4744 J Org. Chem., Vol. 44, No. 25, 1979

matropic rearrangement), thus forming an N-phenyl-
piperidine derivative.

The reductive cyclization of two N-arylhydroxylamines
(3b and 3e) with the homologue, ethyl 7-0x0-2-heptynoate
(8), has also been studied briefly for comparison. Aldehyde
ester 8, prepared from 5-hexyn-1-ol as described above for
4, was condensed with 3b and 3e, and the nitrone so
formed was reduced with sodium cyanoborohydride in the
same manner. Ethyl 2-methyl-6,7,8,9-tetrahydropyrido-
[1,2-a)indole-10-carboxylate (9, mp 55.5-57 °C) was iso-
lated from the former reaction in 8% yield. The major
product (31%) was an unstable liquid identified as ethyl
1-(4-methylphenyl)piperidine-2-acetate (10).1® The (c-
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methoxyphenyl)hydroxylamine (3e) afforded the corre-
sponding 4-methoxytetrahydropyridoindole (mp 117-118
°C)*% in 12% yield.

The pyridoindole 9 and the piperidine acetate 10 very
likely arise from competitive intramolecular Michael ad-
dition of the hydroxylamine intermediate (homologue of
6) at oxygen and nitrogen, respectively. The piperidine
N-oxide formed in the latter cyclization may undergo
Polonovski-type rearrangement and twofold reduction with
cyanoborohydride to give 10. This pathway also competes
to some extent in the reductive cyclizations with 4, since
the corresponding ethyl 1-arylpyrrolidine-2-acetates were
isolated in small amounts from some of the preceding
reactions (e.g., 10-20% of ethyl 1-(3-methylphenyl)-
pyrrolidine-2-acetate from 3f + 4).

The reductive condensation of aromatic hydroxylamines
with ethyl 6-0xo-2-hexynoate offers a short synthetic route
to a variety of 2,3-dihydro-1H-pyrrolo[1,2-a}indole-9-
carboxylates which may be of value in the preparation of
mitomycin analogues. This reaction serves to illustrate the
utility of the 1-aza-1’-oxa [3,3]sigmatropic rearrangement
as a synthetic method for ortho alkylation and the rapid
construction of complex heterocyclic ring systems.?
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(19) IR (neat) 1725 em™! (C==0); '"H NMR (CCl,) 6 1.13 (t, 3 H,J =
7 Hz, OCH,CHj;), 1.62 (br s, 6 H, three CH,), 2.20 (s, 3 H, ArCH,), 2.28

7
(d, 2 H, J = 7 Hz, CH,CO,Et}, 2.8-3.3 (br m, 2 H, NCH,), 3.92 (br q, 3
H, J = 7 Hz, NCH and OCH,CHj,), 6.65 (d, 2 H, J = 8 Hz, aryl H), 6.85
(d,g H, J = 8 Hz, aryl H); mass spectrum (70 eV) m/e (rel intensity) 261
(

, 10), 175 (15), 174 (100), 91 (10).

(20) 'H NMR (CDCl,) 6 1.39 (t, 3H, J = 7 Hz, OCH,CHj,), 1.65-2.20
(m, 4 H, NCH,CH,CH,), 3.27 (t, 2 H, J = 7 Hz, CH,), 3.87 (s, 3 H, OCHj),
4.31 (g, 2 H,J = 7 Hz, OCH,CHjy), 448 (t, 2 H, J = 7 Hz, NCH,), 6.55
(d,1H,J=8Hz, HatC-3),7.02 (t,1 H, J = 8 Hz, H at C-2), 7.68 (d,
1 H, J = 8 Hz, H at C-1); mass spectrum (70 eV) m/e (rel intensity) 273
(M*, 100), 245 (13), 244 (59), 228 (31), 201 (13}, 200 {22), 185 (11), 184
(12).
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One-Step Synthesis of Complex Cyclopropanone
Phenylthioketals by the Reaction of
Sulfur-Stabilized Anions with Ketene
Bis(phenylthio)acetal

Summary: Organolithium compounds which are stabilized
by a phenylthio group lose the latter and form cyclo-
propanone phenylthioketals upon reaction with 1,1-bis-
(phenylthio)ethene; the latter is prepared by copper(l)-
induced elimination of thiophenol from 1,1,1-tris(phe-
nylthio)ethane, which is in turn generated by the reaction
of acetic acid with a reagent formed by the reaction of
trimethylaluminum with thiophenol.

Sir: We have recently revealed a remarkably efficient
1,3-elimination of thiophenol from 1,1,3-tris{phenylthio)-
alkanes (1) induced by methyllithium in the presence of
tetramethylethylenediamine (TMEDA) to produce cyclo-
propanone thioketals (3) in excellent yield (Scheme I);!
one important use of the products is their facile reduction
to sulfur-stabilized cyclopropyl anions by lithium na-
phthalenide.!® We are now pleased to report that the
presumed anionic intermediate (2)!¢ of the ring closure
reaction can be produced in a connective manner by the
reaction® of sulfur-stabilized anions (4) with ketene bis-
(phenylthio)acetal (5), a material which is now readily
available (see below).? Examples are provided in eq 1-4.4

The lithio derivative® of 6 decolorized at 25 °C in the
presence of 5; we had previously prepared the product 7
by the nonconnective version of this ring closure.!®* As
hoped, the lithio derivative® of 8 reacted predominantly
at the sulfur-bearing carbon atom to produce 9; the mo-
bility on TLC of the only other product leads us to believe
that it possesses three phenylthio groups and it probably
arises by attack of 5 on the v position of the anion. It was
gratifying to observe that the anions’ of 1,3-bis(phenyl-
thio)alkenes readily attack the ketene thioacetal even
though the starting anion must be more highly stabilized
than the intermediate 2; substrate 10 was produced by the
reaction of cyclohex-2-en-1-one with boron thiophenoxide

(1) (a) T. Cohen and W. M. Daniewski, Tetrahedron Lett., 2991
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as described previously’” and 12 was generated from the
ketene bis(phenylthio)acetal derived from the reaction of
cyclohexanecarboxylic acid with aluminum thiophenoxide.?
A pure sample of 13 was obtained by silica chromatography
of the product of eq 4. A pure sample of 14 has not yet
been obtained; its structure has been assigned on the basis
of its proton NMR spectrum as a mixture with 13 and the
similarity of its TLC mobility with that of 13.

Ketene thioacetal 5, which should have multiple uses
in organic chemistry, was prepared by an improvement of
our earlier synthesis.® 1,1,1-Tris(phenylthio)ethane (15),
which was previously prepared® by the methylation of
tris(phenylthio)methyllithium, can be prepared somewhat
more expeditiously by a modification of our procedure for
converting esters to substituted ketene thioacetals.® To
a solution containing 100 mL of 2.6 M trimethylaluminum
(0.25 mol) in hexane and 200 mL of degassed toluene at
25 °C was added dropwise 76.8 mL (82.6 g, 0.750 mol) of
thiophenol followed by 7.50 g (0.125 mol) of acetic acid.
The mixture was heated at reflux for 2.5 h, cooled to 25
°C, and poured into 500 mL of 10% aqueous NaOH. The
organic phase was washed with more alkali, dried, and
evaporated to provide crude 1,1,1-tris(phenylthio)ethane
(15). Recrystallization from benzene—ethanol provided 22.2
g (50%) of white crystals, mp 143-145 °C.

For the preparation of ketene thioacetal (5), a solution
of 1.98 g (0.0056 mol) of 15 in 20 mL of THF was added
dropwise within 1 min to a mixture of 2.9 g (0.0057 mol)
of the cuprous triflate~benzene complex® and 1.3 mL (1.2
g, 0.011 mol) of 2,6-lutidine in 50 mL of dry benzene. The

(8) T. Cohen, R. E. Gapinski, and R. R. Hutchins, J. Org. Chem., 44,
3599 (1979).
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from Strem Chemicals, Inc., P. O. Box 108, Newburyport, Mass. 01950.
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mixture was stirred at 25 °C for 20 min during which time
a yellow precipitate of cuprous thiophenoxide formed. The
reaction mixture was added to a short column containing
100 g of silica gel and the product was eluted with ether
to vield 1.34 g (98.5%) of spectroscopically pure 5 as a pale
yellow oil.

MezAl ut
CH,CO,H ——— CH,C(SPh); ——— CH,=C(SPh),
15 utidine 5

The procedure for the preparation of 9 follows. To a
stirred solution of 192 mg (1.08 mmol) of 8 and 137 mg
(1.18 mmol) of TMEDA in 6 mL of THF at 0 °C was
added 0.85 mL of a 1.35 M hexane solution of n-butyl-
lithium (1.15 mmol) and the solution was stirred for 30
min. A solution of 269 mg (1.10 mmol) of 5 in 3 mL of
THF was added to the yellow solution of 0 °C. The so-
lution was stirred for 30 min at that temperature and for
3 h at 25 °C and it was then added to 50 mL of brine.
Evaporation of the dried ether extract of the mixture and
chromatography of the orange residue on 25 g of silica gel
(elution with 100:1 hexanes—ethyl acetate) provided 243
mg (71%) of 9 as a yellow solid, mp 70.0-71.0 °C.* The
other procedures were the same except for differences in
times and temperatures, which are noted in eq 1, 3, and
4,

Because of the ready availability of the ketene thioacetal
51% and of a wide variety of anions stabilized by the phe-
nylthio group,®®!! a large array of substituted cyclo-
propanone bis(phenylthio)ketals should be attainable by
this procedure. The utility of the products is likely in view
of the possibilities of reduced lithiation to sulfur-stabilized
cyclopropyl anions!® and in the case of some of the vi-
nylcyclopropanes!? of [1,3]sigmatropic rearrangement to
cyclopentenes, a type of rearrangement that should be
greatly facilitated by the substitution pattern'® especially
if a diradical intermediate!* is involved. Furthermore,
greatly increased versatility of the concept could be en-
visioned by the use of other electrophilic olefins in place
of the ketene thioacetal; testing of this concept is planned.
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On the Stereochemical Aspects of the
Intramolecular 1,1-Cycloaddition Reaction of
Nitrilimines

Summary: Treatment of o-vinylphenyl substituted chlo-
roglyoxylate phenylhydrazones with base leads to nitrili-
mines as transient intermediates. These reactive 1,3-di-
poles undergo intramolecular 1,1-cycloaddition with com-
plete retention of configuration to give cyclopropalc]-
cinnolines,

Sir: Nitrilium betaines are a long known and thoroughly
investigated class of 1,3-dipoles.!? 1,3-Dipolar cyclo-
addition of this class of dipoles has been widely investi-
gated®* and in many cases has led to the synthesis of a
variety of interesting heterocyclic compounds,® some of
which would be tedious to synthesize by other routes.
Recent results from our laboratory have shown that there
are two pathways by which these dipoles can react with
multiple = bonds.5® The most frequently encountered
path involves a “parallel-plane approach of addends” and
can be considered to be an orbital symmetry allowed [4
+ 2] concerted process.! The other path, designated as
1,1-cycloaddition, was first encountered with nitrile ylides!'
and operates only in certain intramolecular cases. It occurs
when the p orbitals of the dipolarophile have been delib-
erately constrained to attack perpendicular to the nitrile
ylide plane. Since our original report of this novel phe-
nomenon appeared,© a related intramolecular carbene type
of 1,1-cycloaddition of a nitrilimine has been reported by
Garanti and co-workers.!! As a further consequence of
our interest in this area,!? we thought it worthwhile to
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determine whether additional examples of carbenoid ac-
tivity of nitrilimines could be uncovered. In this com-
municaton we wish to describe the stereochemical course
of the intramolecular 1,1-cycloaddition reaction of N-{o-
vinylphenyl) substituted nitrilimines to cyclopropalc]-
cinnolines.

Treatment of ethyl chloroglyoxylate 2-(o-vinylphenyl)-
hydrazone (1) with base at 80 °C gave a 91% yield of ethyl
1H-1,2-benzodiazepine-3-carboxylate (3), mp 107-108 °C,

(12) Padwa, A.; Nahm, S.; Sato, E. J. Org. Chem. 1978, 43, 1664.
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