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specimen prepared by the acid-catalyzed rearrangement of 
garryfoline." The 100-MHz 1H NMR spectrum shows a sharp 
singlet at 5 0.81 for the C(4) methyl group, a doublet centered 
at 5 1.11 for the C( 16) methyl group, a broad singlet at 5 2.65 
for the C(19) methylene group, and a broad singlet at 5 4.29 
for the C(20) proton. Comparison of the 13C NMR spectrum 
of cuauchichicine in CDCI3 with that of veatchine and garry
foline revealed the presence of a single set of signals for the 
oxazolidine ring F, the piperidirie ring E, and the methyl groups 
at C(4) and C(16). Trjis result indicates that cuauchichicine 
exists as a single C(20) epimer with the C(20) proton in the 
a configuration. Early work on the configuration of garryfoline 
assumed, without evidence, a /3 configuration for the C (20) 
proton.12 Since cuauchichicine had been chemically correlated 
with garryfoline,11 the /3 configuration was presumed for the 
C(20) proton in cuauchichicine.2b 

To establish the stereochemistry of the C(16) methyl group 
in cuauchichicine by 13C NMR spectral analysis, isocuau-
chichicine (8) and its C(16) methyl epimer (9) were prepared 
from cuauchichicine by boiling them in a solution of 2% sodium 
hydroxide in methanol. These epimers were separated by 
careful column chromatography over alumina using hexane 
and benzene as eluants. Comparing molecular models of 
compound 8 and its epimer 9 reveals that the methyl group at 
C( 16) is spatially crowded in the /3 position in contrast to the 
a position. The chemical shift of the (8-methyl group should 
appear at higher field than that of the a-methyl group because 
of steric compression. Accordingly, we have assigned the 
chemical shifts at 10.15 and 15.95 ppm to the/3- and a-methyl 
groups in 8 and 9, respectively. These results provide evidence 
for the presence of the /3-methyl group at C( 16) (10.15 ppm) 
in cuauchichicine, and therefore structure 7 may be assigned 
to cuauchichicine. This assignment was confirmed subse
quently by a single-crystal X-ray analysis of cuauchichi
cine. 

Cuauchichicine formed large, clear crystals with ortho-
rhombic symmetry, space group P2\2{l\,Z - 4, a = 7.373 (3) 
A, 6 = 10.370 (4) A, c = 24.877 (8) A, and rfcaicd = 1.19 g/ 
cm3. All unique reflections with 6 < 60° were measured with 
an u)-26 scan technique on an Enraf-Nonius CAD-4 diffrac-
tometer using Cu Ka radiation (X = 1.5418 A). There was no 
indication of crystal decomposition during data collection. 
Data were corrected for Lorentz and polarization effects before 
conversion to structure factor amplitudes. Out of 1672 mea
sured reflections, 1180 (70.6%) were observed at the 3<r level 
of significance. The structure (Figure 1) was solved with a 
multiple-solution tangent formula program9 and refined using 
the programs of the X-RAY system.10 Anisotropic refinements 
of the nonhydrogen atoms and isotropic refinements of the 
hydrogens converged at./? = 0.071 and Rw = 0.083 for the 
observed reflections. At the conclusion of refinement a dif
ference electron density map showed no peaks >0.27 e A - 3 . 

Cuauchichicine (7) has the veatchine skeleton with a C( 16) 
/3-methyl group and a carbonyl functionality at C(15). In 
contrast to veatchine, it exists as only one C(20) epimer in the 
solid state.7 Comparison of the dihedral angles of cuauchi
chicine with those of veatchine shows that the major confor
mational differences between the two structures are in rings 
D and F. Ring D approximates an envelope conformation in 
veatchine with C(14) as flap, while in cuauchichicine it is in 
the twist conformation. The oxazolidine ring F is disordered 
in veatchine and exists both in the twist conformation and in 
the envelope conformation with C(20) as flap. In cuauchi
chicine this ring assumes an N-flap envelope conformation. 
One of the C(14) hydrogens is much closer to the a side of 
C(20) in cuauchichicine than in veatchine (2.65 compared to 
2.96 A), and it may be this close contact which prevents for
mation of the second cuauchichicine epimer during isolation 
via the ternary imminium salt. Both atisine13 and cuauchi

chicine2 have been correlated with veatchine. Cuauchichicine, 
therefore, has the absolute configuration determined for atisine 
by X-ray diffraction. 

It is interesting to note that cuauchichicine is the first nor
mal-type oxazolidine-ring-containing alkaloid which does not 
exist in the epimeric form at C(20) either in solution or in the 
solid state. This result is compatible with our earlier conclu
sion6-14 that the C(20) epimers of normal-type oxazolidine-
ring-containing alkaloids, in nonionic solvents, are not inter
convertible via a zwitterion. Because the stereochemistry of 
the C(16) methyl group in cuauchichicine is reassigned, certain 
previously assigned1 structures for the degradation products 
of cuauchichicine, garryfoline, and veatchine must be revised. 
By analogy, the acid-catalyzed rearrangement of napelline to 
isonapelline15,16 would result in a C(16) /3-methyl group in 
isonapelline. 
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Asymmetric Synthesis of 
a//o-Heteroyohimbine Alkaloids 

Sir: 

The synthesis of pharmacologically interesting heteroyo-
himbine alkaloids has been extensively investigated in the past 
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10 years.1-18 Previously, we have shown that a preformed 
D,E-ring bicyclic fragment, bearing three of the four chiral 
centers, can be used efficiently in a convergent synthesis of 
these alkaloids.4 Thus, N-alkylation of racemic bicyclic amino 
ester 2 with tryptophyl bromide (1) gave the seco alkaloid 3 
(Scheme I). Oxidative C-ring closure with 1:1 mercuric ace-
tate-ethylenediaminetetraacetic acid disodio salt, followed by 
reduction with sodium borohydride, led to 43% racemic 
tetrahydroalstonine (4) and 10% racemic akuammigine (5).4 

Subsequently, cyclization of the optically active seco alkaloid 
3 by Sakai with mercuric acetate in hot acetic acid was re
ported to give approximately equal amounts of 4 and 5.6 The 
original conditions4 were also applied in the synthesis of aricine 
(10-OCH3, 4) and reserpinine (H-OCH3, 4).7 In this com
munication we report an efficient asymmetric synthesis of the 
key intermediate 155",195,205-bicyclic amino ester 2. 

The synthesis is outlined in Scheme II. The incipient center 
of chirality was introduced asymmetrically by microbiological 
reduction of 3-acetylpyridine (6) with Sporotrichum exile 
(QM-1250) under the anaerobic conditions described previ
ously19 (substrate concentration, 1 g/L). A 60% isolated yield 
of optically pure, oily (15')-(3-pyridyl)ethanol (7, [C*]25D 
-47.2°; hydrochloride mp 126-128 0C, [a]2 5

D -33.4°) was 
achieved. The required R enantiomer 10 was obtained by a 
carefully controlled inversion sequence. Exposure of 7 to so
dium hydride in tetrahydrofuran at 0 0C, followed by treat
ment with /5-toluenesulfonyl chloride, gave the unstable tos-
ylate 8. The SN2 displacement was effected with an excess of 
tetraethylammonium acetate in acetone at 60 0C to furnish 
the R acetate 9 ([a]25

D +92.2°; hydrochloride mp 180-182 
0C, [«] 2 5 D + 55.8°). Hydrolysis with sodium hydroxide in 
methanol then led to (lZ?)-(3-pyridyl)ethanol (10, [a]25

D 
+46.7°; hydrochloride mp 128-130 0C, [a]25

D +32.0°) in 
90% overall yield from 7. 

The absolute configuration of enantiomers 7 and 10 was 
ascertained by an NMR analysis of the corresponding R1S and 
R,R esters I and 11 obtained by treatment with optically pure 
(S)-a-methoxy-a-trifluoromethylphenylacetyl chloride.202' 
According to Mosher, the most populated conformation, the 
R1R diastereomer II, would have the secondary methyl eclipsed 

Scheme I 
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with the phenyl group and the methoxy methyl with the pyri
dine ring.2122 Owing to shielding effects of the aromatic rings, 
both methyls of II should be positioned upfield relative to those 
of the R1S diastereomer I, as was observed.23'24 Since neither 
of the NMR spectra of crude I or II showed a signal corre
sponding to the other diastereomer within the limits of sensi
tivity (0.5%), the alcohols 7 and 10 were judged to be at least 
99% optically pure. 

In the next phase of the synthesis, N-benzylation of the pure 
Z?-alcohol 10 with benzyl chloride, followed by reduction with 
sodium borohydride led to the tetrahydropyridine 11 in 62% 
yield. The air-sensitive amine 11 required extensive chroma
tography for complete purification. When, instead, the crude 
reduction product 11 was treated with methyl chloroformate 
in methylene chloride, the ./V-carbomethoxy analogue 12 (oil; 
NMR 5 1.29 (d, 3, / = 6 Hz, -CH3); 3.68 (s, 3, OCH3), 4.24 
(q, 1, J = 6 Hz, -CZZ(OH)CH3), 5.77 ppm (br s, 1, 
-CZZ=C); m/e 185} was obtained in 78% yield after chro
matography. Formation of the desired Z?-Z-olefinic ester 13 
from 12 with transfer of chirality from the side chain to C4 was 

achieved predictably by a 3,3-sigmatropic rearrangement of 
the intermediate pyro ester III via the most stable chair-like 
transition state bearing the equatorial methyl group.25 The 
product 13 (oil; 68% yield; [a]25

D +13.4°; NMR 5 1.68 (d, 3, 
J = IHz, -CH3), 3.67 (s, 3, -OCH3), 3.69 (s, 3, -OCH3), 5.23 
ppm (q, 1, J = 7 Hz, =CZZCH3), m/e 241) was optically pure 
on the basis of a comparison of the corresponding acid 14 (mp 
62-65 0C, [a]25D +19.2°) with a sample (mp 62-65 0C, 

"V^o CH3O 

I I I 
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Scheme III 

[a]25D +18.5°) obtained by resolution. The Z-configuration 
of the double bond was determined by the 13C NMR com
parison26 of 13 with the corresponding racemic isomer 22 
having the ^-configuration (values in parts per million, 
Scheme III). 

The E isomer 22 was obtained by inversion of the double 
bond as outlined in Scheme III. The racemic Z-olefinic ester 
18, obtained from racemic 11, was converted into the /V-oxide 
19 with m-chloroperbenzoic acid. Treatment with trifluo-
roacetic anhydride led smoothly to the conjugated (Z)-imi-
nium cation 20a which spontaneously rearranged to the more 
stable E isomer 20c. Quenching with sodium borohydride gave 
the oily £-olefinic ester 21. The exchange of /V-benzyl for 
7V-carbomethoxy furnished 22 (oil: NMR 5 1.60 (dd, 3,J = 
7, 2 Hz, -CH3), 2.50 (d, 2, J = 8 Hz, CiZ2CO2CH3), 3.67 (s, 
6, -OCH3), 5.47 ppm (q, 1, J - 1 Hz, =C//CH 3) ; m/e 241) 
in a 54% overall yield from 18. This inversion sequence was 
based on consideration of the difference in steric nonbonding 
interactions between the C-2 hydrogen and either the allylic 
methyl in 20a or the vinyl hydrogen in 20c. 

The completion of the asymmetric synthesis of the bicyclic 
amino ester 2 required the introduction of two additional chiral 
centers. This was accomplished by hydroboration of the double 
bond of 13 from the less hindered side with 9-
borabicyclo[3.3.1]nonane27 in tetrahydrofuran at 0 0C. Oxi
dation of the intermediate borane with 30% hydrogen peroxide 
and 6 N sodium hydroxide in ethanol and acidification with 
1 N hydrochloric acid gave exclusively, and in 65% yield, the 
15/?, 195,205 lactone 15 (mp 78-80 0C; [a]25

D +32.2°; NMR 
8 1.46 (d, 3,7 = 6.5 Hz, CH3), 3.68 (s, 3, -OCH3), 4.45 ppm 
(dq, 1, 7 = 10, 6.5 Hz, -CH(-0)CH3); m/e 227). 

We found that the formation of the vinylogous carbonate 
function (17), characteristic of the E ring of heteroyohimbine 
alkaloids, can be performed most effectively by direct rear
rangement of the vinylogous carbamate (16).28 Treatment of 
the lactone 15 with bis(dimethylamino)-rerf-butoxymethane 
at room temperature for 60 h and evaporation of the excess 
reagent gave crude 16. The rearrangement was carried out in 
10% hydrogen chloride-methanol in a sealed tube at 120 0C 
for 24 h. After chromatography, the desired 17 (oil: [a]25D 
+ 11.2°; Xmax 240 nm (e 10 700); IR 1690, 1633 cm'1; NMR 
5 1.42 (d, 3, 7 = 6.5 Hz, -CH3), 3.65 (s, 3, -OCH3), 3.67 (s, 
3, -OCH3), 4.13 (dq, 1,J= 10, 6.5 Hz, -C//(-0)CH3), 7.48 
ppm (s, 1, -OCH=); m/e 269) was isolated in 66% yield. The 

synthesis was then completed by removal of the /V-carbome-
thoxy protecting group, effected at 50 0C with glacial acetic 
acid saturated with hydrogen bromide. Chromatographic 
purification gave 83% of pure oily bicyclic amine 2 ([a]25D 
-63.9° (CHCl3); IR 1698, 1630 crrr1; \m a x 242-243 nm (e 
8525);NMR<5 1.37 (d. 3,J = 6.5 Hz, CH3), 1.74 (s, 1,NH), 
3.70 (s, 3, -OCH3), 4.51 (dq, 1 ,7=10, 6.5 Hz, -CH (-O)-
CH3), 7.52 ppm (s, 1, =CHO); m/e 211); the crystalline 1-
tartrate salt had mp 163-165 0C, [a]2 5

D -30.50 .7 

In summary, we have completed our previously described 
synthesis of natural a//o-heteroyohimbine alkaloids4 by an 
efficient asymmetric and stereospecific preparation of the key 
intermediate 155',195',205'-bicyclic amino ester 2. A practical, 
general method is now available for the synthesis of this type 
of alkaloid.29 
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