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The stereochemistry of the insertion product of acetylenes with platinum 
hydrides depends on (1) the electron-withdrawing capabilities of the substituents 
on the acetylene, (2) the nucleophilicities of the solvent and/or anion present, 
and (3) the reaction temperature. These observations further substantiate our 
proposed mechanism involving the collapse of a 4-coordinate intermediate, 
cis-HPt(PEt,)z (acetylene)+, to 3-coordinate Pt(PEtJ)2 (vinyl)+. 

Recently it has been demonstrated that insertions of olefins and acetylenes 
into Pt-H and Pt-alkyl bonds are facilitated by the ready displacement of an 
original ligand by the substrate [l-5]. Kinetic studies have provided evidence that 
such reactions proceed via a 4-coordinate cationic intermediate, transHPt(PEts)2- 
(Un)‘, (e.g. Un = ethylene [6], methyl acrylate [7]), subsequent rearrangement 
of which yields the insertion product. It has also been suggested [7] that this re- 
arrangement probably involves a h-arts --c cis isomerization followed by migratory 
insertion ieading to a 3-coordinate, 14electron intermediate, Pt(PEt+ )z (alkyl)+. 
We now wish to communicate the results of a stereochemical study on the inser- 
tion of acetylenes into the Pt-H bond (eqn.1). 

tmns-HPt(PEtp )*X + R, C=CR, -+ 
Et3 P, 

,Pt 
*z2 

X ‘PEtS 
or 

PEts 
\IJt -H 

PEt/ ‘X 

(X = Cl, NOB, solvents (as PFB salts)) 

(1) 
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Ptl’ complexes are particuiarly suited to such stereochemical studies since 
the geometry of the resulting alkeoyl complexes can readily be assigned from the 
various coupling constants iu their I I-l N’MR spectra. Thus, a cis or tmns disposi- 
tion of Pt and H in the alkenyl group is determinable from the magnitude of the 
3J(PtH) value [8-lo]; the arrangement of the phosphine ligands is also apparent 
&om ‘J(PH), typically ‘JPH) being ca. 1.54 Hz for a truns complex [lo, 111 
and ca. 10 Hz for the cis 191. Additional information can also be obtained from 
the relative intensities of the PCH2mquintet signals [12-141, and in favorable 
cases from the couplings of I% and P with the R, group. 

in all of the cases studied (Table l), the alkenyl group has a cis disposition 
of Pt and H. The gross geometry about platinum, however, depends on several 
factors. Inspection of Table 1 shows that the formation of a cis isomer at 
platinum is favored by: 

(1) Electron-withdrawing substituents in the acetylene substrate. 
(2) The use of a coordinating solvent as reaction medium for cationic Pt 

complexes (X = solvent) and a non-polar solvent for neutral complexes (X = Cl, 
NOsb 

TABLE 1 

STEREOCHEMlSTRY OF THE REACTION HPt(PEt,),X + R,C=CR, - Pt(PEt,),(R,C=CHR,)X = AT 
ROOM TEMPEIL4TURE 

RI Rz X Solve0 t Gross ‘H NMR of vmyl proton ’ 
geometry 6 ‘J(PtH) ‘J(PH) OtberS 

w 
Pb 

Pb 

Pb NO, MeOH 
F% Cl- MeOR 
Pb cl- PdeOH 

CF, NO, MeOH 

CF, Cl- MeOR 
CF, NO; belxos.le 

6.6-l Lb 91.5 

6.75tb 90.0 
6.92tb 98.2 

5 85tqt 102.0 
5.97qt 98.5 

CH, COOCH, MeOD 

CEL, COOCH, NO, 

=a COOCH, Cl- 

=a, COOCH, NO; 

-5 C F, NO; 

C F, CF, cl- 
COOCA, COOCH, NO, 
COOCA, COOCH, Cl- 
coocH, COOCH, Cl- 
COOCE, COOCR, Cl- 
COOCH, COOCA, ace tone 
COOCH , COOCH, acetose 
cooca, COOCA, aCf!toDc 

COOCH, COOCE, acetone 

MeOD 
MeOH 
b!eOH 
benzene 
MeOH 
MeOH 
&¶+OH 
MeOA 
CHCI, 
benzene 
benzene 
toluene 
CDCI, 
acetone 

6 36tdq = -18.5 
5.90tb 95.0 
6.18t4 88.0 
6.22tdq 43.7 
6.42td9 = 38.5 
6.24tqu 56.6 
5.99tqu 61.8 
6.18t.d 55.6 
6.07l.d 60.5 

COOCE, CDOCH, MeOA MeOH 

5.80tb d 110 
5.88tb d 110 
6.73tbd 108 
5.83tb’ 110 
5.92td d 54 
6.03&l f 55 

COOCH, COOCH, MeOH DMSO cis 6.1Otd = 56 

1.2 ‘J( HF) 9.6 
1.2 ‘J<FTF) 9.8 

106 

10.6 
10.0 
9.5 
9.8 

10.0 
10.0 

‘J(HF) 9.1 

‘J&H) 1.2 
‘J(HH) 1.6 
l J(AR) 1.6 
‘J(KF) 9.5 
‘d(HF) 9.8 

10 
10 
10 

= w me-w ~~pc,- bare been uolated and CMPCUY aaalvsed. unless othenuise stated b Spectra 
were mmded on HA 100 in CDCI, unless 0th envise slated Chemical shifts (6) are in pr.m~ downfield from 
TMS and cmphg WJ~~IIQ (r) are givlcn m Eiz. Multmlic~t~: d = doublet. t = ImpleL a = quartet. qu = 

quintet. b = broad_ = Not isolated. benzme soh~tion. d As PF, salts Recorded on a T60 spectrometer h 
&e mt me~~mmxJ_ b&ble aa the chloro complex (&onS bomn: 6(vinYl A) = 5.96tt ‘J(m) = 
1022 Hz. ‘J(PEJ = 1.6 Hz). 
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(3) The presence of a more strongly coordinating anion e.g. for RI = CHI, 

R2 = COOCH3, the cis product is obtained for X = Cl but the tram isomer when 
X = N09, MeOD (PF6- as anion). 

The formation of a cis or bans isomer as the final product is also dependent 
on the reaction temperature. In reaction 1 (R, = Rz = COOCH3, X = solvent), 
carried out in MeOH or DMSO, the cis isomer is produced at room temperature. 
However, conversion to the h-ans form is complete at 50°C (1 h) in MeOH, but in 
DMSO requires 90°C (2 h). On the other hand, the same reaction in acetone/ 
toluene (l/10) which yields the trans isomer at room temperature has the cis 
isomer as its major product at --40°C. Similarly, traces of a cis product (R, = CH3, 
& = Ph, X = acetone) are al_% detected in reaction 1 when carried out at -10°C 
in acetone; subsequent isomerization to the truns form proceeds rapidly on 
raising the temperature. 

SCHEME 1 

H P H P 

‘Pt’ + X 
P’ ‘x 

+Ac* 
Lptt/ 

P’ ‘Ac 

H P H 
YR++/ 

P’ ‘Ac P’ L AC 

(1) map (II) cfs 

P H P 

‘Pi’ = .pt+ H +x p\ P/X 
P’ ‘Ac p/ w - PA -n 

- 
R, ‘32 R-R I 2 

(11) UlI) 

11 
cl-5 

P- 
R .PL* 

P 
‘PL/ 

X 

H .PY=4Lp RI RI 
I 

R2 R, 

(IV) frons 

(X = anion or solvent. P = PEL,) 

It is therefore apparent that the trans isomer is thermodynamicaily more 
stable. The formation of the less stable c& product, and the conditions under 
which it is formed provide strong support for the previously proposed mechanism 
(Scheme 1) which suggests that a trans to cis isomerization of I occurs prior to 
insertion. Subsequent rearrangement of iI yields a 14 electron 3-coordinate inter- 
mediate III. Nucleophilic attack of HI before or after its isomerization to IV 
leads to the formation of a cis or trans alkenyl complex respectively. The forma- 
tion of a cis or trans product therefore depends on the relative rates of the 
isomerization of HI and its recombination with X. The presence of electron with- 
drawing RI and RZ groups in the alkenyl ligand renders III more susceptible to 
nucieophilic attack and hence favors the formation of a cis complex. Similarly, 
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the presence of stronger nucleophiles (Cl- > NO,, DMSO > MeOH > acetone > 
CHCIJ - toluene - benzene) leads to more rapid reaction of III with X and re- 
duces the probability of its isomerisation to IV. Lower reaction temperatures 
ako inhibit this isomerization, accounting for the preferential formation of the 
ck isomer at lower temperatures. This inhibition of isomer-k&ion by coordinating 
Iigands is similar to that observed in the cis 4 trans isomerization of Pt(PEt3)2- 
(o-tOlyl)CI [ 151, in which case the effect of Cl- on the isomerization is also 
esplained in terms of the involvement of ‘cis’ and ‘tran~’ 3-coordinate inter- 
mediates. 

Hence the above results provide evidence that in the reaction of acetylenes 
with platinum hydrides having labile leaving groups X, insertion p:oceeds via (1) 
the formation of tratzs-HPt(PE&), (acetylene)+, (2) its tmns to cis isomerization, 
(3) a collapse to 3-coordinate, 14 electron intermediate, Pt(PEt3)2(vinyI)+, (4) a 
possible isomerization of this intermediate, and (5) a final recombination with X. 

The continued financial support of the National Research Council of 
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