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the other hand, structure 3a in Figure 2 is near an energy
minimum, and the counterclockwise crotonate rotation
required to form the chelated transition state analogous
to 5 forces the methyl near the proximal naphthalene unit
and the ester near a CH, group. In 6, the crotonate can
slant to the left, occupying the uncrowded region of space,
while in 5, either the methyl or the ester must occupy more
crowded regions.

Conclusions
A model for the stereoselective Michael additions of 1
with methyl crotonate has been devised that can rationalize
the experimental results: (1) formation of diastereomer

3 is preferred for the neutral reaction, (2) thermal equil-
ibration gives a 1:1 mixture of 3 and 4, and (3) reversed
selectivity occurs under anionic conditions. The restric-
tions with respect to the dihedral angle w that are imposed
in the anionic six-center transition structures are respon-
sible for the formation of opposite diastereomers for the
neutral and anionic Michael additions according to this
model.
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Synthetic Studies toward Gelsemine. 2.!
Preparation of the Tetracyclic Skeletal Part by Way
of a Highly Stereospecific Intramolecular Reaction
of a Silyl Enol Ether with an N-Acyliminium Ion

Summary: The tetracyclic skeletal part of the oxindole
alkaloid gelsemine (1) was prepared from (E)-3,5-hexa-
dien-1-0l in nine steps, including as the key step an un-
precedented stereospecific cyclization reaction of a tri-
isopropylsilyl enol ether with an N-acyliminium ion in-
termediate to give a tricyclic aldehyde (3 — 4).

Sir: Gelsemine (1) is the principal alkaloid constituent of
Gelsemium sempervirens (Carolina or yellow jasmine,
Loganiaceae), a plant with a long medicinal history.? The
structure of gelsemine was fully elucidated in 1959.% Since
then, a number of synthetic approaches toward this unique
alkaloid were published,* but a total synthesis has not been
realized to date. Recently, we disclosed our strategy for
the construction of gelsemine.! In the present paper we
describe the synthesis of 2, which possesses the tetracyclic
skeletal part of gelsemine. The key step in this synthesis
is the stereospecific ring closure of N-acyliminium inter-
mediate 3, containing an E silyl enol ether, to tricylcic
aldehyde 4 (Scheme I).

z

Diels~Alder cycloaddition of (E)-3,5-hexadien-1-0l® with

(1) Part 1: Vijn, R. J.; Hiemstra, H.; Kok, J. J.; Knotter, M.; Speck-
amp, W. N. Tetrahedron 1987, 43, 5019.

(2) Schun, Y.; Cordell, G. A. J. Nat. Prod. 1985, 48, 969 and references
cited therein.

(3) (a) Lovell, F. M.,; Pepinsky, R.; Wilson, A. J. C. Tetrahedron Lett.
1959, No. 4, 1. (b) Conroy, H.; Chakrabarti, J. K. Ibid. 1959, No. 4, 6.

(4) (a) Autry, R. L.; Tahk, F. C. Tetrahedron 1968, 24, 3337. (b)
Johnson, R. S.; Lovett, T. O.; Stevens, T. S. J. Chem. Soc. C 1970, 796.
(c) Fleming, I. In New Trends in Natural Product Chemistry; Studies
in Organic Chemistry; Atta-ur-rahman, Le Quesne, P. W., Eds.; Elsevier:
Amsterdam, 1986; Vol. 26, p 83. (d) Stork, G.; Krafft, M. E.; Biller, S.
A. Tetrahedron Lett. 1987, 28, 1035. (e) Oh, T.; Overman, L. E. Abstracts
of Papers, 193rd National Meeting of the American Chemical Society,
Denver, CO; American Chemical Society: Washington, DC; ORGN 135.

(5) (a) Martin, S. F.; Tu, C.; Chou, T. J. Am. Chem. Soc. 1980, 102,
5274, (b) Stevens, R. V.; Cherpeck, R. E.; Harrison, B. L.; Lai, J.; La-
palme, R. Ibid, 1976, 98, 6317.
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N-methylmaleimide (1 equiv, toluene, reflux, 24 h) gave
pure endo-adduct 5 as a crystalline solid (mp 61-64 °C)
in 92% yield.! Acid-assisted partial reduction’® of imide
5 (NaBH, (excess), ethanol, H,SO, (cat.), 0 °C, 2 h), im-
mediately followed by ethanolysis (6 N H,SO, in ethanol,
20 °C, 20 h) furnished a complex mixture of products,’
which mainly contained the desired ethoxy lactam 6 and
tricycle 7, the latter resulting from reduction of the al-
ternative carbonyl group followed by intramolecular ether
formation (ratio 7/8 ca. 70/30). Because isolation of pure
6 from the ethanolysis product mixture appeared to be
difficult on large scale, the crude mixture was carried on
and subjected to oxidation (CrOj, pyridine, CH,Cl,, 4.5 h,
20 °C)." Aldehyde 82 was readily obtained pure from the
resulting mixture by flash chromatography, in 44% overall
yield from 5. Treatment of 8 with triisopropylsilyl triflate®
(TTPSOTHY, 1.1 equiv) in the presence of Et;N (1.25 equiv,
Eit,0, 19 h, 20 °C) gave a ca. 50/50 ratio of (E)-9 and (2)-9
in virtually quantitative yield. The E/Z ratio, which ap-
peared to be of crucial significance (vide infra), could be
improved to 70/30 by using CH,Cl, as the reaction me-
dium. The TIPS enol ethers 9 were completely stable
toward flash chromatography, but could not be separated.

5 6 R=CH,CH,0H 7
8 R=CH,CHO
8 R = CH=CHOSI{i-P1);

(6) Hubert, J. C.; Wijnberg, J. B. P. A.; Speckamp, W. N. Tetrahedron
1975, 31, 1437.

(7) Ratcliffe, R.; Rodehorst, R. J. Org. Chem. 1970, 35, 4000.

(8) This compound showed satisfactory spectra and analytical data.
Spectral data may be found in the supplementary material.

(9) (a) Emde, H.; Gétz, A.; Hofmann, K.; Simchen, G. Liebigs Ann.
Chem. 1981, 1643, (b) Corey, E. J.; Cho, H.; Riicker, C.; Hua, D. H.
Tetrahedron Lett. 1981, 22, 3455.
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Table I. Results of the Cyclization of Silyl Enol Ether 10 in CH,Cl, at 20 °C

reaction total product ratio stereoselectivity
entry E/Z ratio of 10  Lewis acid (equiv) time, h vield,” % 12/13/14% (12 + 14)/18*

1 <10:90 SnCl, (1.9) 20 50 6:88:6 12:88
2 <10:90 TiCl, (2.4) 22 58 6:82:12 18:82
3 <10:90 BF,-OEt, (1.1) 0.6 92 6:91%:3 9:91

44 >90:10 BF4OEt, (2.5) 2.0 90 44:11:45 89:11
5 >90:10 BFg-0Et, (1.1) 0.45 79 67:10:23 90:10
6 >90:10 BF,-.0Et, (1.01) 0.15 80 84:6:10 94:6

“Isolated yield of the inseparable mixture after flash chromatography. °Determined from 'H NMR spectra. ¢Contained 14% of its
diethyl acetal. ?The reaction was started at 0 °C, and then the reaction mixture was allowed to warm up.

The next task was the introduction of the vinyl sub-
stituent by way of enolate chemistry.!® Qur hope that the
TIPS enol ether would now function as a good aldehyde
protecting group was fully realized. Lactam 9 was cleanly
converted into its lithium enolate (1.1 equiv of LDA, THF,
-78 °C, 30 min) in view of the following alkylation results.
Treatment of the enolate with benzyl bromide furnished
a well-separable mixture of (E)-10® and (Z)-108 in 87%
yield. Quenching the enolate with 2-(phenylseleno)-
ethanal! led to a mixture of aldol products, which as crude
mixture was directly converted into the desired vinyl
compound 11 (5 equiv of Et3N, 3 equiv of MeSQ,ClI,
CH,Cly)*? in ca. 70% yield. Unfortunately, (E)-11 and
(£)-11 were inseparable.

(P}, o.-m\

s, N=[75~H
o N7 “oE ¥
H
,Le Me ofio
10 A=CH,Ph 12 R = CH,Ph 13 R=CH,Ph
11 R=CH=CH, 4 R=CH=CH, 15 R=CH=CH,

Although the intermolecular reaction of silyl enol ethers
with N-acyliminium ions was well-known,® the intramo-
lecular variant was unknown at the commencement of this
study.!#!® To gain information on the feasibility and the
stereochemical aspects of the desired process 3 — 4
(Scheme I), we first subjected the individual isomers of
benzyl compound 10 to Lewis acidic conditions. The re-
sults (Table I) show that BF3-OEt, is a very satisfactory
Lewis acid. Generally, three products were obtained, which
could not be separated by flash chromatography. However,
integration of the aldehydic proton signals in the 'TH NMR
spectra readily revealed the ratio of 12% and 138 The
assignment of the stereochemistry at C-5 of these rigid
molecules is based on the magnitude of the vicinal coupling
constant between H-4 and H-5, i.e., 0 Hz in 12 and 3 Hz
in 13.' Reduction (NaBH,) of the mixture of entry 4
(Table I) gave a new mixture from which secondary alcohol
143 was easily separable, so that its structure could also
be established.!” Compound 14 obviously arises from

(10) Hiemstra, H.; Klaver, W. J.; Moolenaar, M. J.; Speckamp, W. N.
Tetrahedron Lett. 1984, 25, 5453,

(11) (a) Baudat, R.; Petrzilka, M. Helv. Chim. Acta 1979, 62, 1406. (b)
Kowalski, C. J.; Dung, J.-S. J. Am. Chem. Soc. 1980, 102, 7950.

(12) (a) Reich, H. J.; Chow, F.; Shah, 8. K. Ibid. 1979, 101, 6638. (b)
Clive, D. L. J.; Russell, C. G.; Suri, 8. C. J. Org. Chem. 1982, 47, 1632.

(13) (a) Shono, T.; Matsumura, Y.; Tsubata, K. J. Am. Chem. Soc.
1981, 103, 1172. (b) Shono, T.; Matsumura, Y.; Uchida, K.; Tsubata, K.:
Makino, A. J. Org. Chem. 1984, 49, 300.

(14) For a review on intramolecular N-acyliminium reactions, see:
Speckamp, W. N.; Hiemstra, H. Tetrahedron 1985, 41, 4367.

(15) For an example of the use of an ordinary iminium ion in this
manner, see: Oppolzer, W.; Hauth, H.; Pfaffli, P.; Wenger, R. Helv. Chim.
Acta 1977, 60, 1801,

(16) With the MM2 force field the H-4,H-5 dihedral angle in this
tricyclic skeleton was calculated to amount to 92° in 12 and 38° in 13.

(17) This compound was obtained as a single isomer. The stereo-
chemistry of the hydroxy and ethoxy groups could be unambiguously
established from the magnitudes of the vicinal coupling constants in the
pertinent five-membered ring of this rigid molecule.
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Figure 1. Crystal structure of tetracycle 2.

acid-induced further cyclization of 12 in a Prins reaction.!®
This is also evident from Table I (entries 4-6) as longer
reaction times give more of 14 at the expense of 12.
The most important conclusion to be drawn from Table
I is that a good yield of desired aldehyde 12 can be ob-
tained by starting from pure E silyl enol ether. Most
remarkably, the N-acyliminium cyclization appears to be
highly stereospecific, i.e., (E)-10 gives mainly aldehyde
12 and (Z)-10 mainly its C-5 isomer 13.1% To the best of
our knowledge, such a stereochemical outcome is unprec-
edented for this type of a 5-Exo-Trig cyclization.?®?! It
is most probably associated with the special structure of
our cyclization substrates and can be rationalized as follows
(Scheme II). In the mechanism of cyclization,??? the

(18) See, e.g.: Andersen, N. H.; Hadley, S. W.; Kelly, J. D.; Bacon, E.
R. J. Org. Chem. 1985, 50, 4144.

(19) The somewhate lower stereospecificity of entry 2 (Table I) may
be due to epimerization at C-5, followed by irreversible Prins cyclization.
Calculations using the MM2 force field indicated that 13 is ca. 1 keal/mol
more stable than 12.

(20) Silyl enol ethers usually show little stereospecificity in Lewis acid
mediated reactions with aldehydes or ketals; see: (a) Heathcock, C. H.;
Davidson, S. K.; Hug, K. T.; Flippin, L. A. J. Org. Chem. 1986, 51, 3027.
(b) Mukaiyama, T.; Murakami, M. Synthesis 1987, 1043.

(21) For comparable 5-Exo-Trig olefin cyclizations, see: (a) Bartlett,
P. A. In Asymmetric Synthesis; Morrison, J. D., Ed.; Academic: New
York, 1984; Vol. 3, p 369. (b) Hiemstra, H.; Sno, M. H. A. M,; Vijn, R.
J.; Speckamp, W. N. J. Org. Chem. 1985, 50, 4014.

(22) Dewar, M. J. S.; Reynolds, C. H. J. Am. Chem. Soc. 1984, 106,
1744.
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m-complexes A-D are considered as intermediates, which
very much resemble the transition-state structures. Our
results (Table I) show that (E)-10 preferably cyclizes
through A and (Z)-10 favors the pathway through D. That
A is more favorable than B can be understood by realizing
that the atoms participating in the mechanism of five-
membered-ring formation (boldface bonds in Scheme II)
adopt a chair conformation in A vs a boat in B.2?2 The
same reasoning in comparing C and D gives the wrong
answer, however. That D is preferred over C can be ex-
plained by invoking a severe steric interaction between the
silyloxy function and the cyclohexene ring in C.

The N-acyliminium cyclization of the inseparable 70/30
E/Z mixture of 11 (BF3OEt,, CH,Cl,, 20 °C, 5 min) gave
a 70/30 mixture of the aldehydes 4 and 15, respectively,
showing that the stereospecificity is independent of the
nature of the bridgehead substituent. Without purifica-
tion, the aldehyde mixture was immediately reduced
(NaBH,, EtOH) to alcohols 16 and its C-5 epimer in 70%
overall yield from 11. Recrystallization of the latter
mixture provided pure 162 (mp 97-98 °C), which exhibited
a singlet for H-4 in its 'TH NMR spectrum, proving the
stereochemistry at C-5.1% Definitive structural proof was
obtained as follows. Treatment of 16 with iodine (Na,COs,
MeCN, 20 °C, 5 days) furnished tetracycle 2% in 49%
yield,? as a crystalline solid (mp 141-143 °C). This com-
pund was subjected to a single-crystal X-ray diffraction
study (Figure 1),2* which nicely revealed the expected
tetracyclic structure with an axial iodine substituent in a
chair cyclohexane ring, and a boat-like tetrahydropyran
ring.

In conclusion, we have developed an efficient route (nine
steps from (E)-3,5-hexadien-1-ol) to the tetracyclic skeletal
part of gelsemine. Our current studies are concerned with
the introduction of the oxindole moiety® starting from 16,
and we hope to eventually accomplish the total synthesis
of this intriguing alkaloid.
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Highly Diastereoselective Deprotonation and
Substitution of Chiral 5,6-Dihydro-4H-1,2-0xazines

Summary: Deprotonation of the chiral 1,2-oxazine 1 by
n-butyllithium provides a carbanion which reacts highly
diastereoselectively with electrophiles affording the sub-
stituted 1,2-oxazines 2. The overall substitution occurs
under retention of configuration in most cases investigated.
These remarkable results are in accord with recent ab initio
calculations.

Sir: 5,6-Dihydro-4H-1,2-oxazines (herein abbreviated as
1,2-oxazines) are highly promising heterocyclic interme-
diates for the construction of polyfunctional compounds.!
They are most easily prepared by [4 + 2] cycloaddition of
nitrosoalkenes to (electron-rich) olefins.2 C-4-substituted
derivatives should be available by conversion of 1,2-oxa-
zines to carbanions and subsequent reaction with appro-
priate electrophiles. This reaction sequence is well-known
for oxime ethers® and the related isoxazolines.* Indeed,
Shatzmiller has reported on the regiochemistry of the
deprotonation of 5,6-dihydro-3-methyl-4H-1,2-oxazine.’
To our best knowledge no other lithiated 1,2-oxazines have
been studied. In this paper we disclose our results with
the chiral 6-(trimethylsilyl)methyl-substituted 1,2-oxazine
1,® which demonstrate that deprotonation and reactions
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(3) (a) Spencer, T. A.; Leong, C. W. Tetrahedron Lett. 1975, 3889. (b)
Fraser, R. R.; Dhawan, K. L. J. Chem. Soc., Chem. Commun. 1976, 674.
(c) Ensley, H. E.; Lohr, R. Tetrahedron Lett. 1978, 1415. (e) Shatzmiller,
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