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Summary

Reactions of Pt(PPh;), with the sulfines, XYC=S8=0, (X, Y = aryl, S-aryl,
S-alkyl, CI) yield coordination compounds of the type Pt(PPh;),(XYCSO).
Infrared, *'P and 'H NMR spectra reveal that in all cases the sulfine ligand is
coordinated side-on via the C=S w-bond (Pt—n>-CS). Reactions of Pt(PPh;).
with either the E- or Z-isomer of (p-CH3;C¢H,4)(CH;S)CSO yields the corre-
sponding E- or Z-coordination compound, Pt(PPh;),[E-(p-CH;3;CgH,)-
(CH1S)CSO] or Pt(PPhj3),[ Z-(p-CH;CeH, )(CH;3S)CSO], indicating that the
configuration of the sulfine ligand is retained upon coordination to the
Pt(PPhs;), unit. The compounds Pt(PPh;),(XYCSO), containing reactive C—X
and/or C—Y bonds (X, Y = S-aryl, S-alkyl, Cl), undergo a rearrangement in
solution to give complexes of the type PtX(PPh;),(YCSO).

Introduction

Sulfines (XYC=8=0), are heterocumulenic systems, related .to sulfinylani-
lines (Ar—N=5=0) and diarysulfurdiimines (Ar—N=S=N—Ar) which are being
studied in our laboratory [1,2]. Their synthesis, chemical reactivity and struc-
ture have been extensively investigated by Zwanenburg et al. [3—11]. Sulfines
show synthetically useful reactions such as cyclo-addition with dienes and 1,3-
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dipoles, and nucleophilic additions. Recently, we found that heterocumulenes
can be activated and transformed in a specific way by complex formation to
low valent metals {1]. In this paper we describe the first results of a study of the
coordination properties of sulfines towards low valent metal centres, it being
argued that such complex formation might well influence the reactivity of the sul-
fines.

Sulfines (XYCSO) have a bent planar structure [16,17]. In the case of two
non-equivalent substituents at carbon (X * Y) the molecule exists in two iso-
meric forms, which are not interconverted at room temperature [12—17]. Hith-
erto only a few metal complexes of sulfines have been reported in the litera-
ture. Dittmer et al. [18] oxidized Fe(CO),(H,C=CHCH=S) to yield two
isomers of the sulfine complex Fe(CO);(H,C=CHCH=S=0), in which the sul-
fine ligand is suggested to coordinate via C=C and C=S. Carlsen [19] reported
the sulfine complex TiCl, - Ph,CSO, in which the sulfine molecule is assumed
to be bound to TiCl; by weak electrostatic forces. In an attempt to prepare a
sulfine complex, Alper [20] found that Fe,(CO),; deoxygenated
(p-CH3;0C¢H,),CSO to give the ortho-metallated diarylthioketon—iron complex
Fe(CO),[( p-CH,OCH, )( p-CH,OCH,C(S)HIF&(CO);.

Recently, the coordination behaviour of Ar—N=S=0 to platinum(0), rho-
dium(I) and iridium{I) was reported by Meij et al. [2]. Pt(PPh;),(Ar—NSO)
contains 7°-NS bonded ArNSO, while in the case of RhCI[P(isopropyl);],-
(Ar—NSO) the ligand is coordinated either via n*-NS or via 1'-S. It is note-
worthy, that N-sulfinylanilines can be isolated in only one isomeric form (i.e.
the cis). Sulfines (XYCSO) are expected to be more versatile in their coordina-
tion behaviour, as in the case X # Y the ligand exists in two stable isomeric
forms, so that the coordination behaviour of each isomer can be studied
independently. In the case, where the sulfine molecule contains reactive C—X
and/or C—Y bonds (e.g., X, Y = S-aryl, S-alkyl, Cl) in addition to coordina-
tion via the cumulene fragment, insertion of the metal centre into these
bonds can be expected. Such insertions by platinum(0) and rhodium(I) have
been observed, for example, with (CH3),NC(S)X (X = S-aryl, S-alkyl, Cl) [21]
and SCH,CH,SC=S [22].

In this paper the reactions of Pt(PPh;), with the sulfines: thiofluorenone-S-
oxide (X, Y.= fluorene); diphenylsulfine (X = Y = Ph); E-p-tolyl(phenylthio)-
sulfine (X = p-CH3C¢H,; Y = PhS); E- and Z-p-totyl-(methylthio)sulfine
(X = p-CH,C.H,;: Y = CH,S); bis(phenylthio)sulfine (X = V = PhS); and its p-
tolyl analog (X = Y = p-CH;C¢H,S); p-methoxyphenylthio(p-tolylthio)sulfine
(X = p-CH3CsH,;S, Y = p-CH;0C-H,S, a mixture of two isomers); chloro(phe-
nylthio)sulfine (X = Cl, Y = SPh, one isomer only) and Z-chloro(phenyl)sulfine
(X =Cl, Y = Ph) are described.

Experimental

Reactions were carried out under N, in a Schlenk apparatus. The infrared
spectra were recorded on a Perkin—Elmer 283 or a Beckman IR-4250 spectro-
photometer. The "H NMR spectra were recorded on a Varian T60 A and the
31p {'H} NMR spectra on a Varian XL 100 spectrometer. Elemental analysis
were carried out by the Analytical Section of the Institute for Organic Chem-
istry TNO, Utrecht (The Netherlands).
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Starting materials
Pi(PPh,), [23] and the sulfines [8] were prepared by literature procedures.

Syntheses of the platinum—sulfine complexes

A general procedure for the synthesis of the platinum—sulfine complexes
Pt(PPh;),(XYCSO) is as follows: Pt(PPh;); (0.2 mmol) and XYCSO (0.2 mmol)
were stirred in benzene or toluene (about 2 cm?). Pt(PPh;),(XYCSO), precipi-
tated as a white solid, was filtered off, washed with benzene or toluene (about
2 cm?®) and n-hexane, and dried in vacuo. The yield (40 to 90%) depends on the
solubility of Pt(PPh;),(XYCSO) in the solvents used. The analytical data are
listed in Table 1.

In the case of Pt(PPh;),[E- or Z-(p-CH3CsH,4)(CH;S)CSO], an excess of free
ligand was needed during the synthesis in order to obtain pure products. Pure
Pt(PPh,),[(PhS)CICSO] could not be isolated because the insertion product
PtCl(PPh;),[(PhS)CSO] also precipitated from the reaction mixture.

Testing of the stability of Pt(PPh3),(XYCSO)

After recording the >'P NMR spectra, n-hexane was added to the CDCI; solu-
tions. In each case a white precipitate was formed, which was filtered off,
washed with n-hexane, and dried in vacuo. The infrared spectra of these preci-
pitates were almost identical to those of the pure compounds. This result indi-
cates that the.complexes are stable in solution and towards air during the
period necessary for recording the 3'P NMR spectra.

Results and discussion

Pt(PPh;); reacts with sulfines, XYCSO, to give complexes of the stoichio-
metry Pt(PPh;),(XYCSO), which are monomeric in chloroform (see Table 1).

Pt(PPh;), + XYCSO — Pt(PPh;),(XYCSO) + 2PPh,

The structure of the platinum—sulfine complexes has been studied by 'H and
31p NMR and infrared spectroscopy. The close resemblance of the spectro-
scopic data for these complexes (see Table 2, 3 and 4) indicate that all the sul-
fine ligands are coordinated to the Pt atom in the same way, via the C=S=0
fragment and not via one or both S atoms of the substituents X and Y. In prin-
ciple the C=S=0 moiety has various possibilities for coordination to plati-
num(0) viz., coordination via 17°-CS, 7'-S, 17?-SO and 7*-0). In the light of the
electronic structure of the C=S=0 function [11] the *-CS or 1'-S coordina-
tion modes are likely to be much more favourable than the latter two possibili-
ties for coordination. As will be shown below the spectroscopic data indicate
7%2-CS coordination [24].

The '"H NMR spectra of the free sulfines show a downfield shift for the
ortho protons syrn to the SO group (see Fig. 1, ortho protons with asterisks) in
the case of fluoreneSO, Ph,CSO, E-( p-CH;C,H,)(PhS)CSO and
E-(p-CH;3CsH,)(CH3S)CSO as compared with the other aromatic protons. This
is due to the deshielding effect of the SO group [10]. Upon coordination these
protons are shifted upfield by approximately 0.7 ppm (see Table 2), resulting
in a masking by the PPh; protons except for Pt(PPh;),(fluoreneSO). A similar



415

_ (EHDO)Q 4
(EHD)Q g 'S19WOS] OM] JO ANIX|W ¥ J ‘1932Wwox)23ds 0T VH UBMEBA B UO PAINSUI 5 '1JIUS [ed]WALD dUIs L[} 2ABY A[3UBP100B Y20t 10-d puv g€ » ‘Xajduwiod
913 J0 SU0J0Id DBWOAB 130 AQ PIANISQO ATV §U0I0Ad-0YMO o ‘(T ‘Bl 995) dnoxd QS oUp 03 uks suoj0ad-oy)io AJUQ q ‘9IUIXD}DT [EUIDIUY 'SINL 01 9Apje[al (wdd) g p

(A% 202 89'L 8L'9 {21 (0SNYHODEHO-)E(Eudand
1 08°E '8L°E 40 99°869'S
3882 ¥E'T “§'9 912 61T - - 1 [0S0(SPHO00EHD-d)(SYH IO EHO-A) ]2 (Eydd)id
. 08'2'98'2 200'2:%0'2 - - {0S0¥SYHIDEHD-D)]T(EudaNd
0v'3'8¥°2 01'2:93'2 - - [0SO(SEHONYHODEHD-D-Z]1 2 (Eyad)rd

082072 p 92'2 20'8 ) [0so(sEHD)(YHIDEHD-)-a) 2 (Eygand
08'2 a1'e 01'8 a 10S2(sudX(YHODEHD-?)-712(tyddhid
- —_ 08'L ) (080%yd)t(tydand
- — qq's G8'L (os-suazonp)t(Cyga)d

vﬂnnz XY onEOU 1d n:du: el xva_.ﬁoo 3d
v (EHD) 9 q'p {{s)uojoxd oyjeo) g punoduiod

0SDAX ANV (0504X)%Eudd)d ¥0d VILVA AN H
I
24749V



416

H.C HAG HAG,
* o] - O O (o]
D, ~ - " =s” " /c:s/ S=S_
Y < SN
@ @ HC ne
fluorene-SO thcso E- E- z-
-(pCHCH,)- -[p-CHCH)- ~(p- CH:&“)‘
-(pnsjcso -{cHgcso -(cHg)cso

Fig. 1. Structures of some sulfines.

shift (0.9 ppm) is found in the case of Pt{PPh;),(Ar—NSO), where the aryl and
SO groups are situated syrn in both the complex and the free ligand [2]. This
indicates that coordination in Pt(PPh;),(XYCSO) and Pt(PPh;),(Ar—NSO) is
similar i.e. 7-CS bonded sulfine (see Fig. 1). .

The infrared data (see Table 3) support this view. In previous studies of the
free ligand, strong absorptions in the region 1150—900 cm ™! have been assigned
to vibrations of the CSO moiety [3—12]. In the sulfine compiex
Fe(CO);(H,C=CHCH=S8=0) the absorption at 1030 cm™! is assigned to »(SO)
[18], whereas in the complexes Pt(PPh;),(Ar—NSO) it has been established
that the absorption between 1056 and 1040 cm™! arises from the v(SO) vibra-
tion {2]. Therefore it is plausible to assign the strong absorption at 1025—
1005 cm™" in the present complexes to »(SO). Unfortunately the v(C=S) of the
coordinated sulfine molecule could not be assigned.

31p NMR spectra (see Table 4) revealed that the PPh; ligands are in c¢is posi-
tions and are inequivalent at room temperature. Moreover the spectra of
Pt(PPh;),[ E-(p-CH3;CsH,)(CH3S)CSO] did not change on lowering the tempe-
rature to —40° C. This shows that no rotation about the Pt—(CS) bond occurs
on NMR time scale. In contrast to the rigid structure of the platinum—sulfine
complexes, rotation around the Pt—(NS) bond in Pt(PPh;),(Ar—NSO) is ob-
served at room temperature [2], which points to a stronger m-backbonding in
the Pt—(CS) bond compared with the Pt—(NS) bond.

Most interesting is the fact that starting from the two sulfine isomers
E-(p-CH;3CsH,)(CH;3S)CSO or Z-(p-CH;C.H, )(CH3S)CSO two different plati-
num—sulfine compiexes can be isolated and that these are distinguishable by
3!p and 'H NMR. This indicates that the configuration of the sulfine is retained
upon coordination to the Pt(PPh;), unit via n?-C=S. The structures and *'P
NMR spectra of both coordination compounds are shown in Fig. 2. This result
accounts for the observation, that starting from E-(p-CH3;C¢H,4)(PhS)CSO,
Z-PhCICSO and (PhS)CICSO (one isomer) in all cases only one coordination
compound, Pt(PPh;),[E-(p-CH3C¢H,4)(PhS)CSO], Pt(PPh,;),(Z-PhCICSO) and
Pt(PPh,), [(PhS)CICSO], respectively, was isolated. Accordingly, starting from a
mixture of the two isomers of the sulfine (p-CH;CsH,S)(p-CH3;0C:H4S)CSO a
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Fig. 2. Structures and 31P NMR spectra of Pt(PPh3), [Z-(p-CH3Cg Hg)(CH3S)CSO] and
Pt(PPh3); [E-(p-CH3Cg H ) (CH3S)CSO].

mixture of two isomeric coordination compounds, Pt(PPh,),[(p-CH3CsH,S)-
(p-CH;0C4H,S)CSO], was isolated, as was shown by 'H NMR spectroscopy
(see Table 2, two OCH, singlets and two CHj; singlets).

The complexes Pt(PPh;).(fluorene-SO) and Pt(PPh;),(Ph,CSO) are indefi-
nitely stable in solution. In contrast the complexes Pt(PPh;),(XYCSO) con-
taining a reactive C—X and/or C—Y (X, Y = S-aryl], S-alkyl, Cl) bonds undergo
rearrangement in solution according to the equation:

Pt(PPh,),(XYCSQO) » PtX(PPh,),(YCSO)
(X = C}, S-aryl, S-alkyl; Y = aryl, S-aryl)
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A detailed report concerning these rearrangements-as well as the molecular
structure of a representative of this novel type of heterocumulene metal-com-
plexes will be subject of a forthcoming paper.
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