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On the Reactions of Certain Methylene Hydrogen Derivatives Containing Cyanide,
Thiocyanate or Sulfinate Radicals

By CLARENCE E. GROTHAUS AND F. B. Dains

It has been shown previously in a series of
papers! that compounds containing the methylene
hydrogen grouping exhibit the characteristic
property of reacting with disubstituted formami-
dines, forming a carbon to carbon linking and
yielding an aminomethylene derivative which
may be represented as follows

X X
>CH; + RN=CH—NHR —> >C=CH—NHR +

v v
RNH,

These reactions occur in the case of open-chain
compounds as acetoacetic ester, benzoylacetic
ester, cyanoacetic ester, malonic ester and de-
soxybenzoin; also heterocyclic compounds as thi-
azolidones, pyrazolones, isoxazolones and imida-
zolones are similarly reactive.

The present investigation was carried out with
methylene derivatives in which one group was
a benzoyl or substituted benzoyl grouping and
the other the CN, SCN or $-CH3;CsH,SO; radical,
(XCH,COCH,Y), in order to ascertain the effect
of the latter groups on the reactivity of the meth-
ylene hydrogen with the formamidines and in a
few cases with benzaldehyde and p-nitrosodi-
methylaniline.

The aminomethylene derivatives obtained in
this study were found usually to react with
hydrazine, phenylhydrazine and hydroxylamine
yielding pyrazole or isoxazole derivatives. How-
ever, p-phenylanilinomethylenebenzoylacetoni-
trile failed to give such pyrazole or isoxazole com-
pounds.

Experimental

I. Derivatives of Fhenacyl Cyanide

Anilinomethylenebenzoylacetonitrile (III) C¢H,COC-
(CHNHC:H;)CN.—Phenacyl cyanide (6 g.) and diphenyl-
formamidine (8 g.) were heated in xylene solution at 120°
for two hours. Anilinomethylenebenzoylacctonitrile (m. p.
159°) and aniline were formed.

Reactions of Anilinomethylenebenzoylacetonitrile with
Hydroxylamine.—The nitrile (III) was refluxed in alcohol
solution with hydroxylamine hydrochloride, either by it-
self, in pyridine solution or after neutralization with
sodium carbonate. In all cases the same products were

(1) F. B. Dains, et al., Ber., 85, 2496 (1902); THis JourNar, 81,
1148 (1909); 85, 959, 970 (1913), 88, 1510, 1841 (1918); 40, 562
(1918); 48, 613, 1200 (1921);, 44, 2310 (1922); K. U. Sc. Buil,
15, 265 (1924); 18, 627 (1928).

obtained, aniline and a compound (XI) melting at 154°,
which was insoluble in hydrochloric acid and was recovered
unchanged after solution in alkali. It cannot be the ex-
pected 2-phenyl-3-cyanoisoxazole which should in the pres-
ence of alkali rearrange to benzoylmalonic dinitrile.? The
compound failed to react with phenylhydrazine, benzoyl
chloride, and ethyl iodide and was hydrolyzed only after
long boiling with 409, sodium hydroxide. These properties
and its inertness point to the probable structure of 4-ben-
zoyl-5-iminoisoxazole (XI) CI)N=CHCH(COC6H5)9=NH.

With hydrazine.—When this nitrile (III) was refluxed
with hydrazine in alcoholic solution, 3-phenyl-4-cyanopyra-
zole (XII) (m. p. 134°) and aniline were formed.

With Phenylhydrazine.—The anilinomethylene deriva-
tive (III) reacted with phenylhydrazine in an analogous
manner and gave aniline and 1,5-diphenyl-4-cyanopyra-
zole (XIII) (m. p. 182°). This product is soluble in most
organic solvents but is practically insoluble in either acid
or alkali.

Proof of Structure of 1,5-Diphenyl-4-cyanopyrazole.—
This was accomplished by hydrolyzing the cyano group
to a carboxylic group. Refluxing with 759, sulfuric
acid, concentrated hydrochloric acid or sodium hydroxide
failed to effect hydrolysis. Concentrated sulfuric acid at
130° hydrolyzed the compound to benzoic acid. The de-
sired carboxylic acid was obtained by heating the pyra-
zole in a sealed tube with concentrated alcoholic potassium
hydroxide at 160 to 170° for three hours, yielding 1,5-
diphenyl-4-pyrazolecarboxylic acid (XIV) (m. p. 173°)
and ammonia. This acid was found to be identical with
that obtained by hydrolyzing the anilide of 1,5-diphenyl-4-
pyrazolecarboxylic acid.

The fact that the phenylhydrazone of the phenacyl cya-
nide failed to react on heating with diphenylformamidine
(two hours at 120°) points to this same structure.

4-Dimethylaminoanilinobenzoylacetonitrile (I) CsHj-
COC(=NCsH:N (CH;);)CN,—Nitrosodimethylaniline con-
densed readily with phenacyl cyanide in boiling alkaline
alcoholic solution. The blood-red crystals from dioxane
melted at 128°.2

II. p-Bromophenacyl Cyanide and Derivatives

p-Bromophenacyl Cyanide (XV).—p-Bromophenacyl
chloride (60 g.) was partially dissolved in alcohol (200 cc.).
A solution of sodium cyanide (28 g.) was slowly added with
continuous stirring, the mixture being cooled with ice.
The mixture was then warmed to 60° and the stirring con-
tinued for ome hour, the color changing from brown to
reddish-violet. The cyanide was precipitated by acidify-
ing and was deposited as slightly colored small thick plates
(m. p. 159°).

Anilinomethylene-p-bromobenzoylacetonitrile (XVI) p-
BrCH,COC(=CHNHCH;)CN.—This resulted when

(2) F. B. Dains and E. L, Griffin, Tais Jourxat, 35, 959 (1913),
(3) Lippmann, Diss., Berlin, 1905.
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Text

no. Compound Formula
I 4-Dimethylaminoanilinobenzoylacetonitrile Ci7H1;0N;
II Benzalphenacyl cyanide C1eHiON
IIT Anilinomethylenebenzoylacetonitrile C1sH;,ON,
v p-Bromoanilinomethylenebenzoylacetonitrile® CisH11ON,Br
\% p-Chloroanilinomethylenebenzoylacetonitrile” C16H1;3ON,Cl
VI 0-Chloroanilinomethylenebenzoylacetonitrile® Ci16H;;ON,Cl
VII o-Ethoxyanilinomethylenebenzoylacetonitrile® CisH160:N,
VIIT p-Phenoxyanilinomethylenebenzoylacetonitrile® CooH1s0:N
IX p-Phenylanilinomethylenebenzoylacetonitrilef CeoH; 0N,
X 1,3-Diphenyl-4-(p-bromoanilinomethylene-5-pyrazolone’ CiHisON;sBr
XI 4-Benzoyl-5-iminoisoxazole” C1H:OsN,
X1I 3-Phenyl-4-cyanopyrazole® CroHiN;
XIII 1,5-Dipheny1-4-cyanopyrazolej CieHy Ny
X1V 1,5-Diphenyl-4-pyrazolecarboxylic acid Ci16Hp2O: N
XV p-Bromophenacyl cyanide C.HsONBr
XVI Anilinomethylene-p-bromobenzoylacetonitrile C1sHyjON,Br
XVII p-Bromoanilinomethylene-p-bromobenzoylacetonitrile ~ C;H;0ON;Br
XVIII  4-(4-Bromobenzoyl)-5-iminoisoxazole ) C10H70,N:Br
XIX 3-(4-Bromobenzoyl)-4-cyanopyrazole CioHeN;Br
XX 1-Phenyl-5-(4-bromophenyl)-4-cyanopyrazole Ci6HoN:Br
XXI 2-Imino-3-phenyl-5-benzoylthiazole C1eH;2ON,S
XXII 2-Imino-3-(4-bromophenyl)-5-benzoylthiazole* C1sH;;ON,SBr
XXIII  2-Imino-3-(4-chlorophenyl)-5-benzoylthiazole' CisH1;ON,SCl
XXIV  w-Benzalphenacyl-p-tolyl sulfinate CoH150:S
XXV Phenylhydrazone of phenacyl-p-tolyl sulfinate Ca1H20O;N,S
XXVI  Anilinomethylenephenacyl-p-tolyl sulfinate CoeHigO3NS
XXVII p-Bromoanilinomethylenephenacyl-p-tolyl sulfinate™ C2H;,0:NSBr
XXVIII 1,5-Diphenyl-4-(p-tolylsulfonyl)-pyrazole CoeH 150N, S
XXIX  p-Chloroanilinomethylenephenacyl-p-tolyl sulfinate™ CeoH1:O3INSC1
XXX o-Chloroanilinomethylenephenacyl-p-tolyl sulfinate® CyH,,O;NSCI
XXXI  Anilinomethylene-p-nitrobenzyl cyanide Ci:H1 0N
XXXII Anilinomethylene-p-nitrophenylacetic ethyl ester Ci7H1s04N,

“ Fusion of phenacyl cyanide with di-p-bromophenylformamidine.

® Fusion of phenacyl cyanide with di-p-chlorophenylformamidine.

¢ Fusion of phenacyl cyanide with di-o-chlorophenylformamidine.

¢ Fusion of phenacyl cyanide with di-o-ethoxyphenylformamidine.

° Fusion of phenacyl cyanide with di-p-phenoxyphenylformamidine.

/ Fusion of phenacyl cyanide with di-p-xenylphenylformamidine.

¢ Fusion of 1,3-diphenyl-5-pyrazolone with di-p-bromophenylformamidine.
* From action of hydroxylamine on JII, IV, V, VI, VII, VIII.

! From action of hydrazine on III, IV, V, VI, VIL.
" From action of phenylhydrazine on III, IV, V, VI, VII, VIII.

*¥ Fusion of phenacyl thiocyanate and di-p-bromophenylformamidine.
! Fusion of phenacyl thiocyanate and di-p-chlorophenylformamidine.

™ Fusion of phenacyl-p-tolyl sulfinate and di-p-bromophenylformamidine.
" Fusion of phenacyl-p-tolyl sulfinate and di-p-chlorophenylformamidine.
° Fusion of phenacyl-p-tolyl sulfinate and di-o-chlorophenylformamidine.

(XV) and diphenylformamidine were fused at 150° and
crystallized from benzene in white needles (. p. 143°).

Reactions of Anilinomethylene-p-bromobenzoylaceto-
nitrile.—This compound (and also p-bromoanilinomethyl-
enebenzoylacetonitrile) reacted with hydroxylamine to give

an isoxazole (XVIII) (m. p. 195°); with hydrazine to give
a phenyl pyrazole (XIX) (m. p. 195°); and with phenyl-
hydrazine to give a diphenyl pyrazole (XX) (m. p. 212°).

M. p., °C.

128

85
159
205
185
167
138
135
161
184
154
134
182
173
159

143
209
195
195
212
257
214

204
142
188

208
210

164
217
187

Above 260

114-115
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Nitrogen, %

Caled. Found
15.16 15.05
6.01 5.83
11.29 11.23
8.56 8.38
9.91 9.91
9.91 9.96
9.59 9.64
8.24 8.38
8.64 8.53
Br, 19.14 19.14
14.89 14.87
24.84 24 .41
17.14 16.78
10.60 10.39
6.25 6.27
Br, 35.71 35.85
Br, 24 .54 24.58
Br, 39.41 39.26
10.48 10.12
Br, 32.26 32.11
Br, 24.69 24 40
10.00 10.07
7.80 7.97
Br, 22.28 22.19
8.90 8.89
S, 8.86 9.18
7.69 8.06
S, 8.81 8.66
3.71 3.75
3.07 3.05
Br, 17.55 17.65
7.49 7.93
3.40 3.53
3.40 3.40
15.85 15.63
8.97 8.82

III. Derivatives of Phenacyl Thiocyanate

SoED-

2-Imino-3-phenyl-S-benzoylthiazole

(XXI)

Aniline (p-bromoaniline in the case of the bromine deriva-
tive) was the other product of these reactions.

- g
NCeH;CHCCOCH;.—Phenacyl thiocyanate (3.5 g.) and
diphenylformamidine (4 g.) were heated at 160° in xylene
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for one hour. The product was washed with dilute acid
and was crystallized from dioxane in fine light yellow crys-
tals (m. p. 257°). Aniline was formed also in the reac-
tion. Anilinomethylenephenacyl thiocyanate was doubtless
formed first, but this evidently rearranged to a thiazole.
It was not hydrolyzed with concentrated hydrochloric
acid, sulfuric acid or alcoholic potassium hydroxide. No
hydrolyzable sulfur was indicated by tests with lead plum-
bite. This derivative gave negative results for the pres-
ence of a free thiocyanate grouping in tests using alkaline
lead tartrate.* It was unreactive to phenylhydrazine.
These properties and the work of Kaufmann on thiocya-
nate derivatives® indicate such rearrangement.

Phenacyl thiocyanate was found to react also with di-p-
bromophenylformamidine and di-p-chlorophenylformami-
dine to give analogous derivatives (XXII and XXIII).

IV. Derivatives of Phenacyl-p-tolyl Sulfinate

«~Benzalphenacyl-p-tolyl Sulfinate (XXIV) C¢H;COC-
(CHCgH;)S0.C;H;,—Phenacyl-p-tolyl sulfinate and benz-
aldehyde (excess) were boiled in alcoholic solution to which
had been added a few drops of piperidine. On cooling,
small white crystals were deposited (m. p. 142°).

Phenacyl-p-tolyl sulfinate failed to react with p-nitroso-
dimethylaniline in an analogous manner.

Phenylhydrazone of Phenacyl-p-tolyl Sulfinate (XXV)
CeHs;C(NNHCqH;)CH,S0,C/H;.—Phenylhydrazine read-
ily reacted with phenacyl-p-tolyl sulfinate to form the
phenylhydrazone crystallizing in pale yellow short thick
plates (m. p. 188°) from dioxane.

Anilinomethylenephenacyl - p-tolyl Sulfinate (XXVI)
CsH;COC(CHNHCH;)S0,C7H7.—Phenacyl-p- tolylsulfin-
ate (5 g.) and diphenylformamidine (5 g.) were heated to-
gether at 180 to 190° for one hour in xylene. The reac-
tion product was washed with dilute acid to remove the
aniline formed, and crystallized from dioxane in fine needles
(m. p. 208°).

Di-p-bromophenylformamidine, di-p-chlorophenylform-
amidine and di-o-chlorophenylformamidine were found to
react similarly with the sulfinate (derivatives XXVII,
XXIX and XXX).

Reaction with Phenylhydrazine.—The anilinomethylene
(XXVI) derivative reacted with phenylhydrazine when
refluxed in alcoholic solution to give in small yield 1,5-
diphenyl-4-(p-tolylsulfonyl)-pyrazole (XXVIII) (m. p.
164° from a mixture of alcohol and dioxane). This same
pyrazole was obtained from p-bromoanilinomethylene-
phenacyl-p-tolyl sulfinate (XXVII) and phenylhydrazine.

Attempted Reactions with Hydrazine and Hydroxyl-
amine.—The anilinomethylene (XXVI) and the p-bromo-
anilinomethylene (XXVII) derivatives failed to react with
hydrazine or with hydroxylamine on refluxing in alcoholic
solution.

(4) See Soderbick, Ann., 448, 156 (1925),
(8) Kaufmann, Arch. Pharm., 368, 197 (1928),
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V. Derivatives of p-Nitrobenzyl Cyanide and p-Nitro-
phenylacetic Ester
Anjlinomethylene-p-pitrobenzyl Cyanide XXXI) p-
NO,CeHC(CHNHC:H;)CN.—This was prepared by fus-
ing p-nitrobenzyl cyanide and diphenylformamidine. It
formed fine orange-red needles from dioxane (m. p. above
260°). Auniline was split off in the reaction,
p-Nitrobenzyl cyanide was compared with benzyl cya-
nide in the ease of reaction with formamidines. The former
derivative is much more reactive than benzyl cyanide, react-
ing readily and approaching phenacyl cyanide in reactivity.
The anilinomethylene derivative (XXXI) failed to react
with hydroxylamine.
Anilinomethylene-p-nitrophenylacetic = Ethyl  Ester
(XXXII) $-NO,CsH(C(CHNHCH;)COOC,H;.—p - Nitro-
phenylacetic ethyl ester and diphenylformamidine were
fused together to yield this derivative. It was deposited
from alcohol in long yellow needles (m. p. 114-115°).
Aniline was split off in this reaction.
p-Nitrophenylacetic ethyl ester failed to react with p-
nitrosodimethylaniline,

Summary

The methylene hydrogen reactions of phenacyl
cyanide, p-bromophenacyl cyanide, p-nitrobenzyl
cyanide, p-nitrophenylacetic ester, phenacyl thio-
cyanate and phenacyl-p-tolyl sulfinate with cer-
tain disubstituted formamidines have been studied
and a number of new derivatives have been syn-
thesized.

Phenacyl cyanide approaches benzoylacetic
ester in methylene hydrogen reactivity as does
also p-bromophenacyl cyanide and p-nitrobenzyl
cyanide, while phenacyl thiocyanate is less reac-
tive and phenacyl-p-tolyl sulfinate reacts with still
more difficulty.

The anilinomethylene derivatives studied con-
dense in nearly all the instances tried with hy-
droxylamine and the hydrazines to form isoxa-
zoles and pyrazoles, respectively. Failures noted:
p-phenylanilinomethylenebenzoylacetonitrile (no
reaction with phenylhydrazine, hydrazine or hy-
droxylamine); anilinomethylenephenacyl-#-tolyl
sulfinate (reacted with phenylhydrazine but not
with hydrazine or hydroxylamine); p-bromo-
anilinomethylenephenacyl-p-tolyl sulfinate (re-
acted with phenylhydrazine but not with hydrazine
or hydroxylamine); anilinomethylene-p-nitro-
benzyl cyanide (no reaction with hydroxylamine).
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