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Synopsis. The thermal decomposition of bromo-
magnesium N-aryl- or N-alkyl-N-bromomagnesio-dithiocarba-
mate (3), prepared in situ from amines, carbon disulfide, and
a Grignard reagent, is a new and convenient method for the
preparation of aryl or alkyl isothiocyanate.

The reported methods for the preparation of isothio-
cyanates from amines have usually involved the decom-
position reactions of dithiocarbamate derivatives.l—%
However, these methods are inconvenient, because a
poisonous reagent, such as a heavy metal or a phosgene
derivative, is used as the starting material. In view
of this, we have already described a new method,
which consists of the decomposition reaction of lithium
N-lithio-dithiocarbamate prepared in situ using butyl-
lithium. Grignard reagent appears also to have an
interesting synthetic potential in isothiocyanate prepa-
ration. In this report, we will describe a more con-
venient and alternative approach for isothiocyanate
synthesis using a Grignard reagent, and will compare
this new method with that using an organolithium
compound.

Aromatic amines were treated with two equivalents
of ethylmagnesium bromide in tetrahydrofuran under
a nitrogen atmosphere to form bis(bromomagnesio)-
aniline (2; R=Aryl); then excess amounts to carbon
disulfide were added below room temperature to give
bromomagnesium N-aryl- N-bromomagnesio-dithio-
carbamate (3; R=Aryl) in situ. The characteristic
band of the vy of isothiocyanate could not be detected
after the reaction mixture had been refluxed for
l hr. After the evaporation of the mixture of tetra-
hydrofuran and excess carbon disulfide, the distillation
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residue was heated at 120—140 °C to decompose (3),
thus affording aryl isothiocyanate (4; R=Aryl). The
results for other amines are designated by ‘Direct
Method’ in Table 1.

+2EtMgBr +CS,
RNH, RN(MgBr), — RN(MgBr)CS,MgBr
—2Et
1 2 3
— RNCS (1)
—(BrMg),S

The by-product, ‘(BrMg),S’, could not be char-
acterized, but it reacted violently with water to evolve
hydrogen sulfide gas.

Bis(bromomagnesio)anilines are well known to be
formed by the reaction of aromatic amines with a
Grignard reagent.®) However, the dimetallation re-
action of primary aliphatic amines by organomagnesium
is difficult to complete; therefore, the yields of alkyl
isothiocyanates by the ‘Direct Method’ are rather low,
except for cyclohexylamine (Table 1). To improve
the yield of alkyl isothiocyanate, an alternative ap-
proach was tried; in it we treated alkylamine with the
Grignard reagent and carbon disulfide, step-by-step,
in the way described in Eq. (2) (‘Step-by-step Method’

in Table 1).
+EtMgBr +CS;
RNH, ————— RNHMgBr — RNHCS,MgBr
—EtH
1 5 6
+EtMgBr
> 3 4 (2)
—EtH — (BrMg):S

The temperature required to decompose the N-
alkyl- N-bromomagnesio-dithiocarbamate  (3; R=

YIELDS OF ISOTHIOGYANATES IN THE DECOMPOSITION REACTIONS OF BROMOMAGNESIUM

N-BROMOMAGNESIO-DITHIOCARBAMATES (3)

Amine used  Direct Method (1)  Step-by-step Method (2) Bp of RNCS Ixos

(RNH,) Vield (0% e o i (2) (CJmmHg) (cm
'EtNH, — ) 68 53—55/50 2090
n-PrNH, 28 ) 93 71—72/45 2090
i-PrNH, — c) 80 55--58/50 2090
n-BuNH, 20 ¢) 85 83—85/50 2090
+.BuNH, 21 c) 24 93—95/85 2090
Cyclo-C,H,,NH, 70 c) 90 104—105/10 2090
PhNH, 82 ~130 82 105—107/20 2070
#-CH,C,H,NH, 81 ~130 87 106—109/10 2070
0-CH,C,H,NH, 71 ~130 83 105—108/10 2070
«-Naphthyl-NH, 30 — — 125-127/0.5 2090
p-Naphthyl-NH, 40 — — 118—119/0.1 2110

a) Two mol of CS, and EtMgBr were used per one mol of amine through the reaction (1), and the reaction
mixture prepared in situ was decomposed at 120—140 °C. b) The temperature where the carbamate (3) began

to decompose.

c) Refluxing temperature of tetrahydrofuran solution,
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Alkyl) thus prepared was substantially lower than
that needed for the corresponding N-aryl derivative
(3; R=Aryl). The dithiocarbamate (3; R=Alkyl)
was decomposed for 1 hr at the refluxing temperature
in tetrahydrofuran, thus affording a good yield of 4.

Contrary to the case of isothiocyanate synthesis
using butyllithium, where two equivalents of carbon
disulfide per mole of amine were essentially required,®
the ‘direct’ and ‘step-by-step’ methods using the
Grignard reagent needed only one equivalent of
carbon disulfide. Although mechanistic comparisons
of these reactions are now in progress, a four-centered
scheme (7a or 7b in Fig. 1) for the reaction using the
Grignard reagent and a six-centered scheme (8) via
a lithium intermediate can tentatively be suggested
to explain the different amounts of carbon disulfide
needed.

1] |S Li
& S SCa
Rt\QMCS—MgBr RN=CGXMeBr  RNQ L
gBr G S
MgBr S
Ta 7b 8

Fig. 1. Tentative schemes for isothiocyanate formation.

In conclusion, the Grignard reagent is superior to
butyllithium both in purity and in yield of isothio-
cyanate obtained, except for the lower yield of isothio-
cyanate from sterically hindered amines such as tert-
butylamine and a-naphthylamine.

Experimental

All the boiling points are uncorrected. The IR and NMR
spectra were determined with a JASCO Model IRA-1 spec-
trometer and a Hitachi Perkin-Elmer Model R-24 spectrom-
eter respectively. The tetrahydrofuran, carbon disulfide,
and amines were dried using metallic sodium, diphosphorous
pentoxide, and pellets of sodium hydroxide respectively, and
were distilled before use. Some standard examples of the
preparation of aryl and alkyl isothiocyanates are given below.

Thermal Decomposition of Bromomagnesium N-Bromomagnesio-
N-Phenyldithiocarbamate (3; R=Ph) (Direct Method). In
a flask equipped with a mechanical stirrer, a condenser, a
dropping funnel, and a nitrogen inlet, ethylmagnesium
bromide (110 mmol) was prepared in the usual manner
from a magnesium ribbon (2.68 g; 110 mmol) and bromo-
ethane (ca. 115 mmol) in dry tetrahydrofuran (80 ml) under
a dry nitrogen atmosphere. To the solution we then slowly
added aniline (4.66 g; 50 mmol) in dry tetrahydrofuran
(5 ml), followed by 4 hrs’ refluxing to form bis(bromo-
magnesio)aniline. The resulting suspension was treated
slowly with excess amounts of carbon disulfide (7.61 g;
100 mmol) in tetrahydrofuran (5 ml) below room tempera-
ture. A violent heat evolution was observed in the reaction
at room temperature; therefore, the mixture had to be cooled
by mean of a water bath. The solution of the reaction
mixture was heated for 1 hr and was then transferred into
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a distillation apparatus. After the solvent and excess carbon
disulfide had then been recovered by distillation, the residue?”
was heated for 1 hr at 120—140 °C to decompose the bromo-
magnesium N-bromomagnesio- N-phenyldithiocarbamate (3;
R=Ph), thus affording phenyl isothiocyanate (4; R=Ph).
The product was redistilled in vacuo to separate 4 (R=Ph);
yield 5.54 g (829, based on the aniline used) ; bp 105—107 °C/
20 mmHg (Ref,» 96—98 °C/15 mmHg); IR(neat) ryos 2070
cm~l. The NMR and IR spectra were in good agreement
with those of the authentic sample prepared by the published
method.®

Even when an equivalent amount of carbon disulfide
(3.81 g; 50 mmol) was used in the reaction with bis(bromo-
magnesio)aniline, phenyl isothiocyanate was obtained in a
slightly lower yield (75%). However, excess amounts (two
equivalents) of carbon disulfide were used in most cases;
the results are summarized in Table 1.

Hydrogen sulfide was violently evolved by the addition
of water to the distillation residue.

Thermal Decomposition of Bromomagnesium N-Bromomagnesio-

N-butyldithiocarbamate (3; R=DBu) (Step-by-step Method).
A solution of n-butylamine (3.66 g; 50 mmol) in tetrahydro-
furan (5 ml) was added, drop-by-drop, to a solution of ethyl-
magnesium bromide (55 mmol) in tetrahydrofuran (50 ml)
under dry nitrogen in the apparatus described above. After
refulxing for 1hr, the solution of 5 (R=Bu) was treated
with an equivalent amount of carbon disulfide (3.81 g;
50 mmol) in tetrahydrofuran (5 ml) under cooling by water,
to form the N-butyl-dithiocarbamate salt (6; R=Bu). Heat
evolution was observed during this procedure at room tem-
perature. The solution thus prepared in situ was treated
again with ethylmagnesium bromide (55 mmol) to give
bromomagnesium N-bromomagnesio-N-butyldithiocarbamate
(3; R=Bu) and ethane. After the reaction mixture had
then been heated with stirring for 1 hr under reflux, the
characteristic band of isothiocyanate at 2090 cm—! appeared
in the IR spectrum of the product mixture. The tetra-
hydrofuran was recovered by distillation, and the residue
was heated for 1hr at 120—140 °C. Butyl isothiocyanate
was obtained by distillation iz vacuo; yield 4.89g (85%);
bp 64—66°C/20 mmHg  (lit,>  47—48 °C/10 mmHg);
IR (neat) vyes 2090 cm—2.

In separate experiments, an additional amount of carbon
disulfide (3.81 g; 50 mmol) was added to the solution of 3
(R=Bu), but no heat evolution was ever observed. The
treatment of the reaction mixture in the same manner as
has been described above afforded an 869, yield of BuNCS.
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