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Dibenzyltin  bis(2-ethylhexanoate) 1 (4-Y—
CeH4CH,),SN(OC(O)RY), [Y = H, 1a; MeO, 1b:
Cl, 1c; Me, 1d; and R'=MeCH,CH,CH,.
CH(Et)—] were synthesized either from the
reaction of corresponding dibenzyltin dichlor-
ides with silver 2-ethylhexanoate or from the
reaction of dibenzyltin oxides with 2-ethylhex-
anoic acid. Compound1a was further utilized as
a catalyst for the reaction of mono- and di-
isocyanates [PhNCO, CHCgHs-2,4-(NCO), and
OCN(CH,)gNCO] with alcohols (primary, sec-
ondary, tertiary, cyclohexcyl, alkyl, allyl, benzyl
and aryl) leading to the formation of the
corresponding urethanes. The catalytic efficien-
cies of 1 vis-avis industrially known organotin
catalysts have been determined through kinetic
studies for the reaction of PANCO andn-BuOH
at various temperatures. Compounds 1a, 1c and
1d show higher efficiency than dibutyltin bis(2-
ethylhexanoate). FTIR studies further provide
mechanistic insights into the catalytic cycle,
which comprises pre-coordination of isocyanate
to tin(1V), formation of stannyl carbamate and
generation of dibenzyl(alkoxy)carboxylate as the
active catalyst. Copyright(© 2000 John Wiley &
Sons, Ltd.
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INTRODUCTION

Urethanes and polyurethanes are of key industrial
importance. The addition reaction of alcohols to
isocyanates provides an attractive route to their
synthesis; however, this requires mediation of a
catalyst. (Eqns [1], [2]}2

RNCO+ R'OH — RNHCOOR [1]
OCN-X-NCO+ HO-Y-OH—
4 OOCHN-X-NHCOO-Y% [2]

It has been shown that, besides tertiary amines,
organolithium? lead® and tirf compounds have
good to excellent catalytic activity. Among organo-
metallic catalysts, diorganotin(lVV) compounds in
general, and esters in particular, show remarkably
high activity. Dibutyltin dilaurate (DBTL) and the
corresponding dibutyl bis(2-ethylhexanoate) cata-
lysts are used in the industrial production of
polyurethanes from di-isocyanates and polyols. As
part of our work on tin reagents in organic
synthesis® > we became interested in assessing
the catalytic activity of diorganotin(lV) esters
where the organic group is other than the butyl
group. Towards this, we have earlier reported an
efficient synthesis of mono- and di-urethanes via
catalysis using diallyltin bis(2-ethylhexanoaté).
However, comparison of the kinetics showed that
the catalyst efficiency was lower than that of
DBTL. In this paper we study the synthesis and
kinetic of urethane formation catalysed by diben-
zyltin diesters, a new group of catalysts.

The mechanism of the urethane-forming reaction
has been investigated extensively by various
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also describe our work towards understanding the
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Table 1 Synthesiof Dibenzyltin bis(2-ethylhexanoate) (4-Y—CgH4CH,),Sn[OC(0)R], [RY = MeCH,CH,CH,.
CH(Et)—]

Yield (%)?
Entry Y Compdno. M.p. (°C) Method A MethodB
1 H la 54 78 86
2 MeO 1b 33 82 71
3 Cl 1c 101 91 80
4 Me 1d 67 68 83

2 Isolatedyield; Method A =reactionof dibenzyltin dichloride and silver (2-ethylhexanoaje Method B = reactionof dibenzyltin
oxide with 2-ethylhexanoi@cid.

isocyanate—alcohahddition reactionmediatedby ~ CgH4CH,),SN[OC(O)R], [Y =H, 1a; MeO, 1b;

the new group of organotincatalysts. Cl, 1c; Me, 1d; andR™ = MeCH,CH,CH,CH(Et)—]
wassynthesizedia two differentroutes(Table1).
The first method relies on the ligand exchange

RESULTS AND DISCUSSION reaction between dibenzyltin dichloride'® and
silver 2-ethylhexanoaten benzeneat room tem-
Dibenzyltin  bis(2-ethylhexanoaje 1 (4-Y—  perature(Eqn [3]). The secondmethodcomprises

Table2 Synthesi®f urethanesinddiurethane§PhNHCOOR, entriesl—11;MeCgHz-2,4-(NHCOOR),, entries12—
17; R"OOCNH(CH,)¢NHCOOR, entries18—28]from the reactionof RNCO andR'OH catalysecby 1a

Entry RNCO R? Time (min) M.p. (°C) Isolatedyield (%)
1 PhNCO n-Butyl 10 60.5 96
2 Isobutyl 10 86 88
3P tert-Butyl 55 135 75
4 Isoamyl 10 — 84
5 n-Dodecyl 10 73 97
6 2-Chloroethyl 10 50 93
7 Cyclohexyl 10 82 78
8 Allyl 10 70 76
9 Benzyl 10 77 93

10 Phenyl 10 124 84

11 p-Tolyl 10 113 90

12 CH3CgH3-2,4-(NCO) n-Butyl 15 117 87

12 t-Butyl 60 123 68

14 n-Dodecyl 15 80 86

15 Allyl 15 — 82

16 Benzyl 15 95 91

17 p-Tolyl 15 192 80

18 OCN(CH,)eNCO n-Butyl 25 915 94

19 Isobutyl 25 116 86

20° t-Butyl 60 — 72

21 n-Dodecyl 25 110 94

22 2-Methoxyethyl 25 73.5 96

23 2-Chloroethyl 25 112 96

24 Cyclohexyl 25 111 92

25 Allyl 25 — 86

26 Benzyl 25 125 86

27 Phenyl 25 1255 88

28 p-Tolyl 25 162 94

2 All reactionswerecarriedout in refluxing dichloromethanainlessotherwisestated.
b Reactionsin refluxing benzene.

Copyright© 2000JohnWiley & Sons,Ltd. Appl. Organometal Chem.14, 79-85(2000)
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log[b(a-x)fa(b-x)]E[+3]
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Figure 1 Second-ordekinetic plotsfor thereactionof PhNCOandBuOH in the presencef variouscatalystsill, diallyltin bis(2-
ethylhexanoate)y/, 1b; A, dibutyltin bis(2-ethylhexanoate)D, dibutyltin dilaurate; @, 1c;, (1, 1a ¢, 1d.

reactionof dibenzyltinoxide with 2-ethylhexanoic
acid in the presenceof 4 A molecular sieve in
cyclohexandEqn [4]).

(4 — Y — CgH4CH,),SnCh + Ag[OC(O)R']—

(4 —Y — CgH4CH,),SNOC(O)R]  [3]
(4 — Y — CgH4CH,),Sn(=0)+ R'*COOH—
(4 —Y — CsHaCH,),SNOC(O)R] 4]

The reactionof isocyanateand alcohol follows
apparent second-orderkinetics!®?° Accordingly,
the half-life of the reaction dependson initial
reactant concentrations.All the reactionsin the
presentstudy were carried out with initial concen-
trations of isocyanatesand catalyst being kept at
0.1moldm™3 and 0.001moldm 3 respectively.
With theseinitial concentrationsthe reactionsof
phenyisocyanatewith 1 equiv of alcoholor phenol
proceededsmoothly in refluxing dichloromethane
and were complete within 10min (inferred via
TLC), giving rise to the correspondindN-phenylur-
ethanesn 76-97%yields (Table 2, entriesl, 2, 4—
11). Similar reactionsof toluene-2,4-diisocyanate
with 2 equiv of alcoholsproceededo completionin
20min with the formation of the corresponding
diurethanesn 80-91%yield (Table 2, entries12,
14-17). In al the above casesthe uncatalysed
reactionsunder similar conditions showed6-19%
conversion These results demonstratethe high
catalyic activity of the presentcatalyst.

Copyright© 2000JohnWiley & Sons,Ltd.

Unlike primary and secondaryalcohols, reac-
tionsof tertiaryalcoholsareslower(Table2, entries
3 and 13). Earlier studie$® demonstratedhat in
urethane-formingeactionghe competitiveratesof
tertiary, secondaryand primary alcoholsapproxi-
matedto 1:33:100.Aliphatic isocyanatesre less
reactive. Reactionsof hexamethylene-1,68i-iso-
cyanatewith 2 equiv of alcoholstake longer to
afford the correspondingdiurethanes(Table 2,
entries18-28).

We then sought to determine, via kinetic
measurementshe efficienciesof the new catalysts
comparedwith industrial tin(Il) and tin(IV) cata-
lysts. Kinetic studies were carried out at
29+ 0.1°C using phenyl isocyanate(0.0384mol
dm~3) and n-butanol (0.08moldm ) in dry
benzenefollowing the literature method®. The
reactionfollows second-ordekinetics, in accord
with therateexpressiorshownin Eqns[5] and[6],
whereaq is theinitial concentratiorof alcohol,bg is
theinitial concentratiorof PANCO,x is theamount
of PhNCOconsumedttime intervalt andk; is the
second-orderate constant.

— d[CsHsNCO)/dt
= ko[n — BUOH|[CsHsNCO) 5]
Kt

= [2.303/(a0 — bo)] log[bo(ao — X) /ao(bo — )] [6]
The data of the log[bg(ag — X)/ag(bg — X)] against

Appl. Organometal Chem.14, 79-85(2000)
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Table 3 Comparisorof catalystactivity: rateconstants
k for the reactionof PhNCO(0.0384mol dm~3) and
BuOH (0.080moldm3) in presenceof R,Sn(2-ethyl-
hexanoate) (0.0001moldm™3) in benzeneat 29.0+
0.1°C

Compd 10% k R
Entry R no. (dmmol *s ) factor
1 None — 0.64+ 0.03 0.9957
2 n-Bu — 165.24+ 2.36 0.9932
3 n-Bu? — 235.89+ 2.68 0.9969
4 Allyl — 25.34+ 0.04 0.9999
4 Benzyl la 328.89+ 8.49 0.9952
5 4-OMeBenzyl 1b 38.46+ 0.29 0.9995
6 4-ClBenzyl 1c 245.04+ 1.38 0.9986
7 4-MeBenzyl 1d 380.39+ 2.62 0.9998

2 Dibutyltin dilaurate.

time relationshipfrom four runswere subjectedo
linear regressionanalysis(Fig. 1). The R factor,
assessefibr eachregressionwasbetweer).9932to
0.9998.The rateconstantk, werecalculatedfrom
the slopeof the linear plot. The averagek, values
for variouscatalystsareshownin Table3. Thedata
reveal that the previously reported diallyltin(1V)
catalyst (entry 4) displayed poor efficiency in
comparisorwith dibutyltin(IV) catalysts(entries2
and 3). Encouragingly,the dibenzyltin(IV) cata-
lysts 1a, 1c and 1d (entries4 6 and 7) showed
comparableor higherefficiencythanthe dibutyltin
catalystsThereasorfor the poorefficiencyof 1bis
not yet clear.

Kinetic studieson dibutyltin bis(2-ethylhexano-
ate) and catalystla at varioustemperature¢ed to
the evaluationof the thermodynamicparameters
(Table 4). The datarevealthat 1a showsa lower
enthalpy of activation (E;) and higher negative
entropyof activation(—AS’), suggestingnordered
transitionstate.

Much literatureexistson the mechanistiaspects
of tin(IV)-catalysed isocyanate—alcohohkddition
reactions’>? Contrastingevidenceon the activa-
tion of eitherthe alcoholor theisocyanateor both,

Initiation:
Ph—N=C=0
COR  panco
BnySn
COR By Sn—CO,R
2
ia CoR A
‘/R]OH
Ph
PENHCO,R! R'OH |
_/OR! N—COR!
BnQSn\ BnySn
c CO,R B O,R
Propagation:
PhNHCO,R! R!
Bn,Sn PhNCO
R'OH \COZR
C
Iih (Iiole
N ~CO,R! Bn,Sp—OR!
BnySn -—
\COzR Ph—N=—C=—0
B D
Schemel

by tin(IV) has been reported. Recent work of
Houghton and Mulvaney? confirmed the prior
activation of isocyanatein the DBTL-catalysed
reaction betweenPhNCO and n-butanol. On the
other hand, in a model polyurethane reaction
betweerisocyanatéN-100)andapolyetherpolyol,
Luo etal.>* providedevidenceor thesimultaneous
activation of isocyanateand alcohol by DBTL.
From kinetics, and in-situ NMR and FTIR evi-
dencewe proposethe mechanisnin Schemel for
thebenzyltin-catalysedrethane-formingeactions.

Table 4 Kinetic parameterdsfor the reaction of PhNCO (0.0384moldm ) and n-BuOH (0.080moldm™) in
presencef R,Sn(2-ethylhexanoatg)0.0001mol dm ) in benzene

10% k, (dmmol 1S

R 29.0+0.1°C 35.0+0.1°C 41.0+0.1°C Ea (kJmol ™Y —AS (eV)
n-Bu 165.24+ 2.36 305.76+ 0.76 471.27+7.39 67.2+6.2 13.63+4.78
Benzyl 328.89+ 8.49 433.00+ 2.55 663.59+ 8.73 441+ 6.4 30.66+ 4.94

Copyright© 2000JohnWiley & Sons,Ltd.
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Briefly, this mechanisnconsistsof two stagesan
initiation step and a propagationstep. In the
initiation stage,the active catalystC is generated
from laviaintermediate#\ andB. We proposehe
prior activationof isocyanateby tin(IV) from the
following key evidence:(a) as opposedto earlier
observationsye could not find any changein the
FTIR and*H NMR spectraof 1a beforeandafter
the addition of n-butanol; (b) the FTIR spectraof
both 1:1 and 1:2 mixturesof 1a and PhNCOwere
foundto beidentical,with completedisappearance
of theisocyanatgeakat 2269cm . A strongpeak
at 1733cm ! is observedand assignedo stannyl
carbamatd (R' = n-Bu). Formationof B would be
muchfasterin the presencef analcoholhavinga
nucleophilic oxygen. Transformationof B to the
active catalystC is suggestedpwing to the high
degreeof reactivity of stannyl carbamate&. The
propagationstep delineatedhere involves regen-
erationof B from the isocyanateactivationof the
active catalyst C via intermediate D. Direct
activation of alcohol is ruled out by the experi-
mental observationthat an increasein alcohol
concentratiordid not showanyappreciablehange
in the rate of the reaction. For example, at
[PhNCO]/[n-BuOH] ratios of 1:4, 1:8 and 1:12,
the valuesof 10°k, were 318.22+ 6.07, 325.44+
8.01and337.62+ 4.92I mol~*s %, respectively.

In summary,we havedemonstratedn efficient
catalyst systemfor addition reactionsof isocya-
natesto alcohol.The catalystscould be of potential
furtherinterest.

EXPERIMENTAL

Tin metalpowder(200-meshlL.obaChemie,India)
was activated by treatment with 10% sodium
hydroxidesolution.Benzylchloride(LobaChemie,
India), 4-chlorobenzyl chloride, 4-methylbenzyl
chloride, 4-methoxybenzylchloride, 2-ethylhexa-
noic acid and dibutyltin dilaurate (Aldrich) were
usedasreceived n-Butanol(HPL.C grade s.d.fine-
chem,India) wasstoredover 3 A molecularsieve.
Phenylisocyanatendn-butylamine(Aldrich) were
distilled before use. Thiophene-freetoluene was
distilled before use. Cyclohexanewas dried by
refluxing over phosphorus pentoxide for 6h
followed by distillation. Benzenavasdistilled over
sodium wire. Dibenzyltin dichloride and ring-
substituteddibenzyltin dichlorides were prepared
accordingto literaturemethods'®

Melting points were determinedusing a digital

Copyright© 2000JohnWiley & Sons,Ltd.

melting point instrumentmodel Mettler-FP51 the
accuracyof which is +0.5°C. The melting points
reportedareuncorrected'H NMR and**°SnNMR
spectrawere recordedon Varian-Gemini200 and
Bruker 300 DRX instruments respectively. IR
spectrawere obtainedusing a Nicolet-740 FTIR
instrument.(EI-MS) (70eV) wasrecordedusinga
Finnigen MAT-1020 instrument. Analyses were
performedusing an ElementarAnalyzer VARIO
EL instrument.

Kinetic measurementwere performedby mix-
ing phenyl isocyanate(typically 10ml of 0.096
mol dm~3), n-butanol(typically 270ml of 0.08mol
dm~3) and catalyst(typically 5ml of 0.0005mol
dm~3) solutionsin dry benzenein a two-necked
double-walledglassvessel,with water circulation
around the outer wall. The temperatureof the
solution was measuredwith a Beckmanthermo-
meterconnectedo a thermostatiovater circulator
(B. Braun,MelsungenGermany) Thesolutionwas
well stirred.Aliquots (2 ml) wereremovedrom the
solutionat regulartime intervals(5 or 10 min) and
addedto a known excessof n-butylaminesolution
(typically 1 ml of 0.094moldm 2 in benzene).
Amine was back-titratedusing standardsulphuric
acidsolution(typically 0.02mol dm~3) to amethyl
red end-point.The reactionswerefollowed to 60—
80% conversion.A blank experimentwas always
conductedwith phenylisocyanatealone,to ensure
that phenyl isocyanatewas stablein the solution
over the time period (typically 60-80min) for the
actualruns.

Synthesis of silver (2-
ethylhexanoate)

2-Ethylhexanoiacid (7.21g, 50 mmol) wasadded
to asolutionof sodiumhydroxide(2.2g, 55 mmol)
in water (5 ml). The solutionwaswarmedto 60°C
for 15min, cooledanddilutedto 250ml with water.
The resulting solution was addeddropwiseto a
stirredsolutionof silver nitrate (8.5g, 50 mmol) in
250ml water. The precipitatewasfiltered, washed
with acetone (2 x 50ml) and finally dried in
vacuumin an aluminium-foil wrappedflask. The
yield of silver (2-ethylhexanoateyjas11.5g (91%).

Typical procedure for the synthesis
of dibenzyltin dicarboxylate (1a)

Method A

To a stirred suspensiorof silver 2-ethylhexanoate
(1.5g, 6.0mmol) in dry benzene,dibenzyltin
dichloride (1.11g, 2.98mmol) was added and

Appl. Organometal Chem.14, 79-85(2000)
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stirring was continued under nitrogen for 3h at

ambienttemperatureThe solutionwasfiltered and
concentratedindervacuumto yield 1.75g of crude
dibenzyltin bis(2-ethylhexanoajela as a white

solid. This solid was dissolvedin cyclohexane
(25ml) and washedsuccessivelywith 20% ag.

sodium bisulphite (3 x 25ml), 20% ag. sodium
bicarbonate (3 x 25ml), water (2 x 25ml) and
brine (3x 25ml), and dried over anhydrous
magnesiumsulphate.After filtration, the solution
was passedhrougha short column of Celite, the
solventwas removedundervacuumand the solid

was recrystallizedfrom n-pentaneto yield 1.43g

(78%) of 1a asa white crystallinesolid.

Method B

Aqueous sodium hydroxide solution (3.5g in

10ml) wasaddeddropwiseto a stirred solution of

dibenzyltin dichloride (15.317g) in acetone
(70ml), resultingin the precipitationof dibenzyltin
oxide. After complete addition, acetone was
distilled out. The mixture was digestedat 80°C

for 2h, andfiltered. The moistsolid wasdriedin an

ovenat70°C for 6h. Theyield of dibenzyltinoxide
was 12.20g, which wasdirectly usedfor the next
step.

A mixture containing10.0g of dibenzyl{inoxide,
15.0g of powderedmolecularsieves(4 A ) and
9.152g of 2-ethylhexanoicacid in 100ml of dry
cyclohexanavasstirredat ambienttemperaturdor
6 h. The mixture wasfiltered, and the residuewas
washedwice with 20-ml portionsof dry cyclohex-
ane.The washingsandfiltrate were combinedand
purified as describedfor Method A. The yield of
dibenzyltinbis(2-ethylhexanoa) was 16 g (86%).

Spectra of organotin catalysts

Dibenzyltin bis(2-ethylhexanoate)1a)

M.p. 54°C; IR (KBr): 1700, 1578, 1485, 1450,
1415,1280,1233,1208,1058,810,758,690cm .
4 NMR (CDCly): 6 0.76-1.06(2t, 12H), 1.08—
1.70(m, 16 H), 2.20(m, 2 H), 2.90(s, PhCH,, Jsn_n
96 Hz), 6.95—-7.25m, aromatic,10H); ***SnNMR
(CDCl): o —247.8. Analysis: calcd for
C30H440,4Sn: C, 61.34; H, 7.55; found: C, 61.40;
H, 7.46%.

Di(4-methoxybenzyl}in bis(2-ethylhexaroate)
(1b)

M.p. 33°C; IR (neat): 2960, 2940, 2892, 2592,
1510,1424,1241,1043,839,769cm % *H NMR
(CDCly): & 0.86-0.97(2t,12H), 1.13-1.66 (m,
16H), 2.18-2.33(m, 2 H), 2.88 (s, ArCHy: Jsn_n

Copyright© 2000JohnWiley & Sons,Ltd.

92Hz), 3.74 (s, 6 H), 6.63—7.35(aromatic, 8 H);
Analysis:calcdfor C3,H460sSn: C, 59.36;H, 7.47;
found: C, 59.60;H, 7.31%.

Di(4-chlorobenzyl)tin bis(2-ethylhexanoat) (1c)
M.p. 101°C, IR(KBr): 2956, 2933, 2870, 2855,
2584, 1498, 1467, 1412,1294, 1098, 1020, 831,
760cm ™, '"H NMR (CDCly): § 0.68-0.90 (2t,
12H), 1.05-1.58(m, 16H), 2.15-2.25(m, 2 H),
2.74 (s, ArCHy;, Js,_y 98Hz), 6.85-7.08 (m,
aromatic, 8H); **°Sn NMR (CDCly): & —256.3;
Analysis: calcd for C3gH4.Cl,0,Sn: C, 54.90; H,
6.45;found: C, 54.78;H, 6.41%.

Di(4-methyl)benzyltin bis(2-ethylhexanoate)
(1d)

M.p. 67°C; IR (KBr): 2980, 2950, 2878, 1710,
1581,1510,1479,1408,1279,812, 745cm™*; H
NMR (CDCly): ¢ 0.83—-0.95(2t, 12H), 1.21-1.65
(m, 16H), 2.22-2.39(m, 8H), 2.88 (s, ArCH,;
Jsn_ny 90Hz), 6.86—7.33(m, aromatic,8 H); **°Sn
NMR (CDCl): 6 —247.0; Analysis: calcd for
C3oH480,4Sn: C, 62.45;H, 7.86;found C, 62.35;H,
7.81%.

Typical procedure for the synthesis
of urethanes

A mixture containingphenylisocyanate(0.475g,

4.0mmol) and n-butanol (0.296g, 4.0mmol) in

20mL dry dichloromethanewas refluxed for

10min. After solventremovalin a rotary evapora-
tor, the crude product was purified by column
chromatographyto yield phenylf-butyl)urethane
(0.740g, 96%) as a crystalline white solid. M.p.

60°C; IR (KBr) 3297, 2955, 1705, 1550, 1235,
1065,760cm™*; *H NMR (CDCly): 6 0.98(t, 3H,

J=8.5Hz), 1.37-1.52(m, 2H), 1.58-1.73(m,

2H), 4.15 (t, 2H, J=8.0Hz), 6.50 (bs, 1H),

6.97—7.36(m, aromatic,5 H); MS: 193 (M™).
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