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Although dimerization of N-isothiocy-
anatoamines generally takes place read-
ily ! on standing at room temperature an
outstanding exception appears to be N-
isothiocyanatodiisopropylamine (I) ? which
can be stored in 96 9, ethanolic solution
for several hours at 20°C. However, even
in this case, as stated in an earlier com-
munication,® a colourless, crystalline com-
pound slowly separates from the stock
solution. This has now been identified as
bis- (N, N -diisopropylthiocarbazoyl) sulfide
(II) which can also be prepared by treat-
ment of a solution of (I) with hydrogen
sulfide.*

2 PrlN—-N=C=S + H,5 —»
I

[PriN—NH~—CS] s
it

It is proposed that when II is formed
from the ethanolic stock solution, the first
step in the reaction is a slow hydrolysis of
(I). The monothiocarbazic acid initially
formed liberates hydrogen sulfide, which
reacts with (I) to form II.

That hydrolysis is involved in the reac-
tion is supported by the observation that
hydrogen sulfide can be detected on boiling
the ethanolic solution. The N-isocyanato-
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P,N—=N=C=S + H,0 ===
I
[PriN—NH—COSH] ===

PEN-N=C=0 + H,S

diisopropylamine formed by the reaction
probably either dimerizes! or reacts with
ethanol, but attempts to isolate a product
have not been successful.

If an ethanolic solution of (I) is boiled
for several hours with catalytic amounts
of potassium hydroxide, & small yield of
ethanethiole is obtained. The following
mechanism is proposed taking into account
that initial attack of ethanol probably
occurs at the carbon atom,® and that rear-
rangement of similar thiocarbazates have
been reported.®

I + C,H;OH —_—
.S
PriN—NH-CZ —0
0—C,Hs
S—=C,Hs ]
PriN—NH—C_ L
S0
.0°
PriN—NH—C\O +  C,HsSH

Since the hydrolysis of (I) proceeds faster
than the ethanolysis it might be inferred
that the reactivity of (I) towards the OH
group increases with the acidity of the
proton. This supposition was supported
by the observation that addition of small
amounts of hydrochloric acid to the
ethanolic solution of (I) resulted in an in-
creased rate of formation of II. On heating
(I) with phenol in 96 9; ethanol for a short
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Table 1. Chemical shifts® (1, ppm) and coupling constants J (Hz) of the protons in the diisopro-
pylamino group of O-phenyl-N,N-diisopropylthiocarbazate.

H

o He
s H s_ NP S ONPr
C‘N\ _— /C-—N — C=N
Ph-0 NPr, Ph-0" W Ph—0
A B [
Solvent Temp. °C Form ‘ % ‘ CH, (2) CH (7) Jer,—cH | JeH-NH
CDCl, ca. 40 A andfor B| 55 8.86 6.74 6.4 -
8.66 6.25
C 45 858 615 6.4 5.2
CDCl, —30 8.86
A 40 878 6.65 6.4 -
B b 8.82 not obs. 6.4 —
8.61 6.17
¢ 85 8.53 6.08 6.4 5.2
CCl, ca. 40 A 85 8.87 6.74 6.4 _
B 5 8.83
C 10 8.66 6.34 6.4 not. obs

% The values given in the table are the centers of the multiplets, their multiplicities being

given in parentheses,

time, O-phenyl-N,N-diisopropylthiocarba-
zate (III) was isolated in good yield.

I + CHOH —»

s

Vi

Pr'zN-—NH—C:
0—CHs

¢4

To ensure that rearrangement of III to
the S-phenylester had not occurred, the IR
spectra of IIT in KBr and in CHCl; were
recorded. Both in the solid state and in
solution the absorption band characteristic
for & C=0 group was absent. The thio-
ureide band? indicative of the N—C=8§
group, was found at 1530 em™ in KBr.

The NMR spectrum of I1I was recorded,
in CDCl; and in CCl,, at intervals from
—30°C to 40°C. The most typical patterns
arising from the isopropyl groups are sum-
marised in Table 1. The signals in the NMR
spectrum recorded at —30°C in CDCI, con-

sisted of five doublets from the CH,
protons. Each doublet showed an apparent
spacing of 6.4 Hz. However, only three
septuplets were observed, each exhibiting
the same coupling constant for the CH
protons. These observations suggest an
equilibrium between at least three struc-
tures A=B=C (see Table 1) for the
following reasons.

A partially resolved triplet at =0 ppm
is assigned to the NH proton. The coupling
constant Joy_ng=>5.2 Hz is identical with
the separation between the two septuplets
at the lower field (t+=6.17 ppm and 1=
6.08 ppm). When the deuteriochloroform
solution was shaken with deuterium oxide
the two septuplets collapsed, verifying
that the doubling arises from coupling of
the NH proton with the neighbouring CH
proton. This is only possible for the polar
structure C. Magnetic nonequivalence of
the methyl groups is expected in com-
pounds with such a structure.® The two
doublets for the CH; protons at lower
field (t=8.61 ppm and t=8.53 ppm) are
therefore interpreted as being due to

Acta Chem. Scand. 23 (1969) No. 4




SHORT COMMUNICATIONS

nonequivalence of the methyl signals of
the isopropyl group in the polar form C.
The nonequivalence 4, t.e. the difference
between the centers of the CH; doublets, is
4.8 Hz at —30°C and decreases with in-
creasing temperature, (4.6 Hz at 40°C)
consistent with observations on related
compounds.®

The three doublets at higher field must
therefore arise from one (our both) of the
nonpolar forms A or B. An examination of
related compounds® suggests the more
stable to be the A form, in which the
diisopropylamino group is c¢iés to the
phenoxy group. In the A form magnetic
nonequivalence of the methyl groups is
expected to occur because of steric hin-
drance from the phenoxy group. It was
therefore deduced that the two doublets
(t=8.86 ppm and t=8.78 ppm) separated
by 4.8 Hz at —30°C but coalescing at
—15°C (see below) arise from the A form.
The separation 4=4.8 Hz at —30°C ac-
cordingly reflects the nonequivalence, at
this temperature, of the CH, groups in
the A form.

The unassigned doublet at t=28.82 ppm
therefore arises from the B form in which
the diisopropylamino group is trans to
the phenoxy group. From the integrated
CH, signals it is seen that the B form
amounts to ca. 5 9% only, and the CH
septuplet of the B form is not observed
due to the low intensity.

The nonequivalence of the CH, groups
in the A form decreases with increasing
temperature. A substantial separation
A=4.6 Hz is still observed at —20°C, but
in the interval from —20°C to —15°C the
nonequivalence of the methyl groups in
the A form disappears. At the same time
the methyl doublet from the B form dis-
appears. Since the results obtained using
CCl, as solvent indicates that the rotation
is still hindered at this temperature (i.e.
both an A and a B form exist) it appears
most probable that the methyl doublet
arising from the B form becomes hidden
under the CHj signals from the A form. At
temperatures exceeding —10°C only one
sharp CH; doublet from the A and the B
forms and the two doublets for the CH,
groups in the polar C form are observed.
(Table 1, CDCl,, 40°C).

By recording the spectrum in CCl; at
40°C it was observed, that the ratio
between the polar and the nonpolar forms is
changed in favour of the nonpolar forms.
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Three doublets corresponding to the
methyl proton signals of the A, B, and C
forms are observed, but magnetic none-
quivalence of the methyl groups is not
present in any of the three forms. This
solvent effect will be discussed elsewhere,®
as well the effects of association.

Experimental. Conditions and equipment
used for the physical measurements were those
described in part II of this series.’®

Bis-(N,N-diisopropylthiocarbazoyl)sulfide
(II). The crystalline material which had
separated from the stock solution of (I) in
96 9, ethanol over & period of one month was
filtered off and recrystallized from ethanol to
constant melting point, (150--151°C). The
identity was established by mixture melting
point and by comparison of IR and NMR
spectra with those obtained from the authentic
material.

O-Phenyl-N,N-d isopro ylthiocaibaza'e
(I1I). An ethanolic solution of equimolar
amounts of phenol and (I) was heated close
to the boiling point for a few minutes and
left overnight. On evaporation of the solvent
a crystalline residue was left which was
recrystallized from ether to give a 40 9, yield
of colourless crystals, m.p. 103 —104°C. (Found
C 61.55; H 7.99; N 10.98. Cale. for C,,H,,N,08:
C 61.87; H 7.99; N 11.10).
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