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@ (i) 2 equiv of 3, 5 mol % hydroquinone, 90 °C, 22 h,
2.5 M in toluene; (ii) 2.2 equiv of Me,SiSiMe,, 1.1 equiv
of I, 120 °C, 15 min; 4, 25 °C, 20 h; excess MeOH; (iii)
2.2 equiv of O,N-bis(trimethylsilyl)acetamide, 0 °C, 30
min, CH,Cl,; 1.2 equiv of indole-3-acetyl chloride, 25 °C,
2.5 h; (iv) 0.8 equiv of Lawesson’s reagent, 65 °C, 1 h,
0.1 equiv of HC}, 65 °C, 8 h; (v) irradiation of 8 X 107*
M solution of 7 in CH,CN/H,0 (30:70) containing
NaHCO, (20 equiv) with a 450-W Hanovia mercury lamp/
Pyrex filter, 6 h; (vi) 1.3 equiv of Et,OBF,, CH,Cl,, 0 to
25 °C, 45 min; 5 equiv of NaBH,CN, 5 equiv of HOAc,
MeOH, 0 to 25 °C, 5 h.

9 (Scheme I).

Diels—Alder reaction of 2, available in five steps and 63%
overall yield from 3-ethylpyridine,* and methyl a-chloro-
acrylate (3) gave a 1:1.4 mixture of the isomers 4a and 4b
in 96% yield.6 Although it is possible to separate 4a and
4b by careful flash chromatography,” and thus assign
stereochemistry,? this separation is unnecessary for the
synthesis of 1. Treatment of the mixture of 4a and 4b with
excess freshly prepared trimethylsilyl iodide® gave a mix-
ture of 5a and 5b which was reacted without purification
first with O,N-bis(trimethylsilyl)acetamide!® and then with
indole-3-acetyl chloride!! to provide the indoles 6a and 6b
as a 1:1.4 mixture of isomers in 97% overall yield from 4.
The above transformations were also carried out on pure
samples of 4a and 4b in order to obtain pure samples of
6a and 6b. Solutions of pure 6a or 6b in CDCl; were found
to equilibrate to a 1:1 mixture of 6a and 6b when exposed

(5) a-Chloroacetamide photocyclization review: (a) Sundberg, R. J.
“Organic Photochemistry”; Padwa, A., Ed.; Marcel Dekker: New York,
1983; Vol. 6. Synthesis of 20-deethylcatharanthine: (b) Sundberg, R. J;
Bloom, J. D. Tetrahedron Lett. 1978, 5157. (c) Sundberg, R. J.; Bloom,
J. D. J. Org. Chem. 1980, 45, 3382.

(6) All new compounds gave spectra in accord with their proposed
structures. Elemental compositions were determined by high resolution
mass spectroscopy. 6: HREIMS caled for CyH,3CIN,O; 386.1395 (33Cl),
found 386.1367. 7: HREIMS calcd for C,,Hy,CIN,0,S 402.1166 (*Cl),
found 402.1155. 9: HREIMS calcd for CyHp,N,03 366.1399, found
366.1386. 1: HREIMS calcd for C,,Hy,N,0, 336.1838, found 336.1839.

(7) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.

(8) For the assignment of stereochemistry of carbomethoxy groups at
the 7-position of 2-azabicyclo[2.2.2]oct-5-ene derivatives, see: Lawrence,
R. F. Ph.D. Thesis, University of Washington, 1984.

(9) (a) Sakurai, S.; Shirahata, A.; Sasaki, K.; Hosomi, A, Synthesis
1979, 740. (b) Olah, G. A.; Narang, S. C.; Gupta, B. G. B.; Malhotra, R.
Angew. Chem., Int. Ed. Engl. 1979, 18, 612. (c) Seitz, D. E.; Ferreira, L.
Synth. Commun. 1979, 9, 931.

(10) The O,N-bis(trimethylsilyl)acetamide functions as an acid sca-
venger in this reaction, and the acylation may proceed via the N-silyl-
amine corresponding to 5. For the use of O,N-bis(trimethylsilyl)acet-
amide in the formation of carbamates from amines and alkyl chloro-
formates, see: Raucher, S.; Jones, D. S. Synth. Commun., in press.

(11) Shaw, E.; Woolley, D. W. J. Biol. Chem. 1953, 203, 979.

to catalytic amounts of anhydrous HCL

Numerous attempts to effect photochemical cyclization®
by irradiation of dilute solutions of 6a or 6b (or mixtures
of 6a and 6b) in MeOH /H,0 or CH;CN/H,0 containing
NaHCO; under argon with a 450-W Hanovia mercury
lamp, with or without Pyrex or Vycor filters, afforded only
trace amounts of 8, despite the fact that the corresponding
20-deethyl compound (mixture of endo/exo isomers)
provides 5-0xo-20-deethylcatharanthine in moderate yield
under these reaction conditions.!?

The isomer 6a could be readily converted to the thio-
amide 7 in 85% yield by treatment with Lawesson’s
reagent;!® in contrast, 6b could not be converted to a
thioamide with either Lawesson’s reagent or P,S;. How-
ever, when a 1:1.4 mixture of the isomers 6a and 6b was
reacted with Lawesson’s reagent in dimethoxyethane
containing a catalytic amount of anhydrous HCI, the
thicamide 7 was obtained in 70% yield, presumably via
isomerization of 6b to 6a and subsequent thionation.

Irradiation of an 8 X 10 M solution of the thicamide
7 in CHsCN/H,0 (30:70) containing NaHCO; under argon
with a 450-W Hanovia mercury lamp with a Pyrex filter
for 6 h provided 9 in 30% crude yield. The thiolactam 9
was reduced! without further purification by treatment
with Et;OBF, followed by NaBH;CN to provide (%)-ca-
tharanthine (1) in 21% overall yield from 7.

This synthesis of (+)-catharanthine requires a total of
11 steps and proceeds in an overall yield of 9% from
commercially available 3-ethylpyridine. We are currently
pursuing an enantioselective synthesis of (+)-catharanthine
through the use of chiral auxiliaries in the Diels—Alder
reaction.
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(12) (a) Szantay, C.; Keve, T.; Boleskel, H.; Acs, T. Tetrahedron Lett.
1983, 24, 5539. (b) Raucher, S.; Bray, B. L., unpublished results.

(13) Scheibye, S.; Pedersen, B. S.; Lawesson, S. O. Bull. Soc. Chim.
Belg. 1978, 87, 229.

(14) Raucher, S.; Klein, P. Tetrahedron Lett. 1980, 21, 4061. Also see,
ref 5b,c.
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Efficient Asymmetric Reduction of Acyl Cyanides
with B-3-Pinanyl-9-BBN (Alpine-Borane)

Summary: Acyl cyanides are effectively reduced to op-
tically active 8-amino alcohols by using Alpine-Borane
followed by sodium borohydride/cobaltous chloride.

Sir: The trialkylborane B-3-pinanyl-9-borabicyclo-
[3.3.1]nonane (Alpine-Borane') is an effective asymmetric
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Table I. Yields and Enantiomeric Efficiencies in the
Formation of Substituted 2-Ethanolamines from Acyl

Cyanides
RCHOHCH,NH, % yield® % eeb
C¢H; 77¢ 90 (98)
0-CIC¢H, 74 86 (94)
p-CH;CH, 78 87 (95)
m-CH4CgH, 84 85 (92)
n-CgH,; 86° 77 (84)

¢Isolated yield based on one-pot conversion from the acyl chlo-
ride except as noted. ®By NMR, values given in parentheses are
corrected for the optical purity of the a-pinene (92% ee). High
optical purity a-pinene is available. ¢Isolated yield based on
starting acyl cyanide.

reducing agent.? The course of the reduction appears to
be governed largely by steric considerations. Aldehydes
and acetylenic ketones are reduced much faster than other
ketones. In addition, electron-withdrawing groups enhance
the rate of reduction. The strong electron-withdrawing
nature of a nitrile coupled with its steric resemblance to
an acetylene made it appear that acyl cyanides would be
ideal substrates for reduction. The resulting cyanohydrin
would be a useful precursor to further products.® How-
ever, the reduction of the acyl cyanides and subsequent
workup did not prove to be as straightforward as expected.
Herein we report on our findings.

Benzoyl cyanide! was added to neat Alpine-borane (1.5
equiv). The mixture immediately became orange.* After
2 h, the benzoyl cyanide had completely reacted as indi-
cated by 'H NMR. However, the expected cyanohydrin-
/9-BBN product built up to a maximum and then slowly
decreased with the subsequent appearance of a 3-BBN/
benzyl alcohol adduct. After 15 h of stirring, the cyano-
hydrin product had completely disappeared. At this point
the major products were benzaldehyde and the benzyl
alcohol/9-BBN adduct. Apparently the 9-BBN/cyano-
hydrin adduct undergoes an elimination reaction to provide
benzaldehyde which then may undergo further reduction.
The use of 1 equiv of Alpine-borane also led to considerable
amounts of the undesired products. In this case the de-
sired bimolecular reduction process cannot compete with
the elimination reaction during ‘the later stages of the
reaction. It is thus important to use excess reducing agent.

Reduction of the cyanohydrin/9-BBN adduct to an
amino alcohol was then investigated.® Several standard

(1) Available from Aldrich Chemical Company. Alpine-Borane is a
trademark of Aldrich.

(2) (a) Midland, M. M.; McLoughlin, J. L. J. Org. Chem. 1984, 49,
1316. (b) Brown, H. C.; Pai, G. G.; Jadhav, P. K. J. Am. Chem. Soc. 1984,
106, 1531. (c) Brown, H. C.; Pai, G. G. J. Org. Chem. 19883, 48, 1784. (d)
Brown, H. C.; Pai, G. G. Ibid. 1982, 47, 1606. (e) Midland, M. M,;
McDowell, D. C.; Hatch, R. L; Tramontano, A. J. Am. Chem. Soc. 1980,
102, 867. (f) Midland, M. M.; Tramontano, A.; Kazubski, A. J. Am.
Chem. Soc. 1982, 104, 528. (g) Midland, M. M.; Tramontano, A.; Ka-
zubski, A.; Graham, R. S;; Tsai, D. J. S,; Cardin, D. B. Tetrahedron 1984,
40, 1371. (h) Midland, M. M.; Graham, R. S. Org. Synth. 1984, 63, 57.
(i) Brown, H. C.; Pai, G. G. J. Org. Chem. 1985, 50, 1384.

(3) For an alternate route to optically active cyanohydrins, see: Choi,
V. M. F,; Elliott, J. D.; Johnson, W. S Tetrahedron Lett. 1984, 25, 591.
Elliott, J. D.; Choi, V. M. F.; Johnson, W. S. J. Org. Chem. 1983, 48, 2294.

(4) Previous work has suggested that this color change is due to an
initial carbonyl-boron complexation: Midland, M. M.; Zderic, S. A. J.
Am. Chem. Soc. 1982, 104, 525.

(5) Hydrolysis of the nitrile provides the a-hydroxy acid. However,
the yield and optical purity of the product are not high (50% yield, 50%
ee). Direct reduction of the a-keto esters according to Brown’s proce-
dure? is a much better route to the a-hydroxy acid derivatives.

Communications

methods for achieving this transformation provided only
benzyl alcohol. However, clean reduction was achieved by
using sodium borohydride and methanolic cobaltous
chloride.® The product, (-)-(R)-2-amino-1-phenylethanol
was isolated in 77% yield and 90% ee. The asymmetric
reduction thus proceeds by the stereochemical model
proposed for acetylenes. Since the starting a-pinene was
92% ee, the reduction occurs in greater than 98% effi-
ciency.”

With an effective procedure in hand, the reduction of
a variety of substituted benzoyl cyanides was investigated.
The substrates were prepared by treating the benzoyl
chlorides with trimethylsilyl cyanide and tin tetrachloride.?
The tin tetrachloride was removed by washing the mixture
with ice water and the crude acyl cyanide used directly.?
Reduction with neat Alpine-borane proceeded rapidly
(0.5-1.5 h) at room temperature. The progress of the
reaction was followed closely by NMR and the sodium
borohydride/cobaltous chloride reduction was carried out
as soon as reduction of the carbonyl was complete.
Warming the reaction mixture or letting it stand for longer
times lead to considerable aldehyde and alcohol formation.
Isolated yields and enantiomeric purities were uniformly
high (Table I). In addition to the aromatic compounds,
an aliphatic substrate, 2-oxooctanenitrile,! also gave good
results. The opposite enantiomer could be obtained by
using (-)-a-pinene.

The following procedure is representative. A neat so-
lution of 15 mmol of (R)-Alpine-Borane (from (+)-a-pinene
and 9-BBN) was prepared in a 100-mL flask under ni-
trogen.’® The flask was briefly opened to the atmosphere
while being flushed with nitrogen and the acyl cyanide (10
mmol) was added in one portion. The progress of the
reaction was monitored by NMR, with samples removed
periodically by syringe and injected into an NMR tube
containing deuteriochloroform. When reduction was
complete (determined by the collapse of the aromatic re-
gion from approximately 8.1 ppm to a multiplet at ap-
proximately 7.4 ppm, the appearance of a cyanohydrin/
9-BBN adduct resonance at approximately 6.0 ppm, and
the appearance of a-pinene at 5.2 ppm) the solution was
treated with 75 mL of methanol containing 9.52 g of co-
baltous chloride. Sodium borohydride (7.56 g) was added
in small portions, and the resulting black solution was
stirred for 1-3 h. Acid (3 M hydrochloric acid, 100 mL)
was added and the solution was stirred until all the pre-
cipitate dissolved. The organic byproducts were removed
by washing the aqueous solution 3 times with 75 mL of
chloroform and 3 times with 75 mL of ether. The aqueous
layer was then made basic by the addition of concentrated
ammonium hydroxide. Extraction with chloroform (3 X
75 mL) gave, after drying and concentrating, the product.
Enantiomeric purities were determined by NMR shift
studies using Eu(hfc);. The S enantiomer (minor product)
shifted downfield faster than the R enantiomer. Assign-
ment of configuration was made by the mode of reduction
and comparison of the sign of rotation to literature values.

Acknowledgment. Support of this research by the
National Institutes of Health (GM 24517) is gratefully
acknowledged. We thank A. Tramontano and J. Petre for

(6) Satoh, T.; Suzuki, S.; Suzuki, Y.; Miyaji, Y.; Imai, Z. Tetrahedron
Lett. 1969, 4555.

(7) High optical purity a-pinene is available from Aldrich. Also see:
Brown, H. C.; Jadhav, P. K.; Desai, M. C. J. Org. Chem. 1982, 47, 4583.

(8) Olah, G. A.; Arvanghi, M.; Surya Prakash, G. H. Synthesis 1983,
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(9) Tin reagents appear to accelerate the formation of benzaldehyde.
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performing preliminary experiments.
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Total Synthesis of (+)-Jatropholone A and B

Summary: The first total synthesis of jatropholones A and
B in homochiral form is disclosed; the absolute stereo-
chemistry is thereby established.

Sir: High-pressure techniques (3-15 kbar) have become
increasingly evident in organic synthesis. Benefits include
mild reaction conditions and greatly enhanced yields for
those reactions that involve a negative change in the ac-
tivation volume (AV *); documented examples include the
Diels-Alder reaction,? 1,3-dipolar cycloadditions,® the aldol*
and Michael® reactions, introduction of protecting groups,®
and preparation of Wittig reagents.” Thus the availability
of the high-pressure technique permits the design of syn-
thetic strategies not previously feasible.

In this communication we wish to record the first total
synthesis of jatropholone A and B (1a and 1b), two novel
diterpenes isolated from the roots of Jatropha gossypii-
folia L. (Euphorbiaceae),® the plant that also yields ja-
trophone®!® and the hydroxyjatrophones A-C.!!  The

Jatropholones A snd B

synthetic scheme, which proved viable only through aegis
of a high-pressure Diels—Alder reaction, is short (i.e., 12

(1) Camille and Henry Dreyfus Teacher-Scholar, 1978-1983; National
Institutes of Health (National Cancer Institute) Career Development
Award, 1980-1985.

(2) (a) Dauben, W. G.; Krabbenhoft, H. O. J. Am. Chem. Soc. 1976,
98, 1992. (b) Dauben, W. G.; Kessel, C. R.; Takemura, K. H. J. Am.
Chem. Soc. 1980, 102, 6893. (c¢) DeShong, P.; Lowmaster, N. E. Synth.
Commun. 1983, 13, 537. (d) Kotsuki, H.; Nishizawa, H. Heterocycles
1981, 16, 1287.

(3) Dicken, C. M.; DeShong, P. J. Org. Chem. 1982, 47, 2047.

(4) Yamamoto, Y.; Maruyama, K.; Matsumoto, K. J. Am. Chem. Soc.
1983, 105, 6963.

(5) Bunce, R. A.; Schlecht, M. F.; Dauben, W. G. Heathcock, C. W.
Tetrahedron Lett. 1988, 24, 4943.

(6) Dauben, W. G.; Bunce, R. A.; Gerdes, J. M.; Henegar, K. E.; Cun-
ningham, A. F., Jr.; Ottoboni, T. B. Tetrahedron Lett. 1983, 24, 5709.

(7) Dauben, W. G.; Gerdes, J. M.; Bunce, R. A. J. Org. Chem. 1984,
49, 4293.

(8) Purushothaman, K. K.; Chandrasekharan, S.; Cameron, A. F.;
Connolly, J. D.; Labbe, C.; Maltz, A.; Rycroft, D. S. Tetrahedron Lett.
1979, 979.

(9) Kupchan, 8. M,; Sigel, C. W.; Matz, M. J.; Renauld, J. A. S;
Haltiwanger, R. C.; Bryan, R. F. J. Am. Chem. Soc. 1970, 92, 4476.

(10) Smith, A. B., ITI; Guaciaro, M. A.; Schow, S. R.; Wovkulich, P. M,;
Toder, B. H.; Hall, T. W. J. Am. Chem. Soc. 1981, 103, 219.

(11) Taylor, M. D.; Smith, A. B,, II[; Furst, G. T.; Gunasekara, S. P.;
Bevelle, C. A.; Cordell, G. A.; Farnsworth, N. R.; Kupchan, S. M.; Uchida,
H.; Branfman, A. R.; Dailey, R. G., Jr.; Sneden, A. T. J. Am. Chem. 1983,
105, 3177.
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steps), reasonably efficient (ca. 6%), and establishes for
the first time the absolute stereochemistry of the jatro-
pholones.!?

From the retrosynthetic perspective, assembly of the
fully-substituted aromatic ring was viewed as the central
synthetic challenge. Toward this end, we envisioned a
Diels—Alder reaction of furan 5 with homochiral enone 6
(Scheme I). The former was anticipated to be available
through O-methylation of bicyclic 3(2H)-furanone 7,4
while the latter, prepared from (S)-carvone (8), was re-
cently exploited in our laboratory for the synthesis of
(+)-hanegokedial.’® Subsequent aromatization of the
7-oxabicyclo[2.2.1]heptene system 4, introduction of the
exo methylene, regioselective oxidation at C(3), and me-
thylation at C(2) would then complete the synthetic ven-
ture.

We initiated synthesis of furan 5 with commercially
available 1-pyrrolidinocyclopentene.'® Acylation with acid
chloride 9'7 followed by hydrolysis [AcOH, H,0, THF
(1:1:2)] afforded 10 in 68% yield. Subsequent removal
of the acetate group [H,SO,, H,0, THF (1:9:5)] and cy-

(12) On the basis of the biosynthesis of casbene,'* Connolly suggested
the absolute stereochemistry of jatropholones to be 95,11R."

(13) Evans, F. J.; Taylor, S. E. Prog. Chem. Org. Nat. Prod. 1983, 44,
1 and references cited therein.

(14) While a search of the literature revealed no examples of oxabi-
cyclo[3.3.0]octene derivatives, the unsubstituted [4.3.0] system has been
reported by Gelin and successfully utilized in a Diels-Alder-like reaction
with maleic anhydride: Gelin, R.; Gelin, S.; Chantegrel, B.; Galliaud, A.;
Dolmazon, R. Bull. Soc. Chim. Fr. 1974, 2061.

(15) Taylor, M. D.; Smith, A. B, IIl. Tetrahedron Lett. 1983, 24, 1867.
Also see: Taylor, M. D.; Minaskanian, G.; Winzenberg, K. N.; Santone,
P.; Smith, A. B., IIL. J. Org. Chem. 1982, 47, 3960.

(16) Aldrich; see also: Stork, G.; Brizzolara, A.; Landesman, H.;
Szmuszkovicz, J.; Terrell, R. J. Am. Chem. Soc. 1963, 85, 207.

(17) Reid, E. B.; Denny, G. H., Jr. J. Am. Chem. Soc. 1959, 81, 4632.
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