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Abstract A Pd OAc , mmim I mmim I= 1-methyl-3-methylimidazolium iodide catalyst system was ap-
plied to the oxidative carbonylation of aliphatic amines aromatic amines and amino alcohols to carbamates
ureas and 2-oxazolidinones under different conditions. The catalytic turnover frequencies TOF moles of
amines converted per mole of catalyst per hour were 12417 17368 and 4 114 h ! for the production of
methyl N-phenyl carbamate N N’-diphenyl urea and 2-benzoxazolinone respectively.
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Table 1  Effect of co-catalysts on oxidative carbonylation
71 of aromatic amines over Pd OAc , catalyst
TOF 3000 h Conversion Selectivity % TOF
Entry Co-catalyst )
% 2a 3a h
1 — 9 90 10 444
Pd OA . I . I 1 2 mmim [ 96 94 6 4730
€2 mmm mmm 3¢ mmim [ 84 81 19 12417
3- 4 bmim 1 96 94 6 4730
5 bmim Br 16 73 27 788
6 bmim Cl 26 92 8 1281
7 bmim PFg 10 80 20 493
8 bmim BF, 25 68 32 1232
1 9®  mmim I 66 88 12 3251
100 ml Reaction conditions Pd OAc , 1 mg 4.45 pmol  co-catalyst
m
30 mg 0.13 mmol aromatic amines 2 ml CH;OH 6.0 ml 170
Pd OAc ) Fluka 1 mg 4.45 p.l’l’lo1 C 60 min 4.0 MPa CO O, with molar ratio of 4.
mmim [ 30 mg 0.13 mmol 31 “ Time=20 min. * mmim I 15 mg 0.065 mmol .
DMF 6.0 1 TOF — Moles of amine converted per mole of catalyst per hour.
-V m bmim — 1-butyl-3-methylimidazolium.
0.8 MPa O,
3.2 MPa CO. Pdl, KI
C18
250 mm X 4.6 mm mmim [ 20 min 1 3
- 84 % TOF 12 427
h -1
2
2.1 9
2.1.1 2.1.2
170 0(: 4.0 MPa CO Oz 4 Pd OAC 2 mmim [
1 N- 2
1 1
Pd OAc , mmim [  Pd
OAc , 180 C
96 % 94 % . 21
RONHQ + CO/O, % 5 N-
_|3|,O Table 2 Effect of temperature on oxidative carbonylation
la:R=H - . .
of aromatic amine over Pd OAc , catalyst
1b: R = CHj
le: R=Cl Conversion Selectivity % TOF
Entry t C o
% 2a 3a h
O O
J\ J\ 1 130 56 13 87 2759
RO HN" “OCH; + ROHN NHOR 2 140 63 35 65 3104
20 R—H 3 R-H 3 150 76 55 45 3460
a:R= a: R =
2b: R = CH, 3b:R=CH; 4 160 85 70 30 3869
2¢:R=Cl 3¢:R=Cl 5 170 96 94 6 4730
1 6 180 78 95 4 3843

Scheme 1  Oxidative carbonylation of aromatic

amines to carbamates

Reaction conditions are the same as in Table 1 except that the co-

catalyst is mmim I.



640

29
2.1.3 3 Pd OAc , mmim I
Table 3  Oxidative carbonylation of aniline derivatives
, over Pd OAc , mmim I catalyst
E Sub Conversion Selectivity % TOF
5 min 30 % s Substrate % 2 3 h!
N- 1 la 96 94 6 4730
10 2 1b 98 92 8 4106
3 1c 63 99 1 2217
min Reaction conditions are the same as in Table 2.
2.2
Pd OAc , mmim I
2
100
4. 4~6
L THF DME
80
DMF 2
: 87% TOF 4518
3 60
S _
< h! 3
g
E 77%.  DMF Pd OAc ,
O 40+
I mmim [ 7
ol DMF
0« 1 L 1 | ' 6a N- Ta
1 2 4 .
0 0 0 00 60 30 min 4 1 7a 30%
Time (min) )
60 min 7a 2% .
Fig 1 Product concentration as a function of reaction 6a 7a
time for oxidative carbonylation of aniline HPdCONHBu 2
1 1la 2 2a 3 3a
Reaction conditions are the same as in Table 2. 4 8§~13
15 min 88 %
2.1.4 98 % TOF 17368 h™!
2% 6¢
Pd OAc , mmim I Pd OAc ,
3 5 10 87%  94%
10 11 N-
Pd-
OAc , 10 40%
O 0 o}
Pd(OAc),/[mmim]I )k NHR JJ\
R—NH, + CO/0O, T» RHN NHR + RHN + RHN H
: o]
4a: R=n-Bu 5a: R=n-Bu 6a: R=n-Bu 7a: R=n-Bu
4b: R=1-Bu 5b: R=t-Bu 6b: R=#-Bu 7b: R=t-Bu
4c(1a): R=Ph 5¢(3a): R=Ph 6¢: R=Ph 7¢: R=Ph
4d(1b): R=4-CH;3-Ph 5d (3b): R=4-CH;-Ph 6d: R=4-CH3;-Ph 7d: R= 4-CH;-Ph
4e(1c) : R=4-Cl-Ph Se(3¢): R=4-CI-Ph 6e: R=4-Cl-Ph 7e: R=4-CI-Ph
2
Scheme 2 Oxidative carbonylation of amine compounds to symmetric ureas
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Table 4 Oxidative carbonylation of amine compounds to symmetric ureas over Pd OAc , mmim [ catalyst

Selectivity %

Entry Substrate Solvent Conversion % 5 p p TOF h!
1 4a DMF 99 57 13 30 8946
2¢ 4a DMF 100 87 11 2 4518
3 4a CH;0OH 77 69 24 7 6958
4 4a THF 98 28 6 12 8855
5 4a DME 98 42 8 11 8855
6 4a dioxane 98 28 8 12 8855
7 4b DMF 92 91 7 2 7828
8® 4c DMF 88 98 2 — 17368
9 4c DMF 98 98 2 — 9671

10¢ 4c DMF 87 98 2 — 8585
1 4c DMF 94 98 2 — 9276
12 4d DMF 100 98 2 — 8380
13 4e DMF 92 98 2 — 6476

Reaction conditions Pd OAc , 1 mg 4.45 pmol mmim [ 30 mg 0.13 mmol amine2 ml CH;OH 6.0 ml 150 C 30 min 4.0 MPa

CO O, with molar ratio of 4.

c

“ Time= 60 min. " Time= 15 min. mmim I 5 mg 0.022 mmol . ¢ mmim I 10 mg 0.044 mmol .

2.3 2-
5 2-
Pd OAc > mmim [ Table 5 Oxidative carbonylation of amino alcohols to 2-oxazoli-
2. 3 dinones over Pd OAc ; mmim I catalyst
o . Conversi Selectivi TOF
100 C DMF 30 min Entry Substrate onversion clectivity .
% for9 % h
2- 5 1 8a 95 9 3734
1 2 . 2. 2 8b 96 96 2872
_ 3* 8c 100 98 4114
TOF 4114 h! Pd C
25 Reaction conditions Pd OAc , 1 mg 4.45 pmol mmim [ 30
: mg 0.13 mmol amino alcohol 1 mlI DMF 6.0 ml 100 T 30
min 4.0 MPa CO O, with molar ratio of 4.
O
5 # Amino phenol 2 g.
R!  R? .
+ CO/0, _TUOAC,[mmim]l HNJLO
HN  OH THO —( OH 2-
R' R?
I
8a: RI=H R2=H 9a:R'=H R2=H
8b: RI=H R2=CH, 9b: RI=H R2=CH; N-
NH, 0
8c: @ 9c: C[N>:O L
oH N
3 2- N-
Scheme 3  Oxidative carbonylation of amino alcohols
to 2-oxazolidinones 3
2.4 Pd OAC 2
Pd OAc , mmim [
mmim [ -Pd-1 2-
CO Pd HPd-

HPdCONHR [ 3 1 CONHR mmim [
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