Available online at www.sciencedirect.com
scmncs(dblnsc'n Q,

ELSEVIE Journal of Molecular Catalysis A: Chemical 223 (2004) 85-92

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

HVINO3 10N

b

B4

www.elsevier.com/locate/molcata

Carbamate synthesis via transfunctionalization of substituted
ureas and carbonates

Anand B. Shivarkar, Sunil P. Gupte, Raghunath V. Chaudhari

Homogeneous Catalysis Division, National Chemical Laboratory, Pune 411008, India

Received 8 March 2003; received in revised form 24 August 2003; accepted 1 September 2003
Available online 22 September 2004

Abstract

Synthesis of carbamates from substituted ureas and organic carbonates has been demonstratachusyttictixide (DBTO) as a catalyst.
Reactivity pattern of ureas indicated that substituents on ureas have no significant effect on the carbamate yields. While, the carbonate reactivity
pattern seems to be following the rule that is expected based on the leaving group ability of alkoxides and phenoxide to form carbamate observed
in aminolysis of carbonates, it has been shown that basicity of reacting urea plays a vital role in the catalytic activity of this reaction. The
effect of reaction parameters such as temperature, catalyst loading, solvent, concentration of reactants, etc. were investigated for synthesis o
methyl methyl carbamate (MMC). The Arrhenius activation energy for the reaction between dimethyl urea (DMU) and dimethyl carbonate
(DMC) was found to be 7.57 kcal/mol. A reaction mechanism has been postulated explaining the role of DBTO in the synthesis of carbamate
from urea and carbonate.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction sive and toxic phosgene and produces hydrochloric acid as a
side product. Efforts are continuously being made for the re-
Carbamates are useful compounds having wide range ofplacement of phosgene-based technology with environmen-
applications in chemical industry such as in the production tally benign routes such as carbonylation of nitro compounds
of commaodity chemicals like polyurethanes, herbicides and [6], oxidative carbonylation of amingg], carboxylation of
pesticideg1]. On the other hand, carbamates are also re- amines using organic carbona{@} or carbon dioxid€g9]
quired in lower volumes but high-cost category segment, in and alcoholysis of substituted urfl®]. Synthesis of carba-
specialty chemical industry for the production of drug inter- mate using carbonate or urea as reagents results in poor atom
mediates in pharmaceutical indusf®y. Recently, duetothe  economy and in each case alcohol or amine is produced as
development of combinatorial techniques in the field of drug a by-product reducing the functional group efficiency of the
discovery and due to their medicinal and biological proper- reagent§cheme 1. One way of improving the atom economy
ties, carbamates have gained considerable importance in thén reactions (i) and (ii) is to eliminate the use of alcohol and
preparation of small molecule librarig. In organic synthe-  amine by reacting substituted urea and carbonate in the pres-
sis, carbamates are often used as protecting groups for aminence of a catalyst. We reported recently, carbamate synthesis
functionality[4]. The conventional process for the carbamate by reacting substituted urea and carbonate in the presence
synthesis is based on phosgenation of amjBgsthis pro- of a solid base cataly$11]. In the present work, the effect
cess besides being highly energy intensive uses highly corro-of various homogeneous catalysts and the role of catalysis
in carbamate production as well as the effect of process pa-
rameters on the synthesis of methyl methyl carbamate from
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derivatives by GC-MSTable 2 entries 2—6 and 13). The

» Carboxylation

R'NH, + R*0OCOOR R'NHCOOR? + R?0H (i)

Catalyst analytical data for various carbamate derivatives are given
1 - Alcoholysis | 2 1 . bellow.
R'NHCONHR' + ROH — e R'NHCOOR? + R'NH, (i)

2.1.1. N-3-Cl phenyl phenyl carbamai@ble 2 entry 2)
Scheme 1. IR (KBr) vco: 1764 cntt. 1H NMR: § 7.57—7.07 (m, 9H);
6.97 (s, 1H).13C NMR: § 116.84, 118.96, 121.52, 125.8,
_ 126.27, 129.54, 130.01, 138.62, 150.43, 151.01, 15N51.
2. Experimental 3-Cl phenyl isocyanatenf/z): 153, 125, 90, 63, 50; phenol
(m/2): 94, 66, 39. Microanalysis for {3H1oNO,CI: Calc.:

Substituted ureas and unsymmetrical phenyl methyl car- 63,039 C, 4.04% H, 5.65% N, 14.34% CI; Found: 63.4% C,
bonate as reactants were synthesized by standard proce4 0294 H, 5.56% N, 13.97% CI.

dures and used after purificatifit2,13]. Diphenyl, dimethyl

and diethyl carbonates were purchased from M/s. S.D. Fine2 1 2. N-4-Cl phenyl phenyl carbamaf&&ble 2 entry 3)
chemicals, India, and were used as such. Catalyst precursors |R (KBr) vco: 1716 cnt. IH NMR: § 7.45-7.17 (m, 9H);
Ti(IV)(O)(acacy, Cu(acac), FeCk, AICl3, SnCh(H20)e 6.98 (s, 1H).13C NMR: § 120.30, 121.55, 125.83, 129.02,
and BypSnO (DBTO) were purchased from Aldrich, USA, 129 15, 129.43, 135.98, 150.46, 151.824-Cl phenyl iso-
and used as received. fEn(OPhy was prepared according  cyanate ifv2): 153, 125, 90, 63, 50; phenah(z): 94, 66, 39.

to literature proceduri4]. In a typical experimental proce-  Microanalysis for GsH1gNO,Cl: Calc.: 63.03% C, 4.04%
dure, substituted urea (3.16 mmol), carbonate (15.6 mmol) 4 5 6594 N, 14.34%.

and DBTO catalyst (0.89 mmol) were charged to a nitro-

gen flushed and dry glass reaction vessel (59@quipped  2.1.3. N-3-NQ@ phenyl phenyl carbamatd@ble 2

with temperature controller, a stirrer and reflux condenser. gntry 4)

The contents were heated under stirring up to AS@nd IR (KBF) veo: 1712 cnmL. IH NMR: 8 8.31(t, 1H,1110.NO,»

kept for 4h under an inert atmosphere. After cooling t0 j = 2Hz), 7.92 (dd, 1e.N0,. J = 1.6, 7.9Hz), 7.7 (d,
room temperature, the carbamate derivative was separatequm NO,, J = 7.9 Hz), 7.45 (t, 1HeraNoy, J = 8.2H2),

by column chromatography using silica gel and ethyl ac- 7,37 (dd, 2H,J = 1.6, 7.5Hz) 7.3 (bs, 1H), 7.22 (dd, 1H,
etate: chloroform mixture in proportion 0.2:9.8 as an eluent. j = 1.6, 7.6Hz), 7.16 (dd, 2H) = 7.5Hz). 13C NMR:

A 50-cn? autoclave was used while working with low boil- 5 113 66, 118.42, 121.45, 124.42, 126.01, 129.46, 129.86,
ing alkyl carbonates as substrates. Typically, in the synthesis138 .69, 148.66, 150.22, 151 N-3-NO, phenyl isocyanate

of methyl methyl carbamate, catalyst DBTO (1.81mmol), (nyz): 164, 118, 90, 63, 50; phenoin(z): 94, 66, 39. Mi-
dimethyl urea (15.34 mmol) and 17 ml of dimethyl carbonate croanalysis for GsH1oN204: Calc.: 60.46% C, 3.87% H
(169.2 mmol) were employed as reactant serving the purpose; 9 859 N: Found: 61.45% C, 3.94% H, 10.52% N.

of a solvent as well. Reactions were carried out at 150

for 4h at 500 psig of nitrogen pressure. For investigations on 2 1 4. N-4-CH phenyl phenyl carbamatd4ble 2

the effect of reaction conditions in MMC synthesis, toluene gntry 5)

was used as a solvent. For determining the material balance |R (KBr) v 1719 cntt. IH NMR: § 7.43-7.11 (m, 9H),
and concentration-time profiles of liquid-phase reactants andg 95 (s, 1H), 2.32 (s, 3H}3C NMR:§ 20.69, 118.88, 121.67,
products, samples were withdrawn at regular intervals and 125 55 126.25, 129.32, 129.6, 134.79, 150.68, 15N-.
analyzed using GC for carbamates and carbonates while LCcH; phenyl isocyanatenf/z): 133, 104, 91, 63, 51; phenol
was used for substituted urea analysis. Initial rates of MMC (nyz): 94, 66, 39. Microanalysis for GH13NO,: Calc.: 74%

formation at various temperatures were calculated by run- ¢ 5720, H, 6.16% N: Found: 73.75% C, 5.55% H, 6.38%
ning the experiments with short reaction time30 min) and N.

analyzing the samples at the end of reactions for MMC for-

mation. 2.1.5. N-Phenyl phenyl carbamatBaple 2 entry 6)
IR (KBr) vco: 1717cml. 1H NMR: § 7.46-7.09 (m,
2.1. Identification 10H), 6.95 (s, 1H).13C NMR: § 118.84, 121.61,123.9,

125.66, 129.11, 129.37, 137.38, 150.6, 151.64. Phenyl iso-
All the carbamates reported herein were fully charac- cyanate i(vV2): 119, 91, 64, 51; phenoln{z): 94, 66, 39.

terized by elemental analysi$H NMR, 13C NMR, IR, Microanalysis for GaH11NO,: Calc.: 73.23% C, 5.16% H,
GC-MS (EIl, 70eV) and compared with authentic samples 6.57% N; Found: 72.85% C, 5.27% H, 6.35% N.

whenever possible. THeH NMR and13C NMR spectra in

CDCl; were recorded on a 200 and 500 MHz Brucker in- 2.1.6. N-Phenyl methyl carbamafBable 2 entry 7)

strument, respectively. Some carbamates were unstable to- IR (KBr) vco: 1708 cntt. 1H NMR: § 7.4-7.02 (m, 5H),
wards injection temperature employed for GC-MS analysis 6.69 (s, 1H), 3.77 (s, 3H}3C NMR:§ 52.21, 118.74, 123.38,
and were analyzed as corresponding isocyanate and phenal28.94,137.84,154.11. GC/M®&{z): 151, 135,119,106, 92,
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77, 65, 51, 39. Microanalysis forgElgNO,: Calc.: 63.57%
C, 5.96% H, 9.27% N; Found: 63.05% C, 5.71% H, 8.98%
N.

2.1.7. N-Phenyl ethyl carbamat@able 2 entry 8)

IR (KBr) vco: 1703 cnt; 'HNMR: § 7.42—-7.03 (m, 5H),
6.66 (s, 1H), 4.22 (q, 3HJ = 7.32Hz), 1.32 (t, 3HJ =
7.32Hz).13C NMR: 6 14.45, 61.1, 118.71, 123.25, 128.91,
137.99, 153.7. GC/MS{2): 165, 137, 119, 93, 77, 65, 51,
39. Microanalysis for gHgNO»: Calc.: 65.45% C, 6.66% H,
8.48% N; Found: 65.69% C, 6.73% H, 8.46% N.

2.1.8. N-Phenyl butyl carbamat&able 2 entry 9)

IR (KBr) vco: 1702 cnt1. 1H NMR: § 7.42—7.04 (m, 5H),
6.67 (s, 1H), 4.19 (t, 2H] = 6.35 Hz), 1.69 (qu, 2H] = 6.35,
6.83Hz), 1.45 (m, 2HJ = 6.84, 7.33Hz), 0.97 (t, 3H] =
7.33Hz).13C NMR: § 13.66, 19.03, 30.95, 65.08, 118.67,
123.28,128.97,138.01, 153.76. GC/M8Z): 193,137, 119,
93, 77, 65, 41. Microanalysis for;gH,5NO,: Calc.: 68.39%
C,7.77% H, 7.72% N; Found: 67.85% C, 7.78% H, 7.35%
N.

2.1.9. N-Methyl methyl carbamat@able 2 entry10)

IR (KBr) vco: 1711 cnt. 1H NMR: 3 4.93 (s, 1H), 3.67
(s, 3H), 2.78 (d, 3HJ = 4.88 Hz).13C NMR: § 27.36, 51.91,
157.77. GCIMS1fVZ): 89, 74, 58, 44.

2.1.10. N-Methyl ethyl carbamat@gble 2 entry11)

IR (KBr) vco: 1704 cnt. 1H NMR: § 4.95 (s, 1H), 4.01
(q, 2H,J = 6.84, 7.32Hz), 2.7 (d, 3H] = 4.88Hz), 1.16
(t, 3H,J = 6.83, 7.33Hz)13C NMR: § 14.42, 27.17, 60.47,
157.33. GC/MS1§v2): 103, 88, 74, 58, 44.

2.1.11. N-Methyl phenyl carbamat@aple 2 entry13)
GC/MS, methylisocyanate(z): 57, 28, 15; phenohiy2):
94, 66, 39.

3. Results and discussion

In this work, reaction between substituted urea and car-

bonate derivatives has been investigated using homogeneou

catalysts (se&cheme 2 This reaction is also a case of ester
aminolysis of carbonate and alcoholysis of urea operating in
tandem.

carbonate aminolysis
dibutyl tin oxide
R70C @ catalyst

urea alcoholysis

2R'NHCOOR?

R'NHCO

Scheme 2.

87
Table 1
Catalyst screening fd¥-phenyl phenyl carbamate synthésis
Entry Catalyst Time (h) Yielbl (%)
1 None 24 Traces
2 Ti(IV)(O)(acac) 15 34
3 Cu(acag) 4 71
4 NaOH 4 32
5 PhONa 4 56
6 (CoHs)aNBr 4 81
7 FeCg 4 16
8 AICl3 4 22
9 SnChL(H20)s 4 11
10 BwpSn(OPh) 4 20
11 BwpSnO 4 93

@ Reaction conditionsd¥,N’-diphenyl urea (3.16 mmol), diphenyl carbon-
ate (15.6 mmol), catalyst (0.89 mmol), temperature (423 K), reaction volume
4cn?.

b |solated carbamate yields based on urea.
3.1. Preliminary experiments for catalyst screening

Preliminary experiments were carried out for screening
of the homogeneous catalysts targeting for industrially im-
portant carbamate suchdsgphenyl phenyl carbamate (PPC)
as a model. For this purpose, reactions were carried out em-
ploying diphenyl urea (DPU) and diphenyl carbonate (DPC)
as substrates. The results on screening of catalysts for PPC
synthesis are presentediable 1

These results indicated that a non-catalytic reaction be-
tween DPU and DPC produces only traces of PPC after 24 h
indicating that catalyst is essential for formation of PPC (see
Table 1 entry 1). Urea alcoholysis catalysts such as tita-
nium and copper acetylacetonate comple4€§ were also
screened (see entries 2 and 3) in which copper catalyst was
found to show good activity. Further, classical acid catalysts
suchas FeGJ AlCl3, SnCl, (seeTable 1 entries 7—9) showed
poor activity compared to the basic catalysts such NaOH, phe-
nolate ion, onium salts (s@able 1, entries 4-6). Encouraged
by these results, we explored organotin complexes, which are
known to be excellent transesterification catalysts for carbon-
ates and esters. Several organotin complexes were tested for
synthesis of carbamate from DPU and DPC in which acidity
of catalyst was varied to highly acidic to mild basic tin cata-
lysts. The results of these experiments showed that basic tin
gomplexes such as dibutyl tin oxides give excellent carbamate
yield ~93% (seeTable 1 entry 11) compared to acidic tin
compounds such as Sn@H,0 ~11% (seeTable 1 entry
9), while, BpuSn(OPh) having intermediate acidity showed
moderate yields of PPE€20% (sedlable ], entry 10). There-
fore, further reactions with various ureas and carbonates were
carried out using DBTO as a catalyst.

3.2. Reactivity of substituted urea and carbonate
towards carbamate formation

The reaction between substituted urea and carbonate to
form carbamate is not well explored and practically very little
is known about the reactivity pattern of ureas and carbonate
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towards carbamate formation. However, considerable amountTable 2 o o
of work on similar systems viz. ester aminolysis of carbon- Synthesis of carbamates using dibuty! tin oxide cat8lyst

ate and alcoholysis of substituted ureas Sekeme Lhas Entry R (urea) R (car- Time wvco, carb- . Yield® (%)
been reported in the literature (and discussed later) which bonate) (h)  amate (cm)
will be useful in understanding the reactivity behavior ob- 1 2-CIGHs  CgHs 4 - ~25°
served for carbamate synthesis from substituted urea and2 ~ 3-ClGHs  CeHs 4 1764 92
3 4-CIGHs  CgHs 4 1716 90
carbonate. 4 2N
. . . . . -NO,CgHs  CgHs 4 1712 89
It is well known thgt in ester aminolysis of sup;tnuted 5 4-CHiCeHs  CgHs 4 1719 90
carbonates, the reaction depends upon the basicity of at- 6 CsHs CsHs 4 1717 93
tacking aming15,16] It is generally believed that aminol- 7 CeHs CHs 4 1708 77
ysis proceeds smoothly when th&pvalues of attacking 8  GHs CoHs 4 1703 61
. . . . 9 CsHs n-C4Hg 4 1702 50
amine are about 4-5 units higher than that of the leaving 10 Chy CHa 4 1711 o1
group (e.g. alkoxide or aryloxid¢} 7]. T.h.e.reactivity ofcar- 14 CHs CoHs 4 1704 64
bonate depends upon the electrophilicity of carbonyl car- 12 GsHs PhMCY 15 - 72
bon; the factors that help increase in the electrophilicity 13 CHs CeHs 4 - 25

of carbonyl carbon may therefore increase the rate of re- 2 Reaction conditions: same dable 1 except that for reactions in-
action. An electron-withdrawing substituents on phenoxide volving methyl, ethyl and butyl carbonates (DBTO = 1.81 mmol, DMU =
or alkoxide will facilitate nucleophilic attack (retarded by 15-3f mmol, DMC = 169.2 mmol,_temgera_ture =423 K_ contact time = 4h,
electron-donating substituenfd)8]. However, the final re- f’},zo;r?f? %pss I%urtiilce?\?:)mlume 7 ChelTer speed = s0orpm, feacior
activity will depend on the I, of attacking amine as noted b solated carbamate yields.
earlier. Similarly, alcoholysis of substituted urea is acceler- ¢ Carbamate is unstable.
ated by electron-donating group on alcohol and slowed by ¢ PhMC = unsymmetrical phenyl methyl carbonate.
electron-withdrawing groups, provided that hindrance factor ° Combined yield ofN-phenyl phenyl carbamate (62% yield) ah
is not coming into play[10]. On the other hand, electron- ph?”g' methyl carbamate (10% yield).
. . . .. eaction temperature 10C.

donating substituents on phenyl urea increase reactivity of o N.methyl phenyl carbamate is unstable towards silica gel column chro-
urea, while decreased by electron-attracting substituents onmatography and therefore GC yields are reported.
aryl group[19].

Several substituted ureas were subjected to reaction witheyer, as per the stoichiometry of reaction (Sgheme Y
diphenyl carbonate using DBTO as a catalystand theseresultgqual amount of carbamates should have been formed.
are summarized ifiable 2 The yield of carbamate does not |t js well known that, under the catalytic conditions em-

follow simple reactivity pattern expected due to electronic ployed in this work, disproportionation of PhMC to DPC
effect caused by substituents (discussed above). For examand DMC is also likely to occur (se&cheme B [22].

ple, substituted diphenyl urea having electron-withdrawing Analysis of reaction crude has also confirmed the forma-
(entries 1-4) and -donating (entry 5) groups seem to reacttion of symmetrical carbonates from PhMC. The symmet-
with equal ease with DPC (see, e.g. reaction with DPU, entry rica| carbonates thus formed react independently with DPU
6 for comparison), except that for sterically hindefd'- to form corresponding carbamates and yields of carba-
bis(2-chlorophenyl) urea which shows substantially low car- mates depend upon the reactivity of carbonates viz. DPC
bamate yields (seEable 2 entry 1). While carbonate reactiv-  and DMC. Since, the reactivity of DPC is higher than
ity towards diphenyl urea seems to be following the rule that that of DMC, higher yield ofN-phenyl phenyl carbamate
carbonate reactivity increases with leaving group ability of js optained. The reactivity pattern study shows a gen-
methoxide and phenoxides (see entries 6 and 7), whichis conral behavior in that excellent carbamate yields are ob-
sistent with the trend observed in aminolysis of carbonates tained when an aromatic (or aliphatic) urea is reacted with
[15]. The reactivity of alkyl carbonates towards ureas was aromatic (or aliphatic) carbonate but poor yields are ob-
found to decrease in the order dimethyl carbonate > diethyl tained when aromatic urea is reacted with aliphatic car-
carbonate > dibutyl carbonate (entries 7-11). The observedponate and vice versa. In fact in the reaction between
reactivity of carbonate suggests that the carbonyl carbon of N N'-dimethyl urea and DPC at 15@, carbamate was
dimethyl carbonate is the most electrophilic center and that not detected. However, when the reaction was carried out
of dibutyl carbonate is least in the three carbonates investi- 5t 100°C formation of N-methyl phenyl carbamate in the

gated. A similar kind of reactivity was earlier observed for reaction sample could be detected by GC-M3bfe 2
alcohols in transesterification of DMC and was attributed to entry 13).

the steric factors rather than electronic effect of various alco-
hols[20,21]

When unsymmetrical carbonate such as phenyl methyl i disproportionation N
carbonate (PhMC) was reacted with DRWphenyl phenyl 2 PhO OMe PhO OPh  MeO OMe
carbamate antll-phenyl methyl carbamate is formed in 62
and 10% yields, respectively (s@able 2 entry 12). How- Scheme 3.



A.B. Shivarkar et al. / Journal of Molecular Catalysis A: Chemical 223 (2004) 85-92 89

18 10 Table 3
4 Effect of catalytic conditions on MMC synthe8is

5 - “g Entry Conditions MMC yield due to Yields® of Pressure

2 MMC 1 4 b (o, 0, H
5 e 9.8 E DBTOP (%) MMC (%)  (psig)
§ ——DMC B} 1 Non-catalytic — 37 Autogenous
5 124 S 2 Non-catalytic — 65 500 N
1) ”‘g T96 = 3 DBTO 54 (91-37) 91 Autogenous
§ 2 § 4 Non-catalytic — 9 500 C9
ZE a 5 DBTO 53 (62-9) 62 500 CO

>
£ T94 2 a Reaction conditions: DBTO = 1.81 mmol, DMU = 15.34 mmol, DMC
h-i 61 £ = 169.2 mmol, temperature = 423K, contact time = 4h, reaction volume
£ g 17 cns.
R 192 § b For details, see text.
3 ) — 5 ¢ GCyields.
Q
_—
0 T T T T 9 i i i ; i
0 100 200 300 400 500 synthesis of MMC using dibutyl tin oxide as a catalyst and

Time, min toluene as a solvent.
Fig. 1. Typical time profile of DMC, DMU and MMC. Conditions: DBTO = 3.3.1.1. Effectivenessof DBTO as cataIyStnce, abase can
1-2831}2.12‘00;;;30’\1";520:'?2%: iesdg ?S’:;c.";ezl'\c"t%; \llglj’r‘; re“:mi’; gggﬁg’:t“re effectively catalyzes the reaction between urea and carbon-
speed = 800 rpm: reactor = 50 Bmutoclave. ’ ate, we were mterested in explorlng the pOSSIb.Illty'Of anon-
catalytic reaction between aliphatic urea (which is a mild
base) and aliphatic carbonate. For this purpose non-catalytic
reaction betweeN,N’-dimethyl urea and dimethyl carbonate
was investigated and these results are presentédhile 3
The results of non-catalytic reaction between urea and car-
. ) ; . bonate shows that, basic urea suchi@$-dimethyl urea can
b?‘mate was synthesized _by reacting d|met_hy_l_ urea W'_th itself activate carbonates like dimethyl carbonate, givig
dimethyl carbongte. For this purpose, a feW, initial experi- methyl methyl carbamate in good yields even in the absence
rr_1ents were carried put to examine the material bglan_ce (forof any catalyst (MMC yields 37%; sékable 3 entry 1). On
side produgt formqtlon, .etc.) as well as the contribution of the other hand, less basic urea INg\'-diphenyl urea needs
non-catalytic reaghons in the formgnon of methyl'methyl catalyst for carbamate formation, for example, from diphenyl
carbamate f_rom dimethyl urea a_nd dlme_thy_l carb_orl%iga.l carbonateTable 1 entry 1). Thus, catalysis is also dependent
shows a typical _concentrat_lon—t_|me profile in a high-pressure on acidity and basicity of catalyst as well as substrates. In or-
batch reactor. Since DMC is acting as a solventas well as onéqg, 4, fi;rther confirm that DMU having basic property itself
of the reactants., DMU is considered as the limiting reactant catalyzes carbamate synthesis from DMU and carbonate, an
and.on the basis of moles of DMU-rgacted carbamate for- experiment was performed with carbon dioxide with the aim
mation Efmd DMC consume_d were tallied. Almost_ complete 4, hetralize the basic sites of DMU and thus hampering its
conversion of DMU was achieved and correspondingly DMC activity (if indeed it is due to basicity). Interestingly, in this

\(/j\{as ‘?‘ISO cofnsume_d Wi;h ggncur:;ant formgttion of_lvlll\él(i, In- experiment very poor yields of MMC were obtained (MMC
icating no formation of side products and material balance yields 9%, sedable 3 entry 4). Thus, carbon dioxide de-

was in cpmplete agreement with the st0|ch'0me_”y- ADMU 3 tivates DMU and thereby decreasing its ability to activate
conversion of 89.3% with almost 100% selectivity of MMC dimethyl carbonate, confirming our reasoning that DMU ba-
formation on the basis of DMU and DMC converted was 0b- sicity is playing a key role in non-catalytic reaction between

SErved ?t thﬁ end Of_ elght L]ours gf reac_t|o|r|1 tlfme, thl;ls also DMU and DMC and that DMU is both acting as a reactant as
shows that the reaction Is thermodynamically favorable un- o 45 5 catalyst in this case. The results obtained on the ef-

der the ex.perlm'ental cpndmons. It may_be noFed #igt 1 fect of pressure of inert gas such as nitrogen on non-catalytic
shows aninduction period of about 45 min at this temperature reaction between DMU and DMC was however. most unex-

and indicates the formation of an active cgtalytic species fro_m pected. Under 500 psig pressure of nitrogen, the MMC yield
catalyst precursor DBTO that is responsible for the catalytic j, . .aased to about 65% (see entry 2). We do not have a defi-
reaction. Fu and Ono have also reported similar observationrlite reason at this stage as to why il enhancing the yields
earlier for PbO-catalyzed methoxycarbonylation of aniline of MMC, but it is likely that No could be modifying the re-

with dimethyl carbonate to carbam4gs]. activity of DMU and DMC towards carbamate formation.
Experiments were also undertaken to understand the effect
3.3.1. Effect of reaction conditions on MMC synthesis of CO, on DBTO activity, and these results are also shown
Reaction conditions such as temperature, catalyst and re4n Table 3 Since MMC is also formed via a non-catalytic
actant concentrations, solvents, etc. were evaluated for theroute (Table 3 entries 1 and 2) activity due to DBTO alone

3.3. Synthesis of methyl methyl carbamate

Methyl methyl carbamate an industrially important car-
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can be calculated by accounting for the contribution due to 25 — 100
non-catalytic reaction. Entry 3 ifiable 3shows that over-

all yield of MMC obtained under DBTO-catalyzed reaction
conditions is 91%, which includes 37% yield of MMC due
to non-catalytic reaction (entry 1, yields in the absence of
DBTO) and the rest 54% yields is thus due to DBTO. While,
inthe presence of C)DBTO-catalyzed reaction shows 62%
of MMC yield (entry 5) and under C&atmosphere only 9%
MMC is formed due to non-catalytic reaction (entry 4) it fol-
lows that even in the presence of gMMC yield due to
DBTO is not affected (compare entries 3 and 5 for MMC
yields due to DBTO). Therefore, it is clear that £ter-
acts with DMU more strongly than DBTO and hence most
of the catalytic activity of DBTO is retained even under £0
atmosphere.

+ 80

3
(3]

1.51 + 60

—0—-DMU conv.%
—eMMCyield, % | 20
—— MMC select. %

MMC concentration, mmol/cm’
Conv. or Select. or Yield (%)

0.5

3.3.1.2. Effect of DBTO concentratioiffect of DBTO . > W b o
concentration on conversion and selectivity behaviors in
M|\1I4C syntheSIS was InveStlgat.ed in the range 0.27-4.6 Fig. 3. Effect of DMU concentration on MMC production. Conditions:
10~* mol/cn?. A plot of MMC yields versus catalyst con- DBTO = 1.81 mmol; DMC = 55.56 mmol; temperature = 423 K; contact
centration shows that with increase in catalyst concentrationtime = 4 h; solvent = toluene?y, = 500 psig; reaction volume = 17 ém
MMC vyield increases, showing first-order dependence nor-

"?a"y observed for catalyst concentration effect, except.at amount of non-catalytic reaction is also contributing to MMC
high .DBTO catalyst I(_)adlng the rates seems to be tape”ngyield, indicating that contribution of catalysis is not very sig-
off with catalyst loading (se€ig. 9. In the present case, piicant for the reaction. Thus catalyst loading effect shows
both the reactants (urea «_':md carb_o_nate) are infinitely SOI”'afirst-order dependence on rate up to 10T0~4 mol/cr?

ble in toluene under reaction conditions offering a homoge- DBTO concentration and beyond that showing less than first-

neous "q“"?' phase and therefore no liquid side mass tranSferorder dependence with increase in catalyst concentration.
resistance is expected. The catalyst was found to be com-

pletely soluble except at high loadings as precipitation was )
observed while withdrawing the sample (loading > 107 ~ 3.3.1.3. Effect of DMU concentration on MMC synthe-
10-4mol/cn®) due to poor solubility of catalyst. However, ~Sis- The effect of DMU concentration on yield of MMC

it may be noted that in the absence of catalyst, appreciableWas investigated in the concentration range 4.5-18.2
10~*mol/cn? and the results are presentedFiiy. 3. The

DMU concentration effect shows that increasing the concen-
tration of DMU increases the MMC production showing a
positive effect of DMU concentration. While, MMC yield

80+ and conversion of DMU decreases with increase in DMU
concentration and a maximum 882% of both MMC yield

and DMU conversion is obtained when a lower DMU con-
centration is employed~4.5 x 10~* mol/cn®). However,
selectivity for MMC is not affected with increase in DMU
concentration and remains close+88% in the concentra-
tion range of DMU investigated. The decrease in the yield of
MMC as well as conversion of DMC is expected since with
increase in the urea concentration, ratio of urea to catalyst
increases (at constant catalyst concentration) and under such
40 conditions yields and conversions are expected to decrease
Non catalytic reaction for a fix reaction time and is not due to deactivation of cata-
lyst. Experiments with longer reaction times gave complete
conversion with close to 100% yield of MMC, such is not
the case when catalyst is deactivating. This observation has
significance from the point of view of achieving higher out-
Fig. 2. Catalyst loading effect on MMC vyield. Conditions: DMC =  PUt of MMC production, since our earlier work on synthesis
55.56 mmol; DMU = 15.3 mmol; temperature = 423K; contact time = 4h; Of MMC via alkoxy oxidative carbonylation of methyl amine
solvent = toluenepy, = 500 psig; reaction volume = 17 ém in the presence of methanol indicated that an equilibrium
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MAMCHAA: % Fig. 5. Effect of solvent on MMC yield. Conditions: DBTO = 1.81 mmol;

DMC = 55.56 mmol, DMU = 15.34 mmol; temperature = 423 K; contact

Fig. 4. Effect of DMC concentration on MMC yield. Conditions: DBTO = . 4 h; Py, = 500 psig; reaction volume = 17 ém

1.81 mmol; DMU = 15.34 mmol; temperature = 423 K; contact time = 4 h;

solvent = toluene =500 psig; reaction volume = 17 ém
P psig for temperature parameter effeEig. 6 shows the effect of

exist for methanolysis of dimethyl urea reaction to MMC, t€mperature on the reaction for MMC synthesis using DBTO
and a maximum of only-7.5% MMC concentration could ~ 25 cf';\talyst. From thls_ figure t_he apparent activation energy
be achieved and further increase in methyl amine concentra-2Ptainéd from Arrhenius law is found to be 7.57 kcal/mol.
tion has no effect on MMC productid@4]. The low value of activation energy reflects the secondary role
played by catalyst DBTO, which is expected for the reaction
3.3.1.4. Effect of DMC concentration on MMC synthe- as in the absencg of catalyst appr'eciable yields of MMC is
sis. The concentration of DMC on effect of MMC yield obtained (se&ection 3.3.Jon effectiveness of DBTO cata-

was investigated in DMC concentration range 1.65-%92  YSU-
10-3 mol/cn?, reactions were carried out at constant DMU _ ) )
concentration and the results are presente8iin 4. The 3.3.2. Plausible reaction mechanism _

yield of MMC increases sharply as DMC concentration is Basic tin complexes such as DBTO are known to interact

increased and in extreme case when pure DMC is employedWith organic carbonatd 4] indicating that interaction of car-
as reactant maximum yield of 91% of MMC is obtained. bonate with DBTO is more likely to be the first step towards

-13.5

3.3.1.5. Effect of solvent on MMC synthesi$ie effect

of various solvents such as o-dichlorobenzene (ODCB),
toluene, dimethyl formamide (DMF), diphenyl ether (DPE)
and DMC was investigated and the results are presented in
Fig. 5. It can be seen from this figure that polar solvents such
as DMF, DMC and ODCB have no significant advantage over
non-polar solvent like toluene. The highest yield obtained is
with DMC as a solvent and it is due to a combined effect of
DMC acting as a reactant as well as solvent.

-13.75 1
144

3.3.1.6. Effect of temperature on MMC synthedibe ef- 14259

fect of temperature on MMC formation rate was investigated

in the range 140-16(C. For this purpose catalyst DBTO

was pretreated at 15€ with DMC under 500 psig of Nfor -14.5 T T
. ) : 0.0023 0.00235 0.0024 0.00245

1hin a pressure reactor and a fix amount of this pretreated VK. K

catalyst solution (stored under,Nwas later used for tem- ’

perature effect study. The pretreatment of catalyst avoids therig. 6. Arrhenius plot. Conditions: DBTO = 1.81mmol; DMC =

complexities arising from the effect of temperature on induc- 169.2 mmol; DMU = 15.34 mmol; contact time = 30 miR, = 500 psig;

tion period and gives more consistent and realistic initial rates reaction volume = 17 ct

In of Initial rate (Rypc), moliem¥s
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Bu,SnO of carbonates. Reaction parameter effects on the synthesis
of industrially important methyl methyl carbamate showed
that maximum of-20% concentration could be obtained un-
_OCOOR der experimental conditions employed in this investigation,
RNHCOOR Sn which is a vastimprovement{(7 times) over MMC synthesis

RO),CO

7
Lil "R RINHCONHR by oxidative carbonylation of methyl amiri24].
_OCONH
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