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The nitrogen ylids, unlike their sulfur and phosphorus coun-
terparts, behave more like classical carbanions in their chemi-
cal reactivity'. Their reactions with activated double bonds
yield only Michael-type adducts rather than cyclopropane
ring formation. Similarly with aldehydes and ketones, they are
known to give only the corresponding aldol-type compounds.
Much of the earlier work on nitrogen ylids was confined to
the more stable immonium and cycloimmonium ylids and
their synthetic applications®. There are only a few reports of
stable ammonium ylids and their synthetic applications have
virtually not been investigated®. We report here the prepara-
tion of cyanotrimethylammonium methylid, a novel ammon-

0039-7881/82/0432-0301 $ 03.00

Communications 301

ium ylid and its facile reaction with a.f-unsaturated carbonyl
compounds to yield cyclopropanes. To our knowledge, this is
the first report of cyclopropanation of an activated double
bond with an ammonium ylid, except for a sole reference on
the formation of tribenzoylcyclopropane as one of the prod-
ucts from the reaction of phenacylpyridinium methylid with
phenacyl bromide**.

The ylid 3 was generated by stirring a suspension of the read-
ily available cyanomethyltrimethylammonium iodide® (2) and
sodium hydride in dry tetrahydrofuran. When this ylid was
reacted in situ with chalcone 4a, work-up and column chro-
matography of the reaction mixture yielded the mixture of the
cis- and frans-cyclopropane 5a in 10% and 51% yield, respec-
tively. The stereoisomeric cyclopropanes 5b, ¢ were similarly
obtained by the reaction of respective chalcones 4b, ¢ with 3.
The reaction of chalcone 4d with 3 gave only trans-5d in 34%
yield, while cis-5d could not be isolated from the reaction
mixture. Similarly, the reaction of ethyl cinnamate (4e) with 3
gave only trans-Se in 65% yield, while ethyl acrylate (4f)
yielded the mixture of cis- and rrans-5f in 21% yield. Reaction
of 3 with 2-cyclohexen-1-one did not give any identifiable
product. Similarly, reactions of 3 with acrylamide, cinnaman-
ilide, cinnamaldehyde, and nitrostyrene yielded only polym-
eric mixtures.
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A Michael-type addition of the ylid carbon atom to the C=C bond of
4a-f followed by ring closure with elimination of trimethylamine
should account for cyclopropane formation. An alternative mecha-
nism through decomposition of 3 to a cyanocarbene intermediate fol-
lowed by its addition to the double bond is ruled out, since 3 does not
add to unactivated double bonds such as those of cyclohexene or stil-
bene and no trace of 1,2,3-tricyanocyclopropane was obtained in any
of the reactions.

The stereochemistry of 5a-e was assigned by comparison of
the N.M.R. chemical shifts and vicinal coupling constants
with those of the known c¢is- and frans-5a’.
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SYNTHESIS
Table. 1,2-Di-ubstituted-3-cyanocyclopropanes Sa-f
Product R action  Yield m.p.[*C]or Molecular formula® I.R. (nujol) '"H-N.M.R. (CDCly) M.S
time [%) b.p. ['C}/torr  or Lit. data viem '] o [ppm]) E m,}:’.(M )
cis-S5a 14 h 10 1234247 123-124"7 2240 (CN); 230 (t, 1H, J=7 Hz); 3.45 (d, 2H, 247
1675(CO)  J=7 Hz); 7.0-7.8 (m, 8§H,.m); 8.05
(m, 2H,0m) '
trans-5a 14 h 51 109--110° 109-110°7 2240 (CN); 2.62 (dd, I H, /=8.5 and 4.5 Hz); 3.01 247
1672 (CO) (dd, I H, J=1%.5 and 6.0 Hz); 3.61 (dd,
IH, J=6.0 and 4.5 Hz); 7.0-7.8 (m,
. 8 H.iom); 8.05 (m, 2H,,..)
cis-Sh 16 h 32 133-134° ,H,,CINO 2240 (CN); 236 (t, 1H, J=7 Hz): 3.36 (d, 2H, 281.5
(281.7) 1670 (CO) J=7 Hz); 6.6-7.7 (m, 8H,,...,): 8.0 (m,
2H.om
trans-5b 16 h 54 123-124¢ C/H,,CINO 2236 (CN); 2.75 (dc)i, IH, J=9 and 4.5 Hz): 3.02 2K1.5
(281.7) 1672 (CO) (dd, J=9 and 6.0 Hz); 3.58 (dd, J=6
and 4.5 Hz); 6.9-7.7 (m, TH,,....); &1
(m, 2H,..0)
cis-5¢ 15 h 13 106--108°¢ CxHsNO- 2238 (CN): 2.26 (t, 1H, J=7 Hz); 3.32 (d, 2H, 277
(277.3) 1668 (CO)  J=7 Hz); 3.76 (1, 3H, CH:0); 7.01
(dd, 4H,0m): 7.6 (M, 3H,..n); 8.0 (m,
2H.rom)
trans-5¢ 151 42 92.93¢ Cy¢H,sNO, 2240 (CN); 2.60 (dd, 1H, J=8.5 and 4.5 Hz); 2.92 277
(277.3) 1670 (CO)  (dd, 1H, J=8.5 and 6 Hz); 3.50 (dd,
IH, J=6 and 4.5 Hz): 3.72 (s, 3H,
CH:0); 7.04 (dd. 4H,,.,,); 7.5 (m,
3H.,0m)s 8.0 (m, 2 H,00)
trans-5d 16 1 34 102° CsH:NO, 2240 (CN); 2.60 (dd, 1H, J=9 and 4.5 Hz); 2.95 291
(291.3) 1665 (CO) (dd, 1H, J=9 and 6 Hz):; 3.52 (dd,
J=6 and 4.5 Hz); 593 (s, 2H,
O—CH,—0): 6.80 (5. 3Hyom): 7.2
7.65 (m, 3 Hyrom); £.02 (dd, 2H, o)
frans-5e 12 1 65 Yellow C,sH,;NO, 2240 (CN); 130 (t, 3H, CHyCH,): 2.40 (dd, 1H, 215
viscous (215.2) 1730 (CO)® J=85 and 6 Hz), 273 (t, |H, J=6

liquid

cis/trans- 1 80--85°/3 80-82°/3 (trans}.
5f R0-87° /3 fcis)®

o
ra

Hz); 2.98 (dd, /J=8.5 and 6 Hz); 4.24

(g, 2H. CH;CH,0); 7.40 (br s,

5 Hacom)

1.1-1.8 (m, 5H, CH;CH; and two cy- 139
clopropyl protons); 1.8-2.55 (m, 2H,
cyclopropyl proton); 4.18 (g, 2H,
CH,CH,0)

2240 (CN);
1738 (CO)°

“ Satisfactory nicroanalyses obtained: C £0.44, H £0.44, N +£0.42.
" LR. of neat | quid.

Cyanomethyltri nethylammonium lodide (2):
Prepared by th reported” procedure from N, N-dimethylaminoaceto-
nitrile (1) and -nethyl iodide in dry ether at room temperature: yield:
90%; m.p. 210° C (dec) (Ref.", m.p. 210°C).

cis- and trans-1 -Cyano-2,3-disubstituted Cyclopropanes 5a-f; General
Procedure:

A suspension ¢ sodium hydride (0.025 mol, 50% suspension) and cya-
nomethyltrimet 1ylammonium iodide (23 0.02 mol) in dry tetrahydro-
furan (25 ml) it stirred at room temperature for 1.5 h till the evelution
of hydrogen is :omplete. A solution of 4a-f (0.02 mol) in dry tetrahy-
drofuran (25 m ) is slowly added to the reaction mixture during [5 min
with stirring ar d the temperature is slowly raised to 40-50°C, till the
evolution of tr methylamine starts. The reaction mixture is stirred at
40-45°C for tk 2 stated time (Table) and the reaction is menitored by
frequently che <ing the evolution of trimethylamine. When the evolu-
tion of trimeth famine is complete, the mixture is worked up by re-
moving the sol ent under reduced pressure, diluting with water (10--15
ml), nentralizii g with dilute acetic acid, and extracting with ether
(3% 100 ml). Tl ¢ ether Jayer is dried with sodium sulfate, evaporated,
and the residue is passed through a silica gel column; elution with ben-
zene and hexar e (1: 1) gives first the rrans-isomers of 5a-c, while fur-
ther elution wi h benzene and hexane (4: 1) yields the cis-isomers of
Sa-c.

In the case of 4d, only frans-5d was obtained on elution with ben-
zene/hexane mixture (3 :1) and no trace of ¢is-5d could be isolated.

Column chromatography of the rsaction mixture obtained from 4e
and 3, first yielded unreacted ethyl cinnamate (5%) on elution with
benzene/hexane (1:1), while further elution with benzene/hexane
(4:1) yielded trans-Se.

Column chromatography of the reaction mixture obtained from the
reaction of 4f and 3 gives a crude mixture of cis-5f and trans-5f.
which on distillation (Vigreux cotumn, 3 in) under reduced pressure
gives a mixture of pure cis- and trans-5f; b.p. 30-83°C/3 torr®,
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* Trimethylammonium dicyanomethylid has been reported to be a sta-
ble compound and has m.p. 154°C; see Ref.”, p. 10.
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(1967).

Cyclopropane ring formation through trimerization of carbenes de-

rived from decomposition of cycloimmonium ylids are reported; see

Ref.?, p. 207.
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We are thankful to Prof. Barry M. Trost for sending us physical

data, I.R. and N.M.R. spectral data for compounds cis-5a and trans-

Sa; see also, J. Adams, L. Hoffman, Jr., B. M. Trost, J. Org. Chem.

35, 1600 (1970).

Y G. B. Payne, J. Org. Chem. 32, 3351 (1967).

0039-7881/82/0432-0303 $ 03.00 © 1982 Georg Thieme Verlag - Stuttgart - New York

»

ES

Downloaded by: East Carolina University. Copyrighted material.



