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In the synthesis of triethyl #rans-1,2,3-tricyanocyclo-
propane-1,2,3-tricarboxylate (I} by reaction of ethyl
sodiocyanoacetate and ethyl bromocyanoacetate ac-
cording to the general procedure of Felton,'® we ob-
tained, in addition to I, two other compounds, so-
dium 1,2,3-tricyano-1,3-dicarbethoxypropenide (II) and

diethyl! 1,2,3-tricyanocyclopropane-1,2-dicarboxylate
(I11a-c) (21 and 69 yield, respectively) (Chart I).
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Compounds II and IIla—c were characterized and
identified as follows. The yellow salt II gave the cor-
rect elemental analysis and was soluble in water and
insoluble in nonpolar solvents. The infrared spectrum
showed the presence of conjugated nitrile,? exhibiting a
strong, sharp absorption peak at 4.51 u and a less in-
tense peak at 4.47 u. The absorption bands at 5.88 and
6.78 u are assigned to C=0 and C=C stretching vibra-
tions, respectively. The ultraviolet spectrum of II
showed AGHUUH 425 mu (e 22,203) and 218 (13,192).
These ultraviolet absorption features are similar to
those reported for pentacyanopropenides.?

Assignment of structures I1Ta—c is based primarily on
analysis of spectral data. The proton nmr spectrum
exhibited signals centered at & 4.55 (two protons,
quartet), 4.54 (two protons, quartet), 3.58 (one proton),
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and 1.45 ppm (six protons, triplet). The two low-field
signals are attributed to the ester methylene protons,
the 3.58-ppm signal to the cyclopropyl proton,* and the
1.45-ppm triplet to the ester methyl protons. Ab-
sorption bands in the infrared spectrum at 3.29 (cy-
clopropyl C—H),’ 5.73 (C=0), and 4.44 u» (C==N) and
elemental analysis also indicate structures IIIa—c. The
spectra are compatible with the structures IIla~c for
the eyclopropane derivative.

Regan® has observed propenide formation in the
reaction of diethyl 2,2,3,3-tetracyanocyclopropane-1,1-
dicarboxylate with ammonia. It would appear that
formation of compound II results from base-catalyzed
ring opening of I and that this type of ring opening could
be general for highly negatively substituted cyeclopro-
pane derivatives with at least one carbalkoxy group.
These results are consistent with the initial involvement
of a Haller-Bauer’ type of cleavage reaction. The
transformations involved in the derivation of II and
IIla~c might be rationalized by initial formation of
pentasubstituted cyclopropyl carbanion (V), which is
formed by the elimination of diethyl cyanomalonate
from intermediate IV, which, in turn, results from the
nucleophilic addition of ethyl cyanoacetate anion to an
electron-deficient ester carbonyl of I. Rearrangement
of V would lead to the propenide (II) while proton
capture would give IITa—c. This rationalization is sup-
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ported by the fact that compound II and its potassium
salt were formed upon treatment of I with ethyl sodio-
cyanoacetate and potassium acetate in anhydrous 1,2-
dimethoxyethane in 78 and 519 vield, respectively.
Moreover, reaction of I with ethyl sodiocyanoacetate
gave 1lla—c in 4-89; yield. On the other hand, the
strongly basic sodium hydride gave an 119 yield of II
and no cyclopropane product could be detected after
1 week at room temperature. These products are
identical with those isolated in the original reaction
as evidenced by comparison of infrared and ultraviolet
absorption spectra and mixture melting point determi-
nations.

That the cyclopropane derivative (IIla—c) did not
arise from a mechanism involving protonation of IT was
demonstrated by treating II with p-toluenesulfonic
acid in ethanol. Only 1,2,3-tricyano-1,3-dicarbethoxy-
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propene (VI) was obtained. The structure of the acid
(VI) was confirmed by carbon and hydrogen analysis,
molecular weight, and infrared and nmr spectral
data. The nmr spectrum supports a cis configura-
tion for VI which showed an extremely low-field
absorption for the acidic proton at é 14.65 ppm, char-
acteristic for a hydrogen-bonded proton. Also, Drei-
ding models indicated a steric preference for this cis
conf‘i)guration and a normal hydrogen-bond distance of
2.6 A for the C-H-O bond in V1.8

The stability of IITa-c under the alkaline conditions
of the reaction is interesting and deserves comment.
The yields of eyclic product from treatment of I with
various bases indicate the formation of V and proton
abstraction by V to be a function of the nucleophilicity
and structure of the attacking reagent. A rationale
for ring-strain relief and product resonance stabilization
is provided by propenide formation. Probably the
latter accounts for the irreversibility of the cyclopro-
pane forming reaction. Dreiding stereo models suggest
no driving force for the rearrangement of V owing to
steric interaction of the carbethoxy groups. In con-
trast to the reported® steric interference existing in
ammonium 1,1,3,3-tetracyano-2-carbethoxypropenide
no steric effects were observed in models of II. In
view of the known double-bond character of cyclopro-
panes? the stability of V must be attributed to its simi-
larity to a carbanion formed at a trigonal carbon atom
through delocalization of its charge by interaction with
the a-cyano group.

On mechanistic grounds it appears reasonable that
the cyclopropane product be assigned the configuration
as shown by IIIa. This would be expected from attack
by base on the least hindered carbethoxy group of I
followed by proton capture. On the other hand, isom-
erization of the intermediate carbanion V would be
expected to lead to the thermodynamically stable
isomer, IIIb. Indeed, Walborsky!® has-shown that the
energy barrier for the inversion of a a-cyano cyclo-
propane carbanion in aprotic solvents is lower than ex-
pected and that racemization occurs readily.

The nmr spectrum agrees with the proposed structure
IIIb. In addition to the cyclopropyl proton, the nmr
spectrum showed two equivalent carbethoxy methyl
groups and a quartet due to the methylenic protons of
the ester which under resolution were discernible as two
quadruplets. On the other hand, the nonequivalency
of the ester groups of starting trans I is clearly shown by
its nmr spectrum which exhibited two overlapping
quadruplets centered at § 4.47 and 4.54 ppm and two
overlapping triplets centered at § 1.40 and 1.45 ppm,
each in a 2:1 proton ratio, respectively. The assign-
ment of configuration to Illa-¢ with certainty must
await the synthesis of all three isomers.
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In the course of investigating the reactions of I, forma-
tion of the stable anion radical VII was observed. Treat-
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ment of I with potassium iodide in acetone solution under
an inert atmosphere proceeded with the liberation of
iodine and gave an orange solution. Likewise, colored
solutions were obtained when potassium cyanide and
triethylamine were used in the reaction. Anion radical
formation in these reactions was substantiated by ex-
amination of an esr spectrum of the electrolytic reduc-
tion product of I with n-Bu,N* ClO,~ as the electrolyte
in acetonitrile. A spectrum consistent with the cyclo-
propane structure VII was obtained with ax = 0.70,
ag = 1.48 Oe, and ¢ = 2.0033. In contrast to I, cis-
and trans-1,2,3-tricyanocyclopropanes failed to oxidize
potassium iodide, cyanide ion, and triethylamine and to
undergo electrolytic reduction under the conditions
described for I.

The observed influence of substituents on anion rad-
ical formation of cyclopropane derivatives is of signifi-
cance in view of the current confusion that exists in the
literature concerning anion radical existence of the
parent cyclopropane.!!

Experimental Section!?

Reaction of Ethyl Sodiocyanoacetate and Ethyl Bromocyano-
acetate.—The reaction was carried out by a modification of the
procedure of Fenton.!» To a suspension of 2.0 mol of ethyl sodio-
cyanoacetate [prepared by adding 226 g (2.0 mol) of ethyl cyano-
acetate in 500 ml of anhydrous 1,2-dimethoxyethane (glyme) to a
suspension of 90 g (2.0 mol) of 509 sodium hydride disper-
sion in mineral oil in 1 1. of anhydrous glyme at 5°] was added
160 g (1.0 mol) of liquid bromine at —60 to —70° during 1.5 hr.
When the addition was complete, the reaction mixture was held
at room temperature overnight. The reaction mixture was
filtered to remove sodium bromide, and the filtrate was concen-
trated under reduced pressure to a yellow oil. The oil was
washed with two 50-ml portions of petroleum ether (bp 35-60°)
and the solvent discarded. The semisolid was filtered to give
57.0 g (51%) of crude colorless triethyl trans-1,2,3-tricyanocyclo-
propane-1,2,3-tricarboxylate (I). Recrystallization from ethanol
afforded 45.7 g (41%) of pure product, mp 119-120° (lit."* mp
122-123°). A mixture melting point with an authentic sample of
I prepared by the reaction of ethyl bromocyanoacetate and potas-
sium acetate in anhydrous glyme!* showed no depression,
119-120°.

Anal. Caled for CisHisN;Os: C, 54.05; H, 4.54; N, 12.61.
Found: C, 54.19; H, 4.64; N, 12.72.

The infrared absorption spectrum was consistent with that
reported for 1.2 There is a very weak absorption at 4.43
attributable to nitrile and at 5.68 u for carbonyl.

The filtrate, a yellow oil, was extracted with two 50-ml por-
tions of water. The combined water layers were evaporated to
dryness to give 20 g (21%) of crude yellow product. Recrystal-
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lization from ethanol-ether gave 8.0 g (9%) of bright yellow
salt, sodium 1,2,3-tricyano-1,3-dicarbethoxypropenide (II), mp
241-246° dec. An analytic sample was prepared by recrystalliza-
tion from ethanol, mp 299-300° dec.

Anal. Caled for C,HyNaN3O;: C, 50.89; H, 3.56; N,
14.84¢. Found: C, 50.71; H, 3.80; N, 14.51.

The water-insoluble oil crystallized on standing 1 week. The
solid was washed with ether and dried: yield 5.0 g (69) of
crude, colorless diethyl 1,2,3-tricyanocyclopropane-1,2-dicarbox-
ylate (Illa-c), mp 109-111°. Recrystallization from ethanol
gave 4.1 g (59) of pure IIla-c, mp 118~119°, A mixture melting
point with I was depressed, 100-104°.

Anal. Caled for C:HuN3Os: C, 55.17; H, 4.24; N, 16.09.
Found: C, 55.15; H, 4.48; N, 15.78.

Reaction of Triethyl i{rans-1,2,3-Tricyanocyclopropane-1,2,3-
tricarboxylate (I) with Potassium Acetate.—Powdered anhydrous
potassium acetate (3.0 g, 0.03 mol) was added to a solution of
triethyl trans-1,2,3-tricyanocyclopropane-1,2,3-tricarboxylate in
300 ml of anhydrous glyme at 23°. The mixture was stirred for
2 days at room temperature and then evaporated to dryness under
reduced pressure. The residue was recrystallized from 95%
ethanol to give 4.6 g (51%) of yellow potassium 1,2,3-tricyano-
1,3-dicarbethoxypropenide, mp 244-246° dec.

Anal. Caled for CH(KN;O4: C, 48.15; H, 3.37; K, 13.06;
N, 14.04. Found: C, 47.96; H, 3.65; K, 13.30; N, 13.90.

The infrared absorption spectrum revealed bands at 4.54
(s) and 4.49 (w) attributable to conjugated nitrile, 5.87 (C=0),
and 6.78 u (C=C). The ultraviolet spectrum showed absorption
at AR 425 my (e 22,806) and 218 (13,678).

Reaction of Triethyl trans-1,2,3-Tricyanocyclopropane-1,2,3-
tricarboxylate (I) with Ethyl Sodiocyanoacetate.—A suspension
of ethyl sodiocyanoacetate (0.03 mol) in anhydrous glyme was
prepared by adding 3.4 g (0.03 mol) of ethyl cyanoacetate to a
mixture of 1.4 g (0.03 mol) of sodium hydride (as a 509 disper-
sion in mineral oil) in 200 ml of anhydrous glyme at 10°. The
mixture was stirred and warmed at 30° until the theoretical
amount of hydrogen gas had evolved. Triethyl trans-1,2,3-
tricyanocyclopropane-1,2,3-tricarboxylate (I, 10.0 g, 0.03 mol)
in 150 m! of anhydrous glyme was added at 5-10° during 40 min.
After stirring overnight at room temperature, the solvent was
evaporated under reduced pressure, and the red oil (approxi-
mately 30 ml) was shaken with three 100-ml portions of ether and
the combined ether washings were saved. The precipitated
solid, from treatment with ether, was dissolved in warm water
and filtered (in several experiments some unreacted I was re-
covered at this point) and the filtrate evaporated to dryness.
Recrystallization of the residue from ethanol gave sodium 1,2,3-
tricyano-1,3-dicarbethoxypropenide (II): yield 6.6 g (78%),
mp 295° dec. A mixture melting point and comparison of in-
frared spectra with authentic II showed them to be identical.

The ether washings were evaporated to give a mixture of
orange oil and solid. The solid was collected by filtration, washed
with cold ethanol and ether, and dried: yield 1.1-g (11%) recovery
of starting cyclopropane I, mp 120-122°; mixture melting point
with authentic I, 120.5-122°. (I was recovered in yields up to
14% in one experiment.)

The red oily filtrate was washed with water and then allowed
to stand at room temperature for 1 week. During this time a
white solid crystallized. The product solid was separated from
the mineral oil by filtration, washed with cold ethanol and
ether, and dried: yield 0.6 g (8%,) of diethyl 1,2,3-tricyanocyclo-
propane-1,2-dicarboxylate (IIla—c), mp 114-116°. Recrystal-
lization from ethanol raised the melting point to 117-119°.
Mixture melting point with starting cyclopropane I was depressed,
99.5-104°. Mixture melting point with authentic IlTa—c was
not depressed, 118~119°. An infrared spectrum was identical
with that of authentic ITIa~c. In three experiments yields of
ITla-c ranged from 4 to 8%.

Reaction of Sodium 1,2,3-Tricyano-1,3-dicarbethoxypropenide
(II) with p-Toluenesulfonic Acid.—A solution of 2.68 g (0.014
mol) of p-toluenesulfonic acid in 150 ml of absolute ethanol was
added to 4.0 g (0.014 mol) of sodium 1,2,3-tricyano-1,3-dicarb-
ethoxypropenide (II) in 100 ml of absolute ethanol all at one
time, with swirling, and the mixture was allowed to stand for
2 days. The red mixture was concentrated to a total volume of
about 15 ml and filtered. The white solid which had been col-
lected by filtration was washed with a small portion of cold
ethanol and dried, yield 2.4 g. The solid product was then washed
thoroughly with water to remove sodium p-toluenesulfonate
and dried: yield 0.40 g (119) of c¢is-1,2,3-tricyano-1,3-di-
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carbethoxypropene (VI). Recrystallization from ethanol gave
0.30 g (8.2%,) of white product, mp 149.5~151°.

Anal. Caled for CHuN;Os: C, 55.17; H, 4.24; N, 16.09;
mol wt, 261. Found: C, 55.05; H, 4.24; N, 15.98; mol wt
(eryoscopic method in DMSO), 245.

An infrared spectrum had absorption bands at 3.20 (C-H),
4.48 (CN), 5.95 (C=0), and 6.05 x (C=C). The nmr spectrum
showed two overlapping quadruplets (5§ 4.63 and 4.60 ppm,
four protons) and two overlapping triplets (6 1.53 and 1.49
ppm, six protons), in addition to acidic proton (5§ 14.65 ppm).

The filtrate from the original reaction mixture was evaporated
to dryness to give an orange tacky residue. Various attempts at
isolating other reaction products were unsuccessful.

Registry No.—I, 16408-63-2; II, 12259-90-4; IIIa,
16408-64-3; IIIb, 16408-65-4; IIlc, 16408-66-5; VI,
16408-67-6; potassium 1,2,3-tricyano-1,3-dicarbethoxy-
propenide, 12259-91-5.
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Neutral Hydrolyses.—The decomposition of neutral
trimethylsulfonium halides in aqueous acetone® or
absolute ethanol* is a second-order process involving
nuecleophilic displacement of dimethyl sulfide by the
anion. In contrast, trimethylsulfonium salts incor-
porating such relatively inert anions as perchlorate,
picrate, and arenesulfonate have now been found to
decompose in water solution by a first-order process.
Seven different salts liberate acid at the same rate at
158°, with no important change in rate accompanying
a tenfold increase in anion concentration (Table I).

TasLe I
Hyprovrysis or (CH;)SX

Concn, Concn, Temp, 108k,

X M at 25° Addend M at 25° °C sec™1
ClO, 0.0100 None 157.8 0.37
ClO, 0.0100 NaClO, 0.100 157.8 0.37
Cl0, 0.0100 HCIO, 0.0100 157.8 0.39
0;8CsHs 0.0100 None 157.8 0.41
0:SCeH-p-CH; 0.0100 None 157.8 0.38
0:8CesH4-p-Br 0.0100 None 157.8 0.36
0:SCeHep-NO; 0.0100 None 157.8 0.37
0,8-8-CoH, 0.0100 None 157.8 0.37
OCgH:-2,4,6-(NO;); 0.0100 None 157.8 0.37

ClOy4 0.0100 None 138.0 0.055
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