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Abstract 

The complexes [CpW(CO),CH,X] (Cp = n5-C,H,, 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 MeOH have been investigated. Two types of cationic 

products, namely the ylide complexes [CpW(CO),CH,L]+ and the disubstituted complexes [CpWL,(CO),l+, 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(C0J2CH,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 
[41 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 [Sl. Halomethyl complexes can also 
act as precursors of transition metal stabilized ylide 
complexes [93 that can be used for further synthetic 
manipulations [ 101. 

As was described previously, the reactions of 
halomethyl transition metal complexes depend on a 
number of factors [ll]. 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- 
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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,]Cl, 
but, under identical conditions [CpMo(CO),CH,CI] 
gives [CpMo(PPh,XCO),Cl] [lla,bl. 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 [Cp W(CO),CH, Xl 
The complexes [CpW(CO),CH,Xl 1X = OCH, (11, 

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: ClCH,OCH, is a potent 
carcinogen.) 

Na[CpW(CO)s] + ClCH,OCH, - 

[C~W(CO)&H,OCH,] + NaCl (1) 
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[CPW(C~)~CH~~CH,] + Hx (gas) -+ 

[CpW(C0)3CHZX] + C’H,OH (2) 

(X = Cl. Br) 

The complex [CpW(CO),CH,I] (2~) was prepared 
by treating [CpW(CO),CH,Br] with Nal, a route com- 
monly used for converting alkyl bromides into alkyl 
iodides [13] and employed previously to convert 
[CpFe(CO),CH2Br] into [CpFe(CO),CH,l] [l ICI, eqn. 

(3). 

[CPW(CO),CH,B~] + NaI -- 

[CpW(CO),CH,I] + NaBr (3) 

Complex 2c 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 yield by the route 
shown in eqn. (3), and found it to be stable to air and 
light for short periods (contrary to the previous report). 
A sample of 2c 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 2c 
under all conditions, with a stability order for 
[CpW(CO),CH,X] of X = Cl > Br > I. Complexes 
1-2~ were also found to be less stable than their Cp* 
analogues, [Cp*W(CO),CH2Xl (X = OCH,, Cl, Br, I> 
[16], in all respects, Compounds 2a-2c decompose to 
form [CpW(CO),Xl at room temperature both in solu- 
tion and in the solid state. Data for complexes I--2c 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 zX] 
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L&Ye- 
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OC er 2b 

I / 2c 
Fig. 1. Molecular formula for complexes 1. Za- 2c. 

ized methyl complexes have been reported previously. 
The complexes 2a-2c arc 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, 1) show a decrease in 
melting point as X changes from Cl to Br to 1 (cu. 
65°C. cu. 54°C. and 28°C respectively) [ llc], the melt- 
ing points of the [CpW(C‘O)JC132,X] complexes in that 
sequence. The tungsten halomethyl complexes gener- 
ally have higher melting points than their iron ana- 
logues. and appear to bc 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 ZX] analogucs [ 121. Also, the carbonyl stretch- 
ing frequencies are 12-15 cm ’ higher than those 
observed for their Cp* analogues [ 161. as would be 
expected [ 171, 

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

Compound X m.p. IR (&CO)) ” ‘HNMRh “C NMR ” molecular ’ 

(“0 (cm ‘) (6) (6) ion 
~_. _____ 

1 OCH x 44-4.5 2025 5.45 [s, jH1 72X.5 (cis-CO) 

1940 4.60 [s. 2Hl Z I h.3 (trum-CC)) 

lY26 3.27 [s. 3Hl ‘II .S(CpI. 

h3.h CH ;) 

5:.8(CH1) 

2a Cl > 78 203 1 5.57 [s, SHj 237.1 (c/s-CO) 382 

(dec) 19.50 4.30 [s, 2Ifl 215.5 (trcrrwC0) 

1934 9’.6((‘p). 

‘).9(CH? 1 

2b Br 80-85 2031 5.5’) [s, 5HJ 12h.Y (&CO) 476/42X 

I%U 3.YX [s. 2Hl 715.5 (rrczn.A’O) 

1935 ‘).‘.O(Cp~. 
-- 7.011m 2) 

2c 1 99-102 5031 5.56 [s, SH] z7.2 (c/s-<‘<I) 174 

1951 3.16 [s. 2Hl 2 1h.O t trurrs-CO) 

193x Q.I.S(C‘p). 

-- 36 Y(CII 2) 
___- 

a Measured in hexane, all bands strong. ’ Measured in CDCI; relative to TMS (6 = 0.00 ppm). s = <inplet. Mass of most abundant isotope 
combination. 
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I 

I -co 
-co -co -co 

KPw(c0)1+ [CpWCH,Xl+ [CpW(CO)CH,l+ 
[W(CO)CH,l’ 

-co 

[CPW + 

I -cP 

[WI’ 

-HX 

WC,&]+ 

[WCH21+ 

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

b 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,OCH, > CH,CI > CH,Br > CH,I, whilst the Cp 
resonance shows little or no variation with changing X. 
The change in the 13C NMR shifts of 11.9 ppm on 
going from X = Cl to X = Br and of 34.9 ppm on going 
from X = Br to X = I reflect the electronegativity dif- 
ferences between the halogens. The difference be- 
tween the shifts for X = Br and X = I is however 
significantly greater for the W complex than for the Fe 
complex (34.9 ppm vs. 19 ppm). The 13C 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 13C 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 13C NMR data obtained for methoxymethyl com- 
plexes [191. 

Low resolution electron impact (EI) mass spectra 
were obtained for complexes 2a-2c 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,Xl (X = Cl, 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 = Cl, Br, Z) with 
neutral nucleophiles 

[CpW(CO),CH,Cl] reacts with PPh, in THF to give 
a cationic ylide-type product [CpW(CO),CH,PPh31t, 
that was isolated as its BPh,- salt. This product has 
been reported before [lib]. In contrast, [CpW(CO), 
CH,Cl] reacts with PMe,Ph in refluxing THF to give 
the disubstituted product [CpW(PMe,Ph),(CO),]+, 
that was isolated as its PF,- salt. 



TABLE 2. Some mass spectral data for [CpW(CO),(‘II: X] 

Ion :’ Rellttive peak intensities (56) h 

M 

M-CO 

M-2C0 

M-K0 

M-3C0-HX 

M-?CO-HX-Cp 

M-CH z X ( = CpW(CO),J 
M-CH? X-CO ( = CPW(CO)~) 

M-CH 2 X-TO ( = CpWCCO,] 

M-CH I X-K-0 ( = ( ‘pW] 

M-X 

M-CO-X 

M-xx-X 

M-.?CO-X 

M-KY-X-C-p 

M-C‘p 

M-Cp-CO 

M-Cp-?CO 

M-C‘p-TO 

M-0-I 2 x-cp 

M-CH z X-Cp-CO 

M-CII ,X-Cp-2CO 
wx 

C;H?W 
C,H,W 
W 

II)< 

X 

C3FI, 
C,H, 
CH,X 

C2HZ 
CpzW 

* M = [CpW(CO),CHIX]; all ions have a single positive charge: ion 

refers to probable assignment. ” Peak intensities iire relative tu the 

hase peak at m /; 298 (X == (‘I): vi / 2 .342/31J tX - fir): IV ,, z 300 

(X = I). 

[CpW(CO),CH,Br] reacts with excess I.. (I* = PMc,, 
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((‘O),CHZBr] 
with bis(diphcnylphosphino)ethanc (dppe) gives the 
bridged dicationic ylidc complex [CpW(CXI)~ClH ?I”- 

(Ph),(CHI)zP(Ph),CH ,W(CO),CpI,“. This latter com- 
plex is unstable in solu&on and was charaztcriscd by IR 
spectroscopy and elemental analysis, and partially by 
‘H NMR spectroscopy (see Table 5). 

Complex (2a) reacted with I. (I- = PPh ?. PMePh,, Lihc thoac of’ the rron [C’pFe(CO),CiH,?<] system 
PMe,Ph, PEtPh,, AsPh,) in refluxing methanol to give 
the yiide-type complexes [CpW(CO!,CHLL]- in low to 

11 lcj. thr rcactiona of [CpW(CO),CH --IX] (X -= Cl, Br) 
with ligands. I I in acctclnitrilc can g&e twt> type\ of 

moderate yields. Similarly. complex (2b) I-catted with Iigand product. namely ;I ylidc-typt: product [C‘pW- 
AsPh, in MeOH to give the cationic ylide complex iCO~,c’l-~II.]X (3) anc.i ;i disuhstitutrd product [(_‘p- 
[CpW(CO),CH,AsPh,]‘Br~~, which was treated with WL,ICO),]M id). The reaction< of complexes 2a. 2b 
[N”BuJPF~ tcl give [CpW(CO),CH .‘ AsPh ,]PF(>. and 2r with ne~tr;~l nuclccrphiie>,. 1,. in acetonitrilc arc 

To gain a greater insight into the reactions of the 
halomethyl tungsten complexes with ligands. I,, the 
reaction of complcs 2a with .4sPh; in methanol was 
studied in more detail. WC found that the reaction of 
[CpW(C’O)3CH ,C’t] with A>Ph; in retluxing methanol 
gives a mixture (of two products, [CpW(CO),H] (about 
4(Y’,; yicid). as idcntificd tl!, ’ FJ YMK, 111 and mas:, 
spcctrometry [X]> in addition LtI the ylide compics 
[CpWCCO),C”H z AxPh 1 ]U, l,vhich was isolated as ils 
PI.,, salt in ‘2“; (recrystallized) yield. Sitnilarly, the 
reacticm of jC~pW(C‘O)_i(.~t~il Br] Ltith I\5P113 in refliixing 
methanol gives [CpW~c’O).~H] and [(‘pW(CO)$X ,A+ 
Ph ,] ’ in 57’1 and .:?“A yieids rcspcctively. 

Dissolution ol‘ /(‘pW(C”O):ClI ,(‘I] (2ai in methanol 
results in almost qrrantit;iti\e formation of fCpW(CO),- 
CH ,C)CH _;] i 1 ). as ,iudged by IR spectroscopy. after (‘N. 
3 h at r6)or-G tcmpcratl~x!, I-lo\vewr. work-up of the 

:solution gave a mihcurc of complexes I anti 2a. with the 
former slightI> predominating. A possible explanation 
for this partial reversal of the ;tbovc rt‘action is that 
HCI is t’ormcd in solution and reacts with 1 upon 
concentration of’ the methanol tcl give complex 2a. 
Dissolving complex 2a in methanol, allowing it to react 
cornplct~ly to give complex 1. then adding AsPh i and 
refluxing the solution rc\uits in no change in the types 
or ratios of products, lormcd. However, when 
[CpW(CO),C’i-3 ,OC‘li ?] 1s diasolvcd in methanol and 
the solution ~-c?l~~,cd in the pr-zsent.~ of AsPh;. no 
reaction takes place. Ir thus scema ilear- that in the 
rc*tction ‘ 01 j(‘pW((‘OI,C’H .C’l] wit11 Asl’h ; I 1-I 
methanol, it i> the small eyuilibrium concentration cbf 
the chloromrthyi complex 2a that rcactx with AsPl1 i tb) 

form the ylidc c-omplcx, 
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TABLE 3. Data for complexes 3a-31 

Compound No. m.p. IR &CO) a Elemental b 

(“0 (cm-‘) Analysis 

[CpW(CO)&H,PMe,]BPh, 3a > 272(dec) 2033s, 1953sh, C: 58.20 (58.21) 

1925s H: 4.85 (4.85) 

[CpW(CO)&H,PMe,Ph]BPh, 3b 176-180 3034s, 1951sh, C: 61.16 (61.17) 

1928s H: 4.85 (4.72) 

[CpW(C0)$H2PMePh,]BPh, 3c 82-84 2035s, 1950sh, C: 63.70 (63.71) 

1931s H: 4.60 (4.62) 

[CpW(CO),CH,PEt3]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)$H,PPh,lBPh, 3f 192-198 ’ 2035s, 1953sh, d 

1933s d 

[CpWCO),CH ,PCL,lBPh z, 3g 125-134 2031s, 1950m, C: 65.20 (64.72) 

1921~s H: 6.40 (6.34) 

[CpW(CO),CH,AsPh,]BPh, 3b 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,lBPh, 31 168-176(dec) 2037s, 1954sh, C: 57.25 (57.57) 

1935s H: 4.60 (4.53) 

a In CH,Cl, solution; b calculated values in parentheses; ’ data from ref. [lib]; d not obtained. 

depicted in eqns. (4)-(6). 

[CpW(CO),CH,X] + L - [CpW(CO),CH,L]X 

(4) 
X=Cl: L= 

X=Br: L= 

x=1: L= 

PMe,(3a), PMePh, (3~1, PEtI%, 
(3e), PPh, (3f), AsPh, (3h) and 
NMe, (3i); no reaction for P’Bu,, 

SMe,; 

PMe, (3a), PMe,Ph (3b), PMePh, 

(3c), PEtPh, (3e), PPh, (30, PC%, 
(3g), AsPh, (3h), NMe, (3i), Py (3k) 
and SMe, (31); no reaction for 

PtBu3, P(OMe),, NEt,; 

PEt, (3d), PPh, (3f). 

[CpW(CO)&H,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),CH,},(~--dppe)] % (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),CH2PMe,lf and [CpW- 
(PMe,),(CO),]+. 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 tram to each other in complexes 
4a and 4b [251. 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)l was obtained in 
any of the reactions. Complexes of the type 
[CpW(CO),(C(O)CH,X}l are known, but were ob- 
tained by a different route [261. 

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,Cl] 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 



TABLE 4. ’ H NMR data for complexes 3a--3k ri 

---_________l ____-__..____-- ._.--. --.. .- ~_~~~ -- -. - -----.------ --~~----- -- 
Compound (‘H,I. C’P Ph Alkyl 

-.~----- ~-_- _I_ ___.__ .--~--..-_---~._.‘- 
[CpW(CO)~CH~PMe~lBPh~ 1.38 fd. “J = Ih.f)f 5.78 ts) 7.82. 7.04 (m. 20Hf 1.76 td. YH. -i = 13.0) 

[CpW(CO)~CH~PMe~Ph]BPh~ 1.66 Cd, ‘J = 17.0) 5.70 is) 7.?7, 7.29. 6.9-S tm. 251-t) .z.oi (d, hfl. -J = 13.X) 
[CpW(CO)?CH ,PMePh z IBPh -I ?.OO (d, ?./ = 16.4) 5.73 (b) 7.08. 7.30 (m. 1OH) 233 (ii. hH. ?J = 13.2) 

[CpW(CO)?CH~PEt,lBPh., 1.36 Cd, ‘.I = 15.9) 5.70 (5) 7.33. 7.00. 633 (ill. 7OII) 1.0X (&I, 61 1. lJ(HH) :=- 7.0. 
.‘.I(Ptl) = 11.2): I 22 (Jl YH. 

‘.ictillf--- 7.6, 3JfPFI) = 17.5) 

[CpW(CO),CH:PEtPh,]BPh 1 I .uz (d. ?.I = 16.0) 5.66 (‘i) 7.66. 7.30. 6.89 (m. 3011) y.31 (in. ill); 2.71) (nr. 111): 1.1.1 (m. 310 

[C’pW(CO),CHLPPh,lBPh., 2.18 (d, ‘J = 16.5) 5.68 (s) 7.64, 7.27.6.91 (m. 3H) 

[CpW(CO),CH z PCy JBPh,3 1.21 d. ‘J = Ih.0) 5.83 (sf 7.33. 6.99. 6.71 tm. 2Ot1) l.10 (iii. 3.311) 

[CPW(CO),CI~~NC:~H,IBP~~ 4.58 f.4) 5.38 (s\ 7.33 ~.00. 0.92 im. 3!)Hj . 3 ?.Qj. 7 50 tni. 5il) 
[CpW(CO),C‘~1,NMe,lHPh, 3.0X (5) 5.77 (\I 7.33. 6.95 fm, 701~) .:.oii ti, 91 i) 
[CpW(CUfiCIi,SMc,lBPh; 3.02 (a) 5.97 ($1 7.34, 637 (m. 3Of1) 3.w (\. 01 I / 
[CpW(<:O)>CH ,AsPh > IBPh, 2.30 (s) 5.w (5) 7.70. 7.30. ‘.Wb(Ill. 35 Hi 

----.-- ___._____..-.-..______--.__~- 

“ In CD.,NO, relative to TMS (8 = Il.00 ppm); J valuts in HI, :.I represents Pf I coupling tinlc~s otherwise stil(ed. s =T singlet. d = tiouhlct. 

m = multipiet. dq = double1 of quartets. dl =. doublet Of triplcls 

2a nor 2b react with NEt, or P(OMeJ, under these 

conditions. 

There are differences between the behaviour of 
complex 2b and that of complex 2a. Thus, 2a does not 
react with SMez in CH,CN or THF, whereas 2b does 
react in CH,CN to form complex 31. Also. unlike 
complex 2h. complex 2a reacts with PMr,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(C~))~C~~~,~] 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 4,. 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 PMcPh? in C’Ii,CX or C‘H,OH to give the ylidc 
product 3c, whereas no reaction takes place between 
these reagents in THF. 

As wac observed for the reactions of [CpFe(COf,- 
CH &‘I] and /C’pMo(CO),CH ,CI] with neutral nucle- 
ophiles [27], compicx 2a reacts with PCy, in CHZC‘l z in 
the presence ot T!PFcc;,, to give (3g). Complex 2c reacts 
with NEt .i under similar c~~nditi(~?ls to give 3j. 

The data for the IICL~ cationic ylide complexes re- 
ported in eqn. (31 and for complex 41 are listed in 
Tables 3--5. Of interest are the ‘H NMK resonances of 
the CH ,I, protons. which corrciatc linearly with the 

TABLE 5. Data for further products ohlained from the rc~?~ms of complexes 2 with i~ganc?s L 
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compound L 

:o, 
PMe3 
PMe2 Ph 

3: 
PMePh, 
PEt, 

:: 
PEtPhp 

2 

PPh, 
PCY, 

3i 

3j 

2: 

AsPh3 
NMe3 
NEt3 

I 
+ @ 

,w- L 

oc -‘/ ice 

L _ 

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

pK, of the bonded ligand, L (Fig. 31, 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 6 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, 

I .9 

-E 1.6 
,a 
I” 1.7 

2 1.6 

# , , , , , , , , 

4 6 6 IO 
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! 035 
. ” 
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Fig. 3. A plot of the pK, of tertiary phosphines L/‘s. 6CH, for Fig. 4. A plot of t,,* L‘S concentration of PMe,Ph in the reaction of 

complexes 3a-3g. 2b with PMePh,. 

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,Xl 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] [llc] 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-2c with 2 mol PPh, under 
identical conditions follow the order Cl -=z Br < I, with 
a reactivity ratio for Br : I of 1 : 13. The rate for X = Cl 
is extremely slow, with fr,* > 3 months at room tem- 
perature. 

The reactions of 2b with several concentrations of 
PMePh2 in CH,CN were also monitored similarly by 
‘H NMR spectra scopy. The rate of reaction was found 
to increase significantly with increasing ligand concen- 
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Scheme 2. A possible mechanism for the reaction of 2h 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 (R2 = 1 .OOI with the PMePh, concentration for 
ratios of (2b): PMePh, of 1 : 2, I : 3 and I : 4 (Fig. 4). 

The qualitative kinetic data obtained indicates that 
the reaction of 2b with PMePh, appears to proceed by 
a concerted (S,2) mechanism (Scheme 2). This is in 

contrast to the mechanism proposed for the reactions 
of [CpFe(CO),CH 1 X] with L 111 b,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 (bl primary 
alkyl halides usually react with tertiary phosphines by a 
S,2 reaction [3O]. The rate equation: rate = lc[Cp- 
W(CO),CH,Br][PMePh,] appears to hold up to 7% 
75% completion of the reaction, with k = 0.59 ( $0.02) 

S-I. A similar rate equation appears to hold for the 
reaction of 2b with L (L = PMe,. k = 0.87 ( i 0.03) s ‘; 
L = PMe,Ph, k = 2.08 (iO.07) s-‘: L = PPh?. k = 0.26 

( k 0.02) s- ’ ). No corresponding data for the reactions 
of other halomethyl transition metal complexes with 
PR i are available [I]. 

3. Experimental details 

Methanol was distilled over CaCl, or Mg/I,, and 
CH,Cl 2 was dried over CaCl 1 and distilled from CaH>. 
The complexes [CpW(COI,l, 1311, [CpW(CO),CH,- 

OCHJ, [CpW(CO),CH2Cll, [CpW(CO),CH,Brl [121, 
and [CpW(CO),Hl [22] were prepared by published 
procedures. ‘If NMR spectra were recorded on a 
Varian XLlOO, Varian EM60, Briicker WH9O 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 (XLlOO, EM60, WH90) or external CVXRZOO) 
reference. The qualitative kinetic studies were carried 
out on the Varian EM60 spectrometer at 23°C. All 
other details were as reported previously [ 11 c]. 

.i. 1. Prepuru tion of / Cp W( CO).,Cf-I, I/ (2~) 
Dry NaI (0.059 g, 0.394 mmol) was added to a 

solution of [CpW(CO),CH, Brl (0.103 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 2c was sepa- 
rated (0.11 g X7? J 

3.2. ficwction of /(*pW’fCO) ,C’H,Cl] (2a) with PPh i in 

THF 

Complex 2a (0.148 g, 0.387 mmol) was dissolved in 
THF (7 ml) and PPhj (0.203 g. 0.778 mmol) was added. 
The solution was refluxctl 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, ((1.130 g, 0.387 
mmol) in a minimum of MeOH. The resulting yellow 
precipitate of [CpW(CO),CH zPPhi]BPh, was filtered 
off and recrystatlised from CH ,Cl:-- hexane (0.025 g, 
1 1% ). 

3.3. Reuctiorr of 2a with P.Me2 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 rcmov:ed 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,Phl,- 
(CO),]PF,, was Filtered off and recrystallised from 
CH ?CI ,-.-ether (0.044 p. 23% 1. 

Complex 2b 10.15 g. 0.36 mmoll was dissolved in 
THF (3 ml1 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 2-hcxanc (0.007 
g, 4<::;). IR v(COl (CH,CI,): 302%. 194Osh, 191&s 
cm -!; ‘Ii NMR (CDCl,‘r: 6 5.86 (s, 5H): 1.95 (d, 9H); 
2.25 cd, 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 1, (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 (ZUml). The solution was kept at 
room tcmperaturc in the dark for 1411 days or 24 days, 
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The products were isolated as yellow BPh,- salts as 
described before: [CpW(CO),CH 2 PEtPh 2 ]BPh, (44%). 
[CpW(CO),CH,PPh,(CH,),PPh,CH,(CO),WCpll- 
(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 uacuo 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 
[CpW(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,lCl in 6% yield. IR 
(CH,Cl,): v(CO)2028s, 1924~s 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,,AsO,W talc.: 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,): 
6 = 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 2h (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 uacuo. 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 31PF6 
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 3]PFb (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 v(C0) region showed only 
bands from [CpW(CO),CH,OCH,l. 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),Hl 
(0.030 g, 34%) and complex 3h, isolated as its BPh,- 
salt (0.057 g, 22%). 

3.9. Reaction of 2a with rejluxing 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 v(C0) region 
showed the initial appearance of bands from 
[CpW(CO),CH,OCH,l, followed by the appearance of 
bands from [CpW(CO),Hl. 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,l+ (3a) and [CpW(PMe,),- 
(CO),]+ (4a), as shown by IR and ‘H NMR spec- 
troscopy, after six to seven days in the dark. 

3.1 I. Reaction of 2a with PMe, Ph in CH,CN 
Complex 2a (0.133 g, 0.348 mmol) was dissolved in 

CH,CN (1.5 ml) in an NMR tube and PMe,Ph (0.049 
g, 0.355 mmol) was added. The tube was sealed under 
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