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Summary 

The acetylene complex (-)-(N,N-bis(diphenylphosphino)-l-phenethylamine) 
(hexafluorobut-2-yne)platinum(O) has been prepared, and its structure deter- 
mined by X-ray analysis. Crystals are monoclinic, space group P21, with a cell 
of dimensions a = 11.177(2), b = 15.690(3), c = 19.655(4) A and 13 = 94.46(l)“. 
Intensity data collected on an automated four-circle diffractometer was used 
for full-matrix least-squares refinement on F, which converged at R = 0.059, 
5851 observations. There are two molecules in the asymmetric unit. The coor- 
dination at the.Pt atoms is essentially planar, and the C--C, bond distances are 
1.26(2) and 1.25(Z) A. The deviations from linearity of the alkyne ligand upon 
coordination are 38(2)” and 46(2)” in one molecule, while values of 40(2)” and 
39(2)” are found in the other. IR, lgF N&fR and 31P NMR spectra are reported 
and discussed for this species and for the series of hexafluorobut-2-yne com- 
plexes of general formula ML*-(acetylene) which we have studied by X-ray 
techniques_ 

Introduction 

We have recently reported the results of our investigations into how steric 
[1] and electronic [Z] factors affect the activation of an alkyne ligand. In these 
studies the magnitude of the deviation from linearity of the alkyne ligand 
(bend-back angle) was determined for several complexes of the type ML*- 
(F&CZCCF& where M is Pt or Pd, and L is a phosphine or amine ligand. It 
was found that values significantly larger than-the ‘normal’ value of 40” 133 

* For part IX see ref. 2. 
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result when triphenylphosphine is replaced by ligands of greater steric bulk, 
such as tricyclohexylphosphine 143 _ In order to determine whether a smaller 
bend-back angle results when the steric bulk of the phosphine ligand is reduced, 
we undertook the synthesis and structural determination of the complex 
(-)-(N,N-bis(diphenylphosphino)-l-phenethylamine)(hexafluorobut-2-yne)- 
platinum(O), 1. We thought that the chiral aminophosphine ligand 2 [5], which 
forms a four-membered chelate ring upon coordination, would have very little 
steric effect upon the alkyne ligand. We now report the results of the X-ray 
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= P(C6H5)r 
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CH3 

study, together with some spectroscopic data obtained for the complex 1. 
Our earlier studies had led us to conclude that diffraction techniques were a 

relatively insensitive method for detecting small differences in CZC and M- C 
bond lengths in a series of these compounds_ We therefore routinely recorded 
the infrared spectra, and the 13C, “F and 31P nuclear magnetic resonance spec- 
tra of the ML1(RCZR’) complexes. In the final paper of this series the spec- 
tral data are presented, correlated with the structural parameters, and discussed 
for the complexes where M = Pt, R, R’ = CF3, and L = PPh,, PCyPhz , PCy,Ph, 
PCyS, and AsPh3 ; M = Pt, L = PPh3, and R = Ph, R’ = Ph, Me and CCO,Et; and 
M=Pd,R,R’=CF3,andL=PCy3. 

Experimental 

Infrared spectra were recorded on a Perk&Elmer 621 spectrometer, as Nujol 
mulls on NaCl plates. “F and 31P nuclear magnetic resonance spectra were ob- 
tained using a Varian XL-100 spectrometer operating at 94.1 MHz and 40.5 
MHz, respectively, with ‘spectra’ grade dichloromethane as the solvent. “F 
chemical shifts are given in parts per million downfield from the internal refer- 
ence CFC13 _ 31P chemical shifts are reported in parts per million downfield from 
the external reference PO(OCH,),. Microanalyses were performed by Spang Inc., 
Ann Arbor, Michigan. All reactions were carried out under a dry nitrogen atmo- 
sphere employing standard inert atmosphere techniques. 

Preparation of Pt ( (--)-(MePhHC)N(PPh & ) (F3CCSXTF3 ) 
(-)-(MePhHC)N(PPh,),, 2 [5], (1.3 g) was added to a toluene solution of 

Pt(CaH& [6] (1 g), and hexafluorobut-2-yne (3 g) was bubbled in slowly. 
After stirring for 12 h the solvent was removed on a rotary evaporator. Addi- 
tion of dichloromethane (15 ml) and methanol (150 ml), followed by cooling, 
gave a white crystalline precipitate. Yield 1.5 g, m-p. 174--176°C (decomp.) 
Anal- Found: C, 51.07, H, 3.43. C&d. for C36H29FSNP2Pt: C, 51.07; H, 3.45%. 
Mol. wt. by osmometry in benzene 813 g mol-I; Required, 846.67 g mol-‘. 
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Preparation of Pt(PCy,),(F3 CCXCF,) 
PCy, (4.0 g), obtained by decomposing PCy, - CS1 in toluene, was added to a 

toluene solution of Pt(1,5-C&H& (1 g), and hexafluorobut-2-yne (3 g) was 
bubbled in slowly. After stirring for 12 h the solvent was removed on a rotary 
evaporator_ Addition of CC1,H2 (15 ml) and CHSOH (150 ml), followed by cool- 
ing, resulted in a white crystalline precipitate. Yield 2.0 g (22%). The infrared 
spectrum was identical to that of an authentic sample [4] _ 

Preparation of (PPh,),Pt(PhCxCo,Et) 
Pt(PPh3)4 (0.5 g) and ethylphenylpropiolate (0.3 ml) were stied in dichloro- 

methane (30 ml) for 35 min. The solvent was removed by a rotary evaporator, 
and the resulting yellow oil was washed with 2 X 20 ml portions of 60--80 
petroleum ether. The residue was dissolved in dichloromethane (10 ml) and 
passed through a Florisil column. Addition of methanol (40 ml), followed by 
cooling, resulted in a pale yellow solid. Yield 0.25 g (70%). M.p. 162-164°C 
(decomp.). Anal. Found: C, 63.15; H, 4.56. Calcd. for CG7H,,-,02P,Pt: C, 63.15; 
H, 4.51%. 

The following compounds were prepared by published methods: Pt(PPh& 
(F,CC=CCF3) [?I; Pt(PCyPhz),(F,CC=CCF3) Cl]; Pt(PCylPh)z(F3CC=CCF3) 
[l]; Pd(PCy&(F&C=CCF3) [S]; Pt(AsPh,),(F,CC=CCF,) [7]; Pt(PPh&- 
(PhCXPh) 191; Pt(PPh,),(PhCsMe) [9]. 

Structure determination 
Colourless, transparent crystals of the chiral diphosphine complex 1 were 

obtained by recrystallization from dichloromethane/methanol mixtures. The 
systematic absences observed, Oh0 for k odd, and the requirement of an 
acentric space group for an optically active molecule, determined the space 
group to be P2i, C$, No. 4 [lo]. The density, 1.66(l) g cmm3, was measured by 
the flotation method; the calculated density is 1.639 g cmm3, assuming 2 = 4. 
Thus there are two formula units in the asymmetric unit. Crystal data are given 
in Table 1. 

The crystal chosen for data collection was mounted on a Picker FACS-1 dif- 
fractometer with [OlO] approximately 10” from coincidence with the diffrac- 
tometer + axis. The measurement of five standard reflections over the course of 
data collection and an examination of w-scans for several intense, low-angle 
reflections before and after data collection, showed no significant degradation 
of crystal quality had occurred. Details of the parameters associated with data 
collection are presented in Table 2. 

After data collection was complete, the crystal was measured for an absorp- 
tion correction. Eight faces were identified as the forms (lO_O}, { OOl),_and 
(Oil), and two broken faces were assigned Miller Indices (140) and (123). The 
recorded intensities were corrected for monochromator polarization, back- 
ground, Lorentz and polarization effects, and a standard deviation o(l) 
assigned to each intensity (I), such that (~(0”) = C + l/4 (t&b)* - (bl + bh) + 
(PI)*, when C = total counts measured in time tc, bl and bh are background 
counts each measured in time tb. p was chosen as 0.03. A total of 6790 reflec- 
tions was measured. Bijvoet pairs hll and hiE for 0 < 28 < 30” were recorded 
to confirm fll] the absolute configuration of 2 [12]. There were 4727 unique 
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TABLE 1 

CRYSTAL DATA 

‘h+zgF6NPzPt F-w. 846.67 

Crystal system MonocIhlic 

Systematic absences 

Space group 

Cell constants 

Cell volume 

Density measuredby 
flotation in CC14 and 
CHzB,CHZBr 

Ok0 fork odd 

pa1 

o= 11_177<2)A 

b = 15.690(3) _% 
c = 19.655(4) A 
p = 94_4fi<1y 

3436.5 x3 

Density (observed) 

Density (calculated) 

z 

P 

1.66(l) a cm_3 

1.639 g cm-3 

4 

40.5 cm-I for MO-K, 

data with I > 3a(I) which were used in the solution and preliminary refinement 
of the structure. 

Structrcre solution and refinement 
The positional parameters for the two Pt atoms were determined from’s 

three-dimensional Patterson synthesis_ The origin was defined by Pt(1) at y = 
l/4. A seri& of Fourier syntheses and least-squares refinements revealed the 
positions of the remaining 90 non-hydrogen atoms. The absolute configuration 
of the (Y-C atom of the phenethylamine fragment of the phosphine ligands is 
known to be S [ 121, and this enabled the choice of the correct hand for the 

TABLE 2 

EXPERIMENTAL CONDITIONS ASSOCIATED WITH DATA COLLECTION 

Radiation MO-Ka. graphite monochromatized 

wzwe1enath Y*&) 0.70926 

Temperature (” C) 18 

Approximate crystal dimensions (cm) 0.013 X 0.026 X 0.006 

Mean o-scan width at l/2 height 0.072- 

No. and 2B range of centered reflections 30.20 < 26 < 27O 

Scan range and speed 1.10” corrected for dispersion. at lo per mie Scan ranae was 
increased to 1.20° for20 > 30° 

Data collected 

Background count time 

Standards 

hhl and i;l;l. for 0 < 28 < 55O 

10 s stationary crystal, stationary counter at limits of scan. 
increasedto 20sfor20 >40° 

200.020, 2OO.lil. 002 recorded every 250 reflections 
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model from the beginning. Ri@d group constraints were imposed upon the- ten 
phenyl rings, Dsh , C-C 1.392 A 1131. 

The data were corrected for absorption effects using the Gaussian method 
with 6 X 8 X 4 grid [ 14]_ Transmission coefficients varied from 0.222 to 0.405. 
The structure was refined by full-matrix least-squares techniques on F. Scatter- 
ing factors for neutral non-hydrogen atoms were taken from Volume IV [lo], 
while those for H were from Stewart et al. [ 151. The real and imaginary correc- 
tions for anomalous dispersion of Cromer and Liberman 1163 were included 
for the Pt and P atoms. 

.A correlation between the thermal parameters of the Pt atoms was noted in 
the least-squares refinements during the solution of the structure. Therefore, in 
the initial stages of full matrix least-squares refinement of the complete struc- 
ture the thermal parameters for aII atoms were restricted to partial shifts. One 
cycle of refinement varying positional and anisotropic thermal parameters for 
the Pt and P atoms, positional parameters for the remaining non-group atoms, 
and a group origin, three orientation angles and individual isotropic thermal 
parameters for each group gave agreement factors RI = C IlFol - Fcll/ZlFol = 
0.062 and R, = (X w(IFoI - I&/)* /C ZUFO*)~‘* = 0.069. The function minimized 
was C W(fFoi - lFcl)*, and the weight w is given by 4Fo*/a’(Fo’). In subse- 
quent refinement anisotropic thermal parameters were assigned to firstly the F 
atolms, then to the N atoms and iastly to the non-group C atoms. Refinement 
proceeded slowly, and some oscillation of parameters was observed_ The restric- 
tion on the shifts of the thermal parameters was removed, and the 58 H atoms 
were located in regions of positive electron density in a difference Fourier syn- 
thesis. Electron densities for these atoms ranged from 0.7(l) to 0.2(l) e Am3_ 
The contribution from the H atoms was included in the calculations of Fe. Two 
cycles of refinement resulted in agreement factors R 1 = 0.0398 and R2 = 0.0397. 
An examination of the Bijvoet pairs (k = 21) confirmed the choice of hand. The 
refinement of 408 variables, with 5851 observations (I> o(l)), converged at 
residuals R l = 0.0587 and Rz = 0.0480. 

In the final cycle the largest shift was 0.165 esd. A statistical analysis of R, 
over various ranges of IFol , A-’ sin 0 and diffractometer setting angles x and Cp 

TABLE4 

RIGIDGROUPPARAMETERS 

Group 

Ph-2 

Ph-3 
Ph-4 
Ph-5 
Ph-6 
Ph-7 
Ph-8 
Ph-9 
Ph-10 
Ph-11 

0.8234C6) 

O-7208(7) 
0.7220(6) 
O-2893(5) 
0.2598(6) 
O-2381(6) 

-O-2493(6) 
-fI.3609(6) 
O-1984(6) 

0.1480<6) 

O-2394(6) 

0.0954(6) 
O-3966(6) 

0.1919(5) 
O-4905(5) 

-0_2087<5) 
-O-3589(5) 
-U.O636<5) 
-O-2375(5) 
O-0720(5) 

=g 6 

0.7116(4) 0.939(8) 
O-5559(3) O-522(7) 
O-4553(4) 2.440(9) 
O-7256(4) -O.469(9) 
O-6176(3) -2.671(7) 

-0.2090<3) 1.170<6) 
-0.1340<3) -O-236(6) 
-O-2223(4) -2.266(g) 
0.0306(4) O-789(8) 

-0.0485<3) 2.665<6) 

E 

2.877(7) 
3.066(S) 

-2.551(g) 
2.280(6) 
3.060(8) 

-2.971(6) 
-3.053(7) 
-2.453(6) 
2.653(7) 

-3.136(7) 

11 

--O-223(8) 
-0.017<7) 
-2.201(9) 
2.141(S) 

O.OOO(7) 
-2.834(7) 
3.066(6) 
2.026(g) 
l-294(8) 
3.042(7) 

ax g.~gandzgarethe fractionalcoordinatesofthegroup origin:6.~andr]<adians) are the group orienta- 

tionangles (131. 
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showed no abnormal trends. Secondary extinction effects could be ignored. 
The error in an observation of unit weight is 1.27 electrons. The highest peak in 
a difference Fourier synthesis is of electron density 1.34(S) e Ai-” at fractional 
coordinates (0.332,0.153, 0.477) and is of no chemical significance_ 

Final positional and thermal parameters for non-H atoms are given in Table 
3, rigid group parameters in Table 4, and derived group atom parameters in 
Table 5_ H atom parameters and structure amplitudes as 1OlFoi and lO]Fc[, in 

electrons, have been deposited*. 

Description of the structure 

Principal bond distances and bond angles are presented in Table 6, and some 
weighted least-squares planes are given in Table 7. The inner coordination 
spheres of the Pt atoms, together with the atom labeling scheme and some 
bond distances and angles, are shown in Figs. 1 and 2. Stereoviews of molecules 
A and B are presented in Figs. 3 and 4, respectively, and a stereoview of the 
unit cell is given in Fig. 5. The atoms N(l), C(5), C(6), and C(21) through 
C(26) are the phenethylamine fragment of the phosphine ligand in molecule A. 
Atom N(1) is bonded to atoms P(l), P(2), and C(5)_ Atom C(5) is bonded to 
the methyl group C atom C(6), and to phenyl group C(21) to C(26). Likewise 
the phenethylamine fragment of the phosphine ligand in molecule B is num- 
bered N(2j, C(ll), C(l2), and C(71) through C(76)_ The structure consists of 
discrete molecular units, for the closest intermolecular distance of approach is 
2.43 A .between hydrogen atoms HlC(6) and HlC(84) in the equivalent posi- 
tion(l-X,1--,1---z). 

The coordination about the Pt atoms is essentially planar. The dihedrai 
angles between the planes containing the PtP2 moieties, and those containing 
the Pt atoms and the acetylenic C atoms are 4.0(11) and 3-l(6)“, for molecules 
A and B respectively_ While the Pt-P bond distances in molecule A, 2.245(4) 
and 2.260(4) a, are statistically equivalent, the bond distances in molecule B, 
2.236(4) and 2.267(3) _a, are significantly different (6.2~). No chemical signif- 
icance is assigned to this difference. The mean Pt-P bond distance is 2.254(2) 
A. The P atoms subtend angles of 71.3(l) and 70.7(l)” at the Pt atoms. The 
mean Pt-C bond length, where C is an acetylenic C atom, is 2.009(8) A. This 
bond distance is comparable to those observed in analogous structures [2]. The 
C(2)-Pt(l)--C(3) angle is 36_4(6)” and the C(8)-Pt(2)<(9) angle is 36.2(6)“. 

The molecular dimensions of the N_,N-bis(diphenylphosphino)-l-phenethyl- 
amine ligands 2 are similar to those observed for the IV,N-bis(diphenylpbos- 
phino)ethylamine ligand .[ 171. The bond angles around the P atoms indicate 
that they adopt a greatly distorted tetrahedral geometry. A mean P-C distance 
of 1_815(4) A - IS comparable to values observed in previous structures [2]. The 
two P, the N, and the or-C atom of each phosphine ligand are essentially copla- 
nar (see Table 7). The plane calculated using these atoms makes an angle of 

* See NAPS Document No. 03857 for 17 pages of supplementary material. Order from NAPS. c/o 
Microfiche Publications. P-0. Box 3513. Grand Central Station. New York. N-Y. 10017. Remit in 
advance. in U.S. funds only. $5.00 for photocopies or 53.00 for microfiche. Outside the U.S. and 
Canada add postage of $3 for photocopy and $1 for microfiche. 



TABLE6 

SELECTEDBONDDISTANCESANDANGLES 

lMoIecule A Molecule B 

Bond Distance(&) Bond Distance<_&) 

I%(l)--P(l) 
Pt(l)-P(2) 

Pt(l)--c(2) 
PWl)--c(3) 

'.X2)--c(3) 
C(l)--c(2) 

C(3)<(4) 
C(5)-N(1) 

C(5)+(6) 
c(5)-c(21) 
P(l)-N(1) 
P(2)-N(1) 

Atoms 

c(i)--c(2)-c(3) 
C(3)-c(2)-Pt(l) 
C(1)-c<2)-Pt(l) 

c(2)-c(3)--a4) 
C(2)-c<3)-Pt(l) 

C(4)-c(3)-Pt(l) 

P(l)-N(l)-P(2) 

P(l)-N(l)--c(5) 
P(2)-~(i)--c(5) 

N(l)-a5)--C(6) 
N<l)-G(5)-C(Zl) 

C(6)--C(5)--c(21) 

Pt(l)-P(l)-N(1) 
Pt<l)-P(2)-N(1) 
C(5)-C(21)-C<26) 
C(5)-c(21)--c(22) 

2_260<4) 
2.245(4) 

2.019(x3) 
2.014(15) 

X26(2) 
l-49(2) 
lSl(2) 
l-51(2) 
l-51(2) 
X52(2) 
l.ilO(12) 
l-727(11) 

Angle (deg) 

71.3(l) 
127.8(4) 
124_5<5) 

36.4(6) 

134(2) 

71(l) 
153(l) 
142<2) 
7x1) 

143(2) 

99.6(6) 
130.8(S) 
129.4(S) 

113(l) 
112(l) 
110(l) 

94.5<4) 
94.6(4) 

119.4(10) 
120.3(10) 

CW--c(9) 
C(7)-Jw3) 
C(9)-c(lO) 
C(ll)-N(2) 
c(ll)-c(12) 

c(ll)--c(7l) 
P(3)-N(2) 
P(4)-N(2) 

2.236(4) 
2.267(3) 
1.977(15) 
2.034(16) 

1.25<2) 
1.50(2) 

l-49(3) 
l-49(2) 
l-51(2) 
1.53(2) 
1.71600) 
1.697(11) 

Atoms 

P<3)-Pt(2)-P<4) 
P(3)-Pt(2)-C(8) 
P(4)-Pt(2)-c(9) 
C(8)--Pt<2)-C(9) 

C(7)--aS)-a9) 
C(9)-C(S)-Pt(2) 
C(T)--c(8)-Pt(2) 

C(S)-C(9)--C(lb) 
C<8)-C(9)-Pt(2) 

C(10)-c(9)-Pt(2) 

P(3)-N(2)-P(4) 
P(3)-N(2)-C(ll) 
P(4)-N(2)--c(ll) 

N(2)-C(ll)--C(12) 
N(2)-C(ll)-C(71) 
C(12)-C(ll)-C(71) 

Pt(2)-P(3)-N(2) 
Pt(2)-P(4)-N(2) 
C(ll)-C(71)-C(72) 
C(ll)-C(7l)-C(76) 

Angle(deg) 

70.7(l) 

124.5(5) 
128.5(5) 

36.2(6) 

140(2) 

74(l) 
145(2) 

141(2) 

69(l) 
149(l) 

99.5(6) 
122.9(9) 
135.5(S) 

113(l) 
114(l) 
112(l) 

94.0(4) 
94.4(4) 

120.2(S) 
119.8(S) 

TABLE7 

WEIGHTEDLEAST-SQUARESPLANES 

Atom Displacement<& Atom Displacement(~) 

Plane 1. -0.307x- 14.380~ + 7.862~ =0.222 

Wl) 0.0000(2) C(2) 0.041(18) 

P(l) -6.003(5) C(3) -0.047<16) 

P(2) -0.000(5) 

Plane 2. 1.690x- 14.467~ -c 6.750.~ = 1.271 

Pt(2) 0.0005(9) C(8) -0.057<17) 

P(3) -0.009(5) C(9) -0.096(16) 

P(4) -0.009(5) 

Plane 3. -0.034x-14.163~ -c 6.4372 =0.741 

P(l) -0.001(4) N(1) O-033(13) 

P(2) -0.001<5) C(5) -0.019(15) 

Plane 4. 2.923x- 14.874y + 3.154r = 1.493 

P(3) -0.002(5) N(2) O-095(5) 
P(4) -0.007<5) all) --6_080(16) 
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Fig. 1. An ORTEP illustration of the inner coordination sphere of molecule A. with thermal ellipsoids 
drawn at 50% probability. 

2.4” to the coordination plane in molecule A, and one of 12-O” in molecule B. 
The major difference between the two molecules, in the crystal structure, is the 
position of the methyl grou 

fI 
in the aminophosphine ligand. In molecule A the 

methyl atom C(6) is 0.234 from the plane of the aminophosphine ligand, 
while in molecule B C(12) is 1.524 13, from the analogous plane. Thus two dif- 
ferent conformers of the complex have crystallized in the asymmetric unit. 

(Continued on p. 266) 

Fig_ 2. An ORTEP illustration of the inxter coordinati& sphere of molecule 3, with. them& altipmids 
drawn at 50% probability. 



Fig. 3. A stereoview of molecule A. 

Fig. 4_ A stereoview of molecule B. 
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Fig. 5. A stereoview of the unit cell. The a ads - from left to right, with c verticd 
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Related to this is the fact that in molecule A the plane of phenyl ring 2 is 
almost parallel (an angle of 15.3”) to the plane of ring 3, with the atoms C(31) 
through C(36) being 3.1 to 3.8 8, f rom the plane of ring 2. No such interaction 
exists in molecule B. The bond angles subtended at the N atoms indicate that 
tb.e atoms may be considered as sp* hybridized. The mean P-N bond len h, 
1.713(5) A, is less than the sum of the covalent radii of the atoms (1.81 f ), 
which may reflect the presence of some multiple bonding. There are no other 
deviations from the expected geometries of the ligands [ 171. The absolute 
configuration of the (Y-C atom of the phenethylamine fragment was confirmed 
aSS. 

The R bond lengths, l-26(2) and l-25(2) A, are equivalent_ The alkyne 
bend-back angles range from 38(2) to 46(2)“. Those values associated with the 
hexafluorobut-Z-yne ligands, and the geometries of the CFs groups, are normal 
[l-4]. The mean C-F bond distance is l-294(7) A and the mean F-C-F 
angle is 105.7(7)“. 

Discussion of the structure 

A summary of the structural data for the hexafluorobut-2-yne complexes is 
given in Table 8. In the present study of complex 1, the use of a chelating 
ligand has considerably reduced the spatial requirements for the phosphine 
ligands, as shown by the P-Pt-P angles of 71.3(l) and 70.7(l)“. These values 
are about 30” less than those found in the PPh, complex [3] _ In spite of the 
small angle, three of the four bend-back angles observed are indistinguishable 
from the values found in the PPh3 complex_ Even the smallest is only 38(2)“. It 
is not clear why one value, 46(2)“, should be much larger than the others. All 
the phenyl C atoms in that molecule are further than 3.5 A from the atoms of 
the CFs group, and the closest contact in the crystal is 2.56 A between atoms 
F(3) and HIC(96) in equivalent position (3,1/2 + y, -z), so packing forces 
cannot be adduced. In spite of this variation, the mean bend-back angle in the 
two molecules of 1 is 40.7(10)“. Thus it appears that reducing the steric size of 
the phosphines to less than that of PPh, does not result in a corresponding 
decrease in bend-back angle. Moreover, in the case of Pt(PPhs)2(HCaH), a 
value of 41” was calculated from the ‘J( 13C--‘H) coupling constant [ 181. From 
these and our previous results we therefore conclude that a value close to 40” is 
the ‘normal’ bend-back angle due to electronic effects in these PtP,(hexafluoro- 
but-2-yne) complexes, and that larger values arise from predominantly steric 
effects. This conclusion is in accord with the value of 27” reported for the 
diacetylene complex Pt(PhC,Ph), [19]_ In this study the authors attributed the 
smaller bend-back angle to the reduced back-donation resulting from the 
absence of the phosphine ligands. 

There is no particular trend apparent in the CS bond distances. The values 
in 1, l-26(2) and l-25(2 j A, are not significantly different from the values 
found for the other hexatluorobut-2-yne complexes. Metal atom-alkyne C 
atom bond distances in the series range from 1.977(15) to 2.053(8) A, a varia- 
tion of 4.50. There are no obvious trends within the values. Examination of the 
structural parameters associated with the metal-alkyne interaction reveals that 
in the X-ray experiment only the bend-back angle is sensitive to changes within 
the complexes. 
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A summary of the spectroscopic data is given in Table 9. Some trends are 
more evident here. 

1. IR spectra 
The diphosphine complex 1 has a strong absorption at 1755 cm-‘, which, as 

in all the complexes, is in the range 1700-1800 cm-’ and assigned to the vl 
stretching vibration of the acetylene moiety 120 J _ Variations within the series 
are consistent with the Dewar-Chatt-Duncanson bonding theory 19,211. As the 
Lewis basicity of the phosphine ligands is increased, from that of PPh, to that 
of PCy3, there is a corresponding decrease in v(CS) from 1775 cm-’ to 1730 
cm-‘. This is interpreted as a lowering of the triple bond order, as a result of an 
increase in transfer of electron density to the n*-orbitals. The same effect can 
be caused by changing the substituents of the alkyne ligand. For example, 
replacing the methyl group in Pt(PPh&(PhC--‘CMe) with a more electronegative 
group, such as CO*Et, would increase the back-bonding and lower the triple 
bond order. This is indeed observed, as the change in ZJ(~) upon coordina- 
tion, Av(CS), is 478 cm-’ for PhCxMe and 502 cm-’ for PhmCO?,Et. The 
degree of synergic bonding can also be altered by changing the metal. The C-I&’ 
stretching vibration for the Pd complex is 1762 cm-‘. The Pt analogue has a 
much Iower value, 1730 cm-i. Replacement of the phosphine ligands by a sec- 
ond acetylene molecule also results in less back donation, with Av(CZ) values 
ranging from 285 to 350 cm-’ being observed for a series of compounds ]19]. 
As was previously noted, IR spectra provide a much more sensitive probe of the 
C--I bond strength. Using these data, the basic&y of ligand 2 would appear to 
be comparable to that of PCyPhz in its effects on the metal to alkyne back 
donation_ 

2. NMR spectra 
’ ‘F and 31P NMR spectra of the aminophosphine complex have been 

recorded, and the results are given in Table 9, together with values for the 
other compounds. Complex 1 exhibits an A3A)3 XX’ pattern (A = F and X = P) 
with Pt satellites. The P resonance, 57.7 ppm, is at the lowest field of all the 
compounds reported. This is attributed to the presence of some multiple bond- 
ing between the P atoms and the N atom. It was noted earlier that the mean 
P-N bond distance, l-713(5) A, is less than the sum of the covalent radii of the 
atoms. The-smaller I ‘J(Pt-P)( value is consistent with this, or may be due to the 
strained four-membered ring. 

The igF chemical shift for neat hexafluorobut-2yne is -57.0 ppm [22]. 
Thus the lpF resonance of --56.3 ppm (13J(Pt-F)J = 78.6 Hz) means that the 
aminophosphine complex has the lowest complexation shift, 0.7 ppm. This 
suggests that the phosphine ligand is the poorest a-donor within the series of 
complexes. 

The observed A3A;XX’ spectra for all the complexes indicates that in each 
case the alkyne ligand is not fluxional at room temperature on the NMR time 
scale, and that the P-M-P plane is not perpendicular to the C-M-C plane. 
The centreband regions of the spectra are generally unresolved mnltiplets. Only 
the complex Pt(PCy&(F&~CCF3) gives a sufficiently resolved spectrum to 
permit complete spectral analysis. Theoretical igF and 31P NMR spectra were 
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calculated for the PCy, complex, using the equations published by Anet [23]. 
The analysis was facilitated by the extremely large difference between the reso- 
nance frequencies of the lgF and 31P nuclei, and by the reasonable assumption 
that ‘J(F-F’) is zero. I *J(P-P’)l was calculated to be 9.1 Hz. Singlets were ob- 
served in the proton-decoupled “F NMR spectrum of the amine complex, and 
in the 3LP NMR spectrum of Pt(PPh&(PhCsPh), The complexes where the 
alkyne is PhCsMe and PhCXCO&t have AB type 3’P NMR spectra with 
(*J(P-P)I being 33.6 and 23.5 Hz, respectively. 

Trends within the NMR data can be rationalized. In both the rgF and 31P 
NMR spectra of the hexafluorobut-Z-yne complexes, shielding is in the order 
PPh, > PCyPhz > PCy,Ph > PCy3. The S(3iP) values, for the complexes where 
L is one of the aforementioned phosphines, range from 19.4 to 28.0 ppm 
downfield from PO(OCH3)3, and the “F chemical shifts are from 54.1 to 51.9 
ppm upfield from CFC13. The lowfield shift of the 31P nuclei in the PCy, com- 
plex is consistent with PCys being the strongest o-donor within the series. The 
Pt atom in Pt(PCy&(F3CCsCF3) should therefore be the most electron-rich 
in the series, md would form the strongest synergic bond with the zlkyne 
ligand. This argument is supported by the 19F NMR data. The PCy, complex 
exhibits the largest _ “17 complexation shift, 5.1 ppm downfield from free 
F3CCECCF3 (see Table 9). The magnitude of the coupling constants ‘J(Pt-P j 
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,- 

464 I- 

Bend bock angle (DEG) 

Fig. 6. A plot of bend-back angle against Av(CZC) for the alkyne complexes. 
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and 3J(Pt--F) also decreases from the PPhB to PCy, complexes. There is no sig- 
nificant variation in 14J(P-F)i _ 

The 31P and 19F chemical shifts for the Pd complex are 38.9 and -50.9 ppm, 
respectively. Both the P and F nuclei are less shielded in this complex than in 
the Pt analogue, which is consistent with the nature of the metals. The same 
effect was noted in the discussion of the IR stretching frequencies of the two 
complexes. 

In the PPhs complexes, the shielding at the P nuclei increases with the 
electron-withdrawing strength of the alkyne substituents. For example, S(3’P) 
is 19.4 ppm when the ligand is FsCCSCFs and 25.4 ppm for PhCSPh. The 
Pt coupling constants increase in magnitude in the same direction. For the un- 
symmetrical alkyne PhCZlMe the chemical shift of 27.1 ppm is assigned tenta- 
tively to the P nucleus trans to the methyl group, and that of 26.0 ppm to that 
tram to the phenyl substituent, on the basis of the proximity of the latter shift 
to that of the PhaPh compound_ Likewise for the alkyne PhCSCO,Et, the 
S(3’P) values of 24.8 and 23.5 ppm are assigned to the P nuclei tram to the 
phenyl and ethylester substituents, respectively. The 31P NMR data suggest that 
the electron density at the P nuclei increases with the electronegativity of the 
alkyne substituent. The synergic bonding theory predicts that the r-component 
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Fig. 7. A plot of 6(lgF) against M-P distance for the hexafluorobut-2-yne comPlexe+. 
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of the Pt-alkyne interaction should increase in the same direction. Therefore 
increasing the Pt-alkyne n-bonding may cause a strengthening of the Pt- -P 
a-bond. This is supported by the larger 1 ‘J(Pt-P)I values. It should be noted, 
however, that the ‘Z(Pt-P) results are also consistent with the more electro- 
negative alkyne ligands being poorer o-donors. 

All attempts to locate the acetylenic C atom resonances in the 13C NMR 
spectra were unsuccessful, as has been observed for other alkyne complexes 
[24]. However, in the absence of phosphine ligands, downfield shifts have been 
observed of the order of 30-40 ppm upon coordination [ 19]_ 

Correlution of structural and spectroscopic results 
Very few simple linear relationships exist between the spectroscopic param- 

eters and the structural results. Earlier, on the basis of a limited number of 
structural determinations, we had reported a relationship between bend-back 
angle and acetylenic stretching frequency for a number of q2-alkyne complexes 
of transition metals in different oxidation states and geometries ]3]. An up- 
dated plot of bend-back angle versus Av(CZC!) for the trigonal alkyne com- 
plexes, presented in Fig. 6, reveals that no good correlation exists for these 
complexes. There is, however, a trend towards lower stretching frequency with 
larger bend-back angles. Variations in the bend-back angles are not reflected in 
any of the other spectroscopic data. The remaining structural parameters asso- 
ciated with the alkyne ligands, M-C and C5Z bond distances, and C-M-C and 
dihedral angles, either do not vary significantly, or vary randomly. No direct 
relationships between these and the spectroscopic values were observed. 

The M-P bond distances do correlate with the 19F chemical shifts. A plot is 
given in Fig. 7. A non-weighted least-squares line calculated from the data has a 
correlation coefficient of 0.92. Therefore, the electron density at the F nuclei 
appears to be related to the strength of the metal-phosphorus bond. The mag- 
nitude of ‘J(Pt-P) also reflects the Pt-P bond length for the hexafluorobut-2 
yne complexes. The same effect has been observed in trialkylphosphine com- 
plexes of Ptn [25]. 

Thus, the spectroscopic results do not generally correlate with the structural 
parameters. Variations within the spectroscopic data can be explained by elec- 
tronic arguments, while many of the structural differences originate from steric 
interactions [ 11. 
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