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Arylcarbamic esters were synthesized directly from carbon dioxide and an aromatic amine via a zinc carbam-
ate. The alkylation of the reaction mixture of carbon dioxide, an aromatic amine, and diethylzinc with dialkyl
sulfate formed alkyl arylcarbamate in a high yield. Also, 2-hydroxycyclohexyl diphenylcarbamate was obtained
selectively in a good yield by the reaction of carbon dioxide, epoxycyclohexane, and ethylzinc diphenylamide.
Other arylcarbamates of 1,2-cyclohexanediol were obtained by the reactions of carbon dioxide, an aromatic

amine, diethylzinc, and epoxycyclohexane.

The carbamic esters are used industrially as plastic-
izers for rubbers and melamine alkyd resins, fuel addi-
tives, and agricultural chemicals such as insecticide
and herbicide. The process to synthesize carbamic
esters uses isocyanate, carbamoyl chloride, or chloro-
formate, which are obtained by the reaction using
phosgene as a starting material.! Since phosgene is
toxic and corrosive, and its use produces a large quan-
tity of HCJ, it is of interest to develop the novel syn-
thetic methods of carbamic ester without phosgene.

The interest in the fixation of carbon dioxide has led
us to investigate the direct synthetic reaction of car-
bamic ester from carbon dioxide as a starting materi-
al.2™® Alkylcarbamic esters of 1,2-diol or hemiacetal
can be synthesized directly by the reaction of carbon
dioxide, primary or secondary aliphatic amines, and
epoxides or vinyl ethers, respectively. An analogous
reaction by using aromatic amines did not occur, since
their basicities are evidently lower.

On the other hand, it is well-known that carbon
dioxide inserts to the nitrogen-metal bond to form the
salt of carbamic acid.”%%)

R;N-M+ CO; — R;NCOO-M (1)
(M: Ti,Zr,V,Nb, Ta,W,Sn,Si,Ge,P,As,Sb,Zn,Al)

Hydrolysis of the salt, however, forms metal hydroxide
and releases amine with evolution of carbon dioxide.
Since carbamic acid is unstable, the fixation of carbon
dioxide may not be accomplished by this reaction
only.

We reported that the reactions of carbon dioxide,
epoxycyclohexane, and metal dimethylamides, such as
Ti(NMCz)4, TiCpg(NMeg)z, or W(NM€2)6+W2(NMCZ)6,
proceeded to afford dimethylcarbamate of 1,2-cyclohex-
anediol in high yields.5® Similar reaction using metal
arylamide, however, has not been reported. This
paper reports a novel synthesis of arylcarbamic esters
by the reaction of carbon dioxide with zinc arylamides
followed by alkylation with dialkyl sulfates or an
epoxide.

Results and Discussion

Synthesis of Arylcarbamic Esters by the Reaction of
Zinc Carbamate with Dialkyl Sulfate. The reaction
of N-methylaniline, diethylzinc, and carbon dioxide at
120 °C for 5 h was confirmed to give the corresponding
ethylzinc carbamate quantitatively, as observed by the
NMR spectral analysis of the reaction mixture.

PhMeNH + EtpZn + CO, —» PhMeNCOO-Zn-Et  (2)

When the reaction of N-methylaniline, diethylzing,
and carbon dioxide was followed by the alkylation of
the product with diethyl sulfate at 140—160 °C for 20
h, ethyl methylphenylcarbamate was obtained in 93—
96% yield (Eq. 3).

PhMeNCOO-Zn-Et+ Et,SO, — PhMeNCOOEt (3)

Attempted alkylation of zinc carbamate with diethyl
sulfate at a temperature below 100°C hardly occurred
(Table 1, Runs 1—5). The results of the synthesis of
carbamic esters using various aromatic amines are
shown in Table 1. By this method, aromatic amines
gave the corresponding alkyl arylcarbamates in good
yields.

Synthesis of Arylcarbamic Esters by the Reaction of
Zinc Carbamate with Epoxycyclohexane. 2-Hydroxy-
cyclohexyl arylcarbamates were found to be obtained
selectively in good yields by the reaction of epoxycy-
clohexane with zinc arylcarbamates.

Carbon dioxide (50 atm) was reacted with an
equimolar mixture of epoxycyclohexane and ethylzinc
diphenylamide (EtZnNPh,) in benzene solution at
80 °C for 120 h, to give selectively trans-2-hydroxycy-
clohexyl diphenylcarbamate in 48% yield (Table 2,
Run 10).

H+
EtZnNPh; + CO,; + <>O _ —
PthCOOQOH 4)
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Table 1. Reaction of Aromatic Amine, Et,Zn, and CO,,» Followed
by the Reaction of the Product with RSO,
Temp Product
Run Aromatic amine R,SO, S -
C Carbamate Yield/%®
1 PhMeNH Et;S0, 100 PhMeNCOOEt 40
2  PhMeNH Et,SO, 110 PhMeNCOOELt 169
3 PhMeNH Et,SO4 120 PhMeNCOOEt 609
4 PhMeNH Et,SO, 140 PhMeNCOOEt 930
5 PhMeNH Et,SO, 160 PhMeNCOOELt 96
6 Ph,NH Et,SO, 140 Ph,NCOOELt 468)
7  PhNpNH? Et,SO, 140 PhNpNCOOELt 268)
8 p-MeCgH(Et)NH?Y  Et,SO, 140 p-MeCsH4(Et)NCOOELt 79M)
9  p-MeCeHy(Et)NHY  Me,SO, 140 p-MeCgH4(Et)NCOOMe 50M
a) Aromatic amine; 50 mmol, ZnEty; 50 mmol, CO,; 50 atm, benzene; 30 ml, 120°C, 5 h.
b) R;SO4; 110 mmol, 20 h. c) 2-Naphthylphenylamine. d) N-Ethyl-p-toluidine. e) The yields of
carbamates were based on amine. f) Yield by GLC of the reaction mixture of Et,SO,4 and zinc
carbamate for 15 h. g) Isolated yield by recrystallization from 1-pentanol. h) Isolated yield by
distillation.

Table 2. The Reaction of Aromatic Amine, A similar reaction of carbon dioxide, epoxycyclo-
Et;Zn, CO,, and Epoxycyclohexane® hexane, and diethylaluminum diphenylamide (Et,-
Aromatic Time Temp Product AlNPh%)ZG’ instead of EZnNPh, also gave diphenyl-

Run amine b °C_ Arylcarbamate/%" cz‘irbamlc ester in a low yield (9%), and simultaneously
yielded polycarbonate.
1 Ph,NH 16 40 0
2 PhyNH 16 60 15 .
3  Ph.NH e 80 39 Experimental
4 Fh,NH 16 100 40 General. Commercially available aromatic amines, epoxy-
5 Ph,NH 2 80 21 cyclohexane, benzene, diethylzinc, and triethylaluminium
6 Ph,NH 4 80 23 were purified by recrystallization or distillation, and stored
7 Ph,NH 8 80 29 in a nitrogen atmosphere. Dialkyl sulfates were used with-
g glﬁzﬁg ‘zi gg 2‘1 out further purification. Commercial high-purity carbon
10 PhZNH 120 80 48 dioxide gas was introduced into an autoclave directly from'a
11  PhMeNH 68 80 65 gas cylinder without further purification.
12 PhE(NH 48 80 34 Measurements. IR spectra were recorded on a Hitachi
13 PthNH 72 80 27 EPI-G3 apparatus, and NMR spectra were measured by

a) Aromatic amine; 40 mmol, ZnEt,; 40 mmol, CO,; 50
atm, epoxycyclohexane; 40 mmol, benzene; 40 ml. For
Runs 1—10, ethylzinc diphenylamide prepared from
Ph;NH and ZnEt,, was reacted with CO, and epoxy-
cyclohexane. b) The isolated yields of arylcarbamates
based on amine.

Although arylcarbamic ester was not formed in the
reaction for 16 h at 40°C, the yields of arylcarbamic
ester increased to 40% at a high temperature such as
100°C (Table 2, Runs 1—4). No side products, such as
polyether (homopolymer of epoxide), polycarbonate
(copolymer of carbon dioxide and epoxide), or cyclic
carbonate (the equimolar reaction product of epoxide
and carbon dioxide), could be detected even in the reac-
tion at 100 °C.

The reactions of epoxycyclohexane with carbon
dioxide, diethylzinc, and an aromatic amine, without
isolation of the zinc aromatic amide, were found to
give the corresponding 2-hydroxycyclohexyl arylcar-
bamate, as shown in Table 2. In the case of secondary
aromatic amines (PhMeNH, PhEtNH, and PhNpNH),
arylcarbamic esters were obtained in good vyields
(Table 2, Runs 11—13), but the yields of arylcarbamic
ester from primary aromatic amines were low.

using Hitachi 24B spectrometer operating at 60 MHz and
JEOL FX90Q) at 90 MHz, using hexamethyldisiloxane
(HMDS) as internal standard. GC-MS spectra were mea-
sured by using a Shimadzu QP-1000 GC-MS spectrometer,
and gas liquid chromatogram (GLC) were recorded on a
Shimadzu GC-4C apparatus with a thermal conductor.

Reaction of Carbon Dioxide with the Reaction Mixture of
Diethylzinc and N-Methylaniline. A 100 cm3 stainless
autoclave was swept free of air by displacement with nitro-
gen. Into the autoclave was added a solution of EtyZn (10
cm3, 100 mmol) and N-methylaniline (10.8 cm3, 100 mmol)
in 30 cm?® of benzene, and CO, gas was introduced directly
from gas cylinder until the pressure reached 50 atm (5.1X108
Pa). After the autoclave was allowed to stand in an oil bath
controlled at 120°C for 5 h, the excess of CO, gas was
released, and IR and 'HNMR of the reaction mixture was
measured. The IR spectrum of the reaction mixture showed
a new absorption at 1565 cm™! to suggest the presence of
carboxylate group. 'HNMR spectrum of the reaction mix-
ture in CDCl; showed signals at 6 0.2 (2H, q), 1.4 (3H, t), 3.1
(3H, s, NCH3), and 7.0 (5H, CgHsN), while ethyl group
bonded to zinc such as ethylzinc diethylamide is known to
show signals at 6 0.4 (2H, q, CH3CH,Zn) 1.4 (3H, ¢,
CH:;CHQZH).Zﬂ

Synthesis of Arylcarbamate. Reaction of Et,Zn, aromatic
amine, and CO,, followed by the reaction of the product
with dialkyl sulfate: A typical example for the synthesis of
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ethyl ethyl(4-methylphenyl)carbamate is as follows.

A 100 cm3 stainless autoclave was swept free of air by dis-
placement with nitrogen. Into the autoclave was added a
solution of Et,Zn (5.1 cm? 50 mmol) and N-ethyl-p-
toluidine (7.2 cm3, 50 mmol) in 30 cm3 of benzene, and CO,
gas was introduced directly from gas cylinder until the pres-
sure reached 50 atm. After the autoclave was allowed to
stand in an oil bath controlled at 120 °C for 5 h, the excess of
CO, gas was released, and diethyl sulfate (14.4 cm?, 110
mmol) was added into the reaction mixture in the autoclave.
After the reaction mixture was heated at 140 °C for 20 h, the
contents of the reaction mixture was washed with diluted
hydrochloric acid, then with water, and subjected to distilla-
tion under a reduced pressure to give the product, ethyl
ethyl(4-methylphenyl)carbamate, 100°C/1.5 mmHg (1
mmHg=133.322 Pa), 8.15 g (79%).

Preparations of other alkyl arylcarbamates were carried
out by a similar procedure.

Synthesis of 2-Hydroxycyclohexyl Arylcarbamate: A typ-
ical example for the synthesis of 2-hydroxycyclohexyl
diphenylcarbamate is as follows.

A 100 cm? stainless autoclave was swept free of air by dis-
placement with nitrogen. Into the autoclave was added a
solution of EtZnNPhy?* (10 g, 40 mmol) and epoxycyclohex-
ane (4.0 cm3, 40 mmol) in 40 cm?® of benzene, and CO, gas
was introduced directly from gas cylinder until the pressure
reached 50 atm. After the autoclave was allowed to stand in
an oil bath controlled at 80 °C for 16 h, the excess of CO, gas
was released and the contents of the reaction mixture was
washed with diluted hydrochloric acid, then with water, and
subjected to freeze drying to give a white powder. The white
powder was recrystallized from hexane to yield 3.8 g (32%) of
2-hydroxycyclohexyl diphenylcarbamate, mp 133°C. This
carbamate was confirmed to be of trans form, since trans-1,2-
cyclohexanediol was obtained quantitatively by the hydroly-
sis of the carbamic ester with methanolic sodium hydroxide.

Preparations of other 2-hydroxycyclohexyl arylcarbamates
were carried out by using Et;Zn and an aromatic amine
instead of EtZnNPh,.

Reaction of Et2AINPh;, CO2, and Epoxycyclohexane:
Diethylaluminum diphenylamide (Et,AINPh;)?® (11 g) in
benzene solution (40 cm3) was heated with epoxycyclohexane
(3.9 g) at 80 °C for 87 h under a carbon dioxide pressure (50
atm) in a 100 cm?® stainless autoclave. The reaction mixture
was washed with diluted hydrochloric acid, then with water,
and poured to methanol (500 cm?) to give a white powdery
precipitate (polycarbonate; 1.4 g). Evaporation of the sol-
vent from the filtrate left a white residue, which was recrys-
tallized from hexane to'give 1.1 g (9%) of 2-hydroxycyclohexyl
diphenylcarbamate.

Identification of the Products. Ethyl Methylphenylcar-
bamate: Bp 79—80°C/0.45 mmHg (lit,?»%* 79—80°C/1
mmHg); IR(neat) 1700 cm™!; 'HNMR (CDCl;) 6=1.15 (3H,
t, OCH,CH3), 3.2 (3H, s, NCH,;), 4.1 (2H, q, OCH,CHy3), 7.2
(5H, NCgH;); MS (70 eV) m/z=179 (M*).

Ethyl Diphenylcarbamate: Mp 69—70°C (1it,® mp 72—
73°C); IR (KBr pellet) 1695 cm™!; 'TH NMR (CDCl;) 6=1.1
(3H, t, OCH,CHj;), 4.1 (2H, q, OCH,CHj3), 7.1 (10H, s, N
(CgHs)z); MS (70 V) m/z=241 (M™).

Ethyl (2-Naphthyl)phenylcarbamate: Mp 87—89 °C (1it,3”
mp 93°C); IR (KBr pellet) 1708 cm™!; 'THNMR (CDCl,)
6=1.4 (3H, t, OCH,CH,;), 4.1 (2H, q, OCH,CHj), 7.2 (5H, s,
NCgH;), 7.1—7.8 (7H, m, naphthyl group); MS (70 eV)
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m/z=291 (M™).

Ethyl Ethyl(4-methylphenyl)carbamate: Bp 100°C/1.5
mmHg; IR (neat) 1710 cm™!; 'THNMR (CDCl3) 6=0.9—1.2
(6H, methyl groups of NC;H; and OC,Hs), 2.1 (3H, s, CH; of
4-methylphenyl group), 3.6 (2H, q, NCH,CH3), 4.0 (2H, q,
OCH,CHj;), 7.0 (4H, aromatic ring); MS (70 eV) m/z=207
(M*); EA,Found: C, 69.54; H, 8.26; N, 6.76%. Calcd for
C12H7NOy: C, 69.69; H, 8.34; N, 6.73%.

Methyl Ethyl(4-methylphenyl)carbamate: Bp 83.3—83.4
°C/0.5 mmHg; IR (neat) 1695 cm™; TH NMR (CDCl;) 6=1.0
(3H, t, NCH,CHjy), 2.2 (3H, s, CH; of 4-methylphenyl
group), 3.5 (3H, s, OCHj;), 3.6 (2H, q, NCH,CH3), 7.0 (4H,
aromatic ring); MS (70 eV) m/z=193 (M*); EA,Found: C,
68.37; H, 7.82; N, 7.25%. Calcd for C;;HsNOy: C, 68.35; H,
7.81; N, 7.21%.

2-Hydroxycyclohexyl Diphenylcarbamate: Mp 133°C
(recrystallized from hexane); IR (KBr pellet) 3500 and 1695
cm~}; 'HNMR (CDCl;) 6=1.0—2.1 (8H, methylenes of cy-

clohexane ring), 2.6 (1H, OH), 3.4 (1H, CH-OH), 4.4 (1H,

CH-0O(C=0)), 7.2 (10H, N (C¢Hjs),); EA, Found: C, 72.93; H,
6.89; N, 4.48%. Calcd for C;oH;;NOs: C, 73.29; H, 6.80; N,
4.50%.

2-Hydroxycyclohexyl Methylphenylcarbamate: Mp 100
°C (recrystallized from hexane); IR (KBr pellet) 3500 and
1695 cm™!; 'TH NMR (CDCl3) 6=1.0—2.1 (8H, methylenes of
cyclohexane ring), 3.2 (4H, NCH; and OH), 3.5 (1H,
CH-OH), 4.4 (1H, CH-O(C=0)), 7.2 (5H, NCg¢H;); EA,
Found: C, 67.35; H, 7.90; N, 5.61%. Calcd for C;4H;sNOs: C,
67.45; H, 7.68; N, 5.62%.

2-Hydroxycyclohexyl Ethylphenylcarbamate: Bp 66 °C/7
mmHg; IR (neat) 3500 and 1695 cm™; 'HNMR (CDCl,)

=0.9—2.1 (8H, methylenes of cyclohexane ring), 1.0 (3H, t,

NCH,CHj;), 3.1—3.6 (2H, CH-CH), 3.6 (2H, q, NCH,CHy3),
4.4 (1H, m, CH-O(C=0)), 7.2 (5H, NC¢Hs); EA,Found: C,
68.19; H, 8.37; N, 5.15%. Calcd for C;5H,NO3: C, 68.41; H,
8.03; N, 5.31%.

2-Hydroxycyclohexyl (2-Naphthyl)phenylcarbamate: Mp
175 °C (recrystallized from hexane); IR(KBr pellet) 3500 and
1695 cm™!; 'TH NMR (CDCl;) 6=1.0—2.1 (8H, methylenes of
cyclohexane ring), 2.6 (1H, OH), 3.4 (1H, CH-OH), 4.6 (1H,
CH-O(C=0)), 6.8—7.9 (12H, phenyl and 2-naphthyl
groups); EA,Found: C, 76.61; H, 6.39; N, 3.91%. Calcd for
Cy3Hy3sNOs: C, 76.43; H, 6.41; N, 3.87%.
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