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NOTE
CO,-catalysed carbamatlon of
aminofunctional silanes’
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Under mild conditions (348 K), carbon dioxide
(Pco,=0.1 MPa) catalytically promotes the
carbamation of the following industrially rele-

vant aminofunctional silanes: HN(CH,)sSi

(OMe)3, H2N(CH2)3S|(OEt)3 and HzN(CHz)ZNH

(CH,)3Si(OMe)s. These, upon reaction with
dimethylcarbonate, are selectively converted
into the methyl carbamate esters MeO(O)
CNH(CH,)sSi(OMe);, MeO(O)CNH(CH)sSi

(OEt)3 and MeO(O)CNH(CH2),NH(CH ,)sSi

(OMe); respectively. Carbamate MeO(O)CNH
(CH,)5Si(OEt)s is accompanied by MeO(O)CNH
(CH,)3Si(OMe),(OEt)s _ x formed via trans-

esterification of the triethoxysilyl group by the

co-produced methanol. The carbamation pro-
cess is very selective andl-methylated species
are formed in trace amounts. Conversely, the
ureidofunctional silane H>NC(O)NH

(CH,),NH(CH,)3Si(OMe)s shows a poor reac-
tivity towards carbamation, and, under the

above conditions,N-methyl derivatives are pre-
ferably formed. Copyright © 2000 John Wiley
& Sons, Ltd.
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1 RESULTS AND DISCUSSION

The methods of synthesis of organic carbamates
are mostly based on the use of phosgene. Much
effort is currently devoted to the development of
new clean synthetic methodologies that employ less
harmful starting materials. Both carbon dioxide and
organic carbonates are good candidates as sub-
stitutes for phosgerte.

Aminolysis of carbonic acid diesters represents a
very interesting synthetic route to carbamates as
non- phosgene routes to organic carbonates are now
available® However, a suitable catalyst is usually
required in order to observe a good conversion rate
and selectivity to carbamate esfef.

CO; itself can act as catalyst in the aminolysis of
dlmethylcarbonate (DMC) by aliphatic amines

(Eqn [1])2°
RNH; + (MeO),C=0 CO: RNHC(O)OMe+ [1]
MeOH

R = alkyl

In this process, the carbamate salt, RNH
“O.CNHR, formed upon reaction of the amine
with CO,, reacts with DMC to afford a mixed
carbamlc—carbonlc anhydride, RNHC(0O)OC(O)
OMe? that converts into the carbamate ester,
RNHC(O)OMe, by decarboxylation (Eqns. [2]-
[4]).

2RNH; + CO,

RNH;"~0,CNHR + OC(OMe), —
RNHC(0)OC(0)OMet RNH; + MeOH

NHC(0)OC(0)OMe—RNHC(0)OMe+ CO; [4]

As this synthetic approach requires quite mild
reaction conditions (343-363 Kco,=0.1 MPa),

_____ RNHg"~

O,CNHR [2]
3]
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we have studiedthe possibility of applying it to

amines bearing other functionalities in the mol-

ecule. We have focusedour attentionon a few

industrially relevant aminofunctional silanes-°

such as H2N(CH2)38|(OM€)3 (1), H2N(CH2)3S|

(OEt) (2), HoN(CH,).NH(CH,)3Si(OMe); (3) and

H,NC(O)NH(CH,),NH(CH,)sSi(OMe)  (4), in

view of the potential that their methyl carbamate
derivativeshavebothasnewsilanecouplingagents
andasareadysourceof isocyanated? largelyused
in the chemical industry as modulators of the

physico-mechanicgbropertiesof polymeric mate-
rials1?

We havefound that undermild conditions(348
K) and in the presenceof CO, (0.1 MPa),
aminofunctionalsilanes 1-3 react with DMC to
give the correspondingmethyl carbamateesters
MeO(O)CNH(CH)sSi(OMe) (5), MeO(O)CNH
(CH,)sSi(OEty  (6), MeO(O)CNH(M,),NH
(CH,)sSi(OMe); (7) respectivelyThe carbamation
reactionis very selectiveand no, or very minor,
amountsof N-mono-or N,N'-di-methylatedderiva-
tives areformedasside-products.

In this way, both aminesl1 and 2 are converted
into methyl carbamateesterswith gas chromato-
graphic (GC) yields higher than 70-80%.Carba-
mate 6 is accompaniedby MeO(O)CNH(CH)s
Si(OMe)(OEt) (6'), MeO(O)CNH(CH,);Si(OMe),
(OEt) (6”) [6:6:6” molarratio ~1:1:0.4]andminor
amounts of 5. The formation of MeO(O)CNH
(CH,)sSi(OMe)(OEt); _ , speciescan be rationa-
lized consideringthat methanol co-producedac-
cordingto Eqn[1] [R =—(CH,);Si(OEt)] canbe
involved in progressivetransesterificatiorof the
triethoxysilyl groupasdescribedn Eqn[5].

RNH(CH,);Si(OEt), + xMeOH — 5]
RNH(CH,),Si(OMe),(OEt), , + XEtOH

x = 1-3; R=H, C(O)OMe

However, the formation of MeO(O)CNH
(CH,)sSi(OMe)(OEt); _ « carbamatesanalsotake
place throughthe direct carbamationof the corre-
sponding amine H,N(CH,);Si(OMe)(OEt); _
(Egn[5]; R = H) accordingto reaction[6].

HaN(CH,),Si(OMe), (OEY), ) + bMC 2% [g)

MeO(O)CNHCH),Si(OMe) (OEY), , + MeOH

Di-amine 3 shows a higher reactivity with
respectto 1 and2 and,in the presenceof CO,, at
348K, easilyreactswith DMC to give 7, with high
selectivity and in a practically quantitativeyield.

Copyright© 2000JohnWiley & Sons,Ltd.

The conversiorof 3 into 7 is completein lessthan
7 h. The carbamatiorreactioninvolves selectively
the primary amino-group as only traces of
monocarbamatéMe)HN(CH,),N(CO,Me)(CH,)s.
Si(OMe)x (8) or dicarbamate MeO(O)CNH
(CH,)oN(CO:Me)(CH,)3Si(OMe) (9) are formed
underthe working conditions.Allowing 7 to react
further with DMC underCO, at 363K, a slow but
not selective conversion into MeO(O)CNH
(CH,)oN(Me)(CH,)sSi(OMe) (10) and9 hasbeen
observedby GC—masspectrometry{MS)]. Minor
amounts of MeO(O)CN(Me)(CH)-N(COMe)
(CH,)sSi(OMe) are also found in the reaction
solution, probably formed by carbomethoxylation
of 8.

Under similar conditions (348K, Pco,=0.1
MPa),ureido-amine4 showsa very poorreactivity
towardsDMC. After 11h at 348K, the conversion
of 4 is very low and N-methyl derivatives,instead
of carbamate methyl esters, are preferentially
formed. This result further confirms the scarce
tendencyof the secondaramino-groupo takepart
in the carbamatiorprocessandalsoemphasizethe
low reactivity of the ureido-nitrogeratomstowards
the carbamatiorreaction.

The reactivity of aminesl1-3towardsDMC has
been investigated,at 348K, under a dinitrogen
atmospherein the absenceof any catalyst.Under
theseconditions,both aminesl and2 reactslowly
with DMC with very low conversioryield andthe
formation of N-methylated speciesis the most
favoured process. Di-amine 3 behavesin an
analogousway. At 348K, under dinitrogen, the
carbamationof 3 by DMC takesplacein a non-
selective way. After 7h at 348K, the GC-MS
analysisof thereactionmixture showsthe presence
of unreacted3 and its N-methyl derivatives(m/z
236) and the formation of 7 togetherwith minor
amountsof N-methyl carbamatespecies.

The results reported above, and comparative
kinetic experimentarriedoutin the absenceand
presenceof CO, (0.1 MPa), clearly demonstrate
that CO, plays a key role in the carbamationof
aminesl-3 asit actsasan active catalystof the
carbomethoxylatiorreaction (see Section2). The
first stepof the carbamatiorprocesss clearly the
reactionof CO, with the amineto afford anionic
carbamate RNH;" "O,CNHR (Egn [2]; R =
(CH,)sSi(OMe) or (CH,)sSi(OEt)), or the zwit-
terion 11 (egn[7]).
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Once formed, the carbamatemoiety can give
a nucleophilic attack to DMC, generating,thus,
the mixed anhydride RNHC(O)OC(O)OMe(R =
(CH,)sSi(OMe),  (CH,)3Si(OEts,  (CH,),NH
(CH,)sSi(OMe)) that easily undergoesdecar-
boxylatiorf to afford the organic carbamateg(Eqn
[4]). This mechanismhasbeenprovedfor primary
aminesby the isolation of the intermediateat low
temperatur® and recording its spontaneousde-
carboxylation.

2 EXPERIMENTAL

In atypical experimenta DMC (30 ml) solutionof
the amine(4 ml), previouslysaturatedvith carbon
dioxide (0.1 MPa), was heated, under vigorous
stirring, at 348K until conversionof the starting
amine(monitoredby GC-MS)wascomplete(asfor
3) or taking place at rate negligible from the
syntheticpoint of view (aminesl-2). After cooling
to room temperature(293 K), the solvent was
evaporatedin vacuo and the residuedistilled at
reducedpressureo givethepurecarbamatés or 7)
thatwasfully characterizedy elementalanalysis,
IR, GC-MS,*H and**C NMR.

As describedin Section 1, starting from 2, a
mixture of carbamate$, 6', 6" and5) wasformed.
In this case,no attemptto isolate 6 from this
mixture was carried out. Neverthelessthe forma-
tion of carbamates, 6, 6” and5 wasconfirmedby
analjysingthe crudeproductby GC-MS, IR and*H
and**C NMR.
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