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Abstract

The cis and trans isomers of the previously reported 2-diphenylphosphino-1-cyanocyclo-pentane and -cyclohexane have been
separated, and three of the four isomers have been obtained (both isomers of the former and one of the latter) as pure samples. An
X-ray study of the thPCSPIaCN isomer with the more-shielded 3!P chemical shift proved it to be the cis isomer. A prominent
feature observed for the structure is that the CN group is directed toward the phosphorus lone pair. Van der Waals and molecular
mechanics calculations have suggested that the corresponding frans isomer has a structure in which the CN group is in general
directed away from the phosphorus lone pair. Cone angle calculations based on the X-ray structure and calculated geometries of
both cis and trans Ph,CsHCN as well as the analogous Ph,CsHg(R) (R = H, CH ;) have provided values between 150° and 173°
with the cis isomers having larger angles than the trans. Nonaqueous titrations have been used to determine pX, values for the
three cycloalkane-nitrile phosphines, and values between 2.44 and 2.52 have been obtained. IR and NMR studies of the Ni(CO),L
complexes of these three ligands have been completed, and the results indicate that these ligands are similar in effect to PhP(OR),.
Both Pd" and Pt" complexes (all trans geometries) of these ligands have been obtained, and the P~N chelates (Pd) of the

corresponding methyl imino ethers (from #rans Ph,CsHZCN and Ph,PC H,,CN) have also been isolated.
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1. Introduction

The chemical characteristics of phosphines have
continued to be the subject of many theoretical and
experimental studies [1] since the pioneering work by
Tolman [2] to define and quantitate the steric and
electronic properties of these widely used molecules.
One of the driving forces behind this interest is the
goal of understanding the subtle factors associated with
processes such as enantioselective hydrogenation reac-
tions catalyzed by phosphine complexes.

Recently we reported that Michael-like additions
under mild conditions of diphenylphosphine, Ph,PH,
to l-cyanocyclopentene, 1-cyanocyclohexene and 4-t-
butyl-1-cyanocyclohexene provided good yields of mix-
tures of the corresponding cis and trans isomers of
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2-diphenylphosphino-1-cyanocycloalkanes [3]. Our in-
terest in further characterizing these phosphines arose
from several observations. An examination of CPK
models of these systems led to the conclusion that
these and related ligands could have large cone angles.
Also, focusing on the nitrile part of these systems, as a
group it not only has interesting ligands properties [4],
but also it has well-established reactivity patterns which
make it a precusor for many other functionalities which
could be used either as additional donor sites or as
groups to tailor the cone angle and /or the electronic
nature of the phosphine. In short, the many obtainable
cycloalkane ring sizes, isomer possibilities, and cy-
cloalkane substituent choices suggest that this combi-
nation can form the basis for versatile ligand systems.

Here we report procedures for separating and puri-
fying three of the four cis—trans isomers of Ph,PC H,-
CN and Ph,PC¢H,,CN, the results from an X-ray
crystallographic study of cis-Ph,PC;HCN, and calcu-
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TABLE 1. pK, values along with shifts in CO carbon *C NMR
resonances and A; v(CO) IR bands for Ni(CO);L complexes

Phosphine pK, A8 3¢® »(CO)
(ppm) values °
(cm™1)
cis-Ph,CsH4CN 244 423 2070.9
trans-Ph,CsHZCN 252 426 2070.4
Ph,CH,CN 245 418 2070.2
Ph,PCH,CH(CH,)CN 234  3.83 2071.6
Ph,PCH,CH,CN 221 066 2072.0

2 Downfield from Ni(CO),. ® Ni(CO);PPh; (2068.9 cm™1), ref. 2a.

lation-based predictions of structures and cone angles
for these three compounds. In addition, the syntheses
and spectroscopic results from selected studies of com-
plexes of these ligands along with previously reported
acyclic analogues 3-diphenylphosphinopropionitrile
(Ph,PCH,CH,CN) 3-diphenylphosphino-2-methylpro-
pionitrile (Ph,PCH,CH(CH,)CN) [5] with Ni° Pt
and Pd" will be presented.

2. Experimental section

2.1. Materials and instruments

PdCl,, K,PtCl, and Ni(CO), were obtained from
Aldrich, Fisher Scientific and Strem, respectively. Ex-
cept as noted below, solvents were used as obtained
from the chemical stores in our department. The phos-
phines Ph,PC;H,CN [3], Ph,PC,H;(CN {3], Ph,
PCH ,CH(CH,,)CN [5] and Ph,PCH,CH,CN [5] were
obtained as described previously. IR and NMR spectra
(see Tables 1 and 2) were recorded on Nicolet SZDX
and Varian Gemini-200 instruments, respectively. The
5ZDX IR instrument was calibrated with solutions of
Ni(CO),PPh, for which the A, CO stretching band has
been reported to be 2068.9 cm ~! [2a]. Elemental analy-
sis (see Table 3) were carried out by Midwest Microlab

TABLE 2. Selected spectroscopic data

Compound * 83tp »(CN)
LD),Padl, ® 2845, 28.42 2225
(L2),PdCl, b 20.57 20.48 2225
(L3),PdCl, 250 253 2225
(L3),PLCl, © 19.8 2220
(L1-MeOH)PACl,-CH,Cl, 313 1628
(L3-MeOH)PACl, 30.5 1628
LINi(CO), 40.0

L2Ni(CO), 30.8

L3Ni(CO), 34.1

8 L1, L2 and L3 are trans-Ph,CsHZCN, cis-Ph,C;HgCN and the
single pure isomer of Ph,C4H,CN, respectively. L1-MeOH and
L3-MeOH are the methyl imino ethers (imidates) of L1 and L3,
respectively. ® v(PdCl) bands were observed at 355 cm~!. ¢ J(PtP) =
2524 Hz.

TABLE 3. Analytical and molecular weight data

Compound * Analyses (Found (calcd.) (%)) Mol. wt.
C H N Cl (g/mol)
(L1),PdCl, 5860 495 353  9.67 -
(58.75) (4.93) (3.81) (9.63) (736)
(L2),PdCl, 58.63 495 391 9.75 -
(58.75) (4.93) (3.81) (9.63) (736)
(L3),PdCl, 5935 533 358 - 810
(59.74) (5.28) (3.67) (9.28) (762)
(L3),PtCl, 5386 502 321 880 880

(5353) (473) (329 (832 (853)
(L1-MeOH)PACI,

-CH,Cl, 41.87 429 246 2421 -
(41.88) (4.22) (2.44) (24.72) (489)
(L3-MeOH)PdCl, 4755 490 298 - 507

4779 4.81) (.79 (14.11) (503)

211, L2 and L3 are trans-Ph,CsHCN, cis-Ph,C;HgCN and the
single pure isomer of Ph,C¢H,,CN, respectively. L1-MeOH and
L3-MeOH are the methyl imino ethers (imidates) of L1 and L3,
respectively.

Ltd., Indianapolis, IN. Molecular weights were ob-
tained by using a Hitachi Perkin Elmer 115 molecular
weight apparatus. A Fisher model 395 syringe pump
was used to deliver the perchloric acid for the titra-
tions. The Molecular Structure Center (Indiana Uni-
versity, Bloomington, IN, 47405) carried out the X-ray
analysis.

2.2. Syntheses

2.2.1. trans-L , PACl,, L = Ph,PC;HgCN (cis or trans
isomer) and Ph,PCzH,,CN

In a typical reaction, PdCl, (0.31 g, 1.7 mmol) was
dissolved in 4 ml of warm, concentrated hydrochloric
acid. This solution was diluted with 50 ml of absolute
ethanol and then filtered. The filtrate was added drop-
wise to a solution of Ph,PC,H,,CN (1.02 g, 3.48
mmol) in 75 ml of absolute ethanol. The resulting
mixture was stirred under ambient conditions for 4 h
and then diluted with 50 ml of water. The yellow
precipitate which had formed was collected on a filter
and washed with ether. The yield was 1.20 g (90%).

All three products were obtained as yellow precipi-
tates in yields that ranged from 58%-96%. No attempt
was made to optimize the yields. The analytical sam-
ples of all three compounds were prepared by crystal-
lizing the crude materials from mixtures of dichloro-
methane and hexane.

2.2.2. cis-(Ph,PC4H,,CN), PtCl,

A solution of Ph,CcH,,CN (1.05 g, 3.58 mmol) in
50 ml of 60% aqueous ethanol was added to K,PtCl,
(0.75 g, 1.8 mmol) dissolved in 50 ml of 40% aqueous
ethanol. The mixture was stirred under ambient condi-
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tions for 2 h at which time the pink color characteris-
tics of K,PtCl, had disappeared, and a white precipi-
tate had formed. The product was collected on a filter,
washed with 2 X 20 ml of absolute ethanol and dried
under vacuum. The dried product weighed 0.61 g (33%).

223 P-N chelated (Ph,PC;H,C(OCH,)= NH)-
PdCl, (trans isomer) and (Ph,PCsH,,C(OCH;) = NH)-
PdCl,

In a typical reaction, a solution of the major isomer
of Ph,PC,H,,CN (0.59 g, 2.0 mmol) in 100 ml of
chloroform was added dropwise over 1 h to a rapidly
-stirred suspension of PdCl, (0.35 g, 2.0 mmol) in 100
ml of refluxing chloroform. The mixture was refluxed
under nitrogen for an additional 60 h, and then it was
filtered while hot. The resulting red-colored solution
was evaporated to dryness to provide 0.77 g of solid.
This solid was refluxed in 30 ml of methanol for 1 h.
The resulting yellow-colored solution was filtered while
hot through a bed of celite and charcoal. The resulting
solution was evaporated slowly to provide 0.68 g (67%)
of yellow crystals.

2.3. Separations; infrared and pK, studies

2.3.1. Separation of trans and cis Ph,PC;H,CN

In a well-ventilated fume hood, a 1.00 g sample of a
crude reaction mixture estimated by 3'P NMR to be a
6:4 ratio of trans-to-cis isomers was dissolved in 5 ml
of chloroform and placed on a 2.5X 100 cm chro-
matography column which had been packed (40 cm
height) in the standard way with 70-140 mesh silica gel
in solvent mixture 1. The following quantities and
mixtures of chloroform, benzene, and hexane were
used in the order presented: 700 ml of 25%, 50%, 25%
(mixture 1); 200 ml of 33%, 45%, 22%; 200 ml of 45%,
35%, 20%; 1000 ml of 60%, 25%, 15% (all percent by
volume of chloroform, benzene, and hexane, respec-
tively). The trans isomer eluted first. The chro-

TABLE 4. Crystal and refinement information

matographed products were crystallized from n-pro-
panol providing ca. 0.3 and 0.2 g of pure trans and cis
isomers, respectively. A crystal of the latter isomer was
selected for X-ray analysis.

2.3.2. Isolation of the major isomer of Ph,PCzH,;,CN
by crystallization

Twenty five grams of a mixture estimated by 3'P
NMR to be a 3:1 mixture was crystallized from 40 ml
of 2-propanol providing 9.1 g of the major isomer
which has a 8(P) of —10.0 ppm.

2.3.3. Ni(CO);P(Ph),R IR and ’!C studies

These experiments were carried out as described
earlier [2a,1a). Deoxygenated methylene chloride
(filtered through a column of activated alumina) and
CDCl, were used for the IR and NMR measurements,
respectively. The IR and NMR data from the two
isomers of Ph,PC,H,CN, the single isomer of
Ph,PC,H,,CN, Ph,PCH,CH,CN and Ph,PCH,-
CH(CH,)CN are presented in Table 1.

2.3.4. Determination of the pK, values for P(Ph),R

The titrations were carried out in nitromethane as
described by Streuli [6]. A cell thermostated at 25.0°
was used. A typical titration was carried out by using
10.0 ml of a phosphine solution prepared by dissolving
0.30 g of the solid in 25 ml of deoxygenated ni-
tromethane. The data presented in Table 1 are the
average of three titrations from two separate samples
for the cyclopentane-based systems and two titrations
from single samples for the remaining phosphines.

3. Results and discussion

3.1. Structural studies of the Ph,PcycloalkylCN systems

The cis and trans isomers of Ph,PCsH;CN have
been separated by column chromatography, and a sam-
ple of the isomer with the more shielded 3'P signal

Formula:

Crystal system:

Space group:

Cell dimensions (&) at —155°C:
Vol. (A3);

Calcd density (g /cm®):

Z (molecules /cell):

Data collection limits; min and max 20 (deg)
No. of reflections collected:

No. of unique intensities:

No. with F2> 2.330(F2):
Final residuals; Ry Rugy

C,gHsPN

orthorhombic

P2,2,2,

a = 12.404(4), b = 21.552(7), ¢ = 5.57%1)
1491.32

1.244

6-45
2266
1984
1632
0.0709, 0.0678
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TABLE 5. Coordinates (x10*) and isotropic thermal parameters
(% 10) for cis Ph,PC;HgCN 2

Atom x y z Biso
K1) 4898(1) 8747(1) 6634(3) 22
c@ 6355(4) 8924(2) 6718(11) 20

Cc(3) 6814(5) 9274(3) 8575(12) 25
c4 791(5) 9421(3) 8516(13) 26
c(5) 8533(4) 9220(3) 6612(13) 25
C(6) 8097(5) 8869%(3) 4797(12) 27
(6¢)] 6998(4) 8717(3) 4889(11) 25
Cc®) 4364(4) 9517(3) 7421(11) 22
c9 451%(5) 9981(3) 5776(12) 26
C(10) 4156(5) 10578(4) 6163(17) 36
C(11) 3609(5) 10719(3) 8231(17) 33
c(12) 3444(5) 10259%(3) 9917(14) 2

Cc(13) 3828(4) 9666(3) 9558(12) 23
C(14) 4740(4) 8297(3) 9428(10) 21
c(15) 5424(6) 7696(3) 9420(16) 34
C(16) 4857(7) 7292(4) 1134920 47
can 37117 7411(4) 11039(18) 41
cas) 3580(5) 8058(3) 9984(13) 27
c(19) 2885(6) 8048(4) 7945(15) 44
N(30) 2318(6) 8009(4) 6233(18) 81

2 Estimated standard deviations are given in parentheses. Equivalent
isotropic thermal parameters were estimated by using the formula
presented by W.C. Hamilton, Acta Crystallogr., 12 (1959) 609.

(—11.3 ppm) was crystallized from n-propanol and
analyzed by X-ray methods. Crystallographic data,
atomic coordinates and isotropic thermal parameters,
as well as selected bond lengths and angles are summa-
rized in Tables 4-7. An orTEP diagram and the atom
numbering scheme are presented in Fig. 1. As shown,
the compound selected for study is the cis isomer

TABLE 6. Bond distances (A) for cis-Ph,PCsHCN

P(1)-C(2) 1.847(5)
P(1)-C(®) 1.840(6)
P(1)-C(14) 1.846(6)
N(30)-C(19) 1.189(11)
a2)-C(3) 1.402(8)
a2)-C(N 1.370(8)
c(3)-Cc4 1.396(8)
CP-C(5) 1.383(9)
5)-C(6) 1.375(9)
C6)-C(N 1.404(8)
C®-C(9 1.370(8)
C(8)-C(13) 1.402(8)
C(9)-C(10) 1.38110)
c1o)-can 1.372(12)
c(1n-C(12) 1.381(10)
C(12)-C(13) 1.379(9)
CQa4)-C(5) 1.549%(9)
C(14)-C(18) 1.560(8)
C(15)-CQ16) 1.553(11)
C(16)-C(17) 1.453(11)
C(17)-C(18) 1.523(10)
C(18)-C(19) 1.427(10)

TABLE 7. Bond angles (deg) for cis-Ph,PCsHgCN

C(2)-P(1)-C(8) 99.24(24)
O2)-P(1)-C(14) 101.02(25)
C(8)-P(1)-C(14) 103.56(27)
P(1)-C(2)-C(3) 121.8(4)
P(1)-C(2)-C(7) 118.9(5)
C(R)-C(2)-C(D 119.3(5)
C(2)-C(3)-C4) 120.0(6)
C(3)-C(4)-C(5) 119.4(6)
C(H-C(5)-C(6) 121.2(5)
C(5)-C(6)-C(7) 118.%(6)
C(2)-C(T)-C(6) 121.1(6)
P(1)-C(®)-C(9) 116.6(5)
P(1)-C(8)-C(13) 125.4(5)
A9)-0(8)-C(13) 118.0(6)
C®)-C9)-C(10) 121.%7)
C(9)-C(10)-C(11) 119.%7)
C(10)-C(11)-C(12) 119.2(7)
CUD-C(12)-C(13) 121.0(7)
C(8)-C(13)-C(12) 119.9(6)
P(1)-C(14)-C(15) 112.3(5)
P(1)-C(14)-C(18) - 116.1(4)
C(15)-C(14)-C(18) 103.3(5)
C(14)-C(15)-C(16) 102.7(6)
Q(15)-C(16)-C(17) 105.1(7)
Q(16)-C(17)-C(18) 108.3(6)
Q(14)-C(18)-C(17) 106.3(5)
C(14)-C(18)-C(19) 113.8(6)
C(17)-C(18)-C(19) 111.1(7)
NQ30)-C(19)-C(18) 176.6(10)

(R, R) with the Ph,P and CN groups in equatorial (on
the “flap”) and axial positions, respectively. This result
confirms our prediction that the isomer with the up-

Qﬂ(aa)

Fig. 1. orTEP diagram of cis-Ph,PCsH4CN.
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field 8(C) for the CN carbon (120.9 vs. 122.3 ppm)
would be the cis isomer [3]. With this X-ray result and
the parallel 8§(C) argument, it is also proposed that the
single isomer of Ph,PC¢H,,CN obtained by crystalliza-
tion is also the cis form.

In regard to the X-ray structure, bond angles and
distances are in the expected ranges. The C-P-C
angles of 99.20°, 101.00°, and 103.54° are similar to the
103.33°, 102.07°, and 103.57°, reported for triph-
enylphosphine [7]. With the exception of the C16—-C17
distance, the carbon—cal;bon distances in the five-mem-
bered ring are ca. 1.55 A which is similar to the values
reported for cyclopentane [8] and trans 1,2-cyclo-
pentanedicarboxylic acid [9]. Further, the angle be-
tween the planes defined by the two phenyl rings is
101.76° compared to 83.99°, 101.89°, and 103.54° for
triphenylphosphine [7]. Although the five-membered
ring is basically of envelope form, it is slightly puck-
ered. The result is that C16 and C17 are 0.84 and 0.45
A, respectively, above the plane defined C14, C15 and
C18.

A prominent feature of the structure is that the CN
group is directed toward the phosphorus lone pair. In
order to help describe this orientation and to aid in the
upcoming discussion of cone angles, a dummy atom
(DU) was located 2.28 A from the phosphorus by using
the “add atom” function of the sysyL [10] program.
'{‘he DU-N and DU-C19 distances are 2.97 and 3.17
A, respectively, and the DU-P-C19-N torsion angle is
25.5°.

Clearly, the CN group is located so that it could
block the phosphorus lone pair. From another perspec-
tive, any similarly-positioned substituent could be ex-
pected to substantially affect the cone angle of a phos-
phine. Although, carbocycle conformational, and P-C
rotational, changes could result in structures in which
the substituent would be unobtrusive, these would be
expected to be of higher energy and, even if the group
was pointed away from the lone pair, it would be in a
position to increase the C-P-C angles. These two

Fig. 2. “R up” and “R down” arrangements.

limiting arrangements, shown schematically in Fig. 2,
correspond to front and back strain.

For the cis isomer, the possibilities for additional
low energy conformations were examined in two ways
by use of the syByL program. For both studies, the
X-ray-determined structure was used as the input data,
the P-C bonds were defined as rotatable and all C-P-
C angles were constrained to the input values. In the
first study, the van der Waals energies (VDW factor =
0.80) of the 21 lowest energy conformers with energies
ranging from 73.6 through the minimum at 54.1 to 70.4
Kcal /mol were obtained and examined. An analysis of
these conformers gives rise to two conclusions. First,
compared to a relative energy of 54.3 Kcal /mol for the
conformation from the X-ray results, the calculated
minimum was in good agreement at 54.1 Kcal /mol.
Second, in all 21 conformers, the CN group was gener-
ally in the “up” position as illustrated in Fig. 2. Fur-
ther, all except one of the Du~N distances ranged from
2.45 to 3.00 A (the distance in the X-ray structure is

TABLE 8. Selected torsion angles (deg) and calculated Tolman cone angles (@) for cis and trans isomers of 2- -diphenylphosphino-1-Rcyclopen-

tanes

Isomer data set @ R DU-P-C14-C-18 DU-P-C2-C7 DU-P-C8-C9 plane angle [}
cis 1 CN —-51.7 -77 —-59.8 101.8 171
cis 2 CN —49.5 ~-717 —-59.8 101.8 172
cis 3 CN —-533 -99 -57.2 100.8 173
trans 3 CN -513 -6.5 —-56.9 100.5 151
cis 3 CH, —-523 -76 -60.1 102.0 162
trans 3 CH, -53.0 ~80 —-29.8 80.7 158
- 3 H —524 -10.5 -576 102.2 151

 Data set identification: 1) X-ray structure, 2) syByL VDW energy minimization 3) syByL molecular mechanics minimization.
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Fig. 3. Proposed structure for trans-Ph,PC;HCN.

2.98 /gx) and the outlying value of 3.16 A was associated
with the highest energy conformer. In the second study,
the syBYyL molecular mechanics program was used to
obtain an energy minimized structure. Again, the ge-
ometry obtained (see Table 8) was similar to the X-
ray-based result.

In the absence of structural data, questions remain
regarding the conformations for the corresponding
trans isomer. In order to explore possibilities, a molec-
ular mechanics calculation has also been carried out on
an input geometry generated from the cis isomer by
moving the smaller CN group to the equatorial posi-
tion. With the C-P-C angles constrained to the X-
ray-determined values, the energy minimization pro-
vided the structure shown in Fig. 3. Clearly the CN
group is in an arrangement which is closer to the “R
down” rather than “R up” arrangement.

As reported earlier [3], the trans and cis isomers for
the cyclopentane-based systems provide 3!'P shifts of
—3.8 and —11.3 ppm, respectively, values which indi-
cate a considerable average difference for the phos-
phorus environments. Further, the values obtained for
the analogous cyclohexane-based systems (—10.0 and
—10.9 ppm) suggest that the trans isomer has the
unusual chemical shift value. It has previously been
reported that the Z and E isomers of Ph,PCH=CHCH
provide 3'P shifts of —32.7 and —14.2 ppm, respec-
tively, and an an explanation for this y effect is that
phosphines with groups which are in a position to
“compress’ the phosphorus lone pair have upfield
chemical shifts [11a]. Since downfield *'P signals are
usually associated with the larger C-P-C angles [2c,
11b], it is also possible that the frans isomer has the
CN and Ph,P groups located on the cyclopentane ring
in a fashion that tends to increase the C—P-C angles.

As indicated above, it is recognized that the cyano
group is a good ligand in its own right [4], and this
coupled with the fact that it is sterically undemanding
make it challenging to define the cone angles for these
ligands. However, the question of how sterically hin-
dered this type of phosphorus might be has been
evaluated by using Tolman’s definition of cone angles

generated from three 6 /2 values [2c]. For these analy-
ses, hydrogeon and nitrogen van der Waals radii were
set at 1.2 A and 1.5 A,o respectively, and the C-H
distances were set at 1.1 A.

The results for the cis and trans isomers of the
cyano derivatives as well as the energy minimized CH ,
and unsubstituted analogues are presented in Table 8.
It should be noted that the input geometries for both
the CH,- and H-substituted analogues were obtained
from the X-ray-generated results as described above
for the cyano compounds. Two observations arise from
these results. First, the cis isomers are slightly larger
than the zrans isomers, and the effect of adding a
methyl substituent in the number two position in-
creases the cone angle of the ligand by about 10°. In
regard to the latter point, MINDO /3-data-generated
cone angles [12] for H,PPh and H,P(0o-PhCH,) were
calculated to be 104° and 111i° respectively, a differ-
ence which is comparable to what was obtained from
this study.

Given the methods used, the cone angles deter-
mined for these ligands, especially for cis Ph,PCH -
CN, are likely too high. The value for Ph,PCH,, 151°,
however, is close to the value of 153 determined for
Ph,PC.H,, [2c].

3.2. pK, measurements and IR and NMR studies on Ni
complexes

In order to further assess the donor/acceptor abili-
ties of these phosphines, pK, measurements on the
free phosphines and spectroscopic (*C and IR) mea-
surements on Ni(CO),L complexes have been carried
out. As summarized in Table 1, these measurements
are consistent with the conclusion that all three of the
cyanocycloalkyl derivatives have similar basicities and
donor /acceptor properties. Further, all the cyano
phosphines listed are weaker bases than PPh,, pK, =
2,73, but, the acyclic Ph,PCH,CH,CN is the weakest
base in the set. It is proposed, however, that, compared
to the cis isomer, the trans Ph,PC;H CN is slightly
more basic. Although the results are similar, the pK,
measurements carried out on multiple samples on three
different days all consistently identified the trans iso-
mer as the stronger base by ca. 0.10 pK, unit.

As summarized in Table 1, NMR and IR data for
the Ni(CO),L complexes of these ligands have also
been obtained. The donor /acceptor ratio as evinced by
the *C chemical shifts are similar for all three of the
cycloalkyl-based systems and greater than that ob-
served for the acyclic systems. Clearly these Ni-based
data indicate that these ligands are similar in effect to
Ph,P(OR) and PhP(OR),. For example, the reported
3C chemical shift (downfield from Ni(CO),) for
PhP(OBu), is 4.20 ppm [1a].
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Giering has recently presented evidence which sup-
ports the idea that Ph,PCH,CH ,CN can be classified
as a group 1 or o-donor only ligand. Further, he has
shown that for such ligands the following relationship
holds [1f].

pK,= —0.68(+ /—0.03) X-0.047( + / - 0.010)6
+18.9(+/—1.6)
X = difference between A, band

for Ni(CO),L and 2056.1 cm™*

8 = cone angle

Using this relationship along with the pK, values
and the Ni(CO),L v(CO) values that we have deter-
mined leads to calculated (—0.68) and —0.047) cone
angles of 136°, 142°, 146°, and 128° and 125° for cis and
trans Ph,PC;H.CN, Ph,PC.H,,CN, Ph,PCH,CH-
(CH,)CN and Ph,PCH,CH,CN, respectively, values
which are lower than expected on the basis of cone
angles reported for similar ligands [2¢,1f]. Treating
these four ligands as a set and assumming that Ph,
PCH,CH,CN has a cone angle of about 142° [1f],
adjusting the coefficient from 18.9 to 19.7 gives cone
angles of 159°, 164°, 163°, 145° and 142°, respectively,
values which are more in line with those reported and
our calculated values.

The 3C spectra (aliphatic and aromatic regions) of
the Ni(CO),L complexes are consistent with the forma-
tion of phosphine complexes with the nitrile groups
being uncoordinated. As will also be evident from the
data presented below for the platinum and palladium
complexes, support for this conclusion arises from the
J(PC) values for the ipso carbons of the phenyl rings
and the sp® carbons (C, carbons) attached to the
phosphorus atoms as well as the chemical shifts of the
CN carbons. In regard to the latter, compared to the
free ligands, the CN carbon signals observed for the
nickel complexes are all ca. 0.5 ppm upfield whereas a
downfield shift is expected if the CN group coordinates
[5,13]. Further, as expected [14], the J(PC) for the ipso
carbons all increase from ca. 12-15 to 30-33 Hz, and
the values for the C, carbons increase from 3.7-8.0 Hz.
For example, the spectra (chemical shifts in ppm and
J(PC) in Hz) from the free ligand and complex contain-
ing cis-Ph,PC;HZ;CN contain two doublets for the
diastereotopic ipso carbons at 137.1 (J=14.0), 136.5
(J = 12.4) for the free ligand and 136.9 (J = 32.6) and
134.7 (J = 31.3) for the complex. Similarly, for the C,
carbons the values are 40.5 (J=12.5) and 40.7 (J =
16.9), respectively.

In order to further evaluate the ligand properties of
these mixed donor ligands, platinum(II) and

palladium(II) complexes (see Tables 2 and 3) have
been prepared. As expected, all three of the cy-
cloalkane-based ligands readily form stable complexes
of stoichiometry L,PdCl,. The IR and NMR data are
all consistent with the formulation of these as frans-
substituted phosphine complexes. Clearly, the »(CN)
bands are observed near the frequencies measured for
the free ligands, a situation which is consistent with
free nitrile groups [4]. Further the v(PdCI) and *'P
data are entirely consistent with trans, rather than cis,
complexes [5,14]. As observed for the ipse carbon for
the Ni(CO),L complexes, the diastereotopic phospho-
rus atoms in these complexes are distinguishable and
are separated by ca. 0.10 ppm; a difference of this
magnitude was previously reported for the dia-
stereotopic phosphorus atoms in PdCl,(Ph,PCH,CH
(CH,)CN), [5].

The platinum complex is assigned a frans geometry
on the basis of the J(PtP) value of 2,524 Hz [14]. In
contrast to the Pd complexes, the diastereotopic phos-
phorus atoms could not be distinguished even though
the 3!'P experiment had been carried out several times
on three different instruments. In comparison with
previously reported results, it is noted that the
PtCl,(Ph,_,P(CH,CH,CN), are cis with the excep-
tion of the case with X = 3 for which both isomers are
observed [13].

The nitrile groups in the acyclic (Ph,PCH,-
CH(R)CN; R=H, CH;) and aromatic (Ph,P-o-
C¢H ,CN) analogues of these readily react with alco-
hols to form imidates or imino ethers when coordi-
nated to palladium to 1:1, LPdX,, fashion [S]. Both
trans Ph,PC,;H;CN and Ph,PC,H,,CN undergo simi-
lar reactions, and the resulting complexes provide ana-
lytical and spectroscopic data which are completely
consistent with the formation of P-N chelates of the
type shown in Fig. 4.

£

Fig. 4. Proposed structure for imino ether complexes.
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