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105, 91, 75; CCHRMS M + NH3+ (calculated for C,,;HysNO,)
310.2018, (found) 310.2010; [a]%p = +34.4° (¢ 0.75, CH,Cl,).

(E)-(28,58,68)-Methyl 6-(benzyloxy)-2-methoxy-4-
methyldec-3-enoate (3b): 'H NMR (400 MHz, CDCl,) ¢
7.36-7.25 (m, 5 H), 5.93 (dd, 1 H, J = 7.2, 15.6 Hz), 5.47 (dd, 1
H, J = 7.2, 15.6 Hz), 4.53 and 4.49 (AB q, 2 H, J,z = 11.5 Hz),
421 (d,1H,J =176 Hz), 3.74 (s, 3 H), 3.36 (s, 3 H), 3.28-3.25
(m, 1 H), 2.54-2.52 (m, 1 H), 1.60-1.25 (m, 6 H), 1.056 (d, 3 H, J
= 3.2 Hz), 0.87 (t, 3 H, J = 6.8 Hz); IR (neat) v,,, 3000-2800, 1750,
1500, 1480, 1370, 1350, 1100 ¢cm™; CIMS (NH;, gas) 352, 335, 303,
247, 227, 195, 157, 127, 91, 75; CCHRMS M + NH,* (calculated
for CooH3,NO,) 352.2488, (found) 352.2491; [a]®p = +21.6° (c 0.5,
CH,CLy).

(E)-(29,58,68)-Methyl 6-(benzyloxy)-6-isopropyl-2-
methoxy-4-methylhex-3-enoate (3c): 'H NMR (400 MHz,
CDCly) 6 7.26-7.23 (m, 5 H), 5.83 (dd, 1 H, J = 8, 15.6 Hz), 5.41
(dd,1 H,J = 7.2,15.6 Hz), 4.46 and 4.43 (AB q, 2 H, J,5 = 11.2
Hz), 4.12 (d, 1 H, J = 7.2 Hz), 3.63 (s, 3 H), 3.27 (s, 3 H), 2.91
(t, 1 H, J = 5.6 Hz), 2.42-2.39 (m, 1 H), 1.76-1.71 (m, 1 H), 0.99
(d, 3H, J = 6.4 Hz), 0.85 (d, 6 H, J = 6.8 Hz); 3C NMR (100 MHz,
CDCly) 6 171.7, 140.4, 138.9, 128.27, 127.4, 123.7, 88.5, 81.4, 75.1,
57.1,52.1, 39.7, 37.3, 31.1, 20.3, 17.7, 15.2; IR (neat) vy, 2900, 1750,
1500, 1450, 1370, 1350, 1200, 1100 cm™; CIMS (NH; gas) 338, 321,
289, 247, 217, 213, 181, 163, 127, 91, 75; CIHRMS M + NH,*
(calculated for C,;H;3,NO,) 338.2337, (found) 838.2331; [«}?®p =
+76° (C 0.25, CHzclg).

(E)-(28,5R,6S)-Methyl 6-(benzyloxy)-2,5,7,7-tetra-
methyloct-3-encate (3d): 'H NMR (400 MHz, CDCl,) é 7.26-7.15
(m, 5 H), 5.52 (dd, 1 H, J = 7.6, 15.6 Hz), 5.36 (dd, 1 H, J = 7.6,
15.6 Hz), 4.51 and 4.49 (AB q, 2 H, J, = 11.6 Hz), 3.55 (s, 3 H),
3.03-2.99 (m, 1 H), 2.88 (d, 1 H, J = 3.6 Hz), 2.45-2.43 (m, 1 H),
1.15(d, 3H, J = 7.2 Hz), 0.99 (d, 3 H, J = 6.8 Hz), 0.86 (s, 9 H);
13C NMR (100 MHz, CDCl,) 8 175.4, 139.3, 138.9, 128.2, 127.4,
127.2, 126.6, 90.4, 74.9, 51.7, 42.8, 38.1, 37.0, 27.2, 17.3, 15.9; IR
(neat) v, 3100-2800, 1740, 1450, 1380, 1200, 1100, 950, 750, 700
ceml; CIMS (NH; gas) 336, 276, 261, 211, 199, 155, 141, 91, 85,
73, 57; CTHRMS M + NH,* (calculated for Co,qH3, NO3) 336.2537,
(found) 336.2538; [«]®p = +28.1° (¢ 1.1, CH,Cl).

(E)-(28,5R,68)-Methyl 6-(benzyloxy)-6-cyclohexyl-2,5-
dimethylhex-3-enoate (3e): 'H NMR (400 MHz, CDCl;) 5
7.35-7.25 (m, 5 H), 5.58-5.51 (m, 2 H), 4.55 and 4.49 (AB q, 2 H,
Jap = 11.2 Hz), 3.64 (s, 3 H), 3.14-3.10 (m, 1 H), 299 (t, 1 H, J
= 5.6 Hz), 2.48-2.45 (m, 1 H), 1.92-1.61 (m, 7 H), 1.24 (d, 3 H,
J = 6.8 Hz), 1.22-1.09 (m, 4 H), 1.05 (d, 3 H, J = 6.8 Hz); 1°C NMR
(100 MHz, CDCly) 6 175.3, 139.1, 136.08, 128.3, 127.9, 127.5, 127.3,
88.2, 75.1, 57.1, 51.7, 42.8, 41.1, 39.1, 30.6, 28.3, 26.6, 26.6, 17.4,
15.1; IR (neat) vn,, 3100-2750, 1780, 1450, 1280, 1200, 1100, 950,
750, 700 cm™1; CIMS (NH; gas) 237, 205, 149, 141, 91, 85; CITHRMS
M + NH,* (calculated for C,oH3NO,) 362.2695, (found) 362.2697;
[«]®p = +32.9° (c 0.75, CH,Cl,).

(E)-(2R,58,6R)-Methyl 6,7-bis(benzyloxy)-2-methoxy-5-
methylhept-3-enoate (3f): 'H NMR (400 MHz, CDCl,) &
7.28-7.16 (m, 10 H), 5.84-5.76 (dd, 1 H, J = 7.6, 15.6 Hz), 5.44-5.38
(dd, 1H,J =7.2,15.6 Hz), 4.61 and 4.46 (ABq,2H, J,5g = 11.6
Hz), 4.43 and 4.40 (Abq, 2 H, J,g = 12.0 Hz),4.09(d, 1 H,J =
7.2 Hz), 3.62 (s, 3 H), 3.58-3.39 (m, 3 H), 3.23 (s, 3 H), 2.49-2.48
(m, 1 H), 0.97 (d, 3 H, J = 6.8 Hz); 13C NMR (100 MHz, CDCl;)
4171.3,139.1, 138.8, 138.3, 128.4, 128.4, 128.3, 128.2, 127.9, 127.9,
127.8, 127.6, 127.5, 124.5, 81.5, 81.4, 77.2, 73.4, 72.7, 71.2, 57.0,
52.2, 38.6, 15.2; IR (neat) »,,, 3100, 2200, 1725, 1635, 1450, 1200,
1100 em™!; CIMS (NH; gas) 416, 226, 189, 181, 145, 104, 91, 75;
CIHRMS M + NH,* (calculated for C;,H3,NO;) 416.5377, (found)
416.53774; [a)®p = +32.97° (c 0.56, CH,Cl,).

(E)-(2R,58,6R)-Methyl 6-(2,5-dimethoxyphenyl)-2,6-di-
methoxy-5-methylhex-3-enoate (3g): 'H NMR (400 MHz,
CDCl,) 4 6.88-6.87 (m, 1 H), 6.75-6.74 (m, 2 H), 5.89-5.83 (dd,
1H,J =16, 15.2 Hz), 5.38-5.33 (dd, 1 H, J = 7.6, 15.6 Hz), 4.49
(d,1H,J =6.0Hz),4.13(d,1 H,J = 7.6 Hz), 8.77 (s, 3 H), 3.76
(s, 3 H), 3.72 (s, 3 H), 3.22 (8, 3 H), 3.20 (s, 3 H), 2.55 (m, 1 H),
1.02 (d, 8 H, J = 6.8 Hz); *C NMR (100 MHz, CDCl,) 4 171.1,
153.6, 151.5, 139.6, 129.8, 123.9, 113.0, 112.6, 111.2, 81.3, 80.4, 57.1,
56.5, 55.7, 55.6, 51.9, 42.2, 14.9; IR (neat) v,,, 2995, 1750, 1490,
1475, 1275, 1210, 1100, 1050; CIMS (NH; gas) 338, 275, 243, 215,
181, 151, 95, 75, 45; CIHRMS M + NH,* (calculated for
glgHCsoNOS) 356.2073, (found) 356.2071; [«]®p = +17.24° (¢ 1.0,

H,Cly)

(E)-(28,58,6R)-Methyl 6-(benzyloxy)-6-(2,3-dimethoxy-
phenyl)-2-acetoxy-5-methylhex-3-enoate (3h): 'H NMR (400
MHz, CDCl;) 6 7.32-7.26 (m, 5 H), 7.06 (t, 1 H, J = 8.0 Hz), 6.98
(d,1H,J=64Hz),683(d,1H,J =68Hz),587(dd, 1 H,J
=17.6,15.6 Hz), 543 (dd, 1 H,J = 7.2,15.6 Hz),5.29(d,1 H, J
= 7.6 Hz), 466 (d, 1 H, J = 6.8 Hz), 4.42 and 4.24 (AB q, 2 H,
Jap = 12 Hz), 3.87 (s, 3 H), 3.77 (s, 3 H), 3.65 (s, 3 H), 2.65-2.63
(m, 1 H), 2.04 (s, 3 H), 1.09 (d, 3 H, J = 6.4 Hz); 13C NMR (67
MHz, CDCl;) 6 170.1, 169.3, 152.3, 147.3, 139.9, 138.6, 133.9, 128.2,
127.6, 127.4, 123.8, 121.7, 119.6, 111.2, 78.2, 73.2, 70.7, 60.5, 55.6,
52.3, 42.6, 20.8, 15.1; IR (neat) vy,, 3050, 2950, 1730, 1600, 1490,
1430, 1280, 1230 cm™'; CIHRMS M + NH,* (calculated for
Cy5Hg NO,) 460.2335, (found) 460.2348; [}, = +58.2° (¢ 1.5,
CH,Cl,).
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The development of new, general synthetic routes to
pentacyclic Strychnos indole alkaloids! based on the clo-
sure of the five-membered E ring, by formation of the
crucial quaternary C-72 center in the last synthetic steps
from appropriate hexahydro-1,5-methanoazocino[4,3-b]-
indole systems, has received attention during the last
years.®* Cyeclization of a thionium ion, such as la, gen-
erated by treatment of amino dithioacetal 2a with di-
methyl(methylthio)sulfonium fluoroborate (DMTSF) was
successful when R = H.2 Following this procedure we have
reported the total synthesis of the Strychnos alkaloids
(+)-tubifoline, (#)-tubifolidine, (+)-19,20-dihydroaku-
ammicine,? and (&)-tubotaiwine.> Similar cyclizations
from thionium salts 1b, generated either from amido di-
thioacetal 2b (R = H) or by Pummerer rearrangement
from amido sulfoxides 3b (R = H, CO,Me, p-MeC;H,SO,,
or p-MeOC;H,SO,) resulted in failure.>* Both our studies
and those reported by Magnus have demonstrated that a
limiting structural factor in the above cyclizations is the
presence of an amide carbonyl group, either exocyclic or
endocyclic with respect to the piperidine ring, since all

(1) (a) For a review about pentacychc Strychnos indole alkaloids, see:
Bosch, J.; Bonjoch, J. In Studies in Natural Products Chemistry; Atta
ur- Rahm Ed.; Elsevier: Amsterdam, 1988; Vol. I, p 31. For more
recent syntheses, see: (b) Kuehne, M. E;; Frasler, D. A Spitzer, T. D.
J. Org. Chem. 1991, 56, 2696. (c) Nkiliza, J .; Vercauteren, J.; Léger, J.-M.
Tetrahedron Lett. 1991, 32, 1787. (d) Fevig, J. M.; Marquis, R. W., Jr.;
Overman, L. E. J. Am. Chem. Soc. 1991, 113, 5085.

(2) The biogenetic numbering is used for pentacyclic structures. Le
Men, J.; Taylor, W. 1. Experientia 19685, 21, 508.

(3) Amat, M.; Linares, A.; Bosch, J. J. Org. Chem. 1990, 55, 6299.

(4) Magnus, P.; Sear, N. L.; Kim, C. S; Vicker, N. J. Org. Chem. 1992,
57,70. We thank Professor Philip Magnus for allowing us to know the
contents of this manuscript prior to publication.

(5) Gracia, J.; Bonjoch, J.; Casamitjana, N.; Amat, M.; Bosch, J. J.
Chem. Soc., Chem. Commun. 1991, 614.
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attempts to bring about the cyclization from lactam di-
thioacetals 2¢ (R = H, CO,Me, or p-MeOCH,SO,) or from
lactam sulfoxide 3¢ (R = p-MeOCgH,SO,) were also un-
successful.#® Related cyclizations of thionium ions gen-
erated by Pummerer reaction from sulfoxides have been
extensively used by Magnus in the context of the synthesis
of Aspidosperma aklaloids,” although in all reported cases
the piperidine nitrogen in part of an amide (exocyclic or
endocyclic) group.! The differences observed in the
Pummerer reaction applied to the closure of the E ring of
Aspidosperma and Strychnos alkaloids probably reflect
the higher conformational flexibility of the fused tetracyclic
precursors of Aspidosperma systems as compared with the
conformationally rigid bridged Strychnos analogs.

We report now the use of the Pummerer reaction from
amino sulfoxides 3a as an alternative way of generating
the required thionium ion intermediate la and its cycli-
zation to pentacyclic Strychnos systems, which constitutes
the first synthetic entry to the Strychnos skeleton via a
Pummerer cyclization. Worthy of mention is also the fact
that there are few examples of Pummerer reactions® from
B-amino sulfoxides.

The required sulfoxide 83a—1 was prepared in three steps
as an equimolecular mixture of diastereomers from the
tetracyclic secondary amine 6,!° by Ng-alkylation with
2-(phenylthio)ethyl bromide followed by methoxy-
carbonylation of the indole nitrogen in the resulting sulfide
7 and further oxidation of 8-hydrochloride with NalO,.
Attempts to effect the oxidation either with m-CPBA or
from the sulfide 8 as the base produced sulfoxide 3a-1 in
lower yields. In the latter case hydroxylamine 9 and
phenyl vinyl sulfoxide, probably formed by §-elimination
via an N-oxide intermediate, were also isolated from the
reaction mixture.

As expected, conversion of sulfoxides 3a-1 to the pre-
sumed acyloxy sulfide intermediate 11 by the Pummerer
reaction took place more slowly than from the analogous
B-keto sulfoxides 3b,3 as it could be followed by 'H NMR.
Thus, when a sample of 3a-1 was treated with TFAA in
CDCl,, the signals at 6 3.99 and 4.19 (H-1 for both dia-

(6) Sanfeliu, E. Ph.D. Thesis, University of Barcelona, 1990.

(7) Gallagher, T.; Magnus, P.; Huffman, J. C. J. Am. Chem. Soc. 1983,
105, 4750. See also, for instance: (a) Magnus, P.; Brown, P. J. Chem.
Soc., Chem. Commun. 1985, 184. (b) Ladlow, M.; Cairns, P. M.; Magnus,
P. J. Chem. Soc., Chem. Commun. 1986, 1756. (c) Cardwell, K.; Hewitt,
B.; Magnus, P. Tetrahedron Lett. 1987, 28, 3303,

(8) For related electrophilic cyclizations of aldehyde precursors in the
synthesis of Iboga systems, see: (a) Sundberg, R. J.; Cherney, R. J. J. Org.
Chem. 1990, 55, 6028. (b) Sundberg, R. J.; Gadamasetti, K. G. Tetra-
hedron 1991, 47, 5673.

(9) De Luecchi, O.; Miotti, U.; Modena, G. Org. React. 1991, 40, 157.

(10) (a) Feliz, M.; Bosch, J.; Mauleén, D.; Amat, M.; Domingo, A. J.
Org. Chem. 1982, 47, 2435. (b) Bosch, J.; Amat, M.; Sanfeliu, E.; Miranda,
M.-A. Tetrahedron 1985, 41, 2557.
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stereomers) shifted to § 4.94 and 5.04. After 5 min only
small signals at § 5.12 and 5.20 along with two doublets
of doublets at & 6.40 (J = 10.0 and 2.6 Hz) and 6.56 (J =
9.4 and 1.8 Hz), corresponding to the methine H-1 and
SCHO protons, respectively, of both diastereomers of 11,
could be observed. Conversion of sulfoxides 3a-1 to
acyloxy sulfides 11 was complete after 2 h. Consequently,
sulfoxides 3a-1 were allowed to react with TFAA in CH,Cl,
at room temperature for 2 h, the solvent was eliminated
under vacuum, and the mixture was refluxed in toluene
for 3 h. Under these conditions the major product was the
secondary amine 10 resulting from hydrolysis of the exo-
cyclic iminium ion formed through the equilibrium
thionium ion = vinyl sulfide (enamine) = iminium ion.!!
Only traces of the desired pentacyclic compound 5 (H-68
epimer) could be detected by 'H NMR. However, when
BF;Et,0 was added to the initially formed acyloxy sulfide
intermediate 11, and the resulting solution was refluxed
in CH,Cl, for 4 h, a mixture of pentacyclic compounds 5
(epimeric mixture at C-6) and 12 was obtained in ap-
proximately 50% overall yield. The assignment of the two
epimers 5 was effected by comparison of the 'H NMR
signals with those of the methylthio analog 13, prepared
by N-methoxycarbonylation of 4, and by the upfield shift
observed for H-6 in the H-6a: epimer (5 3.70), as compared
with the H-68 epimer (8 4.40), due to the anisotropic effect
of the aromatic ring. The major compound 12, which was
converted to the H-68 epimer of 5 by treatment with p-
TsOH in benzene at room temperature, probably arises
from the N-acyliminium salt initially formed after the
cyclization step, either by direct addition of water or by
addition of triflucroacetate ion followed by hydrolysis. The
'H NMR resonance of H-6 in 12 is dramatically shifted
to 6 5.21 (compare with the values in 5), due to the de-
shielding effect exerted by the C-2 hydroxy group.

The success in the BF3Et,0-induced Pummerer cycli-
zation of 3a-1 may be attributed to the ability of this
reagent to generate a thionium jon under milder conditions
by enhancing the leaving group character of the acyloxy
substituent in the intermediate 11. On the other hand,
under these conditions a piperidine-BF; adduct probably
prevents the formation of the exocyclic iminium ion, thus
avoiding the competing undesirable N-dealkylation.

(11) For related N-dealkylations of aminoacetaldehyde derivatives,
see: (a) Lathbury, D. C.; Parsons, P. J.; Pinto, 1. J. Chem. Soc., Chem.
Commun. 1988, 81. (b) Mehmandoust, M.; Marazano, C.; Das, B. C. J.
Chem. Soc., Chem. Commun. 1989, 1185. (c) Valls, N.; Segarra, V. M,;
Maillo, L. C.; Bosch, J. Tetrahedron 1991, 47, 1065. (d) Bosch, J.; Salas,
M.; Amat, M.; Alvarez, M.; Morgb, 1.; Adrover, B. Tetrahedron 1991, 47,
5269. See also ref 3.
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The Pummerer reaction from the N,-unsubstituted
sulfoxide 3a-2 should induce the formation of a thionium
ion 1a (R = H, R, = SCgHj;), similar to the one (1a: R =
H, R, = SCH;) generated by DMTSF treatment of di-
thioacetal 2a (R = H) which satisfactorily cyclizes® to
pentacycle 4. However, rather surprisingly, when sulfoxide
3a-2, prepared as a diastereomeric mixture by NalIO, ox-
idation of sulfide 7-hydrochloride, was subjected to
standard Pummerer conditions (TFAA followed by heating
at 130 °C in chlorobenzene), the known tetracyclic sec-
ondary amine 6 was obtained as the only identifiable
product. This result makes evident that the protona-
tion-deprotonation equilibria leading to the exocyclic im-
inium salt again occur faster than cyclization, even in the
absence of the deactivating effect of the N,-methoxy-
carbonyl substituent. The success of the DMTSF-induced
cyclization of 2a (R = H),? in contrast with the failure of
the Pummerer cyclization of 3a-2, can be accounted for
by considering that, in the presence of DMTSF, methyl-
sulfenylation occurs on the piperidine nitrogen to give a
(methylthio)ammonium ion, which is hydrolyzed once the
cyclization has taken place, a role similar to that played
by BF3Et,0 in the above successful cyclization of 3a-1.
When the Pummerer reaction from sulfoxide 3a-2 was
carried out under the conditions satisfactorily used for the
cyclization of 3a-1 (in the presence of BF;-Et,0 in refluxing
CH,Cl,) untractable mixtures were formed, from which
neither the desired pentacyclic compound 15 nor the
secondary amine 6 could be isolated. The instability of
tetracyclic hexahydro-1,5-methanoazocino[4,3-b]indoles!?
or the resulting pentacyclic indolenines under the acylating
conditions of the Pummerer reaction could explain this
result.

Finally, Raney nickel hydrogenolysis of the C-S bond
of 5 (separate epimers) and 13 afforded the same penta-
cyclic compound 14, the C-20 deethyl analog of the last
synthetic intermediate in our synthesis of tubifoline,
19,20-dihydroakuammicine and tubotaiwine.®

The results here described establish that the closure of
the five-membered E ring of pentacyclic Strychnos indole
alkaloids can be efficiently achieved by intramolecular
electrophilic attack on the indole 3-position of a thionium
ion generated by the Pummerer reaction from an appro-
priate sulfoxide provided that the piperidine nitrogen is
an amine rather than an amide. On the other hand, the
use for the first time of a 8-amino sulfoxide in the intra-
molecular Pummerer reaction applied to the synthesis of
pentacyclic indole alkaloids deserves interest and further
application.

Experimental Section

Melting points were determined in open capillary tubes and
are uncorrected. 'H and 3C NMR spectra were recorded in CDCl,
solution at 200 and 50.3 MHz, respectively. Chemical shifts are
expressed in parts per million downfield (5) from TMS as internal
standard. Only noteworthy IR absorptions (reciprocal centime-
ters) are listed. Flash chromatography was carried out on Si0O,
(silica gel 60, 0.040-0.063 mm). Thin-layer chromatography was
carried out on SiQ, (silica gel 60 Fyz,, 0.063-0.200 mm), and the
spots were located with iodoplatinate reagent or UV light. Pu-
rification of reagents and solvents was effected according to
standard methods. All reactions were carried out under nitrogen
or argon atmosphere. Prior to concentration, under reduced

(12) (a) Caserio, M. C.; Kim, J. K. J. Am. Chem. Soc. 1982, 104, 3231.
(b) Kim, J. K.; Souma, Y.; Beutow, N.; Ibbeson, C.; Caserio, M. C. J. Org.
Chem. 1989, 54, 1714,

(13) (a) Cohylakis, D.; Hignett, G. J.; Lichman, K. V.; Joule, J. A. J.
Chem. Soc., Perkin Trans. 1 1974, 1518. (b) Besselidvre, R.; Husson,
H.-P. Tetrahedron 1981, 37 Suppl. 1, 241. (c) Naito, T.; lida, N.; Nino-
miya, 1. J. Chem. Soc., Perkin Trans. 1 1986, 99.

Notes

pressure, all organic extracts were dried over anhydrous MgSO,
or Na,SO, powder. All compounds were synthesized in the ra-
cemic series. Microanalyses were performed by Centro de
Investigacion y Desarrollo (CSIC), Barcelona.

2-[2-(Phenylthio)ethyl]-1,2,3,4,5,6-hexahydro-1,5-
methanoazocino[4,3-b Jindole (7). A mixture of 6!° (600 mg,
2.8 mmol), 2-(phenylthio)ethyl bromide!* (920 mg, 4.2 mmol), and
anhydrous Na,CO; (450 mg, 4.2 mmol) in dioxane (45 mL) was
refluxed for 24 h. Removal of the solvent afforded a residue which
was taken up with CH,Cl;. The solution was washed with brine,
dried, and evaporated. Purification of the residue by flash
chromatography (95:5 Et,0-DEA) afforded 7 (837 mg, 85%): IR
(KBr) 1620, 1580, 1450, 740 cm™!; '"H NMR 6 1.59 (dm, J = 13.0
Hz, 1 H, H-4eq), 1.81 (dq, J = 12.5, 5.5, 3.0 Hz, 1 H, H-12R),
1.50-2.65 (m, 2 H, H-3ax and H-4ax), 2.20 (dt, J = 12.5, 3.5 Hz,
1 H, H-128), 2.36 (m, 1 H, H-5), 2.37 (m, 1 H, NCH), 2.58 (masked,
1 H, H-3eq), 2.59 (d, J = 17.0 Hz, 1 H, H-6ax), 2.95 (m, 1 H, NCH),
3.01 (dd, J = 17.0, 9.6 Hz, 1 H, H-6eq), 3.156 (m, 2 H, SCH,), 4.18
(apparent t, 1 H, H-1), 7.00~7.45 (m, 9 H, Ar), 8.00 (brs, 1 H,
NH); 13C NMR & 25.1 (C-5), 29.0 (C-6), 31.8 (CH,S), 32.7 (C-4),
33.0 (C-12), 44.4 (C-3), 50.6 (CH,N), 56.0 (C-1), 106.7 (C-11b),
110.4 (C-8), 118.2 (C-11), 119.6 (C-9), 120.8 (C-10), 125.9 (C-4"),
128.2 (C-11a), 128.9 (C-2’ and C-6’), 129.4 (C-3’ and C-5'), 135.7
(C-6a), 136.7 (C-1'), 136.8 (C-7a); mp 145-147 °C (Et,0). Anal.
Caled for C.H, N,S: C, 75.82; H, 6.94; N, 8.04; S, 9.20. Found:
C, 75.85; H, 6.94; N, 8.16; S, 9.15.

Methyl 2-[2-(Phenylthio)ethyl)-1,2,3,4,5,6-hexahydro-1,5-
methanoazocino[4,3-b Jindole-7-carboxylate (8). To a solution
of sulfide 7 (2.0 g, 5.8 mmol) in THF (60 mL) was added n-BuLi
(4.3 mL, 1.6 M in hexane, 6.9 mmol) at —78 °C. The temperature
was raised to -50 °C, and the mixture was stirred for 45 min.
Then, a solution of methyl chloroformate (0.67 mL, 8.6 mmol)
in THF (10 mL) was slowly added at -78 °C, and stirring was
continued for 3 h at 0 °C. The resulting mixture was poured into
saturated aqueous NaHCO; solution and extracted with AcOEt.
The organic extracts were dried and evaporated to give a foam
which, after flash chromatography (97:3 Et,0-DEA), afforded
pure 8 (2.0 g, 87%): IR (KBr) 1720 cm™; 'H NMR § 1.60 (dm,
J = 12.8 Hz, 1 H, H-4eq), 1.73 (dm, J = 12.0 Hz, 1 H, H-12R),
1.94 (tt, J = 12.8, 4.2 Hz, 1 H, H-4ax), 2.11 (masked, 1 H, H-3ax),
2.14 (dt, J = 12.0, 3.0 Hz, 1 H, H-128), 2.34 (m, 1 H, NCH), 2.37
(m, 1 H, H-5), 2.62 (dm, J = 11.0 Hz, 1 H, H-3eq), 2.92 (m, 1 H,
NCH), 2.94 (d, J = 18.0 Hz, 1 H, H-6ax), 3.06 (m, 2 H, SCH,),
3.18 (dd, J = 18.0, 8.0 Hz, 1 H, H-6eq), 4.02 (s, 3 H, CH;0), 4.11
(apparent t, 1 H, H-1), 7.10-7.40 (m, 8 H, Ar-H), 8.10 (m, 1 H,
H-8); 1%C NMR 4 25.4 (C-5), 32.0 (C-6), 32.0 (CH,8), 32.1 (C-4),
32.7 (C-12), 44.2 (C-3), 50.5 (C-1), 53.2 (CHZ0), 56.2 (CH,N), 113.7
(C-11b), 115.4 (C-8), 118.2 (C-11), 123.1 (C-10), 123.4 (C-9), 126.0
(C-4),128.9 (C-2’ and C-6), 129.6 (C-3’ and C-5'), 130.1 (C-11a),
135.7 (C-8a), 136.7 (C-Ta), 138.3 (C-1’), 152.7 (C==0). For the
picrate: mp 185-187 °C (EtOH). Anal. Caled for C3HyoN;0,S:
C, 56.69; H, 4.60; N, 11.02; S, 5.04. Found: C, 56.58; H, 4.68; N,
10.89; S, 4.87.

Methyl 2-[2-(Phenylsulfinyl)ethyl]-1,2,3,4,5,6-hexa-
hydro-1,5-methanoazocino[4,3-b Jindole-7-carboxylate (3a-1).
To an ice-cold solution of 8-hydrochloride (900 mg, 2.0 mmol) in
2:1 dioxane-EtOH (90 mL) was added dropwise a solution of
NalO, (457 mg, 2.1 mmol) in HyO (11 mL). The mixture was
stirred at rt for 48 h, filtered, concentrated under vacuum, diluted
with 10% aqueous Na,COjg, and extracted with AcOEt. The
extracts were washed with brine and dried. Removal of the solvent
followed by flash chromatography (95:5 Et,0~-DEA) afforded
starting material 8 (250 mg) and sulfoxide 3a-1 (582 mg, 68%,
mixture of diastereomers): IR (KBr) 1720, 1020 cm™; 'H NMR
5 1.60 (dm, J = 12.8 Hz, H-4eq), 2.38 (m, H-5), 2.94 (d, J = 18.0
Hz, H-6ax), 3.15 (dd, J = 18.0, 8.0 Hz, H-6eq), 3.99 and 4.19 (2
apparent t, 1 H, H-1), 4.01 (s, 3 H, CH;0), 7.10-7.70 (m, 8 H, Ar),
8.10 (m, 1 H, Ar); 13C NMR 6 24.5 (C-5), 31.1 (C-4), 31.2 (C-6),
31.7 and 31.9 (C-12), 42.9 and 43.1 (C-4), 48.6 and 48.7 (CH,S0),
49.6 and 50.2 (C-1), 52.5 (CH;0), 55.0 and 55.4 (CH,N), 112.7 and
112.8 (C-11b), 114.6 (C-8), 117.2 and 117.5 (C-11), 122.3 (C-9),
122.7 (C-2’ and C-6), 123.3 and 123.5 (C-10), 128.4 (C-3’ and C-5),
129.1 (C-11a), 130.1 and 130.2 (C-4’), 134.8 (C-6a), 137.5 and 137.6

(14) Yamamoto, T.; Kakimoto, M.; Okawara, M. Bull. Chem. Soc. Jpn.
1979, 52, 841.
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(C-7a), 143.3 and 143.6 (C-1’), 151.8 (C=>0). For a mixture of
giastereomers: mp 165-168 °C (CgHg). Anal. Caled for

xN:0,8: C,68.22; H, 6.20; N, 6.63; S, 7.59. Found: C, 68.13;
H, 6.33; N, 6.58; S, 7.74.

Operating as above, from 8 as the base (1.5 g, 3.7 mmol) and
NalO, (1.0 g, 4.8 mmol) in 2:1:1 dioxane-EtOH-H,0 (80 mL) for
18 h, a mixture of 3a-1 and methyl 2-hydroxy-1,2,3,4,5,6-
hexahydro-1,6-methanoazocino[4,3-blindole-7-carboxylate
(9) was obtained and then separated by flash chromatography.
Elution with AcOEt afforded 9 (215 mg, 31%): IR (KBr) 3205,
1735 cm!; *H NMR 4 1.73 (dm, J = 13.0 Hz, 1 H, H-4eq), 1.85-2.05
(m, 2 H, H-4ax and H-12R), 2.12 (dt, J = 12.5, 3.3 Hz, 1 H, H-12S),
2.32 (br &, 1 H, H-5¢q), 2.54 (td, J = 12.5, 3.7 Hz, 1 H, H-3ax),
2.95 (d, J = 19.0 Hz, 1 H, H-6ax), 3.00 (masked, 1 H, H-3eq), 3.24
(dd, J = 19.0, 7.0 Hz, 1 H, H-6eq), 4.05 (s, 3 H, CH;0), 4.61 (br
s, 1 H, H-1), 7.25 (m, 2 H, H-9 and H-10), 7.67 (m, 1 H, H-11),
8.12 (m, 1 H, H-8); 3C NMR 5 24.4 (C-5), 31.1 (C-12), 32.0 (C-6),
32.4 (C-4), 49.5 (C-3), 3.2 (CH;30), 54.9 (C-1), 113.7 (C-11}), 115.3
(C-8), 119.4 (C-11), 123.1 (C-10), 123.6 (C-9), 130.3 (C-11a), 135.8
(C-6a), 138.5 (C-Ta), 152.7 (C=0); MS m/e 286 (M*), 269, 252,
227, 226, 225, 194, 180, 168, 167 (base), 166, 59; mp 165-167 °C
(EtOH). Anal. Calcd for C;¢H;sN,O3 C, 67.12; H, 6.34; N, 9.78.
Found: C, 67.16; H, 6.47; N, 9.53. On elution with 95:5
AcOEt-DEA, pure 3a-1 (470 mg, 45%) was obtained.

2-[2-(Phenylsulfinyl)ethyl]-1,2,3,4,5,6-hexahydro-1,5-
methanoazocino[4,3-b Jindole (3a-2). To an ice-cold solution
of T-hydrochloride (862 mg, 2.2 mmol) in EtOH (40 mL) was added
dropwise a solution of NalQ, (503 mg, 2.4 mmol) in H,O (11 mL).
After being stirred at rt for 14 h and the usual workup, the mixture
was chromatographed (flash; 9:1 Et;,0-DEA) to give 3a-2 (716
mg, 87%) as a mixture of diastereomers: IR (CHCl;) 3460, 1035
cm!; 'TH NMR § 1.59 (dm, J = 13.0 Hz, H-4eq), 1.82 (dm, J =
12.5 Hz, H-12R), 2.36 (m, H-5), 2.59 (d, J = 17.0 Hz, H-6ax), 3.03
(dd, J = 17.0, 9.6 Hz, H-6eq), 4.04 and 4.23 (2 apparent t, 1 H,
H-1), 7.00-7.53 (m, 9 H, Ar), 8.23 and 8.25 (2 br 5, 1 H, NH); 13C
NMR & 25.1 (C-5), 28.9 (C-6), 32.6 (C-4), 32.9 (C-12), 43.9 (C-3),
49.2 and 49.4 (CH,;S0), 50.5 and 51.0 (C-1), 55.7 and 56.1 (CH,N),
106.0 and 106.2 (C-11b), 110.6 (C-8), 117.7 and 117.9 (C-11), 119.3
(C-9), 120.5 (C-10), 124.2 and 124.4 (C-2’ and C-6), 128.0 (C-11a),
129.2 (C-3’ and C-5'), 131.1 (C-4’), 135.8 (C-6a), 137.1 and 137.2
(C-7a), 143.8 and 144.1 (C-1").

Pummerer Rearrangement of 3a-1. Method A. To a so-
lution of 3a-1 (380 mg, 0.9 mmol) in CH,Cl, (15 mL) was added
TFAA (0.5 mL, 3.6 mmol), and the mixture was stirred at rt for
2 h. Then, the solvent was evaporated, and toluene (20 mL) was
added. After being stirred at 110 °C for 3 h, the mixture was
poured into 2 N aqueous NaHCO, and extracted with AcOEt.
The combined organic extracts were dried and evaporated to give
a residue which, after column chromatography (9:1 Et,0-DEA),
afforded methyl 1,2,3,4,5,6-hexahydro-1,5-methanoazocino-
[4,3-bJindole-7-carboxylate (10; 110 mg, 45%): IR (CHCly) 1710
cm!; 'TH NMR 1.58 (dm, J = 13.0 Hz, 1 H, H-4eq), 1.82 (dq, J
=12.5, 5.0, 3.0 Hz, 1 H, H-12R), 1.94 (m, 1 H, H-4ax), 2.12 (dt,
J =125, 3.3 Hz, 1 H, H-128), 2.45 (m, 1 H, H-5), 2.54-2.74 (m,
2 H, H-3), 3.00 (d, J = 19.0 Hz, 1 H, H-6ax), 3.25 (dd, J = 19.0,
7.0 Hz, 1 H, H-6eq), 4.05 (s, 3 H, CH30), 4.33 (apparent t, 1 H,
H-1), 7.24 (m, 2 H, H-9 and H-10), 7.44 (m, 1 H, H-11), 8.15 (m,
1 H, H-8); 13C NMR 4 26.1 (C-5), 31.7 (C-6), 31.7 (C-12), 33.0 (C-4),
37.5 (C-3), 44.1 (C-1), 53.2 (CH;0), 115.7 (C-8), 116.7 (C-11b), 117.2
(C-11), 123.0 (C-10), 123.7 (C-9), 128.2 (C-11a), 136.1 (C-6a), 137.7
(C-7a), 152.7 (C==0). For the picrate: mp 210-212 °C (EtOH).
Anal. Caled for CoHyNiOg+!/,H;0: C, 51.97; H, 4.36; N, 13.77.
Found: C, 51.96; H, 4.47; N, 13.42.

Method B. A solution of 3a-1 (540 mg, 1.3 mmol) and TFAA
(0.72 mL, 5.2 mmol) in CH,Cl; (25 mL) was stirred at rt for 3 h.
Then, BF3Et,0 (0.63 mL, 5.2 mmol) was added, and the mixture
was refluxed for 4 h, cooled, and poured into 2 N aqueous NaH-
CO;. The organic layer was separated, and the aqueous phase
was extracted with CH,Cl,. Evaporation of the combined organic
extracts followed by flash chromatography (95:5 ether-DEA) gave
a mixture of 5 and 12, which was separated by a further flash
chromatography. On elution with 95:5 CHCl;-MeOH, pure
methyl 20-deethyl-2,16-didehydro-6a-(phenylthio)tubifoli-
dine-1-carboxylate (95 mg, 18%) followed by its C-6 epimer (45
mg, 9%) were obtained. 5 (H-68 epimer): IR (KBr) 1716 cm™;
'H NMR 6 1.42 (dm, J = 12.7 Hz, 1 H, H-14R), 1.60-1.80 (m, 2
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Table 1. 3C NMR Data of Pentacyclic Strychnos-Type
Systems®

C 5(H-68) 5(H-6a) 12 13 14
C-2 148.0 144.5 93.5 1479 1483
C-3 61.0 61.5 65.2 60.9 61.0
C-5 62.2 61.2 63.0 62.7 53.8
C-6 56.0 62.0 47.8 55.3 419
C-7 55.9 57.6 60.3 56.0 52.4
C-8 135.0 134.4 135.7 1317 136.9
C-9 122.4 120.4 1226 1224 1194
C-10 123.56 123.7 1259 123.6 123.8
C-11 126.6 126.1 1261 127.9 1273
C-12 114.8 115.3 1143 1148 1150
C-13 142.2 143.9 139.6 1423 1411
C-14 29.0 28.9 29.1 29.9 29.4
C-15 26.8 26.7 23.0 27.0 27.0
C-16 114.7 119.7 424 1144 1141
C-20 26.2 25.6 26.4 26.4 26.2
C-21 46.1 46.3 44.3 46.2 45.2
C- 130.6 1369  130.3
C-2’ and C-¢ 128.6 128.8 1283
C-3’ and C-5’ 131.0 128.8 1301
C-¢ 128.0 128.1 128.5
CH;0 52.5 52.6 52.5 52.8 52.6
C=0 152.6 154.7 1546 1525 153.3
CH,S 15.8
¢In CDCI, solution.

H, H-20), 1.96 (dm, J = 12.7 Hz, 1 H, H-148), 2.57 (m, 1 H, H-154),
2.66 (td, J = 12.4, 5.1 Hz, 1 H, H-218), 2.86 (dd, J = 12.2, 10.7
Hz, 1 H, H-5a), 3.05 (dm, J = 12.4 Hz, 1 H, H-21a), 3.33 (dd, J
=12.2, 6.7 Hz, 1 H, H-58), 3.82 (s, 3 H, CH;0), 3.89 (br 5, 1 H,
H-3a), 4.40 (dd, J = 10.7, 6.7 Hz, 1 H, H-68), 6.05 (d, J = 8.1 Hz,
1 H, H-16), 6.90-7.25 (m, 8 H, Ar-H), 745 (d, J = 7.8 Hz, 1 H,
H-12); 3C NMR Table I; MS m/e 404 (M*), 295 (base), 268, 240,
239, 194, 180, 167, 82; HRMS calcd for Cy Ho N,O,S 404.1558,
found 404.1576. 5 (H-6« epimer): IR (KBr) 1714 cm™!; 'H NMR
51.42 (dm, J = 12.7 Hz, 1 H, H-14R), 1.74-1.90 (m, 2 H, H-20),
2.00 (dm, J = 12.7 Hz, 1 H, H-14S), 2.64 (m, 1 H, H-152), 2.94-3.10
(m, 2 H, H-21), 3.00 (dd, J = 12.0, 3.3 Hz, 1 H, H-58), 3.54 (dd,
J =120, 82 Hz, 1 H, H-5a), 3.70 (dd, J = 8.2, 3.3 Hz, 1 H, H-6a),
3.87 (s, 3 H, CH;0), 3.99 (br s, 1 H, H-3a), 6.37 (d, J = 8.3 Hz,
1 H, H-16), 6.85-7.25 (m, 8 H, Ar-H), 7.61 (d, J = 7.8 Hz, 1 H,
H-12); *C NMR Table I; MS m/e 404 (M*), 295 (base), 268, 180,
167, 149, 83, 82, 57; HRMS caled for Cy H,,N,0,S 404.1558, found
404.1567. On elution with 9:1 CHCl;-MeOH, pure methyl 20-
deethyl-28-hydroxy-6a-(phenylthio)tubifolidine-1-
carboxylate (12; 127 mg, 24%) was obtained: IR (KBr) 1704
cm™; 'TH NMR 6 1.42 (dm, J = 13.5 Hz, 1 H, H-14R), 1.60-2.00
(m, 3 H, H-20 and H-14S), 1.95 (m, 1 H, H-15a), 2.41 (m, 2 H,
H-16), 2.86 (ddd, J = 12.4, 5.8, 1.4 Hz, 1 H, H-21«a), 3.00 (dd, J
=12.3,9.2 Hz, 1 H, H-50), 3.22 (td, J = 12.4, 54 Hz, 1 H, H-218),
3.41 (brs, 1 H, H-3a), 3.42 (dd, J = 12.3, 7.7 Hz, 1 H, H-58), 3.87
(s, 3 H, CH;0), 5.21 (dd, J = 9.2, 7.7 Hz, 1 H, H-68), 5.75 (br s,
1 H, OH), 6.85-7.30 (m, 9 H, Ar-H); 1*C NMR, Table ; MS m/e
422 (M*), 313 (base), 295, 281, 237, 110, 97, 96, 82; HRMS calcd
for Cy HyeN,04S 422.1664, found 422.1661.

Methyl 20-Deethyl-2,16-didehydro-6a-(methylthio)tubi-
folidine-1-carboxylate (13). To a solution of 4% (100 mg, 0.35
mmol) in anhydrous DME (4 mL) was added a suspension of NaH
(20 mg, 50% oil dispersion, 0.42 mmol) in DME (0.5 mL). The
mixture was stirred at rt for 15 min, and then methyl chloro-
formate (0.06 mL, 0.77 mmol) was added. After being stirred at
60 °C for 1 h, the mixture was cooled, poured into 10% aqueous
NayCOs, and extracted with CH,Cl;, The combined organic
extracts were dried and evaporated, and the residue was purified
by flash chromatography (95:5 Et,0-DEA) to give 13 (87 mg,
72%): IR (CHCl;) 1700 em™; UV (acetonitrile) A, 246, 197 nm;
'H NMR é 1.41 (dm, J = 13.0 Hz, 1 H, H-14R), 1.64 (s, 3 H, CH;S),
1.70-1.86 (m, 2 H, H-20), 1.93 (dm, J = 13.0 Hz, 1 H, H-14S), 2.53
(m, 1 H, H-150), 2.62 (td, J = 11.5, 5.4 Hz, 1 H, H-218), 2.73 (dd,
J =122, 10.4 Hz, 1 H, H-52), 3.01 (ddd, J = 11.5, 4.8, 2.4 Hz,
1 H, H-21«), 3.30 (dd, J = 12.2, 6.8 Hz, 1 H, H-58), 3.80 (dd, J
= 10.4, 6.8 Hz, 1 H, H-68), 3.82 (br s, 1 H, H-3a), 3.90 (s, 3 H,
CH,0), 6.08 (d, J = 8.0 Hz, 1 H, H-16), 7.05 (td, J = 7.2, 1.0 Hz,
1 H, H-10), 7.12 (dm, J = 7.2 Hz, 1 H, H-9), 7.23 (ddd, J = 7.8,
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7.2,2.0 Hz, 1 H, H-11), 7.69 (d, J = 7.8 Hz, H-12); 3C NMR Table
I; MS m/e 342 (M*), 295, 180, 167, 166, 82, 74, 59 (base), 41.

Methyl 20-Deethyl-2,16-didehydrotubifolidine-1-
carboxylate (14). To a solution of 5§ (H-68 apimer) (75 mg, 0.2
mmol) in absolute EtOH (5 mL) was added freshly prepared
Raney Ni (W-2, 2 spatulas), and the mixture was refluxed for 4
h. The solids were removed by filtration and washed with EtOH.
Removal of the solvent and purification of the residue by flash
chromatography (95:5 Et,0-DEA) gave 14 (23 mg, 41%): IR
(KBr) 1718 cm™’; 'H NMR 6 1.42 (dm, J = 12.6 Hz, 1 H, H-14R),
1.65 (dd, J = 11.3, 7.2 Hz, 1 H, H-6a), 1.65-1.90 (m, 2 H, H-20),
1.96 (dt, J = 12.6, 2.6 Hz, 1 H, H-14S5), 2.55 (m, 1 H, H-15a), 2.57
(td, J = 12.4, 5.1 Hz, 1 H, H-218), 2.75-3.10 (m, 3 H, H-5 and
H-68), 2.92 (dm, J = 12.4 Hz, 1 H, H-21a), 3.80 (br s, 1 H, H-3a),
3.92 (s, 3 H, CH;0), 6.07 (d, J = 8.1 Hz, 1 H, H-16), 7.04 (td, J
=174,1.2Hz,1H, H-10), 7.10-7.22 (m, 2 H, H-9 and H-11), 7.60
(d, J = 8.0 Hz, 1 H, H-12); '*C NMR Table I; MS m/e 296 (M),
255, 240, 225, 194, 180, 167, 166, 95, 71 (base), 58; HRMS caled
for C,gHz,N,0, 296.1525, found 296.1518.

Operating as above, from 5 (H-6a epimer) (20 mg, 0.05 mmol)
in EtOH (2 mL) and Raney Ni (W-2, 1 spatula), pentacycle 14
(5 mg, 34%) was obtained.

Operating as for 5, from 13 (17 mg, 0.05 mmol) in EtOH (2 mL)
and Raney Ni (W-2, 1 spatula), the pentacyclic compound 14 (4
mg, 27%) was obtained.
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Tautomerism is an intramolecular proton transfer pro-
cess coupled with migration of double bonds. The N-H
tautomerism in porphyrins (Scheme I) involves a shift of
highly conjugated double bond systems.2® The exchange
between two tautomers is usually so fast that they can be
distinguished spectroscopically only at very low tempera-
tures. The present work is concerned with meso-mono-
substituted octaethylporphyrins (OEP’s). We report here
that the tautomerism rate constants evaluated by varia-
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Three OEP derivatives 1-3 having a 2-alkoxy-1-naphthyl
group on a meso position were prepared by alkylating the
parent 2-hydroxy-1-naphthyl compound 4 with an appro-
priate alkyl bromide. The 'H NMR spectrum for the
4-nitrobenzyl (1), benzyl (2), or n-butyl derivative (3) in

(1) Present address: Section of Bioorganic Chemistry, Department of
BioEngineering, Nagaoka University of Technology.

(2) (a) Storm, C. B.; Teklu, Y. J. Am. Chem. Soc. 1972, 94, 1745. (b)
Storm, C. B.; Teklu, Y.; Sokolski, E. A. Ann. N. Y. Acad. Sci. 1973, 206,
631. (c) Butcher, R. J.; Jameson, G. B.; Storm, C. B. J. Am. Chem. Soc.
1985, 107, 2978.

(3) Eaton, S. S.; Eaton, G. R. J. Am. Chem. Soc. 1977, 99, 1601.

(4) Irving, C. S.; Lapidot, A. J. Chem. Soc., Chem. Commun. 1977, 184.

(6) Abraham, R. J.; Hawkes, G. E.; Hudson, M. F.; Smith, K. M. J.
Chem. Soc., Perkin Trans. 2 1974, 204.

(6) Gust, D.; Roberts, J. D. J. Am. Chem. Soc. 1977, 99, 3637.

(7) (a) Linbach, H. H. J. Chem. Phys. 1984, 80, 5322. (b) Hennig, J.;
Limbach, H. H. J. Am. Chem. Soc. 1984, 106, 292. (c) Limbach, H. H.;
Henning, J.; Kendrick, R.; Tannoni, C. S. Ibzd 1984, 106, 4059. (d)
Schlabach, M Wehrle, B lebach H.H,; Bunnenberg. E,; Kmemnge
A.Shu, A Y. L Tolf, B. R D]erass1, C. Ibzd 1988, 108, 3856 (e) Weh.rle.
B.; Limbach, H. H,; Kocher,M Ermer, O.; Vogel, E. Angew Chem. 1987,
.99, 914; Angew. Chem., Int. Ed. Engl. 1987, 26, 934,

(8) Djerassi, C.; Lu, Y.; Waleh, A,; Shu, A. Y. L.; Goldbeck, L. A. K.;
Crandell, C. W.; Wee, A. G. H.; Knierzinger, A.; Gaete-Holmes, R.; Loew,
G. H.; Clezy, P.; Bunnenberg, E. J. Am. Chem. Soc. 1984, 106, 4241.

0022-3263/92/1957-5796803.00/0 © 1992 American Chemical Society



