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1725,1665,1610,1485,1450,1420,1385,1330,1295,1270,1250, 
1195,1140,1125,1090,1035,955,915,860,820 cm-'. Anal. Calcd 
for CzlHzaNOs: C, 67.89; H, 6.79; N, 3.77. Found C, 67.76; H, 
6.83; N, 3.69. 
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The total syntheses of decahydroquinoline alkaloids (f)-195A (pumiliotoxin C) and (*)-2-epi-l95A are described. 
An unexpected, stereospecific epimerization of the C2 stereocenter of intermediate 6a occurred during its reduction. 
The isomerization resulted in ultimate production of 2-epi-195A. The stereochemical relationship of the C2, 
C4a, C5, and C8a stereocenters in 2-epi-195A is common to other decahydroquinoline alkaloids and gephyrotoxin. 
The 2-epi-19SA synthesis demonstrated the viability of an N-Me group as a nitrogen protecting group. Alkaloid 
195A was prepared in 5.0% overall yield by minor modification of the protocol established in the 2-epi-195A 
synthesis. 

Substituted, functionalized derivatives of the cis-fused 
decahydroquinoline ring system occur as discrete natural 
products2p3 or as subunits4 of natural products. We have 
developed a general strategy with which to prepare deca- 
hydroquinoline alkaloids and describe herein the total 
syntheses of alkaloid 195A (pumiliotoxin C)3*6 and 2-epi- 
195A. The key element of our strategy involved estab- 
lishing the cis-fused hydroquinoline ring via a [3,3] sig- 
matropic rearrangement6 of isoquin~clidines~ Sa and 5b. 
Controlled functionalization of enones loa and 10b via the 
principal of convex face attack then afforded both 195A 
(from lob) and 2-epi-195A (from loa). 

Treatment of 4-methoxypyridines with methyl chloro- 
formate (Scheme I) formed an intermediate N-acyl- 
pyridinium ion which was intercepted with n-propyl- 
magnesium ~hloride.~ The resultant N-acyl-1,Bdihydro- 
pyridine'O 2a engaged in a stereospecific Diels-Alder re- 
action" with (E')-bis(phenylsulfonyl)ethylene.12 We reason 
that the substrate 2a assumed a conformation which 
placed the C2 propyl substituent in an orientation which 
is perpendicular to the plane defined by the heterocycle 
in order to minimize A1,3 strain.13 The dienophile then 
attacked the least hindered face of the diene. Methanol 
was added across the enol ether moiety of 3a, the sulfone 
moieties of the resultant ketal were then reductively 
eliminated,12 and the urethane moiety of the resultant 
olefin was reduced with lithium aluminum hydride.14 
Aqueous hydrolysis of the amino acetal 4a afforded the 

195A Ae 2-epi-195A he 

PhSQ, - Me0 

2a: X=OMe 3a: X=OMe 
2b: X=Ph 3b: X=Ph 

loa: %Me; 3,4dihydro Sa: R=Me 

lob: R=CH2Ph; 3,P-dehydro 
(R ' )  configuration at C2 5b: R=CH2Ph 

(S *) configuration at C2 

corresponding ketone, which underwent a stereospecific 
carbonyl addition reaction with (E)-2-(phenyldimethyl- 
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O(a) CICOzCHS, THF,  -78 to -20 "C then n-PrMgC1, -78 to 0 
"C; (b) (E)-bis(phenylsulfonyl)ethylene, 2 . 5 1  benzene-THF, 65 
"C, 26.5 h; (c) MeOH, 1 equiv of camphorsulfonic acid, 25 "C, 5 d; 
(d) excess Na(Hg), 1:l MeOH-THF, -30 "C, 1.75 h; (e) 5 equiv of 
LiAlH,, THF, reflux 10 h; ( f )  2:l THF-10% HCl, 4.5 h; (9) 1.5 
equiv of (E)-(phenyldimethylsilyl)vinyllithium, THF, -78 "C, 1.75 
h; (h) 10 equiv of KH, DME, 105 "C, 8 h; (i) MeOH, 10% Pd/C, 1 
atm of Hz, 25 min; (j) excess HBF,.EkO, CHzClz, rt, 4 h; (k) 3.3 
equiv of HzOz, 10 equiv of KF, DMF, 40 "C, 4 h; (1) 2.5 equiv of 
MsCl, 3.5 equiv of NEh, CH2Clz, -78 "C to rt, then 1 h; (m) 
MezCuLi, THF-Eh0, -78 to 0 "C, then PhN(Tfjz, 0 "C; (n) 
MeOH, 10% P d  on C, 1 atm of Hz, 2 h; (0) excess PhSeH, 160 "C, 
5 d. 

silyl)vinyllithium.16 The divinyl carbinol Sa underwent 
anionic oxy-Cope rearrangement6 in DME at 105 'C. 

PhMe,% 
e l 4  

Sa I 16 Me 

P 
PhMe,rSi PhMeA- ' 

r H  

i-PrSSiOTf - 
iPr,SiO 0 

I 
K 

e 17 Me 

~ ~ ~~ 

(2) Tokuyama, T.; Niehimori, N.; Shimada, A.; E k l w d ,  M. W.; Daly, 
J. W. Tetrahedron 1987,43,643. Steffan, B. Tetrahedron 1991,47,8729. 

(3) h l a t i o n  Ddy, J. W.; Tokuyama, T.; Habermehl, G.; Karle, I. L.; 
Witkop, B. Laebigs Ann. Chem. 1969, 729, 198. 

Interestingly, when the potassium enolate generated in thia 
reaction was trapped with TIPS triflate a single silyl enol 
ether, the A-7,8 isomer (181, wae obtained. In his earliest 
publication, Evans& reported enolate equilibration under 
anionic oxy-Cope conditions. Apparently, enolate 17 is 
more stable than 16. This observation was discouraging, 
since it was necessary to install a 7-keto-A-5,6 enone 
function (cf. loa). Consequently, the A-3,4 olefm moiety 
of octahydroquinolone 6a (Scheme I) was reduced cata- 
lytically to afford the saturated derivative 7. 

Quite unexpectedly, the C2 stereocenter of 6a underwent 
stereospecific inversion of configuration during the re- 
duction step. The epimerization of C2 did not become 
evident until the completion of the synthesis. It seems 
reasonable to assume that the phenyldimethylsilyl moiety 
attached to C5 of the octahydroquinolone 6a serves to fix 
the cis-fused ring system into conformation 19. A desta- 
bilizing 1,3 CH2 - CH2 diaxial interaction is present in 
conformation 19. Thus, palladium-catalyzed double-bond 
isomerization may have occurred to produce enamines 20 
and/or 21. Catalytic reduction of 20 and/or 21 presumably 
occurred to produce decahydroquinolone 7, present in 
solution as conformation 22, wherein the destabilizing 
l,&diaxial interaction has been removed. 

Controlled oxidation16 of the phenyldimethylsilyl moiety 
of 7 (Scheme I) afforded the labile hydroxy ketone 9 which 
was immediately dehydrated to enone 10a with mesyl 

(4) (a) Dihydrolycolucine: Ayer, W. A.; Browne, L. M.; Nakahara, Y.; 
Tori, M.; Delbaere, L. T. J. Can. J. Chem. 1979,57,1105. (b) Gephyro- 
toxin: Daly, J. W.; Witkop, B.; Tokuyama, T.; Niehikawa, T.; Karle, I. 
L. Helu. Chim. Acta 1977,60, 1128. 

(5) Prior total or formal eyntheaea: (a) Oppolzer, W.; Mtl, W. Helu. 
Chim. Acta 197S,58, 590. (b) Oppolzer, W.; Frbtl, W.; Weber, H. P. 
Helu. Chim. Acta 197S,58,593. (c) Habermehl, G.; Andrea, H.; Miyahar4 
K.; Witkop, B.; Daly, J. W. Liebigs Ann. Chem. 1976,1577. (d) Ibuka, 
T.; Masaki, N.; Saji, I.; Tanaka, K.; Inubishi, Y. Chem. Phurm. Bull. 197S, 
23,2779. (e )  Oppolzer, W.; Fehr, C.; Warneke, J. Helu. Chim. Acta 1977, 
60,48. (0 Oppolzer, W.; Flaekamp, E. Helu. Chim. Acta 1977,60,204. 
(g) Overman, L. E.; Jessup, P. J. J. Am. Chem. SOC. 1978,100,5179. (h) 
Ibuka, T.; Mori, Y.; Inubiehi, Y. Chem. Phorm. Bull. 1978,26,2442. (i) 
Maruoka, K.; Miyazaki, T.; Ando, M.; Mateumura, Y.; Sakane, S.; Hatton, 
K.; Yamamoto, H. J. Am. Chem. Soc. 1983,105,2831. (i) Masamune, S.; 
Reed, L. A., III; Davis, J. T.; Choy, W. J. Org. Chem. 1989,48,4441. (k) 
Abe, K.; Tsugoshi, T.; Nakamura, N. Bull. Chem. SOC. Jpn. 1984,57, 
3351. (1) Bonin, M.; Royer, J.; Griereon, D. S.; Husson, H. P. Tetrahedron 
Lett. 1986,27, 1569. (m) Schultz, A. G.; McCloskey, P. J.; Court, J. J. 
J. Am. Chem. SOC. 1987,109,6493. (n) LeBel, N. A.; Balaeubramanian, 
N. J. Am. Chem. SOC. 1989,111,3363. (0) Comins, D. L.; Dehghani, A. 
Tetrahedron Lett. 1991, 32, 5697. 

(6) Anionic oxv-Com rearrannement: (a) Evane. D. A.: Golob. A. M. 
J.  Am. Chem. S&. 19fS, 97,4765: (b) E V A ,  D. A.;'Neleon, J. V. J. Am. 
Chem. SOC. 1980,102,774. 
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references cited therein. 

(8) Profft, E.; Schulz, G. Arch. Pharm. 1961,294,292. 
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chloride." The 7 to 9 transformation proved interesting 
in that fluoroboric acid promoted desilylations of alkyl- 
phenyldimethylsilanes normally afford fluorosilaneslB" 
which then undergo oxidation to an alcohol in a separate 
step.'hb The fluoroeilane derived from 7 is apparently very 
labile toward hydrolysis,'* since aqueous workup of the 
protodesilylation reaction afforded the dimethylailanol8. 

The enone 10a underwent smooth l,4-addition of lith- 
ium dimethylcuprate, and the resultant copper enolate was 
trapped in situ with N-pheny1triflamide,lg affording enol 
triflate 11. The conjugate addition reaction was stereo- 
specific. The enol triflate 11 was catalytically reducedm 
to afford decahydroquinoline 12. Demethylation of 12 by 
treatment with excess selenophenol at elevated tempera- 
ture2' afforded an alkaloid isomeric with 19SA, according 
to comparison of its lH and '3c Nh4R with published dah6 

The aesignment of the alkaloid 13 as the 2-epi-isomer 
of 19SA was supported by the s imi i i ty  in chemical shift 
and coupling patterns of ita C8a and C2 protons to those 
present in alkaloids cis-219A and cis-243A.22 In each of 

R = H: cis 219A 
R- -C=CH: cis243A 

these three compounds, the C8a proton resonated at ca. 
3.1 ppm and possessed one large and two small coupling 
constants. These coupling constants are due to a large 
coupling of H8a with a trans-axial C7 proton and two 
axial-equatorial couplings between H8a and either H7eq 
or H4a. This behavior is consistent with a cis-fused ring 
junction of the decahydroquinoline ring. Another simi- 

(17) Audia, J. E.; Boievert, L.; Patten, A. D.; Villalobos, A.; Danish- 
efsky, S. J. J. Org. Chem. 1989,54, 3738. 

(18) Stereochemistry, Mechanism and Silicon, An Introduction to the 
&namic Stereochemistry and Reaction Mechanism of Silicon Centers; 
Sommer, L. H., Ed.; McGraw Hill: New York, pp 138-143. 

(19) McMurry, J. E.; Scott, W .  J. Tetrahedron Lett. 1983, 24, 979. 
(20) Jigqjinni, V. B.; Wightman, R H. Tetrahedron Lett. 1982,23,117. 
(21) Fbich, H. J.; Cohen, M. L. J.  Org. Chem. 1979, 44, 3148. 
(22) Tokuyama, T.; Tsujita, T.; Shimad4 A.; Garraffo, H. M.; Spande, 

(23) Bergbreiter, D.; Pendergram, E. J. Org. Chem. 1981, 46, 219. 
T. F.; Daly, J. W .  Tetrahedron 1991,47, 5401. 

Scheme IIo 

I 
OM0 

79% c.d,e 1 

i I 73% 

1 9 5 1  24 195A-HCI II* 
(a) ClCOPh, THF, -78 to -20 "C then n-PrMgC1, -78 to 0 "C; 

(b) (E)-bis(phenylsulfonyl)ethylene, 2.5:l benzene-THF, 80 "C, 66 
h; (c) MeOH, 1 equiv of camphorsulfonic acid, 25 "C, 2.5 d; (d) 
excess Na(Hg), 1:l MeOH-THF, -30 OC, 7 h; (e) 5 equiv of LiAlH4, 
THF, reflux 9 h; (f) 2:l THF-10% HCl, 6 h; (9) 1.5 equiv of (E)- 
(dimethylphenylsilyl)vinyllithium, THF, -78 "C, 2 h, then 0 "C, 15 
min; (h) 10 equiv of KH, DME, 105 "C, 8.5 h; (i) (1) excess 
HBF4.Eh0, CHzClz, rt, 21 h, (2) 3.3 equiv of H202, 10 equiv of KF, 
DMF, 40 "C, 4.5 h; (j) MsC1, NEh, -78 to 0 OC, then 5 equiv of 
DBN, -78 "C; (k) Me,CuLi, THF-Eh0, -78 to 0 "C, then PhN- 
(Tf),, 0 "C to rt; (1) MeOH, 10% Pd  on C, 1 atm of Hz, 20 h, then 
HCl(g)/EtzO. 

larity involved the C2 proton resonance in a-epi-lSSA, 
cis-219A, and cis-243A which occurred between 2.8 and 
2.9 ppm and appeared as an unresolved multiplet.. Further 
evidence consistent with the assignment of 2-epi-1SSA was 
the similarity in the behavior of its l3C spectrum with thoee 
of the two other alkaloids cis-219A and cis-243A. 

Because of the cis-ring fusion in 2-epi-1SSA and the 
stereochemical relationship between the C2 and C5 ster- 
eocenters, either the C2 or C5 substituent must be axial 
while the other remains equatorial if the cis-fused rings 
are to remain in a chair-chair conformation. This feature 
leads to conformational inversion of both rings, producing 
a statistical distribution of two equilibrating chair-chair 
cis-fused decahydroquinoline rings. The dynamic con- 
formational behavior resulta in broadening of several 
carbon resonances in each alkaloid.% 

H PMe 
Me gdH 

It 
Me, H 
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Although the sequence of reactions appearing in Scheme 
I did not provide cis-t95A, the protocol has established 
a working method for preparing the correct substitution 
pattern and relative configuration common to other nat- 
urally occurring cis-decahydroquinoline alkaloids (219A, 
243A)22 and the decahydroquinoline subunit of gephyro- 
toxin.4b 

Reasoning that epimerization of the C2 stereocenter of 
6a occurred by double-bond isomerization to form an en- 
amine, followed by catalytic reduction of the enamine, it 
seemed the most obvious solution to the epimerization 
problem would be reduction of 6a over a catalyst less prone 
toward double-bond isomerization. In the event, neither 
rhodium, platinum, nor nickel catalysts were successful. 
Realizing that it was necessary to defer the double-bond 
reduction to a later stage in the overall synthetic sequence, 
we opted to attempt to increase the efficiency of the syn- 
thesis by changing the nitrogen protecting group from 
N-Me to N-CHPh (Scheme 11). Thus, by simply acylating 
4-methoxypyridine with benzoyl chloride and performing 
all chemical operations as before it was possible to prepare 
octahydroquinolone 6b. The phenyldimethylsilyl moiety 
of 6b was then oxidized via the fluorodesilylation-oxidation 
procedure16 to afford the @-hydroxy ketone 14. It was 
necessary to carry out the dehydration of 14 under strictly 
controlled conditions in that the enone 10b was extremely 
labile. Exposure of 10b to silica gel or excess DBN resulted 
in quantitative conversion of 10b to phenol 23 resulting 
from retro-Michael reaction of the @-amino ketone moiety, 
followed by tautomerization of the resulting dienone. 

H 

Polniaszek and Dillard 

both the pumiliotoxin C and gephyrotoxin families. 

&e 
l o b  

he 
23 

Nevertheless, the enone 10b could be worked up under 
controlled conditions of pH with aqueous NaH2P04 and 
isolated. The unpurified enone 10b was then subjected 
to the conjugate addition with lithium dimethyl cuprate 
and the resultant copper enolate trapped with N- 
~henyltriflamide'~ as before. Catalytic hydrogenation of 
diene triflate 15 resulted in hydrogenolysis of both the 
N-benzyl and enol triflate moieties, with concomitant re- 
duction of both double bonds and produced alkaloid 
(f)-19SA which was characterid as ita hydrochloride salt. 
The synthetic material had a high-field 'H NMR identical 
to that of an authentic sample kindly provided by Pro- 
fessor Larry Overman. The 13C spectrum of the synthetic 
material also matched the published values. The hydro- 
genation of enol triflate 15 presumably proceeds via diene 
24 (R = CH2Ph or H). The preferred conformation of 24 
(Scheme 11) places both the propyl chain attached to C2 
and the methyl group attached to C5 in equatorial posi- 
tions. The success of the hydrogenation of 24 (as opposed 
to that of 6a in Scheme I) lies in the fact that 24 does not 
provide a steric driving force for double-bond isomeriza- 
tion/epimerization of the C2 stereocenter. 

In summary, a single synthetic approach has provided 
stereospecific access to the decahydroquinoline skeleta of 

(24) We thank Dr. Spande, Dr. Daly, and Dr. Yeh of the Laboratory 
of Bioorganic Chemistry of the National Institutes of Health for 'H and 

spectral accumulation and analyses of both N-Me-2-epi-195A and 
2-epi-195A. 

Experimental Section 
General. Melting points are uncorrected. 'H data are reported 

as follows: chemical shift in ppm from internal tetramethylsilane 
on the 6 scale, multiplicity (s = singlet, d = doublet, t = triplet, 
q = quadruplet, dd = doublet of doublets), integration, coupling 
(in Hz), and interpretation. Combustion analyses were performed 
either by Spang Microanalytical Laboratory (Eagle Harbor, MI), 
or MHW Laboratories (Phoenix, AZ). Dichloromethane, 1,2- 
dimethoxyethane, and triethylamine were distilled from calcium 
hydride prior to use. Ethyl ether, tetrahydrofuran, and benzene 
were distilled from sodium/benzophenone ketyl. Grignard and 
alkyl lithium reagents were assayed for molarity according to the 
method of Bergbreiter.23 All glassware was oven dried and stored 
in dessicators prior to use. Flash chromatography was carried 
out with Kieselgel 60 (2300-400 mesh) silica gel. 

(1R *,3S *,4S *,7S *,8S *)-2-(Methoxycarbony1)-3-( 1- 
propyl)-5-methoxy-7,8-bis(phenylsulfonyl)-2-azabicyclo- 
[2.2.2]oct-5-ene (3a). 4-Methoxypyridine (3.01 g, 27.6 "01) was 
dissolved in THF (20 mL) and cooled to -78 OC. Methyl chlo- 
roformate (2.6 mL, 1.2 equiv) in THF (15 mL) was added. After 
15 min, the reaction was allowed to warm to -20 "C over 15 min 
and immediately recooled to -78 OC before adding propyl- 
magnesium chloride (33 mmol, 1.2 equiv). After 15 min, the 
reaction was warmed to 0 OC and stirred for 1.75 h before 
quenching with 5 %  Na2C03. The THF was removed in vacuo 
and the residue diluted with 1:l 5% NazC03-0.2 M NazEDTA 
and extracted with 1:l CHzClz-pentane. The combined extracts 
were dried (K2C03), filtered, and concentrated to give a residue 
which was chromatographed on silica gel with 1090 EtOAc-hexane 
affording 4.12 g of an oil which was immediately combined with 
(E)-1,2-bis(phenylsdfonyl)ethylene (6.02 g, 195 "01) in a mixture 
of benzene (90 mL) and THF (30 mL). The reaction was heated 
at  65 O C  for 26.5 h, cooled to 0 OC, and filtered. The filtrate was 
concentrated to give a residue that was flash chromatographed 
on silica with a gradient of 208&-50:50 EtOAc-hexane affording 
9.41 g (66% from Cmethoxypyridine) of a white foam, mp 121-124 
OC: IR (CH,Cl,) 1690 (s), 1650 (m) cm-'; 'H NMR (300 MHz, 
105 OC, toluene-d8) 6 7.72 (d, 2 H, J = 7 Hz, ArH,), 7.67 (d, 2 H, 
J = 7 Hz, ArH,), 7.11-6.94 (m, 6 H, 2 X ArH,), 5.36 (dd, 1 H, J 

(m, 2 H, C3-H and C7-H), 4.26 (dd, 1 H, J = 5 ,3  Hz, C8-H), 3.56 
(s,3 H, C02CH3), 3.42-3.36 (m, 1 H, C4-H), 3.26 (s, 3 H,C5-0CHd, 
1.44-1.23 (m, 4 H, CH,CH,), 0.91 (t, 3 H, J = 7 Hz, CH2CH3); 
MS (CI, NH3) m / e  537 ((M + NH4)+, base peak). Anal. Calcd 
for CZ5HzeNO7Sz: C, 57.78; H, 5.64. Found: C, 57.51; H, 5.73. 

(1R *,3S *,4S *,7S *,8S *)-2-(Methoxycarbony1)-3-( 1- 
propyl)-5,5-dimethoxy-7,8-bis(phenylsulfonyl)-2-azabicy- 
clo[2.2.2]octane (3a-2). Enol ether 3a (8.70 g, 16.8 mmol) and 
(f)-10-camphorsulfonic acid (3.93 g, 1 equiv) were dissolved in 
MeOH (150 mL), and the mixture was stirred at room temperature 
for 114 h, poured onto aqueous NaHC03, and extracted with 
CH2C1,. The combined organic extracts were dried (Na2S04), 
fitered, and concentrated to afford a solid which was recrystallized 
from EtOAc-hexane affording 7.72 g (84%) of a white solid, mp 
179-180 OC: IR (CH,C12) 1699 ( 8 )  cm-'; 'H NMR (300 MHz, 105 
OC, toluene-d8) 6 7.82-7.78 (m, 4 H, 2 X ArH,), 7.11-6.97 (m, 6 
H, 2 X ArH3), 4.87 (dd, 1 H, J = 6,2.5 Hz, C8-H), 4.76 (dd, 1 H, 
J = 6, 3 Hz, C,-H), 4.66-4.58 (m, 1 H, C3-H), 4.384.33 (m, 1 H, 
C7-H), 3.49 (s, 3 H, CO,CH,), 3.09-3.04 (m, 1 H, C,-H), 3.03 (8, 

4 Hz, Ce-H), 2.01-1.88 (m, 2 H, CH2CH2CH3), 1.79 (ddd, 1 H, J 
= 14.5, 2.5, 1.5 Hz, C,-H), 1.52-1.35 (m, 2 H, CH,CH3), 0.99 (t, 
3 H, J = 7 Hz, CH,CH,); MS (CI, NH3) m / e  569 ((M + NH,)', 
base peak). Anal. Calcd for C26H33N08S2: C, 56.60; H, 6.04. 
Found: C, 56.62; H, 6.11. 
(lR+,3S*,4S*)-2-(Methoxycarbonyl)-3-( l-propyl)-b,b-di- 

methoxy-2-azabicyclo[2.2.2]oct-5-ene (3a-3). Ketal 3a-2 (2.85 
g, 5.17 mmol) and NaHC03 (2.17 g, 5 equiv) were dissolved in 
a mixture of MeOH (90 mL) and THF (70 mL) and cooled to -35 
OC. Three portions (35 g each) of sodium amalgam (2% Na) were 
added at  30-min intervals keeping the temperature strictly be- 
tween -30 and -40 "C. After being stirred at -30 "C for an 
additional 45 min, the mixture was then fitered through alumina 

= 5.5,3 Hz, W H ) ,  5.00 (dd, 1 H, J = 7,2.5 Hz, C1-H), 4.62-4.49 

3 H, Cb-OCH,), 2.95 (9, 3 H, Cb-OCHS), 2.90 (dd, 1 H, J 14.5, 
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and the filtrate concentrated to leave a residue which was flash 
chromatographed on silica gel with a gradient of 2080-4060 
EtOAc-hexane affording 1.34 g (97%) of an oil: IR (NaCl) 1701 
(8) cm-'; 'H NMR (300 MHz, 105 OC, toluene-d8) 6 6.19-6.07 (m, 
2 H, C f + O ,  4.75-4.68 (m, 1 H, C1-H), 3.51 (8, 3 H, C02CH3), 

2.93 (8, 3 H, C8-OCH,), 2.84-2.76 (m, 1 H, C,-H), 2.28-2.15 (m, 
1 H, CHHCH,CH,), 1.S1.85 (m, 1 H, CHHCH&H,), 1.91 (dd, 
1 H, J = 13, 2.5 Hz, C7-H), 1.64-1.46 (m, 1 H, CHHCH,), 1.54 
(dd, 1 H, J = 13,3 Hz, C,-H), 1.45-1.26 (m, 1 H, CHHCH,), 0.99 
(t, 3 H, J = 7.5 Hz, CH,CH,); MS (CI, NHd m / e  270 (MH', base 
peak). Anal. Calcd for Cl4HZ3NO4: C, 62.43; H, 8.61. Found 
C, 62.40; H, 8.43. 

(1R *,3S *,4S *)-2-Methyl-3-( l-propyl)-8,8-dimethoxy-2- 
azabicyclo[2.2.2]oct-5-ene (4a). To an ice-cooled solution of 
LAH (1.11 g, 29.3 mmol) in THF (20 mL) was added carbamate 
3a-3 (1.46 g, 5.46 mmol) as a solution in THF (25 mL). The 
reaction was then heated to reflux for 10 h, cooled, and cautiously 
quenched with saturated Na2S04 and extracted with CH2C12 The 
combined organic extracts were dried (Na2S04), filtered, and 
concentrated to leave a residue which was distilled (120 OC (0.4 
mm)) affording 1.11 g (90%) of an oil: IR (NaCl) 1456 (m) cm-'; 

(dd, 1 H, J = 8, 5 Hz, CS-H), 3.45-3.35 (m, 1 H, C1-H), 3.17 (s, 
3 H, OCH3), 3.12 (8,  3 H, OCH3), 2.69 (d, 1 H , J  = 7 Hz, C4-H), 

(m, 3 H, CHCH2CH2CH3), 1.57 (dd, 1 H, J = 13,3.5 Hz, C7-H), 
1.49-1.23 (m, 2 H, CH,CH,), 0.93 (t, 3 H, J = 7.5 Hz, CH,CH,); 

48.0,45.1,40.2,39.6,36.1, 20.7,14.5; MS (CI, NHJ m / e  226 (MH', 
base peak). Anal. Calcd for Cl3HZ3NO2: C, 69.29; H, 10.29. 
Found: C, 69.15; H, 10.38. 

(1R *,3S *,4S *)-2-Methyl-3- (l-propyl)-2-azabicyclo[ 2.2.21- 
oct-7en-hne (4a-2). Ketal 4a (514 mg, 2.28 "01) was dissolved 
in a mixture of THF (20 mL) and 10% HCl(10 A). The mixture 
was stirred at room temperature for 4.5 h and then diluted with 
CHzClz (100 mL), and solid anhydrous K2C03 was added to basify 
and dry the solution. Filtration and concentration of the filtrate 
gave a pale yellow oil which was chromatographed on silica gel 
with EtOAc affording 345 mg (85%) of an oil: IR (NaC1) 1729 
( 8 )  cm-l; 'H NMR (300 MHz, CDC13) 6 6.53 (t, 1 H, J = 6.5 Hz, 
C7-H), 6.43 (t, 1 H, J = 7 Hz, C8-H), 3.74-3.67 (m, 1 H, C1-H), 

J = 18 Hz, Cs-H), 2.14-2.02 (m, 2 H, Cs-H + C3-H), 1.58-1.21 (m, 

38.7,19.7,13.9;MS (CI, NH,) m / e  180 (MH+,base peak). Anal. 
Calcd for Cl1H1,NO: C, 73.68; H, 9.58. Found C, 68.42; H, 8.87. 

(1R*,3S*,4S *,5S*)-2-Methyl-3-( 1-propyl)-5-[ (E)-2-(di- 
methylpbenyls~yl)-lethenyl]-2-azabicyclo[2~~]~t-7en-~ol 
(5a). (E)- 1- (Tri-n-butylstannyl)-2-( dimethy1phenyl~ilyl)ethene'~ 
(2.22 g, 4.92 mmol) was dissolved in THF (20 mL) and cooled to 
-78 OC. n-Butyllithium (4.90 mmol) was added and the mixture 
stirred for 1.5 h, allowed to warm to -30 OC over 15 min, and 
immediately recooled to -78 OC. Ketone 4a-2 (571 mg, 3.19 "01) 
in THF (9 mL) was added and the mixture stirred for 1.75 h before 
being quenched with saturated NaHC0, and removing THF in 
vacuo. The aqueous residue was extracted with CH2C12, and the 
combined organic extracts were dried (Na2S04), filtered, and 
concentrated to given an oil which was chromatographed on silica 
with a gradient of 4060 EtOAchexane to 4060 MeOH-EtOAc 
affording 950 mg (87%) of an oil: IR (NaCl) 3360 (br), 1611 (m) 
cm-'; 'H NMR (300 MHz, CDC1,) 6 7.53-7.45 (m, 2 H, ArH,), 
7.38-7.31 (m, 3 H, ArH,), 6.43 (t, 1 H, J = 7.5 Hz, C8-H), 6.11 
(t, 1 H, J = 6.5 Hz, C7-H), 6.08 (d, 1 H, J = 19 Hz, SiC=CH), 
5.87 (d, 1 H, J = 19 Hz, SiCH=C), 3.44-3.37 (m, 1 H, C1-H), 2.37 
(d, 1 H, J = 7 Hz, C4-H), 2.29 (8, 3 H, N-CH,), 2.10-1.94 (m, 2 
H, C3-H + Cs-H), 1.90-1.73 (m, 3 H, Cs-H + CH2CH2CH3), 
1.53-1.22 (m, 2 H, CH,CH,), 0.94 (t, 3 H, J = 7.5 Hz, CH,CH,), 
0.31 (s,6 H, Si(CH3),); 13C NMR (75 MHz, CDC1,) 6 156.2, 138.8, 
135.0, 133.7, 129.0, 128.9, 127.7, 121.9, 75.0, 66.4, 56.3,45.0,44.2, 
44.0,36.4, 20.8, 14.4, 2.5, 2.4; MS (CI, isobutane) m / e  342 (MH+, 
base peak). Anal. Calcd for CZlH3,NOSi: C, 73.83; H, 9.16. 
Found C, 73.89; H, 9.17. 

( 2 5  *,4aR *,5S *,8aR *)- 1-Met hyl-2-( 1-propyl)-( A-3,4)-5- 
(dimethylphenylsilyl)-7-oxooctahydroquinoline (6a). Hy- 

3.25 (ddd, 1 H, J = 10.5,4.5,2.5 Hz, C3-H), 3.00 ( ~ , 3  H, XrOCHJ, 

'H NMR (300 MHz, CDC13) 6 6.46 (t, 1 H, J = 8 Hz, Cs-H), 6.17 

2.26 (8,  3 H, NCHJ, 2.07 (dd, 1 H, J = 13, 3 Hz, C7-H), 1.76-1.61 

13C NMR (75 MHz, CDC13) 6 132.8, 129.3, 103.0,64.2,56.3,48.4, 

3.01 (d, 1 H, J = 6 Hz, C4-H), 2.39 ( ~ , 3  H, N-CHJ, 2.32 (d, 1 H, 

4 H, CH&H&H3), 0.91 (t, 3 H, J = 7 Hz, CHZCH,); 13C NMR 
(75 MHz, CDC13) 6 209.6, 134.3, 128.2,64.2,57.8,53.2,45.2,42.1, 
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droxy diene 5a (332 mg, 0.97 mmol) in DME (4 mL) was added 
to a suspension of KH (415 mg, 11 equiv) in DME (2.5 mL). The 
resulting suspension was heated at 105 "C for 8 h, cautiously 
poured onto 5050 ice-saturated NaHC03, and extracted with 
CH2C12 The combined organic extracts were dried (Na2S04), 
filtered, and concentrated to give a residue which was chroma- 
tographed on silica gel with a gradient of 10:90-30:70 EtOAc- 
hexane affording 213 mg (64%) of an oil: IR (NaCl) 1711 (8) cm-'; 
'H NMR (300 MHz, CDCl,) 6 7.51-7.44 (m, 2 H, ArH,), 7.37-7.31 
(m, 3 H, ArH3), 5.80 (dt, 1 H, J = 10.5, 2.5 Hz, CH=C), 5.66 (d, 

2.88-2.78 (m, 1 H, C,-H), 2.78-2.69 (m, 1 H, C4,-H), 2.51 (t, 1 H, 

4.5 Hz, C8-H), 2.29-2.08 (m, 2 H, Cs-H,), 1.52-1.23 (m, 5 H, C5-H 

SiCH3), 0.36 (8, 3 H, SiCH,); 13C NMR (75 MHz, CDC13) 6 210.8, 
137.1, 133.7, 132.2, 129.3, 127.9, 124.4, 62.6, 58.5,43.9, 42.7, 38.3, 
37.0,32.0,26.7,20.1,14.2, -3.5, -3.8; MS (CI, NHd m / e  342 (MH+, 
base peak). Anal. Calcd for CZlH3,NOSi: C, 73.83; H, 9.16. 
Found: C, 73.62; H, 9.08. 

(2R *,4aR *,5S *,8aR *)-l-Methyl-2-( l-propyl)-5-(di- 
methylphenylsilyl)-7-oxodecahydroquinoline (7). 10% 
Palladium on carbon (43 mg) was suspended in MeOH (2 mL) 
and stirred under 1 atm of H2 for 2.5 h before adding ketone 6a 
(26.0 mg) in MeOH (3 mL). The reaction was stirred under 1 
atm of H2 for 25 min. The catalyst was filtered off and the fdtrate 
concentrated to give a residue which was flash chromatographed 
on silica gel with a gradient of 30:70-40:60 EtOAc-hexane af- 
fording 21.3 mg (81%) of an oil: IR (NaCl) 1707 (8) cm-'; 'H NMR 
(300 MHz, CDCl,) 6 7.48-7.40 (m, 2 H, ArH,), 7.35-7.29 (m, 3 H, 
ArH3), 3.14 (dt, 1 H, J = 12,4 Hz, Ce,-H), 2.64 (t, 1 H, J = 12.5 
Hz, C8-H), 2.44-2.26 (m, 3 H), 2.24 (8,  3 H, NCH3), 2.18-2.02 (m, 
2 H), 1.77-1.44 (m, 4 H), 1.38-1.12 (m, 4 H), 1.30 (dt, 1 H, J = 

Si(CH3),); 13C NMR (75 MHz, CDC13) 6 211.8,137.0,133.7, 129.2, 
127.9,67.7, 53.9, 39.1, 37.8,36.5, 35.8, 35.4, 30.6, 28.5, 21.6, 18.3, 
14.5, -3.8, -3.9; MS (CI, NH3) m / e  344 (MH+, base peak). Anal. 
Calcd for C21H33NOSi: C, 73.40; H, 9.70. Found: C, 73.31; H, 
9.73. 
(2R*,4aR*,5S*,8aR*)-l-Methyl-2-( l-propyl)-5-(hydroxy- 

dimethylsilyl)-7-oxodecahydroquinoline (8). To a solution 
of ketone 7 (65.3 mg, 0.19 mmol) in CHpClz (3 mL) was added 
85% HBF4-OEt, (0.65 mL) and the mixture stirred at ambient 
temperature for 4 h. After being shaken with 10% HCl(10 mL) 
for 5 min, the mixture was basGed with 15% KOH and extracted 
with CH2C12 The combined extracts were dried (N@04), filtered, 
and concentrated to give a yellow oil which was flash chroma- 
tographed on silica gel with a gradient of EtOAc to 10:90 
MeOH-EtOAc affording 47.1 mg (88%) of an oil: IR (NaCl) 3400 
(br), 1701 (s) cm-'; 'H NMR (300 MHz, CDC13) 6 3.15 (dt, 1 H, 

(m, 3 H, C2-H + C4*-H + Cs-H), 2.26 (s, 3 H, NCH,), 2.24-2.10 
(m, 2 H, C6-H2), 1.83-1.62 (m, 3 H), 1.58-1.47 (m, 1 H), 1.42-1.16 
(m, 4 H), 1.06 (dt, 1 H, J = 15, 3.5 Hz, C,-H), 0.87 (t, 3 H, J = 
6.5 Hz, CH2CH,), 0.13 (s,3 H, SiCH3), 0.12 (s, 3 H, SiCH,); 13C 

35.5, 30.4,30.1,21.7, 18.4, 14.5, -0.7, -0.9; MS (CI, NH,) m / e  284 
(MH+, base peak). 
(2R*,4aS*,5S*,8aR*)-l-Methyl-2-( l-propyl)-5-methyl-(A- 

6,7)-7-[ (t~ifluoromethanesulfonyl)oxy]decahydroquinoline 
(11). Ketone 8 (98 mg, 0.34 mmol) and KF (202 mg, 10 equiv) 
were stirred in DMF (1 mL) for 15 min before 30% HzOz (0.13 
mL, 3.3 equiv) was added and the mixture was heated to 40 OC. 
After 4 h the mixture was poured onto saturated NaHC03 and 
extracted with CH2C12 The combined extracts were dried 
(Na2S04), filtered, and concentrated to afford a yellow oil which 
was immediately dissolved in CH,C12 (10 mL) and cooled to -78 
"C. Triethylamine (0.17 mL, 3.5 equiv) and mesyl chloride (0.07 
mL, 2.5 equiv) were added and the mixture stirred for 1 h each 
at -78,O "C, and room temperature. The reaction was poured 
onto saturated NaHC0, and extracted with CH2C12 The com- 
bined organic extracts were dried (Na2S04), filtered, and con- 
centrated to give a yellow oil which was immediately dissolved 
in THF (10 mL) and added to a cooled (-78 "C) solution of lithium 
dimethylcuprate (2.5 equiv) in Et,O (10 mL). After 20 min the 
reaction was warmed to 0 "C. After 35 min, PhNTf, (369 mg, 

1 H, J = 10.5 Hz, CH=C), 2.96 (dt, 1 H, J = 11,4.5 Hz, Ce-H), 

J = 13 Hz, CS-H), 2.41 (8, 3 H, NCHS), 2.35 (dd, 1 H, J = 13.5, 

and CH&H2CH,), 0.87 (t, 3 H, J = 7 Hz, CH,CH3), 0.37 ( ~ , 3  H, 

15, 3.5 Hz, C,-H), 0.86 (t, 3 H, J = 7 Hz, CH,CHJ, 0.30 (8 ,  6 H, 

J = 12.5,4 Hz, Ce-H), 2.68 (t, 1 H, J = 12.5 Hz, Cs-H), 2.46-2.29 

NMR (75 MHz, CDCl3) 6 211.8,67.7, 54.3, 39.1, 37.1, 35.7, 35.6, 
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3 equiv) in THF (8 mL) was added. After 1.75 h the mixture was 
filtered through a glass frit and the filtrate concentrated to give 
a residue which was flash chromatographed on silica gel with a 
gradient of 3070 EtOAc-hexane to 1090 MeOH-EtOAc affording 
38.5 mg (31% from 8) of an oil: IR (NaCl) 1692 (m), 1416 (a) cn-'; 
lH NMR (300 MHz, CDC1J 6 5.69 (dd, 1 H, J = 5,1.5 Hz, W H ) ,  
3.47-3.33 (m, 1 H, C&-H), 2.67-2.57 (m, 1 H, C8-H), 2.55-2.40 (m, 

C,-H), 2.27-2.14 (m, 1 H, Cs-H), 1.92-1.70 (m, 2 H, C&-H and 
CHHCHzCH3), 1.67-1.54 (m, 1 H), 1.52-1.18 (m, 5 H), 1.12 (d, 

coincident signals), 35.5, 35.0,30.4,25.6,21.9,21.0,18.4,14.4; MS 
(CI, isobutane) m/e 356 (MH+, base peak). HRMS m/e calcd 
for C1sH2rF3N03S 355.1429, found 355.1425. 

(2R *,4aS*,SR*,8aR*)-l-Methyl-2-( l-propyl)-S-methyl- 
decahydroquinoline (12). Palladium on carbon (10% Pd) (76 
mg) was suspended in MeOH (3 mL) and prereduoed under 1 atm 
of Hz for 2 h before adding enol triflate 11 (27.5 mg, 0.08 mmol) 
in MeOH (3 mL). After being stirred for 2 h under 1 atm H2, 
the mixture was filtered through a pad of Celite and the fiitrate 
concentrated to give a residue which was partitoned between 
saturated NaHC03 and CH2Clz and extracted with CH2C12. The 
combined organic extracts were dried (Na2S04), filtered, and 
concentrated to give an oil which was chromatographed on silica 
gel with a gradient of 1090-4060 MeOH-EtOAc affording 10.0 
mg (62%) of an oil: 'H NMR (300 MHz, CDC13) 6 2.87-2.76 (m, 
1 H, C&-H), 2.48-2.33 (m, 1 H, C2-H), 2.27 (a, 3 H, NCHJ, 
1.78-1.03 (m, 16 H), 0.93 (d, 3 H, J = 7 Hz, CS-CH3), 0.83 (t, 3 

41.4 (br), 40.3, 39.2, 38.9, 35.8, 35.1, 29.6, 28.8, 25.2, 20.2, 19.2, 
14.4; MS (CI, isobutane) m/e 210 (MH+, base peak); HRMS m/e 
calcd for Cl4HZ7N 209.2143, found 209.2140. 

( 2 8  *,4aS*,5R *,8aR *)-24 l-Propyl)-S-methyldecahydro- 
quinoline (2-epi-19SA). A mixture of amine 12 (10.0 mg, 0.048 
mmol) and benzeneselenol(O.25 mL) was sealed under argon in 
a thick-walled glass vessel and heated to 160 OC with stirring for 
119 h. The mixture was cooled, partitioned between 15% KOH 
and CH2C12, and extracted with CH2C12. The combined organic 
extracts were dried (NazS04), filtered, and concentrated to give 
a residue which was flash chromatographed on silica gel with a60 
MeOH-EtOAc affording 6.4 mg (68%) of an oil: GC IR 1458 (w), 
1372 (w), 1142 (w), 1078 (w) cm-'; 'H NMR (300 MHz, CDC13) 
6 3.04 (dt, 1 H, J = 10.5,4 Hz, C&-H), 1.86-1.56 (m, 5 H), 1.56-1.40 
(m, 3 H), 1.40-1.16 (m, 6 H), 1.12-0.98 (m, 2 H), 0.92 (d, 3 H, J 
= 7 Hz, CS-CH3), 0.88-0.78 (m, 3 H, CHzCH3); MS (CI, isobutane) 
m/e 196 (MH+, base peak). 2-epi-195A.HCk '9c NMR (75 MHz, 
DzO) 6 52.0,51.2,38.9, 34.2 (br), 31.7 (br), 26.9 (br) (two peaks), 
23.8 (br), 22.4 (br), 19.2, 18.2, 18.0, 13.0. 
(1R *,3S *,4S *,7S*,8S *)-2-Benzoyl-3-( l-propyl)-S-meth- 

oxy-7,&bis(phenylsulfonyl)-2-azabicyclo[2.2.2]oct-kne (3b). 
4-Methoxypyridine (3.03 g, 27.8 mmol) was dissolved in THF (15 
mL) and cooled to -78 OC. Benzoyl chloride (3.6 mL, 1.1 equiv) 
in THF (17 mL) was added. After 15 min, the solution was 
warmed to -20 "C over 10 min and immediately recooled to -78 
OC before propylmagnesium chloride (1.1 equiv) was added. After 
10 min, the reaction was warmed to 0 OC and stirred 1 h before 
being quenched with 5% NaZCO3. The THF was removed in 
vacuo and the residue partitioned between 1:15% Na&03-0.2 
M NazEDTA and 1:l CH2C12-pentane. The mixture was ex- 
tracted, and the combined extracts were dried (K,CO,), filtered, 
and concentrated to give a yellow liquid. Flash chromatography 
on silica gel with a gradient of 1090-20M EtOAehexane afforded 
4.97 g of a yellow oil which was immediately combined with 
(E)-1,2-bis(phenylsulfonyl)ethylene (5.96 g, 1 equiv) in a mixture 
of benzene (75 mL) and THF (50 mL). The reaction was warmed 
to 80 "C and stirred for 66 h before being cooled to 0 "C and 
filtering. The fiitrate was concentrated to give a residue that was 
chromatographed on silica gel with a gradient of 2080-5050 
EtOAc-hexane affording 6.99 g (44% from 4-methoxypyridine) 
of a white solid mp 169-170 "C; IR (NaCl) 1734 (w), 1642 ( 8 )  
cm-'; 'H NMR (300 MHz, 105 "C, toluene-de) 6 7.74 (d, 2 H, J 
= 7.5 Hz, ArH2), 7.62 (d, 2 H, J = 7.5 Hz, ArHz), 7.53-7.45 (m, 
2 H, ArHz), 7.18-6.93 (m, 9 H, 3 X ArH3), 5.68-5.42 (m, 1 H, 
C=CH), 5.03 (dd, 1 H, J = 7, 2.5 Hz, C1-H), 4.86-4.74 (m, 1 H, 
C3-H), 4.55-4.47 (m, 1 H, C,-H), 4.30 (dd, 1 H, J = 5,3 Hz, C6-H), 

1 H, Cz-H), 2.45 (8,3 H, NCHB), 2.33 (dd, 1 H, J 17.5,6.5 Hz, 

3 H, J 7 Hz, CS-CHd, 0.92 (t, 3 H, J = 7 Hz, CHZCHJ; '9c NMR 
(75 MHz, CDClJ 6 163.1, 145.3, 122.0, 57.1, 55.6, 39.7 (two 

H, J = 7 Hz, CH2CH3); 13C NMR (75 MHz, CDC13) 6 65.3,55.5, 
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3.48-3.43 (m, 1 H, C4-H), 3.27 (8, 3 H, OCH3), 1.76-1.52 (m, 1 H, 
CHHCHzCH3), 1.40-1.06 (m, 3 H, CHHCHzCH3), 0.84-0.65 (m, 
3 H, CH2CH3); MS (CI, NH3) m/e 566 (MH+, 16). Anal. Calcd 

(1R *,3S*,4S *,7S*,8S *)-2-Benzoyl-3-( l-propyl)-S,S-di- 
methoxy-7,8-bis(phenylsulfonyl)-2-azabicyclo[ 2SSloctane 
(3b-2). Enol ether 3b (6.99 g, 12.35 mmol) was dissolved, in MeOH 
(150 mL), and (+lO-camphorsulfonic acid (2.87 g, 1 equiv) was 
added. The mixture was stirred at room temperature for 62 h 
and then poured onto saturated NaHCOa and extracted with 
CH2C12. The combined organic extracts were dried (Na2S04), 
filtered, and concentrated to afford 6.70 g (91%) of a white solid, 
mp 188-189 "C (EtOAc-hexane): IR (NaC1) 1645 (8) cm-'; 'H 
NMR (300 MHz, 105 "C, toluene-d8) 6 7.90 (d, 2 H, J = 7.5 Hz, 

ArH2), 7.15-6.91 (m, 9 H, 3 X ArH3), 4.99-4.86 (m, 2 H, C,-H + 
CrH), 4.76-4.69 (m, 1 H, Cl-H), 4.29-4.22 (m, 1 H, CrH), 3.1k3.10 
(m, 1 H, C4-H), 3.01 (s,3 H, OCHJ, 2.98 (a, 3 H, OCH3), 2.88 (dd, 

CHzCH2CH3), 1.48-1.24 (m, 2 H, CH2CH,), 0.90 (t, 3 H, J 7.5 
Hz, CHzCHd; MS (CI, NH3) m/e 598 (MH+, 12%). Anal. Calcd 
for C31H35N07S2: C, 62.28; H, 5.91. Found C, 62.41; H, 6.10. 

(1R*,3S *,4S*)-2-Benzoyl-3-( l-propyl)-8,8-dimethoxy-2- 
azabicyclo[2.2.2]oct-kne (3b-3). Ketal 3b-2 (3.42 g, 5.72 m o l )  
and NaHC03 (2.40 g, 5 equiv) were dissolved in a mixture of 
MeOH (75 mL) and THF (70 mL) and cooled to -35 "C. Three 
portions (30 g each) of sodium amalgam (2% Na) were added at 
1 h intervals keeping the temperature strictly between -30 and 
-40 "C. After being stirred at -30 "C for an additional 30 min, 
the mixture was then filtered through alumina and the filtrate 
concentrated to leave a residue which was flash chromatographed 
on silica with a gradient of 3070-50:50 EtOAchexane affording 
1.79 g (99%) of an oil: IR (NaC1) 1738 (m), 1633 (8) cm-l; 'H NMR 
(300 MHz, 105 "C, toluene-dJ 6 7.43-7.36 (m, 2 H, ArHJ, 7.16-7.06 
(m, 3 H, ArH3), 6.15 (t, 1 H, J = 8 Hz, Cs-H), 5.82 (t, 1 H, J = 
6.5 Hz, C6-H), 4.33-4.25 (m, 1 H, Cl-H), 3.76 (ddd, 1 H, J = 10, 
7.5, 2.5 Hz, C3-H), 3.05 (8, 3 H, OCH3), 2.93 (8, 3 H, OCH3), 
2.92-2.86 (m, 1 H,C4-H),2.37-2.23 (m, 1 H,CHHCH2CH3), 2.05 
(dd, 1 H, J = 13,2.5 Hz, C,-H), 2.02-1.87 (m, 1 H, CHHCHzCHJ, 
1.68-1.34 (m, 2 H, CH2CH3), 1.50 (dd, 1 H, J = 13,3.5 Hz, C,-H), 
1.01 (t, 3 H, J = 7.5 Hz, CHzCHJ; MS (CI, NH3) m/e 316 (MH+, 
base peak). And Calcd for C1$I&JO3: C, 72.34, H, 8.00. Found 
C, 72.32; H, 8.17. 

(1R *,3S *,4S*)-2-Benzyl-3-( l-propyl)-8,8-dimethoxy-2- 
azabicyclo[22.2]oct-kne (4b). Amide 3b-3 (626 mg, 1.99 m o l )  
was dissolved in THF (30 mL) and cooled to 0 "C. LAH (384 
mg, 5 mol equiv) was added and the reaction refluxed for 9 h and 
then cooled to 0 "C before being quenched with saturated NGO,  
(50 mL). The mixture was extracted with CH2C12, and the com- 
bined organic extracts were dried (NazS04), filtered, and con- 
centrated to give a residue which was flash chromatographed on 
silica gel with a gradient of 3070-4060 EtOAc-hexane affording 
536 mg (89%) of an oil: IR (NaCl) 1604 (w), 1494 (m), 1455 (m) 
an-'; 'H NMR (300 MHz, CDClJ 6 7.42-7.16 (m, 5 H, ArH& 6.48 

(d, 1 H, J = 13.5 Hz, CHHPh), 3.33-3.26 (m, 1 H, C1-H), 3.27 (d, 
1 H, J = 13.5 Hz, CHHPh), 3.16 (8,  3 H, OCH3), 3.09 (8,  3 H, 
OCH3), 2.73 (d, 1 H, J = 6.5 Hz, C,-H), 2.02-1.89 (m, 2 H, C,-H + C3-H), 1.86-1.60 (m, 2 H, CH2CH2CHJ, 1.48 (dd, 1 H, J =  12.5, 
3.5, C7-H), 1.44-1.25 (m, 2 H, CHzCH3), 0.93 (t, 3 H, J = 7.5 Hz, 
CHzCH3); 13C NMR (75 MHz, CDClJ 6 140.3,132.9,129.4,128.4, 
127.9,126.5,103.6,62.6,60.4,50.7,48.2,47.7,39.9,39.5,36.3,20.4, 
14.4; MS (CI, NH3) m/e 302 (MH', base peak). Anal. Calcd for 

(1R*,3S *,4S*)-2-Benzyl-3-( l-propyl)-2-azabicyclo[2.2.2]- 
oct-7-n-S-one (4b-2). Ketal 4b (1.20 g, 3.99 "01) was dissolved 
in THF (25 mL), 10% HCl(l5 mL) was added, and the mixture 
was stirred at room temperature for 6 h. The reaction was diluted 
with CHzC12 (150 mL), and solid anhydrous K&OS was added 
to basify and dry the solution. Filtration and concentration 
afforded a pale yellow oil which was chromatographed on silica 
gel with 1090 EtOAc-hexane affording 0.98 g (96%) of an oil: 
IR (NaC1) 1726 (e) cm-l; 'H NMR (300 MHz, CDCld 6 7.42-7.20 
(m 5 H, ArHS), 6.53-6.42 (m, 2 H, HC--CH), 3.65-3.63 (m, 1 H, 

Hz, CHHPh), 3.11-3.05 (m, 1 H, C4-H), 2.35-2.28 (m, 1 H, C3-H), 

for Ca31N06S2: C, 63.68; H, 5.53. Found C, 63.67; H, 5.70. 

ArHZ), 7.59 (d, 2 H, J = 7.5 Hz, ArHz), 7.30 (d, 2 H, J = 7.5 Hz, 

1 H, J = 15, 3.5 Hz, Ce-H), 2.03-1.87 (m, 3 H, C6-H + 

(t, 1 H, J = 6.5 Hz, CS-H), 6.13 (dd, 1 H, J = 8,5 Hz, CgH), 3.55 

ClanN02:  C, 75.69; H, 9.05. Found: C, 75.65; H, 8.89. 

C1-H), 3.64 (d, 1 H, J = 13.5 Hz, CHHPh), 3.51 (d, 1 H, J 5 13.5 
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C,-H), 1.59-1.25 (m, 4 H, CH,CH,), 0.89 (t, 3 H, J = 7 Hz, CH,); 
'3c NMR (75 MHz, CDClJ 6 210.9,139.6,134.8,129.0,128.7,128.4, 

m / e  256 (MH+, base peak). Anal. Calcd for Cl7HZ1NO C, 79.94; 
H, 8.30. Found C, 80.03; H, 8.37. 
(1R*,35*,45*,55 *)-2-Benzyl-3-(l-propyl)-5-[(E)-2-(di- 

methylphenyleilyl)-l-ethenyl]-2-azabicyclo[2~~]~t-7~n-~l 
(5b). (E)-l-(Tri-n-butylstyl)-2-(dimethylphenyl~iiyl)ethene~~ 
(1.74 g, 3.85 mmol) was dissolved in THF (30 mL) and cooled to 
-78 OC. n-Butyllithium (3.87 mmol) was added and the mixture 
stirred for 2 h, allowed to warm to -30 OC over 15 min and 
immediately recooled to -78 "C. Ketone 4b-2 (644 mg, 2.52 "01) 
in THF (17 mL) was added and the mixture stirred for 2 h and 
then warmed to 0 OC over 15 min before quenching with saturated 
NaHC03. The THF was removed in vacuo, the aqueous residue 
diluted with saturated NaHC03, and the mixture extracted with 
CH2ClZ. The combined organic extracts were dried (Na2S04), 
filtered, and concentrated to given an oil which was chromato- 
graphed on silica gel with a gradient of hexane to 1090 EtOAc 
hexane affording 975 mg (92%) of an oil: IR (NaC1) 3471 (br), 
1608 (m) cm-l; 'H NMR (300 MHz, CDCl,) 6 7.44-7.09 (m, 10 
H, ArH5 + ArH& 6.37 (t, 1 H, J = 7 Hz, C8-H), 6.04-5.94 (m, 2 
H, CTH + S i W H ) ,  5.76 (dd, 1 H, J = 19,3 Hz, SiCH=C), 3.53 
(d, 1 H, J = 14 Hz, CHHPh), 3.27-3.21 (m, 1 H, C1-H), 3.46 (d, 

(m, 2 H, C3-H + CHHCHzCH3), 1.82-1.53 (m, 3 H, CHHCH2CH3 
+ C6-H + OH), 1.48-1.12 (m, 2 H, CH,CH,), 0.84 (t, 3 H, J = 7.5 
Hz, CH,CH,), 0.22 (s,6 H, Si(CH3),); 13C NMR (75 MHz, CDCl,) 
6 156.3, 140.5, 138.8, 135.2,133.7, 129.4, 128.9,128.6, 128.1, 127.7, 

-2.5; MS (CI, NH,) m / e  418 (MH+, base peak). Anal. Calcd for 
C27H35NOSi: C, 77.63; H, 8.46. Found: C, 77.44; H, 8.25. 
(25 *,4aR *,55 *,8aR *)-l-Benzyl-2-( l-propyl)-(A-3,4)-5- 

(dimethylphenylsilyl)-7-oxooctahydroquinoline (6b). Hy- 
droxy diene 5b (265 mg, 0.63 mmol) in DME (5 mL) was added 
to a suspension of KH (252 mg, 10 equiv) in DME (2 mL). The 
resulting suspension was stirred at  105 "C for 8.5 h, cautiously 
poured onto 50:50 ice-saturated NaHCO,, and extracted with 
CHZCl2. The combined organic extracts were dried (NazS04), 
filtered, and Concentrated. Flash chromatography on silica with 
a gradient of 100% hexane to 1090 EtOAchexane afforded 209 
mg (79%) of an oil: IR (NaC1) 1710 (8 )  cm-'; 'H NMR (300 MHz, 
CDC1,) 6 7.53-7.20 (m, 10 H, ArH5 + ArH5), 5.88 (dt, 1 H, J = 

J = 14 Hz, CHHPh), 3.73 (d, 1 H, J = 14 Hz, CHHPh), 3.09-2.97 
(m, 2 H, C2-H + C&-H), 2.79-2.70 (m, 1 H, C,-H), 2.60 (t, 1 H, 

(m, 2 H, CB-H2), 1.59-1.24 (m, 4 H, CH,CH2), 1.60 (ddd, 1 H, J 

3 H, SiCH,), 0.37 (s, 3 H, SiCH,); 13C NMR (75 MHz, CDC1,) 6 
210.6,139.8,137.1,133.8, 132.8, 129.3,128.34,128.27, 128.0, 127.0, 
124.2,60.0, 59.8, 57.5, 44.8, 38.5, 38.4, 31.3, 26.9,20.3, 14.1, -3.4, 
-3.8; MS (CI, NH3) m / e  418 (MH+, base peak). Anal. Calcd for 
C27H35NOSi: C, 77.63; H, 8.46. Found: C, 77.73; H, 8.57. 
(25 *,4aR *,55 *,8aR *)- l-Benzyl-%-( l-propyl)-(A-3,4)-5- 

hydroxy-7-oxooctahydroquinoline (14). To a solution of ketone 
6b (206 mg, 0.49 mmol) in CHzClz (5 mL) was added 85% 
HBF4.Eg0 (0.55 mL) and the reaction stirred at ambient tem- 
perature for 21 h. The mixture was then shaken for 2 min with 
10% HCl(l5 mL), basified with 15% KOH, and extracted with 
CH2C12. The combined extracts were dried (Na2S04), filtered, 
and concentrated to give a yellow oil (161.6 mg) which was dis- 
solved in DMF (40 mL). KF (274 mg, 10 equiv) was added and 
the solution stirred at  room temperature for 15 min before 30% 
HzOz (0.18 mL, -3.5 equiv) was added. The mixture was stirred 
at  45 OC for 4.5 h, partitioned between saturated NaHC03 and 
CHzCl2, and extracted. The combined extracts were dried 
(Na2S04), filtered, and concentrated. Flash chromatography on 
silica gel with a gradient of 2080-3070 EtOAc-hexane afforded 
108 mg (73%) of an oil: IR (NaCl) 3386 (br), 1713 (a) cm-'; 'H 
NMR (300 MHz, CDC13) 6 7.29-7.12 (m, 5 H, ArH,), 5.92-5.77 
(m, 2 H, HCkCH), 5.25 (br s, 1 H, OH), 4.14-4.06 (m, 1 H, C5-H), 
3.97 (d, 1 H, J = 16 Hz, CHHPh), 3.69 (d, 1 H, J = 16 Hz, 
CHHPh), 3.43-3.35 (m, 1 H, C&-H), 3.09-3.00 (m, 1 H, C2-H), 
2.96-2.85 (m, 1 H, C8-H), 2.65-2.55 (m, 2 H, C6-H + C,,-H), 

2.23 (dd, 1 H, J 18,2.5 Hz, Ce-H), 2.00 (dd, 1 H, J = 18,3 Hz, 

127.2,63.4,61.1, 53.6, 52.9,42.4, 39.2, 19.7, 14.3; MS (CI, NH3) 

1 H, J =  14 Hz, CHHPh), 2.32 (d, 1 H, J =  6.5 Hz, C4-H), 2.07-1.88 

126.7, 121.7, 75.9,64.9, 60.3, 51.2,44.5,44.2, 36.8,20.6, 14.5, -2.4, 

10.5, 3 Hz, C4-H), 5.69 (d, 1 H, J = 10.5 Hz, CB-H), 3.83 (d, 1 H, 

J = 12.5 Hz, C8-H), 2.29 (dd, 1 H, J =  13,4.5 Hz, CS-H), 2.24-2.09 

= 12,5, 3.5 Hz, C5-H), 0.84 (t, 3 H, J = 7 Hz, CHZCH,), 0.40 (s, 
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2.49-2.36 (m, 2 H, CrH + C8-H), 1.63-1.42 (m, 2 H, CH,CH,CH&, 
1.37-1.17 (m, 2 H, CH,CH3), 0.80 (t, 3 H, J = 7.5 Hz, CH,CH,); 
'% NMR (75 M H Z ,  CDClJ 6 207.4,138.2,131.9,128.4,128.2,127.1, 
124.3,70.5, 60.1, 59.3, 54.7,49.1,44.4, 39.8, 36.2, 18.4, 14.5; MS 
(CI, NHJ m/e 300 (MH+, base peak). Anal. Calcd for Cl&@Oz: 
C, 76.20; H, 8.43. Found C, 74.55; H, 8.62. 
(25 *,4aS *,55 *,8aR *)-l-Benzyl-2-( 1-propyl)-( A-3,4)-5- 

methyl-(A-6,7)-7-[ (trifluoromethaneaulfonyl)oxy]hexa- 
hydroquinoline (15). The &hydroxy ketone 14 (92.4 mg, 0.31 
"01) was dissolved in CHZCl2 (7 mL) and cooled to 0 OC before 
NEt, (0.21 mL, 5 equiv) was added followed by mesyl chloride 
(49 pL, 2 equiv). After 50 min at  0 OC the solution was cooled 
to -78 OC and DBN (0.19 mL, 5 equiv) was added. After 15 min 
the mixture was poured onto ice-cold 5% NaHzP04 and quickly 
extracted with CHZClp The combined extracts were dried 
(Na2S04), filtered, and concentrated to give 108 mg of a dark 
yellow oil which was immediately dissolved in THF (7 mL) and 
added to a -78 "C solution of lithium dimethylcuprate (1.5 equiv) 
in EgO (9 mL). The mixture was stirred at  -78 "C for 45 min 
and then warmed to 0 "C and stirred for 35 min before PhNTf, 
(114 mg, 1 equiv) in THF (5 mL) was added. The reaction was 
stirred at 0 "C for 2 h, warmed to ambient temperature and stirred 
1 h and then filtered through a glass frit. The filtrate was con- 
centrated to a brown oil which was flash chromatographed on silica 
gel with a gradient of hexane to 10:90 EtOAc-hexane affording 
61 mg (46% from 14) of an oil: IR (NaCl) 1692 (w), 1417 (s) cm-'; 
'H NMR (300 MHz, CDCl,) 6 7.36-7.12 (m, 5 H, ArH& 5.64 (8, 

15 Hz, CHHPh), 3.64 (d, 1 H, J = 15 Hz, CHHPh), 3.02-2.95 (m, 
2 H, C2-H + C,-H), 2.50-2.40 (m, 1 H, C5-H), 2.34 (dd, 1 H, J 

(m, 1 H, C4,-H), 1.51-1.17 (m, 4 H, CH2CH,), 0.99 (d, 3 H, J = 

116.2, 60.3, 59.1, 53.2, 39.1, 36.7, 35.0, 30.9, 20.1, 19.3, 14.3; MS 
(CI, NH,) m / e  430 (MH+, base peak). Anal. Calcd for 

(25 *,4a5*,55 *,8aR *)-24 l-Propyl)-5-methyldecahydro- 
quinoline, Hydrochloride Salt (195ABCl). 10% Palladium 
on carbon (54 mg) was suspended in MeOH (2 mL) and stirred 
under 1 atm of Hz for 2.5 h before the enol triflate 15 (29 mg, 0.068 
mmol) was added in MeOH (3.5 mL). After being stirred under 
1 atm of Hz for 20 h, the mixture was filtered through a pad of 
Celite and the filtrate concentrated to give a residue which was 
basified with 15% KOH and extracted with CHZCl2. The com- 
bined extracts were dried (Na2S04), filtered, and concentrated 
to give 9.2 mg of an oil which was treated with HCl-saturated 
Et20 and concentrated to give a waxy solid. Trituration with 
hexane afforded 10.2 mg (60%) of a white solid, mp 238-239 OC 
(2-methylpropanol) (lit.50 mp 231-233 "C): 'H NMR (300 MHz, 
CDC1,) 6 9.47 (br s, 1 H, NH), 8.21 (br s, 1 H, NH), 3.26 (d, 1 H, 
J = 10.5 Hz, C&-H), 3.00-2.83 (m, 1 H, C,-H), 2.48-1.13 (m, 16 

2 H, HC-CH), 5.48 (d, 1 H, J = 4 Hz, CB-H), 3.77 (d, 1 H, J = 

= 18, 7 Hz, C8-H), 2.12 (dd, 1 H, J = 18, 6 Hz, C8-H), 2.03-1.96 

7 Hz, CyCH,), 0.82 (t, 3 H, J = 7 Hz, CHZCH,); 13C NMR (75 
MHz, CDCl,) 6 146.3,140.6,130.9,128.3,127.9,126.9,121.8,120.5, 

C ~ ~ H Z ~ F ~ N O ~ S :  C, 58.71; H, 6.11. Found C, 58.90; H, 6.31. 

H), 0.86 (t, 3 H, J = 7 Hz, CH,CHJ, 0.83 (d, 3 H, J 6.5 Hz, 
C5-CH3); 13C NMR (75 MHz, CDC13) 6 60.0,57.9,40.8,34.8,34.4, 
29.1,27.1,25.2,23.1,20.5,19.7,19.1,13.7~MS (freebase) (CI,NH3) 
m / e  196 (MH+, base peak). 
(2S*,4aR *,55 *,8aS *)-l-Methyl-2- ( l-propyl)-( A-3,4)-5-( di- 

methylphenyleilyl)-7-(triisopropylsiloxy)-(A-7,8)-hexa- 
hydroquinoline (18). Hydroxy diene 5a (75 mg, 0.22 mmol) in 
DME (3 mL) was added to a suspension of KH (92 mg, 10 equiv) 
in DME (2 mL). The resulting suspension was heated at 105 "C 
for 7 h before being cooled to 0 OC and adding triisopropylsilyl 
trifluoromethanesulfonate (89 pL, 1.5 equiv). After 30 min, NEb 
(1 mL) was added and the mixture poured onto saturated NaHC03 
and extracted with CH2Cl2. The extracts were dried (Na,SO,), 
filtered, and concentrated to give a yellow oil that was flash 
chromatographed on silica gel using 1090 EtOAc-hexane affording 
50 mg (46%) of an oil: IR (NaC1) 1664 (m) cm-'; 'H NMR (300 
MHz, CDCl,) 6 7.56-7.49 (m, 2 H, ArHa, 7.40-7.33 (m, 3 H, ArHS), 

C3-H), 4.75 (br s, 1 H, C8-H), 3.46-3.39 (m, 1 H, C&-H), 2.83-2.74 
(m, 1 H,C,-H), 2.74-2.66 (m, 1 H, C4,-H), 2.50 (8,  3 H, N-CHB), 
2.15-2.01 (m, 1 H, C,-H), 1.89-1.75 (m, 1 H, C6-H), 1.68-1.56 (m, 
1 H, CHHCH,CH,), 1.45-1.21 (m, 4 H, CHHCH2CH3 + Cb-H), 
1.17-0.98 (m, 21 H, ((CH,),CH),Si), 0.87 (t, 3 H, J = 7 Hz, 
CH2CH3), 0.38 (s, 3 H, SiCH,), 0.36 ( 8 ,  3 H, SiCH,); 13C NMR 

5.70 (dt, 1 H, J = 10.5, 3 Hz, C4-H), 5.50 (d, 1 H, J = 10.5 Hz, 
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(75 MHz, CDClJ 6 150.7, 138.2, 133.8, 130.9,129.0, 127.8,124.2, 
106.2,58.9 (two coincident peaks), 43.1,36.7,31.6,29.6,27.8, 26.0, 
22.6, 20.7, 17.9,14.1, 12.6, -3.4, -3.1; MS (CI, isobutane) m / e  498 
(MH+, base peak). 
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The novel 3a- and 3@-hydroxy-B-homo-5-azasteroid lactams 4 and 5 were prepared from testosterone. When 
the hydroxyl group in these compounds is converted into a leaving group, rearrangement to the corresponding 
A-nor azasteroids occurs under a variety of conditions, along with competing substitution with inversion of 
configuration at C-3. The rearrangements proceed with complete stereospecificity and are faster and more efficient 
in the 3a-series. The observed stereochemistry, as well as the resulta of molecular modeling, low-temperature 
NMR, and X-ray crystallographic studies support a mechanism involving neighboring-group participation by 
the nitrogen atom in the departure of the nucleofuge from C-3 via the formation of aziridinium ion intermediates. 
Compounds in the Sa-series require prior ring-flipping to the A-boat conformation, while those in the 3@-series 
react through the corresponding A-chairs. The differences in the free energies of the A-boat and A-chair forms 
are greater in the 3@-compounds (1.6-3.4 kcalfmol) than in the corresponding 3a-isomers (0.1-1.3 kcal/mol). 
The 3a-chloro derivative 19 exists mainly as the A-chair in solution (AG = 0.3 kcal/mole; AG* = 12.2 kcal/mol), 
but crystallizes in the A-boat conformation. Molecular modeling studies of several 3-substituted derivatives and 
X-ray investigations of 19 and its 3@-isomer 20 also reveal separate flip forms of the B-rings associated with the 
A-chair and A-boat conformations in each case. Relief of steric hindrance between one of the hydrogen atoms 
at (3-19 and the @-hydrogen at C-7 (this H-H contact is only 1.98 A in the crystal structure of 19) in the A-boat 
conformatiom of the 3a-series enhances anchimeric assistance to the departure of the leaving group and facilitates 
the rearrangements of these compounds relative to their 3@-counterparts. 

Azasteroids display diverse types of biological activity: 
and consequently their preparation and further transfor- 
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Bialystok, Poland. (c) Present address: Department of Chemistry, 
Queen's University, Kingston, Ontario, Canada. 

(2) The following are examples of ezasteroids with biological activity. 
5n-Reductaee inhibitors: (a) Resmusson, G. H.; Reynolds, G. F.; Stein- 
berg, N. G.; Walton, E.; Patel, G. F.; Liang, T.; Cascieri, M. A.; Cheung, 
A. H.; Brooks, J. R.; Berman, C. J. Med. Chem. 1986, 29, 2298. (b) 
Rasmusson, G. H.; Reynolds, G. F.; Utne, T.; Jobson, R. B.; Primka, R. 
L.; Berman, C.; Brooks, J. R. J. Med. Chem. 1984,27,1690. Inhibitors 
of 3&hydroxy-A6-steroid dehydrogenase/3-keto-A6-steroid isomerase: (c) 
Brandt, M.; Levy, M. A. Biochemistry 1989,28,140. Antibiotic 25822 
B: (d) Dolle, R. E.; Allaudeen, H. S.; Kruse, L. I. J. Med. Chem. 1990, 
33,877. (e) Barton, D. H. R.; Lusinchi, X.; Menendez, A. M.; Milliet, P. 
Tetrahedron 1983,39,2201. (0 Chamberlin, J. W.; Chaney, M. 0.; Chen, 
S.; Demarco, P. V.; Jones, N. D.; Occolowitz, J. L. J. Antibiotics 1974,27, 
992. (g) Gordee, R. S.; Butler, T. F. J. Antibiot. 1976,28, 112. Neuro- 
muscular blocking agents: (h) Singh, H.; Bhardwaj, T. R.; Ahuja, N. K.; 
Paul, D. J. Chem. SOC., Perkin Trans. 1 1979, 305. (i) Gandiha, A,; 
Marshall, I. G.; Paul, D.; Singh, H. J. Pharm. Pharmacol. 1974,26,871. 
Antimicrobial agents: 6) Chesnut, R. W.; Durham, N. N.; Brown, R. A.; 
Mawdsley, E. A.; Berlin, K. D. Steroids 1976,27,525. (k) Solomons, W. 
E.; Doorenbos, N. J. J. Pharm. Sci. 1974, 63, 19. (1) Doorenbos, N. J.; 
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