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ABSTRACT

The ylidyl substituent of the -chlorophosphane
Ph,P=CAr-PRCl exerts a strong influence on the P-Cl
bond. An X-ray structure investigation of the represen-
tative with Ar=Ph, R=Me reveals the longest P-Cl
bond ever observed for an acyclic chlorophosphine
(226.2(1) pm). It is connected to a conformation that
allows an effective negative hyperconjugation. The yli-
dyl chlorophosphanes with an amino group R are co-
valent in benzene but become more or less ionic in
dichloromethane solution. The solvent-dependent dis-
sociation equilibrium can be followed by 3P NMR
spectra. In case of an enamine-derived ylidyl chloro-
phosphane, the equilibrium shifts almost completely
from the covalent to the ionic side within a rather nar-
row range of solvent composition (20 to 70vol % dich-
loromethane). © 1996 John Wiley & Sous, Inc.

*To whom correspondence should be addressed.
tX-Ray structure analysis.
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INTRODUCTION

Chlorophosphanes are covalent compounds. Their
dissociation can be achieved, however, when the
chloride ion is incorporated in or exchanged for an
anion of low basicity (such as AlCl; or CF,SO;) and
when, at the same time, the phosphorus substituents
participate effectively in the positive charge induced
by the dissociation at the phosphenium center [1,2].
Amino groups prove suitable for the latter part and
have so far been used in almost all the known cases.
Recently, we could demonstrate that triphenylphos-
phonium ylide substituents are definitely more ef-
fective in this part, as bis(ylidyl)chlorophosphanes
dissociate spontaneously and bis(ylidyl)phos-
phenium cations are stable not only with counter
ions of low basicity but also as simple halides [3-5].
In this article, we present the synthesis of chloro-
phosphanes with one ylide substituent and a variety
of second substituents, and we report about their 3'P
NMR data in solvents of different polarity. Three of
these compounds were mentioned in previous arti-
cles [3,4,6].

X-ray structure investigations of ylidyl dihalo-
phosphanes [6] furthermore demonstrate that an
ylide substituent exerts a strong influence on their
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phosphorus-halogen bonds, although in this case it
is insufficient to cause dissociation: the two phos-
phorus-halogen bonds of a compound become struc-
turally nonequivalent both for their dihedral angle
P-C-P-X and for their length. In the case of the ylidyl
dichlorophosphanes, for example, a large dihedral
angle of 135° to 151° for the one P-Cl bond goes
along with a small dihedral angle of 127° to 114° and
a strongly elongated bond for the other. It seemed of
interest to compare with these results the structure
of an ylidyl monochlorophosphane that offers an al-
ready asymmetric topology at the phosphorus atom
to start with.

RESULTS AND DISCUSSION
Synthesis

For the preparation of triphenylphosphoniumylidyl
monochlorophosphanes, the ylidyl substituent may
be introduced in the second or first step. In the for-
mer case, the synthesis starts from the trimethylsilyl
ylide 1 [6] and involves its reaction with a variety of
dichlorophosphanes (Scheme 1).

Ph Ph

)\ )\ R
PhgP SiMe; + RPCl, ——— PhyP e

Me3SiCl |
1 cl

Me
CH,CI
Et

‘Bu

Ph
Ciz2HN
NPh,

(DQNOO‘I&“I

SCHEME 1

In some other cases, the ylidyl dichlorophos-
phane 2 (dichlorophosphanyl 2-methylbenzylidene
phosphorane) [6] serves as the starting material and
is reacted with a trimethylsilyl amine, phosphane, or
iminophosphorane (Scheme 2).

3-MeCeH, 3-MeCgH,
R
PhyP PCl, + R-SiMe; ——— PnyP [3d
- Me;SiCI |
2 cl

SCHEME 2

In the synthesis of the amino- and imino-substi-
tuted derivatives 9, 10, and 12, the 3'P NMR spectra
of the reaction mixtures always showed, besides the
derived products, small amounts of the
bis(ylidyl)phosphenium chloride. This obviously re-
sults from a dismutation reaction and contaminates
the product.

Compounds 3-8 and 11 were isolated as color-
less to yellow substances, sensitive to air and mois-
ture. They are easily soluble in dichloromethane and
fairly soluble in benzene or THF. In some cases, the
color of their solutions deepen with increasing sol-
vent polarity; e.g., the solution of 8 in benzene is yel-
low, while its solution in dichloromethane is red.

3'P NMR Spectra

The chemical shift of the tervalent phosphorus, in
general, allows one to distinguish readily between
the three-coordinate environment in a chlorophos-
phane and the two-coordinate environment in a
phosphenium ion. Those of acyclic monochloro-
phosphanes are, in general, found at §*'P < 200 [7]
and those of phosphenium ions at §*'P > 260 [2,7].
In a study loosely related to the present one, chem-
ical shifts, 6*'P around 200, were observed for the
tervalent phosphorus atom of [(Me,N),P=N]
Me,NPCl and [(Et,N),P =N1,PCl and were supposed
to represent “averaged values of the chemical shifts
of tautomers with covalent and ionic chlorine at-
oms” [8]. No clear evidence for “a certain saltlike
character” of these compounds was given, however.

Table 1 contains the chemical shifts of the ylidyl
chlorophosphanes 3-11, both in benzene and dich-
loromethane solution. In every case, they are found
to be different in the two solvents, but the differences
may be as small as AJ*'P = 7 or as large as A*'P =
194. In an earlier study, the chemical shift of triflate-
substituted phosphanes R,P-OSO,CF, [9] was ob-
served to depend upon the solvent in a range of A§3'P
< 20 and was believed to “suggest an equilibrium
mixture of a phosphenium ion and a tricovalent
compound, probably with the latter prevailing.”

As evidenced by the chemical shift of the terva-
lent phosphorus atom, all compounds 3-11 in ben-
zene solution are present as covalent chlorophos-
phanes. On proceeding to dichloromethane
solutions, all signals move downfield, those of the
alkyl and aryl phosphanes 3-7 and the diphosphane
11 only up to 17, however, for AJ*'P. At the same
time, the coupling constant 2/, decreases by some
3-9 Hz. These changes are rather small as compared
with those observed on addition of one equivalent of
AlCl, in CH,CIl, solution, i.e., on converting the chlo-
rophosphines 3-6 to the phosphenium tetrachlo-
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3P NMR data of ylidyl chlorophosphanes Ph,P® = CAr—PARCI 3—12 in benzene and dichloromethane and of ylidyl

phosphenium tetrachloroaluminates [Ph,P® = CAr—P*R]AICI, 13-18 in dichloromethane, coupling constants J in Hz.
(The specified meaning of R and Ar applies to both the chlorophosphanes 3—12 and the phosphenium ions 13-18.)

C,H, CH,Cl, CH.,Cl,
R Ar Sa S5 Jas o4 S Jrs O S5 Jas
Me Ph 3 1300 238 1724 1468 247 1663 13 3894 254 1140
CH,CI Ph 4 1084 257 1785 1183 256 1755 14 3412 248 1088
Et Ph 5 1417 234 1668 1558 240 1626 15 4039 240 1058
Bu Ph 6 1520 245 1800 1622 243 1770 16 4218 259 107.9
Ph Ph 7 1241 241 1969 131.0 233 1886
C.H.N  Ph E8 1216 224 1922 3154 254 1363 E18 3156 254 1364
WHN  Ph Z8 1361 228 1862 3177 252 1363 E18 3178 252 1368
NPh, Ph 9 1431 240 2627 1754 252 2341
NE, 3-MeC.H, 10 1780 222 2320 2810 258 167.9 17 2878 258 16238
PcPh,s  3-MeC.H, 11 1395 235 1831 1527 247 1740
NPPhy  3-MeC.H, E-12 3461 232 1313
NPPh,s  3-MeCH, 212 361.0 162  17.3

2ln CHy: g = —9.8, Juc = 169.4, Joc = 18.3Hz; in CH,Cl,: 6. = —10
b5 = 22.0, Jye = 54.9, Joe = 11.2 Hz.
g = 26.6, Jo = 64.1, Jpo = <3 Hz.

roaluminates 13-16 (Scheme 3, Table 1). Utilizing
mean values, 6*'P moves from 133 to 389 and %/,
decreases from 174 to 109 Hz.

Compounds 3-7 and 11, thus, seem to remain
covalent also in dichloromethane. The observed sol-
vent-induced differences of 6*'P and 2J,, may result
from changes in the conformer population (see dis-
cussion of the molecular structure of 3).

A stronger solvent dependence is observed for
the tervalent phosphorus atom of the aminophos-
phines 9 and 10. In going from dichloromethane to
benzene solution, we found moderate differences
(AS*'P = 32 and A¥,, = —29 Hz) for the diphenyl-
phosphino derivative 9, but larger ones (A¢*'P = 103
and A%, = —64 Hz) for the diethylamino derivative
10. These differences indicate a mobile dissociation
equilibrium for 9 and 10 in CH,Cl, which, in the case
of 10, is almost completely on the side of the disso-
ciated form (Scheme 4). In accord with that concept,
its data accordingly approach those of the respective
phosphenium tetrachloroaluminate 17.

Ar Ar

)\4- R
PhyP P’

Ar

P’R
o]

PhyP — <« PhP P

+ AICl

Ar
Ph
Ph
Ph
Ph
3-MeCgH,
Ph

+/l\\/R

4, Juc = 166.3, Jyo = 18.3 Hz.

Ar Ar

+/k\ NRY ¢

)\+ NRZ'
9,10 = | PhyP P’ <> PhgP P

R'=Ph,
R’ = Et,

Ar=Ph
Ar = 3-MeCgH,

SCHEME 4

The *'P NMR signals of 10 in different mixtures
of the two solvents (Figure 1) clearly represent the
average of the covalent and ionic forms. The ob-
served slope demonstrates the almost complete shift
of the equilibrium from the one to the other side,
effected just by the change of solvent. While the 3'P
NMR signal of the tervalent phosphorus atom of 10
is a well-resolved doublet, both in benzene and di-
chloromethane solution, it broadens and loses its
fine structure in the solvent mixtures. This can be
understood as an exchange broadening that reaches
its maximum when about equal amounts of the co-
valent and the ionic forms participate in the equilib-

SCHEME 3

AICI,”
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rium. The signals are sharp, however, when most of 3404
the compound is present in the covalent or in the &’'p gmnnn e
ionic form. 300 1 -

The most pronounced solvent dependence of the
3P NMR data is observed for the chlorophosphane
8, having an ylide and an enamine substituent. This
compound is obtained as a 5:1 mixture of two iso-
mers. Their *'P NMR data, especially their coupling
constants 2/p,, are very similar to each other and are
also similar to those of the other ylidyl chlorophos- 140
phanes 3-7 (Table 1). This suggests an alike confor-
mation for the ylidyl phosphane moiety and leaves
the enamine part as the origin of the two isomers E-
and Z-8, as shown in their formulas (Scheme 5). The
major isomer is tentatively assigned to E-8 [10].

Both isomers of 8 dissociate completely when
dissolved in dichloromethane. This becomes evident
by comparing the respective data with those of the
tetrachloroaluminate 18 (Table 1). The E,Z-isomers 250 -
keep their identity during the dissociation. As is 2, 2]
demonstrated by Figure 1, the dissociation equilib-
rium is, in fact, shifted all the way from the covalent
to the ionic side within an astonishingly small range

260 4

220 A

180 4

200 4

of solvent mixture composition. 150 -

While the 3'P NMR signals of the tervalent phos-
phorus atoms (signal A) of E- and Z-8 are sharp dou- 100 L, . .
blets in benzene and dichloromethane, they are 0 50 100

broad in intermediate solvent mixtures when com- Vol % CH,Cl

ts of the di iat isso-
p.a rtalc)lle; amounts ‘o et Tl}s:oma eg and lu.n dlgso FIGURE 1 (a) Chemical shifts J, of the tervalent phospho-
clated torms are present. 1his can be explained as ¢ a1om and d, of the phosphonio groups as well as (b) cou-

previously done for compound 10. pling constants J,, of E-8 (open circles and squares, dashed
Chemical shift §, line width, and coupling con-  lines) and of 10 (filled circles and squares, solid lines) in

stant 2/, also depend on the temperature (Table 2) mixtures of benzene and'dichloromethane. The curves result
and indicate an increased dissociation at lower tem-  from & nonlinear regression.

peratures. This may be rationalized by a negative en-

tropy of dissociation due to an increased order of the

Ph Me Ph Me Ph Me
| | .
A AN G A SN
PheP” PR == | PP TP <> PhPT TP 4 cr
Cl
Me Me Me pe Me Mme
E-8
Ph Me Me Ph Me Me Ph Me Me
4L\ */L§ 44\ <
PhsP PT N = | PhgP PO «» PhgP P . crr
| +
N N
cl /N / ;
Me Me Me
Z-8

SCHEME 5
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3MeCgHy” “P” SPPhy  <—» 3-MeCH;” “P? “PPh,
VAT
'PrN_ N -
2 ~pZ ~ppp, B4
19
SCHEME 6

solvent molecules [11]. At lower temperatures, the A
signal also becomes broader due to the decreasing
exchange rate.

The triphenylphosphoranediylamino-substi-
tuted compound 12 is obtained in dichloromethane
solution. Its 3'P NMR spectrum indicates that ap-

TABLE 2 °3'P NMR data of compound E-8 dissolved in a
mixture of equal volumes dichloromethane and benzene-d;
at different temperatures T, coupling constant J in Hz.

T Oa s Ias
25°C 239.0 242 157.2
0°C 272.5 24.9 148.0
—40°C 305.0 25.4 137.3

FIGURE 2 Molecular structure of 3 (thermal ellipsoids with
50% probability).
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proximately equal amounts of two isomers are
formed, both of which display an ABC spin system.
They can be structurally assigned by means of their
different coupling constants 2/, and 4/, (Scheme 6).
The signals of their tervalent phosphorus atoms are
found at very low field and indicate an ionic struc-
ture for both of them (Table 1, signal A). The shifts,
moreover, do not change significantly when a mix-
ture of equal volumes of benzene and dichlorome-
thane is used as a solvent.

A coplanar P-C-P-N-P backbone must be as-
sumed for the cations of 12, with the coupling con-
stants Joye and Jpep depending on the conformation
in the respective part of the molecule. The coupling
constants J,. of the two isomers are alike and similar
to U, = 71.1 Hz of the triphenylphosphonio imi-
nophosphane 19 [12]. J,. is therefore assigned to
Jonp and its value is in accord with a synperiplanar
orientation of the lone pair at the central phosphorus
atom to the N-triphenylphosphonio group [6,12] in
both isomers. The remaining two-bond coupling
constants J,z, which are rather different for the two
isomers, must consequently be assigned to Jpcp. The
large one indicates a synperiplanar orientation of the
electron lone pair and the C-triphenylphosphonio
group, as in E-12, and the small one an antiperi-
planar orientation, as in Z-12 [6]. The fact that Jg. is
observed for E-12, but not for Z-12, confirms this
assignment [5,13,14].

Molecular Structure of 3

A single crystal of compound 3 was used for an X-
ray structure determination. It shows the undisso-
ciated molecule as assumed from the *'P NMR spec-
tra in solution also to be present in the crystal.

The most prominent features of the molecular
structure (Figure 2) are the (Ph,)P-C-P-C(H,) back-
bone approaching planarity, with the methyl and
phosphonio groups in the trans position and the
strongly elongated P-Cl bond, which stands roughly
perpendicular to the said plane (see dihedral angles
in Table 3). The structure of 3 thus comes close to
the geometry that would be expected for the ionic
isomer. As compared with the bonds in PCl,
(204.0(1) pm [6,15]), the P—Cl bond in 3 has become
22 pm longer, and, if the sum of the van der Waals
radii (370 pm) is taken as a measure for complete
dissociation, the elongation observed for 3 would in-
dicate a 13% stage on this pathway.

The long P-Cl bond in 3 is caused by an electron
transfer from the ylidic carbon atom C, to the anti-
bonding orbital of the P-Cl bond, which becomes
effective by the almost parallel orientation of this
bond to the p,-orbital at C, [6] (negative hypercon-
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TABLE 3 Selected Bond Lengths [pm], Bond and Dihedral
Angles [°] of Compound 3, and the Respective Structural Data
of Two Ylidyl Dichlorophosphanes (The labeling of the atoms
refers to Figure 2.)

PhgP

R R
1)\2 R +/J\ R
r|=/ -— PhgP P~
o] ci-

3 (6] (6]

R Me cl cl
R Ph 2,6-CL,C,H, Me
P,-C, 173.0(2) 174.1(4) 171.7(3)
c,~C,, 149.8(2) 149.0(5) 152.1(5)
P,~C, 172.5(2) 172.1(4) 170.0(3)

~C, 1836(2)  210.3(2)= 209.9(1)e
P,—Cl 2262(1)  212.5(2) 218.8(1)
P,-C,—C, 116.8(1) 120.5(3) 117.1(2)
P,~C,~C,, 122.7(1) 124.8(3) 125.5(3)
P,—C,-P, 118.7(1) 114.5(2) 116.7(2)
C,-P,—C, 101.3(1) 104.6(2) 103.0(1)=
C,—P,—Ci 107.2(1) 107.0(2) 104.2(1)
C,~P,—Cl 92.2(1) 93.3(1) 92.2(1)
P,-C,~P,-C, 163.3 135.52 150.82
P,~C,~P,—Ci 100.8 126.6 1135

aC1, in place of C,.

jugation [16], anomeric effect [17]). As a conse-
quence, the bond P,—C, between the tervalent phos-
phorus and the ylidic carbon atom is rather short,
especially when compared to the normal single bond
P,—C,. The formal single bond P,-C, is thus shorter
than the ylidic bond P,-C,.

The P-Cl distance of 3 exceeds considerably the
longest distances so far observed for acyclic chloro-
phosphanes such as (Me,N),PCl (218.0(4) pm [18])
and Ph;P =CMePCl, (see Table 3). The only other P-
Cl bonds of comparable length have recently been
found for cyclic ylidyl chlorophosphanes [19,20]. In
these examples, the dihedral angle is given, however,
by the ring structure.

As has been mentioned in the Introduction, the
structure of 3 may be compared with the structures
of some triphenylphosphonium ylidyl dichlorophos-
phanes (Table 3) that were discussed in detail in a
previous article [6]. They can, in fact, be meaning-
fully extrapolated to the structure of 3. Of the two
nonequivalent chlorine atoms, the methyl group re-
places the one at the larger dihedral angle, and a fur-
ther rotation around P,—C, brings it even closer to
the plane around C,. At the same time, the P-Cl bond

approaches a perpendicular orientation and be-
comes considerably longer.

EXPERIMENTAL

All manipulations were carried out in flame-dried
glassware under argon using the Schlenk technique.
Dry dichloromethane and benzene were used as ob-
tained (Fluka). Pentane was dried over molecular
sieves (4 A). Tetrahydrofuran was dried by refluxing
with sodium/benzophenone and subsequent distil-
lation. Melting points were determined in sealed
capillaries.

NMR. JEOL GSX 270 (*'P), JEOL EX 400 (‘H,
13C) with Me,Si (int.) and 85% H,PO, (ext.) as stan-
dards. 3'P NMR data are given in Tables 1 and 2. The
atoms of the P-phenyl groups are identified as o,m1,p-
H and i,0,m,p-C; the atoms of the C-phenyl groups,
as 2,3,4-H and C-1,2,3 4.

Dichlorophosphanes RPCl, (R = Me, CH,Cl, Et,
‘Bu, Ph) were distilled priorto use. Trimethylsilyl ben-
zylidenetriphenylphosphorane 1 [6], dichlorophos-
phanyl3-methylbenzylidenetriphenylphosphorane 2
[6], 1,3,3-trimethylindolin-2-ylidenemethylene di-
chlorophosphane [10], diphenylaminodichlorophos-
phane [21], trimethylsilyl diphenylphosphane [22],
and N-trimethylsilyl triphenyliminophosphorane
[23] were prepared as described in the literature.

3. 6.06 g (51.9 mmol) of methyldichlorophos-
phane was added slowly through a syringe to a
stirred solution of 23.99 g (51.8 mmol) of 1 in 300
mL of benzene at room temperature. After the re-
sulting pale yellow solution had been stirred for 10
hours, it was concentrated in vacuo to half of its orig-
inal volume, and 50 mL of pentane was added. The
formed colorless precipitate was filtered off, washed
three times with a 1:1 mixture of benzene and pen-
tane, and dried in vacuo. Concentration of the filtrate
to one-third of its former volume afforded a second
crop. Yield: 19.83 g (88%), mp 172-174°C; anal calcd
for C,,H,,CIP, (432.9): C, 72.14; H, 5.36; found: C,
71.87; H, 5.14; '"H NMR (C,D,): 6 = 1.90 (d, 2Jpy =
11.7 Hz, 3H), 6.92-7.09 (m, 12H, arom. H), 7.46-7.49
(m, 2H, 2-H), 7.55-7.61 (m, 6H, o-H); *C{'H} NMR
(CD,): 6 = 23.0 (dd, Jpc = 29.0 Hz, 3/, = 15.3 Hz,
CH,), 52.9 (dd, J,c = 105.3, 58.8 Hz, CPPh,), 125.1
(d, 3Jpc = 2.3 Hz, C-4), 127.9 (superimposed, C-3),
128.6 (superimposed, i-C), 128.7 (d, 3/, = 11.5 Hz,
m-C), 132.1, (d, Yo = 3.1 Hz, p-C), 133.6 (t, Jpe =
5.3 Hz, C-2), 134.5(dd, 2J,c = 9.2 Hz, *J, = 2.3 Hz,
0-C), 139.6 (dd, ¥/, = 8.4, 3.8 Hz, C-1).

4. Prepared as described earlier, from 0.48 g



TABLE 4 Crystailographic Data and Details of Data Collec-
tion and Structure Refinement of Compound 3

Crystal data

Formula C.sHxCIP,

M, 432.87
Crystal system triclinic
Space group P(—1) {No. 2]
Crystal dimensions (mm) 0.2-0.35-0.45
a(A) 9.709(1)

b (A) 10.270(1)
c(A) 12.168(1)

a (°) 108.00(1)
B¢ 98.02(1)

 (°) 92.29(1)

V (A?) 1138.1(2)
D,,. (g cm~3) 1.268

4 2

F(000) (e) 452

#(Mo K) (cm~1) 3.18

Data coilection

Diffractometer Enraf Nonius CAD4

Radiation Mo K,, 0.71069 A, graphite
monochromator

T (°C) —68

Scan mode w

hklrange +11/+12/+14

SiN(6/A)ae (A1) 0.59

Measured refl. 3992

Unique refl. 3990

Observed refi. 3970

F = 2 oF,

Refinement

Refined parameters 262

H atoms (found/caicd) 0/23

R12 0.0290

wR2b 0.0766

(shift/error),,.., 0.001

Apy, (Max/min) (eA-3)

A1 = Z(|F,) — IFVZIF,.
CwhE = [Zw(F — REVEIWFT™ w = g/20%(R3) + (ap) + bpip =
(R + 2R)/3;a = 0.0431,b = 0.44.

+0.364/-0.216

(7.5 mmol) of chloromethyldichlorophosphane and
3.14 g (6.8 mmol) of 1 in 30 mL of benzene. Yield:
3.11 g (98%), decomp. > 145°C; anal calcd for
C,.H,,Cl,P, (467.3): C, 66.83; H, 4.75; found: C, 66.84;
H, 4.95; '"HNMR (C,D,): 6 = 3.86-4.11 (m, 2H, CH,),
6.94-7.07 (m, 12H, arom. H), 7.52-7.54 (m, 2H, 2-
H), 7.56-7.62 (m, 6H, 0-H); 3C{'"H} NMR (C,D,): 6 =
43.9 (dd, U, = 34.9 Hz, ¥, = 16.2 Hz, CH,), 49.3
(dd, J,. = 107.6, 57.8 Hz, CPPh;), 125.9 (m, C-4),
127.5 (dd, 4 = 6.7 Hz, superimposed, i-C), 128.3
(s, C-3), 128.8 (d, Yoo = 12.1 Hz, m-C), 132.4 (d, /e
= 2.7 Hz, p-C), 134.1 (t, ¥, = 4.7 Hz, C-2), 134.5
(d, 2, = 9.4 Hz, 0-C), 137.5 (dd, 2J,. = 4.0 Hz, C-
1.

5. Prepared as described earlier, from 5.40 g
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(41.3 mmol) of ethyldichlorophosphane and 19.08 g
(41.2 mmol) of 1 in 200 mL of benzene. Yield: 16.58
g (90%), mp 162-165°C; anal calcd for C,,H,.CIP,
(446.9): C, 72.57; H, 5.64; found: C, 72.04; H, 5.32;
'H NMR (C.D,): 6 = 1.13 (dt, Jpyy = 17.8 Hz, Jyu =
7.8 Hz, 3H, CH,), 2.32 (m, 2H, -CH,), 6.91-7.09 (m,
12H, arom. H), 7.49-7.55 (m, 2H, 2-H), 7.59-7.64 (m,
6H, 0-H): BC['H]} NMR (C,D,): 6 = 10.8 (d, ¥Jpc =
21.4 Hz, CH,), 29.7 (dd, Jpe = 24.4 Hz; o = 14.5
Hz, CH,), 50.7 (dd, U = 106.1, 59.5 Hz, CPPh,),
124.9 (d, Jpe = 2.3 Hz, C-4), 128.7 (d, Jpe = 12.2
Hz, m-C), 128.7 (superimposed, C-1), 128.7 (super-
imposed, C-3), 132.1 (d, “/pc = 2.3 Hz, p-C), 133.2(t,
e = 5.3 Hz, C-2), 134.5 (dd, 2y = 9.2 Hz, Jpe =
2.3 Hz, 0-C), 140.0 (dd, 2Jpc = 8.4, 3.8 Hz, C-1).

6. Prepared as described earlier, from 4.66 g
(29.3 mmol) of z-butyldichlorophosphane and 13.58
£(29.3 mmol) of 1in 150 mL of benzene. Yield: 10.56
g (76%), mp 167-169°C; anal caled for C,,H,,CIP,
(474.9): C, 73.34; H, 6.15; found: C, 73.67; H, 6.10;
'H NMR (CDCl,): § = 0.88 (d, 3y = 13.4 Hz, 9H,
CH,), 6.89-7.45 (m, 20H, arom. H); “*C{'H} NMR
(CDCl,): 6 = 28.1(d, /pc = 17.0 Hz, CH,), 40.0 (dd,
Yee = 30.3 Hz, 3, = 17.0 Hz, C-(CH,),), 49.1 (dd,
Jpe = 100.9, 66.6 Hz, CPPh;), 125.1 (d, 3Jpc = 3.1
Hz, C-4), 127.4 (d, 4/ = 2.7 Hz, C-3), 128.0 (dd, 'Jc
= 87.4 Hz, 3, = 6.7 Hz, i-C), 128.2 (d, Jpc = 11.6
Hz, m-C), 131.8(d, “Joc = 2.9 Hz, p-C), 134.3 (dd, 2/,
= 9.2 Hz, ¢ = 2.1 Hz, 0-C), 134.8 (t, *J, = 4.6 Hz,
C-2),139.2 (dd, 2/, = 7.2, 2.7 Hz, C-1).

7. Prepared as described earlier, from 0.37 g
(2.1 mmol) of phenyldichlorophosphane and 1.05 g
(2.1 mmol) of 1 in 30 mL of benzene. Yield: 0.72 g
(69%), mp 189-191°C; anal caled for C, H,;CIP,
(494.94): C, 75.23; H, 5.09; found: C, 74.03; H, 5.34.
'H NMR (CD,CL,): 6 = 6.78-6.87 (m, 4H, arom. H),
7.01 (m, 2H, arom. H), 7.13-7.20 (m, 4H, arom. H),
7.50-7.55 (m, 6H, m-H), 7.64 (m, 3H, p-H), 7.68-7.80
(m, 6H, o-H); BC['H} NMR (CD,Cl,): 6 = 51.1 (dd,
Jee = 103.2, 58.3 Hz, CPPh;), 123.2 (d, 3J,c = 1.3
Hz, C-4), 127.3 (s, C-8), 127.4 (dd, Joc = 88.5, ¥Jpc
= 8.3 Hz, i-C), 127.5 (d, “Jpc = 1.3 Hz, C-3), 127.6
(d, ¥ = 3.9 Hz, C-7), 128.8 (d, 3/ = 12.2 Hz, m-
C), 131.3 (dd, ¥Jpe = 6.7, 4.8 Hz, C-2), 131.3 (d, ¥/pe
= 19.9 Hz, C-6), 132.5 (d, ¥Jpc = 3.2 Hz, p-C), 134.5
(dd, Upe = 9.6, UJpc = 2.6 Hz, 0-C), 139.8 (dd, /¢ =
8.3, 3.2 Hz, C-1), 144.1 (dd, V.. = 34.0, */pc = 18.6
Hz, C-5).

8. A solution of 0.63 g (2.3 mmol) of 1,3,3-tri-
methylindolin-2-ylidenemethylene  dichlorophos-
phane and 1.07 g (2.3 mmol) of 1 in 10 mL of
dichloromethane was stirred for 15 hours at room
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temperature. All volatiles were removed in vacuo,
and the residue was dissolved in 20 mL of benzene.
After 15 hours, the yellow precipitate was filtered off,
washed twice with a 1:1 mixture of benzene and pen-
tane, and dried in vacuo. Yield: 0.72 g (50%), mp
160-163°C; anal calcd for C,,H,,CINP, (585.05): C,
75.96; H, 5.00; N, 2.39; found: C, 75.54; H, 4.88; N,
2.18. 'H and "*C NMR data are given for the major
isomer E-8 only. '"H NMR (CD,Cl,): 6 = 1.56 (s, 6H,
C-CH,), 2.95 (s, 3H, N-CH,), 6.04 (d, 2J,,; = 10.8 Hz,
PCH), 6.86-6.88 (m, 2H), 6.99 (m, 1H), 7.06 (m, 1H),
7.24 (m, 1H), 7.33-7.35 (m, 3H), 7.47-7.52 (m, 6H,
o0-H), 7.60 (m, 6H, m-H), 7.79 (m, 3H, p-H); *C{'H}
NMR (CD,CL): § = 29.6 (s, N=CH,), 30.0 (d, *Jpc =
14.2 Hz, C-CH,), 48.7, (s, C-CH,,), 103.6 (dd, 'Jpc =
45.5, 3Jpc = 19.0 Hz, C = CP), 109.3 (s), 118.5 (dd,
J,e = 118.5, 85.9 Hz, CPPh,), 120.8 (d, Y,c = 89.1
Hz,i-C),121.7(s), 123.3(s), 128.0(s), 129.3(s), 129.4
(d, 3Jpe = 12.3 Hz, m-C), 130.7 (m), 134.3 (s, p-C),
134.4 (d, ¥/pc = 8.5 Hz, 0-C), 135.0 (d, Joc = 1.9 Hz),
135.6 (s), 140.0 (s), 142.9 (s), 176.7 (d, Joc = 34.1
Hz, C = CP).

11. A solution of 2.32 g (8.9 mmol) of diphenyl
trimethylsilylphosphane in 15 mL of THF was added
dropwise to a stirred solution of 4.18 g (8.9 mmol)
of 2 in 20 mL of THF at 0°C within 30 minutes. The
resulting yellow solution was stirred for 15 hours at
room temperature, then all volatiles were removed
in vacuo. The residue was dissolved in 2 mL of dich-
loromethane and 4 mL of benzene. After addition of
6 mL of pentane, yellow crystals of 11 precipitated.
Yield: 4.30 g (78%); '"H NMR (d,-THF): 6 = 2.24 (s,
3H, CH,), 6.96 (m, 2H, arom. H), 7.09 (m, 1H, arom.
H), 7.17 (m, 1H, arom. H), 7.30-7.61 (m, 25H, arom.
H); *C{'"H] NMR (d,-THF): § = 21.5 (s, CH,), 49.0
(ddd, Jpc = 101.6, 65.4 Hz, 2J,. = 15.2 Hz, CPPh,),
125.3 (s), 127.0 (dd, Vpe = 87.4, ¥J,c = 8.0 Hz, i-C),
127.3 (s), 128.1 (d, Jpe = 6.7 Hz), 128.7 (d, Jpe =
12.1 Hz, m-C), 129.1 (m), 132.4 (d, *Jpc = 2.7 Hz, p-
C), 133.0 (m), 134.4 (d, 2Jpc = 8.1 Hz, 0-C), 135.0 (s),
136.7 (s), 138.0(dd, Joc = 24.2, Joc = 13.4 Hz), 140.6
(m).

CRYSTAL STRUCTURE DETERMINATION

A suitable single crystal of 3 was sealed in a glass
capillary and used for measurement of precise cell
constants and intensity data collection. During data
collection, three standard reflections were measured
periodically as a general check of crystal and instru-
ment stability. No significant changes were observed.
Diffraction intensities were corrected for Lp effects.
The structure was solved by direct methods and re-
fined by full matrix least-squares calculations

against F2, The thermal motion of all nonhydrogen
atoms was treated anisotropically. All hydrogen at-
oms were placed in idealized calculated positions
and allowed to ride on their corresponding carbon
atoms with fixed isotropic contributions (Uisx =
1.5-U,, of the corresponding C atom). Further infor-
mation on crystal data, data collection, and structure
refinement is summarized in Table 4. Final atomic
positional and isotropic equivalent displacement pa-
rameters, anisotropic thermal parameters, tables of
interatomic distances and angles, and tables of ob-
served and calculated structure factors have been de-
posited with the Fachinformationszentrum Karls-
ruhe, Gesellschaft fiir wissenschaftlich-technische
Information mbH, D-76344 Eggenstein-Leopolds-
hafen. The data are available on request on quoting
CSD No. 59279.
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