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went condensation to yield 1,2,3-tris(p-nitrophenyl)-2-cyanopropane.

The reaction between benzyl halides and alkali metal
cyanides in polar solvents constitutes the classical and
generally acceptable method for the synthesis of phenyl-
acetonitriles. The polarity and nucleophilicity of the
solvent and the basic nature of the cyanide ion do,
however, lead to a number of anomalous reactions which
limit the utility of the method; ether formation, de-
hydrohalogenation, allylic rearrangement, and base-
catalyzed condensation have been encountered.®*
discovery, in this laboratory,’ of an anomalous reaction
between o-phthalimidomethylbenzyl
sodium cyanide in ethanol prompted a search for a new
synthetic route to phenylacetonitriles which would
avoid any appreciable concentration of cyanide ion in
solution and which would be applicable in nonpolar
solvents. The demonstration that bromide ion is
more strongly held than cyanide ion on strongly basic
anion exchange resins® coupled with the well known
high reactivity of benzyl bromides in displacement reac-
tions suggested an examination of the reaction of the
cyanide form of such resins with benzyl bromides.
The use of the eyanide form of a resin would satisfy the
desired conditions satisfactorily.

Two strongly basic anion exchange resins were con-
verted to their cyanide forms by conventional procedures
and allowed to react with five
benzyl halides. In each case, reaction was successful
and the phenylacetonitrile was obtained in good yield.
The experimental results of the various studies are
summarized in Table I.
were considered in some detail: solvent, reaction time,
and reactant-resin ratio.
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The formation of a number of phenylacetonitriles by reaction of the appropriate benzyl halide with the cyanide
form of an anion exchange resin has been achieved in good yield. The reaction can be carried out in a variety of
polar and nonpolar solvents. The only anomalous result was obtained with p-nitrobenzyl bromide, which under-
TasLE I
PrEPARATION OF NITRILES®
(Equiv.
resin)b/-
Time, (equiv. Yield,
Run Hatide Solvent hr, halide) ¢
1 CsHsCHgBI’ CszOH 1.5 1.0 53
(95%)
2 2.0 1.0 58
The 3 2.0 1.2 67
4 3.0 1.2 69
bromide and 5 2.0 1.5 52
6 3.0 1.5 58
7 1.0 1.72 62
8 4.5 1.72 53
9 CeHse 2.0 1.2 72
10 4.0 1.2 72
11 2.5 1.5 63
12 3.0 1.5 60
13 THF 4.0 1.5 70
14 4.0 1.72 66
15 (C:Hs):O 4.0 1.5 72
16 C:H:OH 4.5 1.72 50
17 CeHs 3.5 1.5 58
18 (CH)L0 4.0 1.5 40
19 DMF 4.5 1.72 50
20 C¢H;CH,Cl CHOH 3.0 1.5 62
. 21 p-BI‘CechHzBl‘d CzHaOH 2.0 1.0 98
representative 29 C.H, 2.5 1.0 31
23 p-CHsceH4CHzBr CzH50H 2.0 1.0 43
24 O-CGHA( CHzBl‘)z CzHaOH 2.0 1.0 83
25 m-CIC¢H,CH.Br C:H,OH 3.0 1.2 68
Three reaction variables 26 CH,=CHCH,Br CH,OH 1.5 1.0 23
27 CeHe 3.0 1.2 0
The formation of phenyl- 28 CeH, 3.6 1.2 5
29 none 3.0 1.0 52

acetonitrile from benzyl bromide was chosen as the
model reaction.

Silver nitrate tests for unchanged halide ion indicated
the reaction to be essentially complete in two hours and
results of runs 1-6 and 9-12 show that little increase in
vield is obtained with an increase of reaction time to
three hours. Some loss in yield resulted with longer
reaction times (runs 7, 8) and may represent condensa-
tion or hydrolysis of the nitrile in the presence of the
resin or sorption of the product on the resin. Little
change in yield was observed with changes in solvent,
with comparable yields being obtained in ethanol, ben-

(1) This study was supported in part by a grant (E-16) from the Health
Research and Services Foundation, Pittsburgh, Pa. Preliminary communi-
cation: M. Gordon and C. E. Griffin, Chem. Ind. (London), 1019 (1962).

(2) (a) National Science Foundation Cooperative Graduate Fellow,
1961-1962; (b) National Science Foundation Undergraduate Research
Participant, Summer 1962,

(3) R. B. Wagner and H. D. Zook, ‘‘Synthetic Organic Chemistry,”
John Wiley and Sons, Ine., New York, N. Y.. 1953, pp. 591-584.

(4) L, Friedman and H. Shechter, J. Org. Chem., 26, 877 (1960).

(5) M. Gordon and C. E. Griffin, unpublished results.

(8) J. A. Kitchener in “Ion Exchangers in Organic and Biochemistry,”
C. Calmon and T. R. E. Kressman, ed., Interscience Publishers, Ime.,
New York, N. Y., 1957, p. 57.

@ All reactions carried out at 65-75° except for those carried out
in ether (35°). ?Runs 16-19 were carried out with the cyanide
ion form of Dowex 21K resin; the remaining runs utilized Amber-
lite IRA-400. ¢ Based on isolated and purified material. ¢ Yields
in excess of 209, obtained in (C;Hs)%0, tetrahydrofuran (THF),
and dimethylformamide (DMF). ¢ Anhydrous solvent.

zene, tetrahydrofuran, ether, and dimethylformamide
(runs 1-19). The lack of yield change with increases
in solvent polarity indicates that prior ionization of the
halide does not occur although the data obtained are
not sufficiently accurate to justify further mechanistic
speculation. A slight excess of resin over halide led
to higher yields than were obtained with a 1:1 ratio;
the optimal ratio appears to lie in the range 1.2-1.5.
The majority of the experiments employed the cyanide
form of Amberlite IRA-400, but four runs (16-19)
utilized Dowex 21K; comparable yields were obtained
with this resin,

The yields of nitriles obtained from the five benzyl
bromides parallel to a degree the demonstrated relative
reactivities of these halides in nucleophilic displace-
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ment reactions.”® This rough dependence, however,
suggested an extension of the study to other halides;
Streitwieser” has indicated that benzyl bromide, benzyl
chloride, allyl bromide, and allyl chloride have ap-
proximate relative reactivities of 120:120:40:0.8,
respectively, in displacement reactions. Using the
ion exchange technique, benzyl chloride (run 20) and
benzyl bromide (run 6) gave comparable yields,® while
allyl bromide gave significantly lower yields (runs
26—29, compare 26 and 1) and the reaction failed with
allyl chloride; fert-butyl bromide also failed to react.
Thus, as expected, the effectiveness of this synthetic
method reflects the relative reactivities of halides in
nucleophilic displacement reactions and the procedure
is apparently limited to halides of relatively high reac-
tivity.

The yields obtained by this procedure with benzyl
halides are comparable or superior to those obtained by
the use of alkali cyanides in polar solvents”!°; the
restriction to the more highly active halides may sug-
gest a greater selectivity than observed in conventional
procedures. As an ion exchange resin reaction, this
process is unique; covalent bond breaking and forma-
tion, presumably on the surface of the resin, occurs with
the anion from the resin becoming covalently bound in
the product. Although the formation of covalent
bonds occurs in many well known ion exchange proc-
esses, the role of the resin in such instances is catalytic.
No examples of a process of the type reported here are
recorded in the literature; the closest analogy appears
to be the conversion of methyl mercuric halides to the
hydroxides.’* Since the difference in affinity of a
strongly basic anion exchange resin for bromide and
cyanide ions is not great, the general process may be
capable of significant extension.

Of the halides examined only p-nitrobenzyl bromide
(I) led to an unanticipated product; this reaction
most clearly illustrates a basic difference in the activity
of the cyanide form resin and sodium cyanide in solu-
tion. Friedman and Shechter* have reported that the
reaction of I with sodium cyanide in a variety of solvents
leads to the formation of 4,4’-dinitrostilbene (1I) rather
than the expected p-nitrophenylacetonitrile (III).
The reaction apparently proceeds through basic attack
by cyanide on I to yield the anion followed by alkylation
with I. In our hands, reaction of I with the cyanide
form of Amberlite IRA-400 in 959, ethanol led to
neither of the expected products, II and III, but to a
compound (IV) of empirical formula CaH1sNsOs.
The infrared spectrum of IV showed characteristic
p-nitrophenyl absorptions, but was transparent in the
nitrile stretching region. This band is also absent in
ITI% gnd is quite commonly absent in oxygen con-
taining nitriles.!?® The presence of the nitrile function
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- onance spectrum of IV.1$

ANI1oN ExcHANGE RESINS IN THE SYNTHESES OF NITRILES 699

was confirmed by hydrolysis to a carboxylic acid.
This reaction required stringent conditions of the type
employed by Hauser!® for the hydrolysis of «,a-di-
benzylphenylacetonitriles, indicating that IV pos-
sessed a-branching. The ultraviolet absorption spec-
trum (Amax = 267 my, e = 3.05 X 10%) indicated the
presence of three isolated p-nitrophenyl chromophores
(nitrobenzene,'® Amax = 268.5 mu, ¢ = 7.8 X 10%; p-
nitrotoluene,’ Apax = 274 myu, ¢ = 9.3 X 10%). Two
isomeric structures, V and VI, for IV are consistent

NO,
NO,
"
ozN—Q—(lz—CN OzN—Q—-CHZ—(I)H
CH, CH—CN
vV No, VI No,

with this information and probable reaction paths.
Differentiation between the two structures was pro-
vided by an examination of the proton magnetic res-
In addition to aromatic
signals at r = 1.85-2.65, a single, unsplit methylenic
absorption was observed at r = 6.24. The methylene
protons of phenylacetonitrile give an unsplit absorption
at = 6.28. Since structure VI should yield complex
methylenic absorptions, compound IV is identified
as 1,2,3-tris(p-nitrophenyl)-2-cyanopropane (V). V
could readily arise by reaction of I with the resin to yield
the simple nitrile (ITT) which could be converted to its
anion by the resin and alkylated with I to yield «,8-
di(p-nitrophenyl)propionitrile;  repetition of anion
formation and alkylation would lead to V.¥ Thus, the
basic catalytic activity of the cyanide form of the resin
and sodium cyanide in solution differ markedly, with
the latter being more basie, 7.e., capable of converting
the benzyl halide (I) to its anion.

Experimental'®

Preparation of the Resin.—Amberlite IRA-400 or Dowex 21K
(chloride ion form) was washed several times with distilled water
to remove foreign material and then washed three times with
three times its volume of 209, aqueous sodium cyanide. The
mixture of resin and cyanide solution was stirred for 5 min.,
diluted with distilled water (0.5 volume) and stirred for an addi-
tional 5 min. The eyanide solution was decanted each time and
the resin was finally washed with distilled water until the super-
natant liquid gave a negative cyanide test (silver nitrate). The
water wag then decanted and replaced by the solvent to be em-
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(17) Similar bis-alkylations of phenylacetonitriles are well known; cf.
ref. 13 and M. Avramoff and Y. Sprinzak, J. Am. Chem. Soc., 80, 493 (1958).
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spectra were obtained on Cary Model 14, Perkin-Elmer Model 21 and
Varian A 60 spectrometers.



700 GawroN, FonNDY, AND PARKER

ployed as reaction medium. After reaction with a halide, the
resin could be regenerated by the same procedure; some me-
chanical deterioration of the resin occurred on stirring limiting its
use to three nitrile preparations. One milliliter of wet resin was
taken as one milliequivalent of cyanide ion.

General Procedure for the Preparation of Nitriles.—The gen-
eral procedure is illustrated by the preparation of phenylaceto-
nitrile (run 1, Table I). A mixture of 8.6 g. of benzyl bromide
(0.05 mole) in 100 ml. of 959, ethanol and 50 ml. of Amberlite
TRA-400 (cyanide form) (0.05 equiv.) was stirred for 1.5 hr. in a
300-ml. erlenmeyer flask. The temperature of the reaction
mixture was maintained at 65° by means of a heating tape wound
around the flask; continual stirring was provided by a magnetie
stirrer. The extent of reaction could be followed conveniently
by testing the supernatant liquid with silver nitrate solution.
The resin was removed by filtration and washed with five 10~
ml. portions of ethanol; the combined filtrates were concentrated
under reduced pressure and then distilled to give 3.1 g. of phenyl-
acetonitrile (53%), b.p. 110-111°/15 mm., n?p 1.5201 (lit.
b.p. 107°/12 mm.,* n?p 1.5211%°), The infrared spectrum of the
compound was identical with that of an authentic sample.

The other nitriles prepared in this study had the following
physical constants: p-tolylaceto-, b.p. 239-241° (lit.,2* b.p.
242-243°); p-bromophenylaceto-, m.p. 47-48° (lit.,22 m.p.
46-47°); m-chlorophenylaceto-, b.p. 153-155°/26 mm. (lit.,?3
b.p. 134-136°/10 mm.); o-phenylenediaceto-, m.p. 59-60°

(19) R. Anschittz and W. Berns, Ber., 20, 1390 (1887).

(20) P. Walden, Z. Physik. Chem. (Leipzig), §9, 385 (1907).
(21) B, Radziszewski and P, Wispak, Ber., 18, 1280 (1885).
(22) W. Wislicenus and H. Elvert, ibid., 41, 4121 (1908).

(23) N. Campbell and J. E. McKail, J. Chem. Soc., 1251 (1948).
(24) C. W. Moore and J. F. Thorpe, ibid., 175 (1908).

(25) P. Bruylants, Bull. soc. chim. Belg., 81, 175 (1922).
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(lit.,2* m.p. 60°); allyl cyanide, b.p. 116-118° (lit.,” b.p. 114~
116°). All of the above compounds showed the expected infrared
spectra and in all cases exhibited nitrile stretching bands.

All of the starting halides were commercial products and were
redistilled or recrystallized prior to use.

1,2,3-Tris(p-nitrophenyl)-2-cyanopropane (IV or V).—The
addition of 50 ml. of Amberlite IRA-400 (cyanide form) to a
solution of 10.8 g. of p-nitrobenzyl bromide (0.05 mole) in 100 ml.
of ethanol gave a bright red solution immediately; the resin
turned black. The mixture was stirred at 70° for 1 hr., fil-
tered, and the resin was washed with ethanol and ether, The
resin was then washed with several portions of acetone; con-
centration of the acetone washings gave 1.6 g. (36%) of tan
needles, m.p, 202-204°, which were recrystallized from aqueous
acetone to give colorless crystals of IV, m.p. 204-204.5°.

Anal. Caled. for 022H15N4Oe: C, 61.11; H, 373; N, 12.96.
Found: C, 61.34, 61.18; H,3.77,3.71; N, 13.52, 13.69.

The infrared spectrum (Nujol mull) of this material showed
typical p-nitrophenyl (857.6, 1603, 1613) and nitro (1348, 1538
cm. 1) absorptions; a maximum at 267 mu (log ¢ = 4.48) was
observed in the ultraviolet (959, ethanol). The n.m.r. spec-
trum in deuteroacetone showed peaks at r = 1.85, 2.00, 2.15,
2.28, 2.50, 2.65, and 6.24. Additional quantities of IV could be
isolated from the original ethanol solution and washings by dilu-
tion with water.

The tris compound (IV) was hydrolyzed by heating with sul-
furic acid and sodium chloride at 190° for 1 hr.; after cooling the
solution was poured over ice to give a colorless precipitate. Re-
crystallization of the precipitate from aqueous acetone gave
colorless crystals, m.p. 231.5-234°. The product was insoluble
in chloroform, acetonitrile, carbon tetrachloride, water, and 109,
sodium hydroxide. The infrared spectrum (Nujol mull) showed
typical strong carboxyl (1310, 1690) and nitro (1350, 1515 em. 1)
absorptions.
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The hydrogenolysis of cis-epoxysuccinic acid and ¢rans-epoxysuccinie acid in aqueous solution with palladium-
on-charcoal catalyst leads to the formation of malic acid, succinic acid, and diglyeolic acid. Hydrogenolysis of
the epoxides to malic acid proceeds in a érans fashion, threo-3-deuterio-pr-malic acid and erythro-3-deuterio-pr~

malic acid resulting from cis-epoxysuccinic acid and ¢rans-epoxysuccinic acid, respectively.

Mixed erythro- and

threo-2,3-dideuteriosuceinic acids result from eis-epoxysuccinic acid and threo-2,3-dideuteriosuccinic acid results
from trans-epoxysuccinic acid. Malic acid is not an intermediate for the formation of succinic acid.

The hydrogenolysis of the epoxysuccinic acids has
been under investigation in this laboratory and it has
been noted? in a preliminary fashion that the hydro-
genolysis of cis-epoxysuccinic acid in 9:1 dioxane-
deuterium oxide with deuterium yields threo-p1-~3-
deuteriomalic acid, opening of the epoxide ring with in-
version having taken place. In this paper further re-
sults on the identity and steric configuration of the pro-
ducts obtained by hydrogenolysis of the epoxysuccinic
acids are reported. Interest in these hydrogenolyses
stems from the fact that the products (with deuterium),
threo-pL-3-deuteriomalic acid, mixed erythro- and threo-
2,3-dideuteriosuccinic acids and diglycolic acid from
cis-epoxysuccinic acid and erythro-pL-3-deuteriomalic
acid, threo-2,3-dideuteriosuccinic acid and diglycolic
acid from frans-pr-epoxysuceinic acid are pertinent to
mechanisms of hydrogenolysis of epoxides.?* Of
further interest, these hydrogenolyses provide a con-

(1) Abstracted in part from the Ph.D. thesis of Thomas P. Fendy,
August, 1961,

(2) O. Gawron, A, J. Glaid, III, and T. P. Fondy, J. 4m. Chem. Soc., 88,
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(8) F.J. McQuillin and W. O. Ord, J. Ckem. Soc., 3163 (1959).
(4) R. E. Parker and N. 8. Issacs, Chem. Rev., 89, 737 (1959).

venient synthetic route to threo- and erythro-3-deuterio-
pL-malic acids and the threo- and erythro-3-deuterio-pL-
chlorosuccinic acids which may be obtained from the
malic acids. These four acids provide convenient sub-
strates for studying the stereochemistry of enzymatic
and non-enzymatic dehydrations,? dehydrochlorina-
tions,® and dehydrogenations.’

Experimental

General Procedure for Hydrogenolysis.—Hydrogenolyses were
carried out at room temperature in the usual Paar apparatus.
For small scale (1 —2 mmoles) exploratory experiments, the tank
was replaced by a small section of appropriately threaded pipe
and small glass bottles were used as the reaction vessels. With
these modifications, the dead air space was approximately 50 ml.
Small scale hydrogenations at atmospheric pressure were carried
out in a three-necked, 100-ml. flask equipped with a pressure-
equalizing dropping funnel and a magnetic stirrer and connected
to a gas buret containing dibutyl phthalate. For hydrogenations
with deuterium, Volk Radiochemical Co. 99.7% deuterium gas
(500 p.s.i.) was used and as required 99.9% deuterium oxide
from Bio-Rad Laboratories. The catalyst used for all runs was

(5) O. Gawron, A, J. Glaid, J. Francisco, and T. P, Fondy, unpublished
work.



