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Haloalkyl complexes of the transition metals

VIII *. The synthesis and properties of [CpW(CO),CH ,X]
(X =0CH,, Cl, Br, I) and their reactivity with neutral donor ligands
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Abstract

The complexes [CpW(CO),CH,X] (Cp = n5-C5H5, X = Cl, Br, I) have been prepared. Their reactions with a series of tertiary

phosphines, amines, SMe,; and AsPh; in THF, CH,CN, CH,(Cl, and MeQOH have been investigated. Two types of cationic

NOSpNINCS, , Amines , 2VIC,

products, namely the ylide complexes [CpW(CO);CH,L]" and the disubstituted complexes [CpWL,(CO),]*, were obtained, the
outcome depending on the halide (X), the pK,, cone angle and concentration of the ligand (L), and the solvent used. These
variables were also found to have significant influence on the reaction rates. The reactions of [CpW(CO);CH, X] with L were
found to be significantly slower than those of the analogous [CpFe(CO),CH,X] complexes with the same ligands.

1. Introduction

Monohalomethyl complexes of the transition metals
are of much current interest [1,2], because they can be
precursors of a wide range of useful compounds such
as methylene complexes [3], hydroxymethyl complexes
[4] and methylene-bridged complexes [5], all of which
have been shown to play a part in catalytic processes
[6]. The methylene complexes are also promising
reagents for electrophilic cyclopropanations [7] and for
alkene metathesis [8]. Halomethyl complexes can also
act as precursors of transition metal stabilized ylide
complexes [9] that can be used for further synthetic
manipulations [10].

As was described previously, the reactions of
halomethyl transition metal complexes depend on a
number of factors [11]. Thus the solvent used, the cone
angle and pK, of the reacting ligand (L), the ligand
concentration (the ratio of ligand to metal) and the
nature of the carbon-bonded halogen of the halomethyl
complex determine both the rate of the reaction and
the products formed. Another factor affecting the reac-

Correspondence to: Professor J.R. Moss.
* For Part V11, see ref. 32.

0022-328X /93 /$6.00

tivity of [CpM(CO), CH, X] systems is the nature of the
metal, M. For example, [CpW(CO);CH,Cl] reacts with
PPh; in acetonitrile to give [CpW(CO);CH,PPh,]CI,
but, under identical conditions [CpMo(CO),CH,ClI]
gives [CpMo(PPh ;XCO),Cl] [11a,b]. These results indi-
cate that the reaction of [CpW(CO),CH,X] (X =Cl,
Br, I) with ligands, L, may give products similar to
those obtained from the reactions of [CpFe(CO),-
CH,X] with L. We were therefore interested to see
how the reactivity of the [CpW(CO),CH,X] system
would compare with that of the [CpFe(CO),CH,X]
system, and specifically in studying the effect of a
change of metal (from iron to tungsten) on these
halomethyl systems.

2. Results and discussion

2.1. Preparation and properties of {CpW(CO);CH, X/
The complexes [CpW(CO),CH,X] {X = OCH,; (1),

Cl (2a), Br (2b)} were prepared in good yield by the

method described by Green et al [12], as shown in

eqns. (1) and (2). (Note: CICH,OCH; is a potent

carcinogen.)

Na[CpW(CO);] + CICH,OCH, ——

[CpW(CO),CH,OCH,] + NaCl (1)

© 1993 - Elsevier Sequoia S.A. All rights reserved
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[CPW(CO);CH,OCH ] + HX (gas)

[CPW(CO),CH,X] + CH,OH (2)
(X = Cl, Br)

The complex [CpW(CO),CH,1] (2¢) was prepared
by treating [CpW(CO),CH, Br] with Nal, a route com-
monly used for converting alkyl bromides into alkyl
jodides [13] and employed previously to convert
[CpFe(CO),CH, Br] into [CpFe(CO),CH, 1] [11c], egn.
(3.

[CpW(CO),CH,Br| + Nal ——
[CPpW(CO);CH,I] + NaBr (3)

>

Complex 2¢ was obtained previously by a different
method, in low yield, but was only partially charac-
terised [14,15]. We obtained the complex [CpW(CO);-
CH,I] as yellow crystals in good vyield by the route
shown in egn. (3), and found it to be stable to air and
light for short periods (contrary to the previous report).
A sample of 2¢ has been kept under nitrogen at — 15°C
for over five years with only minor degradation. Com-
plexes 2a and 2b were found to be more stable than 2¢
under all conditions, with a stability order for
[CpW(CO);CH, X] of X =Cl> Br>1 Complexes
1-2¢ were also found to be less stable than their Cp*
analogues, [Cp*W(CO),CH,X] (X = OCH,, Cl, Br, 1)
[16], in all respects. Compounds 2a—2¢ decompose to
form [CpW(CO);X] at room temperature both in solu-
tion and in the solid state. Data for complexes 1-2¢ are
listed in Tables 1 and 2. Neither the melting points,
13C NMR spectra nor mass spectra of these functional-

TABLE 1. Data for [CpW(CO),CH , X]

@/ X { compound
— OCH: | 1
W—CH X \
OC//\\CO ¢t | 2e
0C Br l 2b
I | 2¢

Fig. 1. Molecular formula for complexes 1. 2a-2c.

ized methyl complexes have been reported previously.
The complexes 2a-2¢ are depicted in Fig. 1.

The data for the [CpW(CO),CH,X] systems show
interesting differences from those for the [CpFe(CO),-
CH, X] system. For example, whereas the complexes
[CpFe(CO),CH, X] (X = Cl, Br, I) show a decrease in
melting point as X changes from Cl to Br to 1 (ca.
65°C, ca. 54°C, and 28°C respectively) [11c], the melt-
ing points of the [CpW(CO),CH ,X] complexes in that
sequence. The tungsten halomethyl complexes gener-
ally have higher melting points than their iron ana-
logues, and appear to be more stable in air in the
absence of light.

The carbonyl stretching frequencies for the tungsten
complexes show a very slight shift to higher wave
numbers as X changes from Cl to Br to I and are at
higher wave numbers than those for their [CpMo
(CO);CH ,X] analogues [12]. Also, the carbonyl stretch-
ing frequencies are 12-15 c¢cm ' higher than those
observed for their Cp* analogues [16], as would be
expected [17].

The 'H NMR spectra show the expected trend for
the chemical shifts for the CH,X protons, i.e.

Compound X m.p. IR ((CO) * 'HNMR " BCNMR? molecular *
C) {cm™ Y (8) (6] ion
1 OCH, 44-45 2025 5.45 [s, 5H] 228.5 (cis-CON
1940 4.60 {s. 2H] 216.3 (trans-CO)
1926 3.27{s. 3H] 91.5(Cp),
63.6 CH,)
47.8(CH )
2a Cl > 78 2031 5.57 {s, SH} 227.1 {cis-CO) 382
(dec) 1950 4.30 [s, 2H]} 215.5 (trans-CO)
1934 92.6(Cp).
9.9(CH )
2b Br 80-85 2031 5.59 s, 5H] 226.9 (cis-CO) 426 /428
1950 3.98 [s. 2H] 215.5 (rrans-CO)
1935 93.0(Cp).
- 203(CH )
2¢c 1 99-102 2031 5.56 (s, SH] 227.2 (cis-CO) 474
1951 3.16s, 2H] 216.0 (trans-CO)
1938 93.8(Cp).

~360.9(CH )

2 Measured in hexane, all bands strong. ® Measured in CDCl, relative to TMS (8 = 0.00 ppm). s = singlet. © Mass of most abundant isotope

combination.
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[CPpW(CO),CH, X]*

R MO

[CpW(CO),]*  [CoW(CO)CH X]" [CPW(CO),CH, ]
-Co -co \ -Co
[CpW(CO),}*  [CPW(COXCH, X]™ [CPW(CO),CH,]*
-co —-Co -Co
[cpw(co)* [CPWCH,X]™ [CPW(CO)CH,]*
—COo —HX —-CO
(CpW)* [WCH,]" [CPpWCH,]*
-Cp —-Cp
(wl+ [WCH,]*

[W(CO),CH, X]*

[W(CO),CH, X]*

[W(CO)CH,]*

-CO

2 This pathway is only observed for X = Br and I (compounds (2b) and (2¢)).
® This pathway is only observed for X = Cl and Br (compounds (2a) and (2b)).

Scheme 1. An illustration of possible mass spectral fragmentations giving rise to the major ions observed for complexes 2.

CH,0OCH, > CH,Cl > CH,Br > CH,1, whilst the Cp
resonance shows little or no variation with changing X.
The change in the *C NMR shifts of 11.9 ppm on
going from X = Cl to X = Br and of 34.9 ppm ¢n geing
from X = Br to X =1 reflect the electronegativity dif-
ferences between the halogens. The difference be-
tween the shifts for X=Br and X =1 is however
significantly greater for the W complex than for the Fe
complex (34.9 ppm vs. 19 ppm). The *C resonances for
the Cp rings shift marginally downfield as X is varied
from Cl to Br to I. This is as observed for the iron
complexes and the observed chemical shifts can be
rationalized in terms of the contribution in solution of
the canonical form ®*W=CH, --- X°~. This would
result in the withdrawal of electrons from the cyclopen-
tadienyl group, reducing the ring current and hence
causing an upfield shift of the Cp resonance. Such an
effect would be greatest for X = Cl, as is observed.

The *C NMR assignments for complex 1 were
made with the aid of an APT NMR experiment. The
assignments for the CH, and CH; carbons agree well
with those for [CpFe(CO),CH,OCH,] [18*] and with
other 3C NMR data obtained for methoxymethyl com-
plexes [19].

Low resolution electron impact (EI) mass spectra
were obtained for complexes 2a-2¢ and all show

* Reference number with asterisk indicates a note in the list of
references.

molecular ions of low intensity (3—5%). The intensities
of the major peaks of these complexes are listed in
Table 2, with probable assignments. The probable frag-
mentation pathways are shown in Scheme 1. Most
interesting is the apparent formation of the carbene
(methylene) species under EI. Similarly, the [CpFe-
(CO),CH, X] (X = (], Br, I) complexes appear to form
Fe = CH, carbene species readily under EI [20]. As
observed for [CpFe(CO),CH,X] [20], the relative
abundance of the proposed tungsten carbene species
appears to depend on the relative abilities of the
halogens as leaving groups (I > Br > Cl). Steven and
Beauchamp [21] have shown that [CpFe(CO),CH,]" is
observed in the EI mass spectrum of [CpFe(CO),CH ,-
OCH;,] if protonation agents are present. The probable
presence of carbene species in the EI spectra of com-
plexes 2a-2c¢ in the absence of protonation agents thus
suggests that the W = CH, carbene species are formed
more easily from [CpW(CO);CH,X] under electron
impact conditions.

2.2. Reactions of [CpW(CO);CH, X] (X = CI, Br, I) with
neutral nucleophiles

[CpW(CO);CH,Cl] reacts with PPh; in THF to give
a cationic ylide-type product [CpW(CO),CH,PPh,]*,
that was isolated as its BPh,~ salt. This product has
been reported before [11b]. In contrast, [CpW(CO),
CH,Cl] reacts with PMe,Ph in refluxing THF to give
the disubstituted product [CpW(PMe,Ph),(CO),l%,
that was isolated as its PF,~ salt.
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TABLE 2. Some mass spectral data tor [CpW(CO),CH, X]

Ton? Relative peak intensities (%) P
X =1 X = Br Xoe= |
M 5 3 3
M-CO 6 s 61
M-2CO 11 36 48
M-3CO 100 10 100
M-3CO-HX 11 37 17
M-2CO-HX-Cp §] 3 2
M-CH, X {= CpW(CO);} 4 7 4
M-CH,X-CO {= CpW(CO)-} 10 13 i
M-CH, X-2CO {= CpW(CO))} 12 13 10
M-CH, X-3CO {= CpW) 24 22 20
M-X } & 5
M-CO-X 6 18 25
M-2CO-X 8 21 43
M-3CO-X 16 RN 79
M-3CO-X-Cp 3 ) 4
M-Cp 3 0 4]
M-Cp-CO 7 2 {0
M-Cp-2CO 10 13 0
M-Cp-3CO 14 I8 0
M-CH, X-Cp 20 0 3
M-CH, X-Cp-CO 0 i 6
M-CH , X-Cp-2CO 3 O Il
WX 24 20 0
CH.W 20 {2 3
C,H,W 10 10 |
w 4 N 4
HX i 0 21
X {) i) 9
C,H, 6 2 S
CqH, ki 3 2
CH,X 4 0 0
C,H, (0 3 N
Cp.W { 15 2

* M =[CpW(CO);CH- X]; all ions have a single positive charge: ion
refers to probable assignment. P Peak intensities are relative to the
base peak at m /z 298 (X = CD: m /2 342 /344 (X = Br), m /z 390
(X =10

[CpW(CO),CH ,Br] reacts with excess L (L. = PMe,,
PEtPh,) to give the ylide-type products [CpW(CO);-
CH,L]", isolated as their BPh,  salts (see Tables 3
and 4 for data). The reaction of [CpW(CO),CH ,Br]
with bistdiphenylphosphino)ethane (dppe) gives the
bridged dicationic ylide complex [CpW(CO);CH,P-
(Ph),(CH,),P(Ph),CH,W(CO),Cp]*". This latter com-
plex is unstable in solution and was characterised by IR
spectroscopy and elemental analysis, and partially by
'H NMR spectroscopy (see Table 5).

Complex (2a) reacted with L (L = PPh,, PMePh,,
PMe, Ph, PEtPh,, AsPh;) in refluxing methanol to give
the ylide-type complexes {CpW(CO),CH,L]™ in low to
moderate yiclds. Similarly, complex (2b) rcacted with
AsPh, in MeOH to give the cationic vlide complex
[CoW(CO),CH,AsPh,]*Br~, which was treated with
[N"Bu,JPF, to give [CpW(CO),CH , AsPh,IPF,.

To gain a greater insight into the reactions of the
halomethyl tungsten complexes with ligands, L, the
reaction of complex 2a with AsPh; in methanol was
studied in more detail. We found that the reaction of
[CpW(CO),CH,CI]} with AsPh; in refluxing methanol
gives a mixture of two products, [CpW(CO),H] (about
499% yield), as identifiecd by 'H NMR, IR and mass
spectrometry [22] in addition to the ylide complex
[CpW(CO),CH , AsPh,JCI, which was isolated as its
PE," salt in 229% (recrystallized) yield. Similarly, the
reaction of [CpW(CO),CH , Br] with AsPh in refluxing
methanol gives [CpWICO);H] and [CpW(CO),CH ,As-
Ph,l" in 57% and 329 yields respectively.

Dissolution of [CpW(CO),CH ,Cl] (2a) in methanol
results in almost quantitative formation of [CpW(CO),-
CH ,OCH ] (1), as judged by IR spectroscopy, after ca.
3 h at room temperature. However, work-up of the
solution gave a mixture of complexes 1 and 2a, with the
former shightly predominating. A possible explanation
for this partial reversal of the above reaction is that
HCE s formed in solution and reacts with 1 upon
concentration of the methanol to give complex 2a.
Dissolving complex 2a in methanol. allowing it to react
completely to give complex 1, then adding AsPhy and
refluxing the solution results in no change in the types
or ratios of products formed. However, when
[CpW(CO),CH,OCH ] 1s dissolved in methanol and
the solution reflused in the presence of AsPh,, no
reaction takes place. It thus scems clear that in the
recaction of [CpW(CO),CH,Cl} with AsPh, in
methanol, it is the small equilibrium concentration of
the chloromethyl complex 2a that reacts with AsPh, to
form the ylide complex.

Refluxing of a solution of 1 in MeOH or CH,CN
does not give any [CpW(CO),H]. Refluxing of a solu-
tion [CpW(CO),CH .Cl} in MeOH or MeOD, however,
gave the hydride complex [CpW(COH] after 3 h, as
shown by IR and "H NMR spectroscopy. This suggests
that the hydride may be formed by an a-migration of
hydrogen from the CH. carbon atom of 2a to the
metal. Such an a-migration (1.2 shift) of hydride has
been previously observed for a cyclopentadienyl tung-
sten methyl complex {23], and 1.2 shifts are also known
for other haloalkyl metal svstems [24].

No transition metal viide-type product is formed in
the reaction of 2a with PCy, (Cy = cyclohexyl) in
MecOH; instead only 1 and [HPCy.]™ are obtained.

Like those of the won [CpFe(CO),CH,X] system
{1lc]. the reactions of [CpW(CO),CH . X] (X = (I, Br)
with ligands. L. in acetonitrile can give two types of
ligand product. namely a ylide-type product [CpW-
(CONCH,LLIX (3 and o disubstituted product {Cp-
WL (CO),IX (4). The reactions of complexes 2a. 2b
and 2¢ with neutral nucleophiles. L. in acetonitrile are
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TABLE 3. Data for complexes 3a-31

Compound No. m.p. IR »(CO) ? Elemental ®
C) (cm™1) Analysis
[CpW(CO),CH ,PMe;]BPh, 3a > 272(dec) 2033s, 1953sh, C: 58.20 (58.21)
1925s H: 4.85(4.85)
[CpW(CO),CH,PMe, Ph|BPh, 3b 176-180 3034s, 1951sh, C: 61.16 (61.17)
1928s H: 4.85(4.72)
[CpW(CO),CH,PMePh, |BPh, 3c 82-84 2035s, 1950sh, C: 63.70(63.71)
1931s H: 4.60(4.62)
[CpW(CO),CH,PEt;]BPh,, 3d 154-158 2027s, 1940sh C: 60.20 (59.67)
1916s H: 5.20(5.35)
[CpW(CO),CH,PEtPh,]BPh, 3e 180-190 2035s, 1953sh, C: 63.55 (64.06)
1929s H: 5.00(4.77)
{CpW(CO),CH,PPh,]BPh, af 192-198 *© 2035s, 1953sh, d
1933s d
[CpW(CO),CH,PCy,IBPh, 3g 125-134 2031s, 1950m, C: 65.20 (64.72)
1921vs H: 6.40(6.34)
[CpW(CO),CH, AsPh;]BPh,, 3h 175-177 2036s, 1955sh, C: 62.90 (62.90)
1933s H: 4.60 (4.31)
[CpW(CO),CH ,NMe;|BPh, 3i 182-184 2034s, 1957m, C:59.10(59.57)
1923s H: 4.95(4.96)
N: 1.95(1.93)
[CpW(CO);CH,NC;H;]BPh, 3k 161-163 2033s, 1953m, C: 61.20(61.19)
1927s H: 4.40(4.29)
N: 1.95(1.88)
[CpW(CO),CH ,SMe, IBPh, 31 168—176(dec) 2037s, 1954sh, C: 57.25(57.57)
1935s H: 4.60(4.53)

2 In CH,Cl, solution; b calculated values in parentheses; © data from ref. [11b]; 9 not obtained.

depicted in eqns. (4)-(6).
[CpW(CO);CH,X] + L —— [CpW(CO),CH,L]X
(4)

X =Cl: L= PMe,(3a), PMePh, (3c), PEtPh,
(3e), PPh; (3f), AsPh; (3h) and
NMe, (3i); no reaction for P'Bu,,
SMe,;

X =Br: L= PMe, (3a), PMe,Ph (3b), PMePh,
(3¢), PEtPh, (3¢), PPh; (3f), PCy,
(3g), AsPh, (3h), NMe, (3i), Py (3k)
and SMe, (31); no reaction for
P'Bu,, P(OMe),, NEt,;

X =1. L= PEt, (3d), PPh; (3f).
[CPW(CO),CH,X] + 2L ——
[CPW(L),(CO),] X + other products (5)
X = Cl: L = PMe, (4a), PMe,Ph (4b).
2[CpW(CO);CH,Br| + dppe ——
[[CpW(CO)3CH2}2(/,L-dppe)]Br2 (6)

As can be seen from eqns. (4)—(6), the ylide product
is formed in nearly all cases in the reaction of complex
2a with neutral nucleophiles, L. The ligand PMe, Ph,
however, reacts with 2a to form only the disubstituted

product (even when used in a 1:1 ratio with complex
2a), whilst a 1:1 ratio of PMe, to 2a reacts to give a
mixture of [CpW(CO);CH,PMe,;]* and [CpW-
(PMe,),(CO),]1*. This result is interesting because
PMe, has a higher pK, and smaller cone angle than
PMe,Ph, and thus might have been expected to form
only the disubstituted product for both electronic and
steric reasons. The IR and NMR data indicate that the
carbonyl groups are trans to each other in complexes
4a and 4b [25]. The complexes of types 3 and 4 are
represented in Fig. 2.

No evidence for alkyl migrations to given complexes
of the type [CpWL(CO),{C(O)CH, X}] was obtained in
any of the reactions. Complexes of the type
[CPW(CO),{C(O)CH, X}] are known, but were ob-
tained by a different route [26].

Whereas 2 mol of PMePh, react with 1 mol of
[CpFe(CO),CH,Cl] to give a disubstituted ligand prod-
uct, the same reaction of PMePh, with 2a gives only a
ylide-type product. A further difference between the
iron and tungsten systems is that, whereas the iron
bromomethyl complex reacts with P‘Bu; to give a
ylide-type product, the tungsten analogue 2b does not
react with this phosphine. In contrast, [CpFe(CO),-
CH,CIl] does not react with PPh; in THF, whereas
[CpW(CO),CH ,Cl] does react to form the ylide com-
plex. Like the iron system, however, neither complex
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TABLE 4. '"H NMR data for complexes 3a-3k *

Compound CH,L Cp Ph Alkyl

[CpW(CO);CH ,PMe4IBPh, 1.38(d. 2J = 16.0) 5.78 (s) 7.82, 7.04 (m, 20H) 176 (4. 9H. “J = 14.0)

[CpW(CO);CH, PMe, Ph]BPh, 1.66(d, 7 = 17.0) 5.70 (s) 7.72,7.29, 6.94 (m, 25H) 2.074d, 6H, 7 = 13.8)

[CpW(CO)Y,;CH ,PMePh, |BPh, 2.00(d, = 16.4) 573 (s) 7.68, 7.30 (m, 30H) 238 (d. 6H, M = 13.2)

[CpW(CO),CH , PEt,]BPh, 1.26(d, 2T = 15.9) 5.79 (s) 7.33, 7.00, 6.84 (m. 20H) 2.08 (dq, 6H, J(HH) = 7.6,
SHPHD = 12.2% 1.22 ¢di 9H,
JHM = 7.6, S (PH) = 17.5)

[CpW(CO);CH , PEtPh,]BPh 1.92 (d, *J = 16.0) 5.66 (s) 7.66, 7.30, 6.89 (m. 30H) 3,42 G, 1HD); 270 Gm LHD: 1,23 (m, 31D

[CpW(CO);CH , PPh,4|BPh 2.28(d, °J = 16.5) 5.68 (s) 7.64,7.27. 6.91 (m. 35H)

{CpW(CO);CH, PCy;IBPh, 1.21d, °) = 16.6} 5.83 (s) 7.33, 6.99, 6.72 (m. 20H) 110 (. 33HD)

{CpW(CO),CH,NCHIBPh, 4.58 () 538 (s) 7.33, 7.00. 6.92 {(m, 20H) 7,93, 7.39 (m, SHY

[CpW(CO),CH ,NMe;1BPh, 3.08 (s) 5.77(s) 7.33, 6.95 (m, 20H) 30K (5, 9HD

[CpW(CO),CH ,SMc, 1BPh,, 3.02 (s) 5.92 (s) 7.34, 6.87 (m, 20H) 2,04 (s, AHDY

[CPW(CO),CH , AsPhIBPh 2.30(s) 5.69 (5) 7.70. 730, 7.00 {m. 35 H}

“ In CD;NO, relative 1o TMS (8 = 0.00 ppm); J values in Hz, *J represents PH coupling unless otherwise stated. s = singlet, d = doublet,

m = multiplet, dq = doublet of quartets, dt = doublet of triplets.

2a nor 2b react with NEt; or P(OMe), under these
conditions.

There are differences between the behaviour of

complex 2b and that of complex 2a. Thus, 2a does not
react with SMe, in CH,CN or THF, whereas 2b does
react in CH,CN to form complex 3. Also, unlike
complex 2b, complex 2a reacts with PMe,Ph to give
the disubstituted product 4b. In contrast, complex 2b
reacts with PMe,Ph to give the ylide-type product 3b.
These results clearly demonstrate that the halogen
affects the reactivity of [CpW(CO),CH,X} and the
products formed.

The solvent can clearly affect the course of the
reaction. Thus, complex 2a reacts with PMe,Ph in
CH,CN to give the disubstituted product 4b, whereas

in methanol the reaction of complex 2a with PMe,Ph
gives the ylide-type product 3b. The solvent effect is
further illustrated by the fact that complex 2a reacts
with PMePh, in CH.CN or CH,OH to give the ylide
product 3¢, whereas no reaction takes place between
these reagents in THF.

As was observed for the reactions of [CpFe(CO),-
CH.,CI] and [CpMo(CO),CH ,Cl] with neutral nucle-
ophiles [27], complex 2a reacts with PCy, in CH,Cl, in
the presence of TIPF, to give (3g). Complex 2¢ reacts
with NEt; under similar conditions to give 3j.

The data for the new cationic yiide complexes re-
ported in eqn. (4) and for complex 4b are listed in
Tables 3—5. Of interest are the 'H NMR resonances of
the CH,L protons, which correlate linearly with the

TABLE 5. Data for further products obtained from the reactions of complexes 2 with ligands L

Compound m.p. IR (1 (CON*? '"H NMR P Elemental analysis ©
) {em™ H ()

[CpW(CO),CH ,NMe,1Br d 2030, 5.86(s, Cp). 4.17(s, CH ). 3.16(s, Me ) C: 5910 (5957
1955m H: 495 (4.96)
19155 N: 1.95(1.93)

[CpW(CO),CH ,NEt ,|PE, 141-142 200295 5.80(s, Cp), 3.73(s, CH ,) € 29.90 (30.36)
194 2sh, 3.22(q, (N(CH,CH ,);, =70 H 380370
19175 1.30(t, (—~Me)a, = 6.3} N: 2.60(2.36)

[CPW(CO),CH , AsPh; JPF, 193195 20315, 5.68(s, Cp), 2.60(s, CH ). 7.68(s, Phy) O 40,58 (40.60)
1944sh o 276 (2.80)
1928s

[CPW(PMe, Ph).(CO), IPF, 218-220 1955m 5.32(t, Cp. *HPH) = 2.4}, 7.54(m. Ph.); C137.75 (38.0D)
1872vs 2.18(d, 2Me., “J(PH) = 9.7) H: 3.70(3.72)

[CPpW(PMe;),(CO),IBPh ¢ 1956m S.78(t, Cp, J(PH) = 1.3, 7.34. 6.84(m. Ph 1
PH75vs

{CpW(CD),CH, }{u-dppel] o 2034s 5.59(s, Cp), 7.60, 7.30, 6.90(m, Ph 3 * C: 63.60(63.79)

(BPh,], 1955m T 480450
19268

* In CH,Cl,; ® in CD4NO, unless otherwise stated, relative to TMS (8 = 0.00 ppm). J values in Hy; © caleulated values in parentheses; 4 not

obtained; ¢ compound impure: '

o

in acetone-d,, PMe, peak obscured by solvent: & compound unstable in sotution.
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+

W— L
W—CH,L /
oc*’/\ i o¢ I_/\co

compound | L compound | L
3a PMe3 4a PMe,
3b PMe: Ph 4p PMe; Ph
3c PMePh,
3d PEts
e PEtPh,
3f PPhy
39 PCy,
3h AsPhy
3i NME3
3j NEts
3k Py
3] SMe,

Fig. 2. Molecular formulae for complexes 3 and 4.

pK, of the bonded ligand, L (Fig. 3), the least squares
correlation line showing a very close fit to the experi-
mental points; the correlation coefficient for the least
squares plot is 0.99. It may thus be possible to obtain
an accurate estimate of the pK, value of a tertiary
phosphine of unknown pK, with this graph provided a
ylide-type product can be made with such a ligand. As
would be expected, the § values of the CH, peaks rise
as the pK, of the ligand falls.

The reactions of 2b with PMe,, PMe, Ph, PMePh,,
PPh,, py, NMe,; and SMe, in a 1:2 molar ratio in
CH ;CN were monitored by 'H NMR spectroscopy, by
measuring the relative intensities of the Cp peaks of
the starting material and product at room temperature
(23°C). The rate of the reactions followed the se-
quence: NMe,; = PMe,Ph > PMe, > PMePh, > SMe,
> PPh; > py, with half-life values of 26, 36, 47, 85, 203,

3 CH, (ppm)

Fig. 3. A plot of the pK, of tertiary phosphines vs. 6CH, for
complexes 3a—3g.

300 and 445 min respectively (+ 1 min.). For the
phosphines, the cone angles increase and the pK,
values decrease in the order [28]: PMe; < PMe,Ph <
PMePh, < PPh,. Thus, in the case of the [CpFe(CO),-
CH ,X] complexes, the ligands with smaller cone angles
and larger pK, values react more rapidly The excep-
tion to this sequence is PMe,Ph, which reacts more
rapidly than PMe,, in spite of its greater steric bulk
and lower nucleophilicity. The difference (in pK, and
bulk) between these ligands is however very small, and
the [CpW(CO),CH, X] complexes seem to be particu-
larly reactive towards PMe,Ph, as noted earlier. Since
P'Bu,, a ligand with a large pK, and a large cone
angle, does not react with complex 2b, the cone angle
of the ligands appears to be the most important factor
in these reactions.

Comparison of the rates of the reaction of the
ligands PMe,Ph, PMePh,, PPh;, SMe, and py with
[CpFe(CO),CH,Br] [11¢] and [CpW(CO),CH,Br]
shows that the reactions of the iron bromomethyl com-
plex are between seven times and 21 times as fast as
those of its tungsten analogue. Thus the metal has a
significant effect on the rate of reactions of L, MCH ,Br
complexes.

Monitoring the intensities of the Cp peaks in the 'H
NMR spectra at room temperature showed that the
rates of the reactions of 2a—2¢ with 2 mol PPh, under
identical conditions follow the order Cl < Br < I, with
a reactivity ratio for Br:I of 1:13. The rate for X = Cl
is extremely slow, with 7, , >3 months at room tem-
perature.

The reactions of 2b with several concentrations of
PMePh, in CH;CN were also monitored similarly by
'"H NMR spectroscopy. The rate of reaction was found
to increase significantly with increasing ligand concen-

0.55

3
£
E
/M
£
[+%
L]
s
a.
o
0.2+
.15+
[Hn]
[oN] PR ST VA PN SN YA NUUSN N N SRS NS VOO NN S HN SR HS S B
40 60 80 (100 120 140 160 180 200 220 240

ty, (min.)

Fig. 4. A plot of 1, ,, vs. concentration of PMe,Ph in the reaction of
2b with PMePh,.
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Scheme 2. A possible mechanism for the reaction of 2b with PMe, Ph
to form the ylide 3.

tration. In fact, with exclusion of the reaction involving
a 1:1 ratio of 2b: PMePh,, the f, , values correlate
linearly (R* = 1.00) with the PMePh, concentration for
ratios of (2b): PMePh, of 1:2, 1:3 and 1:4 (Fig. 4).

The qualitative kinetic data obtained indicates that
the reaction of 2b with PMePh, appears to proceed by
a concerted (Sy2) mechanism (Scheme 2). This is in
contrast to the mechanism proposed for the reactions
of [CpFe(CO),CH, X] with L [11b,c]. Complexes 3a-3g
can be regarded as metal-substituted quaternary phos-
phonium salts and a general synthesis of phosphonium
salts is by the reaction of a tertiary phosphine with an
alkyl halide [29]. The mechanism proposed to explain
the kinetic data (Scheme 2) is also supported by the
observation that: (a) complex 2b can be regarded as a
metal-substituted primary alkyl halide, and (b) primary
alkyl halides usually react with tertiary phosphines by a
Sn2 reaction [30]. The rate equation: rate = k{Cp-
W(CO),CH ,Br][PMePh,] appears to hold up to 70—
75% completion of the reaction, with k = .59 (+0.02)
s~'. A similar rate equation appears to hold for the
reaction of 2b with L (L = PMe,, & = 0.87 (+0.03)s ;
L = PMe,Ph, k =2.08 (+£0.07)s™': L = PPh;, K = 0.26
(+0.02) s™1). No corresponding data for the reactions
of other halomethyl transition metal complexes with
PR, are available [1].

3. Experimental details

Methanol was distilled over CaCl, or Mg/I,, and
CH ,Cl, was dried over CaCl, and distilled from CaH,.
The complexes [CpW(CO),], [31], [CpW(CO),CH ,-
OCH,], [CpW(CO),CH,Cl], [CpW(CO),CH ,Br] [12],
and [CpW(CO);H] [22] were prepared by published
procedures. 'H NMR spectra were recorded on a
Varian XL100, Varian EM60, Brucker WH90 or a
Varian XR200 spectrometer. '*C NMR spectra, as well
as COSY, HETCOR and APT experiments, were
recorded on a Varian XR200 spectrometer. Chemical
shifts are reported relative to TMS (6 = (0.00 ppm) as
internal (XL100, EM60, WH90) or external (VXR200)
reference. The qualitative kinetic studies were carried
out on the Varian EM60 spectrometer at 23°C. All
other details were as reported previously [11c].

3.1. Preparation of {CpW(CO),CH, 1| (2¢)

Dry Nal (0.059 g, 0.394 mmol) was added to a
solution of [CpW(CO),CH,Br] (0.102 g, 0.267 mmol)
in acetone (5 ml). The solution was stirred for 90 min
and the solvent was then removed under reduced pres-
sure. The product was extracted with hexane (9 ml),
and the solution filtered and cooled to —78°C. A
yellow—orange crystalline precipitate of 2¢ was sepa-
rated (0.11 g. 87%)

3.2. Reaction of [CpW(CO);CH,Cl] (2a) with PPh; in
THF

Complex 2a (0.148 g, 0.387 mmol) was dissolved in
THF (7 ml) and PPh; (0.203 g, 0.778 mmol) was added.
The solution was refluxed overnight and the solvent
removed under reduced pressure. The residue was
dissolved in a minimum of MeOH and the solution
filtered into a solution of NaBPh, (0.130 g, 0.387
mmol) in a minimum of MeOH. The resulting yellow
precipitate of [CpW(CO);CH ,PPh,]BPh, was filtered
off and recrystallised from CH,Cl,~hexane (0.025 g,
119%).

3.3. Reaction of 2a with PMe,Ph in THF

Complex 2a (0.10 g, 0.26 mmol} was dissolved in
THF (3 ml} and PMe,Ph (0.28 g, 2.03 mmol) was
added. The solution was refluxed for 26 h and the
solvent then removed under reduced pressure. The
product was dissolved in a minimum of MeOH and the
solution filtered into a solution of "Bu /NPF, (0.10 g,
0.26 mmol) in MeOH (2.5 ml). A yellow precipitate
formed gradually. The product, [{CpW(PMe,Ph},-
(CO),IPF,, was filtered off and recrystallised from
CH,Cl,~ether (0.044 g. 23%).

3.4. Reaction of [CpW(CO),CH,Br| (2b) with PMe , in
THF

Complex 2b (0.15 g. 0.36 mmol) was dissolved in
THF (3 ml) and PMe; (0.36 mmol) was added. The
mixture was allowed to stand in the dark for six days by
which time yellow needles of [CpW(CO),CH,PMe,}Br
had separated. The mother liquor was decanted and
the residue recrystallised from CH,Cl,~hexane (0.007
g, 4%). IR »(CO) (CH,Cl,): 2029s, 1940sh, 1918vs
em ™' "H NMR (CDCI,): 8 5.86 (s, SH); 1.95 (d, 9H);
2.25(d, 2H, *J = 16.2 Hz). The mother liquor from the
decantation was found to contain only starting mate-
rial.

3.5. Reaction of 2b with L (L. = PEtPh,, dppe) in THF

Complex 2b (0.50 mmol) was dissolved in THF (I
ml). The ligand (PEtPh, or dppe) (0.50 mmol) was
added along with THF (2 ml). The solution was kept at
room temperature in the dark for 140 days or 24 days.
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The products were isolated as yellow BPh,™ salts as
described before: [CpW(CO),CH,PEtPh,|BPh, (44%).
[CpW(CO),CH,PPh,(CH,),PPh,CH ,(CO);WCpl]-
(BPh,), (26%).

3.6. Reactions of 2a with PPh;, PMePh,, PMe,Ph,
PEtPh, and AsPh; in MeOH

General procedure: Compound 2a (0.60 mmol) was
dissolved in MeOH and the ligand (0.60 mmol) was
added. The solutions were then refluxed for between
3-24 h (see below) and the solvent was then removed
in vacuo to leave an oily solid. The products were
isolated as their BPh,™ salts (for L = PPh,, PMePh,,
PMe,Ph and PEtPh,) or PF,~ salts (0.70 mmol) (for
L = AsPh;). Reaction times and yields for the various
ligand reactions are in parentheses. (PPh;: 3.25 h,
35%; PMePh,: 3.5 h, 47%; PMe, Ph: 16 h, 8%; PEtPh,:
21 h, 51%; AsPh,: 23.5 h, 36%).

An attempt was made to isolate the chloride salt of
[CPpW(CO),CH, AsPh,]* (3h). The crude oily solid
was triturated with hexane to give a yellow solid. This
was recrystallised from CH,Cl,~hexane to give yellow
platelets of [CpW(CO);CH,AsPh;]Cl in 6% yield. IR
(CH,Cl,): »(C0O)2028s, 1924vs cm™'; m.p. 103-115°C.
The elemental analysis suggested that the product
might be a dihydrate after exposure to air. Anal. Found:
C, 44.15; H, 3.25. C,;H,cAsOW calc.: C, 44.74; H,
3.60%.

3.7. Reaction of 2a with PCy;,

Complex 2a (0.20 g, 0.51 mmol) and PCy, (0.15 g,
0.53 mmol) were refluxed in MeOH (8 ml) for 5.5 h.
The solution was concentrated and filtered into a solu-
tion of NaBPh, (0.51 mmol) in a minimum of MeOH.
A white precipitate formed instantly, and was identi-
fied as [HPCy,]BPh, (0.24 g, 77%). 'H NMR (CDCl,):
8 =1.21, 1.78 (m, 29H); 6.98, 7.34 (20H). The yellow
supernatant liquid was concentrated under reduced
pressure and cooled to —15°C, to give yellow crystals
of 1 (0.09 g, 47%).

3.8. Reactions of 2a and 2b with AsPh; in MeOH

(a) Complex 2b (0.134 g, 0.314 mmol) was dissolved
in MeOH (7 ml) and AsPh; (0.097 g, 0.317 mmol) was
added. The mixture was refluxed for 2.5 h, and the
solvent then evaporated in vacuo. The dark oily residue
was washed with hexane (3 X 10 ml). The washings
were concentrated under reduced pressure and cooled
to —78°C. A yellow precipitate of [CpW(CO),;H] (0.060
g, 57%) was separated, and was identified from its IR,
'"H NMR and mass spectra, which were identical to
those of an authentic sample. The hexane-insoluble
residue was taken up in MeOH and the solution fil-
tered into a solution of "Bu,NPF, (0.122 g, 0.314

mmol) in MeOH. (This procedure was performed using
dry N,-saturated MeOH under an atmosphere of N,.)
The solution was allowed to stand overnight, during
which fine yellow needles of [CpW(CO),CH ,AsPh;]PF,
separated. The product was recrystallized from
CH,Cl,~hexane (0.034 g, 32%).

(b) Complex 2a (0.235 g, 0.614 mmol) was dissolved
in MeOH (12 ml) and AsPh;, (0.188 g, 0.614 mmol) was
added. The mixture was refluxed for 3 h. Work-up as
described above gave CpW(CO);H (49%) and [CpW-
(CO);CH ,AsPh,IPF, (22%).

(c) Complex 2a (0.101 g, 0.264 mmol) was dissolved
in MeOH (12 ml) and the solution kept for 3 h in the
dark. IR monitoring of the »(CO) region showed only
bands from [CpW(CO),CH,OCH,]. AsPh, (0.081 g,
0.264 mmol) was then added and the mixture allowed
to stand in the dark for nine months. The solvent was
removed under reduced pressure. The products were
worked up as described above, to afford [CpW(CO),H]
(0.030 g, 34%) and complex 3h, isolated as its BPh,~
salt (0.057 g, 22%).

3.9. Reaction of 2a with refluxing MeOH or MeOD

Complex 2a (0.09 g, 0.23 mmol) was dissolved in
MeOH (12 ml) or MeOD (3 ml) and the solution
refluxed for 3.25 h. IR monitoring of the »(CO) region
showed the initial appearance of bands from
[CpW(CO),CH,0OCH ], followed by the appearance of
bands from [CpW(CO);H]. The hydride was worked up
as described earlier and identified by IR, 'H NMR and
mass spectroscopy.

3.10. Reactions of 2a with L (L =PMe;, PMePh,,
PEtPh,, PPh;, AsPh; and NMe;) in CH;CN

General procedure: Complex (2a) (0.50 mmol) was
dissolved in CH;CN (10 ml) and the ligand (0.50-1.00
mmol) was added. The mixture was kept in the dark.
(For reaction times and percentage yields see values in
parentheses). The product was then worked up with
NaBPh, as described before, to give yellow crystals of
[CpW(CO),CH,L]BPh,: L = PMePh, (3¢) (5.5d, 21%),
PEtPh, (3e) (23 days, 10%), PPh, (3f) (8 days, 10%),
AsPh; (3h) (24 days, 18%) and NMe; (3i) (34 days,
20%). .
Reaction of 2a with PMe,; (1:1 and 1:2 molar
ratios) in CH,CN afforded a mixture of complexes
[CPW(CO);CH,PMe,]* (3a) and [CpW(PMe,),-
(CO),1" (4a), as shown by IR and '"H NMR spec-
troscopy, after six to seven days in the dark.

3.11. Reaction of 2a with PMe,Ph in CH;CN

Complex 2a (0.133 g, 0.348 mmol) was dissolved in
CH,CN (1.5 mD) in an NMR tube and PMe,Ph (0.049
g, 0.355 mmol) was added. The tube was sealed under
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N, and kept at 57°C. The reaction was monitored by
'H NMR spectroscopy. After 45.5 h, the reaction was
judged to be complete, and yellow crystals had formed
in the NMR tube. Working up the product with
‘BuNPF; (0.136 g, 0.351 mmol) as described above gave
yellow crystals of [CpW(PMe,Ph),(CO),]PF, (4b) in
40% vyield.

3.12. Reactions of 2b with L (L =PMe, PMe,Ph,
PMePh,, PEtPh,, PPh; AsPh; and NMe,, py and
SMe,) in CH;CN

General procedure: Complex 2b (0.056 g, 0.131 mmol)
was dissolved along with the ligand (0.131 mmol) in
CH;CN (1.5 ml) in an NMR tube, that was sealed
under N,. The reactions were monitored by 'H NMR
(by observing the Cp peaks) and the products 3a-3f,
3h, 3i, 3k and 31 were isolated as their BPh,  salts as
described before. Reaction times, yields and deviations
from the general procedure are noted in parentheses.
L = PMe, (22 h, 68%), PMe,Ph (4.75 h, 68%), PMePh,
(11.5 h, 63%), PEtPh, (27.5 h, 74%), PPh, (51 h, 62%),
AsPh; (123 h, 42%), NMe,; (2.5 h, 72%, 0.29 mmol
NMe;,), py (48.75 h, 51%) and SMe, (24 h, 49%).

3.13. Reaction of 2b with dppe in CH;CN

Complex 2b (0.093 g, 0.218 mmol) and dppe (0.173
g, 0.439 mmol) were dissolved in CH,CN (4.5 ml). The
mixture was stirred in the dark at room temperature
for four days. The solvent was then evaporated in
vacuo. The residue was taken up in MeOH, and the
solution was filtered to remove unchanged dppe, then
concentrated. Addition of ether gave a very low yield
of a yellow compound believed to be [{CpW(CO);-
CH,}(u-dppe)IBr,. IR :(CH,Cl,) v(CO): 2034s,
1955m, 1928s cm ™.

The solvent was then evaporated in vacuo and the
product isolated as its BPh,™ salt, [{CpW(CO),CH ,},
(pu-dppe)l(BPh,), (0.161 g, 43%). This salt was found
to be very unstable in solution.

3.14. Reaction of 2b with PCy; in CH,CN

Complex 2b (0.08 g, 0.19 mmol) was dissolved in
CH,CN (7 mD. PCy; (0.073 g, 0.262 mmol) was added
and the suspension was kept in the dark for seven days.
The oily yellow product was worked up with NaBPh,
as described above to give complex (3g) (0.030 g, 17%).

3.15. Reactions of [CpW(CO);CH, 1] (2¢) with PEt, or
PPh,

Complex 2¢ (0.062 g, 0.131 mmol) was dissolved in
CH,;CN or CD,CN (1.5 ml) in an NMR tube. The
phosphine (0.262 mmol) was added and the tube sealed
under N,. The reactions were monitored by 'H NMR
spectroscopy (by observing the Cp peaks). The half-life

for the reaction of (2¢) with PEt; was too short to be
determined. The products (3d) and (3f) were isolated
as their BPh, ™ salts as described previously. Reaction
times and yields are in parentheses: L. = PEt, (15 min,
40%) and L = PPh, (10 h, 70%).

3.16. Reaction of 2a and 2c¢ with L. (L = PCy, and NEt,
respectively) in CH,CI,

The complex 2a or 2¢ (0.3 mmol) was dissolved in
CH,Cl, (2 mD, and TIPF, (0.45 mmol) and L (0.6
mmol) were added along with CH,Cl, (4 ml). The
solutions was stirred at room temperature (for reaction
times and yields see below), then filtered, and the
product was precipitated by addition of hexanc.
[CpW(CO),CH,PCy;IPF, (3g): 6 days; 60%:; IR:
(CH,Cl,) v(CO): 2029s. 1945m, 1920s cm™'; m.p.:
112-114°C. This complex was treated with more
NaBPh, to give the BPh, ™ salt. [CpW(CO),CH ,NEt,]
PF, (3j): 3 days. 67%.
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