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Several hitherto unknown unsymmetric and asymmetric organotin(lV) halides, PhnCySnX3_n and PhCySnXY
(Cy = cyclohexyl, X=CI, Br, I; XY=ClBr, BrI and n=l or 2) have been synthesised by the facile and selective
cleavage of triphenylcyclohexyltin with halogens and interhalogens. The metathetical reactions involving diphenyl-
cyclohexyltin iodide and the appropriate metal salt (M' =Na, K or Ag) have been carried out to give corresponding
pseudohalides and carboxylates, Ph.CySnX' (X' =NCS, NCO, SeCN, CN, N3, CH3COO, C.H.COO and
CCI3COO). The mode of b()nding of anionic group to tin "bas been discussed. Tetraphenyl arsonium, stibonium,
phosphonium and tetraalkylammonium salts of the complex anions [Ph2CySn(X'X)1- and [ehCySn(X2Y2P- have been
synthesised and characterized by IR, conductance and molecular 'Yeight determinations. .

UNSYMMETRicAL tri- and di-organotin (rV)
halides, R2R' SnX and RR' SnX2 have been

c known for several .years":". Surprisingly, com-
pounds containing biologically important cyclohexyl
group(s) namely R2CySnX or RCySnX2 (R=Me, Bu
and Cy-e cyolohexyl) have rarely been investigated+.
While the geometry and nature of bonding of sy-
mmetrical organotin pseudohalides and carboxy-
lates have been widely investigated?", the corres-
pending pseudohalide and carboxylate derivatives,
R2R'SnX' and RR' 2Sn'X' have not been reported so
far. Asymmetric organotin (TV,) compounds, RR'
R"R"'Sn or RR'R"SnX have also -been reported=",
no asymmetric compound containing two different
halogen atoms directly attached to tin has been
prepared. The formation of mixed halo or pseudo-
halo organotin anions [R3SnXYt or [R2$nX2Y2P-
has been investigated=", The preparation and
structure of mixed triorganotin anions [R2R'Sn(X'X)]-
or [RR'Sn (X;Y 2))2- isolated in combination with
balancing quaternary Gr (V) metal cation R4M+
(V) are.yet to be reported.

As a part of our research programme on the elec-
trophilic cleavage of Gr (IV) metal-carbon bond! and
the synthesis'? and biological activity+ symmetrical
triorganotin derivatives, we undertook a detailed study
on mixed arylcyclohexyltin (IV) derivatives. In the
present paper the following aspects have been covered :
(i) The synthesis and characterization of several hit-
herto unknown unsymmetrical phenylcyclohexyltin
halides, Ph.Cy SuX3_n (Cy-e cyclohexyl ; n=l or 2) and
asymmetric phenylcyclohexyltin dihalides, BhCySnXY
(XY=ClBr, <BrI) prepared through electrqphilic
cleavage oH~h3 CyS!1 with halogens, Xl-X=Br..and I)
and interhalogens, IX (X=CL and Br). Apart
frem synthetic utility 'and manipulative simplicity
these reactions also afforded an insight into the extent
and relative ease of cleavage of Sn-C bond, (ii).

,
(

The mode of bonding of anionic group to tin in dip-
henylcyclohexyltin pseudohalides and carboxylates,
Ph2CySnX' (X'=NCS, . -NCQ; SeeN, CJN:N3, CH;
oco, C2H50CO, CCI30CO) obtained through
metathetical reactions involving metallic salts M'X'
(M' =Na, K, Ag). (iii) J'he syntheses and ,structures
of mixed triorganotin anions, [Ph2CySn (XX'lr
or [PhCySn (XiY2)]2- isolated in combination with
tetraphenyl-arsonium, stibonium, phosphonium and
tetraalkylammonium cations (R4M)+. These com-
plexes may proveimportant in view of the reported
extremely high biocidal activity of triorganotin ani-
ons'> and their use as reaction intermediates in orga-
nic synthesis". The probable solid state structure
derived from IR studies and some solution studies
are also reported.

Materials and Methods

Triphenylcyclohexyltin was synthesised from
cyclohexylmagnesium bromide and triphenyltin
chloride and had the reported melting point-.
Iodine monochloride (Fluka) was distilled before
use. Iodine mono bromide was prepared by dissolv-
ing iodine in excess of bromine and purified by P~JJ-
lished method". Iodine (E. Merckj-was resublimed
before use. Freshly prepared silver salts were dried
in vacuo while alkali metals were used as such.

Triphenylarsine+" and triphenylstibine'P were
prepared through Wurtz reaction. Triphenyl phos-
phine (E. Merck) was recrystallized ·before use .. These
were converted into their corresponding quaternary
halides by treatment with bromobenzene in the pres-

. ence of anhydrous aluminium chloride", Tetrap-
henylstibonium isothiocyanate-? was prepared by
metathetical reaction. Tetraalkylammonium chlorides
(Eastman Chemicals) were 'us~d after recrystalliz-
ation.
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Anhydrous CCl4 and CHCla were used as solvents.
Moisture was excluded wherever necessary.

Infrared spectra ("max in cm=') were recorded in
KBr on a perkin-Elmer 177 grating spectrophoto-
meter. Molecular weights W<4"edetermined cryosco-
pically in benzene. Molar conductance (lO-aM
solution) in acetone or nitrobenzene was recorded
by -a direct reading conductivity meter type 303
SR No. 038 (Systronics).

Typical experimental details are given in the sequel.
Further details are given in Tables 1-4.

Cleavage reactions: Reaction of PhiCy'Sn with 12 (1 :1)
- A solution of 12 (2.52 g, 0.009 mol) in CCl4 (20 ml)
was dropwise added to a stirred solution of trip-
henylcyclohexyItin (4.3 g, 0.009 mol) in the same
solvent (200 ml) at room temperature during 1 hr.
The violet colour of 12 disappeared immediately after
each addition. Towards the end of the reaction the
colour of the solution changed into pink. It was
further stirred for 2 hr and the solvent was distilled
off to give a colourless liquid b.p. 63-65-/10 mm

I

(litIS b.p. 184-86°) whose IR spectrum was superim-
posable on that of an authentic sample of PhI). The
residue (after distilling off PhI) was recrystallised
from cold petroleum ether (60-80°) and identified as
diphenylcyclohexyltin iodide (3.9 g, 81 %), m.p.
148-.

Reaction of Ph2CySn1 with M'X' (X'=pseudoha-
fide or carboxylate)-Diphenylcyclohexyltin iodide
was added to a suspension of an excess of anhydrous
freshly prepared M' X' (M'=Na,K,Ag, X'=SCN,
Na, SeCN, CN, CNO or Ag COOR) in dry CHCla
(100 ml). The reaction mixture was refl.uxed for 2-4
hr. A yellow or white precipitate of metallic iodide
separated out. The solution was filtered and the
solvent distilled off to give a residue which recry-
stallized from petroleum-ether (60-80°). IR and
analytical data are given in Table 2.

Preparation of anionic complexes-General methods
were employed for preparing quaternary salt of
[Ph2CySnX'Xt, [PhCySnX2Y2]2- (X'=Na, NCS,
Y =Br, X=CI, Br, NCS) employingthe stoichiometric

TABLE 1 - EXPERIMENTALREsULTSFORCLEAVAGEREACTIONSOF T!uPHENYLCYCLOHEXYLTINWITH HALOGENSAND
lNTERHALOGENS

Molar Reaction time Product Yield m.p. Mol. wt Found (calc.) (%)
Compd Reactants ratio. (hr) and temp. % eC) found

eC) (calc) C H Sn

I (CsH.\C.HllSn + Br. 1 :2 2(25) CsH.C.HllSnBr. 64 76 432.98 32.61 3.98 26.86
(438.75) (32.84) (3.67) (27.05)

II (C.H.hC.H'lSn + I. 1:1 4(25) (C.H.).C.H11Snl 76 148 478.75 44.18 4.95 23.95
(482.96) (44.76) (4.38) (24.57)

III (C.H.)sC.Hl1Sn + I. 1:2 neat(25) C.H.C.HllSnI. 70 68 527.52 26.94 3.81 22.81
(532.75) (27.05) . (3.02) (22.27)

IV (C.H.hCSHllSn + ICI 1:2 3(25) C.H.CoHuSnCI. 58 98-100 345.24 40.92 4.97 32.17
(349.85) (41.19) (4.60) (33.92)

V (C.H.)sCaHllSn + IBr 1:1 3(25) (C.H.).C.HllSnBr 70 98 430.18 49.10 5.16 28.73
(435.96) (49.59) (4.85) (27.22)

VI (C.H.)sC.HllSn + IBr 1:2 2(70) C.HsCaHllSnBr. 70 76 434.19 26.31, (438.75) (27.05)
VII (C.H.).CaH11SnBr + ICI 1:1 2(25) CaH.CaHllSnBrO 70 176 391.86 35.98 4.81 29.16

(394.30) (36.55) (4.09) (30.10)
VIII (CaH.).CaHllSnBr+ I. 1:1 2(25) C.H.CaHllSnIBr 66 192 481.86 29.18 3.99 24.58

(485.75) (29.67) (3.32) (24.43)

TABLE2 - ANALYTICALDATAANDRELEVANTINFRAREDASSIGNMENTSFORDIPHENYLCYCLOHEXYLTIN(IV) PsaUDOHALIDES
AND CARBOXYLATES

Yield °C Mol. wt. Found (calc) (%) Infrared absorption (cm-1)
Compound % found

(calc.) C H N Sn vas vS 8(Ps)*

(CaH.).C.HllSnNCS (IX) 76 166 410.91 54.98 5.35 3.12 27.14 2040 480(w)
(414.13) (55.10) (5.11) (3.38) (28.65)

(CaH.>sC.HllSnNa (X) 78 110 393.46 54.11 5.52 10.41 29.86 2070 (1330(w), 660(w)
(398.07) (54.31) (5.31) (10.55) (29.81) (N=N=N)

(C.H.).C.HuSnNCO (XI) 88 395.16 57.02 5.48
bending

112 3.39 28.32 2178 1378(w) 616(w)
(398.07) (57.32) (5.31) (3.51) (29.81)

(C.H.).C.HllSnSeCN (XII) 84 118 458.86 49.58 4.90 2.98 24.72 2050 1299(w)
(461.03) (49.49) (4.59) (3.03) (25.74)

(C.H')2C.HllSnNC (XIII) 80 182 378.84 59.18 5.76 3.54 29.88 2100 1260(w) 668(w)
(382.07) (59.72) (5.54) (3.66) (31.06)

(CaH.).C.Hl1SnOOCCaH. (XIV) 78 205 475.17 62.70 5.79 23.77 1628 1238(w)
(477.17) (62.92) (5.49 (24.87)

(CaHa).CaHll SnOCOCHs (XV) 80 190 41027 57.61 5.99 29.93 1628 1380(w)
(415.10) (57.87) (5.82) (28.59)

(C.H.).C.Hll SnOOCCCIs (XVI) 75 186 515.35 45.99 4.29 22.72 1628 1380(w)
(518.43) (46.33) (4.08) (22.89)

·Ps = Pseudohalide
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TABLE 3 - ANALYTICAL DATA AND RELEVANT VIBRATIONAL BAND (em-I) FOR THE ANIONIC COMPLEXES

Compound mp. Found (calc.) (%) IR absorption (em-l)
(0C)

C H N Sn S(ps)vas. vs.

[(C.H.),N] [(C.H.).C.HuSnNaCl] (XVII) 215 54.99 7.59 9.65 21.98 2050 1265(w) 658(w)
(55.39) (7.33) (9.93) (21.05)

[(CH3\NJ [(C.H')2C.HIlSnN3CI) XVIII) 213 51.95 7.48 10.96 24.23 2050 1260(w) 652(w)
(5~04) (6.55) (11.03) (23.37)

[(C.H. )4P] [(C.H.).C,HI1SnNaBr] (XIX) 220 6 .98 5.95 4.91 13.94 2042 1255(w) 656(w)
(61.71) (5.05) (5.14) (14.52)

[(C.H.),As] [(C.H')2C.HllSnaBr] (XX) 206 58.31 4.99 4.12 14.91 2060 1265(w) 640(w)
(58.56) (4.79) (4.86) (13.77)

[(C.H.),Sb] [(C.H.\C.Hll(Ns) (NCS)] (XXI) 212 57.09 4.91 6.10 14.58 2040 1272(w) 474(w)
(58.27) (4.66) (6.32) (13.39) 300(w)

[(C.H.).P] [(C.H.).<;.HllSn(NCS) Br] (XXII) 225 60.08 5.84 1.54 14.84 2045 1270
(61.96) (4.95) (1.68) (14.24)

[(C.H.),P]2 [(C.Hi)C.HllSnCI~Brz] XXIII) 224 59.88 4.98 10.08
(60.63) (4.74) (9.98)

[(C.H.).As] [(C.H.)C.HllSnCltBr. (XXIV) 218 57.05 4.80 9.92
(57.46) (4.42) (9.29)

"Ps = Pseudohalide

TABLE 4 - MOLAR CONDUCfANCES AND VANT HOFF FACTORli
(i) FOR ANIONIC COMPLEXES

Compd* vant Hoff Factor AM
(ohm-l em" mole+t)

XVII
xvrn
XIX
XX
XXI
XXII
XXIII
XXIV

1.1 20
2.0 25
1.02 43
2.01 25
2.0 130
1.9 110
3.3 178
3.01 184

·See Table 3

amounts of reactants.
Ph2CySnX' + R4MX-+[R4M] [Ph2CySnX'X] .. (1)
PhCySnX2 + R4MY-+[R4M]2 (PhCySnX2Y~)' .(2)

In Eqs (1) and (2) X'=N3, NCS; X=Br, NCS,
Cl; Y=Br; M=N, P, As, Sb ; and R=CH3,

C2Hs, C6HS' The complexes isolated according to
Eqs (I) and (2) are listed in Table 3. _.

Diphenylcyclohexyltinazide or thiocyanate (1 mol)
was refiuxed with a solution of tetraorgano-ammo-
nium, -phosphonium, -arsonium or-stibonium halides
or thiocyanate (1.2 mol) in CHCl3 for 4-5 hr. The
solution was concentrated, the complexes precipitated
by the addition of excess ether and recrystallized
from petroleum ether (60-80°) and dried in vacuo.

The complexes [Ph4M]2 [PhCySnX2Y2] were pre-
pared by refiuxing for several hours PhCySnX2 (2.3
mol) and Ph4 MY (4.6 mol) in CHCI3 (30 ml) in the
presence of excess of salt. After filtering off the warm
solution -and cooling the filtrate, a white crystalline
solid precipitated. This was recrystallized from
petroleum ether. Table 3 reports melting points,
analytical and IR data for these compounds.

Results and Discussion
All the newly synthesised compounds are white

crystalline solids stable at room temperature and have

,
(

sharp melting points. They are, in general, sparingly
soluble in organic solvents. The analytical data,
molar conductances and relevant IR assignments are
listed in Tables 1 to 4. -

Cleavage reactions-Sn-phenyl bond is known
to be more reactive than Sn-cyclohexyl bond"?
and thus not surprisingly reaction of triphenylcy-
clohexyltin with halogens and interhalogens proceeded
with the preferential cleavage of Sn-phenyl bond.
Br, and ICI being strong electrophiles invariably
cleaved two phenyl groups from triphenylcyclo-
hexyltin (PhsCySn) irrespective of the molar ratio
of the electrophile used to give PhCySnX2. Attempts
to obtain PhzCySnX either by lowering the reaction
temperature (-10°) or by slow addition of the elect-
rophile failed.

However, 12 and IBr the weaker electrophiles on
reaction with Ph3 CySn gave PhzCySnX or PhCySnXz'
At room temperature only one phenyl group was
cleaved. IBr cleaved two phenyl groups in boiling
CCI4 to give PhCySnBrz. Reactions of 12 produced
PhCySnI2 at room temperature in the absence of any
solvent.

Relative electrophilicity and preferential cleavage
of phenyl group (s) was utilised to give asymmetric
organotin compounds of the type PhCySnXY, for
the first time. Thus,PhzCySnBr -obtained above
reacted further with one mole of TCl' and 12 to give
PhCySnClBr and PhCySnBrI in high yields and high
purity. Detailed studies on such asymmetric deriva-
tives together with germanium and lead analogues
will be reported shortly.

Metathetical, reactions - Diphenylcyclohexyltin
iodide is an important source for obtaining corres-
ponding pseudohalides and carboxylatesaccording
to the following equation

Ph2 CySnI + M'X' -+ Ph2CySnX' +M'I
(M' = Na, K or Ag; X'=Na, NCS, NCO, SeCN,
CN, CHaCOO, C6H$COO, CClaCOO).

The chalcogenates NCX (X=S, °or Se) are capable
of boriding totin either through N or X and give rise to
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three fundamental modes of vibrations in their IR
spectra, two of which are stretchings of C:=N and
C=X, while the third is deformation mode of NCX.
_These bands in Ph2CySnX' are not significantly

changed as compared to 'symmetrical triorganotin
pseudohalides and thus have an iso-structure around
-+Sn-N bond similar to those of their symmetrical
precursors. However, lowering of Vas C:=N in Ph2
CySn(CN) suggests an iso-structure for the newly
prepared pseudohalide in contrast to trialkyl- or
triaryl-tin cyanides which possess normal structure
or a mixture of iso and normal forms-".

Ph2CySnN3 shows a sharp band of strong inten-
sity at 2070 which is closer to absorption in covalent
organic azides'", but fairly high as compared to ionic
azides-". The second band of much lower intensity
,.....1330 is assigned to an overtone of the N=N=N
bending mode, the fundamental of which appears at
660. This observation coupled with high solubility
in organic solvents and low melting point suggests
a predominantly covalent character of dipheny-
lcyclohexyltin azide.

The data collected in Table 2 show that Vas COO- in
the newly prepared diphenylcyclohexyltin carboxylates
is close to 'Is COo- of symmetrical triorganotin car-
boxylates. It has been sbown'" that the separation bet-
ween Vas COO- and 'Is COO- is smaller (,....,160crrr")in
the case of linear polymers and considerable (,....,350
em-I) for monomeric compounds. Since the separation
observed in the present investigation is fairly large,
monomolecular structure containing tetra-coordinat-
ed tin with mono dentate-COO group is suggested. A
linear polymeric structure having penta-coordinated
tin for these compounds is less likely because of
steric hindrance offered by cyclohexyl group.

Anionic complexes-The compounds prepared
may reasonably be formulated as reported in Table 3
on the basis of the experimental results. The
constancy in melting points after repeated recry-
stallization excluded the presence of mixture of reac-
tants having over all stoichiometry as well as serve as
a preliminary confirmatory evidence for the formation
of these species as complexes of triorganotin (IV)
anions.

The values of molar conductances in acetone or
nitrobenzene for the complexes (XVII-XXII) closely
resemble that of I: I electrolyte and for complexes
(XXIII and XXIV) the values are close to that of a
2 :I electrolyte in solution.

The values of Van't Hoff factor (i) clearly indicate
the presence of 2 and 3 ions for complexes (XVII-
XXII) and (XXIII and XXIV) respectively in sol-
ution.

Though the formation of hexa-coordinated trior-
ganolead (IV) complexes [(CH3)4N]t [(CH3)aPbCla]-
.have been reported 22our attempt to prepare similar
compounds of diphenylcyclohexyltin (IV) under the
identical conditions was unsucessful.

Barbieri and Stoccs-" reported the ions like [Me3
SnCl3rare stable under strict. anhydrous conditions
and release Cl" ions in solution.

Infrared spectra and probable structures of these
products are discussed below.

The characteristic vibrations associated with the
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pseudohalo groups are given in Table 3. The absor-
ptions due to phenyl'" and cyclohexyl'" groups bond-
ed to tin correspond to those reported in literature
while the vibrations of cations agree well with
literature value'". These vibrations, however, have not
been listed in Table. 3.

The infrared data of [Ph4M] [Ph2 - CySn N3X]
complexes suggest the presence of a covalently bonded
linear -N=N=N group. The spectra of [Ph4M]
[Ph2CySnN3X] and [Ph4Sb] [Ph2Cy (N~) (NCS)] are
practically similar except for an additional band ,.....300
observed in [Ph2CySnN3NCS)-, which may be associ-
ated with a Sn-NCS bond vibration. The envelopes
of Vas (N3) and) Vas (NCS) modes occur at a frequency
lower than 2100 suggesting that NCS- is N bonded
to tin in [Ph2CySn (N3) (NCS)r (ref. 27). The nature
of N- or S-bonded thiocyanate derivative is better
elucidated by the i) (NCS) bending modes, which lie
,....,470and 410-440, respectively. In [Ph4Sb] [Ph2
CySn(N3)(NCS)] the 470 region is obscured by
cationic vibrations while no bands are observed
between 400 and 450.

A band of medium or weak intensity in the region
490-520, exhibited by the complexes (XVII to XXII)
may be assigned to Vas Sn-cyclohexyl'" The complexes
are expected to have trigonal bipyramidal structure
on the basis of experimental data as has been reported
earlier for similar complexes".

The data for [Ph4M)2 [PhCySnCI2Br2) strongly
suggest the presence of the anion (PhCySriCI2Br2)2-
with the trans octahedral configuration. The IR spectra
exhibit a band,....,560 which may be reasonably attri-
buted to Vas SnC2 and clearly indicate the existence of
linear C-Sn-C species". The results are in good
agreement with those reported earlier", Both the
geometries, however, are expected to be some what
distorted due to the presence of different organic and
anionic groups attached to tin.
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