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Copper(I) Catalysed Reactions between Hydrazines

and Isocyanides

PALLE JAKOBSEN

Medicinsk-Kemisk Institut, University of Copenhagen, Rddmansgade 71, DK-2200 Copenhagen, Denmark

The reaction between isocyanides and hydra-
zine, N,N-disubstituted hydrazines, and tri-
substituted hydrazine catalysed by copper(I)
chloride has been investigated.

Cyclohexyl isocyanide and N,N-disubstituted
hydrazines form amidrazones in good yield in
a rather slow process. Aromatic isocyanides
give formamidrazones in good yield when re-
acted with trisubstituted hydrazine, while de-
composition reactions occur in reactions with
N,N-disubstituted hydrazines giving complex
mixtures. The components of these mixtures
have been identified by GLC or GLC-MS. They
consist of amines, amidines and amidrazones.
The amines corresponding to the isocyanides
are formed in good yields in all reactions be-
tween aromatic isocyanides and hydrazine or
unsymmetrical disubstituted hydrazines.

The formamidrazones prepared have been
identified by means of IR, 'H and 3C NMR
spectroscopy.

Isocyanides are known to participate in «-
addition reactions with compounds such as
thiols, alcohols and amines.’*.These reactions
are catalysed by metal ions, forming deriv-
atives of formamidic acid in high yields. Al-
though a variety of such reactions has been
studied, reactions with more complex nitrogen
containing compounds such as hydrazones or
hydrazines do not appear to have been studied.
The reaction between isocyanides and hydra-
zines may be more complex than the analogous
reaction with amines, owing to the very dif-
ferent redox properties and thermal stability
of amines and hydrazines. An investigation of
this reaction therefore seemed of interest as an
extension of the study of the «-addition re-
actions.

A reaction between isocyanides and di- or
trisubstituted hydrazines following a simple
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a-addition mechanism would give formamidra-
zones as products.

RNC+R'R“NNHR’” -» RNCHNR’NR’R”

Formamidrazones are often formed in rather
poor yields by other synthetic methods.* In
the present investigation formamidrazones
were formed in yields varying from 0 to 80 9,
from the reaction between isocyanides and
hydrazines. In addition a variety of other com-
pounds were formed, often in mixtures, from
which it was impossible to isolate the different
components. The main reaction products were
identified by GLC-MS, or the compounds were
isolated and identified by their MS, IR and
NMR spectral data.

RESULTS

Reaction between aromatic isocyanides and
hydrazines (reactions a—f). The reactions were
carried out by refluxing isocyanide, hydrazine
and CuCl without solvent, until the infrared
spectrum from the reaction mixture showed no
absorption around 2100 ecm™. The mixture was
subsequently distilled and the components
isolated, or the composition was determined by
GLC or GLC-MS.

In each reaction with unsubstituted hydra-
zine or N,N-disubstituted hydrazines, the main
product was the amine corresponding to the
isocyanide. Scheme 1 represents the identified
products (I—-VII) from the reactions (a—h).
The product distributions found are summa-
rized in Table 1.

The presence of CuCl in the reaction mixture
not only influenced the reaction time (the time
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phenyl isocyanide and N,N-dimethylhydrazine 3] - = 8
carried out with CuCl amounts varying from % p:? | 1998 ¥222 § g
0.075 to 0.6 mmol (see experimental part). M~ =i
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a-addition was formed in appreciable yield. & B o mom 0 b g
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Reactions with hydrazones. Two reactions
were carried out with phenyl isocyanide and
hydrazones (benzophenone hydrazone and ace-
tophenone hydrazone). The reaction time was
longer than that found for reactions with hy-
drazines. From the reaction with benzophenone
hydrazone N2 ,N*-bis-(diphenylmethylene)for-
mohydrazide hydrazone (VIII) was isolated
(10 9% yield).

(Ph),ONNH, + PhNC~(Ph),CNNHCHNN (Ph),
(VIII)

DISCUSSION

For the reaction between aliphatic isocya-
nides and hydrazines and the reaction between
aromatic isocyanides and trimethylhydrazine,
for which the «-addition product is formed in
good yield, it seems reasonable to propose that
the reaction mechanism is analogous to those
proposed for reaction between isocyanides and
amines ? or alcohols.” The two possibilities are
a reaction in the coordination sphere of an
isocyanide — hydrazine — copper complex, or a
nucleophilic attack of hydrazine on a copper —
isocyanide complex.

Very little is reported about complexes with
dialkylhydrazines as ligands.'® From the long
reaction time found and from the lack of re-
action in cases where reaction with amines
proceeds readily, it seems reasonable to con-
clude that for the reaction with aliphatic iso-
cyanides, dialkylhydrazines are less efficient
nucleophiles or less efficient in coordination to
copper than amines. The difference in reaction
time found for the reaction between aromatic
isocyanides with trisubstituted hydrazines com-
pared to that of aliphatic isocyanides with
disubstituted hydrazines might be explained
by the difference in strength of the copper-
isocyanide complex. Aromatic isocyanides show
weak new IR-isocyanide stretch absorptions
while in the case of aliphatic isocyanide the
absorption of the Cu-isocyanide complex is
medium to strong after short time reflux.1!

In the reaction between aromatic isocyanides
and N,N-disubstituted hydrazines new reac-
tions occur, compared to the analogous reac-
tions with aliphatic isocyanides. Only small
amounts of amidrazone from simple «z-addition
are found, but amidines, amines and amidra-
zones from more complex reactions are found.
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Scheme 2.
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This complexity is possibly due to the aromatic
isocyanides forming weaker complexes with
copper than the aliphatic isocyanides under
the conditions used.

" In the former case greater amount of metal
ion is accessible for the hydrazine, causing
cleavage of the NN-bond with formation of
secondary amine.'»!® The products formed thus
arise from two competing «-addition reactions
of the isocyanide (with amine or hydrazine,
respectively) and possible further reactions
of the first formed products/complexes. A re-
action scheme, including the reaction products
found, is presented as Scheme 2.

GLC measurements on reaction b shows that
formation of aniline proceeds during the re-
action. The lack of N,N’-diphenylformamidine
formation indicates that the reaction between
aromatic isocyanides and aniline proceeds
slower than the reactions with secondary amine
and N,N-disubstituted hydrazine.

Recently Neunhoeffer et al.'* reported the
formation of N-unsubstituted hydrazidines
from reactions between amidrazones and hy-
drazine.

Amine formation from reactions with iso-
cyanides has previously only been reported ®
in reactions between 2-butyl isocyanide and
aminoalcohols.

The difference in product distribution be-
tween reaction with N-methyl-N-phenylhydra-
zine and those with N,N-dimethylhydrazine
(Table 1) can be ascribed to the great lability
of the NN-bond in the former, especially when
subjected to heating.®

EXPERIMENTAL

Microanalyses were carried out in the micro-
analysis department of Chemical Laboratory 11,
the H. C. Orsted Institute. 'H NMR spectra
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were obtained on a JEOL JNM MH 60/I1
instrument with TMS as internal reference.
IR spectra were recorded on a Perkin-Elmer
model 225 grating spectrograph. Mass spectra
were taken on a Finnigan 1015 S/L or an
AEI-902 instrument operating at 70 eV.
13C NMR spectra were recorded on a Bruker
WH 90 instrument. Melting points were taken
on a Bichi melting point apparatus and are
uncorrected.

GLC-analyses were carried out on a Perkin-
Elmer F 11 gas chromatograph. Columns:
Chromosorb 103 or 2 9, neopentyl glycol suc-
cinate on Chromosorb G (80— 100 mesh).
GLC-MS analyses were carried out on the
Finnigan instrument. Columns: 10 9% SE 30
on Chromosorb W HMDS (100 — 120 mesh) or
10 9% neopentyl glycol succinate on Diatomite
CQ (100— 120 mesh).

Isocyanides were prepared according to the
literature.'*

Reaction a. Phenyl isocyanide (0.1 mol),
hydrazine (95 9%, 0.1 mol) and CuCl (1.5 mmol)
were mixed with external cooling; when the
exothermic reaction ceased the mixture was
refluxed for 1 h. Distillation in vacuo resulted
in 3.6 g of aniline identified by IR, *H NMR
and GLC.

Reaction b. (1) Phenyl isocyanide (0.1 mol),
N,N-dimethylhydrazine (0.3 mol) and CuCl (1.5
mmol) were refluxed for 1.5 h. The mixture
was subsequently distilled. Fraction (1) b.p.
20-100 °C, 760 mmHg, fraction (2) b.p. 68—
108 °C, 10—1.2 mmHg. The composition of
the fractions was determined by GLC on a
Chromosorb 103 column using authentic sam-

les as reference compounds (see below); ca.
50 9% of the N,N-dimethylhydrazine was re-
covered. The product distribution of the other
compounds can be seen from Table 1.

(2) Pbenyl isocyanide (0.01 mol), N,N-di-
methylhydrazine (0.03 mol) and CuCl (see
below) were mixed as described under (1); the
prcducts were identified by GLC on a neopentyl
glycol succinate column using authentic sam-
ples as reference compounds.

The alteration in product distribution be-
tween aniline, N3 N3-dimethyl-N!-phenylform-
amide hydrazone and N!,N'-dimethyl-N2-
phenylformamidine are summarized below.

mmol CuCl 0.075 0.15 0.3 0.6
% aniline 70 74 82 79
% amidine

(IV b) 10 13 6 7
% amidrazone

(VI b) 17 12 11 13

N3,N3-Dimethyl-N*-phenylformamide hydra-
zone (VI b). (1) Phenyl isocyanide (0.2 mol),
N,N-dimethylhydrazine (0.6 mol) and CuCl
(0.3 mmol) were refluxed for 1.5 h. The mixture
was filtered and distilled twice ¢n vacuo, b.p.
77—178 °C/0.5 mmHg. The distillate crystal-
lised on standing at 0 °C, m.p. 49— 50 °C, yield

2.1 g (6 %).- The spectroscopic data are in
accordance with those of an authentic sample.

(2) N-Phenylthioformamide 7 (0.05 mol) and
N,N-dimethylhydrazine (0.05 mol) were re-
fluxed in abs. ethanol (60 ml) for 8 h. After
cooling the solvent was evaporated and the
residue was distilled in vacuo yielding 4.2 g
(52 9%) liquid (b.p. 71—72 °C, 0.15 mmHg)
which ecrystallized on cooling. Recrystallization
from hexane, m.p. 49—50 °C. Anal. C;H,,Nj,:
C, H, N. MS m/e (9% of base peak): 164(11),
163(100)M+, 119(13), 106(27), 104(20), 93(67),
77(24), 65(14), 60(67), 59(17), 45(12), 44(23),
42(14) *C NMR (CDCl,): § 145.8, 139.8, 129.6,
122.1, 115.5, 46.9. 'H NMR data are in accord-
ance with literature.®

N1,N1-Dimethyl-N2-phenylformamidine (IV b)
was prepared as described.’* The mass spectrum
found was identical with that described in the
literature.l® 13C NMR (CDCl,): 6 153.2, 152.2,
128.9, 122.2, 121.1, 36.2

N,N,N",N""-Tetramethylformamidrazone (11
b). N,N-Dimethylformamide dimethyl acetal
(0.1 mol) was dissolved in methanol (10 ml),
N,N-dimethylhydrazine (0.1 mol) was added,
and the mixture stirred at room temperature
for 0.5 h and at reflux temperature for 1 h.
B.p. 141—-143 °C, 760 mmHg, yield 51 9.7
1H NMR (CDCl,): 6 7.6 (1 H, 8), 2.79 (6 H, s),
2.42 (6 H, s).

Reaction c. Phenyl isocyanide (0.05 mol),
N,N-diethylhydrazine (0.15 mol) and CuCl
(0.75 mmol) were refluxed for 1.5 h. The mix-
ture was distilled, b.p. 40— 80 °C, 1 — 8 mmHg;
8.1 g was collected. The mixture was identified
by GLC-MS on neopentyl glycol succinate
{using authentic samples as reference, see be-
ow).

Redistillation b.p. 67 °C, 3 — 8 mmHg yielded
a mixture of liquid and crystals. The crystals
were isolated and recrystallized from pentane
and ether, m.p. 49 °C. These crystals were iden-
tified as N2 N?2,N¢N*-tetraethylformohydrazide
hydrazone (II1 ¢). (Found: C 57.61; H 10.89;
N 29.52. Cale. for C;H,,N,: C 58.02; H 11.90;
N 30.07). MS m/e (9 of base peak): 187(11),
186(95)M+, 157(11), 116(10), 115(24), 114(21),
100(71), 98(19), 97(6), 88(49), 87(31), 86(29),
74(19), 73(97), 72(71), 71(36), 70(24), 69(12),
60(55), 59(31), 58(100), 57(29), 56(97), 55(14),
45(29), 44(88), 43(21), 42(86), 41(24), 40(12).
1H NMR (CDCl,): 6 1.05 (6 H, t); 1.13 (6 H, t);
2.68 (4 H, q); 2.77 (4 H, q); 6—7 (1 H, broad);
7.62 (1 H, s).

N3,N3-Diethyl-N1-phenylformamide hydrazone
(VI c¢) was prepared by stirring ethyl N-
phenylformimidate ** (0.02 mol) and N,N-di-
ethylhydrazine (0.02 mol) for 20 h at room
temperature. The mixture was distilled in
vacuo. B.p. 110 °C, 3 mmHg, yield 60 %. Anal.
C,,H,,N;: C, H, N. *H NMR (CDCl,): ¢ 1.03
(6 H, t); 2.69 (4 H, q); 6.7—7.5 (6 H, m); 7.78
(1 H, broad s): 7.8—8.4 (1 H, broad). Shaking
with D,0 resulted in the disappearance of the
broad signal at § 7.8— 8.4, and the change of
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the broad singlet at & 7.78 to a sharp singlet.
IR (CCl, in cm™): 3460sh, 3420sh, 3350m,
3190w broad, 3052w, 2978m, 2938m, 2875m,
2839m, 1690m, 1635s, 1600s, 1502s, 1444m,
1400m, 1375m, 1360m, 1338m, 1330m, 689s.
1250w, 1192w, 1178w, 1138w, 1075w, 1058w,
689s. MS m/fe (% of base peak): 192(15),
191(100)M+, 177(12), 176(96), 147(10), 146(42),
120(15), 119(35), 118(15), 106(54), 104(38),
93(40), 92(22), 78(24), 77(57), 73(15), 65(38),
63(11), 56(10), 52(11), 51(31), 50(13), 44(13),
42(21). 13C NMR(CDCl,): 6 148.1, 139.2, 129.0,
121.5, 114.5, 51.7, 16.2.

Attempted preparation of N2 N&-diethyl-N*-
phenylformamide  hydrazone. N-Phenylthio-
formamide” (0.04 mol) and N,N-diethyl-
hydrazine (0.04 mol) were refluxed in abs.
ethanol (60 ml) for 8 h. H,S evolution was
detected. On cooling small amounts of precipi-
tate were formed (sulfur). These were filtered off
and the filtrate evaporated in vacuo and sub-
sequently distilled, b.p. 46 —82°C, 3 — 1 mmHg.
The composition of the distillate was deter-
mined by GLC on a neopentyl glycol succinate
column as: aniline 10 9%, N1,N'-diethyl-N2-
phenylformamidine 10 9% and N3 N*-diethyl-
Nt.phenylformamide hydrazone 70 %.

N1,N!-Diethyl-N2-phenylformamidine (IV c)
was prepared by dropping N,N-diethylforma-
mide (0.1 mol) and aniline (0.1 mol) in CHCl,
(20 ml) to a solution of PCl; (30 g) in CHCI,
(80 ml). The mixtures were refluxed for 3 h.
After standing overnight at room temperature,
other was added until the phases separated.
The ether phase was washed with water, the
combined water extracts made alkaline with
NaOH, and subsequently extracted with ether.
The ether layer was dried over MgSO,, and
the ether was evaporated. Distillation of the
residue gave 88 9, of a yellowish liquid, b.p.
87 °C, 3 mmHg.*? 'H NMR (CDCly): ¢ 1.17
(6 H, t), 3.33 (4 H, q), 6.6—17.3 (5 H, m), 7.46
(1 H, s). 3C NMR (CDCly): ¢ 13.6, 42.0, 121.1,
122.1, 128.8, 151.2, 152.0. MS m/e (%, of base
peak): 176(4)M+, 175(3), 147(9), 104(27), 93(55),
85(11), 77(100), 72(48), 58(95), 56(33). 51(78).

Reaction d. Phenyl isocyanide (0.014 mol),
N-methyl-N-phenylhydrazine (0.042 mol) and
CuCl (0.21 mmol) were refluxed for 1 h. The
reaction mixture was subsequently distilled in
vacuo giving two fractions. (I) b.p. 44 —47 °C,
1 mmHg, (2.4 g). Identified as a mixture of
aniline and N-methylaniline. (II) b.p. 47105
°C, 0.1 mmHg, (2.1 g). This fraction consisted
of 4 components (GLC on Chromosorb 103);
on cooling crystals were formed. Recrystalliza-
tion from ethanol and light petroleum gave
m.p. 112 —113°C. The compound was identified
as N,N”’-dimethyl-N,N"’ -diphenylformamidra-
zone (II d),° yield 21 %. MS m/e (% of base
peak): 240(17), 239(91)M+, 210(23), 209(16),
133(10), 107(47), 106(100), 104(14), 92(10),
78(10), 77(63), 51(21). *H NMR (CDCl,): ¢ 8.29
(1 H, s), 6.8—7.6 (10 H, m), 3.50 (3 H, s),
3.23 (3 H, s).
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Reaction e. 4-Methylphenyl isocyanide (0.1
mol), N,N-dimethylhydrazine (0.3 mol) and
CuCl (1.5 mmol) were refluxed for 2 h and sub-
sequently stirred overnight at room tempera-
ture. The mixture was distilled (I) b.p. 30— 80
°C, 760 mmHg, (11 g), consisting mainly of
N,N-dimethylhydrazine, and (II) b.p. 40— 100
°C, (12 g). The last fraction was redistilled ¢n
vacuo, the composition of the fractions was
determined by GLC and GLC-MS using a neo-
pentyl glycol succinate column (see Table 1).

MS of N,N-dimethyl-N’-(4-methylphenyl)for-
mamidine (IVe). mle (% of base peak): 162
(20)M+, 161(13), 147(15), 120(34), 118(20),
106(9), 91(59), 80(13), 65(31), 45(24), 44(100),
42(38).

MS of N,N-dimethyl-N"'-(4-methylphenyl )for-
mamidrazone (VIe). mle (Y% of base peak):
177(9)M+, 120(14), 118(14), 107(45), 106(82),
91(36), 60(100).

Reaction f. Phenyl isocyanide (0.095 mol),
N,N,N’-trimethylhydrazine 22 (0.1 mol) and
CuCl (1.5 mmol) were refluxed for 2 h. The
mixture was then distilled twice in vacuo, b.p.
70—-173 °C, 0.04 mmHg, yield 42 9% of NI-
methyl-N2,N2-dimethylformohydrazide phenylim.-
ide (V f). Anal. C, H,N;: C, H, N. IR (CCl,, in
cm™1): 3060w, 3028w, 3020w, 2995w, 2955m,
2780w, 1690w, 1630s broad, 1590s, 1490m,
1452m, 1328m, 1218m, 1150m, 692s. 1*C NMR
(CDCL,): ¢ 154.7, 151.8, 128.9, 122.6, 121.3,
43.5, 24.1. '"H NMR (CDCl,): 6 7.92 (1 H, s),
6.8—17.5 (5 H, m), 3.00 (3 H, s), 2.57 (6 H, s).
MS m/e (% of base peak): 177(13)M+, 134(19),
133(19), 104(13), 93(56), 77(48), 74(28), 73(18),
59(100), 51(22), 44(14), 43(13), 42(44).

Reaction g. N3,N3-Dimethyl-N*-cyclohexylform-
amide hydrazone (VI g). Cyclohexyl isocya-
nide (0.1 mol), N,N-dimethylhydrazine (0.3
mol) and CuCl (1.5 mmol) were refluxed for 6
days. After cooling the mixture was dis-
tilled in wacuo, b.p. 64—65 °C, 0.3 mmHg, it
erystallized on cooling, m.p. 48 °C (from hex-
ane), yield 20 %. Anal. C;H,,N;: C, H, N. MS
mfle (% of base peak): 170(12), 169(100)M+,
125(19), 124(2), 123(3), 110(7), 98(21), 96(12),
95(10), 87(23), 86(14), 83(13), 67(11), 60(35),
59(23), 56(21), 55(28), 54(17), 46(28), 45(74),
44(63), 43(32), 42(28), 41(35). IR (CCl,, in ecm™):
3450w, 3365m, 3260w broad, 3015m, 2940s,
2860s, 2820s, 1635s, 1465s, 1448s, 1425m,
1405m, 1365m, 1348m, 1338m, 1265m, 1228m,
1155m, 1148m, 1016m, 956s, 889m. *H NMR
(CDCL,): & 6.88 (1 H, d), 5.6—5.0 (1 H, broad),
3.3—2.8 (1 H, broad), 2.40 (6 H, s), 2.1-1.0
(10 H, m broad). ¥C NMR (CDCl,): ¢ 24.1,
24.8, 34.1, 46.0, 52.6, 149.5.

Reaction h. Cyclohexyl isocyanide (0.013 mol),
N-methyl-N-phenylhydrazine (0.040 mol) and
CuCl (0.2 mmol) were refluxed for 3 h. The
mixture was distilled ¢n wvacuo; some products
were identified by GLC on a chromosorb 103
column, using authentic samples as reference
compounds (Table 1).
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Reaction with hydrazones. Phenyl isocyanide
(0.08 mol), benzophenone hydrazone (0.26 mol)
and CuCl (1.5 mmol) were refluxed in 400 ml
of benzene for 240 h.

The isocyanide absorption in the IR spectrum
had not completely disappeared. The mixture
was cooled and the precipitate filtered off. Re-
crystallization from methanol gave 90 9% un-
reacted benzophenone hydrazone and 10 9%, of
N2,N*.bis(diphenylmethylene) formohydrazide
hydrazone (VIII), identified by comparison
with authentic sample.?

Phenyl isocyanide (0.05 mol), acetophenone
hydrazone (0.1 mol) and CuCl (0.2 mmol) were
refluxed in 25 ml CCl, for 24 h. The isocyanide
absorption in IR did not disappear completely.
Cooling the solution caused the precipitation
of yellow crystals, which were 1solated and
identified as acetophenone azine by comparison
with an authentic sample.
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