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(3 equiv),Ig followed by acidic treatment, afforded a 
mixture of tetracycle 8b (25% yield; minor amounts of 
the corresponding C-16 epimer 8a could be isolated in 
several runs) and the polyunsaturated amine 9 (10% yield). 
When the acidic treatment was omitted, a 3:l mixture of 
lP-dihydropyridine 5 (which could be further cyclized to 
8b) and amine 9 was obtained in 20% yield. These results 
made evident that the pyridinium salt had undergone not 
only the expected y attack but also, to some extent, 
a-attack to give a mixture of 1,2- and 1,4-dihydropyridines 
6 and 5 respectively. Irreversible ring opening of the former 
promoted by the excess of base leads to g20 whereas 
regiospecific acid-promoted cyclization of the latter affords 
8. 

The elaboration of the (E)-ethylidene substituent2I was 
effected in a stereoselective manner taking advantage of 
the vinylogous amide moiety of tetracycles 8 since it was 
known that 3-acetyl-2-piperideines can be stereoselectively 
elaborated into 3(E)-ethylidenepiperidine~.~ Thus, treat- 
ment of 8b with MesO+BFd-gave the iminium intermediate 
A (not isolated), which was then treated with NaBH4 to 
bring about 1,4-reduction, subsequent elimination of a 
methoxide ion, and further reduction of the resulting 
conjugated carbon-nitrogen double bond.2bpb As in its 
biogenetic origin, the E-configuration of the ethylidene 
chain is a consequence of its formation by reduction of an 
iminium cation conjugated to an exocyclic double bond. 
Finally, methanolysis of the acetate group gave (*I-16- 
epivinoxine (lob) in 30% overall yield from 8b. When 
the same reaction sequence was carried out from 8a, (*I- 
vinoxine (loa) was obtained in 20% yield.23 These 
synthetic vinoxines were identical in all respects with those 
obtained by our previous route.14 The relative configu- 
ration at C-16 in the above tetracycles, as well as in all 
tetracyclic and pentacyclic compounds prepared in this 
work, was determined from the coupling constants between 
H-15 and H-16 (3.4-6.6 Hz in series a and 0-1.8 Hz in 
series b) and by the shielding of C-14 in series b due to 
the y-effect induced by the methoxycarbonyl group (Tables 
I and 11). 

Closure of the C ring of mavacurine alkaloids by 
electrophilic cyclization upon the indole 3-position seemed 
to be a priori an easy task.24 Initially we tried the direct 
cyclization of vinoxine (loa) under acidic conditions 
(BFyEt20). However, starting material or polymeric 
materials were obtained depending on the reaction con- 
ditions. Cyclizations involving trigonally hybridized elec- 
trophiles generated either from aldehydes 12a,b, prepared 
by DMSO-TFAA oxidation of 10a and or from the 
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(19) The use of stoichiometric quantitiea of LDA resulted in the recovery 
of the starting products. 

(20) This kind of ring opening has been previously obeerved (a) 
Wenkert, E.; Angell, E. C.; Drexler, J.; Moeller, P. D. R.; Pyrek, J. S.; Shi, 
Y.-J.; Sultana, M.; Vankar, Y. D. J.  Org. Chem. 1986,51,2995. (b) See 
also ref 14. 

(21) For a review on the elaboration of the ethylidene substituent in 
the synthesis of indole alkaloids, see: Boech, J.; Bennasar, M.-L. 
Heterocycles 1983,20, 2471. 

(22) (a) Wenkert, E.; Vankar, Y. D.; Yadav, J. S. J. Am. Chem. SOC. 
1980,102,7971. (h) Mandal, S. B.; Pakrashi, S. C. Heterocycles 1987,26, 
1557. (c) HlimeilH, M.; Lounasmaa, M. Acta Chem. Scand. 1981, B35, 
217. (d) Sankar, P. 5.; Das, 5. K.; Giri, V. S. Heterocycles 1991,32,1109. 

(23) (+)-Epivinoxine (lob) could bepartiallyepimerizedtoa32mixture 
of lob and (+)-vinoxine (108) by treatment with NaOCHa in refluxing 
MeOH. 

(24) For thesynthesisof indolo[2,34lquinolizidinesueingthisetra~, 
see: Rubiralta, M.; Diez, A.; Boech, J. J. Org. Chem. 1989,54, 5591. 

(25) The use of DMSO-DCC or DMSO-P206 proved to be inefficient, 
whereas under Swem conditions [DMSO-(COC1)21 only product8 resulting 
from chlorination a t  the indole 3-poeition were detected.- (a) For 
precedents, see ref 24 and references cited therein. See also: Tidwell, T. 
T. Synthesis 1990,857. 



Table 11. lF NMR Data of Hexahydro-2,6-methano[ l,4]diazocinoindoles and Pentacyclic Mavacurine-Type Systems 

C-2 C-3 C-5 C-6 C-7 C-8 C-9 C-10 C-11 C-12 C-13 C-14 C-15 C-16 C-18 (3-19 C-20 C-21 CO2CHs other 
l l a  134.0 51.2 
l l b  132.6 51.1 
13a 133.3 51.6 
13b 132.0 51.5 
15. 134.2 51.1 
15b 132.6 51.0 
24a 1329 51.0 
25. 132.3 49.8 
25b 133.3 49.0 
27a 133.9 43.9 
28b 133.2 43.2 
29. 130.9 44.9 
30b 131.0 44.1 
36b 130.9 51.4 
37a 131.6 44.1 (46.8) 
38a 133.3 50.4 
38b 132.0 50.4 
42 133.3 51.3 
43 133.1 50.7 
44 133.4 50.5 
45 133.7 51.8 
47 134.0 42.4 (47.3) 
49 90.6 51.8 
50 60.7 48.3 
52 58.8 49.5 
53 134.9 41.6 (47.4) 
54 131.8 42.7 (47.6) 
55 92.1 51.4 
56 67.0 48.3 
58 63.1 50.4 

56.2 57.6 
56.3 57.6 
59.1 52.1 
59.0 52.1 
59.0 51.8 
59.0 52.1 
62.7 27.0 
62.5 27.4 
62.3 27.5 
62.0 27.0 
61.9 27.1 
44.5 27.0 
44.6 27.3 
55.3 27.5,64.3 

55.6 30.9,52.1 
55.6 29.5.102.1 
53.2 28.7; 64.0 
58.7 22.6.22.1 

164.3 41.2 
177.1 36.6 
173.4 37.1 
50.4 30.4 

168.2 21.8 
164.6 41.2 
170.3 36.2 
170.3 36.2 
49.8 20.2 

101.2 128.2 120.1 120.5 121.3 109.9 135.5 
100.6 127.8 120.2 120.7 121.5 108.5 136.1 
101.6 128.0 120.2 120.5 121.4 109.9 136.5 
101.2 127.8 120.3 120.5 120.8 108.5 136.3 
100.8 128.2 120.1 120.4 121.1 109.8 135.5 
100.3 127.8 120.1 120.6 121.4 108.3 136.1 
110.8 128.2 118.8 119.9 123.0 109.9 136.2 
110.5 127.9 118.9 119.9 123.8 109.8 137.6 
110.8 127.6 119.6 120.0 122.3 108.7 137.2 
109.9 127.8 118.4 119.6 121.5 109.6 135.5 
110.0 127.9 118.8 119.8 121.8 108.4 135.6 
109.7 127.6 119.2 120.7 122.8 110.4 136.9 
109.2 127.6 119.3 120.6 122.8 109.0 136.6 
101.9 127.7 120.5 120.8 121.5 108.8 136.4 
102.1 128.1 120.9 121.4 122.6 110.0 136.4 
101.8 128.0 120.2 120.5 121.4 109.9 136.5 
101.5 127.1 120.3 120.5 120.7 108.6 136.3 
101.8 128.1 120.3 120.6 121.5 109.9 136.5 
103.2 128.0 120.4 120.7 121.6 110.0 136.7 
114.4 126.8 118.0 120.2 120.8 110.5 138.2 
114.0 127.5 118.4 119.6 120.5 110.4 136.2 
100.8 128.3 120.7 121.4 122.2 108.6 136.1 
47.5 128.5 125.0 118.9 128.4 104.1 147.9 
37.8 129.7 124.5 116.9 128.2 103.0 149.0 
38.5 134.5 123.3 117.4 127.3 104.5 147.8 

100.3 128.3 120.5 121.2 121.9 108.5 135.9 
101.4 128.2 120.7 121.3 122.9 109.9 136.3 
45.8 129.7 124.7 118.5 127.6 107.9 147.8 
36.9 132.3 124.3 118.6 127.7 107.4 149.8 
37.7 131.0 123.6 119.5 127.5 108.9 147.7 

33.4 33.4 51.2 12.7 23.1 44.1 50.0 51.9 
28.6 32.8 53.8 11.0 23.9 40.5 51.1 
30.5 30.7 59.8 12.3 122.1 133.7 55.6 51.9.170.3 12.6,12.7 
27.3 31.4 59.7 12.3 121.7 135.1 55.0 52.3.171.2 12.6,12.6 
33.2 33.2 51.7 12.5 23.1 43.7 50.9 52.3 12.6.12.6 
28.3 32.6 53.7 11.0 23.8 40.2 51.8 52.2.172.1 12.5,12.6 
27.9 31.4 60.2 12.3 121.9 132.9 55.9 52.0,170.2 41.1 
25.5 31.1 60.0 12.2 122.5 134.0 51.9 51.9,170.4 56.6 
21.1 32.0 59.7 12.2 122.1 133.4 51.4 52.5,171.5 56.3 
31.6 31.1 59.3 11.8 121.3 135.1 47.5 51.8,170.2 
28.0 32.9 53.4 10.6 23.8 40.8 43.6 52.4,172.2 

52.3,170.0 38.2 30.7 30.2 59.8 12.3 124.5 131.4 48.2 
28.5 32.4 53.7 10.8 23.5 40.0 44.6 52.6,171.6 38.4 
26.8 31.4 59.7 12.4 121.9 134.5 54.6 52.6,171.1 
29.9 30.8 59.5 12.4 125.0 132.9 49.0(46.3) 52.4.170.0 
30.9 30.9 59.9 12.2 121.8 134.2 55.5 51.9,170.4 59.2 

52.5,171.3 59.0 27.6 31.6 59.8 12.3 121.6 135.6 54.9 
32.2 30.9 59.8 12.3 122.2 134.1 52.6 52.1,170.4 12.3,12.3 
30.9 30.8 59.9 12.4 121.6 134.6 50.4 52.1,170.5 52.7.52.8 
29.6 31.5 59.9 12.4 123.5 135.2 51.3 51.9,169.8 
30.4 31.8 60.0 12.3 123.1 135.4 53.2 51.8,170.1 
27.3 32.9 53.6 10.9 23.5 40.7 45.7 52.7,171.7 
24.2 30.3 53.8 12.3 20.1 39.4 37.0 53.1,170.9 
25.3 29.9 53.2 12.5 24.0 39.3 37.7 52.1,171.0 
25.0 31.2 52.9 11.4 21.3 40.7 50.0 51.8.173.4 
27.6 33.1 53.7 11.1 24.0 41.0 46.0(40.9) 52.8,171.7 
29.9 30.8 59.6 12.4 124.3 134.2 49.7 (45.5) 52.3,170.2 
23.1 31.0 57.6 13.0 120.7 134.3 41.6 51.7.170.9 
29.4 31.7 61.9 13.1 121.2 134.3 42.0 51.9,171.4 
31.2 31.2 60.6 12.6 123.5 133.6 49.8 52.1,170.1 

52.4,172.1 
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corresponding dithioacetals 13a,b also failed. Thus, 
treatment of the crude aldehydes 12a or 12b with BFrEhO, 
TiC4,26 or AcOH-HC127 at  several temperatures and 
reaction times only gave polymeric material. Similar 
discouraging results were obtained when dithioacetals 13a 
or 13b were treated under several reaction conditions with 
dimethyl(methy1thio)sulfonium fluoroborate (DMTSF) ,28 
which is an excellent initiator for the generation of 
thionium ions from dithioacetals in very mild condi- 
t i o n ~ . ~ ~ ~ ~  In this case, the only isolable products were the 
aldehydes 12a or 12b coming from the hydrolysis of the 
intermediate thionium i0n.3~ 

With the hope that the conversion of the ethylidene 
substituent into an ethyl group would increase the 
conformational flexibility of the piperidine ring, thus 
favoring the formation of C-6/C-7 bond, we also tried the 
cyclization of C-20 ethyl-substituted dithioacetals 15a,b, 
which were independently prepared by catalytic (PtOz) 
hydrogenation of either (i)-vinoxine (loa) or (f)-16- 
epivinoxine (lob), followed by DMSO-TFAA oxidation 
of the resulting 19,20a-dihydro derivatives (lla and l lb,  
respectively) and further dithioacetalization. It is worth 
mentioning that, in both cases, hydrogenation of the 
ethylidene group took place stereoselectively from the less 
hindered a-face of the molecule and that hydrogenation 
of 10a took a longer time due to the steric interactions 
between the ethyl and methoxycarbonyl substituents, 
showing a l,&diaxial relationship. Unfortunately, treat- 
ment of both 15a and 15b with DMTSF did not lead to 
any cyclized product either. 

The above unsuccessful results prompted us to study 
an alternative mode of constructing the six-membered C 
ring, by formation of N-4/C-5 bond from tetracyclic 
derivatives having a functionalized two-carbon chain at  
the indole 3-positi0n.~~ Our attention was focused on the 
functionalized 4,5-seco derivatives 24 and 25 (Scheme IV). 
For their preparation we took advantage of the straight- 
forward three-step sequence (nucleophilic addition, cy- 
clization, and final elaboration of the (E)-ethylidene 
substituent) we had developed for the synthesis of vinoxine. 

Thus, interaction of the enolate of the silylated tryp- 
tophol ester 16 with pyridinium salt 17, followed by acid 
cyclization, gave the desired tetracyclic compounds 19a,b 
(35% yield) as a nearly equimolecular mixture of (2-16 
epimers and the unnatural regioisomers 21a,b (15%; 1:l 
mixture of C-16 epimers) and 23 ( 5 %  yield). A similar 
reaction from pyridinium salt 18 led to tetracycles 20a,b 
(29% yield; nearly equimolecular mixture of C-16 epimers) 
and 22a (7 % yield). These results show that pyridinium . 
salts 17 and 18 undergo both a- and y-attacks to give a 
mixture of 1,2- (minor) and 1,4-dihydropyridines. Further 

(26) For similar cyclizations in the Iboga series, see: (a) Sundberg, R. 
J.;Amat, M.; Fernando, A. M. J. Org. Chem. 1987,52,315. (b) Sundberg, 
R. J.; Gadamasetti, K. G. Tetrahedron 1991,47, 6673. 

(27) Mashimo, K.; Sato, Y. Tetrahedron 1970,26, 803. 
(28) Smallcombe, S. H.; Caserio, M. C. J. Am. Chem. SOC. 1971,93, 

5826. 
(29) (a) Troet, B. M.; Murayama, E.; J. Am. Chem. SOC. 1981,103, 

6529. (b) ‘host, B. M.; Murayama, E. Tetrahedron Lett. 1982,23,1047. 
(c) ‘host, B. M.; Sato, T. J. Am. Chem. SOC. 1985,107,719. 
(30) DMTSF-induced cyclizationsupon the indole 3-position have been 

successfully applied to the synthesis of pentacyclic Strychnos alkaloids: 
(a) Amat, M.; Linares, A.; Boech, J. J. Org. Chem. 1990, 55, 6299. (b) 
Grhcia, J.; Bonjoch, J.; Casamitjana, N.; Amat, M.; Bosch, J. J. Chem. 
SOL, Chem. Commun. 1991,1687. 

(31) For a preliminary report of this part of the work, see: Bennaear, 
M.-L.; Zulaica, E.; Jimhez, J.-M.; Bosch, J. Nut. Prod. Lett. 1992,1,15. 

(32) For the use of this strategy in the synthesis of Iboga alkaloids, see: 
(a) Marazano,C.;Fourrey, J.-L.;Das,B. C.J. Chem. Soc., Chem. Commun. 
1981,37. (b) Marazano, C.; Le Goff, M.-T.; Fourrey, J.-L.; Dae, B. C. J. 
Chem. SOC., Chem. Commun. 1981,389. 
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Scheme IV 
? X ’  oroTB: 

CH30zCJ 16 C02CH3 
I 

17 .... R = CH3; X = I 
18 .... R = Bn; X = CI 

1 Y 

R \ 
COZCH, 

a ...... 1 6-Ha 
b ...... 1 6.HP 

1% ... R = CH3; Y = OH .......... 21 
20.J = Bn; Y = OTBDMS.22 

OH 

7 1 9  H 3  
23 

R Y 

25.. 24 .... .. CH3.. Bn ............... ........... OH OH q:3 N - S02CH3 28 .... CH 3... ........ ..CI 
27 .... H ................. OH 
28 .... H ................. OH. 19,20udihydru 
29.... CH3SOZ ...... CI 

CH302C , 

30 .... CH3SOz ...... CI; 19,20~-dihydro 31 

protonation, followed by cyclization of the resulting 
dihydropyridinium salts, leads to the isolated tetracycles.33 
The structures of the unexpected tetracycles 21 and 22 
(and 46, Scheme V) were established by comparison of 
their spectroscopic data with those corresponding to the 
mavacurine-type systems 19 and 20. Thus, C-3 and C-15 
appear more shielded (see Table I), but H-3 and H-15 are 
more deshielded, in those regioisomers where these carbons 
are adjacent to the indole nucleus. 

Tetracycles 19a,b and 20a,b were stereoselectively 
elaborated into the corresponding (E)-ethylidene deriv- 
atives 24a,b (40% yield; 3:l epimeric mixture a t  (2-16) 
and 25a,b (39% yield; 2:l epimeric mixture a t  C-16) by a 
one-pot, three-step sequence consisting of treatment with 
refluxing aqueous HC1 to bring about hydrolysis of ester 
groups and decarboxylation of the resulting acrylic acid 

(33) For precedenta of nucleophilic a-attack to the pyridmium ring 
and further acid cyclization of the resulting l,Z-dihydropyridine, see refs 
14 and 17f. See also: Alvarez, M.; Boech, J.; Granadoe, R.; Upez, F. J.  
Heterocycl. Chem. 1978,15,193. Bennaear, M.-L.; Zulaica, E.; Vidal, B.; 
Bosch, J. Tetrahedron Lett. 1992,33,3895. 
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Scheme V. Synthesis of 6a-Homopleiocarpamine 
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the distance between the indole 3-position (or the pipe- 
ridine nitrogen) and the electrophilic carbon is not 
favorable for bond formation because the piperidine ring 
is included in a rigid bridged system. 

In order to verify this interpretation we examined the 
cyclization of tetracyclic compounds (41-43) with a 
functionalized three-carbon chain at  the piperidine ni- 
trogen, where the distance C-6a/C-7 is more favorable for 
bond formation (see Dreiding stereomodels). The new 
ring thus formed would be seven-membered, resulting in 
less strain than in pleiocarpamine. 

For the preparation of the required tetracycles 41-43 
we initially extended our methodology for the synthesis 
of tetracyclic ABDE ring substructures of mavacurine 
alkaloids by using a pyridinium salt 32 which bears a 
3-acetoxypropyl substituent a t  the piperidine nitrogen 
(Scheme V). As was expected, exposure of salt 32 to the 
enolate of ester 1 and then to acid afforded tetracycles 
33a,b (15% yield; nearly equimolecular mixtures of C-16 
epimers), which were elaborated by the usual procedure34 
into the (E)-ethylidene derivatives 36a,b in 38% yield. 
However, oxidation of amino alcohols 36a,b was unsuc- 
cessful under a variety of conditions. Starting material 
was recovered under Moffat conditions, whereas trifluo- 
roacetamides 37a,bS were obtained with DMSO-TFAA. 
In order to avoid the above fragmentation we tried the 
oxidation of alcohols 34a,b, which were easily obtained by 
methanolysis of acetates 33a,b. However only minor 
amounts of the corresponding aldehyde could be detected 
after DMSO-TFAA treatment. 

At  this point we turned our attention to the N-4 
unsubstituted tetracycle 39, which would allow further 
introduction of an appropriately functionalized three- 
carbon chain on the piperidine nitrogen. With this aim, 
the nucleophilic addition-acidic cyclization sequence was 
carried out from ester 1 and pyridinium salt 18,.which 
incorporates an easily removable N-benzyl group. In this 
way tetracycles 35a,b were obtained in 33% yield as a 
nearly equimolecular mixture of C-16 epimers along with 
the unnatural regioisomers 46a,b (30 % ) coming from an 
initial nucleophilic attack to the a-position of the pyridine 
ring.33 Tetracycles 35a,b were converted in the usual 
manner into a 3:2 epimeric mixture of the (E)-ethylidene 
derivatives 38a,b (34761, which were separated. Deben- 
zylation of the major epimer 38a by hydrogenolysis [Pd- 
(OH)2] was accomplished in almost quantitative yield, and 
the resulting secondary amine 39a was then elaborated 
(41 %) into dithioacetal 4238 by reaction with acrolein 
followed by dithioacetalization of the aldehyde 41. 

(36) Their formation can be explained by considering a Grob-type 
fragmentation of the intermediate alcoxysulfonium promoted by the 
nitrogen lone pair, followed by hydrolysis of the resulting iminium ion 
and further acylation.8' 

(37) For asimilarfragmentationobservedinthecontextofthesynthesia 
of homo analogs of Zboga alkaloids, see: Sundberg, R. J.; Cherney, R. J. 
J. Org. Chem. 1990,55, 6028. 

(38) Direct alkylation of 39a with 3,3-bis(methylthio)propylmethane- 
sulfonates failed under a variety of experimental conditions whereas, 
although alkylation of 39a with 3-bromopropionaldehyde dimethyl acetal 
gave the acetal 43 in moderate yield (33% ), only unrecognizable producte 
were formed in the attempts to convert 43 into dithioacetal42. 

(39) (a) Prepared by reaction of 3,3-bis(methylthio)-l-propanol&'bwith 
MsCl (CH2C12, Et8N, 0 OC). (b) Brandsma, L.; Vermeer, P.; Kooijman, 
J. G. A,; Boelens, H.; Maessen, J. T. M. Rec. Trav. Chim. Pays-Baa 1972, 
91, 729. 

(40) Cyclization of the thionium ion generated from 42 should afford 
a pentacyclic thioether (X = SCHS) .~  However, in the presence of an 
excess of DMTSF, the methylthio substituent undergoes hydrolytic 
cleavage of the C,-sulfur bond, promoted by the indole nitrogen, leading 
to 44. 

1 18. .... R = Bn; X = CI 'C02CH3 
32.....R = CH2CH2CH20Ac; 33.,,,..3 = CH2CH2CH20Ac 

34 ..... R = CHZCH2CH20H X = Br 
35 ..... R = Bn 

41 .... X = 0 
42. ... X = SCH,, SCH, 

36 ...... R E CH2CH2CH20H 
37 ...... R = COCF3 

39 ......R = H 
43 .... X = OCH,. OCH3 38 ...... R = Bn 

_. 

40 ...... R = H, 19,20a-dihydro 

I 46 

44 ....... X = OH 8.  16-Ha 
45 ....... X = H: 6a-homopleiocarpamine b. 16-HD 

moiety, reesterification of the (2-16 carboxy group, and 
finally NaBH4 reduction of the carbon-nitrogen double 
bonda21ts4 

Closure of the C ring was attempted under several 
conditions. Thus, reaction of 24a with mesyl chloride 
followed by heating in DMF led to chloride 26a as the 
only identifiable product, whereas sequential treatment 
of 24a or 24b with mesyl chloride and then with NaI in 
refluxing acetonitrile gave the respective piperidine- 
cleaved products 31a or 31b in ca. 35% yield. On the 
other hand, hydrogenolysis [Pd(OH)2 or Pd/Cl of the 
mesylate derived either from 25a or 25b resulted in 
intractable mixtures. Alternatively, direct debenzylation 
of 25a,b by hydrogenolysis [Pd(OH)d afforded a mixture 
of the secondary amines 27a and 28b (80% yield), the 
latter resulting from the concomitant reduction of the 
ethylidene s ~ b s t i t u e n t . ~ ~  However, treatment of either 
27a or 28b with mesyl chloride followed by heating in 
DMF led to the sulfonamides 29a (46% yield) and 30b 
(50% yield), respectively. Finally, cyclization of 27a via 
the corresponding bromide under a variety of conditions 
(HBr-AcOH or Ph3P-CBr4) also failed, and the expected 
cyclized product (pleiocarpamine) was never detected. 

The reluctance of the above tetracyclic intermediates 
(10-15 and 24-28) to close the six-membered C ring of the 
mavacurine alkaloids could be attributed to the fact that 

(34) For the use of this procedure in the synthesis of (E)-ethylidene 
bearing indole alkaloids, we: Bewelithe, R.; Cosson, J.-P.; Das, B. C.; 
Husson, H.-P. Tetrahedron Lett. 1980,21,63. See also refs 14,16b, 17b, 
20a, and 22a. 

(36) As has already been observed in the hydrogenation of 10a,b, 
reduction of the ethylidene substituent occura faster in the b series, Le., 
when the methoxycarbonyl group at C-16 is in the a-face. 
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Scheme VI. Closure of C Ring: Chloroacetamide 
Photocyclization 

C' r C i  
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50 ...... X = 0 
51 ...... X = S 
52 ...... X = H,H 

1 

40 ...... R = CH, 
49 ...... R = H 

q H 3  

CH302C" 

53 

As expected, dithioactal42 did cyclize after treatment 
with DMTSF to give the pentacyclic alcohol 44'O (38% 
yield; undetermined stereochemistry at  C-6a) which was 
then converted (80 % yield) into 6a-homopleiocarpamine 
(45) by reduction with E ~ s S ~ H - T F A . ~ ~  Cyclization to 44 
also occurred, although in lower yield (10% 1, when acetal 
43 was treated with 1.2 N hydrochloric acid (rt, 12 h). 

The above successful closure of the seven-membered C 
ring in the C-homo series provides a support for the 
geometrical origin of the failure of similar electrophilic 
cyclizations leading to natural mavacurine systems having 
a six-membered C ring. In this respect, it is worth 
mentioning that 6a-homopleiocarpamine (45) shows a 
fairly normal indole UV spectrum rather than the per- 
turbed indolic chromophore typical of the strained ma- 
vacurine systems.' 

In view of the aforementioned results, we decided to 
study the photocyclization of an appropriate tetracyclic 
chloroa~etamide~~ as a mechanistically different approach 
for the closure of the six-membered C ring of mavacurine 
alkaloids. In this case the key C-6/C-7 bond would be 
formed by diradical coupling instead of by electrophilic 
cyclization. 

Preliminary studies were done with chloroacetamide 
47, a model compound with a @-ethyl group at  (2-20 and 
a relative configuration at  C-16 opposite to that of 
pleiocarpamine. This chloroacetamide was prepared in 
60 % overall yield by debenzylation of 38b with simulta- 
neous hydrogenation of the ethylidene substituent36 and 
further acylation of the resulting secondary amine 40b 
(Scheme VI). To our delight, photocyclization of 47 in a 
diluted 1:l MeOH-H20 solution in the presence of Naz- 
C03 gave the pentacyclic 2-hydroxyindoline 49 in 25% 

(41) Kursanov, D. N.; Parnes, 2. N.;Loim, N. M. Synthesis 1974,633. 
(42) For a review, see: Sundberg, R. J. In Organic Photochemistry; 

Padwa, A., Ed.; Marcel Dekker: New York, 1983; Vol. 6, Chapter 2. See 
also ref 26a. 

Scheme VII. Synthesis of 
(f)-2,7-Dihydropleiocarpamine 

CI 

CH3C 

I 
54 55 

H 

56 .... X = 0 
57 .... x = s 
58 .... X = H, H: 

yield along with trace amounts of 2-methoxyindoline 48. 
No pentacyclic indole-containing compounds were de- 
tected. The use of H20-CHsCN mixtures as the solvent 
afforded 49 as the only isolable product but in lower yield 
(15%), whereas the use of a methanolic solution gave 48 
in only 10% yield.43 Formation of indolines 48 and 49 
implies that, after coupling of the initially formed diradical 
cation42 (bond formed C-6/C-7), the resulting cation 
undergoes nucleophilic attack instead of aromatization, 
probably due to the strain associated with the pentacyclic 
mavacurine system." This successful cyclization is in 
sharp contrast with the failure of the six-membered C 
ring to close by electrophilic cyclization. The different 
nature of the actual species involved in the cyclization 
step, an indolyl radical cation rather than a normal indole 
ring, with the consequent differences in geometry, could 
account for this re~ul t .~5 

Hydroxyindoline 49 proved to be very sensitive and, as 
could be expected from the above result, reluctant to 
undergo dehydration under several acid (TFA, TsOH, or 
HClOd or neutral (Martin's sulfurane) conditions. At- 
tempted reduction of the lactam carbonyl (BH3-SMe2, 
BH3-THF, or Lawesson's reagent) also resulted in failure. 
However 49 could be reduced to the indoline 50 by 
treatment with Et3SiH-TFA (70% yield) and then elab- 
orated into tetrahydro-16-epipleiocarpamine (52) by con- 
version into the thiolactam 51 (73%) followed by de- 
sulfurization with nickel borideG (60 % ). 

With a method in hand for the construction of the 
pentacyclic ring system of mavacurine alkaloids, our efforts 
were then directed toward the extension of the above 
synthetic sequence from chloroacetamide 54 (Scheme VII), 
the final goal being the synthesis of 2,7-dihydropleiocar- 
pamine, an indole alkaloid isolated in 1973 from Alstonia 
m ~ e l l e r i a n a . ~ ~ * ~  The requisite chloroacetamide 54 was 
prepared by acylation of the secondary amine 39a (61 7% 
yield) and then photocyclized under similar reaction 

(43) Methoxyindoline 48 could not be purified since it slowly changed 
in solution to hydroxyindoline 49. 

(44) The strain associated with these systems accounts for the 
occurrence of alkaloids of this group with an indoline moiety, both 
monomeric (2,T-dihydro or 2,7-dihydroxy) and dimeric (linked by C-2 
and C-7), and the smooth addition reaction on the C-2K-7 double bond 
of pleiocarpamine in ita conversion to the bisindole alkaloid villalatonine.' 

(45) Accordingly, radical cyclization of chloracetamide 47 by means of 
nBusSnH/AIBN failed, and the acetyl derivative 53 was isolated in nearly 
quantitative yield. 
(46) (a) Dikshit, D. K.; Panday, S. K. J. Org. Chem. 1992,57,1920. (b) 

Back, T. G.; Baron, D. L.; Yang, K. J .  Org. Chem. 1993,58, 2407. 
(47) Burke, D. E.; Cook, G .  A,; Cook, J. M.; Haller, K. G.; Lazar, H. 

A.; LeQueene, P. W. Phytochemistry 1973,12, 1467. 
(48) For a preliminary report of this part of the work, see: JimBnez, 

J.-M.; Zulaica, E.; Bennasar, M.-L.; Bosch, J. J. Chem. SOC., Chem. 
Commun. 1993,732. 



Synthesis of Mavacurine-Type Indole Alkaloids 

conditions as used for 47 t o  give the pentacyclic hydrox- 
yindoline 55 (18% yield). Reduction of 55 with EtaSiH- 
TFA provided indoline 56 (50% yield), which was trans- 
formed into (f)-2,7-dihydropleiocarpamine (58) as in the 
above 19,20-dihydro series by way of the corresponding 
thiolactam 57 (overall yield 30% 1. The 1H NMR spectrum 
of our synthetic material 58 was identical t o  that report- 
ed1v47 for the natural product. 

Although 2,7-dihydropleiocarpamine had been previ- 
ously obtained by reduction of natural pleiocarpaminel 
and by reductive cleavage of bisindole alkaloids: the 
synthesis here reported constitutes the first total synthesis 
of this alkaloid as well as the first synthesis of an alkaloid 
of the mavacurine group with a H-15/H-16 cis stereo- 
chemistry. 
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13C NMR, Table I. Anal. Calcd for CnHuN2Os: C, 66.65; H, 
6.10;N,7.06. Found C,66.34;H,6.26;N,6.92. TheC-16epimer 
8a was isolated in some runs (yield <5%): IH NMR 1.93 (dt, J 
= 12.5,3.6,1 H),2.09and2.12 (2 s,6H), 2.10(masked, 1 H), 3.40 
and 3.70 (2 m, 2 HI, 3.81 (s,3 H), 4.07 (br 8, 1 H), 4.15 and 4.50 
(2 m, 2 H), 4.65 (dd, J = 3.6, 3 , l  HI, 4.86 (d, J = 4.8,l H), 6.41 
(8, 1 H), 7.05-7.20 (m, 3 H), 7.13 (8,  1 H), 7.56 (dm, J = 7 , l  H); 
l9C NMR, Table I. 
B. When the acidic treatment was omitted, a 3:l mixture of 

l&dihydropyridine 5 and amine 9 was obtained 0.4 g (20%). 
Both compounds were separated by column chromatography (2:3 
hexane-AcOEt). Methyl a-[ 1-(2-acetoxyethyl)-3-acetyl-1,4- 
dihydro-4-pyridyl]-l-hdoleacetate (5): IR (KBr) 1570 (C-C), 
1630,1670,1735 (CO); lH NMR 1.88 and 1.90 (2s,6 H), 3.13 (t, 
J = 5.4,2 H), 3.77 (s,3 HI, 3.84 (m, 2 HI, 4.55 (dd, J = 4.8, 4.6, 
1 H), 4.95 (dd, J = 7.8,4.8,1 H), 5.61 (d, J = 4.6,l H), 5.90 (br 
d,J=7.8,1H),6.38(d,J=3.3,1H),6.56(brs,lH),6.90-7.10 
(m, 3 H), 7.43 (d, J = 3.3,l H), 7.50 (br d, J = 7 , l  H); lSC NMR 
20.4, 23.7, 38.2, 52.1, 52.5, 59.5, 62.9, 101.7, 104.0, 108.8, 109.1, 
119.1,120.5,121.0,127.3,127.7,130.9,137.5,143.7,169.7,170.1, 
195.2. 

(i)-l6-Epivinosine (lob). Trimethyloxonium fluoroborate 
(0.138 g, 0.932 "01) in CHzCl2 (2 mL) was slowly added under 
N2 to a solution of 8b (0.25 g, 0.62 mmol) in CHzCl2 (12 mL), and 
the resulting solution was stirred at room temperature for 2 h. 
The solvent was removed, and the resultingresidue was dissolved 
in MeOH (12 mL) and treated with NaB& (0.1 g, 2.5 mmol) at 
0 OC for 1 h and at room temperature for 1 h. The solvent was 
removed, and the residue was dissolved in H2O and extracted 
with CH2C12. Evaporation of the dried extracts followed by flash 
chromatography (9:l Et2O-DEA) gave (*)-16-epivinoxine 
(lob): 62 mg (30%). The IH and ISC NMR spectra of 10b were 
identical with those previously reported." 

(i)-Vinoxine (loa). Operating as above, from 8a (0.1 g, 0.25 
mmol) was obtained (i)-vinoxine (loa): 17 mg (20%). The 1H 
and 'SC NMR spectra of 10a were identical with those previously 
reported for this alkaloid.6 
(i)-19,20a-Dihydrovinoxine (lla). (i)-Vinoxine (loa, 0.2 

g, 0.58 mmol) in MeOH (30 mL) was hydrogenated over PtO2 (60 
mg) at atmospheric pressure for 48 h. The catalyst was filtered 
off, the solvent was removed, and the residue was diluted with 
aqueous Na2COs and extracted with CH2C12. Evaporation of the 
dried extracts followed by column chromatography (9:l AcOEt- 
MeOH) gave lla: 0.12 g (60%); IR (KBr) 1720 (CO), 3300 (OH); 
IH NMR 0.96 (t, J = 7,3 H), 1.10-1.50 (m, 3 H), 1.90 (m, 1 H), 
2.01 and 2.25 (2 dt, J = 13,3,2 H), 2.30-3.00 (m, 4 H), 3.5tk3.70 
(m, 2 H), 3.84 (br s ,3  H), 4.11 (t, 1 HI, 4.90 (d, J = 6 , l  H), 6.29 
(8, 1 H), 6.80-7.30 (m, 3 HI, 7.60 (m, 1 HI; lac NMR, Table II; 
MS m/e (relintensity) 3 42 (M+, 26), 311 (loo), 283 (lo), 268 (45), 
251 (13), 168 (48), 167 (99). The hydrochloride melted at 220 OC 
(MeOH). Anal. Calcd for C.&mN20sCI: C, 63.40; H, 7.18; N, 
7.39; C1, 9.35. Found: C, 63.30; H, 7.19; N, 7.30; C1, 9.37. 
(i)- 19,20a-Dihydro- 16-epivinoxine ( 1 1 b). (i)- 16-Epivi- 

noxine(lOb,O.7g,2.06mmol)inMeOH(70mL) washydrogenated 
over PtO2 (140 mg) at atmospheric pressure for 24 h. Workup 
as above and column chromatography (955 AcOEt-MeOH) gave 
l l b  0.4gf56%); IR (KBr) 1730 (CO), 3320 (OH); lH NMR 1.03 
(t, J = 7, 3 H), 1.20-1.70 (m, 3 H), 1.95 (m, 1 H), 2.10 (dt, J = 
13, 2, 1 H), 2.32 (m, 2 H), 2.55 (m, 2 H), 2.77 (m, 1 H), 3.01 (br, 
1 H), 3.50-3.70 (m, 2 H), 3.67 (s,3 H), 4.00 (t, 1 H), 4.96 (8, 1 H), 
6.27 (8,  1 H), 7.10-7.20 (m, 3 H), 7.59 (d, J = 8, 1 HI; ISC NMR, 
Table II; MS m/e (relintensity ) 342 (25, M+), 311 (85), 283 (14), 
268 (25), 251 (19), 168 (50), 167 (100). The hydrochloride melted 
at 218 "C (MeOH). Anal. Calcd for CmHnNzOsCk C, 63.40; H, 
7.18; N, 7.39; C1,9.35. Found: C, 63.40; H, 7.25; N, 7.36; C1,9.30. 

Methyl 5-[2,2-Bie(methylthio)ethyl]-3(E)-ethylidene- 
1,2,3,4,5,6-hexahydro-2,6-methano[ 1,4]diazocho[ 1f-e]hdole- 
l@-carboxylate (13a). TFAA (0.08 mL, 0.52 mmol) in CHzC12 
(0.5 mL) was slowly added under Nz to a solution of DMSO (0.05 
mL, 0.7 "01) in CHzClz (0.5 mL) cooled at -50 "C. After the 
mixture was stirred at -50 "C for 15 min, (i)-vinoxine (loa, 0.12 
g, 0.35 mmol) in CHzCl2 (15 mL) was added, and the mixture was 
stirred at -50 "C for 1 h 30 min. Then, EtaN (0.14 mL, 1.05 
mmol) was added dropwise, and the mixture was allowed to rise 
to room temperature, quenched with aqueous NaHCOs, and 
extracted with CH2C12. The extracts were dried and evaporated 
to give crude aldehyde 12a. The residue coming from two 

Experimental Section 
Melting points were determined in a capillary tube and are 

uncorrected. Unless otherwise noted, IH and ISC NMR spectra 
were recorded in CDC& solution at 200 and 50.3 MHz, respec- 
tively, using Me4Si as internal standard. Chemical shifts are 
reported in ppm downfield (6) from Mersi, and coupling constants 
are expressed in hertz. Only noteworthy IR absorptions (cm-9 
are listed. TLC was carried out on Si02 (silica gel 60 Fm, Merck, 
0.063-0).200 mm), and the spots were located with iodoplatinate 
reagent. Column chromatography was carried out on Si02 (silica 
gel 60, SDS, 0.0604.2 mm). Flash chromatography was carried 
out on Si02 (silicagel60, SDS,0.040.060 mm). Drying of organic 
extracts during the workup of reactions was performed over 
anhydrous NafiO4. Microanalyses and HRMS were performed 
by Centro de Investigacibn y Desarrollo (CSIC), Barcelona. All 
compounds were synthesized in theracemic series. The biogenetic 
numberin@ is used to describe the NMR spectra of tetracyclic 
and pentacyclic compounds. 

1 -( 2-Acetoxy et hyl)-3-acetylpyridinium Bromide (3). A 
mixture of 3-acetylpyridine (2 g, 16.5 "01) and 2-bromoethyl 
acetate (2.75 g, 16.5 mmol) was heated at 80-100 "C for 2 h. The 
reaction mixture was diluted with EhO, and the resulting 
precipitate was filtered to give 3 (hygroscopic): 3.88 g (82 %); mp 
114-115 "C (acetone-MeOH-Eh0); IR (KBr) 1690,1735 (CO); 

(m, 2 H), 5.3 (m, 2 H), 8.1 (m, 1 H), 8.8 (d, J = 8, 1 H), 9.5 (d, 
J = 6, 1 H), 10.2 (a, 1 H). 

Reaction of Ester 1 with Pyridinium Salt 3. A. A solution 
of ester 114 (1 g, 5.29 mmol) in THF (60 mL) was slowly added 
to a solution of LDA (15.8 mmol) in THF (10 mL) under Nz 
cooled at -70 "C, and the resulting solution was stirred at -70 
"C for 1 h. Then, pyridinium bromide 3 (1.52 g, 5.29 mmol) was 
added in portions, and the mixture was allowed to rise to a 
temperature of -30 "C and stirred at this temperature for 1.5 h. 
Enough of a saturated C& solution of dry HCl was added 
dropwise to bring the pH to 3.5-4, and the mixture was permitted 
to rise to room temperature. After being stirred at room 
temperature for 2 h, the reaction mixture was poured into 
saturated aqueous Na2COs and extracted withEh0. Evaporation 
of the dried extracts gave a crude residue which was chromato- 
graphed (flash, EhO and 955 Eh0-DEA). On successive elution, 
the following compounds were isolated. Methyl 7-[ (2-acetox- 
yethyl)amino]-6-acetyl-2-( l-indolyl)-2,4,6-heptatrienoate 
(9): 0.21 g (10%); IR (KBr) 1640,1700,1730 (C0);IH NMR 1.88 
and 2.21 (2 s, 6 H), 3.34 (m, 2 H), 3.71 (s,3 H), 4.05 (t, J = 5.8, 
2 H), 5.70 (dd, J = 15, 11, 1 H), 6.62 (d, J = 4, 1 H), 6.96-7.25 
(m, 6 H), 7.60 (dm, J = 8 , l  H), 7.70 (d, J = 11, 1 H); 13C NMR 
20.5,27.4,48.1,52.1,63.1, 102.9, 106.2, 110.7,112.3,120.0, 120.8, 
122.1,128.4,129.5,135.2, 137.2,141.3,141.7,153.4,165.6,170.4, 
196.9. Anal. Calcd for CnHuNzOs: C, 66.65; H, 6.10; N, 7.06. 
Found C, 66.28; H, 6.07; N, 6.83. Methyl 5-(2-acetoxyethyl)- 
3-acetyl- 1,2,5,6-tetrahydro-2,6-methano[ 1,4]diazocino[ 1,2-a]- 
indole-la-carboxylate (8b): 0.52 g (25%); mp 186-187 "C 
(acetone-EbO), IR (KBr) 1735,1600 (CO); 1H NMR 1.81 (dt, J 
= 13.9,3.4, 1 H), 2.10 and 2.14 (2 s,6 H), 2.44 (dt, J = 13.9, 2.6, 
1 H), 3.35 and 3.67 (2 m, 2 H), 3.75 (8,  3 H), 3.80 (br, 1 H), 4.20 
and 4.45 (2 m, 2 H), 4.64 (t, 1 H), 5.05 (d, J = 1. 74, 1 H), 6.43 
(s,1 H), 7.10-7.25 (m, 3 H), 7.18 (a, 1 H), 7.55 (dd, J = 7.2, 1 H); 

'H NMR (CDClsDMSO-de, 60 MHz) 1.9 and 2.7 (2 8,6 H), 4.5 
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reactions as above was dissolved in CH2Cl2 (30 mL) and allowed 
to react with an excess of CHsSH (9 mL) and BFaaEhO (0.36 mL, 
2.93 mmol) at 0 OC for 12 h. The organic solution was washed 
with 5% aqueous NaOH, dried, and evaporated to give an oil. 
Column chromatography (82 hexane-AcOEt) gave dithioacetal 
13a: 0.18 g (62%); mp 122-123 OC (EhO); IR (KBr) 1730 (CO); 
1H NMR 1.65 (dd, J = 6.8, 1.7, 3 H), 2.04 (dm, J = 12.8, 1 H), 
2.12 and 2.15 (2 s ,6  H), 2.30 (dm, J = 12.8, 1 HI, 2.58 (dd, J = 
13.4,7,1 H), 3.01 (m, 3 H), 3.71 (s,3 H), 3.70 (masked, 1 H), 3.89 
(dd, J = 7, 7.3, 1 H), 4.17 (t, 1 H), 4.99 (d, J = 6, 1 H), 5.52 (4, 
J = 6.8,l H), 6.35 (a, 1 H), 6.80-7.25 (m, 3 H), 7.60 (m, 1 H); 13C 
NMR, Table 11. Anal. Calcd for CBHBN~O~S~: C, 63.42; H, 
6.77; N, 6.72. Found C, 63.34; H, 6.86; N, 6.70. 

Dithioacetal 13b. Operating as above, from (f)-lB-epivi- 
noxine (lob, 0.1 g, 0.29 mmol) was obtained dithioacetal 13b 
after column chromatography (73 hexane-AcOEt): 0.14 g (58% ); 
1HNMR 1.76(dd, J =  6.8,1.8,3 H), 2.12and2.15 (2 s,6H), 2.13 
(masked, 1 H), 2.27 (dt, J = 12.7, 2.8, 1 H), 2.50 (m, 2 H), 2.89 
(dd, J = 13.4, 7.7, 1 H), 3.08 (d, J = 13, 1 H), 3.53 (t, 1 H), 3.70 
(8,  3 H), 3.87 (dd, J = 7.7, 7.3, 1 H), 4.13 (t, 1 H), 4.83 (8,  1 H), 
5.45 (9, J = 6.8, 1 H), 6.35 (a, 1 H), 6.98-7.25 (m, 3 H), 7.60 (m, 
1 H); 13C NMR, Table 11. 

Methyl 5-[2,2-Bis(methylthio)ethyl]-38-ethyl-l,2,3,4,5,6- 
hexahydro-2,6-methano[ 1,4]diazocino[ 1,2-a]indole-18-car- 
boxylate (15a). Operating as above, from l l a  (0.1 g, 0.29 mmol) 
wasobtaineddithioacetal15a: 0.14g (58%);IR (film) 174O(CO); 
1H NMR 0.93 (t, J = 7, 3 H), 2.12 and 2.15 (2 8, 6 H), 3.70 (br 
8, 3 H), 3.91 (t, J = 7, 1 H), 4.09 (t, 1 H), 4.87 (d, J = 5.5, 1 H), 
6.27 (8,  1 H), 6.80-7.30 (m, 3 H), 7.65 (m, 1 H); 13C NMR, Table 
11. The hydrochloride melted at 183-184 OC (CH2ClrEhO). Anal. 
Calcd for C22H31N202S2C1.1/2H20 C, 56.93; H, 6.95; N, 6.03; S, 
13.81. Found C, 57.10; H, 6.93; N, 5.87; S, 13.77. 

Dithioacetal 15b. Operating as above, from l lb  (0.15 g, 0.44 
mmol) was obtained dithioacetal 15b: 0.175 g (47%); mp 112- 
113 OC (EhO); IR (KBr) 1740 (CO); lH NMR 1.01 (t, J = 7 ,3  
H), 2.11 and 2.16 (2 8, 6 H), 3.65 (8, 3 H), 3.86 (t, J = 7.5, 1 H), 
4.03 (t, 1 H), 4.95 (8, 1 H), 6.27 (8,  1 H), 7.10-7.20 (m, 3 H), 7.57 
(dm, J = 8, 1 H); 13C NMR, Table 11. Anal. Calcd for 

H, 6.96; N, 6.23. 
Methyl 3-[ 24 (tert-Butyldimethylsilyl)oxy]ethyl]indole- 

1-acetate (16). A solution of tryptophol (4.5 g, 28 mmol), 
TBDMSCl (5.1 g, 33 mmol), and imidazole (4.7 g, 70 mmol) in 
DMF (10 mL) was heated at 35 OC for 10 h. The reaction mixture 
was poured into aqueous Na2CO3 and extracted with EkO. The 
e x t r a c t  w a s  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  
3-[2-[( tert-butyldimethylsilyl)oxy]ethyl]indole: 7.2 g (92 % ). 
This compound (7.2 g, 26 mmol) in THF (100 mL) was slowly 
added to a suspension of NaH (55%, 3.35 g, 82 mmol) in THF 
(250 mL) and HMPA (35 mL) at 0 OC, and the resulting mixture 
was stirred at 0 OC for 45 min. Then, methyl bromoacetate (7.2 
mL, 81 mmol) was added, and the mixture was stirred at room 
temperature ovamight, poured into ice-HzO, and extracted with 
EhO. The extract was washed with HzO, dried, and evaporated. 
Flash chromatography (EhO) gave 1 6  6.6 g (72%); IR (film) 
1735 (CO); 1H NMR (60 MHz) 0.9 (8,  9 H), 2.8 (t, J = 7, 2 H), 
3.4 (8, 3 H), 3.7 (t, J = 7, 2 H), 4.4 (8, 2 H), 6.5 (8,  1 H), 6.6-6.9 
(m, 3 H), 7.3 (m, 1 H). Anal. Calcd for ClsHdOsSi: C, 65.86; 
H, 8.13; N, 4.04. Found C, 66.02; H, 8.34; N, 3.97. 

Reaction of Ester 16 withpyridinium Iodide 17. Operating 
as in the preparation of tetracycles 9, from ester 16 (1 g, 2.88 
mmol), LDA (5.76 mmol), and pyridinium iodide 17'8 (0.58 g, 
1.90 mmol) was obtained a crude residue which was chromato- 
graphed (flash, 7:2:1 Et&-EtOH-DEA and 4 1  EhO-DEA). On 
successive elution the following compounds were isolated. 
Methyl 7-(2-hydroxyethyl)-l@(and la)-(methoxycarbony1)- 
3-methyl-l,2,3,6-tetrahydro-2,6-methano[ 1,4]diazocino[4,5- 
a]indole-5(E)-acrylate (21a and 21b): 0.12 g (equimolecular 
mixture, 15%); mp 211-214 OC (acetone-EBO); IR (KBr) 1575 
(M), 1670,1750 (CO), 3300-3600 (OH); lH NMR (218) 1.92 
(m,2H),2.99 (s,3 H),3,20(m,2 H),3.72and3.82 (2s,6H),3.70 
(m, 2H),4.15 ( t ,  1 H), 4.25 (m, 1 H),4.89 (d, J =  5.1,l H), 5.83 
(d, J = 15, 1 H), 6.49 (8, 1 H), 6.90-7.30 (m, 4 H), 7.60 (m, 1 H); 
1H NMR (21b) 1.90 and 2.30 (2 m, 2 H), 3.14 (8, 3 HA.3.20 (m, 

C~H&N20&1.5H20 C, 59.29;H, 7.36; N,6.28. Found C,59.29; 

Bennasar et  al. 

(49) Beseelihvre, C.; Beugelmane, R.; Husson, H.-P. TetrahedronLett. 
1976,3447. 

2 H), 3.67 and 3.72 (2 s , 6  H), 3.70 (m, 2 H), 3.90 (m, 1 H), 4.09 
(t, 1 H), 5.13 (d, J = 1.4, 1 H), 5.80 (d, J = 15, 1 H), 6.40 (8,  1 
H), 6.90-7.30 (m, 4 H), 7.60 (m, 1 H); 13C NMR, Table I. Anal. 
Calcd for C z a H d 2 0 a  (mixture of diastereomers): C, 67.30; H, 

hy droxyet hy1)- 1 a-( methoxycarbony1)- 12-met hyl- 1 ,&3,6-tet- 
rahydro-2,6-iminoazocino[ 1 f-a]indole-S( E)-acrylate (23): 
39 mg (5%); IR (CHCla) 1640 (C--C),1700-1740 GO), 3200- 
3600 (OH); 1H NMR 2.22 (dd, J = 19,5.2,1 H), 2.48 (s,3 H), 2.91 
(t, J = 5,2 H), 3.73 and 3.77 (2 8,6 H), 3.85 (t, J = 5,2 H), 4.23 
(8, 1 H), 4.41 (dd, J = 5.2,0.95,1 H), 4.82 (d, J = 0.95,l H), 6.10 
(d, J = 16.2, 1 H), 6.22 (br s,'l H), 7.02-7.24 (m, 3 H), 7.20 (d, 
J = 16.2, 1 H), 7.52 (d, J = 7.1, 1 H); I3C NMR 27.7, 28.0,40.8, 
50.4, 51.7, 52.8, 56.0, 57.3,62.2, 105.3, 108.7, 115.9, 118.6,119.8, 
121.4, 128.0,130.8, 135.0,136.0, 136.8, 144.6, 167.2, 170.5. The 
picrate melted at 186-187 OC (CH2Cl2-MeOH). Anal. Calcd for 
CaH~NbOl2: C, 54.46; H, 4.57; N, 10.91. Found C, 54.02; H, 
4.39; N, 10.51. Methyl 7-(2-hydroxyethyl)-lg(and la)-(meth- 
oxycarbonyl)-5-methyl-l,2~,6-tetrahydro-2,6-methano[ 1,4]- 
diazocino[ l~-a]indole-3(E)-acryylate (19a and 19b): 0.27 g 
(equimolecular mixture, 35%); mp 208-209 OC (acetone-EhO); 
IR (KBr) 1575 (C=C), 1685, 1735 (CO), 3100-3600 (OH); lH 
NMR (19a) 2.02 (m, 2 H), 3.02 (m, 2 H), 3.07 (a, 3 H), 3.55 (br 
8, 1 H), 3.70 and 3.73 (2 a, 6 H), 3.80 (m, 2 H), 4.55 (t, 1 H), 4.90 
(d, J = 5.6,l H), 5.38 (d, J = 14.5,l H), 6.52 (8,  1 H), 6.90-7.30 
(m, 4 H), 7.55 (dm, J = 7.5,l H); lH NMR (19b) 1.98 and 2.25 
(2 m, 2 H), 2.99 (a, 3 H), 3.02 (m, 2 H), 3.25 (br s, 1 H), 3.69 and 
3.73 (2 s,6 H), 3.70 (m, 1 H), 4.65 (t, 1 H), 5.04 (d, J = 0.8,l H), 
5.63 (d, J = 14.5,l H), 6.39 (8,  1 HI, 6.90-7.30 (m, 4 H), 7.55 (dm, 
J = 7.5,l H); 13C NMR, Table I. Anal. Calcd for CBH&OS 
(mixture of diastereomers): C, 67.30; H, 6.38; N, 6.82. Found 
C, 67.33; H, 6.52; N, 6.57. 

l-Benzyl-3-[ (E)-2-(methoxycarbonyl)vinyl]pyridinium 
Chloride (18). This compound was prepared as described for 
3, starting from methyl (E)-3-(3-pyridyl)acrylate~ (5 g, 30 mmol) 
and benzyl chloride (3.8 mL, 4.17 g, 33 mmol): 8 g (92%); mp 
164-165 "C (acetone-MeOH); IR (KBr) 1720 (CO); lH NMR 

(m, 3 H), 7.64 (m, 2 H), 7.79 (d, J = 16, 1 H), 8.22 (dd, J = 7.5, 
5.2, 1 H), 8.97 (d, J = 7.5, 1 H), 9.32 (d, J = 5.2, 1 H), 9.98 (8,  
1 H). Anal. Calcd for ClJ-I1&TO&1: C, 66.32; H, 5.56; N, 4.83; 
C1, 12.23. Found: C, 66.36; H, 5.56; N, 4.78; C1, 12.31. 

Reaction of Ester 16 with Pyridinium Chloride 18. 
Operating as above, from ester 16 (1 g, 2.88 mmol), LDA (2.88 
mmol), and pyridinium chloride 18 (0.55 g, 1.92 mmol) was 
obtained a crude residue which was chromatographed (flash, 1:l 
hexane-Eh0 and Eh0). On successive elution the following 
compounds were isolated. Methyl 5-benzyl-7-[2-[ (tert-bu- 
tyldimet hylsily1)oxylet hyll- la- (met hoxycarbony1)- 1,2,5,6- 
tetrahydro-2,6-methano[ 1,4]diazocino[ 1,2-a]indole-3(E)-acry- 
late (20b): 0.18 g (16%); IR (CHCh) 1575 (C=C), 1680, 1730 
(CO); 1H NMR 0.89 (a, 9 H), 1.93 (dt, J = 12.5, 2.5, 1 H), 2.30 
(dm, J = 12.5,l H), 3.10 (m, 2 H), 3.35 (br 8, 1 H), 3.74 and 3.77 
(2 s,6 H), 3.90 (m, 2 H), 4.31 and 4.60 (2d, J = 15,2 H), 4.69 (t, 
1 H), 5.11 (8, 1 H), 5.75 (d, J = 15.4,l H), 6.60 (8,  1 H), 7.10-7.50 
(m, 9 H), 7.65 (d, J = 8 , l  H); 13C NMR, Table 1. Anal. Calcd 
for C&uN206Si: C, 69.96; H, 7.38; N, 4.66. Found: C, 69.68; 
H, 7.34; N, 4.47. Epimer 20a: 0.15 g (13% ); IR (CHCU 1575 
(C=C), 1680,1715,1740 (CO); lH NMR 0.89 (s,9 H), 2.06 (m, 
2 H), 3.06 (m, 2 H), 3.70 (masked, 1 H), 3.77 and 3.79 (2 s,6 H), 
3.90 (m, 2 H), 4.43 and 4.66 (2 d, J = 15.7, 2 H), 4.72 (t, 1 H), 
4.99(d,J=5.2,1H),5.51(d,J=15,1H),6.81(~,1H),7.00-7.50 
(m, 9 H), 7.65 (m, 1 H); l8C NMR, Table I. Methyl 3-benzyl- 
7-[ 2-[ ( tert-butyldimethylsi1yl)oxy ]ethyl]- 18-( methoxycar- 
bonyl)-l,2,3,6-tetrahydro-2,6-methano[ 1,4]diazocino[4,5-a]- 
indole-5(E)-acrylate (22a): 80mg(7%);mp 170-171 OC (Et&); 
IR (KBr) 1580 (C==C), 1690,1750 (CO); lH NMR 0.89 (a, 9 H), 
1.70 (dm, J = 12.5, 1 H), 1.90 (dt, J = 12.5, 2, 1 H), 3.15 (m, 2 
H), 3.70 and 3.89 (2 s,6 H), 3.80 (m, 2 H), 4.19 (t, 1 H), 4.35 (m, 
1 H), 4.23 and 4.40 (2d, J = 15, 2 H), 4.95 (d, J = 5.5, 1 H), 5.95 
(d, J = 15, 1 H), 6.72 (8,  1 H), 6.80-7.40 (m, 9 H), 7.60 (m, 1 H); 
13C NMR, Table I. Anal. Calcd for C~S&N~OSS~: C, 69.96; H, 
7.38; N, 4.66. Found: C, 70.15; H, 7.44; N, 4.64. 

6.38; N, 6.82. Found C, 67.33; H, 6.32; N, 6.70. Methyl 7-(2- 

(DMSO-&) 3.76 ( ~ , 3  H), 5.94 ( ~ , 2  H), 7.14 (d, J 16,l H), 7.41 

(50) Wenkert, E.; Halls, T. D. J.; Kunesch, G.; Orito, K.; Stephem, R. 
L.; Temple, W. A.; Yadav, J. S .  J .  Am. Chem. SOC. 1979, 101, 5370. 



Synthesis of Mavacurine-Type Indole Alkaloids 

Methyl 3(E)-Ethylidene-7-(2-hydroxyethyl)-5-methyl- 
1,2,4,6,6-hexahydro-2,6-methano[ 1,4]diazocino[ lJ-a]indole- 
l@(and la)-carboxylate (24a and 24b). A suspension of 
tetracycles 19a,b (0.4 g, 0.97 "01) in 4 N aqueous HCl(30 mL) 
was heated at  100 OC for 2 h and then evaporated. The residue 
was dissolved in a 1.5 N MeOH solution of dry HCl(30 mL) and 
stirred at  room temperature overnight. The solvent was removed, 
and the residue was dissolved in MeOH (30 mL), treated with 
NaB& (0.3 g, 9 mmol) at  0 "C, and stirred at  this temperature 
for 1 h. The solvent was evaporated, and the residue was dissolved 
in H2O and extracted with EbO. The organic extracts were dried 
and evaporated to give a 3:l mixture of 24a and 24b (0.14 g, 
40% ), Column chromatography (AcOEt-MeOH, increasing 
polarity) allowed the isolation of pure 24a: IR (KBr) 1750 (CO), 
3200-3600 (OH); 1H NMR 1.67 (dd, J = 6.8, 2,3 H), 1.80 (dm, 
J = 13.4, lH), 2.43 (s,3 H), 2.75 (d, J = 14, l  H), 2.90 and 3.10 
(2 m, 2 H), 3.36 (m, 1 H), 3.70 (8, 3 H), 3.80 (m, 2 H), 4.12 (t, 1 
H), 5.03 (d, J =  6 , l  H), 5.47 (qd, J =  6.8,1.4,1 H), 7.02-7.30 (m, 
3 H), 7.60 (m, 1 H); 13C NMR, Table 11. The picrate melted at  
229-230 OC (acetone-EbO). Anal. Calcd for CnHmNaOlo: C, 
55.57; H, 5.00; N, 12.00.. Found C, 56.18; H, 5.16; N, 11.69. 

Methyl 5-Benzyl-3(E)-ethylideme-7-(2-hydroxyethyl)- 
1,2,3,4,5,6-hexahydro-2,6-methano[ l,l]diazocino[ If-a]hdola 
l@(and la)-carboxylate (25a and 25b). Operating as above, 
from tetracycles 20a,b (0.4 g, 0.66 mmol) was obtained a 2:l 
mixture of 25a and 25b (0.11 g, 39%). Both isomers were 
separated by column chromatography (CH~C~Z-M~OH, increasing 
polarity). 25a: IR (KBr) 1735 (CO), 3400 (OH); lH NMR 1.70 
(d, J = 6.8, 3 H), 1.80 and 2.60 (2 dm, J = 13.2, 2 H), 2.77 (d, J 
= 14.5,l H), 2.90 and 3.10 (2 m, 2 H), 3.40 (br d, J = 14.5,l H), 
3.70 (8, 3 H), 3.80 (m, 4 H), 4.27 (t, 1 H), 5.07 (d, J = 5.9, 1 H), 
5.39 (9, J = 6.8,l H), 6.90-7.70 (m, 9H); l3C NMR, Table 11. The 
picrate melted at  137-138 OC (acetone-EbO). Anal. Calcd for 

H, 4.98; N, 9.99. 2Sb: IR (KBr) 1740 (CO), 3350 (OH); lH NMR 
1.81 (dd, J = 6.8,1.9,3 H), 2.05 (dt, J = 12.5,2, 1 H), 2.45 (dm, 
J = 12.5, 1 H), 3.05 (m, 5 H), 3.76 (8,  3 H), 3.70 (m, 4 H), 4.28 
(t, 1 H), 4.85 (8, 1 H), 5.40 (9, J = 6.8, 1 HI, 6.90-7.50 (m, 8 H), 
7.56 (m, 1 H); 13C NMR, Table 11. 

Attempted Cyclization of 24a. A. A solution of 24a (0.22 
g, 0.62 mmol), mesyl chloride (0.07 mL, 0.93 mmol), and EtSN 
(0.15 mL, 1.1 mmol) in CHzCl2 (10 mL) was stirred at  0 OC under 
N2 for 2 h. The solvent was removed, and the residue was 
dissolved in DMF (10 mL). After the solution was heated at  90 
OC overnight, the solvent was removed and the residue was 
dissolved in HzO and extracted with EbO. The ethereal extract 
was dried and evaporated. Column chromatography (AcOEt) 
gave methyl 74  2-chloroet hyl)-3( E)-et hylidene-bmet hyl- 
1,2,3,4,5,6-hexahydro-2,6-methano[ 1,4]diazocino[ If-alhdole- 
I@-carboxylate (26a): 20 mg (8%); IR (CHCl3) 1750 (CO); lH 
NMR 1.69 (dd, J = 6.8, 1.6, 3 H), 2.02 (dt, J = 13.2, 3.1, 1 H), 
2.40 (masked, 1 H), 2.42 (s, 3 H), 3.30 (m, 2 H), 3.70 (m, 2 H), 
3.75 (8, 3 H), 4.35 (t, 1 H), 5.00 (d, J = 6.2,l H), 5.60 (9, J = 6.8, 
1 H), 6.90-7.20 (m, 3 H), 7.60 (m, 1 H); MS mle (re1 intensity) 
374 (30), 372 (M+, loo), 336 (891, 313 (65). 

B. Alcohol 24a (90 mg, 0.25 mmol) in CH2Cl2 (2 mL) was 
allowed to react with mesyl chloride (0.032 mL, 0.44 mmol) and 
EhN (0.06 mL, 0.44 mol) at  -20 "C under Nz for 2 h. The solution 
was washed with 5 %  aqueous NaHC03, dried, and evaporated. 
NaI (56 mg, 0.37 mmol) was added to the resulting residue in 
CHsCN (2 mL), and the mixture was heated at  70 OC for 3 h. 
Workup followed by flash chromatography (955 EbO-MeOH)) 
gave methyl cis-54 24odoethyl)-2- [ 1-[ (N-methylmet hane- 
sulfonamido)methyl]-1 (E)-propenyl]-1,2-dihydropyrido- 
[ 1,2-a]indole-l-carboxylate (31a): 50 mg (37%); IR (CHCl3) 

2.83 and 2.84 (2 s,6 H), 3.20-4.01 (m, 6 H), 3.50 (s,3 H), 4.20 (m, 
1 H), 5.25 (d, J = 8.2, 1 H), 5.83 (9, J = 7.4, 1 H), 5.96 (dm, J 
= 10, 1 H), 6.75 (dt, J = 10, 3.2, 1 H), 7.10-7.30 (m, 3 H), 7.50 
(dm, J = 8, 1 H); l9C NMR 5.7, 14.8, 27.8, 34.1, 35.2, 38.4, 52.0, 
55.9, 56.4, 108.8, 113.1, 116.7, 118.6, 120.3, 122.9, 124.9, 128.6, 
129.8, 131.1, 136.8; MS m/e (re1 intensity) 542 (M+ 9), 483 (3), 
415 (36), 232 (loo), 180 (85). 

C. Operating as above, from alcohol 24b (0.11 g, 0.31 mmol) 
was obtained sulfonamide 31b after flash chromatography 
(EbO): 60mg (35%); IR (CHCls) 1150,1330 (SOzN), 1735 (CO); 
lH NMR 1.88 (dt, J = 7, 1.6, 3 H), 2.50 and 2.53 (2 8, 6 H), 

C&&j010.1.5Hz0: C, 57.72; H, 5.06;N, 10.20. Found C, 57.38; 

1150,1330 (SOzN), 1730 (CO); 'H NMR 1.80 (d, J = 7.4, 3 H), 
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3.20-3.90 (m, 6 H), 3.66 (8, 3 H), 4.30 (d, J = 6, 1 H), 4.93 (d, J 
= 1.5,l H), 5.79 (m, 2 H), 6.84 (m, 1 H), 7.10-7.30 (m, 3 H), 7.50 
(dm, J = 8 ,1  H); 19C NMR 7.7,13.2,27.4,34.7,34.9,37.6,51.4, 
52.8, 57.7, 108.5, 110.0, 118.7, 119.5, 120.2, 122.1, 123.2, 1242, 
128.5,131.9,133.5,137.5,170.7; MS m/e (re1 intensity) 542 (M+, 
6), 483 (2), 415 (32), 232 (58), 180 (100). 

Debenzylation of 25a,b. A mixture of tetracycles 2Sa,b (0.32 
g, 0.74 mmol) in MeOH (30 mL) was hydrogenated over Pd(OH)e 
(25 % ,80 mg) at  atmospheric pressure for 24 h. The usual workup 
gave a residue which was chromatographed. Elution with 9 1  
CH2Clz-MeOH gave methyl 3@-ethyl-7-(2-hydroxyethyl)- 
lf,3,4P,6-hexahydro-2,6-methano[ 1,4]dia~0&0[ 1,2-8]indole 
la-carboxylate (28b): 63 mg (25%); IR (KBr) 1748 (CO), 3300 
(OH, NH); 1H NMR 1.02 (t, J = 7,3 H), 1.39 (m, 2 H), 2.W2.50 
(m, 4 H), 2.70 (m, 1 H), 2.80-3.20 (m, 3 H), 3.73 (8,  3 H), 3.90 (m, 
2 H), 4.57 (t, 1 H), 5.01 (8, 1 H), 7.10-7.30 (m, 3 H), 7.60 (d, J 
= 8 , l  H); 1% NMR, Table 11. Elution with 8 2  CH2ClTMeOH 
gave methyl 3(E)-ethylidene-7-(2- hydroxyethyl)-l,2,3,4,5,6- 
hexahydro-2,6-met hano[ 1,4]diazocino[ 1,2-a]indole- I@-car- 
boxylate (27a): 139 mg (55%);  IR (KBr) 1731,1755 (CO), 3330 
(NH, OH); 1H NMR 1.65 (dd, J = 6.8,1.8, 3 H), 2.16 (m, 2 H), 
2.80-3.40 (m, 3 H), 3.50 (d, J = 15, 1 H), 3.66 (m, 1 H), 3.71 (e, 
3 H), 3.86 (m, 2 H), 4.47 (t, 1 H), 5.11 (d, J =  6 .l, 1 H), 5.46 (q, 
J = 6.8,l H), 6.80-7.30 (m, 3 H), 7.60 (d, J = 8, l  H); 13C NMR, 
Table 11. 

Attempted Cyclization of 27a. Operating as in the prep- 
aration of 26a, from 27a (90 mg, 0.26 mmol) sulfonamide 29a was 
obtained after column chromatography (7:3 hexane-AcOEt): 50 
mg (46%); IR (KBr) 1150, 1335 (SOzN), 1748 ((30); 'H NMR 
1.72 (dd, J = 6.8, 1.7, 3 H), 2.06 and 2.30 (2 dm, J = 13, 2 H), 
2.77 (a, 3 H), 3.40 (m, 3 H), 3.72 (m, 2 H), 3.79 (s,3 H), 3.82 (m, 
2 H), 5.04 (d, J = 6.3, 1 H), 5.57 (t, 1 H), 5.60 (9, J = 6.8, 1 H), 
6.90-7.30 (m, 3 H), 7 .60 (d, J = 8, 1 H); lac NMR, Table 11. 

Attempted Cyclization of 28b. Operating as above, from 
28b (0.11 g, 0.32 mmol) was obtained sulfonamide 30b: 70 mg 
(50%); IR (KBr) 1150,1330 (SOzN), 1748 (CO); lH NMR 1.08 
(t, J = 7, 3 H), 1.50 (m, 2 H), 2.01-2.69 (m, 4 H), 2.70 (8, 3 H), 
3.50 (m, 4 H), 3.67 (8, 3 H), 3.78 (m, 2 H), 5.04 (8, 1 H), 5.48 (t, 
1 H), 7.10-7.30 (m, 3 H), 7.60 (d, J = 8, 1 H); 13C NMR, Table 
11. 

1-(3-Acetoxypropyl)-3-[ (E)-2-(methoxycarbonyl)vinyl]- 
pyridinium Bromide (32). This salt was prepared as described 
for 3, starting from methyl (E)-3-(3-pyridyl)acrylate (4.9 g, 29 
mmol) and 3-bromopropyIa~etate~~ (6.5g, 35 "01): 8.6 g (86%); 
mp 106107 OC (MeOH); IR (KBr) 1720 (CO); lH NMR (DMSO- 

2 H), 7.10 (d, J = 16, 1 H), 7.78 (d, J = 16, 1 H), 8.21 (dd, J = 
7.7,5.5, 1 H), 8.94 (d, J = 7.7, 1 H), 9.12 (d, J = 5. 5, 1 H), 9.58 
(8,  1 H). Anal. Calcd for ClrHleNO1Br~1/4HzO: C, 48.22; H, 
5.34; N, 4.01; Br, 22.91. Found C, 48.14; H, 5.32; N, 4.00; Br, 
29.93. 

Methyl 6-(3-Acetoxypropyl)-l@(and la)-(methoxycarbo- 
nyl)-l,2,5,6-tetrahydro-2,6-methano[ 1,4]diazocino[ lf-alin- 
dole-3(E)-acrylate (33a and 33b). Operating as in the prep- 
aration of tetracycles 9, from ester 1 (1 g, 5.29 mmol), LDA (6.34 
mmol), and pyridinium bromide 32 (1.18 g, 3.42 mmol) was 
obtained a nearly equimolecular mixture of tetracycles 33a,b 
(0.23 g, 15%) after column chromatography (hexane-AcOEt, 
increasing polarity). Both isomers were separated by additional 
column chromatography (hexane-AcOEt, increasing polarity). 
33a: mp 95-96 OC (i-PrzO); IR (film) 1570 (C=C), 1680,1720 
(CO); lH NMR 1.83 (m, 4 H), 2.06 (8, 3 H), 3.30 and 3.50 (2 m, 
2 H), 3.68 (8, 6 H), 3.70 (masked, 1 H), 4.15 (m, 2 H), 4.51 (t, 1 
H), 4.97 (d, J = 5.2,l H), 5.40 (d, J = 15,l  HI, 6.38 (8 , l  H), 6.57 
(8, 1 H), 6.90-7.30 (m, 4 H), 7.60 (m, 1 H); 13C NMR, Table I. 
Anal. Calcd for C&a20,3.1/2HaO: C, 65.06; H, 6.33; N, 6.07. 
Found C, 64.63; H, 6.14; N, 5.94. 33b: lH NMR 1.99 (m, 3 H), 
2.02 (8, 3 H), 2.40 (dt, J = 13,2.3,1 H), 3.20 and 3.50 (2 m, 2 H), 
3.33 (br 8, 1 H), 3.73 and 3.78 (2 s, 6 H), 4.14 (m, 2 H), 4.53 (t, 
1 H), 5.05 (8, 1 H), 5.69 (d, J = 15, 1 H), 6.40 (8, 1 H), 6.45 (e, 1 
H), 7.00-7.30 (m, 4 H), 7.58 (d, J = 8, 1 H); l3C NMR, Table I. 

Methyl 5 4  3-Hydroxypropy1)- l@( and la)- (methoxycar- 
bonyl)-l,2,5,6-tetrahydro-2,6-methano[ 1,4]diazocino[ 12-81- 
indole-3(E)-acrylate (34a and 34b). A mixture of tetracycles 

(51) Prepared by reaction of 3-bromopropanol with AcaO (80 O C ,  1.6 

de) 1.89 ( ~ , 3  H), 2.31 (t, 2 H), 3.77 (8,3 H), 4.09 (t, 2 H), 4.70 (t, 

h). 
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ylate (38a and 38b). Operating as in the preparation of 24, 
from a mixture of tetracycles 3b,b (0.5 g, 1.13 mmol) was obtained 
a 3:2 mixture of 38a and 38b (0.15 g, 34%). Both isomers were 
separated by column chromatography (hexane-AcOEt, increasing 
polarity). 38a: mp 192-194 "C (i-PrzO); IR (KBr) 1748 ((20); 'H 
NMR 1.65 (d, J = 6.7, 3 H), 2.03 (dt, J = 13, 3, 1 H), 2.25 (dt, 
J = 13,3.5,1 H), 3.30-3.80 (m, 5 H), 3.72 (s,3 H), 4.10 (t, 1 H), 
5.02 (d, J = 6 , l  H), 5.45 (q, J = 6.7,l H), 6.34 (8, 1 H), 6.90-7.50 
(m, 8 H), 7.60 (m, 1 H); 13C NMR, Table 11. Anal. Calcd for 

N, 6.95. 38b 1H NMR 1.76 (dd, J = 6.7, 2,3 HI, 2.10 (dt, J = 
13,3,1 H), 2.26 (dt, J = 13,2.5,1 H), 2.50 (br d, J = 13.5,l H), 
2.95 (d, J = 13.5,l H), 3.30-3.60 (m, 3 H), 3.68 (s,3 H), 4.06 (t, 
1 H), 4.84 (8, 1 H), 5.39 (q, J = 6.7,l H), 6.36 (a, 1 H), 7.06-7.50 
(m, 8 H), 7.65 (m, 1 H); 13C NMR, Table 11. 

Methyl 5-[ 3,3-Bis( met hy1thio)propyll-3( E)-ethylidene- 
12f,4P,6-hexahy~-2,6-methano[ 1,4]diazo~ino[ If-alindole- 
18-carboxylate (42). Tetracycle 38a (0.4 g, 1 mmol) was 
hydrogenated over Pd(OH)2 (25 %,9Omg) at atmospheric pressure 
for 24 h. The usual workup gave crude 39a (0.3 g) which was 
used without further purification. A stirred solution of amine 
39a (0.3 g, 1 mmol) in MeOH (30 mL) was allowed to react under 
N2 with acrolein (0.13 mL, 2 "01) and EhN (0.26 mL, 2 mmol) 
at room temperature for 3 h. The solvent was removed, and the 
residue was dissolved in H2O and extracted with Eh0. Evap- 
oration of the organic extract gave crude aldehyde 41, which was 
dissolved in CH2Clz (30 mL) and treated with an excess of CH3- 
SH (3 mL) in the presence of BFs-EhO (0.32 mL) at -30 "C for 
3 h. Workup and column chromatography (3:7 hexane-AcOEt) 
gave 42: 0.178 g (41 %); 'H NMR 1.67 (dd, J = 6.8,3 H), 2.10 (m, 
4 H), 2.11 and 2.13 (2 s,6 H), 2.47 (m, 1 H), 2.70-3.05 (m, 3 H), 
3.70 (masked, 1 H), 3.73 (8,  3 H), 3.81 (t, J = 7, 1 H), 4.15 (t, 1 
H), 5.01 (d, J = 6.1, 1 H), 5.53 (q, J = 6.8, 1 H), 6.37 (8,  1 H), 
6.90-7.20 (m, 3 H), 7.62 (m, 9-H); 13C NMR, Table 11. The 
hydrochloride melted at 124-126 OC (acetone-EhO). Anal. Calcd 
for CmHslN20zS2C1.Hz0 C, 56.94; H, 6.85; N, 5.77; S, 13.21. 
Found C, 56.74; H, 6.63; N, 5.52; S, 13.32. 

Methyl 5 - ( 3 g D ~ t h o x y p r o p y l ) - 3 ( ~ ~ h y ~ ~ n e - 1 2 ~ , 4 ~ 6 -  
hexahydro-2,Cmet hano[ 1,4]diazocino[ 12-alindole- 18-car- 
boxylate (43). A solution of crude 39a (90 mg, 0.3 mmol) and 
3-bromopropanaldehyde dimethyl acetal (0.06 mL, 0.45 "01) 
in anhydrous dioxane (9 mL) containing NazCOs (64 mg, 0.6 
mmol) was refluxed under N2 for 24 h. The solvent was 
evaporated, and the residue was dissolved in HzO and extracted 
with EhO. Evaporation of the organic extract gave 43 after 
column chromatography (AcOEt): 40 mg (33%); 'H NMR 1.68 
(dd, J = 6.8, 1.8, 3 H), 1.80-2.70 (m, 6 H), 2.90 (br d, J = 13, 1 
H), 3.05 (d, J = 13, 1 H), 3.33 and 3.35 (2 8, 6 H), 3.73 (8,  3 H), 
3.75 (m, 1 H), 4.20 (t, 1 H), 4.50 (m, 1 H), 5.03 (d, J = 6, 1 H), 
5.54 (q, J = 6.8, 1 H), 6.37 (8, 1 H), 6.90-7.20 (m, 3 H), 7.65 (m, 
1 H); 13C NMR, Table 11. 

(f)-6a-Homopleioarpamhe (45). To a solution of D W S P  
(76.5 mg, 0.39 mmol) in CHzCl2 (40 mL) at -70 "C was slowly 
added under Nz a solution of dithioacetal42 (80 mg, 0.18 mmol) 
in CH2Cl2 (2 mL). The mixture was allowed to rise to -30 "C and 
stirred at this temperature for 1.5 h and at 0 "C for 3 h. The 
reaction mixture was quenched with 10% aqueous NazCOs (50 
mL) and stirred at room temperature for 30 min. The organic 
layer was dried and evaporated, and the residue was chromato- 
graphed (82 AcOEt-DEA) to give alcohol 44 25 mg (38%); 'H 
NMR 1.59 (dd, J = 6.9, 2, 3 H), 1.70-2.10 (m, 4 H), 2.90 (m, 3 
H), 3.60 (8, 3 H), 3.72 (m, 1 H), 3.98 (br t, J = 12, 1 H), 4.88 (t, 
1 H), 5.17 (d, J = 5.4,l H), 5.24 (dd, J = 5.4, 2.5,l H), 5.47 (q, 
J = 6.9,l H), 6.90-7.20 (m, 3 H), 7.55 (m, 1 H); 13C NMR, Table 
11. 

A solution of alcohol 44 (30 mg, 0.085 mmol), TFA (0.075 mL, 
0.97 mmol), and EbSiH (0.05 mL, 0.3 mmol) in CH2C12 (3 mL) 
and refluxed under Nz for 2 h. The mixture was poured into 
ice-HzO, basified with solid NazCO3, and extracted with CH2C12. 
Evaporation of the dried extracts gave a residue which was 
chromatographed (flash, 97:3 AcOEt-DEA) to give 45: 23 mg 
(80%); IR (CHC13) 1732,1759 (CO); UV (EtOH) h max 201,226, 
277 nm; 1H NMR 1.50 (m, 2 H), 1.61 (dd, J = 6.8, 2, 3 H), 2.20 
(m, 2 H), 2.70-3.50 (m, 6 H), 3.60 (s,3 H), 3.72 (m, 1 H), 4.50 (t, 
1 H), 5.17 (d, J = 5.4, 1 H), 5.47 (q, J = 6.8, 1 H), 6.90-7.20 (m, 
3 H), 7.52 (m, 1 H); 13C NMR, Table 11; MS m/e (re1 intensity) 

C&dzOz: C, 77.69;H,6.78; N, 7.24. Found C, 77.41;H,7.03; 

33a,b (0.75 g, 1.65 mmol) was stirred overnight at room 
temperature with a 1 N MeOH solution of dry HC1 (25 mL). 
After workup and column chromatography (hexane-AcOEt, 
increasing polarity), a mixture of tetracycles 34a,b was obtained 
0.4 g (59%); mp 139-140 OC (i-PrzO-acetone); 'H NMR (34a) 
1.90 (m, 4H),3.30and3.50 (2 m,2H), 3.70 (s,6H),3.70 (masked, 
3 H), 4.55 (t, 1 H), 4.95 (d, J = 5 , l  H), 5.40 (d, J = 15, l  H), 6.40 
(8, 1 H), 6.70 (8, 1 H), 6.90-7.30 (m, 4 H), 7.60 (d, J = 8, 1 H); 
'H NMR (34b) 1.90 (m, 3 H), 2.40 (dt, J = 13,2,1 H), 3.20 and 
3.50 (2 m, 2 H), 3.35 (br 8, 1 H), 3.70 and 3.80 (2 8, 6 H), 3.70 
(masked, 2 H), 4.55 (t, 1 H), 5.05 (8,  1 H), 5.70 (d, J = 15, 1 H), 
6.40 (8, 1 H), 6.50 (8, 1 H), 7.00-7.30 (m, 4 H), 7.60 (d, J = 8, 1 
H); '3C NMR, Table 1. Anal. Calcd for CmH~NzOa.l/2H20 
(mixture of diastereomers): C 65.84; H, 6.49; N, 6.68. Found: 
C, 65.58; H, 6.41; N, 6.41. 

Methyl 3(E)-Ethylidene-S-(3-hydroxypropyl)-lf,3,4,5,6- 
hexahydro-2,6-methano[ l,l]diazocino[ lf-a]indole-l@(and 
la)-carboxylate (36a and 36b). Operating as in the preparation 
of compounds 24, from a mixture of tetracycles 33a,b (0.5 g, 1.1 
mmol) a nearly equimolecular mixture of 368,b (0.15 g, 38%) 
was obtained. Column chromatography (hexane-AcOEt, in- 
creasing polarity) allowed the isolation of pure 36b: mp 123-124 
"C (EhO); IR (KBr) 1740 (CO), 3400 (OH); lH NMR 1.78 (dd, 
J=6.7,2.1,3H), 2.07 (dt, J=  13,3.5, l H ) ,  2.20-2.90(m,6H), 
3.17 (d, J = 13,l  H), 3.65 (br 8, 1 H), 3.73 (s,3 H), 3.83 (m, 2 H), 
4.27 (t, 1 H), 4.84 (8, 1 H), 5.50 (qd, J = 6.7, 1.6, 1 H), 6.37 (a, 
1 H), 7.00-7.30 (m, 3 H), 7.60 (d, J = 8, 1 H); lSC NMR , Table 
11. Anal. Calcd for C21HzeNzOs: C, 71.16; H, 7.39; N, 7.90. 
Found: C, 71.29; H, 7.55; N, 7.76. 

Methyl 3(E)-Ethylidene-S-(trifluoroacetyl)-1,2,3,4,5,6- 
hexahydro-2,6-methano[ 1,4]diazocino[ 1,2-a]indole- 18(and 
la)-carboxylate (37a and 37b). A mixture of alcohols 36a,b 
(0.1 g, 0.28 mmol) was treated with TFAA (0.13 mL, 0.84 mmol), 
DMSO (0.08 mL, 1.12 mmol), and EtsN (0.22 mL, 1.68 mmol) as 
described in the oxidation of loa. The usual workup gave 37a,b: 
35 mg (32%). Flash chromatography (EhO) allowed the isolation 
of pure 37a: mp 107-109 OC (MeOH); IR (KBr) 1675,1735 (CO); 
1H NMR 1.63 and 1.65 (2dd, J = 7.2, 3 H), 2.15 (m, 2 H), 3.60 
(m, 1 H), 3.69 (8, 3 H), 3.84 (m, 1 HI, 4.01 (m, 2 H), 4.58 (d, J 
= 15, 1 H), 5.06 and 5.07 (2dd, J = 6.1, 2.8, 1 H), 5.43 and 6.05 
(2 t, 1 H), 5.55 and 5.60 (2 q, J = 7, 1 H), 6.45 and 6.49 (2 8, 1 
H), 6.90-7.30 (m, 3 H), 7.63 (dd, J= 8,1.5,1 H); l3C NMR, Table 
11. Anal. Calcd for CaHl~N20sF3: C, 61.22; H, 4.88; N, 7.14. 
Found C, 61.29; H, 4.90; N, 7.09. 

Reaction of Ester 1 with Pyridinium Chloride 18. Op- 
erating as in the preparation of tetracycles 9, from ester 1 (1 g, 
5.29 mmol), LDA (6.34 mmol), and pyridinium chloride 18 (1 g, 
3.45 mmol), a residue was obtained and then chromatographed 
(hexane-AcOEt, increasing polarity). The initial elution gave 
methyl S-benzyl-l@(and la)-(methoxycarbonyl)-1f,S,Ctet- 
rahydro-%,&methano[ 1,4]diazocino[ 1,2-a]indole-3( E)-acry- 
late (35a and 35b): 0.5 g (equimolecular mixture, 33%); mp 
97-98 OC (i-Pr2O-acetone); IR (KBr) 1578 (C-C), 1690, 1730 
(CO); 1H NMR (35b) 1.97 (dt, J = 13,3.6,1 H), 2.35 (dt, J = 13, 
2.5,l H), 3.35 (br s, 1 H), 3.75 and 3.76 (2 s,6 H), 4.2 0 and 4.47 
(2 d, J = 15,2 H), 4.44 (t, 1 H), 5.07 (a, 1 H), 5.70 (d, J = 1 5 , l  
H), 6.38 (8,  1 H), 6.54 (8,  1 H), 7.05-7.40 (m, 9 H), 7.60 (d, J = 
8 , l  H); 1% NMR, Table I. Anal. Calcd for CnHzeNz0&2H20 
(mixture of diastereomers): C, 71.82; H, 6.02; N, 6.20. Found: 
C,71.45;H, 5.95;N,5.97. Furtherelutiongaveanearlyequimolar 
mixture of methyl 3-benzyl-l@(and 1u)-(methoxycarbony1)- 
1,2,3,6-tetrahydro-2,6-met hano[ 1,4]diazocino[4,5-a]indole- 
S(E)-acrylate (46a and 46b): 0.45 g (30%); mp 218-219 "C (i- 
PrzO-acetone); IR (KBr) 1582 (C=C), 1693,1748 (CO); lH NMR 
(46a) 1.70 (dt, J = 13, 3, 1 H), 1.96 (dt, J = 13, 2.5, 1 H), 3.73 
and 3.85 (2 s ,6  H), 3.98 (br 8, 1 H), 4.10 and 4.40 (2 d, J = 15, 
2 H), 4.30 (t, lH), 5.07 (d, J = 5.7, 1 H), 5.85 (d, J = 15, 1 H), 
6.38 (8, 1 H), 6.65 (8,  1 H), 6.90-7.50 (m, 9 H), 7.55 (m, 1 H); 'H 
NMR (46b) 1.85 (dt, J = 13, 3, 1 H), 2.35 (dt, J = 13, 2, 1 H), 
3.63 and 3.73 (28, 6 H), 3.98 (br 8, 1 H), 4.10 and 4.40 (2 d, J = 
15, 2 H), 4.34 (t, 1 H), 5.02 (8 ,  1 H), 5.80 (d, J = 15, 1 H), 6.38 
(a, 1 H), 6.50 (a, 1 H), 7.05-7.50 (m, 9 H), 7.52 (m, 1 H); 13C NMR, 
Table I. Anal. Calcd for C~,H2eN20~.1/4H20 (mixture of 
diastereomers): C, 72.54; H, 5.97; N, 6.26. Found: C, 72.61; H, 
6.00; N, 6.28. 

Methyl S-Benzyl-3(Ji')-ethylidene-1,2,3,4,5,6-hexahydro- 
2,6-methano[ 1,4]diazocino[ 1 f-alindole- lB( and la)-carbox- 
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336 (M+, 100), 277 (35), 180 (25); HRMS calcd for CzlHuNzOz 
336.1838, found 336.1816. 

Methyl 5-(Chloroacetyl)-3/3-ethyl-1,2,3,4,5,6-hexahydro- 
2,Cmethano[ l,4]diazocino[ 1 f-elindole-la-carboxylate (47). 
Tetracycle 38b (1 g, 2.59 mmol) was hydrogenated over Pd(0H)z 
as described for 38a to give the crude amine 40b (0.75 9). 
Chloroacetyl chloride (0.25 mL, 2.83 mmol) in CHZClz (20 mL) 
was slowly added to a solution of 40b (0.75 g, 2.52 mmol) and 
EtaN (0.63 mL, 5 mmol) in CHzClz (10 mL), and the resulting 
solution was stirred at  room temperature for 2 h. The mixture 
was washed with 10% aqueous NazCO3 solution, dried, and 
evaporated. Column chromatography (1:l hexane-AcOEt) of 
the resulting residue gave chloroacetamide 47 (0.58 g, 60% ): mp 
109-110 "C (EBO); IR (KBr) 1647,1750 (CO); lH NMR 1.09 (t, 
J = 7,3 H), 1.49 (m, 2 H), 1.97 (dt, J = 13.6, 3.7,l H), 2.10 (m, 
1 H), 2.37 (dt, J = 13.6,3.3, 1 H), 2.56 (dd, J = 13.4, 12.6,l H), 
2.70 (m, 1 H), 3.55 (dd, J = 13.4,6,1 H), 3.72 (s,3 H), 3.95,4.05, 
4.20, and 4.30 (4 d, J = 12, 2 H), 5.05 (s, 1 H), 5.32 and 6.09 (2 
t, 1 H), 6.47 (8, 1 H), 7.09-7.30 (m, 3 H), 7.60 (d, J = 8 , l  H); 13C 
NMR, Table 11. Anal. Calcd for C&mN203CI: C, 64.08; H, 
6.18; N, 7.47. Found C, 64.06; H, 6.18; N, 7.55. 
(*)-2a-Hydroxy-5-oxo-2a,7a,l9,2Oa-tetrahy- 16-epipleie 

carpamine (49). A solution of chloroacetamide 47 (0.1 g, 0.267 
mmol) in MeOH-H20 (l:l, 200 mL) containing NaHCO3 (0.16 
g) was irradiated under Nz at  room temperature for 45 min using 
a 125-W medium-pressure mercury lamp in a quartz immersion 
well reactor. The reaction mixture was evaporated to dryness, 
and the residue was chromatographed (flash, 91:1 EB0-EtOH- 
DEA) to give alcohol 49: 24 mg (25% ); IR (film) 1656,1735 (CO), 
3400 (OH); 1H NMR 0.94 (t, J = 7,3 H), 1.20 (m, 3 H), 2.05 (m, 
2 H), 2.30-2.70 (m, 2 H), 2.90 (m, 2 H), 3.60 (br d, J = 7, 1 H), 
3.82 (s,3 H), 3.87 (br d, J = 4.5,l H), 3.98 (dd, J = 13,1.3,1 H), 
4.33 (s, 1 H), 6.25 (d, J = 8, 1 H), 6.71 (t, J = 8, 1 H), 7.11 (m, 
2 H); 13C NMR, Table 11; MS m/e (re1 intensity) 338 (59, M - 18), 
279 (loo), 180 (84). 

When MeOH was used as the solvent, methoxyindoline 48 
(63.75,3 H) was isolated in 10% yield after column chromatog- 
raphy (flash, 955 AcOEt-DEA)." 
(*)-5-Oxo-2p,7a,19,2Oa-tetrahydro- 16-epipleiocarpam- 

ine (50). Operating as in the preparation of 45, from alcohol 49 
(225 mg, 0.63 mmol), TFA (0.55 mL, 6.7 mmol), and EhSiH (0.39 
mL, 2.2 "01) was obtained a residue, which was chromato- 
graphed (flash, 90.50.5 EB0-EtOH-DEA) to give 5 0  150 mg 
(70%); IR (KBr) 1656,1735 (CO); lH NMR 0.96 (t, J = 7,3 H), 
1.20 (m, 3 H), 2.05 (m, 2 H), 2.28 (dm, J = 14, 1 H), 2.50 (m, 3 
H), 2.95 (dd, J = 14, 7.4, 1 H), 3.70 (8,  3 H), 3.84 (br d, J = 5. 
1, 1 H), 4.08 (dd, J = 14, 1.4, 1 H), 4.24 (8,  1 H), 4.43 (dd, J = 
10, 1.4, 1 H), 6.12 (d, J = 8, 1 H), 6.53 (t, J = 8, 1 HI, 6.98 (m, 
2 H); 13 NMR, Table 11; MS m/e (re1 intensity) 340 (M+, 31), 281 
(100); HRMS calcd for CmHuNzOs 340,1787, found 340,1781. 
(*)-2a,7~,19,20a-Tetrahydro- 16-epipleiocarpamine (52). A 

solution of amide 50 (0.1 g, 0.294 mmol) and Lawesson's reagent 
(68 mg, 0.17 mmol) in dry toluene (30 mL) was refluxed for 2 h. 
The solution was evaporated, and the resulting residue was 
chromatographed (flask, 90.50.5 EBO-EtOH-DEA) to give 
thioamide 51: 75 mg (73%); lH NMR 1.00 (t, J = 7 , 3  H), 1.30 
(m, 3 H), 2.10 (m, 2H, 2 H), 2.40 (dt, J = 14, 3, 1 H, 1 H), 2.65 
(br s, 1 H), 2.95 (dd, J = 15, 6, 1 H), 3.25 (dd, J = 14, 5, 1 H), 
3.50 (dd, J = 16, 1.3, 1 H), 3.75 (8, 3 H), 3.85 (br s, 1 H), 4.29 (8,  
1 H), 4.55 (d, J = 15, l  H), 5.24 (d, J = 14 , l  H), 6.17 (d, J = 8, 
1 H), 6.60 (t, J = 8, 1 H), 7.06 (m, 2 H). 

NaBH4 (0.31 g, 8.4 mmol) was slowly added to a solution of 
thioamide 51 (125 mg, 0.35 mmol) and NiClz-GHzO (0.66 g, 2.8 
mmol) in MeOH-THF (l:l, 80 mL) at  0 OC, and the reaction 
mixture was stirred at room temperature for 1 h. The solvents 
were removed and the resulting residue was digested with hot 
CHzClz. Evaporation of the organic solution followed by flash 
chromatography(9:l:l EGO-EtOH-DEA) gave52: 70mg(60%); 
IR (KBr) 1737 (CO); 1H NMR 0.97 (t, J = 7,3 H), 1.45 (m, 4 H), 
1.93 (m, 3 H), 2.26 (br s, 1 H), 2.57 (dd, J = 11,6,1 H), 3.05 (m, 
3-H), 3.69 (8,  3 H), 3.70 (masked, 1 H), 4.21 (8,  1 H), 6.25 (d, J 
= 7, 1 H), 6.64 (t, J = 7, 1 H), 7.07 (m, 2 H); 13C NMR, Table 
11; MS m/e (re1 intensity) 326 (M+ + 21), 267 (100); HRMS calcd 
for C&H&JzOz 326.1994, found 326.1998. 

Methyl 5-Acetyl-38-et hyl- 1,2,3,4,5,6- hexahydro-2,6- 
methano[ 1,4]diazocino[ l,2-a]indole-la-carboxylate (53). A 
solution of chloroacetamide 47 (50 mg, 0.13 mmol), Bu3SnH (0.1 
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mL, 0.39 mmol), and AIBN (catalytic amount) in toluene (50 
mL) was refluxed for 1 h. The solvent was removed, and the 
resulting residue was chromatographed (flash, 90.50.5 Et& 
EtOH-DEA) to give acetamide 53: 43 mg (98%); mp 134 "C 
(acetone-EhO); IR (KBr) 1629,1742 $0); 'H NMR 1.08 (t, J 
= 7,3 H), 1.45 (m, 2 H), 1.85 (m, 3 H), 2.02 and 2.30 (2 s,3 H), 
2.50 (dd, J = 13, 12.8, 1 H), 2.66 (m, 1 H), 3.48 and 4.40 (2 dd, 
J = 12.8,4, 1 H), 3.70 and 3.72 (2 s, 3 H), 5.03 (s, 1 H), 5.22 and 
6.16 (2 t, 1 H), 6. 39 and 6.45 (2 s, 1 H), 7.10-7.25 (m, 3 H), 7.60 
(dm, J = 8, 1 H); 13C NMR, Table 11. Anal. Calcd for 
CmHuNzOs: C, 70.56; H, 7.10; N, 8.23. Found: C, 70.71; H, 7.06; 
N, 8.56. 

Methyl 5 - ( C h l o r o a o e t y l ) - 3 ( E ~ t ~ ~ d e n e l , 2 ~ , 4 ~ , ~ ~ ~ y -  
dro-2,6-methano[ 1,4]diazocino[ 1,2-8]indole- lP-carboxy- 
late (54). Operating as described for 47, from amine 39a (0.72 
g, 2.43 mmol), chloroacetyl chloride (0.25 mL, 2.68 mmol), and 
EtaN (0.62 mL, 4.83 mmol) was obtained chloroacetamide 5 4  
0.59g (61%);mp 168-170 "C (i-PrzO); IR (KBr) 1646,1752 (CO); 
lH NMR 1.69 (dd, J = 6.8, 1, 3 H), 2.12 (m, 2 HI, 3.55 (br d, J 
= 14, 1 H), 3.74 (8, 3 H), 3.88 (br, 1 HI, 4.02 (m, 3 HI, 5.12 (d, 
J=6.1,1H),5.40and6.16(2t,lH),5.62(q,J=6.8,1H),6.53 
(8, 1 H), 6.94-7.25 (m, 3 H), 7.60 (d, J = 7 , l  H); 13C NMR, Table 
11. Anal. Calcd for C&HzlNzO&l.l/2HzO C, 62.91; H, 5.80; N, 
7.33. Found: C, 62.95; H, 5.75; N, 7.04. 
(~)-2a-Hydroxy-5-0~0-2a,7a-dihydropleiocarpamine (55). 

Operating as described in the preparation of pentacycle 49 except 
for the irradiation time (15 min), from chloroacetamide 54 (0.1 
g, 0.269 mmol) was obtained pentacycle 55: 17 mg (18%); IR 
(KBr) 1632, 1732,1758 (CO), 3400 (OH); lH NMR 1.52 (dd, J 
= 7, 1 , 3  H), 2.05 (dm, J = 13.6, 1 H, 1 H), 2.51 (d, J = 15.7, 1 
H), 2.77 (dm, J = 13.6, 1 H), 2.86 (dd, J = 15.7, 9.8, 1 H), 3.27 
(d, J = 9.8, 1 H), 3.45 (br d, J = 16.6, 1 H), 3.56 (br, 1 H), 3.60 
(8,  3 H), 4.02 (d, J = 4.3, 1 H), 4.49 (d, J = 5, 1 HI, 4.85 (d, J = 
16.6, 1 H), 5.38 (4, J = 7, 1 H), 6.05 (d, J = 7 , l  HI, 6.70 (t, J = 
7, 1 H), 7.05 (m, 2 H); 13C NMR, Table 11. 
(~)-5-0xo-2a,7a-dihydropleiocarpamine (56). Operating 

as in the preparation of 50, from alcohol 55 (190 mg, 0.536 mmol) 
was obtained 5 6  90 mg (50%); IR (KBr) 1649,1732,1755 (CO); 
lH NMR 1.52 (dd, J = 7, 1.3,3 H), 2.01 (dm, J = 14, 1 H), 2.36 
(dm, J = 14, l  H), 2.45 (d, J = 15.8,l H), 2.66 (dd, J = 15.8,10, 
1 H), 3.50 (m, 3 H), 3.66 (8, 3 H), 3.80 (d, J = 8, 1 H), 4.01 (m, 
2 H), 5.00 (d, J = 16.6, 1 H), 5.45 (9, J = 7, 1 H), 6.00 (d, J = 
8, 1 H), 6.64 (t, J = 8, 1 H), 7.01 (m, 2 H); 13C NMR, Table 11; 
MS m/e (re1 intensity) 338 (M+, 451,279 (100); HRMS calcd for 
CmH22N~03 338.1630, found 338.1628. 

(*)-2a,7a-Dihydropleiocarpamine (58). Amide 56 (90 mg, 
0.26 mmol) was treated with Lawesson's reagent (60 mg, 0.15 
mmol) and then worked up as described for 51 to give crude 
thioamide 57: 60 mg (64%). 

Thioamide 57 (30 mg, 0.084 mmol) and NiC12.6HzO (140 mg, 
0.58 mmol), in MeOH-THF (l:l, 20 mL), were treated with 
NaBH4 (67 mg, 1.76 mmol) at -30 "C for 5 min. Workup followed 
by flash chromatography (9:0.5:0.5 EBO-EtOH-DEA) gave 5 8  
12 mg (45%); 1H NMR 1.53 (dd, J = 6.7, 2,3 H), 1.90 and 2.10 
(2 m, 4 H), 2.80-3.10 (m, 4 H), 3.15 (m, 2 H), 3.25 (m, 1 H), 3.67 
(s,3 H), 4.00 (d, J = 3.4,l H), 4.40 (dm, J = 12.4,l H), 5.45 (qd, 
J = 6.7, 2, 1 H), 6.12 (d, J = 8, 1 H), 6.69 (t, J = 8, 1 H), 7.02 
(m, 2 H); l3C NMR, Table 11; MS m/e (re1 intensity) 324 (M+, 
30), 265 (70), 135 (100); HRMS calcd for CmHuNaOz 324,1838, 
found 324,1824. 
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The total synthesis of (-)-tetrahydrolipstatin utilizing two approaches is described. In the first, 
L-malic acid was used as a chiral template to obtain enantiomerically pure (R)-3-(benzyloxy)- 
tetradecanal (1 1) which was chain-extended using l-(trimethylsilyl)-2-nonene and a Lewis acid. 
This advanced intermediate was further elaborated to the target compound in good overall yield. 
The second approach utilized lauraldehyde as a starting material and capitalizes on an asymmetric 
allylboronation (91% ee). The product could be obtained enantiomerically pure by conversion to 
the (R)-acetoxymandelate ester and hydrolysis. Oxidative cleavage of the terminal double bond led 
to 11 which was further extended using 1,3- and 1,a-asymmetric induction based on existing neighboring 
chirality. The synthesis of tetrahydrolipstatin using the second approach comprises seven steps 
from 11 and proceeds in 38% overall yield. 

Lipstatin (1) and ita tetrahydro derivative 2 are rep- 
resentative members of a recently discovered class of 
8-lactone antibiotics of microbial origin' which also 
comprise valilactone,2 esterastin: ebelactone? and L-659,- 
69Q5 (Figure 1). Extensive studies a t  the Hoffmann-La 
Roche laboratories6 have demonstrated that 1 and 2 are 
potent inhibitors of pancreatic lipase, thus making these 
compounds ideal candidates for the reduction of fat 
absorption through diet in man. Indeed, phase I1 clinical 
studies now in progress' have demonstrated excellent 
prognosis for a marketable product against obesity and as 
a cholesterol-lowering agent. In view of their interesting 
structures, and the important biological activity in uiuo, 
it is not surprising that a number of groups have already 
reported on their results concerning total syntheses of 
tetrahydrolipstatin. The first synthesis of enantiomeri- 
cally pure tetrahydrolipstatin 2 was reported by Barbier 
and Schneidefl from the Roche-Base1 group who obtained 
a mixture of diastereoisomers from a racemic mixture of 
alcohols after esterification with N-formylleucine, Sub- 
sequently, two other syntheses were reportedg in which 
methyl (3R)-hydroxytetradecanoate, obtained from the 
corresponding &keto ester by asymmetric reduction,lO was 
used as starting material. 

In 1989, Pons and Kocienskill described their total 
synthesis of 2 from (R)-3-(benzyloxy)tetradecanal obtained 

*Abstract published in Advance ACS Abstracts, December 1,1993. 
(1) Weibel, E. K.; Hadvary, P.; Hochuli, E.; Kupfer, E.; Lengsfeld, H. 

J. Antibiot. 1987,40,1081. Hochuli, E.; Kupfer, E.; Maurer, R.; Meister, 
W.; Mercadal, Y.; Schmidt, K. J. Antibiot. 1987,40,1086. 

(2) Kitahara, M.; h w o ,  M.; Naganawa, H.; Maeda, K.; Homada, M.; 
Aoyagi,T., Umezawa, H.; Iitaka, Y.; Nakamura, H. J. Antibiot. 1987,40, 
1647. 

(3) Umezawa, H.; Hoyagi, T.; Uotani, K.; Hamada, M.; Takeuchi, T.; 
Takahashi, T. J. Antibiot. 1980, 33, 1694. Uotani, K.; Naganawa, H.; 
Kondo, S.; Aoyagi, T.; Umezawa, H. J.  Antibiot. 1982, 35, 1496. 

(4) Kondo, S.; Uotani, K.; Miyamoto, M.; Hazato, T.; Naganawa, H.; 
Aoyagi, T.; Umezawa, H. J.  Antibot. 1978, 31, 797. 

(6)  Chiang, Y .4 .  P.; Chang, M. N.; Yang, S. S.; Chabala, J. C.; Heck, 
J. V. J. Org. Chem. 1988,53, 4699. 

(6) Hadvary, P.; Lengsfeld, H.; Wolfer, H. Biochem. J. 1988,266,367. 
BorgstrBm, B. Biochim. Biophys. Acta 1988,962, 308. 

(7) Stadler, H.; Schneider, P. R.; Oesterhelt, G. Helu. Chim. Acta 1990, 
73, 1022. 
(8) Barbier, P.; Schneider, F. Helv. Chim. Acta 1987, 70, 196. 
(9) Barbier, P.; Schneider, F.; Widmer, U. Helu. Chim. Acta 1987,70, 

1412. Barbier, P.; Schneider, F., J. Org. Chem. 1988,53, 1218. 
(10) Nakahata, M.; Imaida, M.; Ozaki, H.; Harada, T.; Tai, A. Bull. 

Chem. SOC. Jpn. 1982,55,2186. See also ref 14. 
(11) Pons, J.-M.; Kocienski, P. Tetrahedron Lett. 1989, 30, 1833. 

in 84% ee by the asymmetric reduction12 of a precursor 
ynone followed by further elaboration. A key transfor- 
mation in this synthesis was the diastereoselective [2 + 
21 cycloaddition of the aldehyde with an appropriate 
(trimethylsily1)ketene leading to four diastereoisomeric 
8-lactones from which the desired isomer could be isolated 
in 5541% yield. Fleming and Lawrencels reported 
another interesting synthesis of 2 in which organosilicon 
chemistry and an asymmetric Michael addition step played 
important roles. Davies and co-workers14 have elaborated 
the 8-propiolactone portion via a stereoselective aldol 
reaction involving a chiral organoiron reagent. Finally, 
Uskokovic and co-workers15 have described a synthesis of 
2 based on the utilization of a cyclopentadiene alkylation- 
asymmetric hydroboration protocol en route to a key 
intermediate. A new route to the previously reported key 
intermediate lactone has been recently reported.16 

We report herein our efforta in this area which have 
culminated with the total synthesis of (3 -2  in an efficient 
and diastereocontrolled manner using two conceptually 
different strategies. The disconnective analysis shown in 
Figure 2 illustrates a plan which explores the stereocon- 
trolled condensation of an aldehyde with a suitably 
functionalized nucleophilic 2-nonenyl partner (M = H, 
Sn, Si, etc.). The terminal double bond in the resulting 
product was to be utilized as a precursor to the carboxylic 
acid group, and subsequent transformations leading to 
the intended target molecule would follow a previously 
established protoc01.~*9 This plan to achieve the stereo- 
controlled synthesis of 2 is operationally different from 
the previous appro ache^^%,^^-^^ in that it capitalizes on 
internal asymmetric induction by a resident alkoxy group 
originally derived from L-malic acid. With such a plan in 
mind we had to address a number of issues such as (a) the 
nature of the nucleophilic reagent, and particularly the 
terminal "activatorn M (Figure 2), (b) the level of dias- 
tereoselection in the condensation reaction, and (c) an 

(12) Midland, M. M.;Graham,R. S. Org. Synth. 1984,63,67. Midland, 

(13) Fleming, I.; Lawrence, N.J. Tetrahedron Lett. 1990, 31, 3646. 
(14) Case-Green, S. C.; Davies, S. G.; Hedgecock, C. J. R. Synlett 1991, 

M. M.; Lee, P. E. J. Org. Chem. 1981,415,3933. 

781. 
(16) Chadha, N. K.; Batcho, A. D.; Tang, P. C.; Courtney, L. F.; Cook, 

C. M.; Wovkulich, P. M.; Uskokovic, M. R. J. Org. Chem. 1991,554714. 
(16) Landi, Jr., J. J.; Garofalo, L. M.; Ramig, K. Tetrahedron Lett. 

1993,34, 277. 
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\/\,,+NHCHO 

LIPSTATIN, 1 TETRAHYDROLIPSTATIN, 2 VALILACTONE 

ESTERASTIN 

Figure 1. 

TETRAHYDROESTER ASTIN L - 659,699 

FUNCTIONALIZE 

1 -tM EXTEND 

1,3 - INDUCTION nC1 1 H23 -a ' HO2C L C 4 H  

nC6H13 
- 

L(-)- MALIC ACID ( CHIRON ) 

M = H, Si, Ti, Sn, etc. ( CHIRAL TEMPLATE ) 

Figure 2. 

Scheme I* 
R 

HO a ~ + o  b,c  "-f'O d e, f - 
H 4 C  LC02H (95n o+co2H O+OR' (94%) Me02C 

0 0 
3, R,R = -(CH2)5- 4, R,R = -(CHz)y 

R = t-BuPhzSi 
5, R' = r-BuPhzSi 6, R = NaphSOz 

R' = r-BuPhzSi 

BnO 

&OR - i, j 

(83%) 
nC11H.a 

0 LOR, - h nC11H23 - - +OR' 
nC11H23 

(88%b) 7, R' = r-BuPhzSi 8, R' = r-BuPhzSi 9, R = r-BuPhzSi 11 
(90%) 

10,R=H 

a Key: (a) cyclohexanone, BFvEhO; (b) BHrDMS, B(0Me)s; (c) t-BuPhBiCl, imidazole, DMF (d) Cat. NaOMe, MeOH (e) BHrDMS, 
cat. NaBH4; (0 Naph-SO2C1, cat. DMAP, py; (g) n - C ~ d h L i ,  BFyEhO; (h) PhCHZOC(CCk)=NH, CFSCO~H, (i) 48% HF-CHaCN (595)- 
CHzC12; (i) PDC, CH2C12. 

alternate access to the aldehyde that would lead to material 
of very high enantiomeric purity. 

Total Synthesis of Tetrahydrolipstatin from L- 
Malic Acid. In order to ensure the high enantiomeric 
purity of this aldehyde, we sought an approach that relied 
on the chemical manipulation of the readily available 
L-malic acid as a chiral template (Scheme I). Thus, the 
resident hydroxyl group would ultimately be part of the 
&hydroxy aldehyde motif 11. Through a series of un- 

eventful transformations, L-malic acid was converted into 
the epoxide 7 based on methodology developed 
in our group18 (Scheme I). Some notable operational 
differences in our protocol involved the chemoselective 

(17) Clive, D. L. J.; Murthy, K. 5. K.; Wee, A. G. H.; Prasad, J. 5.; da 
Silva, G. V.; Majewski, M.; Anderson, P. C.; Evans, C. F.; Hawen, R. D.; 
Heerze, L. D.; Barrie, J. R. J.  Am. Chem. SOC. 1990,112, 3018. 

(18) Hanessian, S.; Ugolini, A.; DUM, D.; Glamyan, A. Con. J.  Chem. 
1984,62, 2146. 


