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Stereoselective Synthesis of (£)-Dihydroantirhine
Sir:

We describe here a new route to indole alkaloids which leads
specifically to the less stable anti relationship of the centers at
Cs and Cs.! The first stereoselective synthesis of (&)-dihy-
droantirhine (4)?3 will serve to illustrate our synthetic ap-
proach. 1t is noteworthy not only because of its complete ste-
reoselectivity (all three asymmetric centers of dihydroantirhine
are rigorously controlled) but also by its efficiency; the overall
yield of (£)-dihydroantirhine is 40% starting from lactam 1
{20% based on tryptamine).

a:R=H.b R=Me

The two key steps on which this new approach is based are
the cycloaddition of the ynamine 24 with the unsaturated
lactam 15 (1 + 2 — 3) and the hydrolysis of the enamine system
of the resulting cycloadduct 3 (3 — Sa).

The initial cycloaddition of ynamines with «,(-unsaturated
lactams was made possible, as we described in the case of un-
saturated nitriles,® by the addition of magnesium bromide.

The first stereochemical problem was that of establishing
the correct anti relationship of C3 and C,s which is charac-
teristic of the antirhine alkaloids. The cycloaddition’ of yna-
mine 2 with 1 offers a solution to this problem because per-
pendicular attack® of 2 at C|s would be expected to involve a
transition state in which the lactam is in a half-chair confor-
mation (cf. 1) leading to 3 rather than in a half-boat con-

1a i
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formation (cf. 15) which would have led to a syn relationship
of the relevant centers.

The second problem involves the control of the relative
configuration of the centers at Cys and at Cq in dihydroanti-
rhine. This control of a center in a flexible chain adjacent to
a ring can be achieved during the hydrolysis of the cycloadduct
(3 — 5a). Treatment of 3 with 10% hydrochloric acid for 1 h
at 20 °C gave the acid Sa, mp 186-187 °C (acetonitrile-eth-
anol).® The methyl ester b (diazomethane, 50% overall yield
from 1; IR (CDCl;) 1650-1730 cm~!; 'TH NMR 6 0.9 (t, 3 H),
3.5 (s, 3 H)), was clearly a single isomer as shown by its 13C
NMR spectrum.!© This result shows that the same very high
stereoselectivity is observed in the hydrolysis of the cyclobutane
enamine 3 which is fused to a lactam, as is observed when the
fulslion is to a cyclanone as in the previously studied case of
6.

(C

Et,

~
o=

s

Under the kinetic control involved in the conditions de-
scribed above, the 8-ketolactam 8 is formed via the immonium
ion 7 by addition of the proton on the more accessible exo face.
Irreversible cleavage of the 3-ketolactam 8 is more rapid under
these conditions than equilibration of 7 or 8, and thus leads
directly to the acid 5a in which the crucial center at Cyq in the
side chain is maintained in the correct configuration.

Reduction of the ester b with an excess (3 equiv) of lithium
aluminium hydride (THF, reflux, 2 h), followed by debenzy-
lation of the indole nitrogen (Na, NHj3),!? then gave (+)-
dihydroantirhine (4) in 80% yield. The synthetic substance and
its acetate proved identical (IR, mass, 'H NMR, 13C NMR)!?
with samples prepared starting from natural antirhine.'4
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Benzenesulfonylnitrile Oxide: a Useful Intermediate
for the Syn-Cyanohydroxylation of Alkenes
Sir:

Several synthetic transformations have been reported which
permit the stereospecific syn attachment of carbon and oxygen
to the double bond of alkenes.!-3 Typically, a heterodiene,’ 1,3
dipole,? or ketene? is reacted with the alkene, followed by
elaboration of the resulting cycloadduct. Nitrile oxides are
among the 1,3 dipoles successfully employed for this trans-
formation. The range of alkenes which react well with typical
nitrile oxides is, however, somewhat limited owing to compe-
tition from nitrile oxide dimerization.?® Certain unconjugated
alkenes do not work well, notably six-membered cyclic and tri-
and tetrasubstituted ones.

We report here two new general synthetic procedures based
on an improved version of the nitrile oxide cycloaddition pro-
cess. The first of these permits the syn-cyanohydroxylation®
of alkenes, while the second introduces an efficient indirect way
to obtain 3-substituted isoxazolines. Central to both procedures
is the cycloaddition of benzenesulfonylnitrile oxide (1) to al-
kenes (Scheme 1). The resulting cycloadducts undergo re-
ductive ring fragmentation to complete the syn-cyanohy-
droxylation process. Alternatively, nucleophilic substitution
of the benzenesulfonyl group leads to a number of 3-substituted
isoxazolines which would be difficult at best to prepare by di-
rect cycloaddition.

The bromo oxime 2 has proven a convenient precursor to the
nitrile oxide 1. It is readily prepared from benzenesulfonylni-
tromethane (3)3 in 30-40% overall yield (Scheme 11).6 Se-
quential bromination and O-methylation of a-nitro sulfone 3
affords an unstable nitronic ester rapidly converted in refluxing
methylene chloride to bromo oxime 2.

Slow addition (syringe pump technique) of a solution con-
taining the bromo oxime 2 to a mixture of excess alkene and
aqueous sodium carbonate’ results in fair to excellent yields

Scheme I
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Table 1. Cycloadducts Obtaired from Benzenesulfonylnitrile Oxide
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2 Using an ~50-fold excess of alkene unless otherwise stated. Yields
are based on the nitrile oxide precursor 2 and refer to pure, isolated
products. # NMR indicated only this regioisomer. < A 1.5-fold excess
of alkene was employed. ¢ NMR indicated the exo isomer; for the
endo and bridgehead H, J < 2 Hz in all cases. ¢ Distilled (spinning
band) to remove isomers and passed through silica gel. / The major
product (61% yield) was dibenzenesulfonylfurazan oxide. £ We thank
Dr. K. C. Nicolaou for a research sample. # A 1.5-fold excess of the
alkene was used. * TrOC = CI3CCH,0OCO. / Based on the alkene.

of the cycloadducts 4-12 (Table 1). 1t is noteworthy that the
normally sluggish cyclohexene reacts very well. Cycloaddition
also occurs readily with 1-methylcyclohexenc, an alkene not
previously reported to react with nitrile oxides. The limit of this
procedure is reached with tetramethylethylene:® reaction does
occur to give a 17% yield of cycloadduct 10 but the major
product, obtained in 61% yield, is dibenzenesulfonylfurazan
oxide (nitrile oxide dimer).

We attribute the high reactivity of benzenesulfonylnitrile
oxide to synergistic electronic and steric factors. Electron-
attracting substituents are known to increase the reactivity of
other 1,3 dipoles™2f toward alkenes and presumably this is one
function of the benzenesulfonyl substituent. Also, its large size
is expected to retard the dread nitrile oxide dimerization.®

Our syn-cyanohydroxylation process is completed by
treatment of the cycloadduct with 2% sodium amalgam. The
resulting expulsion of the benzenesulfonyl group with con-
commitant nitrogen-oxygen bond cleavage affords vicinal
cyanohydrins in excellent yield!? (Table I1). For those cases
where there is a stereochemicai choice, only the cis isomer is
obtained. Thus, the cyanchydrin 15 clearly differs in spectral
and physical properties from its trans isomer obtained by
treating cyclohexene oxide with potassium cyanide.

Arenesulfonyl groups are well-known one-electron accep-
tors.!! Presumably the first step in fragmentation of cycload-
ducts 5-9 involves electron transfer from sodium amalgam to
the benzenesulfonyl group. However, the conditions employed
here (2% Na-Hg at 20 °C) are exceptionally mild for such a
process. Consequently, the cyano group of the products is un-
affected,'? nor is the carbonyl group of cycloadduct 8 reduced
during ring fragmentation.

The syn-cyanohydroxylation of cyclohexene is a typical
example of the general procedure. A solution containing bromo
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