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Summary - 

‘Die rbodium( I ) compleses ( Ph3P),Rh( L-L’), in which L-L’ is an unsaturated 

chelnte coordinating via L = S and L’ = K, 0, P or S, have been prepared from 
RhCl(PPh,), by two routes. 

Direct substitution of one Pb,P and Cl- by the chelate anion gives (Ph,P),Rb- 
[Ph2PC(S)S] (L = S, L’ = P)_ Osidative addition of an N-H bond followed by 
reductive elimination of HCl results in ( Ph3P)2Rh[ hIe2NC( S)NC(S)NMeJ (L = S, 
L’ = S), (Ph3P),Rh[PhNC(S)NMe2] (L = S, L’ = N), (Pb,P),Rh[Ph,PC(S)NPh) 
(L = S, L’ = P) and (Ph,P)ZRh[Ph,P(0)C(S)NPh] (L = S. L-’ = 0). 

Reaction of the compleses (Ph,P)2Rh(L-L’) with CO gives (CO)(Ph,P)Rh- 
(L-L’) with CO truns to the chelate donor atom with the lowest truns-influence. 
Pt(PPhs)= reacts with Me2NC(S)N(H)C(S)NMe2 and HN(Ph)C(S)PPh,, respec- 
tively, to give H(Ph,P)Pt[hIe,NC(S)NC(S)NMe,l (L = S, L’ = S) and H(Ph3P)- 
Pt[Ph2PC(S)NPh] (L = S, L’ = P)_ 

The coordinating atoms and their configurations have been assigned by IR 
3’P NMR and ‘H NMR. Some trend in IR and “P NMR paramaters are discussed_ 

_-___-- ---__-____.-- ---. 

Introduction 

We are interested in the variation of chemical and spectroscopic properties of 
the rhodium(I) complexes (Ph,P),Rh( L-L’) as a function of the unsaturated 
chelate (L-L’). We have thus synthesized a number of such compleses contain- 
ing the formally uninegative iigands (I-VI), which can all be regarded as derived 
from the dithiocarbamate ion II, for which S,S-coordination has been reported 
in A(Ph,P)Rb[SC(S)NMe2] * (A = Ph3P or CO) [l]. No rhodium(I) complexes 

* To avoid confusion: except for I. the coordinating atoms Land L’ of the chelate L-L’ are piaced in 
the formulas im~~~ediacely before and after the central carbon atom. with the non-coordinating 

atom further avpy from the carbon amm. e.g. in A(PhjP)Rh[SC(S)NMeZJ both S atoms coordinate 

td the metaI centr.z and N of NMe2 doa not. 
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containing the other ligands were previously known. I is expected to coordinate via 
.S,S in a six-membered cheIate ring [ 41 I_ III has been found NPh,S-coordinated 
to rhodium(II1) [13,16]. In view of the reported tendency of IV towards P,S- 
coordination in case of a “soft” metal centre [ 351, P,S-coordination is espected 
for IV and P,S- or P,NPh-coordination for V. In VI, the oxidized form of V, 
S,NPh-coordination in a four-membered chelate ring as in III seems possible, 
but S,O- or XPh,O-coordination in a five-membered &elate ring is also con- 
ceivable_ The coordinating atoms L,L’ have been assigned in both the (Ph,P)=- 
Rh(L-L’) and (CO)(Ph,P)Rh(L-L’) which result from the reaction of (PhsP)2- 
Rh(L-L’) with CO. The complexes II(Ph,P)Pt(L-L’) with L-L’ being I and V, 
respectively, ,are also described_ 

Experimental 

Reactions were performed at room temperature using Schlenk apparatus. 
Solutions for IR and r\;:hIR measurements were prepared in a glove-box_ ‘H fi&IR 
spectra were recorded on a Varian T-60 and a Bruker WH-90-FT NMR spectro- 
meter_ '*P j’H: NMR spectra were recorded on a Varian XL-lOO-FT at 40.5 
MHz using’thedeuterated solvent as internal Iock. 

C, H and N analysis for the air-stable compleses were performed at the micro- 
analytical department of this university. Other elemental analysis and mole- 
cular weight determinations were carried out by Alfred Bernhardt, hlicroanaly- 
tisches Laboratorium, Elbach iiber Engelskirchen, W.-Germany. The analytical 
results are given in Table I_ The molecular weight determination of the air-sen- 
sitive complexes (Ph,P),Rh( L-L’) are probably less accurate_ 

Starting materials 

NaS$NMe? - 2H,O( II) (reagent grade) was obtained from FIuka_ Me,NC(S)- 

N(H)C(S)NMe, (I-H) [2], HN(Ph)C(S)NMe, (III-H) [3], HN(Ph)C(S)PPh, (V-H) 
[a], HN(Ph)C(S)P(0)Ph2 (VI-H) [5], RhCI(PPh,), [6] and Pt(PPh& [7] were 
prepared by published procedures_ RhCl(CO)(PPh,), was prepared from RhCl- 
(PPh& and CO. 

KSzCPPh, - 1 dioxane (IV) was prepared by a modification of a published 
procedure [S]: the turbid red-brown THF solution obtained by addition of 
KPPhZ to CS2 in dry THF was diluted with an equal volume of dry ether and 
left for two days. The very air-sensitive yellow precipitate was centrifuged off 
and the residual sohrtion evaporated in vacua. On stirring the resulting red oil with 
dry 1,4dioxane the orange-yellow KS&l?Phl - 1 dioxane precipitated. 



Synthesis of the complexes (P~z~)~R~(L-L') 

A_ Oxidative addition of N-H bond 
(PhS)lRh[~le,N~Ze~ (IA). Addition of 0.4 mmol of I-H to a 

stirred solution of 0.4 mmol RhCl(PPh& in 10 ml of benzene * resulted in an 
orange solution and some orange precipitate_ After 30 min a small escess of 
E&N was added to give a red solution_ Stirring was continued for 15 min and the 
precipitate of Et,NHCl was filtered off. Dilution with n-hexane and cooling 
gave orange-red crystals of IA. r(NMe2)(CD2CIZ) 7.00(12)s ppm **. By analogous 
procedures the following complexes were obtained: 

(Ph&Rh[PhNC(S)N&leJ - Cd&, (IIIA). The red-orange solution from RhCl- 
(PPh& and III-H changed to orange upon addition of EtSN and orange crystals 
of III-4 were isolated. r(NlMe,)(CD$X) 7_48(6)s ppm. The presence of CsH, was 
confirmed by the ‘H NMR spectrum_ 

(Ph~)zRh]Ph2PC(S)NPh] (VA)_ The initial bright-red solution changed to 
orange-yeilow upon addition of EtoN, and orange-yeBow crystals of VA were 
isoIated_ 

(PhP),Rh[Ph.P(O)C(S)NPh] (VIA)_ The initial dark-red solution changed to 
intense bright-red upon addition of Et3N. VIA was obtained as red crystals_ 

B_ Substitution of Cl and Ph,P_ 
(Ph&,Rh[SC(S)NMeJ (ZZA). The complex was prepared by a modification 

of a literature procedure [I]_ O-4 mmol of II was added to a stirred solution 
of RhCI(PPh& in 20 ml of acetone for 45 min. The spontaneously formed orange 
precipitate was washed with water (removal of N&l), ethanol and n-hexane. 
Prepared in this way the complex was analytically pure and needed not to be 
chromatographed as reported by O’Connor et al. [l]. r(NMet)(CD,C12) 6.90(6) 
s ppm- 

(Php),Rh[PhzPC(S)S] (ZVA). 0.4 mmol of IV was stirred with 0.4 mmol 
RhCI(PPh& in 15 ml of dry acetone during 15 h. The resuking brick-red preci- 
pitate of IVA was washed with water, ethanol and n-hexane. 

All the complexes IA-VIA are moderately air-sensitive in the solid state and 
very air-sensitive in solution_ 

Synthesis of the complexes (CO)(PhP)Rh(L-L’) 

A_ Oxidatiue addition of N-H bond. 
(CO)(PhP)Rh[Me,NC(S)NC(S)NMeJ (ZB)_ 0.2 mmol of I-H was added to a 

stirred soIution of 0.2 mmol RhCI(CO)(PPh,), in 10 ml of benzene. After 30 min, 
addition of a small excess of EtXN resulted in the precipitation of Et,NHCl. 
Filtration, dilution with n-hexane and cooling gave orange-yellow crystals of 
IB. T(NMe,)(CD,Cl,) 6.87(12) s(br) ppm. 

(COl(PhP)Rh[Ph=PC(S)NPh] (VB) and (CO)(Ph,P)Rh[Ph,P(O)C(S)NPhj 
(VZB). These complexes were prepared similarly_ RhCl(CO)(PPh,), failed to 
react with III-H in benzene in the presence of E&N, even under reflux. 

* At the colmntrations shown not all the RhCI(PPh$3 immediately dissolved. 
-* Number of protons (from intensity ratio to Ph-rcsonanar) be&-een parenthesis; f. singlet: br. broad. 
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B. Substitution of Ph$ by CO 
(CO)(PhP)Rh[~~le2NC(S)NC(S)Nnle?J (IB). CO was passed through a solu- 

tion of 0.2 mmol of IA in 10 ml of benzene_ The solution turned orange-yellow 
in a few seconds. Dilution with n-hesane and cooling gave orange crystals of IB_ 
?(NMe2)(CD2C12) 6_S7(12) s(br) ppm. 

In an analogous procedure (CO)(Ph,P)Rh[PhNC(S)NMeJ - C6Hb (IIIB) 
r(NMe,)(CD,CI,) 7_27(6) s ppm, (CO)(Ph,P)Rh!ShlPC(S)S] (IVB), (CO)(Ph,P)- 
RhjPh2PC(S)NPh] (VB) and (CO)(Ph,P)Rh[Ph,P(O)C(S)NPh] (VIB) were pre- 
pared_ IIIB is very soluble in benzene end difficult to precipitate and_ The 
presence of CeHb in IIIB was confirmed by ‘H NMR_ 

(CUj(PhP)Rh[SC(S)N~~Ze2] - acetone (IIB). 0.4 mmol of II and 0.4 mmol 
RhCI(PPh,), were stirred in acetone. After 30 min NaCl was filtered off. On 
stirring for another 10 min an orange precipitate of (Ph,P),Rh[SC(S)NMe,] 
appeared_ On passing CO through the solution it turned from orange to yellow 
and the (Ph,P),Rh[SC(S)NMeJ redissolved. Concentration of the solution and 
addition of n-hexane gave a yellow precipitate of IIB_ r( NMet)(CD2C12) 6.‘iO( 3)s, 
6.86(3)s ppm. The presence of acetone was confvmed by ‘H NMR. (O’Connor 
et al_ 111 reported a brown colour for this complex.) 

The compleses LB-VIB are stable in the air for days as solids, and no air- 
sensitivity was found for the solutions. 

Synthesis of the comple_res H(Ph,P)PtJL-L’) 
H(Ph,P)Ptf~~le,_~C(S)_~CfS)N~Ze2] 0X). 0.2 mmol Pt(PPhJ)., and 0.2 mmol 

of I-H were stirred in 20 ml of benzene for 24 h. Addition of n-hesane to the 
pale-yellow solution resulted in a pale-yellow precipitate of VII. ?-(NMel)(CD,C&) 
6_68(6) s(br) and 6.84(6) s ppm. 

H(Ph,P)Pt[Ph2PC(S)NPh] (VIII) was prepared similarly_ 
Under the same conditions Pt( PPh& did not react with III-H. 

Results and discussion 

A. Synthetic routes; breaking of the N-H bond 
Schemes l-3 summarize the synthetic routes used for the rhodium(I) com- 

plexes_ In the reaction of I-H, III-H, V-H and VI-H with RhCI(PPh,), formal 
oxidative additiqn of the N-H bond to rhodium(I) takes place. The initial 
change of colour upon interaction with the N-H containing molecules can be 
ascribed to the formation of a hydridochlororhodium(II1) complex, which under- 
goes reductive elimination of HCI upon addition of EtXN. When no Et3N was 
present in the reaction of I-H with RhCl(PPh3)s a mixture of products was 
isolated which displayed an absorption in the IR at 2132 cm-’ (&I), probably 
v(Rh-H)_ We did not attempt to isolate the intermediates for III-H, V-H and 
VI-H. 

Whereas RhCI(PPh& reacts with all the molecules containing N-H bonds, 
RhCl(CO)(PPh,)zreacts with I-H, V-H and VI-H, but not with III-H. Similarly 
Pt(PPh,)4 reacts with I-H and V-H and not with III-H *. If HCl is passed through 
a solution of (CO)(PPh,)Rh(L-L’) with L-L’ being I, III or V in the presence 

l The reaction of VI-H with Pt(PP513)4 has Pot Yet been ~wStitigat~- 
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of one equivaknt of PPh3, RhCI(CO)(PPh,), (characterised by IR) is precipitated 
immediately- This suggests a rapid equilibrium, as represented by eq_ l_ 

RhCl(CO)(PPh,)2 (CO)(Ph,P),RhHCI(L-L’) (CO)(Ph,P)Rh( L-L’) 
+ S f Z= (1) 

L-L.-H (2 - n)PPh, + HCl f PPh3 

(L-L’ = I, III or V) (n = 1 or 2) 

It seems that interaction of III-H with RhCl(CO)(PPh& does not give the 
intermediate hydridochlororhodium(II1) complex 

SCLIEX!B !?_ Er_xlthcsis yld st~udurrs of thr rhndium(1) complexes from RhCI(CO)(PFh&. 

XYe2 N.ZP 

s=i 
2 

Ph 
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Further support for the idea of intermediate formation of A(Ph,P),RhHCl- 
(L-L’) (A = CO, Ph3P) is found in the reactions of Pt(PPh,), with I-H and V-H 
to give the hydridoplatinum(l1) complexes VII and VIII (Scheme 3). In both 

-,..*e, ::*-ae, 

i-_ - 1 s;_c L 

5; z”f.3;; * ‘i-y - ‘2. ‘../ I. 
\ _‘> 

>=.I 2fi 5 
\ 3 . ‘\I!! s’=c . . . . . ..e2 \..A’ i -2 

s- TT 31 
H -:. 

‘. - , 2. 

?r:l=:m., + ,;’ - 
SzzL A 

2 
=: ‘r> =*,;- 

.z- . ~ ’ 
5 3” 2 

3 s 
\ s.!! 

reactions the reaction mechanism must be rather complicated, because titer the 
initial osidatke addition of the N-H bond, substitution of PPh3 and rearrange- 
ment to S.S-coordination for VII and (P,S) coordination for VIII, must occur, 
as visualised f&r VIII (Scheme -i)_ 

Ph an Ph Ph j , 
HN 

P: (2Ph31b - 
-ZPPh3 H 4 

‘pP”“* - 
. ., .JPhZ -?Ph3 - ‘. ,’ 
Pt 

S’ Ph 3’ 
. i 

l zt 
t- 

NPh 

3 P S 
353 

Ph3=‘- ‘S 

Other esamples of osidative addition of N-H bonds to platinum( 0) anti 
palladium(O) have been reported_ Osidative addition of cyclic imidys such as 
succinimide to Pt(PPh3), gave trans-(Ph,P)zPtH (succinimido) [9]_ However 
with Pd(PPh&, tra~zs-(Ph~P)TPd (succinimido)z was obtained [9]_ Cis- and trurzs- 
(Ph~P)&I(ArlSNNAr)= (M = Pt and Pd) with monodentate triazenido groups 
are formed in the reaction of HN(,Ar)NN_Ar with M(PPh,)., [lO,ll]. These dif- 
ferences demonstrate the subtlety of the factors governing product formation. 
Oxidative addition of N-H bonds to rhodium is less well documented_ The 
reaction of RhCi(PPh3)3 with HN(Ar)NNAr is reported to give (PhxP)RhC1- 
;ArsNNAr)z (ll]_ In our case we did not detect any bis-compleses (Ph,P)RhCl- 
(L-L’)*. 

B_ Spectra and structures of rhodium complexes 

IR spectra 
The assigned chelate frequencies in the IR of CH&l, solutions between 2000 

and 700 cm-’ are shown in Tables 2A and 2B. We assign the intense absorption 
at -1505 cm-’ in Ia, B to v(C-=NMe*). A number of compleses M”[Me,NC(S)- 
NC(S)NMe,], have been reported recently [12] but no IR absorptions were 
given. The chelate absorptions assigned for IIA, B and WA, B are as expected 
for &S-coordinated S,CNMe; 113-151 and S,NPh-coordinated PhNC(S)NMe,- 
113,161. The two chelate absorptions assigned for IVA, B nearly coincide with 

fcontinued on p_ 366) 
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TABLE 3 

CHARACTERISTIC ABSORPTIONS FOR P.S-COORDINATION OF PhzPCS2 
._. _.- __.. _._ - --__ 

conlplrl R&X- Coordi- r’(c--s) U(PCS) ‘*as- L’SGSZ) SI?lr-cIlt 

enee nation (CSZ) 

mode 
-_ _ _ .-- ._ _. - 

(PhjP)2Rh[Ph2PC(S)Sl P.S 1081x5 8~7m CR~CI~ 

(CO)<PhjP)RhiPhtPCC%Sl P.S 1094~s 812x1 Cxi~CI~ 

Ni[PhZPC(S)S]Z I? P.S 1091v.s 830s KBr 

Sln[SC(S)PPh211- EtOIf 18 S.S 981s 891x1~ KBr _ 

KSC(S)PPhZ - dioxanc - 1000\a 853m KBr 
__._ ._.. __ ~. ~. ___. ._. 

ZJ(C=S) and v(PCS=) for P,Scoordinated S2CPPh2- in Ni[ Ph,PC(S)S], [ 1’71. They 
are clearly different from the two absorptions of S,S-coordinated SzCPPh2- in 
hln[SC(S)PPh,] - EtOH assigned as vas(CSz) and vs(CS2) ]lS]. This confirms 

P,S-coordination in WA, B (Tabie 3). 
Analogous to IVA, B we assign in VA, B the absorptions at -1560 and -930 

cm-’ to Y(C=N) and v(PCS) respectively_ In support of our assignment, zz(C=S) 
and v,,(SCS) in Pt(S&S),‘- 142) are close to v(C=S) and v(PCS) in Pt] Ph2PC- 
(S)S]? [17] and the rhodium(I) complexes IVA, B. Similarly v(CS) and v(C=N) 
reported for (Ph3P)ZPt(S,CNPh) [43] are very close to Y(PCS) and zl(C=X) in 
VA. B_ 

The normal coordinate analyses of Ni(S+X)I’- [ 191, Ni(SzC=N-CN)2 [ 201, 
Ni(S&Nhle2), [14] and Pt(S&OMe)2 1211 demonstrate that although the ring 
vibrations v( LCL’) (L and L’ are coordinating atoms) in four-membered unsa- 
turated chelate rings sometimes couple strongly with other vibrations, a strong 

absorption can generally be assigned to a normal mode with v(C=E) or v(C-=E) 
as the main component. (CE is the esocyclic double or partial double bond). 
Changes in v(CE) reflect changes in CE bond order, and are informative about 
honding. Table 2A, B shows that v(CE) for the four-membered rings in II+-VA 
as well as the five-membered ring in VIA and the six-membered ring in Ia, is 
raised by lo-20 cm-’ upon substitution of PhsP by CO and that Y(CE) is more 

sensitive than the other vibrations_ A more pronounced increase in Y(CE) (-30 

cm-‘) is observed for the change in the central metal in IA and IIA. Both shifts 
can be accounted for by the simple valence bond formalism as shown by the 
resonance structures for VA (Fig. 1). Lowering the x-electron density on the 
metal centre (PhSP --f CO) or raising its oxidation state (Rh’, d’ + Pt”, ds) raises 
the relative importance of resonance structure 2. 

In VI-H a strong vibration at 1184 cm-’ has been assigned to Y(P=O) [ 51. The 
decrease in v(P=O) of about 50 cm-’ found in VIA, B indicates coordination via 
the phosphinyl oxygen (O=PPh,). 

=Jh Ph 

PhjP ‘6 0 
?h ,Ph 

kh 
.- \ 
, +C-i?Ph 

Ph3P.0/P, 
- =m 

?h3Ps 5 
C=NPh 

0 
Ph3P’ *S’ 

0 
(1) (2) 

?-is_ I. Rescmance stntct~~es for <Ph~)2RhCPh2PC(S)NPhl WA). 



~(0) in IIB is different from the value of 1920 cm-’ assigned before to the 
same complex by O’Connor [ 11. The values of Y(CO) in IB and IIB are compara- 
ble to those found in (CO)(Ph,P)Rh(S2PR2) (R = OPh, v(C0) = 19SO cm-‘; R = 
Cy, v(C0) = 1972 cm-‘) 1221. 

3'PhrAkfR spectra 
Assignment_ Table 4 summarizes the “Pir’HJ NhIR parameters_ In this table 

the first order parameters are given except where two magnetically inequivalent 
P atoms are tram to each other and in case of VIB where the difference in chem- 
ical shift between both P atoms is very small (for details see footnotes to Table 

4). 
The view that cis-influences on the values of 6 and ‘J(M-P) are smaller than, 

trans-influences is supported by our results [23,24I. In IX and IIA both Ph,P 
groups are equivalent and coupling with ‘03Rh (100% abundance; Z = l/2) 
results in a doublet. The effect of ring size on ‘J(Rh-P) and 6 for IA, 11X and 
IB, IIB is relatively small. 

In the spectrum of Va (Fig_ 2) the Ph,P group and the PhtP group trczm to it 
show a tratzs-coupling ‘J(P,-P,) of 330 Hz_ In VB the trans-coupling 
(‘J(P,-P,) 332 H ) - t-11 b z is s I o served, so in Va CO replaced PhxP trutrs to 
S(P,). The spectrum of (PIi,P)2Rh[Ph,PC(S)S] in CD&l= reveals the presence 
of several species, including IVA, for which the absorptions were assigned by 
comparison with VA. The presence of the other unidentified species probably 

8 I I I 

-40 -30 - 2/O +io P-P-m- 

lip_ 2.3+{1H) h’h¶R spectrum of <PhsP)~RhtPh2PC(S)h’Phl WA) in CD2CI2. 

(cpntinued on p_ 370) 
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I;zP. 3_ 3’P(*If) SJIR q>rctrum of (PhjP)~HhlPh2P(O)C(S)SPhl (VIA) in CD#z. 

explains the low molecular weight observed in CH2C12 (Table I)_ Although the 
chemical shift values of IVB are in good agreement with those of VB the lines 
are broadened and no trans-coupling is observed_ 

VIA (Fig. 3) shows a ‘J( Rh-O-P,) and a 3J(P,-Rh--O-P,) coupling. No 
couplings of this type have been reported before. They are in accord with 
coordination via the 0 atom of the pbospbinyl group. The values of 6 -54-S 
ppm and ‘J(Rh-P) 202 Hz are assigned to PhJP tram to 0, in agreement with 
assignments made for (Ph,P),RhO,CORh(PPh.), [25]_ For this P-atom (P(1)) 
no ‘J( P-Rb-O-P,) is observed. The preservation of ‘J(P,-Rh-O-P,) 
in VIB suggests that in VI-4 P(1) trans to -0 is substituted by CO. 

cis-influence of Ph$’ and CO. For all P atoms coordinated to rhodium(I) an 
upfield shift and a decrease in *J(Rh-P) is observed upon replacement of Ph,P 
by CO: a c&influence_ The magnitude of the changes in 6(A6) and ‘J(Rh-P) 
( AJ) seems almost exclusively dependent on the nature of the trans-atom. For 
(IA, B), (IIA, B) and (VIA, B) with P trans to S A6 - +5.3 ppm and AJ- -19 
Hz are found (Table 4). A6 (t-1.4 ppm) and AJ (-12 Hz) for VA, B suggest the 
difference in cis-influence between Ph3P and CO to be smaller when P is tram 
than when S is trans. If the upfield shift upon replacement of cis-PhsP by CO 
is general the Ph,P group at 6 -46.0 ppm in IIIB must correspond with that at 
6 -55.8 ppm in IIIA. The observed A6 (+9.8 ppm) and AJ (-26 Hz) are clearly 
different from those observed for Ph3P truns to S_ So we conclude that CO 
replaces Ph,P tram to S in IIIA. A value of A6 and AJ for P trans to 0 can be 
obtained by comparing (Ph,P).RhO,CORh(PPh,), 1251 and RhCO(acac)PPh, 
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[26] (A6 t7.6 ppm; AJ -23 Hz). As sho& in Fig_ -I the relation between AS 
and AJ is roughly linear. The non-&elate complexes RhClh(PPh7)2 (A = PPh, 
or CO 1 have been included_ Although there is no obvious interpretation of the 
effect, it can be used in structural assignment, as above. 

trons-Influence on ‘J(Rh-P). On comparing ‘J(Rh-P) within one bis-phos- 
phinc complex (Ph,P),Rh( L-L’) with L + L’ an order of increasing trans-influence 
on ‘J(Rh-P) can be obtained from Table 4: 0 < NPh, S < PPh,. The small dif- 
ferences between IA, B and IIA, B and between RIICI(PP~~)~ and (Ph3P)zRh- 
[Ph,PC(S)NPh] suggest the effect of ring-size and ring-strain to be small, so 
comparison with non-&elate rhodium(I) complexes seems meaningfull. By 
comparing ‘J(Rh-P) in complexes in which only the atom trans to Ph3P has 
been changed, a more complete trans-influence series is obtained: 0, Cl, Br, I 
< NPh, S < CO, PPh2, PPhx. For this series in addition to the values in Table 4 
also the values of *J(Rh-P) in RhX(PPh3)x (X = Cl, Br, I) [2S], Rh(CO)$I(PPh,), 
Rh(CO)(acac)(PPh,) [26] and (PhxP)2Rh02CORh(PPh3)3 [25] have been used. 
The sequence found is in accordance with that for square planar platinum(I1) 
compleses [27]. 

The generally accepted view is that ‘J(M-P) arises almost entirely from the 
Fermi-contact interaction [23,27] and the change in the total MO bond order 
between the s-orbitals on the coupled atoms P’(s,,s,) is mainly responsible for 
the changes in ‘J(M-P) induced by various truns-ligands [ 23,291. Using a loca- 
lised MO description, an increase in P((shIsp) can arise from an increase in the 
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s-character of the metal hybride orbital as well as increasing covalency in the 
M-P o-bond 127,291. Both have been shown to give a stronger bond [ 301, so 
the magnitude of ‘J(Rh-P) can be used as a measure of the strength of the 
Rh-P bond. In IIIA the equal value of ‘J(Rh-P) for P bans to S and 
KPh probably indicates a very similar demand for the Rh hybride o-orbital by 
both donor atoms. 

Chemical shift ‘J(Rh-P) for PPh,. The PPhl group in IV and V-H undergoes 
a remarkable upfield shift upon coordination (Table 4)_ Generally in akyl- and 
aryl-phosphine-rhodium(I) and -rhodium( III) compleses a downfield coor- 
dination shift is observed [23, 31]_ The upfield coordination shift in the four- 
membered Rh-P-C-S ring is probably related to the effect reported recently 
by Garrou (321, who showed that a P atom in a four-membered chelate ring is 
shifted upfield (+12 to +80 ppm, positive ring contribution) reiative to a com- 
parable P-atom not incorporated into a four-membered ring_ 

The ring-strain in IVA and VA, as evidenced by the crystal structure of Ni- 
(Cy,PC(S)Sj2 [ 34,351, results in a considerable smaller value of ‘J(Rh-P) for 
PPh= then for PPh, trans to it_ A similar lowering of ‘J(M--P) is found in the 
four-membered rings in trans-PtCl[P(t-Bu),Ph](OC,H,P(t-Bu),l 1321 and cis- 
Pt(Ph)z(PhzPCHzPPh2) [ 33]_ 

C. Spectra and structures of the platinum(H) complexes 
Table 5 summarizes the IR and ‘H NMR parameters obtained for VII and VIII 

The values of v(Pt-H), T(Pt-H) and ‘J(Pt-H) of VIII are in accord with those 
observed for trans-(PhsP)tPtH( SChH;IY) [ 36 ] (Y = a para-substituent) and trans- 
(PhsP)&(H)[SC(0)CH~~ [371_ For H trans to PPh, in VIII both v(Pt-H) and 
‘J(Pt-H) are expected to be lower because of the higher tmns-influence of 
PhxP compared to S [27& In VII and VIII the assigned chelate absorptions in 
the IR are virtually the same as in the rhodium(I) complexes. 

TXRLE 5 

SPECTRAL PARAMETERS OF THE Pt(II) COMPLEXES 

I.R. frequencies in IXZI-~. b in ppm rrL to TMS. J in Hz. 
-_ ~. -.--~ - -_ ___. 
CotIlplCC No. IR 

Assignment CSJ CH2C12 

___----I 

IH NMR CCD+&) 

T(Pt-H) ‘J(Pt-H) 
<PRd c=a 

H. .5 -pue2 v<Pt-H) 2142m 2110(br) +20_7 1081 a 
Pt 

?TIJP. ‘s AZM, 
VII 6Wt--H) 83Sm 825<br) 

u(CzNMe2) 1511vs 1518~s 
2 

Ph2 
vtP:-H> 2106s PlOO(br) +20-o 1152 b 

:Y ,P VIII F&%-H) 789rn = 

‘Pt )xF?l v(C=N) 1564vr 1568~ 
Php’ ‘5 v<Pcs) 927m 930m 

= 2J(P-H),i, 19 Hz. ’ *J(P-H)et not observed due to line-biarrdening. c Not observed. 
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D. Comparison of structures 
For the complexes IA-VA, on reaction with CO, substitution of PPh, tram 

to S takes place, whereas in VIA Ph sP trans to 0 is substituted_ The very fast 
replacement of Ph3P by CO in (Ph3P)2Rh(L-L’) and the observation of only one 
isomer for all complexes (CO)(Ph3P)Rh(L-L’) suggests the isomers found to be 
the thermodynamically most stable_ In IIIB, IVB, VB as weli as RhCl(CO)- 
(PPh&, where CO can choose between two different h-ans-atoms, the configu- 
ration with the least steric hindrance and with the atom or group with the low- 
est trans-influence (as determined from ‘J(Rh-P)) in the trans-position is ob- 
tained_ In VIB, in which no bulky substituent is present on one of the donor 
atoms (L,L’), CO is also found tram to the donor atom with the lowest trans- 
influence_ So generally the configuration found is that in which the strongest 
o-bond between rhodium(I) and CO can be formed. In IIIB where the trans-in- 
fluences of both donor atoms (NPh,S) are comparable, minimalisation of steric 
hindrance could be decisive for the position of CO. 

In VILI the configuration with the lowest steric hindrance and H tram to the 
atom with the lowest trans-influence is again found_ The observed trans-position 
of both P-atoms is the same as in trans-(PllxP)2PtH(A), which results from osi- 
dative addition of the weak acid HA to Pt( PPh,), (n = 3,4) [ 36-38,401. 

In VI&B no S,NPh-coordination is observed as in IDA, B, and there is an 
unusual coordination via the oxygen of a phosphine oxide group stabilised by 
the chelate effect. The only well characterised RsPO comples of rhodium(I) 
reported previously was cis-RhC1(CO)2(OPCy,) f39]_ 
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