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The structure of bis[3-(diphenylphosphino)propyl]zine, [Ph2P(CH2)3]2Zn (I), has been determined by
X-ray diffraction analysis. Crystals of I are monoclinic, space gro le a, with four molecules in a unit

cell of dimensions a = 14.224 (6) A, b = 19.340 (9) A, ¢ = 9.984 (2)

and 8 = 102.14 (3)° The structure

was refined to B = 0.069 (R, = 0. 054) for 1732 observed reflectlons The zinc atom is four-coordinate,
both phosphorus atoms being involved in intramolecular coordination. The value of the carbon~zinc—carbon
angle of 147.1 (4)° is intermediate between that of a linear and of a tetrahedral bond arrangement. NMR
spectroscopy shows that the chelating monomeric structure persists in solution. Reactions of I with group
11 metal salts are described. Only the gold derivative, dimeric [3-(diphenylphosphino)propyligold,
[Ph,P(CH,);Auly, is sufficiently stable to allow isolation. A cyclic structure containing a ten-membered

Au,P,Cq ring is proposed.

Introduction

In recent years we have studied the coordination chem-
istry of organozinc compounds containing functional sub-
stituents in the groups bound to zinc via carbon.!” When
the functional group is attached to the a-carbon atom,
useful synthetic reagents are obtained, e.g. the Refor-
matsky reagent “BrZnCH,COOR” and the related zinc
enolates. We recently reported on the structure and re-
activity of these reagents.*> Compounds in which the
functional group and the metal are separated by more than
two (carbon) atoms have not been used in organic syn-
thesis, nor are they likely to be used for this purpose in
the near future. However, elucidation of their structures
provides an insight into the more subtle aspects of orga-
nozinc coordination chemistry. We recently reported the
structures of a number of w-substituted diorganozinc
compounds, viz. Zn[(CH,),X]; (n = 3, X = OMe,® SMe,’
NMe,;" n = 4, X = OMe, and discussed the hybridization
of the zinc in them.” We now report the molecular
structure of [Ph,P(CH,);}sZn (I) and the utilization of this
compound for the synthesis of corresponding alkylcopper,
-silver, and -gold compounds.

Experimental Section

All manipulations were performed in an atmosphere of oxygen-
and moisture-free nitrogen, with normal Schlenk techniques.
Solvents used were distilled from sodium/benzophenone prior
to use. 'H NMR spectra were recorded on a Varian EM-390
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J.; van der Kerk, G. J. M.; Spek, A. L.; Duisenberg, A. J. M. Organo-
metallics 1984, 3, 1405.

(5) Dekker, J.; Schouten, A.; Budzelaar, P. H. M.; Boersma, J.; van der
Kerk, G. J. M,; Spek, A. L.; Duisenberg, A. J. M. J. Organomet. Chem.
1987, 320, 1.

(8) Boersma, J.; Fernholt, L.; Haaland, A. Acta Chem. Scand., Ser. A
1984, 38, 523.

(7) Dekker, J.; Boersma, J.; Haaland, A.; Spek, A. L. Organometallics,
in press.

0276-7333/87/2306-1236$01.50/0

Table I. Crystal Data and Details of the Structure
Determination

a. Crystal Data

formula CyoHgoPoZn
mol wt 519.91

cryst system monoclinic-b
space group No. 14, P2,/a
a, A 14.224 (8)

b, A 19.340 (9)

¢, A 9.984 (2)

3, deg 102.14 (3)

v, Ad 2685 (2)

Z 4

Desear g/ cm® 1.286
F(000), electrons 1088

w(Cu Ka), em™ 25.3

cryst size, mm 0.13 X 0.25 X 0.58

b. Data Collection

amim omaxv dEg 2-3, 45

radiatn, A Cu Ka (Ni filtered), 1.5418
w/20 scan, deg Aw = 0.70 + 0.15 tan §
horiz and vert aperture, 3,5
mm
dist to crystal, mm 173
ref reflctns 200; 040; 002
data set h,0to 13; k, -17 to +17; [, -9 to +8
total data 4572
unique data 3244
obsd data (I > 2.5¢(])) 1732
c. Refinement
NO, NV, S 1732, 311, 2.1
R, R, 0.069, 0.054
weighting scheme w = 1/0%F)
(D)) 0.1
min and max resd dens, e A3 0.44, -0.41

spectrometer with Me,Si as an internal standard. '°C and 3'P
NMR spectra were recorded on a Bruker WP-200 spectrometer
with Me,Si as an internal standard and 85% H,PO, as an external
standard, respectively. Microanalyses were performed at the
Institute of Applied Chemistry TNO (Zeist, The Netherlands)
under the supervision of Mr. G. J. Rotscheid. [Ph,P(CH,)5],Zn®
and Au(CO)CI® were prepared according to literature methods.

(8) Belli Dell’Amico, D.; Calderazzo, F. Gazz. Chim. Ital. 1973, 103,
099.

© 1987 American Chemical Society



X-ray Structure of [Phoy,P(CHy)3]Zn

Table II. Fractional Atomic Coordinates for the
Non-Hydrogen Atoms and Equivalent Isotropic
Temperature Factors

atom x y 2 U, A?
In 0.1291 (1) 0.25852 (6) 0.0913 (1) 0.0772 (5)
P(1) 0.0364 (2) 0.2404 (1) -0.1596 (2) 0.070 (1)
P(2) 0.0245 (2) 0.3407 (1) 0.2006 (2) 0.065 (1)
C(1) 0.2339 (7)  0.3004 (4) 0.008 (1) 0.078 (4)
C(2) 0.224 (1) 0.262 (1) -0.128 (1) 0.084 (6)
C(3) 0.1388 (7) 0.2736 (5) -0.226 (1) 0.091 (4)
C(4) 0.0931 (8) 0.1863 (4) 0.2155 (8) 0.088 (4)
C(5) 0.0476 (8) 0.2142 (5) 0.324 (1) 0.109 (5)
C(6) -0.0308 (7) 0.2695 (4) 0.281 (1) 0.086 (4)
C(11) -0.0645 (6) 0.2846 (4) -0.2701 (8) 0.066 (4)
C{12) -0.0831 (7) 0.3521 (5) -0.2404 (9) 0.090 (4)
C(13) —0.1533 (8) 0.3902 (5) -0.324 (1) 0.103 (5)
C(14) -0.2056 (8) 0.3615 (6) -0.442 (1) 0.091 (5)
C(15) -0.1906 (7) 0.2938 (6) -0.473 (1) 0.083 (4)
C(16) -0.1179 (7) 0.2540 (5) ~0.3889 (8) 0.075 (4)
C(21) 0.0219 (7) 0.1497 (5) -0.212 (1) 0.059 (4)
C(22) 0.0683 (8) 0.1199 (6) -0.305 (1) 0.098 (5)
C(23) 0.059 (1) 0.0495 (7) -0.333 (1) 0.131 (6)
C(24) 0.002 (1) 0.0102 (6) -0.266 (1) 0.104 (5)
C(25) -0.0450 (8) 0.0383 (7) -0.175 (1) 0.095 (5)
C(26) -0.0347 (7) 0.1090 (8) -0.144 (1) 0.080 (4)
C(31) -0.0761 (7) 0.3994 (4) 0.1435 (9) 0.066 (4)
C(32) -0.1697 (7) 0.3778 (5) 0.110 (1) 0.105 (5)
C(33) -0.2450 (8) 0.4228 (5) 0.048 (1) 0.128 (5)
C(34) -0.2249 (8) 0.4891 (6) 0.022 (1) 0.090 (5)
C(35) -0.1322(9) 0.5115(5) 0.058 (1) 0.090 (5)
C(36) -0.0545 (8) 0.4681 (4) 0.1168 (9) 0.079 (4)
C{41) 0.0969 (9) 0.3846 (4) 0.3474 (9) 0.061 (4)
C(42) 0.0592 (8) 0.4122 (5) 0.449 (1) 0.091 (5)
C(43) 0.117 (1) 0.4445 (6) 0.565 (1) 0.112 (5)
C(44) 0.214 (1) 0.4488 (6) 0.570 (1) 0.115 (5)
C(45) 0.254 (1) 0.4214 (8) 0.472 (1) 0.115 (5)
C(46) 0.1962 (9) 0.3897 (5) 0.353 (1) 0.088 (5)

*Ueq = /3 L ZUjju*a*a ;.

Reaction of I with Au(CO)Cl. [Ph,P(CH,);Au], was pre-
pared by adding a solution of 0.63 g (2.42 mmol) of Au(CO)Cl
in 30 mL of benzene to a stirred solution of 0.78 g (1.50 mmol)
of I in 30 mL of benzene. The addition took 10 min and was
carried out at 10 °C. A spontaneous, vigorous evolution of carbon
monoxide took place, and a clear, light-brown solution resulted.
The reaction mixture was stirred for an additional hour at room
temperature and then hydrolyzed to decompose excess of I. The
resulting slurry was evaporated to dryness, and diphenyl-
propylphosphine was removed by extraction with cold pentane.
The product (0.62 g, 1.46 mmol) was obtained (67% yield) by
extraction of the residue with benzene. Anal. Caled for C,;H;;AuP
(Found): Au, 46.3 (45.5); P, 7.3 (6.7). The compound is dimeric
in benzene (ebulliometry) and decomposes at 80 °C (DTA; 5
°C/min).

Data Collection and Structure Determination of I.
Suitable crystals were obtained by recrystallization from toluene
at —20 °C. Data for a poorly diffracting colorless transparent
crystal, mounted under nitrogen in a Lindemann glass capillary,
were collected on a Enraf-Nonius CADA4F diffractometer. Crystal
data and numerical details of the structure determination are given
in Table I. Lattice parameters with standard deviations were
determined from the setting angles of 11 reflections (9 < 8 < 23°).
The observed extinctions (h0l, h = 2n + 1; 0kR0, k = 2n + 1)
indicated space group P2;/a. Standard deviations in the inten-
sities were increased according to an analysis of the variance of
the reference reflections:® o%(I) = o2,(I) + (0.021)2. The redundant
reflection set was corrected for Lp and for a small decay of 3.5%
over 71 hours of X-ray exposure time and averaged (R,, = 0.06)
after correction for absorption with DIFABS® (minimum and
maximum correction 0.68 and 1.68, respectively). The structure
was solved by direct methods using the program SHELX84!! and

(9) McCandlish, L. E,; Stout, G. H.; Andrews, L. C. Acta Crystallogr.,
Sect. A: Cryst. Phys., Diffr., Theor. Gen. Crystallogr. 1975, A31, 245.

(10) Walker, N.; Stuart, D. Acta Crystallogr., Sect. A: Cryst. Phys.,
Diffr., Theor. Gen. Crystallogr. 1983, A39, 158.
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Figure 1. PLUTO drawing (EUCLID version® of I with the
adopted numbering scheme indicated. C(2) is disordered
(0.53/0.47); the minor disorder component is not shown. The
hydrogen atoms have been omitted for clarity.

Table II1. Selected Data on the Molecular Geometry of 1

(a) Bond Distances (&)

Zn-P(1) 2.598 (3) P(2)-C(41) 1.82 (1)
Zn-P(2) 2.572 (3) C(1)-C(2) 1.53 (2)
Zn-C(1) 2.02 (1) C(2)-C(3) 1.41 (2)
Zn-C(4) 2.00 (1) C(4)-C(5) 1.48 (1)
P(1)-C(3) 1.84 (1) C(6)-C(6) 1.54 (1)
P(1)-C(11) 1.83 (1) (C(11)-C(16)) 1.383 (5)
P(1)-C(21) 1.83 (1) (C(21)--C(26)) 1.382 (7)
P(2)-C(6) 1.85 (1) (C(81)-C(36)) 1.385 (7)
P(2)-C(31) 1.82 (1) (C(41)--C(46)) 1.387 (7)
(b) Bond Angles (deg)
P(1)-Zn-P(2) 105.72 (9) Zn-P(2)-C(6) 93.5 (3)
P(1)-Zn-C(1) 85.8 (3) Zn-P(2)-C(31) 137.6 (3)
P(1)-Zn-C(4) 111.0 (3) Zn-P(2)-C(41) 110.6 (4)
P(2)~Zn-C(1) 118.0 (2) C(6)-P(2)-C(31) 102.8 (4)
P(2)~-Zn-C(4) 85.5 (3) C(6)-P(2)-C(41) 102.6 (4)
C(1)-Zn-C(4) 147.1 (4) C(31)-P(2)-C(41) 103.7 (4)
Zn-P(1)-C(3) 91.2 (3) Zn-C(1)-C(2) 103.5 (8)
Zn-P(1)-C(11) 133.9 (3) C(1)-C@2)-C(3) 116 (1)
Zn-P(1)-C(21) 114.1 (3) P(1)-C(3)-C(2) 109.0 (8)
C(3)-P(1)-C(11) 101.5 (4) Zn-C(4)-C(5) 114.1 (8)
C(3)-P(1)-C(21) 106.4 (5) C(4)-C(5)-C(8) 116.9 (8)
C(1D-P(1)-C(21) 104.4 (4) P(2)-C(6)-C(5) 106.8 (7)
(c) Torsion Angles (deg)
Zn-P(1)-C(3)-C(2) 26.7 (9) Zn-P(2)-C(8)-C(5) 35.5 (6)
P(1)-C(3)-C(2)-C(1) -65 (1) P(2)-C(6)-C(5)-C{4) =57 (1)
C(3)-C(2)-C(1)-Zn 66 (1)  C(8)-C(5)-C(4)-Zn 45 (1)
C(2)-C(1)-Zn-P(1) -30.2 (7) C(5)-C(4)-Zn-P(2) -12.8 (7)
C(1)-Zn-P(1)-C(3) 3.7 (4) C(4)-Zn-P(2)-C(6) -13.1 (4)
Zn-P(1)-C(11)-C(12) 22.8 (9) Zn-P(2)-C(41)-C(46) 22.6 (7)

C(3)-P(1)-C(21)-C(22) ~11(1) C(6)-P(2)-C(31)-C(32) -28 (1)

refined with a locally modified Eclipse S/230 minicomputer im-
plementation of SHELX76.1> Hydrogen atoms were introduced
on calculated positions and refined with fixed geometry (C-H =
1.08 A, U = 0.16 A2). One of the chelating rings was found to
be disordered for the position of C(2) [C(20): mirror image related
with respect to the ring plane] and refined with a disorder model
(0.53/0.47) including soft bond constraints. Blocked full-matrix
refinement on F converged at R = 0.069. The non-hydrogen atoms
were refined with anisotropic thermal parameters. Final positional
parameters and equivalent isotropic temperature factors for the
non-hydrogen atoms are listed in Table II. Scattering factors
were taken from Cromer and Mann!® and anomalous dispersion
terms from Cromer and Liberman.!* Geometrical calculations
were done with PLATQ.1®

(11) Sheldrick, G. M. SHELX84, a program for crystal structure so-
lution, University of Géttingen: Gottingen, Germany, 1984.

(12) Sheldrick, G. M. SHELXY76, a program for crystal structure de-
termination; University of Cambridge: Cambridge, England, 1976.

(18) Cromer, D. T.; Mann, J. B. Acta Crystallogr., Sect. A: Cryst.
Phys., Diffr., Theor. Gen. Crystallogr. 1968, A24, 321.

(14) Cromer, D. T.; Liberman, D. J. Chem. Phys. 1970, 53, 1891.

(15) Spek, A. L. In Computational Crystallography; Sayre, D., Ed.;
Clarendon: Oxford, 1982; p 528.
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Table IV. NMR Spectroscopic Data for XC,H,C:H,C, H,P(CsH;),

X
H 1/2Zn
CoDs CD,Cl, C.D, CD,Cl, Au (C;Dy)

13Ce o 15.92 (13.5) 15.79 (13.5) 12.19 (¢) 11.60 (d) 30.98 (96.4/4.4)

8 19.81 (17.0) 19.72 (16.7) 25.99 (13.4) 25.71 (6) 27.67 (~s)

LY 30.81 (12.3) 30.48 (11.5) 33.65 (4.1) 33.15 (~2) 33.11 (28.2)
1Yt « 1.07 (¢t 2.31 (m)®

8 2.26 (m) 2.27 (m)*

L% 2.17 (m) 2.52 (m)®
3pb -13.9 (s) 44.5 (s)

@nJo.p coupling in parentheses. ®Peak multiplicity in parentheses. ¢“Filled-in” doublet; spacing 33.0 Hz. ¢ Equal-intensity triplet; spacing
19.5 Hz. ®Assignment tentative. /Abbreviations: t, triplet; m, multiplet; s, singlet.

Results and Discussion

The Crystal Structure of Bis[3-(diphenyl-
phosphino)propyllzine, [Ph,P(CH,)3},Zn (I). The
monoclinic unit cell contains four discrete molecules of the
title compound. A PLUTO plot, with the adopted num-
bering scheme indicated, is given in Figure 1. Selected
data on the molecular geometry are assembled in Table
ITI. The molecule has no twofold axial symmetry. It
consists of a four-coordinate zinc atom carrying two 3-
(diphenylphosphino)propyl groups that form chelate rings
by intramolecular phosphorus to zinc coordination.

When the structure was refined, a disorder in one of the
two chelate rings was observed. For the 8-carbon atom
C(2) two positions were found with nearly equal population
(63:47). A ring puckering analysis according to Cremer and
Pople'® could not discriminate between an envelope-type
conformation and a half-chair-type conformation of both
rings. This is probably due to the large differences in the
individual bond lengths in each ring. Puckering parame-
ters found for ring 1 (ZnP,C,C,C,) are @ = 0.52 (1) A and
¢ = 117.1 (9)° and for ring 2 (ZnP,CCyC,) are @ = 0.47
(1) & and ¢ = 81.8 (8)°.

The asymmetry parameter analysis according to Duax
et al.'” indicated a mirror plane symmetry for ring 1 with
the mirror through C(2) and bisecting the Zn-P(1) bond;
asymmetry parameter AC, = 2.6 (8)°. For ring 2 a twofold
axial symmetry, with the twofold axis through Zn and the
middle of the C(5)-C(6) bond, gives the best description
of the conformation of the ring; asymmetry parameter AC,
= 6.7 (8)°.

The coordinate bonds between zinc and phosphorus
(averaged 2.58 A) are only 0.15 A longer than the sum of
the covalent radii of these elements.!® 1In the corre-
sponding OMe,® SMe,” and NMe,’ derivatives the coor-
dinate bond lengths were about 0.35 A longer than the sum
of the covalent radii of the elements involved. This in-
dicates that the interaction between zinc and phosphorus
is stronger than that between zinc and other heteroatoms.
These short zinc-phosphorus bond lengths are even more
surprising when it is taken into account that the phos-
phorus atoms carry electron-withdrawing pheny! groups,
whereas the other heteroatoms are methyl-substituted (cf.
also ref 7 for a discussion on the coordination chemistry
of this type of organozinc compounds). One has, of course,
to be careful not to attach to much importance to these
differences, since relatively weak forces are involved (may
be down to a few kilocalories per mole), with corresponding
flat potential energy surfaces. Small steric or electronic
effects thus can give rise to rather large distortions in the

(16} Cremer, D.; Pople, J. A. J. Am. Chem. Soc. 1975, 97, 1354.

(17) Duax, W. L.; Weeks, C. M.; Rohrer, D. C. Top. Stereochem. 1976,
g, 271,

(18) Pauling, L. The Nature of the Chemical Bond, 3rd ed., Cornell
University: Ithaca, NY, 1960; p 246.

ligand to metal internal coordination.

The Structure of I in Solution. Ebulliometry showed
that the compound is monomeric in benzene. The struc-
ture of I in solution was investigated by using 1°C and 3P
NMR spectroscopy. The results are gathered in Table IV.
A comparison of the resonance position of the y-carbon
atom with that of the corresponding carbon in diphenyl-
propylphosphine shows an upfield shift of 2.84 ppm in
benzene and of 3.36 ppm in CD,Cl,. Corresponding shifts
in the other heteroatom-containing organozinc compounds
have been interpreted as proof for the existence of internal
coordination.? This indicates that I occurs as the internally
coordinated complex, both in benzene and in CD,Cl,.

The presence of intramolecular coordination in solution
is also corroborated by the nature and magnitude of the
phosphorus-carbon coupling constants. In the 'H-decou-
pled '3C spectra of I in CgDg and in CD,Cl,, the carbon
atom next to zinc (a-carbon) appears as a “filled-in
doublet” and a triplet containing three equal-intensity
lines, respectively. The other aliphatic carbon atoms ap-
pear as doublets (cf. Table IV). Although a complete
analysis of these spectra was not attempted, the a-carbon
absorptions are strongly indicative for the presence of an
AXX’ spin system!®® (A = 13C; X, X’ = %P} in which both
the AX (AX’) and XX’ couplings necessarily occur across
zinc. The latter, then, is proof for intramolecular zinc-
phosphorus coordination. Also the magnitude of the P-C
couplings is easily understood when coupling across zinc
is accepted (C,, multiplet of two different %Jp_z, ¢; Cg,
apparent doublet of 2Jp_cc + *Jp_z,c.c; C,, apparent
doublet of IJP_C + 3JP-Zn—C-C)'

The coupling constants are very dependent on the na-
ture of the solvent (cf. Table IV). This can be understood
in terms of the different contributions of solvent-de-
pendent conformations, although the trends in numerical
values are not easily explained.

Reaction of I with Group 11 Metal Salts. Organozinc
compounds are well-known and very suitable reagents for
alkylation or arylation of transition-metal salts.?! Since
the introduction of potentially coordinating groups in alkyl
derivatives of group 11 metals might enhance their—
normally low—thermal stability, we carried out some re-
actions with copper, silver, and gold salts.

Upon the addition of I to a suspension of CuBr in THF
at —20 °C, a clear yellow solution resulted. The !H NMR
spectrum of this clear solution at ~20 °C showed only the
presence of (diphenylphosphino)propyl groups bound to
zinc. When the solution was warmed to 0 °C, these ab-

(19) Redfield, D. A,; Carry, L. W.; Nelson, J. H. Inorg. Chem. 1975,
14, 50; 1976, 15, 732; 1976, 15, 1128.

(20} Pregosin, P. P; Kunz, R. W. In NMR, Basic Principles and
Progress, Diehl, P., Fluck, E., Kosfeld, R., Eds.; Springer-Verlag: Berlin,
Heidelberg, New York, 1979; Part 16.

(21) Hofstee, H. K.; Boersma, J.; van der Kerk, G. J. M. J. Organomet.
Chem. 1978, 144, 255 and references cited therein.
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_ CHz—Au=PPh,

i ik
CHa _CH,

Figure 3. Functionally substituted aryl derivatives of group 11
metals. For M and X see text.

sorptions were replaced by a broad signal at 0.70 ppm. On
continued warming of the solution, this signal disappeared
within 10 min at 30 °C, accompanied by a rapid darkening
of the solution. In the final spectrum of this solution,
signals of both n-propyl and allyl groups were found, in-
dicating a radical decomposition.

Similar experiments with silver nitrate yielded solutions
that already darkened rapidly at —50 °C, indicating a faster
formation and an even faster decomposition of the corre-
sponding silver species.

Only from the reaction of I with Au(CO)Cl was a stable
product obtained. The product is dimeric in benzene, and
its IH, 13C, and 3'P NMR data are given in Table IV. The
assignments in the 'H NMR spectrum of the three meth-
ylene groups linking the phosphorus to gold are uncertain
because of the small chemical shift differences. Attempts
to simulate the H NMR spectrum were unsuccessful. The
assignment of the aliphatic carbons in the ®C spectrum
is based on a comparison with those of the zinc analogue
I but remains somewhat tentative. When it is assumed
that the dimer has a structure analogous to that of
(AuSCH,CH,PEt,),,” i.e. a ten-membered ring with linear
coordination of the gold atoms, the observed phospho-
rus—carbon couplings can be readily explained (cf. Figure
2).

The a-carbon shows two phosphorus couplings of 96.3
and 4.4 Hz. The large one can be attributed to a 2Jp_s,¢
coupling. The value is very similar to that observed in
t-BusP-AuMe,? i.e. 89 Hz. The smaller coupling then is

(22) Schmidbauer, H.; Aly, A. A. M. Angew. Chem. 1980, 92, 69.
(23) Crane, W. S.; Beall, H. Inorg. Chim. Acta 1978, 31, 469.
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a %Jp_c_c-c coupling to the other phosphorus. The other
couplings can be similarly explained and have reasonable
values. Model studies show that the suggested cyclic
structure is completely strain-free when the coordination
of the gold is taken to be linear.

The group 11 metal compounds described here can be
considered aliphatic analogues of the functionally sub-
stituted aryl derivatives (Figure 3) described by Van Koten
et al.?%% (X = OMe, NMey; M = Cu, Ag, Au) and Abicht
and Issleib® (X = PPhy; M = Cu, Au). In these com-
pounds coordination, both intra- and intermolecular, via
heteroatoms and bridging aryl groups has been established.
The latter type of coordination will be far less important
in aliphatic derivatives since alkyl groups are only weakly
bridging ligands. The small stabilization by heteroatom
coordination in the (diphenylphosphino)propyl derivatives
supports the suggestion made by Van Koten and Noltes?’
that a full coordination sphere around a group 11 metal
brought about by heteroatom coordination, and not the
coordination itself, is the decisive factor in the stabilization
of the metal-carbon bond. This crowding does not occur
to any significant extent in our case.
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