mWw

B R

ponuIT3luvUO0) g OTqe



-187-

‘urelasoun sutewsa burTdnod sTY] Jo utbTtio Byl “‘wnizoeds zHKW 00G @Yl ut psaxssqo

-

Iou sem Inq ‘ezg Jo unijzoads WWN H ZHW (06 ®Y3 uT pejou sem zH g ATybnox Jo @: 03

_ T
butrtdnoo v - (“HdSs ‘s) po'e ‘(Mm ‘Pw ‘w) soz-z7 oz “(CH ‘w) 6°z-r-z % (HO *aq)
8c°¢ \Aﬁm ;Mm ~mm ‘uy gz-p°1 ¢ oTqeotridde FON= *but1dnoo Uconuusomm *suojoxd

burpuodseazioo ayz 103 mﬁmzmﬂm 2yl jo coﬂuzﬂowmm 939TdWOOUT 03 oNp pauTelIvose
S(d I0U pTNOdD yYodTym JO SanTea 9yl ‘s3jue3suod buridnoo Tet3us3odes *ZH T > £ > 0O

‘peAaxosgo 30u mcﬂﬂasoow "ZH Z > [ > 0O ‘paaxssqo 3ou mcﬁﬁmzoom .Mzmoommommuﬂmmmz
‘eousaszax  fofq ~uzw>aomm .qumz ‘sousasgex ¢1pan Numm\yﬂowm *ZHW oomm "ZHW 063
Ud®s = X ol = ¥ ‘®zg

on®0S0 = X fow = ¥ ‘I¢

IO = X ‘Sl =9 ‘qpg 0 =P ‘x fzaqp =y ‘55

HO = X ‘oW = ¥ ‘qeyp HO = X ‘oW = ¥ ‘4gp

SS HO = X {zdD =¥ ‘9y HO = X ‘zqD = ¥ ‘G

psnuIjluo)y ‘g °Tqel



~188-

* (H-0oTjewoIe-e3aw ‘w) ZG°/ ‘ (H-0T3rwWoIE-RIRd DUR

~oy3ao ‘w) 6Z°L 3 -ty pue Qmuow seouURUOSSI 9y3 JO S9OUSPIOUTOD TeniiITa

oy3z 031 onp paAIssgo 3ou sT burTdnod STULy "P930U OSTe 2IB zZH 0°I-G°0
qe fe Z £
Jo L pue r buttdnoo sbuex maoqm ‘quaATOs 0% @yl yatm pobueyodxs ST 3
cac 4 — . H \.C“ ~n..H_. ~m ]
96 ‘3onpoxadoo zolew syl Aq paaIndsqo ST TeUbTS mﬂgﬁo ('H H H H ‘w)

L°Z-v°1T = ‘Qm saToAUT Aew 3T eyl 3sobbns zZHW 06 3B seTpnis burTdnoodsp 3ng

u

- e

panuTiuoc) 8 °TqRL



-189-

-jusuubisse 2ATIRIUSLZ "poIEINQel 9S0YI 03 UOTITPPR UT ‘jussard (9Ie) ST

(s)but1dnoo peaubisseun ‘(zH T ) HHmEmm *(1eubts sTy3l ut usssiad ST zZH L°0~

Jo but33tids pouterdxaun ue ~mmU|0ﬂumEoumv €z°2 ~Amzoz ‘'s)y §G°7 .AmmUO|Mm

c
‘s) 15 € “(*moo ’s) oce “(*uoo ‘s) 9z¢ (Fwoo ‘s) s8¢ ‘("M ‘peoaq)
LT°L ¢ :sTeubTs xoylog “zH 1 >0 >0 :sorxjus qUETE;  UOTINTOS MHUQUM
-- -- -- -- -- -- -~ LS*S = Tu
P
9 5
b
- §'9 21 -- 80 9 - 657 5 B
59— szt -- - -- 1 20°¢ 5 n
2
zt 5 zT  -- - -- -- L 672 H
. - . . _ _ ) P
1 50°6 5 Pu
o]
B0 -- - 1 - s'v 5l 19°¢ H
. . . _ _ . _q
9 5 p LS°€ 5 i
| 24
- 1 L -~ 3T - - 6v°¢ H
6
H u °n Py n Ty “n (9) 33TYs  Zuwojoad
UATM (ZH) FIue3suod buridnop TEoTHeUd

m.mm Tousayd ot1(odoejusg 103 vaeq 1eI3zoads AWN ma ZHW 006 °6 °T9el



~

(1)

(2)

(3)

(4)

(5)

-190~-

References and Notes

B N I R R

(a) KRluepfel, D.; Baker, H. A.; Piattoni, G.;
Sehgal, S. N.; Sidorowicz, A.; Kartar, S.; Vé&zina,

C. J. Antibiotics 1975, 28, 497-502. (b) Sygusch,

e

J.; Brisse, F.; Hanessian, S.; Xluepfel, D.
Tetrahedron Lett. 1974, 4021-3. (c) Sygusch, J.;
Brisse, F.; Hanessian, S. Acta Cryst. 1976, B32,

~ o A

1139-42. (4d) Kluepfel, D.; Sehgal, S. N.; Vezina,

C. U.S. Patent 4 003 902, 1977; Chem. Abstr. 1977,

~ o~

86, 119256d.

For a review on the mitomycin antibiotics, see:

Franck, R. W. Fortschr. Chem. Org. Naturst. 1979,

~ o~~~

38, 1-45.

Arai, T.; Takahashi, K.; Nakahara, S.; Kubo, A.

Experientia 1980, 36, 1025-7. Arai, T.; Takahashi,

~ e

K.; Kubo, A.; Nakahara, S.; Sato, S.; Aiba, XK.;

Tamura, C. Tetrahedron Lett. 1979, 2355-8.

~

Fukumi, H.; ZKurihara, H.; Mishima, H. Chem.

Pharm. Bull. 1978, 26, 2175-80. Fukumi, H.;

~ s

Kurihara, H.; Hata, T.; Tamura, C.; Mishima, H.;

Kubo, A.; Arai, T. Tetrahedron Lett. 1977, 3825-8.

~ o~ A

Kubo, A.; Nakahara, S.; Iwata, R.; Takahashi, K.;

Arai, T. Tetrahedron Lett. 1980, Ei' 3207-8.

~ o~




-191-

(6) McIntyre, D. E.; Faulkner, D. J.; Engen, D. V.;

Clardy, J. Tetrahedron Lett. 1979, 4163-5.

o

(7) Szybalski, W.; Iyer, V. N. Fed. Proc., Fed. Am.

Chem. Soc. Exp. %§§§, 23, 946-57.

(8) Moore, H. W. Science 1977, 197, 527-32.

~ A A

(9) Arai, T.; Takahashi, K.; Ishiguro, K.; Mikami, Y.

~ e A

(10) Hurley, L. H. J. Antibiotics 1977, 30, 349-70.

~ o~

(11) Fukuyama, T.; Nakatsubo, F.; Cocuzza, A. J.;

Kishi, Y. Tetrahedron Lett. 1977, 4295-8: and

~

earlier papers in this series.
(12) Danishefsky, S.; Berman, E.; Cvetovich, R.;

Minamikawa, J. I. Tetrahedron Lett. 1980, 21,

~ o~

4819-22.
(13) For example: Masamune, S.; Ang, S. K.; Egli, C.;
Nakatsuka, N.; Sarkar, S. K.; Yasunari, Y.

J. Am. Chem. Soc. 1967, 89, 2506~7. Whitesell,

~

J. K.; Matthews, R. S.; Minton, M. A.; Helbling,

A. M. Ibid. 1981, 103, 3468-72. Corey, E. J.;

~ o~

Danheiser, R. L.; Chandrasekaran, S.; Siret, P.;

Keck, G. E.; Gras, J.~L. Ibid. 1978, 100, 8031-4.

~ o~ o~

(14) Review: Zaugg, H. E. Synthesis 1970, 49-73.

~ A A

(15) For reports relating to the synthesis of a-substituted

a—amino acids via amidecalkylation, see: (a) Ben-Ishai,



-192-

D.; Peled, N.; Sataty, I. Tetrahedron Lett.

1980, 21, 569-72; and earlier papers in the series.

~

(b) Ozaki, Y.; 1Iwasaki, T.; Horikawa, H.; Miyoshi,

M.; Matsumoto, K. J. Org. Chem. 1979, 44, 391-5;

~ e~

and references cited therein,
(16) Royer, R.; Demerseman, P.; Laval-Jeantet, A.-M.:

Rossignol, J.-F.; Cheutin, A. Bull. Soc. Chim. Fr.

1968, 1026-35.

.

(17} For reviews on the preparation and reactions of
gquinone methides, see: Turner, A. B. Q. Rev.,

Chem. Soc. 1964, 18, 347-60. Schleigh, W. R.

~ o~ A

Eastman Org. Chem. Bull., 1971, 43, 1-3. Wagner,

~

H.-U.; Gompper, R. In "The Chemistry of the
Quinoid Compounds, Part 2", Patai, S., Ed.; Wiley:
New York, 1974; Chapter 18.

(18) For a review on additions to gquinone methide inter-
mediates generated by the enolization of quinones,
see: Finley, K. T. In "The Chemistry of the
Quinoid Compounds, Part 2", Patai, S., Ed.; Wiley:
New York, 1974; Chapter 17.

(19) Malpass, J. R.; Tweedle, N. J. J. Chem. Soc.,

Perkin Trans. I 1977, 874-84.

~ A~

(20) Keck, G. E.; Webb, R. Tetrahedron Lett. 1979,

1185-6. Keck, G. E.; Webb, R. R., II. . Am. Chem.




-193-

Soc. 1981, 103, 3173-7.

~ o~

(21) Schultz, R. J.; Staas, W, H.; Spurlock, L. A.

J. Org. Chem. 1973, 38, 3091-3.

~ o~

(22) Kuehne, M. E.; Horne, D. A. J. Org. Chem. 1975,

~ o~

40, 1287-92. Mackiewicz, P.; Furstoss, R.;

Waegell, B.; Cote, R.; Lessard, J. 1Ibid. 1978,
43, 3746-50. Lessard, J.; Cote, R.; Mackiewicz,

P.; Furstoss, R.; Waegell, B. Ibid. 1978, 43,

~ A

3750-6.
(23) For reviews on the chemistry of CSI, see: Rasmussen,

J. K.; Hassner, A. Chem. Rev. 1976, 76, 389-408.

~ o~

Szabo, W. A. Aldrichimica Acta 1977, 10, 23-9.

~ o~

(24) Durst, T.; O0'Sullivan, M, J. J. Org. Chem. 1970,

~ A

35, 2043-4. Johnston, D. B. R.; Schmitt, S. M.;

Bouffard, F. A.; Christensen, B. G. J. Am. Chem.

Soc. %gzg, 100, 313-5.

(25) A 50% yield of 2} was obtained on a 0.86 mol scale,
where Mallinckrodt anhydrous ether was employed as
the reaction solvent without further purification.
Somewhat higher yields (58-65%) werelrealized in
smaller scale reactions, where the ether was
distilled from sodium metal/benzophenone ketyl

before use,

(26) (a) Cook, A. H.; Cox, S. F. J. Chem. Soc. 1949,

~




(27)

(28)

(29)

-194-

2334-7. (b) Exner, L. J.; Luskin, L. S.:;

deBenneville, P. L. J. Am. Chem. Soc. 1953, 75,

~ o~ A

4841-2. (c) McEwen, W. E.; Grossi, A. V.;

MacDonald, R. J.; Stamegna, A, P. J. Org. Chem.

%%gg, 45, 1301-8.

The Water's "Prep 500" has been used to effect this
separation on gquantities between 8 and 30 g. For
smaller quantities of this mixture (< 4 g), MPLC
was entirely sufficient.

Jackman, L. M.; Sternhell, S. "Applications of
Nuclear Magnetic Resonance Spectroscopy in Organic
Chemistry", 2nd ed.; Pergamon: Oxford, 1972;
Chapter 4-2, pp. 280-300,.

Recently, the concavity of cis fused 5,5-ring
systems have been successfully exploited for
controlling relative stereochemistry. Paquette,

L. A.; Han, Y.-K. J. Am. Chem. Soc. 1981, 103,

~ e

1831~-5. Coates, R, M.; Shah, S. K.; Mason, R. W.

Ibid. 1979, 101, 6765-7. Welch, S. C.;

~ o~ A

Chayabunjonglerd, S.; Prakasa Rao, A, S. C.

J. Org. Chem. 1980, 45, 4086-93. Danishefsky, S.;

~ A~

Zamboni, R.; Kahn, M.; Etheredge, S. J. J. Am.

~

(30) Brown, H. C.; Hammar, W. J.; Kawakami, J. H.;



-195-

Rothberg, I.; Jagt, D. L. V, J. Am. Chem. Soc.

1967, 89, 6381-2.
(31) Henbest and others have noted a significant pref-
erence in the peracid oxidation of nitrile

substituted cycloalkenes for epoxidation anti to

that substituent: Henbest, H. B. Proc, Chem. Soc.,

London 1963, 159-65, G. Berti, Top. Stereochem.

~ o~ o~

1973, 7, 92-251.

(32) Liberek, B. Chem. Ind. (London) 1961, 987-9; and

~ o~

references cited therein.

(33) This hydrogenolysis-reductive methylation sequence
devised to prepare %ZP must be carried out precisely
as described in the experimental section. If a
larger excess of formalin is used, the formaldehyde
adduct of the carboxamide is obtained as a major
byproduct. If the reaction mixture is maintained
under hydrogen for extended periods of time,
hydrogenolysis of the epoxide will occur.

(34) Johnson, F. Chem. Rev. 1968, 68, 375-413. Chow,

~ oy~

Y. L.; Colén, C. J.; Tam, J, N. S. Can. J. Chem.

1968, 46, 2821-5.  Johnson, R. A. J. Org. Chem.

~ oA A

1968, 33, 3627-32.

~ o~~~

(35) Ratcliffe, R.; Rodehorst, R. J. Org. Chem. 1970,

~ e

35, 4000-2.



-196-

(36) Mandel, N. S.; Mandel, G. S. Unpublished results.

(37) Crossland, R. K.; Servis, K. L. J. Org. Chemn.

1970, 35, 3195-6.

~ e~

(38) Oediger, H.; M3ller, F.; Eiter, K. Synthesis

1972, 591-8.

~ A

(39) Sjdberg, B.; Herdevall, S. Acta Chem. Scand.

1958, 12, 1347-8.

~ .~

(40) Clive, D. L. J. Tetrahedron 1978, 34, 1049-1132,

~

and references therein.

(41) Hori, T.; Sharpless, K. B. J. Org. Chem. 1978,

43, 1689-97.

(42) Dermer, O. C.; Ham, G. E. "Ethyleneimine and
Other Aziridines"; Academic Press: New York,
1969; Chapter 1, pp. 48-59.

(43) By analogy to epoxide openings with selenophenolate
anion: Sharpless, K. B.; Lauer, R. F. J. Am.
Chem. Soc. 1973, 95, 2697-9.

~ s s

(44) See reference 42; Chapter 3, pp. 248-70.

(45) Crist, D. R.; Leonard, N. J. Angew. Chem., Intl.

Ed. Engl. 1969, 8, 962-74,

~ A

(46) Capon, B.; McManus, S. P. "Neighboring Group
Participation"; Plenum: New York, 1976; Vol. 1,
Chapter 6.

(47) See reference 42; Chapter 1, pp. 2-48 and Chapter 3,



(48)

(49)

(50)

(51)

=197~

pp. 270-3.
Brown, I.; Edwards, 0. E.; McIntosh, J. M.:;

Vocelle, D. Can. J. Chem. 1969, 47, 2751-62.

iadiadie o d

Several examples of the intramolecular amidoalkylation
of (bis-acyl)immonium ions have been reported since
the completion of our model studies. See references
12 and 15a, in addition to: Ben-Ishai, D. J. Chem.

Soc., Chem. Commun. 1980, 687-8.

o~

Ho, T.-L. Chem. Rev. 1975, 75, 1-20. "Hard and

~

Soft Acids and Bases"; Pearson, R. G., Ed.;
Dowden: Stroudsberg, Pa,, 1973.

Leading references: (a) Seebach, D. Synthesis
1969, 33-5. | (b) Trost, B. M.; Reiffen, M.;

~ o~

Crimmin, M. J. Am. Chem. Soc. 1979, 101, 257-9.

~ A

(c) Pfeil, J. L.; Kukolja, S.; Paquette, L. A.

J. Org. Chem. 1981, 46, 827-9. . (d) Gerlach, H.;

~ o~~~

Thalman, A. Helv. Chim. Acta 1974, 57, 2661-3.

~

(e) Masamune, S.; Kamata, S.; Schilling, W.

J. Am. Chem. Soc. 1975, 97, 3515-6. (£f) Masamune,

~ o~~~

S.; Hayase, Y.; Schilling, W,; Chan, W. K.;

Bates, G. S. Ibid. 1977, 99, 6756-38. (g) Cohen,

~ o~~~

T.; Herman, G.; PFalck, J. R.; Mura, A. J., Jr.

J. Org. Chem. 1975, 40, 812-3. (h) Cohen, T.;

Mura, A. J., Jr.; Schull, D. W.; Fogel, E. R.;



-198~-

Ruffner, R, J.; Falck, J. R. Ibid. 1976, 41,

~

3218-9, (i) Cohen, T.; Kuhn, D.; Falck, J. R.

J. Am. Chem. Scc. 1975, 97, 4749-51. (j) Semmelhack,

~

M. F.; Tomesch, J. C. J. Org. Chem. 1977, 42,

~ o~ A

2657-8. (k) Kozikowski, A. P.; Ames, A.

J. Am. Chem. Soc. 1980, 102, 860-Z2.

~ e

(52) Leading references: Meerwein, H.; Hederich, V.;

Wunderlich, K. Arch. Pharm. 1958, 291, 541-554.

POV VW

Lecozen, H. J. J.; Robben, W. M. M.; Richter,

T. L.; Buck, H. M. J. Org. Chem. 1976, 41, 384-

EVIPP

5. Cama, L. D.; Christensen, B. G. J. Am.

Chem. Soc. 1974, 96, 7582-4. Kobayashi, T.;

Iwano, Y.; Hirai, K. Chem. Pharm. Bull. 1978,

~ o~

26, 1761-7.

(53) Zoller, U.; Ben-Ishai, D. Tetrahedron 1975, 31,

VIV

863-6.

(54) Neises, B.; Steglich, W. Angew. Chem., Intl. Ed.

Engl. 1978, 17, 522-4.

~

(55) Pappas, J. J.; Keaveney, W. P.; Gancher, E.;

Bercger, M. Tetrahedron Lett. 1966, 4273-8.

~ o~

(56) (a) Salomon, R. G.; Kochi, J. K. J. Am. Chem. Soc.

1973, 95, 1889-97. (b) Cohen, T.; Ruffner, R. J.;

o

Scnull, D. W.; Fogel, E. R.; Falck, J. R. Org. Syn.

1979, £9, 20z-12.

v~



-199-

(57) Brown, H. C.; Rei, M.-H. J. Am. Chem. Soc. 1969,

91, 5646-7.

(58) Although mercury (II) trifluoromethanesulfonate has
not been used as a reagent for organic synthesis
prior to our work, its preparation by an alternative
method has been reported: Deacon, G. B.; Tunaley,

D. J. Organomet. Chem. 1978, 156, 403-26.

~ e

(59) Whitesides, G. M.; Gutowski, F. D. J. Org. Chem.

1976, 41, 2882-5.

(60) Kornblum, N.; Jones, W. J.; Anderson, G. J. J. Am.
Chem. Soc. %%?g' 81, 4113-4.

(61) Lowry, T. H.; Richardson, K. S. "Mechanism and
Theory in Organic Chemistry"; Harper: New York,

1976; p. 223.

(62) Holmguist, H. E. J. Org. Chem. 1969, 34, 4164-5.

~y o~

Ben~Ishai, D.; Sataty, I.; Bernstein, Z.

Tetrahedron 1976, 32, 1571-3.

~ o~~~

(63) (a) Stothers, J. B. "Carbon-13 NMR Spectroscopy";
Academic: New York, 1972; pp. 90-99, 196-204.
(b) Levy, G. C.; Nelson, G. L. "Carbon-1l3 Nuclear
Magnetic Resonance for Organic Chemist;y"; Wiley:
New York, 1972; Chapter 4. (c} Wehrli, F. W.;
Wirthlin, T. "Interpretation of Carbon-13 NMR

Spectra"; Heyden: London, 1976; pp. 45-47.



-200-

(64) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem.

1978, 43, 2923-5.

(65) Polymeric, partially hydrated methyl and ethyl
glyoxalate were prepared according to the procedure of
Kelly: Kelly, T. R.; Schmidt, T. E.; Haggerty,

J. G. Synthesis {%1%, 544-5.

(66) Veysoglu, T.; Mitscher, L. A.; Swayze, J. K.

Synthesis E%gQ' 807-10.

(67) Pryde, E. H.; Anders, D. E.; Teeter, H. M.;

Cowan, J. C. J. Org. Chem. 1960, 25, 618-21.

o~~~

(68) Friedel-Crafts alkylations of l-pyranosyl
derivatives have been performed, via ionization
of an appropriate leaving group at the anomeric
center to generate an oxonium ion intermediate:

Hanessian, S.; Pernet, A. G. Adv. Carbohvdr.

Chem. Biochem. 1976, 33, 111-88; and references

~ o~ o~

cited therein.
(69) It wasnoted that the crude ozonolysis product was

enriched in isomer 88a relative to 88b, whereas

~ o~ ~ o~ o~

the mixture obtained after chromatography either

contained roughly equal amounts of 88a and 88b,

~ o~ o~ ~

or was slightly enriched in 88b (lH NMR) .

~ o~

Equilibration between the two isomers may be

occurring during chromatography. The assignment



(70)

(71)

(72)

(73)

(74)

(75)

(76)

-201-

of the signals for the individual isomers in the

lH NMR spectra of the mixture 88a,b was based upon

the relative chemical shifts of the carbinol (13b)
protons. According to literature precedent,70’7l
the lower field carbinol proton resonance was
assigned to the isomer -possessing that proton in the
equatorial orientation (ie, §%§)°

See reference 28; Chapter 3-8, pp. 238-41; and
references cited therein.

Stoddart, J. F. "Stereochemistry of Carbohydrates";
Wiley: New York, 1971; Chapter 4, pp. 129-33;

and references cited therein.

See reference 28; Chapter 2-2, pp. 94-8; and
references cited therein.

Breitmaier, E.; Haas, G.; Voelter, W. "Atlas

of Carbon-13 NMR Data"; Plenum: New York, 1976;
Compounds 902-90.

See reference 71; Chapter 4, pp. 133-7; and
references cited therein.

Downie, I. M.; Lee, J. B.; Matough, M. F. S.

J. Chem. Soc., Chem. Commun. 1968, 1350-1. Ireland

~ v

R. E.; Thaisrivongs, S.; Vanier, N.; Wilcox, C. S.

J. Org. Chem. 1980, 45, 48-61.

~ o~

Zefirov, N. S.; Shekhtman, N. M. Russ. Chem. Rev.




(77)

(78)

(79)

(80)

(81)

(82)

(83)

(84)

(85)

-202-

{gz%, 40, 315-29; and references cited therein.
See reference 71; Chapter 3, pp.67-87; and
references cited therein.

See reference 28; Chapter 2-1, pp. 55-60 and
Chapter 5-1, pp.358-67; and references cited

therein.

Anet, F. A. L.; Bourn, A. J. R. J. Am. Chem. Soc.

1965, 87, 5250-1. Noggls, J. H.; Schirmer, R. E.

"The Nuclear Overhauser Effect": Academic: New

York, 1971.

Hall, L. D.; Sanders, J. K. M. J. Am. Chem. Soc.

}ggg, 102, 5703-~11. J. Org. Chem. 1981,

~ A

46, 1132-8.

Johnson, W. S.; Schneider, W. P. Org. Syn., Coll.

Vol. 1963, 4, 132-5,.

~ o~ —

Emmons, W. D.; Pagano, A. S. J. Am. Chem. Soc.

1955, 77, 89-92.

Ly NMR revealéd that the major isomer of recovered 81
was the minor isomer of starting 8l.

The carbonyl carbon resonances did not appear under the

conditions in which this spectra was obtained.

This splitting is most likely an example of virtual

coupling. See reference 28; Chapter 2-3, pp. 147-9.



-203~-

APPENDIX I

IR and NMR Spectral Catalog



-204-

MeO

D3

lH NMR (CDC13)

SEAIE OF Wi

END OF SWELP

H3ILIWOHLIIJS HAN THN 06 06E-W3

]

i
S —
o X 3
IH _ [ S — - i : i S }W . “..m
& ) phd
— 1
2 e
y 4 A — =
S PSS S SIS S UURSUUSEIE WIS P

IR (CHZCl )

i
fin

|
H itatd it

v“

=l
o i
{
|
= 7 B

- i
1
MD d
i ]
g ]
H !
3~ 1
4.| o SR 4
- =
= ».IH.M = ”,.W‘HMW« S
= = o S e S
k= B Sl A

I

i

o ).
AN
|

2
NOMSIWENYEL LA

1900 " ia00

woo
WAVENMMBER CM!

'



OH
OMe
Me
OMe

19a

-205~

H213WOHLID03dS BV ZHY, O DEC-IN2

i

—
'
e 13

[N

END OF Sweep
i
o
t
113
"
(3]

NE E===ou -

§ L ] 2 T A
HOISSIWENYVEL 1NIDM

- 2 = W
, - S=ae
He—o—g - - N === §
N ~ 2 e =
o s
: “ : Sl
Db ; - = =
| B | , - ==
2 , “ : ==
- ; L . i e §
lm.l.ml ——) . 5 == =
. i F 4 R R - = 53
z — - = g 3E-Ad
wl b I3 ui x m
= k - i = §
| ‘ : - m
a . Pe H
o - 3
: ! E=ESS=a
,”ﬁulw 2o - B - e S e g gt —
. HEEES R EREEs =S SNESS
um_ﬁ N Sl e o £
CE s E PRI SN
o e e i
e R N e e S e H_uwm
Tl oas i = e = D ER |
R BEEERAE o ans
. —2 o . & e e )|
! [ = ST
, : 1z 5 ===
ol : | 8 i = Saaget
e ) ) = E= merok S
: S S e S i
28— ,“ =
S — _ ; =E= i
¢ R e ” ===
~ et ' E See ooy Ef
% 1] | R e -
o B
& |
AT R T ~ = ‘
w.l,mimlm - _ » i w o — e |
b S i : S) =t =
L3 | - ' A e IS s e §
, ; e X e ==
o
— §

1H NMR (CC1

10ppm :
Spom
2ppm !
pom (3}



H313WOHLO3dS HWN ZHW 06 06E£-W3

OR
OMe

19b
R= Messi-

MeO
Me

I

U RO AN S SRS AU — ey 8.
~j

sty
-
il

-

T

i1

1

~-206-

WAVLLENG M pM
I

il

1
1
i
13
I
i
3
|
1
|
]
3

vrfrﬂ-p"

o

I“IJ
kA

i

i
i
|
I
1
i
i
|
i
i
i
!
i | I
!
s
T
I

i

!

i

[

i
i
I !
1
1l
i
il

)

IR .
T T

:

I
|

ULl

10

i
K

il

1
|

lH NMR (CDC].3

START OF SWEEP

T

M08 e N DMG X608 0 M8 200 XN e o0

TR

Akt

1R (CHZClZ)
H“
T

il

RN LA
i

ppen (5)
15
L

L
‘!
-
L
»
»
»

L]
008

NOISSIWENYLL INIDIRS



-207-

lH NMR (CDClB)

START OF SWEEP

H3LIWOHLDIdS AN ZHW 06 06€-W3

END OF SWEED
|

L

T apr

>

[RSnAl SRARRRRAAS RARSERARE

SAAREAS SENERRARS ARSASEAR

H3ILINWO0HLI3IdS HWNN THIN 06 Omn.iw ...w,ﬁ\u\n < Y
. - 3
aL e 3 a ]
u...x,. o ) f -
m,”\x ‘Wl& ‘“Mt
5
ar
qu—
bl
di
El
m_vmln 3
L
3
Ei
o
F'lg_g 3
L:o -
E
AP
NI ¢
o br
b
Lol
fer S S
=C
Qg
% $—8—%
3
s —
E -
[=)
Q
o~
Q d Q
~ Wh!
-
b
; g
3.0V
P § s o
wu.o;m 2
i
"o

0ppm
Sppm
2pom

1

pom )



-208-

HN
== N\Me

1R (CHC13)

B s s

Pyt e (P

B WAVELENG TH bk
'

l‘g'.ll'lnil‘lbl_'ll : If' s

. RS R
Z O D O 1 1 e
gm N !
; JEO S T o L

AT i "n i
il

13 nr (coe1,)

.

! : ! : i JS——
. . ——
i
, l ' (LT N TR
Lo | e P eeed 3
’ ‘[ ! 1 LLUTTINE 'T T Y
| e e » ,-
e a
]l i
N = BAH I ¢ 0
| i [y
d e e
1} U
i
g s moan -
i LRes st e
1 e s an
3 oMeEl LI ki
&I TN e
1oy s ne
I s B0 D
v W s
BESY R N wm
e { 3 AN S k.
) 0O W N
d 0 Ben Aal an
- 0N N B
1 P X e
e
T
RE
N
i RO B




-209-

NH

31

~

H NMR (CDClS)

1

HI13IWOHLI3dS HAN ZHW 06 06E-W3I

&
i
W
2
124
U
O O OO
a
2z
z:
°
ChATTANTTA
2
8.
Bl
e
b
. i
‘ i
o .
A2 Ms
S M
ﬁ.sx - 2
g L.
b
- 1 !
1
1
-3 i
-Q
: m
— SN Y
3
41
i
S Y
p
= |
.
1
- \l“n
3 1
R 1
a 3 '
& * ]
-
@
: ]
B 1
“n

pem (3)

IR (neat)

Won o

ECNTRE

5]

]

WAVELENG 1 ud

1900 w0

R

tHr

|

T

e

r'{w

i

e

NOISSIWSNYERL INIDEM

“ow

)

WAVENUMBER Cmt



-210-

H

32

)

H NMR (CDCl3

1

LI Ur DWLEP

STAHT OF uwEtP

150

BUYHL

10ppm

HILIWNOHLDOIdS HINN ZHWN 06 06E-W3

a2
&2 z T
. e PR o -
' €
- —— S (. s
+ 4
E . JE SN SNy SR M
2 T 4
v - PR —]
B _
- 2

10

pom (3)

w00

150

° AWI
WAVERKIMALE (M

WAVEENGIN o

W/

IR (CHC13)

_ . NO-STiASNYAL INIDAM



-211-

NHz" CI™

COaMe

33

20)

H NMR (D

1

ENU OF Swiir

H313IWOHL03dS HAN ZTHIN 06 06E-W3

‘ Y - - -
I I R I
|
I R AR N
T :
* B LT SN SO
i S
: Lo B T N Su
-3—2—8 _

YUUHL

10ppm

450

Sppin

! R [ PR — .
' i
° |
S M

2ppm

0

PPm (o)

7

1500

T 1-1—;].'11‘@”1'1'""1‘ ;

.

WAVLINGIN o

3

t

ik
:
i

j
i

i

.

i

il

e

STy

IR (Nujol)

NOISSININVEL LNIDEd

WAVENGUMBES C!



-212~

COpMe

Free base from 33

~-bulb distilled {85

< 1mm)

OC,

~-90

Bulb-to

3)

H NMR (CDC1

1

ENL OF Lwiee

Sianl ut ywitp

Vo

10p4m

H3LIWOHLDI4S HNN ZHN 06 06€-W3

10

Sppm
2ppin

ppm (3)

.

WAVEMUMAER CM™

77T
EE

Voo

—_

WAVELENG I

3

MY UR

1

dNoN
L

W00 200 30

F

ST e T

120

IR (CHC13)

NOMSIWSNYEL LNIDEM



-213-

OH

34

.5 x 1000

H NMR (CDCl3) Dilute, Spec. Amp. = 2

1

4313W0HLI3dS HAN ZHW 06 06E-W3

CNEOF SWELE

2 2-—O
2 A =
-3--2—-3
2.2 _.9
2-3-3
0 Q @ o
(% &
2.3--8 -
ER
’ . H i
e o s ——— Il'-l.-“
— 1 . i
S - SR B
P o = i h “ !
Wwey Zt - S s =
=] o o 1 H H
K y:m-gxz - . . 1 |
Wi .
- SR SU SR S S
: i w
a }
5. [ ]
x =
a 3,39 i
5 2 v 1
I R T— L S - M
=z i
5 !

1

oom 4}

——0

H3L3IN0YLI3dS HAN ZHIN 06 06E-W3

END OF SWEEP

Spec. Amp. = 2 x 100

1H NMR (CDC13) Concentrated,

1Cppm

Sppm
200m

- I ——e— b - >
L T T <

H 4 t -4
3 : e
E o
2 3-%8-g -]
) & -4
S . ]
- : .
o o It
» A ! - e

pom (3)



-214-

1R (neat)

1200

et
WAVErMmMRtE CM

“wos

o0 e wo

.

3s

I

NSSIWSN YL INIDE

H3ILIWQHLOIdS HWN ZHW 06 06E-N3

s ‘ e e . SA
& ! :
3z SRS S L e 7
g
5 o °
a .
z B ~ : [ SRS S
5 S :
B [URUTINS RO NS RUY SN R S
N ) .
-g—e
i N
[#
c-§-%—-2
L
ri
Fd oo | .
Fi
Et- :
£ .
|
Ao o
SUTR LN
-
e o
T8
b
P -

START OF SWEEP

Picrate Salt of 34

lH MR (DMSO

10ppm

i
7

Sppm

pom 4~



- _NHCH2CN

-215~

OH

328

3)

1H NMR (CDC1

HILIWOHLIO3dS YWN ZHW 06 06E-WN3

END OF SWEEP

o

>

3

SN T

-

o :-.Tn—.—,‘-n-:—r-,«; Tovers

SYART OF Switp

2ppm !

T

ppm (8)

1R (CHClB)

1000

j L i

1200

%

1300

‘000
wavirRuasre Cat

WAVELENGIH b

3

0 08 wes  wn

10

3600 J0u 3R XK 00 0 w00

P00 T SO W

MOUSSIWIN YR NI




356 OH

~

-216-

lH NMR (CDClB)

di1L3IW0HLD3dS HAN ZHW 06 06E-WN3

AVENLMAER Cm

7
— . I
& i T g B i i 3
i ; 9
| e i
s " ENEN Al
o Voo .w
z . i
Wi Rl o . o —_— 11w BRSO L
L L ! . S T =T .wm
[ r - —f !
o e
]
]
&
1%
’ -4
—13
J
1
x
¥
H
x
a v -3
- T— : N . =
z £ N b
n S a9 a Lo Q
PR S ) bl &
- ! b ~—
3 . 3
TR N - S O ~
= —f

= NOISSIWENYIL INIDEM

w:



=217~

OTs

36

~~

3)

H NMR (CDC1

1

END OF SWLi b

HI1IWOBLOIaS HINN ZHW 06 06E-W3

Rl d

2 a-3
—"
Po2-3 —
i i
|
L e
|
-3 He
‘ DRl
- q
o
D
i
i
s w. . M- .
o
PR G P w m |
+ | SN
L : E ) X $ ‘ w : dv i
. A : . < Copee !‘|;A*l e m
5 9 o 1 > bt ! o
P E ] : ; s
. L - :
! A S
€ £ E E
P33 §

IR (CHCL,)

)

if
xz
s
i

TP Y ey




178.0742
178.0741 .

.
.
.

-218-

found

Exact Mass calcd. for C9H10N202

colorless oil

H313WOHLD3dS HWN ZHW 06 06€-W3

e *
: L -2
e T 3
z i :
H i
= -3
‘e
i 2
. '3
2
¥
N §
r w
£
L
i
3 m “4
Hs 2
i a;
E Y
Wlmv
A
R A
g
-3 m
< =
)3 - R
g - : —F
/a ~ -
O - - o ~,
(\m ~ o 1 ..ervu
m,ws. mi.wlw m . ¢
55T E o
3 e ~ T
s ; : . o T2
— = — R 4 -
g 3 3 & 8
2 o 0~ NOISSIWENYEL 1rD¥R

WAVIHUMBER Cam!



H
N
37b
liquid

-219-

1H NMR (CDClB)

RN Y

[

Ve

lan

anu

[Eat

Sz

o

43LINOHLDOIJS HNN ZHIW 06 O6E-W3

QL6683

0

pen o)

Voi w1
WAVENINAPER ot

AVELENGTH M.




=220~

5%

White solid, mp 77-79

247.121

3

148170

for C

Exact Mass calcd.

¢ 247.123

Found

723,24

PP

Ly or (opct,)

ENG OF Loctby

450

e S O

4313IN0HL D34S HWN ZHIW 06 06E-W3I

[TINTRN

I
V

K

"
P

IERE

-

Lypn

oy

B )

1R (CHClB)

1300

.

“wod
WAvR AN T

WAVHENGIH

3

3000 Jee0  dem 300 W00 MO 0 0 XM W00 SO0 om0

NOISSIMSNYBL NI



-221-

1}1 MR (cnc13)

ENL UF SwWiEp

SHAKE OF dwiLy

H313INOHLOIdS HWN ZHIW 06 06E-W3

IR R I
[

i

]
S

A}

I

W.. oy ISR SN I
A T J S A S S
@.. e SR S SR
BV my P -
2 o i
e 1
- R ob
{

2ppm

Mo

s s v 2050 Wi s . St

3t 1s W

17

0w

1200

1300

1300

W0
WAVENUMBER M

000 W 0 VIO

2000 Je® MO0 3206 3000 7800 00 a0

NOISSIWEINYIL INIOE4




-222-

mar

(

€

1200D) 8¢ Fo unaioeds YWN mH ZHR







-224-

‘1

H NMR (CDC13)

END OF SWELP

H3LIWOHLD3dS HAN ZHW 06 06¢

w3

QO

STARY OF SWEEP

YOOHL

10ppm

Sppm

1R (CHC13)

1500

000

SAVENUMALE CMY

EY

WAVELNG HH

g

il

R

Thefs

NOISSIWINYEL LNIDEM



-225-

oy

/i

ud ("H)("H)2%00 H

s

Eoory

- (*1010) 6¢ 30 wniId9ds WAN H ZHA

00¢



-226-

500 MHz lH NMR Spegtrum of 39: Expansions,
Hn

g, h

CO,C(H,) (H,) Ph

CN

3ok i



O‘\\

=227~

H NMR (CDCL,)

1

H313IWOHLD3dS HNN ZHIN 06 06E-W3

END OF SWEEP
1
4]

OIS 2

i -‘.»A LL .

RS EUURUR

e

START OF SWEEP

9 8 7

10

ppm (3

IR (CHCL,)

1300

000

)

i
|

i
L
2400

NOISSIWINYIL INIDEM

framatr_Cm

WAYS




-228-

H313IWOHLD3dS AN ZHIW 06 06E-W3

ENU OF SWEEP

1000

1200

=t
s
’ EE |
L
&
. 2
: H
“ 5!
- 18
. 18
8
T o RN "
fo . . MWW
AR S N O
T 5

i

|

| !
o9, =) 78]

j

1

Il
i

900Hz
450
180

H NMR (CDC13)

STARY OF SWtLP

10
IR (CHClB)

4000 00 300 D 3200 000 J8O00  Je00

Oppm
Sppm
2ppm
ppm (3}

WAVENUMSER Cm™'



-229-

1H NMR (CDC13)

H3LIN0HLIIdS HWN THIW 06 06E-W3I

3 B

. 'sm:

END OF SWEEP

= = =
SR e ===M
o FEEE L ELEEEE :
e = ===
m v EEEe ===
3 ; =S5 ======K
v ] e o B mm_
; m === ssss==—==h
Lo IEEEET S== EEE
i ] e ki ot R e e |
te : FIN s HEsaaaasas=g
AL ] LT E CEEEREE T
L : e ==asSasmss
£ ] Lo iE e SR
b IR 49 i = s B
1 [ e e e N i
M : P g 3 =ES s Sas SR/
s s ] - S=—c—===-=28
LrEE A QS EE=Ss = === =S50
ﬁ. P = HH\WH.IWw
S W =l
= - [ = £ - b = g e
Qe e s wmAI>Il} e =y
L LQ = s T—
T 2= s ==y
o . == ====|
o L= - =
T - ST =
| = ===y
3 S======
I ] == == =1
F.O}rm m m ¥ = S e
s , === ==
< £ £ s TR
not .Dlm . = == == ;w

3 2 3 R R 2 °
NOISSIWSNYRL 1NIDEe

10ppm
Spem
2ppm
PRm (3}



END OF SWEER

Cbz
N
CN

43

O\\\\

-230-

1H NMR (CDC13)

H3ILINOHLIIJIS HAN ZHW 06 06E-W3

F

<

0
0
i
b
-1
o
T
i

[ R SRl et
S —— 5
e T = = .
b= ot - = G I SN B B
R e B e o R L
* ulux.“ t =g%
r b/
TE e ;
$
<
3

>

.

START OF SWEEP

— . NA_riN
o v _c :
TS e W —J
Jd3
Q 1
. 7 e e e
=, €
_ @ | g “
. - Cze. - Awll ~f ] m
’m g o jaa]
i - = B k - O
1 1 i P
1 M ” o
—

25
”
)

Oppm

Sppm

2ppm
ppm (3)



-231-

H31INW0HLOIdS HAN ZHW 06 06E-W3 m..
s

Qe O— O

LN O SWE(H

1400

1500

(7"

Voo

WAVELENG TH M

3

il
i
|
|
i
[
|
|
1
Pt 000 00 W0 a0 oo 2000 o oo

N S O M

I
i

60U

3!

1

i
T YU‘yvlevll
T

= e ===

N[

N (e

LM

H NMR (CDCl3)

START OF swiry

1
IR (CHClB)

-
WAVENUMBER O’



HO

-232-

43

i mm (cpet )

H3LINOHLD3IdS HAN ZHW 06 06E-N3

END OF SWEEP

11

P ERUR

b+ i

2

[SSR N

T
o .
-

900Kz
Y |
180
H

D™

|
i
i
i
|

| sewura |

SYART OF SWEEP

20pm

10ppm
Sppm

1

17

~

)

1
R (CHCl3

I )

0

00 1e00 1300

10
WAVENUMBES Cu"!

veo

0 2000 w0 L

260

3 2 2
NOISSINSNYRL INIDNRM



\\‘H
0

HO

a8

-233-

1
B. "H NMR (CDC13, D20)

A. ' wm (coei,)

HILIWOHLIIdS HAIN ZHN 06 06E-W3 HILIWOHLDIJS HAN ZHW 06 06E-W3

END OF Sweip

- — z
]
5hio
o
L
,,em|u
|
.9 O
Frg®
Alg w
ISR :
fle g o " - ,“ g
F g8 ¥ R / uv b
- — : -
L IS ) ]
[ T It S =Y - 4
i r u £y J
il - - A :
P blo w o R \7 P
_ SRR %I ,,g x
I I ey :
‘ ; T QT 15 £ - T
i bl I . S L b~ DI SUN
| i
: | - *2 -~ s
i v WX -1
' ] N E o By : i
g (T8 -
T i ] ] %
. x
| M PR —— JES S - S v B : 3 i

START OF SWEEP

Oppm
Sppm
2ppm
A
ppm (3)
Oppm
Sppm
2ppm
B
Ppm (3)



-234-

Cbz

N

HO

\\\H

o~

2T

idth

H NMR (CDClB) 5 ppm Sweep W

START GF §V{LEP. .

1

HILINOHYLDIJS HAN ZHW 06 06E-W3

END OF SWEEP

bbbk

kb

kb i

t
|
|

QTOm
450
180

|

|
i
(SN [

[

Sppm
20pm

10ppm |

10

pem (3}

1500

WAVELENGIN uM

g aliius

-y ol

1R (CHClB)

(2]
WAVENUMARR (Mt

i3 4 ) & 3
0.; NOISSINEN v4L INITYM

400 3400 a0 MO0 JXG 300 200 20 30 130 M0



-235-

\\‘H
0]

H
N
47a

K

0

1H NMR (CDC13)

HILIWOHLOIJS HWN ZHW 06 06€-W3

END OF SWEEP

1
]

Gl

[

<camAy-2

START OF SWEEP

pom ()

1R (CHClB)

13t 13w

12

0

L

200

.

WAVELENG IH M

3

0 0

2000

2000 900 L oo o0 1500 1200
. WAVENUMBER !

2200

4000 200 MO0 % 300



-236-

47b

H NMR (CDCL,)

1

SWLEP

E£ND U

8

h ..‘._...a,l sereaddedat ) aata L

|-
8

e adima) bt 2

10

190

STAHT O Swied

[

pem ()

IR (CHCL,)

1200

1000

1500

vy

WAVELENG TH it

3

3

3

NOISSINSNYAL indDa3

L2
WAVEHUMBER CM7Y_



-237-

ot o7 [
. . | X Pp A P T S
.
2 ° p 4 BT u 3
H H H HH H'H HH
{ . : !
i : i : ;
! ' i i i ;
i ; , i | \
! . : | . .
T .
A oo ! ! ! i
ol R EEEN W - ”
B | | | g
1 1 | “ " i .
L _ I i
b P !
i i ! I
. |~
i B !
P _
q
i ! ;
H i i ] H
! i f ! ,
i : | .
i { ! i ! ; ;
M 4 o | i
; | | : _ |
| I ‘ ]
| RN |
! | ! : : i i !
| . oo
! ol b
i b I
ﬂ ‘ NN [ ﬂ
| i ' i : : | '
: _ : , : | m _

.Amﬂumov

qLy

3o unijoadg YAN H  ZHR 00§



~-238-

500 MHz lH NMR Spectrum of 47b: Expansions,

1 H H,



-239~-

= CHZOMe

R

1H NMR (CDC13)

ENL Ut SWEHER

Sk of UL

43ILIWOHLOIdS HAN ZHW 06 06E-N3

o0

FOUrHL
450

Wppm
Lppm

180

2upm




-240-

48a

HO

lH NMR (CDBOD)

tha

—

Lertin

[ETIVREN

LIANT UF LWLy

H3ILIWOHLD3dS HWN

ZHW 06 06E£-IN3

9002

1Qppm

450

o

Spprm

2ppm

10

Ppm (3}



HO

48b

-241-

H NMR (CD 3OD)
STARY OF SWEEP

1

H31INOHLO3dS HWNN ZHW 06 06E-W3 — e ——s : — 8

13 de 15 e
TRETTT
et
Trte] e
T

12
T

END OF SWEFP

T

T
i

Ch
oo

n

BT sayr. Gy-|

LI

oy
$
b

1
2

{

ik

1200

1400

1300

1000
WAVENUMBES CM

m

- = M m
!

w,” =

§ =

H= o

2200 k 00 W00

— e R

v
T
8

k)

d

1

il

t

|

:

il

1
il

!
!
i
f
4
|

V'
i1
lli

|

[

|

i

I
L

!

I

1

T
ji

Hd
by

[EREEN]

10
1R (Nujol)

1
w.
i
l
m‘wlm m‘YLL 200 W00 Wk 20

ppm (3)
1
»
»

NOISSINSNVIL 1NN



-242-

i
i
H
!
i
L
b
|
i
|

0]

.AoNav

qgt Jo uwuniizoadg YWN

H

1

ZHW 00¢S



-243~

500 MHz 1H NMR Spectra of 48b: Expansions,

o~~~




\\\H

22—z

HO

49b

-244-

H NMR (CDBOD)
§1ANT G Switp

1

END OF SWEEP

HILINOHLDIJS HWN ZHWN 06 06E-W3

dbbidd

I

HOOHL

TR

32
e 2
!
Y S U S S SRR SRS ——

10

pom (3)

WAVELENGTH M
T | b

1R (Nujol)

v

1400

1300

1600

t
t

Voo

Atike Vi

= ot <.~|ﬁ.
=

R R R

e

It

1700

-
i

i

il

2000

18

200 000 700 2000

3

3400

i T
Hiiiihi

300 3000

il

2000

NOISTIWENYUL INIDNY

900

WAVENUMBER (M



-245-

~na

“ (o)

H1Y

~~ A

q6% 3o wnialoads YWN H

1

ZHW 00§



-246-

500 MHz 1H NMR Spectrum of 49b: Expansions,

~ o~




-247-

3)

H NMR (CDC1

1

H3IL3IWOHLDIdS HWN ZHN 06 06€-iN3

E : F O -
z - e
4 i
5 o—ao . ot ‘s
z S Y — . “
5
[ TS 3PS R U S S u*
— _— - i S

1300

1600

WAVENUMBER Ch't

oo

>

1900

N =

N 3 ———
: 1 EEE
4 C e
i S =
3 (&)
- ~
g
w. - mm m

£ § § £ -

3 a4 &

NOISSIWENY L INGDW4




Me
l
N

MsO

-248-

H NMR (CDCJ_B)

1

END OF SWEEP

H313INW0YLO3dS HWN ZHW 06 06€-W3

S S N .n.;z-Tsf S B
% DU

i
(
14 e L i i

[

i s
2

ik

R R

i
[ N

STAHT Ot _SWLLP

[PUUURUDY ERYUFUDETY ISR PO N

10

lana
pom (i)

P Y
.3

1R (CHC13)

1148 e
TORIETY

]

WAVELENGIH wt

— e

i Pl i Cre
- % | I
W .Mm - —
—F T 4
oo - B

- ‘}/ﬁ = H ,m

NOISTINSNYRL INIDE

1500

oo
WAVERUMBER (!



Me

-249-

.

PhSe

ZTI

52a

1H NMR (CDC13)

=1

START OF swity

_ ENU Ut SWEEP

HILIWOHLIIdS HNN ZHIN 06 06E-W3I

T T

il deddd

s

0

1

3

4

I PEORURERY DD FURUETIYS DD PO PURUUS I

~
N
B
_—y
i 2
1 -
i ot
Lo el S Ti 3
i 2
. PUR SRR S N
- 13
AR SR ISP S I
“ — 1
1
-1 -2
| N
e S D
3

pom (8}

?

1R (CHC13)

T
T

T

T
|

7

TTrF

m

500

600

wou

e

WAVELENGTH oM

0 0 O O

‘oo

s

R el T

]

NOISSIWSNYEL INIONM

= ow:.“ nw

WAVENUMIER (M




-250-

~ o~~~

HON

i

.Amﬁumov

~ i~

4

|

10

. T T
w |
"H
HaV

®BzG Jo wnajodedg ¥WN mH ZHA 00§



-251-

~ e~

500 MHz 1H NMR Spectrum of 52a: Expansions.

NCH

ey




and
55

54b

1H NMR (CDC13)

H313WOHLD3dS HAN ZHIN 06 06E-N3

1
o e 0GR !
;
.

EMD OF SWEEP

|

bl

Rl

1500

oo
WAVENUMBER Cm!

TR ST

Y

>

T

>

WAVELENGTH Mk

"y ‘”rr".""—‘.‘l e

s

-!-—-

A m
e :
g1 |
S - ]

("3 N 1

9Q0Hz|
as0
180,

0

START OF sweEP
1R (CHClB)

>
1 4 L] R 2 e
NOISSIWENYRL INEDEM

m..'
L= g B s
[= - 3
,

H

o (3}
“
L

L]
”n




J J 1 R 4
AJ_J-A—‘—AAdaAJad‘—Aa‘.‘_‘—q44.«4¢44«44<4,-4d44<444d

e

.

R R IR

(xoutuw)

o~

a%s

(avs)
HON

-253~-

KV
A

(10 [eu) (s5) “mon
[

-(*1oa) S5 pue qye Jo wnizoeds WAN H, ZRN 00




-254-

1
500 MHz "H NMR Spectrum of 55 and 54b (CDC1l,): Expansions.
(NOTE: Protons indicated with asterisk are assigned to 54b)

~ s

' S4b (minor)

~ o~~~

o



HO CO,Et
Me

MeO

-255~

Iy nm (cne1,)

STARY OF SWEEP

HILINOHLOIdS HANN THIN 06 06E€-WN3

|

END OF SWEEP

e
S E— 15
SRS SN AL S . SO U
r . fofis
e i =
‘ ST R J13 (s
1 .
j=5 -
- - n P e
AN
= e
TR EEE 1
s e
- =5 |
%WMMuHMMMW 18
e =0
cEEEEEE B =
Yo EsEELE S FEEE gy
= =t .I‘.M lx!;hwm
. Se==-—— -
= E= x

|

1
I
|
I

IR 1{\]”” i
|

k! TEEF RS
3E EEEE Rt e
M = e o = .
“ et}
) MIMHV == ,ilz,n !;mv ==\

3

00H2
3]
o]

4
1

1R (CHC13)

10ppm

Sppm

2ppm
ppm (3)

NOISSINSNVEL INIDNRS



COLEt

OH
60a

MeO

Me
MeO

~256-

3

1H NMR (CDC1
START OF SWEEP

END OF SWEEP

4 4 g ey = e -

>—u~_}

HILINOHLIDIIS HAN ZHW 06 OB6E-W3

I
v

|
'

\
\
|
-
|
1

SRRV S PN S S S

‘10

e M
|
)=
3
cav et
I Rt j
. . ‘
- |
1 t
li
. ! |
]
|
]
e cadd Lba bddeiend o 1

punhiohubiihodi s

10ppm
Sppm
2pom
pom (3)

1R (CHC13)

4 13 W
HMLIAS

n

7
T

"
T

T
i

i

HHU

T

B G

B

At

1 0
AR L

1800

gy Seg— .V =

IEEEE S==

FIE S =

HE=Sa: e

3 3 3 SRS SNy NN
{E

!
il

T,
™mr

Fe==3= ==
SIE =
- =1
£ =
Se===—— =

1500 1400 e 1200 Hoo

_ WAVENUMBEE CM'

06 2060 M M 00 000 MO0 WS e e N B0 M0 R



-257-

MeO COZET
Me
b
a
MeO
Messi
60b

11 o (cne1,)

H313IWOHLD3IdS HAN ZHA 06 06E-W3

‘
o]
l
o
i
o
)

END OF SWEEP

41 < ili\ z e - S L
——reee |
- - JEQSESH VO OY NS A i
i i
i . - ;
: !
— S S, — —o
e s 1
] H
~ L] .
N . i
; SN SR 4
. 1
i
f — &
_ -1 1
a’ :
g - =k
3 2 1
@ - t Lo
§TETITE ks
-
g w
0 L ]



-258-

€

M

62

e

M

MeO

lH NMR (CDClB)

END OF SWEEP

START OF SWEEP

4313N0HL03dS HAN ZHW 06 06E-W3

[ : i ;

R g v e,

i 1 l )

. : - “ETE = Hhmw_
1t — =1
e — = mw

i 3
et : 5§
— W

S

Bl

WAVELENG I M

CERRTE S
o

alal iy
1
1
|

3

120 000 oo 00

|
”%w

Bl

e
i

il

[ JEOT T B

£ T e su.m
S = i3
- INP
- AL =
Aok =
— '
L -1
A,
- “m
i

1R (CHClB)

R

O
I

[}
4000

»h

2 % 2 3 S R
NOISSIWINY L INIDEM



63a

/~PrS
e

Me
M

MeO

-259-

1H NMR (CDC13)

H3L3WOHLO3dS HAN ZHW 06 O6E-W3

UL OF SWELK

EE 1% .
o 3

w0
WAVENIMBER Ca

pID S

i ==
x I
w . - S H.T
iF =i
<
3 oo
EEEE L B

mm
i

e pe e

140
10

SIAHT OF SWELE

|
i i
Lo
S
i i
I

1
P

]

|

;

i
-

f

f

|

i

i

|

|

i
———

1R (CHCIB)

Y
i
1
T
f
T
'
i
|
1
'
b
!
-oe 2000 R 0 30 000 L] 2000 2400 0

10ppm

Spom
2ppm
pom (3)

NOISSIWER v L INDWS4



Cl

MeO

63b

Me

OMe

DH D

H313IWOH1D3dS HAN ZHIW 06 06E-W3

END OF SWEEP

%0

"

s

e

3t

e i e e e o s, o
w

noo

A

1200

1300

1900

WAVELENG (n pn

1800

700

L)
__ WAVENUMBER Cm

1900 1800

-260-

o,
l
",
?}
P
[}
L]
il
l?t
!
i
Ui,
Il
l
AT
il

00 000

2800

oo
L
[¢3
‘ t‘

|
.

1

gt - -
i

o I Y 5 =

|
-
;
/
{
‘J‘

H NMR (CDClB)

1

STARY OF SWEEP

L s

900Hz
0
,
;I;
A
FETIRAN PEUST I
6
iR (CHZClZ)

ppm (3)

4000 JW00 300 MO0 300 J000 300 Je0



-261-

MeO

63c

Me

OMe

)

H NMR (CDCl3

STARY OF SWEEP

1

T

END OF SWEEP

RARARRR Rk

I

H3LINOL LDI4S HAN ZHW 06 O6E-W3

3
;i
1
i
1
i

PSSP SN SV g

o .
Ale w o
T - o~ *
~L
-
\
ST B
- i
[ S— S .
= i
"le o o i
g8 i
h
o
10 AU SN
[ _
e e
o 0= g |
R g
Vo \4w‘\
RaE
: . .
“TH
)
"

"0

ppm (3}

IR (CHCL,)

3

2

1400 1300

1300

W00

Lo

WAVELENGTH pM

T3 oW 300 0 a8 700 W00 W00 0

NOISSIWEM¥VBL LNIOUM

WAVENUMBER T



63d

HO

MeO
Me
OMe

-262-

1

H NMR (CDC13)

START OF SWEEP

END OF SWEEP

H3LIWOHLD3dS HWNN ZHIN 08 06€-N3

225
90

10

Ppm (3)

1R (CHClB)

3

3

WAVEENGIH phd

i
Il

400 1300 100 W0 X000

1300

oo

umwmmwm@mmm

600
. WAVENLWMSER Cmt

I

.



HILIWOHLOIHS HWN ZHW 06 06E-N3

[ OY MEN e ¥
ST
— B et - e — ey i 3
i 1 Nt 13
' H SRS S 2 =
f i f 4_ [ =
- “o N = G £
; i :

END OF SWEFP

X = NHAc

MeO
Me

i i;lf
’lll i

onny

T

i

i

i

'

]

i

i
HIRUN T S,
fdediehd kit

1000

|
I
|
i
~
1

JU‘MiriUEM%:H‘m
i
Ll

JRUUIS SR JVURS DU JUUUS S U RO DRSS S SU SO

1 N = €
-2 b = :
Az ‘..\J 3 m
] = = 8

)

JR S

Lty

e

o

WAV RIMAFR

— S SR T S, W W IO Y

A
I

0L ST} EO SO P

Euiadpinhi

~-263-

START OF Swetd

1H NMR (CDCl3)

o o ; , : == 3} g
i ! ] = — a
s o m B S ¢ e A D.I“ 1 ir R ~ X
2—8-% L m EEEE = E
o “ i S N SN : EEEE! E
v 3 = e = e
- S S | — ]

L
L

R TR

T
f -
1 [ - 1
i e e e
i f"\ w 7 = = O

28 g <
e =

2400

===

|
i
i
;
i
!
|
|
|
i
i

000 2900 Jeco

kbt bl

1700

o
L—:
y: —

.

o

N

!

| S

1}

[

w\j

e i

b

[ | H
Lo ;
;

|
®
k)
QL
il
fifl
i

i
Q00H?
| Freet 133
10
IR (CHCL,)

W0~ 200 a0

10ppm

Sppm

2ppm
ppm (5)



EtO2C

-264-

HO

65

3)

lH NMR (CDC1l

HILIWOHLD3dS HAN ZHW 06 06E-N3

END OF SWEEP

. el —— B —
» B
2 e o g i
S
' £
S 1 SO R—
w
R N N
E
aQ H
b O e T T
P g . o | ’
m]m M 2
SR S B
I L _ I B ;

Pom (3)

1R (CHClB)

|

s 13
TIRETYT

13

W
T

[

e e o
T

L]

%8

1400

1300

1600

oo

WAVELENGTH

3

W0 Me . 20 XN 000 woe -0

73

WAVENUMIEE Ca



EtO,C

-265-

N

PrS

/-—

66

~

H NMR (CDC13)

1

Lael g ¥

i U

H3LINO0H103dS HWN ZHIN 06 06E-N3

HERIN NV

FENY)

400

Ll

[ty

vt

10p s

Spum

2

1200

1200

1400

1300

it
WAVENUMBER T

LY

WAVELENGTH i

IR (CHC1
R ( 31)

75

2 3
NOISSINGH YR LMD



HO2C

-266~-

N

PrS

l-u

67

~ o~

[NSTRV T TR

3)

lH NMR (CDC1

finht

H3ILIWOHLOIdS HAN ZHW 06 06€-N3

oOU

WU

10ppm

Sppm

1
i
i

-
i
|
i
I

S U N R
. : L
& ~ i ._
! ﬁ o L ——
S S :
TR B .
R i i i
by :
L B
§ H
! ; LH
— — - # |
; !

2ppm

ppm (o)

IR (CHC1,)

0

1300

WAVELENGTH i

3

i
T
H
+
|

ik

W00 M0 MK M WM WO MO P00 oo

= ==
-

i

m

00 MO0 M0 M0 IN0 00

2
5 nOusIwSNYIL InaDN

1200

WAVENUMSER Cm7



68

e

oM

=267~
MeO

)

1H NMR (CDCl

HILIWOHLDIJS HWN ZTHIN 06 06€-W3

- o - o R

SR SRS AU O UURE EUOU Y IS !:l.ya_

s I'Iil-}.l '

ENU UF Switp

IO : : I b |

s . S S — JOUL RS S » [

o T NSNS N S .
. ! L
8 . D” ! / ~Y PO ¢

L]

100

1300

[

rnAmm

m

I

i
!
i

IR

STAHT OF swLLy

3 g

k1 =

: = ==

: Se===—==

i =

| g=sc- ==

- == ===

| =

h S========""1

1 : ~~ ===

i - ...” 13 == \!Mm

£, o -1 g = =

TR . ly g =

w { P~ ==

| | i h 5 - hﬂm

i : | =
NOISPWINVEL NEOES



-268-

OH

OMe

MeO

Me

OMe

69

1H NMR (CDClB)

SEARE Ot Lated

TNU OF LWELP

H3ILIWOHLDIAS YAN ZHW 06 068-N3

e @ e QD

2322

37a—a

3 a
—&—5—%

L0
1
7%

YOUI
!
abu

10wum
Sppm
2pm

P (o}



COzAr
N

AFOZC
0]
@“

-269-

.

_END OF SWEEP

71

A

~ o~

1 or meso

b

d

Ly or (coci,)

H3L3WOB1D3dS HWN ZHW 06 06E-W3

H

v

|
S

St
450

¥
A S oot
. m A”
¥ m d ) :
g -

START OF SWEEP

Oppm

Sppm

2ppm
pem (3}

Al

IR (CHCL,)

3

1
Z.
£

'.

[
h
i




-270-

71

d,1l or meso

L om (opct,)

-

ENU UF SWEER

[T

HILINOHLOIdS

HWN THW 06 06C-W3

wul

RTINS

WOupm

SO0

30w 92-%

450

Sppm

120

P Prudhee ¥-9)

2ppm

pom (5}

1R (CHC13)

1300 o)

WAVEAMAEE

1T

N

"'T—V‘F"‘P"I A

T T

;];

3 > hd
NOISSIWSNYAL LNICEM



HILIWOHLIIAJS HWN ZHW 06 06E-W3

END OF SWLEP
|

72

COqEt

Cl

| o3
— LT
~
o~
|
[=3
-
&
-
- 2
o
—
3]
a
O
~ =
m ER-
g
s} n
z
o 5
.

10

ppm (3}

1R (neat)

1300 1400 100 |- )

Ld

il

li
!

i

I;

|
}

LI

I

T
|

T
3800 Je00 M 20 2000 WD M 0 0 WS W e

NOISSIWENYRL INIOW

=a== ==
==
=
= |
3 2 9 R R * om

WAVENUMMEN CM

-



CO,Et

MeO

-272-

MeO

~~

)

lH NMR (CDCl

HILIWOHLIIdS HWN ZHIN 06 06E-W3

[ [ JE

w [ e U S SRR
f

Y
T y 1 o

START OF SWEEP
i
i
|

A IR DN IS S

IR (CHClB)

13

WAVEENGIN

T
1
1

T

1500 1400 10 a0 0o Woo %0

W00
WAVENUMBER CM7

v

WIS w0 MR 200 2006 NN WX

NOISSIWENYEL LNEDUM

°

4900 00 MGG MO0 JOC  3000



74

CO2Et
OMe

MeO
Me

=273~

H NMR (CDC13)

H313WOHLI3dS HAN tHIW 06 06E-W3

END OF SWEEP

woe a0

T

T

Tt

I R ‘K.?hi. B =1
1 8-2—-8

L RS

1300

TITETm

00

N

i
|

pis 3
- -
225
90
; T
il
I

oo -0 woo

WAVELENGTH uM

T

3

I

|

i
BRI

;l'i i
Ui

il
i
!
200 000 200 wo e X0

1|
i
-

START OF SWEEP

TrTTT
i

IR (CHClB)
i
1
nf

000 2000 2000 a0

Oppm
Sppm
2pom
pPm (3)
!
i
|

A

AY]



-274-

H NMR (CDC13)

1

~e

¥313W0H1D3d

S HAIN ZHIW 06 06€-W3

weens WP IWEEP

S8 0 ne-¢

e S

.
i
b

—1
!

150

Deant Ut SwWEEH

10ppin

9(_‘)0)«

47

450

Sppm

I

:
\

Séxx -y
.-_Enﬂm, ]

180

2ppm

1R (CHC13)

pom ()

1200

100

1300

1400

1300

100
WAVENUMBER Cm7!




-275-

77b
OMe e

MeO
Me

H NMR (CDClB)

ENO OF SWEEP

STani OF LWELP

H3ILIWOHLIIAS HAN ZHIW 06 06E-N3

pom (s



-276~

MeO

Me

11 or (cpei,)

FND OF SWIFp

Y313IWOHLD3dS HWNN ZHN 06 06€-N3

00Hr

450

180

START OF SWEEP

o™ (3)

IR (CHClB)

- m = I SN S N W P - -
k=1 - - o =
3 “ 5 = -
L o FoF L
S - - - . S 47
r =N = 3% 2o v ) o oo 20 ol
R s e R et
= — e ot
- e T oF e
s e %i\ - = — s
T S e S aay. ¥ = ey gt M =

b i

i

WAVELENGTH i
il

iR

1

s
ES
g

it

== N
. ==
= =
=

480 00 JeG0  MOS 308 3000 00 M0 30 T

WAVENUMAH (M



-277-

 Me

N

79

LWL 3 )

1H NMR (CDC1

END OF SWEEP

|
i
I
|

H31IWOHLI3dS HWN ZHIW 06 06€-W3

e A SRR

10ppm

2ppm

e

J1IR (CHC13)

.

iaf- bRl EE R ENEE

]

—Uw.. 1

P2 . SN T m

j=F - nRE i

I e S i e 3 2t I

v g = A = =

1

= = -

| =+

fs -

| -
=11

1200

1400

1500

.00
WAVENUMSE CM!

00 MG WS W0

TR

T
it

T

MR

T
T
: ‘c:’ |

1',,.

N

b d_d.

4008 300 k08 M0 30 000 W00 W0 a0



-278~-

Iy or (epeL )

ENU Ur SWEER

STAHE Ul LWLl

HILINOHLDIdS AN ZHN 06 08E-WN3

5

10

poma)

CIEEE

B R ————
i1

13

+ 1R (CH2C12)

= = b4
= - - -
=3 -

| :
1 1

et e
S e ==
R e aa e e

e =1 = -

SELEEEES S===S331
== ==
e e

LI

”» el L
L WAVENUMSES




MeO,C

e

80b

EMD OF SWEEP

)—n)

H3L3IN0U1ID3dS HWN ZHW 06 06€-W3

Lol
. WAVEMUMAER Cat

-279-

1H NMR (CDC13)
STARY OF SWEEP

<
v
w v
H
| 2
| ¢ i
w i
i |
: _ L
o i
s
A i
i
:
: =
F =k
| H
/ H
: 3 e =5
i ) ES===cer-a:
R
I —_— - .
w 53‘0 ' i
~ 30 -
R SN R N
o 1
s \ 1

00
1w
LU
10

10pom
Spom
2vom
pom (3)



LWERP

(R 1S RVIRR

e Z—
" \ 328
MW -
[
®@ jo x4
0
'$) =
an 3-3—2
[}
. 3 n N
! LR
[
w0
o™
! _
P52
N
z
“.l
N
28]
—
Q
o] .
(&) z
N’ K -
2 9
m . 2T e R
— FO-S
R

]

- Qe O— O

4313W0HLI3dS HWN ZHN 06 06€-IN3

potn o}

1R (CHC13)

13

s

a

WAVELENG IH i

1300

1600

1500

T

200 X0 W00 MK DWW

[atamstim bty

20

il

NOISSINENTY B LFIDUM

WAVENUMBER CM!



-281-

MeO

MeO

H NMR (CDC13)

1

END OF SWLLP

H3LZWOHLIIdS HAIN ZHN 06 06E-N3

——O— OO

T
-
t
!
L
|
~

Supnt
Zppm

10y

pOm (o}

“h. L2

ey |

<

1R (CHC13)

o — o ot 4 . St ot . i < 35

ST T T EEL b
afs - = T i

" - - L
2 Lo =8 .
of- = -

[

o -
R 1
P i

" ]
RS
Dy

il

T
|

A

]
|

|

i

Hﬁf‘;'

T
)
i "’

L

s ol

T
|

3
M“?ﬂ NOSSIWSNYRL IO




-282~

o

Me

87

‘i R (cpc1)

43LIWO0HLO3IdS HWN THN 06 06€-W3

LhL Ur Swetk

i
)

i
|
'
i

e

@

2 o
53-8
322
~ - -
-
-
.
-1
N .
- .
ER-
n 2 Q <
. “E2—8—3
3 o <
A
2 z £
3 2 3§
333

oo

1200

1300

1400

13500

W00 3900 M0 300 700 M08 W0 w0

300

00
WAVENMMMBE (M

1R (CH2C12)

NOUSSINSNYRL INIDER

[3

4000 MO0 e MK




COzMe

-283-

BzO

MeO
M

» Y=0H

a X=H

lH NMR (CDC13)

H3LINWOULD3dS HAN ZHW 06 06E£-W3

ﬂ
|
1
i

e -ag-Eaess =

LWEER

SRR Ut

10

ppm (o}

1R (CHZClZ)

3

WAVEIENG TH s

ey g

1300

hﬂ’)
WAVENUMBER (w7t

voo

Malmiie " ndi gl

iy

NOISSINSNYEL INDEM



|
{

END OF SWEEP

|
1

T "
H '
'

30

|

75

’ f“‘? e T +

RIS

-284-

| S s Y W

i or (coct,)

S

10




-285-

H3LIWOHLO3dS HNN ZHN 06 06E-W3

‘. Ft
s
N =
i EE :
© A i =
z Dn QB T‘l ﬁ i
= f0 i
O z _um .
S H
.
i
. | H
3 .-o_o m
3 -2—-8
]
L]
— ‘m
2 9 o
2—3»—3
32
" ) :W“mm
S
m. 3
— . w
.
23 «
T 1gd
=l
A L2892
B 288

4
2

WAVELENG TH M

|
120

3.
3

LU

WA

o

H NMR (CDClB)

4008 00 00 M X00 MO0 M B M e

IR (CH2C12)

1

T
NOISSIWEN YL :@\ln

1Uppaen
Swppm
2ppm
PRM (0}



by mr (coel,)

1 Y 10 uy
Spp 450 R s Wit
Y @YD - toi- ) ;
2ppm
N

e () 1w D] o 1

-286-

OMe

-
oy LhD L1 LwELP
! ' 1 H
450 w0 1?(: (4]
i ; 1 :
228 150 s [\
1
‘ H
Q
[i

EM-390 90 MHz NMR SPECTROMETER



|
r~
[os]
R

H NMR (CDC13)

—

s

END OF SWEEP

HILIWOHL1D3dS HAN THN 06 06E-N3

e e e e

S S

START OF SWEEP

10

pom (4}

1R (CHZClz)

-

7]

o

0 Lee

wao
WAVEMUMME CM

4000 2000 M0 M DEc e WS 00 M M6 X0 WOr w0 P




-288~

MeO

e

M

MeO

93

OMe

1R (CH2012)

-

LR

1]

1

1200

i

H]

i
]

i

A

Ty
(1
bl

'

b

THIESN

i 1
T LAY

WAVELENGTH it

3

e 10 w00 won =

.oy e 20 30 T8 3000 100 em

.]WW« —
%ﬂfﬂ

1400 10

1300

WAVENUMBER CM™

1R (neat)

s

14
T e

i

ot

1360

Ll
WAVEHLMAFE CM

WAVELLNG TN M

T

i Ll

T
]
B e R B i AN
L] 3000 00 00 -] oa 2008 00 M0 . ] et oo »e 0




Y¥343W0UL03dS HINN THW 06 06E-W3

[TV RS

OMe

93

@
S =
=

-289-

= 2 Q
.28 —
T
~ R A
13 3 s i -
L w H i ; .
m - i i
N % I !
f it L
jand z H S m
— RSy T
W o ~



-290-

N0

~—4

HO1V

HON

SHO-BE

““10a0) €6 30 wniiveds WRN H

1

ZHW 006G



-291~-

1
500 MHz "H NMR Spectrum of 93: Expansions.

OMe

NCH ArCH




