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INTRODUCTION

In the course of our study on organoantimony compounds we have found that
pentavalent compounds containing formally Sb-S single bonds are casily reduced
to the trivalent state!, However. (CH;),SbS is a fairly stable crystalline substance
which forms a novel complex, (CH;),SnCl, -2 (CH,),5bS2. and is markedly different
from polymeric amorphous (C¢H :);SbO?. In this paper we wish to report on the
reactions of triorganostibine sulfides with some tin(IV) compounds and the behavior
of four novel complexes, R,SnX,-2 (CH;},5bS (R =CH,, C,H: X=ClL Br). in
chloroform solution,

EXPERIMENTAL

Preparation of triorganostibine sulfide

(CH,),ShS was prepared by the reaction between trimethylstibine oxide and
H,S in methanol and purified by recrystallization from methanol: mp. 176 {dec).
(Found: C, 18.33; H. 4.59. C,H,SSb caled.: C, 18.11: H, 456" ) Mol wt. found
osmometrically in C H,, at 257 : 204, 198, 210. at concentrations (.17.0.22and 0297,
w(sample)/w(solvent), respectively: in CHCly at 257: 210. 208 at concentritions
.54 and 0.98 ¥, w/w, respectively; calcd. for monomer: 199.

RSbS (R=C,Hs, C,H,;) were prepared by the reaction of R,ShBr, with
hydrated Na,S in methanol and purified by recrystallization from petroleum cther
or methanol. (C;H;),SbS: m.p. 119-120° {reported*: 118°):(C H,,),SbS : m.p. 144°
(reported®: 144°). Mol. wt. found osmometrically in CHCl, at 257: 419, 427 w1
concentraticns 0.37 and 100, w/w, respectively; caled. for {(C,H  },SbS, mol. wi.:
403.

Reactions af (CH,);8bS and (CoH,)2SbS with tin(IV} compounds

All the reactions were carrted out by mixing the both compounds i3 vitrious
mole ratios in methanol, acetone or chloroform and the results are summuarized in
Table 1.

Complexes, RySnX ;-2 (CH,),SbS, were ssolated in the manner described in
our previous paper?. They were also obtained by dissolving in mole ratios 3:3:1
of {CH;),8bS., (CH,)38bX ; and (R ,Sn8), in the above solvents. For example, (CH ),
SbS (2 g). (CH,),SbC, (2.4 g) and [(CH,),5n8], (1.8 g} were dissolved in 150 ml of
chloroform. After cvaporating the solvent, (CH ;3),5nCl,-2 {CH,},SbS was obtained
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“TABLE }
REACTIONS OF R;5bS AND TIN(1V) COMPOUNDS IN METHANOL, ACETONE OR CHLOROFORM
Tin(1VY (CoHy;)1SHS {CH,),Sk§ Tin(I'V) (CoH,):5hS (CH,),ShS
chioridv chloride®
R,8nC! R;8nCl,
R=n-C,H, . e R=n-C;H, — —
. ﬂ‘C3H7 - — n’C_;H'; Ex —
CzHg - CzHJ Ex COmP!EK
CH, —_ CH, Ex Complex
C.H, Ex* Ex C.H, Ex Ex
n-C JH,.Sn(‘i s Ex Ex SnCld Ex Ex
“ Thc rceul!s ohmmed wnh bromide are quite simifar to those of chlaride. ® — =starting marcrials are

recovered. © Ex =exchange reaction,

TABLE 2
rmmmw snnmr sm lmr COMPLE xrs RzSnx 2 (CH,)y ShS

R X M.p. o c “wH %X .S Mal. we®
(7 C) Sonnd Jound Jownd Jound Joundiconcentration®
{caled)  Aealed)  {caled) {culed.)

CH, a 147-147.5 15.98 32 11.25 Toluene:  647/0.23, 666/0.49,

(15.56) (3.92) (11.48) 647/0.55, 661/0.75
DMF: 263/0.61, 259/1.02,

315/1.88, 363/2.41
CHCl;: 308/0.72, 294/1.24,

3237207
Caled.: 617
I3r 123-124 13.84 3.25 2299 884 Toluene:  740/0.24, 756/0.41
{13.60) {3.42) {22.62) (9.08) CHCl,;: 339/0.45, 343/0.99
Caled.: 706
«H, Cl 322123 18.80 4.36 9.90 Toluene:  660/0.24, 665/0.49,
(18.61) (4.37) {9.93) 663/0.74
CHCl,: 280/0.38, 301/1.01
Calcd.; 645

Br 121 1641 3.54 21.92 849
(16.35)  (3.84) {21.76)  (8.73)

“ At 65°C in toluenc and DMF, m 25°C in CHCl,. * [wi{sumple)/w(solvent)] x 10°,

us colorless crystals: yield, 6.1 g (98 %), Properties of the complexes are shown in
Table 2. They are soluble in polar solvents but almost insoluble in non-polar solvents,

Sulfur-halogen exchange reactions were confirmed by isolating the reaction
products : SnS,, RSnS, ;, (R,8nS); or (R 35n),S and R38bX(,. For example, triphenyl-
tin chloride (7.7 g, 0.02 mole) in 50 m! of acetone was added to (CH,;),SbS (2 g,
001 mole) in 50 ml of methanol. The clear solution was concentrated on a water
bath 1 give colorless crystals, The insoluble part in 50 ml of benzene was recrys-
tullized from acetone to give 2.1 g (88 %) of trimethylantimony dichloride, m.p. 224°
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(dec.). (Found : Sb, 51.34. C;H,Cl,5b calcd.: Sb, 51.21 ¥;.) From the benzene solution
7.0 g (96%) of bis(triphenyltin) sulfide was obtained ; m.p. 140.5-141.5° (rcported®:
141.5-143°). When triphenyltin chloride and trimethylstibine sulfide were treated
in 1:1 mole ratio, the same exchange products and the excess of trimethylstibine
sulfide were obtained. Similarly, the reaction products were isolated almost quan-
titatively in the exchange reactions shown in Table 1.

Infrared spectra

The infrared spectra in the 4000400 cm ™ ! region were recorded using Hitacht
EPI-2G spectrophotometer and in the 400-100 cm ™! region using Hitachi FIS-1
spectrophotometer both equipped with gratings. In the 4000400 ¢m ™! region the
spectra in the solid state were determined as mulls in nujol or hexachlorobutadicene.
but in solution they were measured in chloroform or bromoform. The spectrit from
400 1o 100 cm ™! were measured as paraffin paste of low melting point.

Molecular weight determinations
Molecular weights were determined at 25 or 657 using Mechrolab Model

302 vapor pressure osmometer.

NMR spectra

The NMR mecasurements were made at room temperature (207) and at
selected temperatures from 35° down to —40° in CHCI, and CH,Cl, with a Japan
Electron Optics INM-3H-60 spectrometer operating at 60 Mc/see. Through these
experiments tetramethylsilane was used as an internal standard.

X-ray powder paiterns
The X-ray powder patterns were obtained using Geiger-flex made by Rigaku-
Denk: Co. Ltd.

RESULTS AND DISCUSSIONS

As shown in Table I, the products vary with tin(lV) compounds cmploycd
and the complex formation is observed only in the reactions of (CH,),SbS with
(CH,),8nX, and {C,H;),SnX,. This indicates that R;SbS is fairly reactive as a
ligand and is markedly different from R 3PS which has been reported to form a stable
complex, SnX -2 R ;PS°,

Infrarved spectra of R,SnX 32 (CH,4)3SbS in the solid state

The infrared bands of (CH;),SbS were assigned by referring to the spectra
of (CH,);SbX,’, R,PS? and R3AsS® and the relevant frequencics are summurized
in Table 3. Since this compound is monomeric in solution as described in the exper-
imental part, a strong band at about 430 cm ™! is rcasonably assigned fo ¥(Sb=§).
As is shown in Table 4, this band shifts to the lower frequency side by about 30 em ™!
in complexes, R,SnX,-2 (CH,),SbS. This is quite analogous to SnX, 2R,PS"
(CeHs)sPSHICIE, Znl,2 (CH;),PS!Y and Hgl,: (C4H ) PSe!!, and indicates the
coordination through sulfur to tin atom.

. Organometal. Chem, 11 (196R) 209104
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TABLE 3
!R FREQUENCH‘S arF R,SbS {900--100 cm“ ' REGION,IN cm 7 )

R =CH, R =C 2 Assignment
Solid Solutiont Solid**
B85~ B3 s o
785 w 774 w} CH,-{Sb) rock.

706s - CH ;- {Sh) rock.
5554 551s 529m Sh~C deg. str.
53 m 53t m 506 s Sb-C sym. str,
431 s 433 s 421 s S6=S str,
10 m|

Sh def.

149 ¢ f C,5b de

. MuII-: in nu;ul ar hcmchlnrobumdlene or paste of pdfnfﬁn w:l!x lnw mehmg point, * Measured in CHCI,
or CHBr, dows to 400 em "', © Measured down to 400 cm ™/,

TABLE 4
lR mruumnrq OF H,bnx 2 (CH,).SbS m THI sm m smrr“ (‘)00 IDO cm™! Rt(.l(lN INem”Y)

If e 7 H 3 As&:gmnu’nl
Xl X=p X =Br
#sos | 845 5 850 5 l __— ‘
794 (sh )| 792 {sh.) } 792 w | CH v (Sh) rock.
TH] « 779 s CH,~{8n} rock.
688 m 688 m CH,~{Sn) rack.
Sh1 « SS5H 5 559 m 557 m Sh~C deg. str.
{5011) 555 % 529 (sh) 522 {sh.) Sn—~C antisym. str.
S s 523 S m 529 m Sh-C sym, str.
! ? 476 vw 472 vw Sn~C sym. str.
02 s EUR IS 401 s 401 < Sh=§ str,
370 w
21wl Wow | e
R0 w 281 (sho) C-C=Sn det.
MRS 232m 203 Dm S5n-8 st
[23) {02} Sn-C1 str.
2 m 142 m Sn-Br str.
My 1305 160 m - .
18 s 120s CSh del.

(IJK) (H(l) (l Iﬂ) (120) ﬁn def.

Mnllnn munlm hm uhlnrnhm.ndum or pn-.lcnfp.lmfﬁn wuh lnw mu.!tlngpmnl ( ) V-llUt‘i wn-udur:.d
to bie overlapped.

In R ,Sh3 the estimated frequencics* for a pure single and double antimony-
sulfur bonds ure 337 and 483 cm ™, respectively. The small shift of the absorption
hmd on complex formation suggests that the coordination through sulfur to tin

e From thc calculstion using Gordy’s rule’?. force constunts corresponding to & singde and » double
antimony - sufher bomd, 1702 107 atd 348 % 10° dynes cm, respectively, were obtained. Zingare of al?
caleutated by uaing the sarme value, 148 » 180° dynesicm, hawever, their result, the frequency at 131 em ™
for vimhoR), 15 eyt reaspabic,
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atom is fairly weak and the additicnal n-bonding on the Sb-S bond stiil remains.
The Sn~S stretching vibration arising from complex formation is expected to appear
at lower frequency than that in [(CH,),SnS];. Thus, the bands observed at 232--202
cm™! may be associated with the Sn~S stretching modes of these complexes. The
Sn~C symmetric stretching band is not observed in the spectra of (CH,),SnX, 2
(CH ;3},8bS, for the band is usually weak and may be obscured by the strong Sb~C
symmetric stretching band at about $30-520 cm ™!,

Behavior of the complex in solution

As is shown in Table 2. complexes arc dissociated in polar solvents, such as
DMF or CHCI,, but not in toluene. The infrared spectrum of (CH,),SnCly- 2 (CH 4),-
SbS in CHCI; shown in Table 5 is markedly different from that in the solid state. and
can be interpreted straightforwardly as a superimposed spectrum of {CH,),SbS,
(CH4)3SbCl; and [(CH,),SnS];. A similar result can be deduced from Table 5 with
the bromide.

The proton NMR spectrum of {CH,),SnCl,-2 {CH,);SbS in CHCI, is shown
in Fig. I, together with that of (CH;);SbS. Three sharp singlets abserved at 7.66.
8.44 and 9.12 ppm [J{'!7Sn—CH,) 58.8 cps; J(*'*Sn—CH,) 61.5 cps] of which the
intensity ratio is about 3 : 3 : 2 are satisfactorily assigned to methyl protons of (CH L),-

TARLE 35

IR FREQUENCIES OF R,SnX ;2 (CH;),8bS AnD RETATED Comprorsps i CHCOT (o0 300 em 7 wranos,
-1

INemo )

(H{CH,1,80C1 2 (CHL)SBS (HH(CH ), SaBe,-2 (CHLLSDS (D (CTLESS [0 VO 1,Shs
(V) (CH,),8hBr, (V1) (CH ,SbC1,

i (1 (1 {1 (1) s RIRVNTIDIIUITE
STt m A m shot der i

5606 m 366 m sho dee <
551 s 5525 S5t m sh o deg s
S40 Sl s S41m SHOU aRbisven s
530 s 53t s S3im Sh-C symy, str
517 5 S17s STm Sn-Cosym s
433 ws 433 vs 433 5 Shas sir,
363 vy 362 vs 303 s SneSe S antisym s
326 68 R6m S0oS-8n avm. sn

845
{CHal3 SBS
MR
7.66

1CHy )5 5NCp « 24CHY )3 505

e pDp )

Fig. 1. Proton NMR spectra of (CH L), S5 and (O 500 2 (T, 8bE at 60 Mo wovin CHOT, 2 o
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SbCi,!3, (CH;),8bS and [(CH;),SnS];'", respectively. This spectrum does not
markedly change at temperatures from +35° down to —40°. A mixture of (CH3),-
S$bS and (CH;),SnCl, in mole ratio 2:1 in CHCI; also showea the same spectrum.
The other three complexes gave quite analogous resuits in CHCI; or CH;Cl, solution,
However, as is shown in Fig. 2, the X-ray powder patterns of (CH;);SnX ;-2 (CHj;);-
SbS can not be understood as a mixture of these three components.

{CHy)z SRCIg - 2{CH3), SBS

i.LLAJ%“N‘uJ_J IJ dedd }I I PR W ]

{CHta50C 1 5

|
l
|
; l ) . l . ] l] . lJ;li .,1,“¢l“| R

)
- {CHyYy 585
2 |
N !
} 3
‘} b “
[
" [tCHy, 505 ],
{
!l ,
R RIS m..l.! BN TAE TS IS TR I T R A AU AJ_LJ
10 20 30 40 5Q 55

e R LY
Fae 20 Xoray powder patterns of (CHL),9nCT, 2 (OH )5S and its related compounds.

From these findings. it can be concluded that these complexes change mnto
the three species m CHCI,. However., since these complexes cin be prepared from
polar solvents such as CHCl,, CH ,CN. DMF ctc.. the following equilibrium should
exist sn them,

R,SnX, 2 (CH,),5b8 &= (CH,);SbS + (CH,),SbX, +(R,SnS),

SUMMARY

The results of the reaction of (CH,);SbS with tin(IV) compounds can be
classified nto three types; recovery of the reactants, complex formation and suifur-
hilogen exchange. The complexes, R ,5nX ;-2 (CH,),8bS, were obtained only in
hmited cuses (R =CH,, C;H,: X =Cl, Br). These complexes exist as a monomeric
species in toluene, but in CHCy it was confirmed by IR and NMR measurements
thut these change into three species, (CH;),8bS, (CH;);SbX,; and [(CH,),SnS];.
since the compleses can also be prepared from the mixture of these three in CHCI,,
the presence of the folfowing equilibrium hus been suggested.

Ry5nX ;2 (CH,},5bS = (CH,);SbS + (CH,),SbX, + (R ,SnS),

4 Grganometal. Chem 11 (1968) 299- 105
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