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Abstract 

Protonation of alkylidyne tungsten complexes of the types I W ( CR ) CI (CO) ( PMe ~ )~ ! or I W ( C R ) CI (CO) ( py ) ( PMe ~ )., I with HCI 
affords the ~12°alkylidene tungsten complexes iW{CHR)CI2(CO)( PMe~)2] (7) (R = Me. El, Ph, p-Tel). Protonation of the complexes 
I W (CR) X ( CO ) (CNR ° ) (PMe~) 2 ] with HOSO2CF~ or HBF4 gives the alkylidene complexes [ W (CHR) X (CO) (CNR') (PMe~), ] [ Y ] (8) 
(R~Me,  R'~CMe~, X~CI, Y=CF~SO~. R=Ph, X=CI: R'=CMe~, Y=CF~SO~, BF4: R ' -Ct ,  H,I, Y=BE,;  R'~C,H,Me.~-2,6, 
Y ~CF~SO~, R ~ Ph, R '~  CMe~, X ~ I, Y ~ CF:,SO,. BF,,}. The C-oH bonds of the alkylidene ligands are easily deprotonated with bases 
such aN pyrrolidintvcyclopenlene Mr trielhylamine. The solid stale structures of I W( CPh )CI(CO) ( CNCMe, ) ( PMc, ) ~ I (fib), I W( CHMe)CI~o 
(CO)( PMe~)~] (?a). I W(CltPh)CI~.(CO) ( PMe,)., i (Te). and [ W(CHPh)CI(CO)(CNCMe~ )( PMe~)2 ] I BF~ J (8¢) were determined by 
Xoray crystallography, The ~lructure of 7a was also delermiued by neutron diftYaction. Based on the neutron diffraction data of Ta, and clo,~ly 
nlalching rcsulls lh~m file Xoray dil'l'raction studies, it is I~)tind that the ~l~o¢oordinalion mode of Ihe alkylidene ligands gives rise to almost 
equal W-C(R) and W~H bond dislanees, 1.857(4) and 10922{ 6) ,/i,, respectively, in the case of 7a. The length of the alkylidene C~H I~md 
in ?# is Io 185(7) A, The structural comparison ot',¢b and lie reveals that the protonatio, of the alkyiidyne ligand causes the W4~Ph bond to 
lengthen by less than 0. I A and the W~C=Ph angle to bend by about 15 ~. The major induced structural change, however, may be de~cibed 
aN a lateral shift of the CPh group by about 0,6 A away from the coordination axis dettned by the extension of the CI=W vector. © 1998 
Elsevier Science S.A. All rights reserved. 

Eevwonls: Crystal structures; Neutnm diflYaction: Alkylidene complexes: Tungsten complexes 

1. Introduction 

Protonation is an effective means of activating Fischer- 
type alkylidyne complexes towards bond-forming steps [ I J. 
For example, reaction of the complexes [ W(CR)('q~- 
C~Hs)(CO)L! (R=a lky l .  aryl; L-~CO. phosphine, phos- 
philo) with HCI provides 'qZ-acyl complexes of the type 
[W(xI'%C.~H~)(~I:-OCCHeR)CizL] [21, protonation with 
HBF4 affords the dinuclear ~-alkyne complexes [(W(~1% 
CsH~) ( CO)., ) .~ (p,-H) ( ttoRCCR ) ] [ BF41 [ 3 ], and treatment 
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with HBF4 in the presence of PhCCPh gives the allylo 
idene complex [ W(CPhCPhCHR) (~1%C~H~) (CO) ] [ BF~ ] 
( R = C¢,H4Me~4) and further products [ 4 ]. Protonation of 
alkylidyne isocyanide metal complexes causes the formation 
of aminoalkyne metal complexes t i t .5 ] ,  and treatment of 
alkylidyne carbaborane metal complexes with acids leads to 
a variety of transformations involving both the alkylidyne 
and the carbaborane groups [ 6 ]. Because of their high reac- 
tivity, only few simple protonation products of alkylidyne 
metal complexes, either aikylidene or alkylidyne hydride 
metal complexes, have been isolated [ 3.7,8 ]. Evidently. the 
outcome of protonation reactions depends very strongly on 
the particular electronic and steric properties of the alkylidyne 
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complexes, the nature of the acid. and the reaction conditions. 
However, in most cases, if not all. alkylidene metal com- 
plexes are involved as the initial protonation products and as 
key intermediates. 

In this paper, we give a full account of the formation of 
neutral and cationic ~12-alkylidene complexes upon protona- 
fion of m Fischer-~pe alkylidyne tungsten complexes 
[9.10]. The molecular structures of three representative vf-- 
alkylidene tungsten complexes as well as the structure of one 
of the alkylidyne complex precursors have been determined 
by X-ray ~stallography. The structure of one alkylidene 
tungsten complex has also been studied by neutron diffrac- 
tion. The comparison of these structures provides insight into 
the stngtural changes induced by the protonation of alkyli- 
dyne metal complexes and the bonding of the generated 
~lZ-alkylide~it: I igands. 

2. Results  

2. !. Synthesis of  the alkylidyne and alkylidene complexes 

The reactions involved in the synthesis of the alkylidyne 
complexes 1--$ are well established and are summarized in 
Scheme I .  Starting from tungsten hexacarbonyl, the bi~-pyr- 
idine-substituted complexes lw-e age obtained by addition of 
organyllithium reagents, followed by oxalyi chloride and pyr- 
idine [I 1,12]. Substitution of the two pyridine ligancLs in 
lime affords the bisotrimethylphosphine complexes 2a-e. 

The tris-trimethylphosphine derivatives 3a-d are obtained 
from 2a-d by irradiation in the presence oftrimethylphospine 
or by treatment with neat PMe3 [ ! 3 ]. Complex 3a has pre- 
viously been obtained by Mayer and coworkers by treatment 
of [W(CMe)CI(PMe3)41 with carbon monoxide [ 14]. Sub- 
stitufion of the central trimethylphosphine ligand in com- 
plexes 3a and 3c by isocyanides gives the complexes Sad ,  
An alternative route to complexes 5 proceeds via the pyridine- 
substituted compounds 4, which are obtained by irradiation 
of the corresponding complexes 1 in the presence of two 
equivalents of PMe~ and excess pyridine. Exchange of chlo- 
ride by iodide in Sb affords the lode derivative 6 (F,q. ( I ) ) 
i l 5 l .  

The identity of the alkylidyne complexes was established 
by spectroscopic methods. The cis-dicarbonyl compounds I 
and 2 exhibit two IR absorptions of similar intensity in the 
metal carbonyl region, while only a single absorption is 
observed for complexes 3-6. The presence of two mutually 
trans trimethylphosphine ligands in complexes 3-6 is indi- 
cated by the appearance of the 'H NMR resonances of the 
PMe~ ligands as virtual triplets, The central PMe.~ ligand in 
complexes 3 gives rise to an additional doublet. The alkyli- 
dyne carbon atoms resonate in the range of B 250-300. 

When a light stream of HCI gas is blown over stirred 
solutions of complexes 3 and 4 in CH2CI2, the color changes 
from yellow to dark brown, and the alkylidene complexes 
7a~! form in high yield (Eq. (2)). After removal of the 
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solvent, the brown products are extracted with THF or ether 
and purified either by recrystallization or by chromatography, 
As demonstrated for 7c, the alkylidene complexes can also 
be obtained in high yield, if cone. HCI is used instead of HCI 
gas, Complexes 7 are moderately air-sensitive in solution, 
but crystalline samples can be exposed to air for extended 
periods of time without significant decomposition. The 
neopentylidene complex [ W ( CHCMe3 )CI_, (CO) ( PMe3 ) -, ] 
(Te) has previously been prepared by Schrock and coworkers 
by treatment of [ W ( CHCMe 3) CI 3H (PMe3) -, ] or [ W (CCMe.~) - 
CI~,H(PMea):,] with carbon monoxide [16]. Addition of 
HOSO2CF~ or HBF4 to ether solutions of the isocyanide- 
substituted aikylidyne complexes Sa--d and 6 causes the pre- 
cipitation of the salts 8 which are isolated in nearly 
quantitative yield after decantation of the supematant, wash- 
ing of the residue with hexane, and drying under vacuum 
(Eq. (3)). The alkylidene complexes 8 are very sensitive 
towards moisture. 
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The alkylidene hydrogen atoms of complexes 7 and 8 give 
rise to tH NMR signals in the range of 8 - 1.2 to - 3.4. The 
resonances are triplets due to coupling to the two phosphorus 
atoms of the PMe~ ligands (J;,, = 3--4 Hz for 7 and 6-7 Hz 
for 8). The signal for 7c exhibits tungsten satellites, whereby 
Jw. =21.5 Hz. The t~C NMR resonances of the alkylidene 
carbon atoms of complexes 7 and 8 are found in the range of 
8 220-240 as doublets of triplets due to coupling to the alky- 
iidene hydrogen atom and the two phosphorus atoms 
{J~,c :~ I I Hz). The C-H coupling constants range from 82 
to 87 Hz for the neutral complexes 7 and from 67 to 77 Hz 
for the cationic complexes 8. Very similar spectroscopic data 
have been reported for the related complex 7e [ 15 l. 

The protonation of the alkylidyne complexes can be 
reversed. Deprotonation of 7¢ with I opyrrolidinocyclopeno 
tene affords the anionic alkylidyne complex 9 ( Eq. ( 4 ) ). The 
NMR parameters o1'9 are normal t'or a Fischer=type alkylio 
dyne complex I I I. One of the chloride ligands in 9 can be 
substituted by other ligands under very mild conditions. Thus 
deprotonation of "/e with bases such as I opyrrolidinocyclo= 
pentene or n=BuLi, followed by the addition of pyfidine. 
CNCMe~, and P(OMe)~ affords the alkylidyne complexes 
4e, 5b, and 10, respectively ( Eq. (5) ). Deprotonation of the 
cationic complexes 8 occurs very easily. For example, addi- 
tion of triethylamine to 8b immediately regenerates the alky= 
iidyne complex 5b (Scheme 2). 

2.2. Crys tal lographic  studies 

The solid state structures of the complexes 5b. 7a, 7c. and 
8(: were determined by X-ray crystallography. The structure 
of 7a was elucidated further by a neutron diffraction study. 
The crystal parameters and information on data collection 
and refinement are summarized in Table I. 

Selected bond distances and bond angles for 5b are listed 
in Table 2. An ORTEP drawing of Sb is shown in Fig. 1. The 
coordination sphere around tungsten is only slightly distorted 
from octahedral geometry. The aikylidyne ligand forms 
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nearly perfect fight angles with the carbonyl and the isocyan- 
ide ligands, and the chloride ligand is almost exactly opposite 
to the alkylidyne iigand. The trimethylphosphine ligands are 
bent away from the alkylidyne ligand by about 5 °. They are 
also slightly bent towards the isocyanide ligand. The W-  
C(15) distance of 1.82( 1 ) ~ is normal for a tungsten-.c~oon 
triple bond [ I ] and the bond lengths between tungsten and 
the other ligands are also unexceptional. The alkylidyne 
iigand deviates very little from linearity. 

Sel~ted bond distances and bond angles for ?a from the 
neutron diffraction study are given in Table 3. All geometric 

Table I 

parameters are mutually consistent within the estimated stall- 
dard deviations. The core of the molecular structure of 7a is 
shown in Fig. 2. The coordination geometry can be described 
as distorted octahedral, if the qa-alkylidene lig~md is consid- 
en~cl to occupy a single coordination site, The alkylidene 
carbon and hydrogen atoms, C(7) and Hi ! ), have similar 
distances from the metal center, 1,857(4) and 1.922(6) ,~,, 
respectively. The C(7)-H(  ! ) distance of !, 185(7) A is sig- 
nificantly longer than a normal Cispa)-H bond [ 17]. The 
W(I)--C(7)-C(8)  angle is 166.6(2) °, and the W i l ) -  
C(7)-H( i ) an3le is 74.7(3) °. C(7) and H( ! ) are disposed 
on opposite sides of the axis defined by the extension of 
CI(2)-W( I ) bond. The CI(2)-W( I ) -C(7)  and CI(2)-  
W ( I ) - H ( I )  angles are 157.2(2) and 165.3(3) ~, 
respectively. The C(7)Me group is proximal to the carbonyl 
ligand, and H( ! ) is proximal to CI( I ). The associated coor- 
dination angles C(7) -W(  I )~[~(9) and CI( I )-W( I )-H( I ) 
are small, 78.4(2) and 79.8(2)° respectively. Perhaps as a 
con~quence of these close contacts, the C(7)-H(  I ) bond is 
rotated from parallel alignment with the coordination axis 
containing the carbonyl ligand and CI( I ). As a consequence 
of this orientation, the alkylidene carbon atom is located atop 
the triangle defined by the atoms W( I ), C(9),  and P(2), and 
the C ( 9 ) - W ( I ) - P ( 2 )  angle is widened to 93.3(2) ,~. The 
three ligands adjacent to the CMe fragment, namely the car- 
bonyl and the two trimethylphosphine ligands, are bent 
towards the tra,s-chloride CI (2 ) .  The bond angles C1(2)~ 
W( I ) : L  ar~ 80.9( I ), 86 .3 ( I ) ,  and 81.0( ! )o ibr L = C ( 9 ) ,  

Ci~l{dlo~r.phie data for the ~omplexe~ Sb, "/a ( .eutron d i f i~t lo .  ~lnd X,:r~I), dtffr~ihm ), ?e..~d I~ 
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Table 2 
Selected bond distances (A) and angles (°) Ibr 5b and lk  

5a 8c 

W( I )-El( I ) 2.572[3) 
W( I )-P( I ) 2A80(3) 
W( ! )-P(2)  2.490(3) 
W( ! ) -C(tO)  2.16( I ) 
W( I )-C( 151 1.82( I ) 
W( I ) -C(16)  i.98( I ) 

CI( I )-W( I )-P( I ) 85,94(9) 
CI( I )-W( I )-P(2) 83.43(9) 
CI( I)-W[ I )-C(I0) 90,4(3) 
CI( I )-W( I )-C(15) 179.2(3) 
CI( I)-W( I )-C(16) 90,7(3) 
P( I)-W( I )-P(2) 168,64(9) 
P( I)-W( I ) -C( I0)  89,8(3) 
P( I )-W( I )-C(15) 94.9(3) 
P( I )-W( I )--C(16) 91.3(3) 
P(2)-W( I ) -C( I0)  86.3(3) 
P(2)-W( I )-C(13) 95.7(3) 
P(2)-W( I )-C(16) 
C( 10)-W( I )-C(15) 
C( 10)-W( I )-C(16) 
C( 15)-W( I )-C(16) 
W( I )~C( 15)-C( I ) 

Table 3 
Selected bond distances ( A ) and angles ( ° ) for 7a its determined by neutron 
diffraction 

o(1o) 

Fig. I. Molecular structure of the alkylidyne complex .~b, 

P( ! ), and P(21, respectively. CI( I ), which is proximal to 
the alkylidene hydrogen atom, is not bent towards CI(2). The 
CI( I )=W( I )=C1(2) angle is 90.9( I )°. 

There is a short intermolecular contact of 2.554(6) 
between H( I ) and CI( I )' of a neighboring molecule. Fig. 3 
shows two perspectives of a pair of molecules connected by 

92.8(3) P( 2)-W( I )=C(16) 87.9(3) OI0)(p 
89.7(4) C( IO)-W( I )-C(15) 103.3(41 ! 

178.5( 41 C( lO)-W( I )-C(16) 175.3(4) 0(21 a 
89.2(4) C( 15)-W( I )-C(16) 81.3(4) ~ '  / ~¢(e)  

179,3(8) W( I )=C( 15)~C( I ) 167.8(8) 
W( I )-C( 15)-H( 301 72(4) - - ~ ( 1  ~ ) H ( , )  11) , ~  

~ ) WO) _ 

_ 1 H1811 
O111 

N(1) ~ ~ C(?) 

COO) 

( ~  0(1) 0151 

0(101 
¢aO) j 

FiB, 2, ORTEP drawi.g of the molecular ~lructure of Ihe elhylidene complex 
"/a as determined by neutron diffradh)n, The displacement dltp~otd~ of 
themlal nlotit)n aft' drawn a~ Ihe 51E'~ probahiltly level, The Itydroge. ah)l))~ 
o1' the trimethylpho~phine ligauds have been omitled for clarity, 

two C(71-1t( I )..'CI( i )' hydrogen bonds. As can be seen 
from Fig. 3(b).  the oblique orientation of the C(7)=H( I ) 
bond relative to the adjacent principal coordination axes is 
optimal as far as the intermolecular C(7)=H( I )...Cl( I )' 
interaction is concerned. As a consequence of this orientation. 
the methyl group of the ethylidene ligand is in close contact 
with the C(5) H~ group of the P( 2 ) Me~ ligand. The shortest 
H...H contact between C(8)H~ and C(5)H,  is 2.70/l.. The 
forces due to the intennolecular H( ! )...Cl( I )' attraction and 
the C( 81Hs'" H aC(5 ) repulsion may contribute to the slight. 
but discernible nonplanarity of the alkylidene ligand. The 
sum of the bond angles on C( 7 ) is only 357.5 ( 9 ) °. 

The X-ray diffraction data for 7a were collected at room 
temperature while the tteutron diffraction data were measured 
at 15 K. Because of the temperature difference, the unit cell 
dimensions as determined by X-ray diffraction are noticeably 

W( 1 )---CI( I ) 2.489(4) W( ! I-Hi I ) i.922(61 
W( ! )-El( ! ) 2.449(3) W( I )--Ci(2) 2.475(4) C(7)-H( I ) 1.185(71 
W( I t-P( I ) 2.520(3) W( I )-PC I ) 2.505(4) C(8)-H(201 !.109(81 
W( I t -P(2)  2,513(3) W( 1 t-P(2) 2,497(4) C(81-H(211 1,096(81 
W( I ) -E(10)  2.17( i ) W( I )--C(71 1,857(41 C(8)-H(221 1.079(8) 
W( I ) -E(15)  1.88( ! ) W(I ) -C(9 )  i,975(51 CI( I )-H( i )' 2.554(6) 
W( I ) -E(16) 2.03( I ) 
W( i )-H(301 !.88(8) CI( I )-W( I)--CI(2) 90.9(I) CI(2)-W( I )-H( I ) 165.3(31 
C(15)-H(30)  1.17(81 Ci( I t -W( i t -P(  ! ) 88.6(I) P( ! ) -W(i  t-P(2) 166.2(21 

Cl( I t -W( I t-P(2) 86.2(I) P( I t - W ( I t - E ( 7 )  103.0(21 
CI( | t - W ( I ) - P ( I )  80.4(11 CI( i t - W ( i t - E ( 7 )  109.9(21 P( ! t - W ( ! ) - C ( 9 )  90.0(2) 
CI( I t-W( I t-P(2) 83.5(!) CI( I t - W ( i t - E ( 9 )  171.7(21 P(2)-W( I t -E(7)  90,8(2) 
CI( I )-W( I t -C(I0)  91.9(3) CI( I t -W( I t-H( I ) 79.8(2) P( 2 t-W( I t -E(9)  93.3(2) 
CI( I t-W( I t-C(15) 161.5(3) CI(2)-W( l)-P( I ) 86.3(I) C(7)-W( I )-C(91 78.4(2) 
CI( I )-W( I )-E(16) 83.4(3) CI(2)-W( I )-P(2) 81.0(I) W( I )-,C(7).-C(8) 166.6(2) 
P( I )-W(I)+P(2) 163.1(I) CI(2)-W( I )-E(7) 157.2(?j W( i )-C(7)-H( I ) 74.7(3) 
P( I )-W( I )-C(10) 83.6(3) CI(2)-W( I )-C(9) sit ~(I) C(8)-C(7)-H( i ) 117.2(41 
P( I )-W( I)-C(15) 90.8(3) CI( I )-H( I ) '-C(7)' 131.6(4) 
P( I )-W( I)-C( !~>, ')5.4(3) 
P(2)-W( I )-C(10) 91.8(31 
P(2)--W( I )-C(15) I(X).I(3) 
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a(lr l "  , ¢a[1) 

Fig, ~ Two views of a neighboring pair of molecules of 7t¢ showing the 
C(7)-H( 1 )...CI( I )' hydrogen bonding contacts. 

Table 4 
Selected bond distances (,,~) and angles (°) for 7¢ 

W( 1 )~ ! (  1 ) 2.444(2) W( 1 )-(2(7) 1,963(9) 
W(1)~'1(2) 2.480(2) W(I)-C(8) !.860(7) 
W(I)=P(I) 2.$11(3) W(I)-H(8) 1,88 
W( 1 )-,P(2) 2,496(3) 

CI( I)=W( I )~'1(2) 91.6(I) P(I ) -W(I)-P(2) 171,3(!) 
CI(I)=W(I)=P(I) 89,1(I) P( I ) -W(I ) -~(7)  87.9(3) 
CI(I)=W(I)=P(2) 84,$(I) P ( I ) -W( I )~ (8 )  100,4(3) 
CI(I)=W(I)=C(7) "/7,7(2) P(2)-W( I )=C(7) %,5(3) 
CI( I ):W( ! )=C(8) !$4,5(2 ) P( 2)-W( I )-4:(8) 87,8(3) 
CI(2):W( I )=P(I) 89,1(I) C(7)=W(1)=C(8) 79,1(3) 
CI(2)=W( I )=P(2) 85,3( I ) W( I ) ~ ( 8 ) ~ ( 9 )  164,0(6) 
CI(2)=W( I )=C(?) 1~,9(2) W( I )~(8)~11(8) 74,6 
CI(2)=W( I )=4:-(8) II 1,9(2) C(9)=C(8~:H(8) 120,8 

larger than those obtained by neutron diffraction (Table I ). 
Nevertheless, the intramolecular bond distanees, except tho~ 
involving hydrogen atoms, are needy Identical within the 
error limits, and are therefore not listed in the Tables. Where 
small differences exist, the neutron values are slightly larger 
than the X-ray values, reflecting a small systematic foresbort- 
ening from the larger atomic displacement parameters at 
room temperature, The X-ray structure of th~ analogous neo- 
pemylidene complex Te was determined by Churchill and 
Wasserman [ I 8 ], The structural features of '/e are very sim- 
ilar to those of ?a, 

Selected bond distances and bond angles for compound 7e 
are given in Table 4, and the molecular structure is shown in 
Fig, 4, The distance between tungsten and the alkylidene 
carbon atom, W-C(8), is 1,860(7) ~, and the separation 
between tungsten and the alkylidene hydrogen atom, W- 
H(8), is 1,88 A, In the crystal, the molecules are packed 
in pair~wise fashion similar to the crystal structure of 7a, but 
presumably due to the larger size of the alkylidene substituent 
(pheayl versus methyl), the intermolecular C(8)-H(S),,, 
CI(2) in terac~ is significanUy Ion~r (about 3, I ,~), 

Selected bond distances and bond angles for 8c are listed 
in Table 2, The molecular structure of the cation of 8(: is 

ca) 
C(a! 

¢1(1) I Pft) 

c(s) 
m I ~ c(m 

qlq 

c(e) 

(:(1) 

¢(14) 

Cl4) O{ 

C(10) ~ "  J '  C(1~) 

¢(") ~ C ( m )  

Fig. 4, ORTEP drawing of the molecular structure of 7c. 

C04) 

tom 

~Io) 

¢4~q 
o(i) OOR 

¢(~Y} 
p t , m }  

r,(m r.,p) Cm 

Cte) 
G(e) 

O0) 

Fig, $, ORTEP drawing of the n~decular structure of the cation of k .  

shown in Fig, 5, Complex 8c is structurally very similar to 
the neutral alkylidene complexes 7a and 7c. The C( 15)- 
H(30) bond is oriented towards the location of the BF~ 
counterion (not shown in Fig. 5), presumably as a result of 
electrostatic interactions, but even the shortest distances 
between H(30) and the (disordered) fluorine atoms of about 
2.," A are too long to indicate the presence of hydrogen bond- 
ing contacts of significant strength. 
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3. Discussion 

3.1. Protonation of the tungsten ai~,lidyne complexes and 
deprotonation of the tungsten aikylidene complexes 

The protonation reactions of the alkylidyne complexes 
[W(CR)CI(CO)L(PMeD2] (3 (L-PMe3) and 4 (L= 
py), by HCI (Eq. (2)) are accompanied by the loss of the 
ligand L. This transformation may be reversed. Depro- 
tonation of complex ?e in the presence of ligands L' affords 
alkylidyne complexes of the type [W(CPh)CI(CO)L'- 
(PMe3)2] (Eq. (5)). This is a useful procedure, indeed one 
of the mildest to introduce new ligands into alkylidyne metal 
complexes. 

Protonation of the isocyanide-substituted alkylidyne com- 
plexes $ with HCI does not result in the formation of isolable 
alkylidene complexes; instead, aminoalkyne complexes of 
the type WCla(RCCNHR')(CO)(PMe3)2 and nitrilium 
(iminoacyl) complexes of the type [W(RCH2CNR °)CI3- 
(CO)(PMe3) ] are obtained [ 19]. The cationic alkylidene 
complexes 8, however, can be isolated, if the 'non-nucleo- 
philic' acids HBF4 and HOSOaCF3 are used. In the presence 
of small amounts of methanol or water, the alkylidene com- 
plexes 8 isomerize into aminoalkyne complexes of type 11 
(Scheme 2) [ 10]. A kinetic investigation of this isomeriza- 
don revealed that asmall concentration of the N(isocyanide)- 
protonated isomers 12 exists in equilibrium wiut the 
C(alkylidyne)-protonated complexes 8. Thus the alkylidyne 
tungsten isocyanide complexes $ feature at least two sites at 
which protonation may occur. The equilibrium in Scheme 2 
implies reversibility of the protonation steps. Indeed, even 
moderately strong bases such as tdethylamine cause the 
immediate deprotonation of complexes g and regeneration of 
the alkylidyne complexes $ (Scheme 2). The weakness of 
the alkylidene C-~H bonds is also reflected in the low carbon~ 
hydrogen coupling constants [ 161. The Jc, values for the 
cationic complexes 8, which range from 67 to 77 Hz, are 
lower by about 10 Hz than the values for the neutral com- 
plexes ?. In accordance, the cationic complexes $ are signif- 
icantly more easily deprotonated than the neutral complexes 
?. 

There is no evidenco tor protonation at the metal center of 
the alkyiidync complexes 3-5, which, in principle, should be 
feasible, in general, the outcome of protonation reactions of 
alkylidyne metal complexes depends strongly on the nature 
of the ancillary ligands. For example, protonation of 
[ W (CCMe3) CI (PMe3) 41 with HOSO2CF3 affords the alky- 
lidene complex 13, while protonation of the sterically less 
congested complex [ W(CCMe.~) Cl(dmpe) 2 i (drape ~ bis- 
dimethylphospinoethane) gives the alkylidyne hydrido tung- 
sten complex [ W ( CCMe3 ) ( C! ) ( H ) ( dmpe ) 2 ] [ SO:~CF3 ] 
[8a-c]. Equilibria between alkylidene and alkylidyne 
hydrido metal complexes have been observed for electroni- 
cally related tantalum complexes such as [Ta(CHCMe~)- 
i(dmpe)2] and [Ta(CCMe3)(H)l(dmpe)2] [8d]. In the 
case of [ Mo(CCH2CMe3) (~5-CsHs) { P(OMe) 3 } 2 ]. there 

is evidence that the- initial protonafion product is [Mo- 
(CHCH~.CMe3) (~s-CsHs) {P(OMe)3}_-,] ÷ [gd--e]. In this 
system, the alkylidene complex rearranges into the alkylidyne 
hydride complex [ Mo(CCH:CMe3) (~5-CsHs) (H) { P(O- 
Me)3}_-,] +, if the counterion is non-coordinative. The avail- 
able results suggest that the alky]idyne carbon atom is gen- 
erally the preferred site of initial proton addition. This is in 
agreement with theoretical calculations according to which 
the alkylidyne carbon atom is carrying a net negative charge 
[ 20]. However, in the absence of strong ~r accepter ligands 
or stefic crowding of the metal center, the alkylidene metal 
complexes rearrange into alkylidyne hydride metal com- 
plexes [ 21 ]. Several other stable alkylidene metal complexes 
containing good ,n' accepter ligands are the ethylene tungsten 
complex 14 [ 16], the alkyne tungsten complex I$ [22], and 
the ethylene tantalum complex 16 [23]. Related alkylidyne 
hydrido/alkylidene metal complex pairs have been observed 
with [Os(CR)CI2H(PR'3)~] [24] and [Ru(CHR)CI2- 
(PP-'3) 2 ] [ 25 ]. The interconversion of the iridium alkylidyne 
and vinylidene hydride species [ It( CCH2R)CI( PR3 ) 2 ] and 
[Ir(CCHR)CIH(PR3)2] is also of interest in this context 
[26]. 

In the alkylidene alkyne tungsten complexes I$, the C-H 
bond is only weakly interacting with the metal center, since 
the electron deficiency of the metal center is alleviated by 
electron '~ donation from the alkyne ligand [22]. Electroni- 
cally saturated alkylidene metal complexes have also been 
obtained in protonation reactions of other alkylidyne metal 
complexes where the metal can il~tcract with an intem~! donor 
site. Thus protonation with HBF~ of thiocarbyne metal com- 
plexes, such as [ W (CSMe) (tris-pyrazolylborate) (CO) 2 ], 
affords complexes of the type [ W(~2-CHSMe) ( iris.pyra- 
zolylborate)(CO)_~][BF4]. In these compounds the ~I 2o 
mo~hylthiomethylidene ligand is coordinated to the metal 
center via the carbon atom and the sulfur atom, not the hydro- 
gen atom [ 7b,c ]. Addition of acids FIX across metal~arbon 
triple bonds has been observed in a v~ety of systems where 
an expansion of the coordination sphere is feasible° Thus, 
reaction of HX with [W(CTol)(~s-CsHs)(CO)2] (Tel 
C6HsMe-4) or [Cr(CNEt2)(~s-CsHs)(CO)2] yields the 
electronically saturated alkylidene complexes [W(CFITol )- 
(.qS-CsHs)l(CO):| [3] (X = I) and [Cr(CHNEte)(~s-CsHs) - 
CI (CO) 2 ] ( X ~ CI ) [ 7a ]. Similarly, addition of HCI across 
the metal.carbon triple bond in the trigonal bipyramidal 
Roper-type alkylidyne complexes affords octahedral alkyli- 
dene complexes of the type [ Us ( CHTol ) C12 (CO) ( PPh~ ) 2 ] 
[If,27]. On the other hand, addition of HX (X =C! Br, 
O2CR, OAr) across the metal.-carbon triple bond in electron- 
ically unsaturated Schrock-type alkylidyne complexes of the 
type [W(CCMe~)(OCMe~)3] affords agostic [28] alkyli- 
dene complexes such as [W(CHCMe~)X2(OCMe3)2J 
[ Ie,29]. As is the case for compounds '7 and g, several of 
these protonation reactions have been demonstrated to be 
reversed by the addition of base. 
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3.2. Solid store structures of'the alk),lidyne and alkylidene 
complexes 

Fig. 6 shows two views of the superimpositions of the core 
of the neutron structure of 7a with those of the X-ray struc- 
tures of 7¢, and 8¢, These drawings illustrate the similarity 
of the alkylidene complexes 7 and 8 and highlight the impor- 
tant common structural features: ( I ) The alkylidene carbon 
and hydrogen atoms are approximately equidistant from the 
metal center. The C=H bond, not the alky~+.:~,ne carbon atom. 

may be considered to occupy the 'octahedml coordination 
site'. The W-C-C angle on the alkylidene ligand is wide, 
ranging from 164 to 168 °. (2) The alkylidene carbon atom 
is proximal to the carbonyl ligand. (3) Relative to the four 
cis ligands, the C-H bond adopts roughly a half-diagonal 
orientation. The two ligands closest to the CR group, the 
carbonyi and one of the two trimethyiphospine ligands, are 
strongly bent towards the trans-chloride iigand (CI-W-CO, 
78-82°; CI-W-P, 80--85°). The associated OC-W-P angles 
are relatively wide, ranging from 93 to 97 °. The second PMe3 
ligand is also pushed towards the trans chloride ligand, but 
to a smaller extent (C;-W-P, 84--89°). The ligand proximal 
to the hydrogen atom, i.e. CI in 7 and CNCMes in 8, is not 
pushed towards the trans chloride ligand ( e l -W-L,  90-92°). 

The availability of the structures of the alkylidyne complex 
5b and its protonated form k offers a unique opportunity to 
determine the precise structural changes accompanying the 
protonation of an alkylidyne complex, Corresponding geo- 
metric parameters of Sb and ~ are juxtaposed in Table 2. 
Three perspectives of the superimposed structures of 5a and 
8¢ are shown in Fig. 7. Not surprisingly, the CPh group is the 
part of the molecule most strongly affected by the addition 
of the proton. The tungsten-carbon distance increases from 
i,82( i ) to 1,88( I ) A, and the W-C-C(Ph) group bends by 
about ! 2 °, The most striking change, however, is the 'lateral' 
shift of the CPh group away from the coordination axis 
defined by the extension of the C l ( I ) - W ( I )  bond, This 
change is clearly discernible in all three perspectives of Fig. 7. 
The lateral shift of C( I $ ) is approximately 0.6 A, as meas- 

m) 

(b) 

Fig, ~, P ~ t i v e  views akmg rn~or ~ l i r ~ i o n  ~xes ~q" 1he sup~nmpo. 
,~ili~.,~ ~ Ihe ~ut~x~ ~ l u r ~  ot'?a ( ~ b l e  li~m.~) and the X-ray structures 
(sinS~e lim~s) of (a) ?e and (h) k .  Only th~ structural c~r~s ~r~ shown. In 
the ~tq~impositions, mirror i ~ s  of the s~ctures of?c and k have been 
~,~ed to wl~dn the ~r~e orient~ions of the alkylidce~ ligands, 

Fig. 7. Tht~ views along the I, incipal coordination axes of lhe superim- 
po.,~-,d core structures of the henzylidyne complex 5b { double lines ) and the 
benzylidene complex Ik ( single lines). 
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ured by the separation of the alkylidyne and alkylidene carbon 
atoms in the superimposed structures, Instead of C(15), the 
newly formed C-H bond may be considered to occupy the 
"octahedral coordination site'. The CPh group is shifted 
towards the carbonyl ligand, not directly, but with a slant 
towards one of the trimethylphosphine ligands, P( I )Me~. As 
a consequence, the CO and P( I )Me3 ligands a,:c strongly 
pushed towards the trans chloride iigand, by 7.3 and 5.5 °, 
respectively, and the C( 16)-W-P(I)  angle widens by 
approximately 4 °. The two ligands nearest to the alkylidene 
hydrogen atom, the isocyanide and PC 2)Me3, are affected to 
a much smaller extent. The protonation of the alkylidyne 
ligand causes the bond between the metal and the trans chlo- 
ride ligand, W ( l ) - C l ( I ) ,  to contract from 2.572(3) to 
2,449(3) A. This shortening of the W-C! bond may be 
ascribed to a smaller trans influence [ 30] of the alkylidene 
ligand compared with that of the alkylidyne ligand. The bond 
contraction is probably amplified by the overall positive 
charge of Be, but this influence may be tempered by increased 
steric crowding due to the 'bending back' of the carbonyl and 
PMe~ ligands. 

The neutron structure of the electronically related tantalum 
neopentylidene complex 16 has been reported by Schultz et 
al, 123 l, As is the case for complexes 7 and 8, complex 16 
is a d ~ system, considering the alkylidene ligand as a dianion. 
The geometric parameters of the alkylidene ligand of 16 
are similar to those tbund in complexes 7 and 8. The alkyli- 
dene C-H bond length is 1.135(3) A, the Ta-H separation 
is 2,042(5) A, and the Ta-C(alkylidene) distance is 
1.946(3) A. The structural par~ ,~leters of d" alkylidene com- 
plexes are qualitatively different 131 I, In general, the 
M~C(alkylidene) distamce is distinctly shorter than the 
M=H distance and the M~C( H)~R hond angles are smaller 
than those fi~und in the d ~ systems. The structure of 
[ I"a(CHCMe~ ) (PMe~)CI~ I~,, which Ilas also been deter° 
mined in a neutron diffraction study 123l may serve as a 
typical example for this class of alkylidene complex. In this 
compound, the TalC(alkylidene) bond length is !.898(2) A 
while the Ta~H distance is 2. 119(4) A. The TalC( H)~CMe 
angle is 161.2( I )o. 

A feature of special interest in the solid-state structure of 
7a is the presence of the intermolecular hydrogen bonds 
between the activated C-H bonds and chloride ligands of 
neighboring molecules. The Hi i). . .Cl( I) '  distance of 
2.554(6) ~ is signilicantly shorter than the sum of the van 
der Waals radii of hydrogen ( 1.20 ~ ) and chlorine ( 1.75 A) 
117 ] and similar in length to a number ofC-H...CI hydrogen 
bonds reported in the literature [ 32 I. However, a more rele- 
vant precedent may be the intermolecular hydrogen bond in 
the solid state structure of [ lrCI2H(H2) (P-i-Ph) 21 between 
a hydrogen atom of the ~12-dihydrogen ligand and a chloride 
ligand on a neighboring molecule [ 33 I. The hH~H...Cl'lr '  
distance in this structure is 2 .64(2)~,  which is slightly 
longer than the contact in 7a. Thus the intermolecular hydro- 
gen bonds of 7a may well be slightly stronger than those of 
the iridium system. Nevertheless, on an absolute scale, the 

hydrogen bonds of 7a are probably quite w e ~  and possibly 
not even a major factor in determining the ~irwise arrange- 
ment of the molecules in the crystal packing of 7a, We note 
that in the crystal structure of 7c, the molecules are packed 
in the same pairwise fashion as in 7a, even though the inter- 
molecular C-H---Ci' contacts are about 3.1 ,~, which is 
longer than the sum of the van der Waals radii. 

3.3. Structures of  electronicall3 related comple, les 

Several tungsten alkylidene complexes reported in the lit- 
erature share some of the characteristic structural features of 
complexes 7 and 8. Templeton and coworkers reported the 
structure of [W(CCH3Ph)(Tp')(CO)21IBF4I (Tp '=  
hydridotris( 3,5-dimethyipyrazolyl ) borate) (17) [ 34 ]. The 
vinylcarbene complex 18 was studied in our laboratory [ 35 ]. 
in these two types of compounds, the alkylidene carbon atom 
and a second intraligand donor site located on the 13-carbon 
atom. namely a 13-CH bond and a 13,-y-unsaturation, respec- 
tively, are interacting with the metal center. The M-C-C(Ph) 
angles in 17 and 18 (149(2) and 147.9(7) °, respectively) 
are also distorted, but to a smaller extent than in the a-agostic 
complexes 7 and 8, because the 13-substituents can reach the 
metal center more easily. As in 7 and 8, the alkylidene carbon 
atoms are shifted towards the carbonyl iigands ( PhC-W-CO, 
75.6(4) and 76.9(4) ° in 18). 

o o yh  0 0 ?h 0 
C ,.~ / C .~ / ~ PMe~/ph 

N~-W,. .CH~ Or "~ "/ /  ( I "  , , --w~. CH CI~W~.JI 
H B ~  ~ H D'/ Br CHMo Me~P/!l C\OH 

11 10 19 
Less ~Ovious relatives of the (voa~ostic metal alkylidene.~ 

are complexes of tbur electron donor alkyne ligands 136]o 
Several of these have the, same metal complex fragment a~ 
the complexes 7. Of particular interest is the structurally char° 
acterized complex [ W(PhCCOH)CI~(CO) (PMe~)~J ( 19~ 
137]. This compound can formally be derived from 
I W(PhCH) C!2 (CO) ( PMe~ ) 2 ] (?¢) by substituting a COH 
group for the alkylidene hydrogen atom. The structural sim- 
ilarities between 7e and 19 are s,.king, in fact, except for the 
region directly affected by the modification, the two struc- 
tures are almost identical. This is evident from the three 
perspectives of the superimposition of 7c and 19 shown in 
Fig. 8. The large W-C-Ph angle of the alkylidene ligand in 
7c ( 165 °) is comparable to that of the corresponding W.~C- 
Ph group in 19 (156°), and the OC-W-C(Ph) angles m 7c 
and 19 differ by less than 3 °. The W~:~Ph distance of 
2.05( I ) ,~ in 19, although approximately 0,2 ,~ longer than 
the W-CPh distance in 7e, is still within the range of tung- 
sten~arbon double oonds 138 ]. The aikylidene C-H and the 
alkyne C-~C axes are rotated from alignment with the metal- 
carbonyl axis by almost the same amount. The three ligands 
adjacent to the CPh group are pushed towards the trans chin- 
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H$, 8, Th¢~ view, ~tl~m8 the pfln~tp~l coo~iflmtem ttxem of the muperimo 
pond ~ott ~fftt¢tufe~ of I W( C H ~  )CI~(CO) ( PMe~ ) ~ I ( ?e ) ( double It,e~ ) 
t~d IW(CPhCOH)CI~(CO)(PMe.)~I (19) (~In~lc llp.e~). 

asymmetry of a metal-ligand ~" bond. In the electronically 
preferred orientation of the alkylidene ligand, the large lobe 
of the "sp 2' orbital is oriented towards the carbonyl ~ ,  
orbital. 

O , • 

o 'siP' P o* 
The d 2 alkylidene metal complexes containing strong ~r 

acceptor ligands, i.e. complexes 7, g, 13, 14, and 15, do not 
rearrange into alkylidyne hydrido metal complexes by migra- 
tion of the hydrogen atom (proton) from the alkylidene car- 
bon atom to the metal center. The formation of a localized 
M-H bond would eliminate the ~r backbonding from the 
metal center to the ~ acceptor iigands (formal oxidation of 
the metal from d 2 to d d) and consequently entail the loss of 
these ligands. This step would only further increase the unsa- 
turadon of th~ metal center. Thus the ,n" acceptor ligands are 
'arresting' the migration of the hydrogen atom from the alky- 
lidene carbon atom to the metal center which would uadoubt- 
edly occur in their absence. 

The behavior of the side-on bonded C-H bond is not unlike 
that observed for metal-coordinated dihydrogen. Just as the 
C-H bond is more easily deprotonated in the cationic com- 
plexes 8 than in the neutral complexes 7, so is heterolytic 
cleavage of H2 promoted by more strongly electrophilic metal 
centers [41 ], On the other hand, the oxidative addition of the 
H~H bond can also be suppressed by the presence of strong 
~r acceptor ligands [ 42 ] 

fide liBemd yew heady to the same extent in both complexes. 
but the cis chloride, which experiences little steric pressure 
from the alkylidene hydrogen atom in ?e. is al~o strongly bent 
towards ~ t ~  chloride in 19, owing to the larger influence 
of the COX group. 

3,4, Q~llmtive bo~ing considerations 

ot-Agostic alkylidene metal complexes, including com- 
pounds of the type discussed here, have b~n the subj~t of a 
theoreticed study by Hoffmann and cowod(ers 1391. The 
bonding between the metal center and the alkylidene ligand 
can be described as a triple bond, The C-H ~r orbital acts as 
the o' donor towards the metal center, This is in agreement 
with the finding that the C-H bond o~upies the 'octahedral 
~ i n ~ t i o n  site'. Two metal=liganC =. tteractions involve 
the p and '.~p~' o~it~!s , f  the CHR fragment. The alkylidene 
o' • orbital is signifleandy higher in energy than the o ~, p, and 
'sp ~' orbilals and probably is contributing m~le to the metal- 
alkylidene inter~tion, An analogy can be drawn between the 
trio of meml~kylideae bonds and the bonding of fonr~elec- 
tron donor alkyne ligands or ketenyl ligands |36,401, As in 
the ~ of ketonyl ligands, the orientation of the alkylidene 
l i ~  relative to the adjacent ligands is influenced by the 

4. Concluding remarks 

Protonation of alkylidyne carbonyltungsten complexes 
affords qZ.alkylidene carbonyltungsten complexes. The C- 
H bonds of the alkylidene ligands are easily deprotonated. 
but in contrast to the protonation products of Fischer-type 
alkylidyne metal complexes containing no or only weak ~" 
acceptor ligands, the alkylidene carbonyl tungsten complexes 
do not rearrange into alkylidyne hydrido tungsten systems. 
The protoaation of the alkylidyne ligand causes a lengthening 
of the W-CR distance and induces a lateral shift of the CR 
group, apparently in order to optimize the interaction between 
the metal center and the newly formed C-H bond. The 
remaining structural changes are primarily a consequence of 
the larger steric demand and the smaller trans influence of 
the 'q:-alkylidene ligand compared with the alkylidyne 
ligand, The interacttvn between the metal center and the agos- 
tic C=H bonds is strong, whereby the W-C and W-H dis- 
tances are of almost equal length, and the C-H bond lengths 
are significantly longer than those of normal C-H bonds. A 
striking structural and electronic similarity exists between q2 
alkylidene and 4-electron donor aikyne metal complexes. 
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5. Experimental 

Standard inert-atmosphere techniques were used in the 
synthesis of the compounds. The solvents methylene chloride 
(Call:),  hexane (Call2), THF, and ether (Na/benzophe- 
none) were dried and distilled prior to use. The pentacarbon- 
yitungsten acyl complexes were prepared as described by 
Fischer and Maasb61 [ I la]. Complexes la, 1c, 2c, and 3c 
were prepared based on literature procedures [ 12,13]. The 
NMR spectra were measured at 250 or 300 MHz (for t H 
NMR) in CDCIs at room temperature unless otherwise noted; 
solvent peaks were used as internal reference, and the chem- 
ical shifts are reported in 6 relative to TMS. Elemental anal- 
yses were performed by Schwarzkopf Microanalytical 
Laboratory and M-H-W Laboratories. 

5.1. Syntheses 

5.1.1. IW(CEt)C!fpy):(CO),.] lib) 
INMe4IIWIC(O)Et}(CO)~] (7.90g. 17.37 mmol) is 

dissolved in methylene chloride ( 100 ml), and the solution 
is cooled to -78*(2. A pre-cooled ( -  78°(2) solution of 
oxalyl chloride ( 1.50 mi, 17.20 retool, I equiv.) in methyl- 
ene chloride (40 ml) is added to it. The color of the solution 
changes from light yellow to dark orange. The mixture is 
stirred at - 78"C for 5 rain, the bath is then removed and the 
solution allowed to warm slowly until it turns yellow 
( - 10°(2). Pyridine ( 15 ml) is added and the mixture stirred 
at room temperature until the reaction is complete ( I h). 
During this time, the color of the solution changes from yel- 
low to brown. The solvent is removed in vacuo, and the 
product is washed with hexane (2 × 10 ml). The product is 
purified by column chromatogmpl~y at = 30°C (SiO~ and 
CH~Cl~/hexane, I:1 ). The product is obtaint~d as light yel- 
low crystals after ~c~stallization from CH~Cl~/hexane 
(2.738 g, 33.5%). IR (CHiCle, era:  ~): u(CO) ~ 1983 (s), 
1892 (s) .  *H NMR: 8 1.23 (t, J~7 .5  Hz, 3H, CHiCHi), 
2.63 (q, J~7 .5  Hz, 2H, CHiCHi), 7.3 (m, 4H, ~opy), 7.8 
(m, 2H, 'ppy), 9.0 (m, 4H, a-py). ~C NMR: 8 11.4 
(CH.~CHa), 42.0 (Jwc~38.6 Hz, CHaCH~), 124.6, 138.0. 
152.4 (py), 220.2 (Jwc - 170 Hz, CO), 28 i. I (Jwc ~- 
195 Hz,W=-C). 

5.1.2. / W( CC~H.~Me-4 )CI(py),.( CO),.] ( id) 
INMe~I IWlC(O)(C~,H4Me-4J(CO)s] (2.1 g,4.06mmoi) 

is dissolved in methylene chloride (400 ml). and the solution 
i,: cooled to -78°C. A pre-cooled ( -  78°C) solution of 
oxalyl chloride (0.52 g) in methylene chloride (30 ml) is 
added. The color of the solution changes from light orange 
to dark red. The cold bath is removed, and the solution is 
allowed to warm slowly to 0°C. Pyridine ( 1.6 g) is added, 
and the mixture stirred at room temperature until the reaction 
is complete (2 h). The solution is filtered thrc.ugh a plug of 
silica (2 x 2 era). The solvent is removed in vacuo, and the 
product is washed with hexane (2 × 15 ml). Recrystallization 
from CH~CIz/pentane gives a yellow powder. ( I. 16 g, 53%). 

IR (CH2CI2, cm - i ): u(CO ) = 1980 ( s ), 1909 (s). t H NMR: 
6 3.8 (s, 3H, CH~), 6.8-7.3 (m, 8H, C61-h, l~t-py), 7.8 (2H, 
~py),  9.1 (4H, a-py). ~3C NMR: 6 55.4 (CH~), 113.1, 
125.1,131.0, 138.3, 142.1,152.5, 158.7 (C6H4, py). 220.7 
(CO), 263.7 ( W - C ) .  

5. i.3. [W(CC6I'I4NMe,,-4)CI(py)2(CO),I (le) 
le is prepared by reaction of [NMe4]IWIC(O)- 

( C6H4NMe2-4 } (CO) 5 ] ( 8.557 g, 15.70 retool) with oxalyl 
chloride ( 1.20 ml, 13.76 retool) following the procedure 
described for lb  and purified by column chromatography at 
- 20°C (SiO2, CH2Clz/hexane, 2: i ), Orange crystals from 
CH2CIJhexane (6.89 g, 89.0%). IR (CH?.CIz, cm-~ )" 
~,(CO)-1976 (s) .  1889 (s).  ~H NMR: 6 3.04 is, 6H, 
MeaN), 6.6--7.4 (m, 8H, C61-14, ~py) ,  7.8 (2H, ~/-py), 9.2 
(4H, a-py), t3C NMR: B39.8 (Me,..N), 110.9, 124.9, 130.8, 
138.2, 149.8, 152.65 (Ct,,H4, py), 221.9 i Jwc -- 172 Hz, CO), 
266.7 (W-C) .  

5. !.4. cis-IW(CMe)Cl(CO),.(PMe O,] (2a) 
la  (4.884 g, 1.06 mmol) is dissolved in methylene chlo- 

ride (70 mi) and PMe3 (2.10 ml, 2.03 retool) is added. The 
mixture is stirred at room temperature until the reaction is 
complete ( I h). During this time the color of the solution 
changes from yellow to dark orange. The solvent is removed 
in vacuo, and the mixture is washed with hexane (2 × 10 ml). 
The product is purified by column chromatography at - 40°C 
( SiO:, CH:Cl,/hexane, I:! ). The product is obtained as yel- 
low crystals after recrystallization from toluene/bexane 
(3.20 g, 70%). IR (KBr, e m i t ) :  I,,(CO) ~ 1986 (s), 1906 
is). ~H NMR: ~ 1.87 it, 'Jru~4.2 Hz, 3H, CC'H~), 1.60 (d, 
18H, PMe~). ~C NMR: t8 18.5 (t, J c | , -14  Hz, PMe~), 36.6 
(CCH~), 212.2 (t, Jl~,~18Hz, CO), 276.9 (t, 
Jl~, ~ 10.5 Hz, W~C). :~P NMR: 6 ~27.5 (Jwl,~ 240 Hz). 
Anal. Calc. for WC,~H~jCIO~P: ( 0. I toluene): C, 27.7 I: H. 
4.74. Found: C, 27.98; H, 5.04%. 

5. i.5. cis.I WfCEt)CifCO)..(PMe O2] f2b) 
lb (0.734 g, 1.55 mmol j is treated with PMe~ ( 300 ml, 

2.95 retool) tbr 30 rain, foliowi,g the procedure described 
for 2a. Colunm chromatography at - 40°C ($iOz, fi~t elated 
with CH.,CI2/hexane, 2:1, then CH:CI:/THF, 98:2). The 
product is obtained as light yellow crystals after recrystaili° 
zation from ether/hexane (0.583 g, 81%). IR (CH2CI:, 
cm~ ~): v(CO) ~ 1998 (s), 1920 (s). ~H NMR: 8 !.0 (t, 3H. 
CH2CH~), 1.6 (d, 18H, PMe~), 2.08 (m, 2H, CHiCHi}. I~C 
NMR: B ! 1.6 (CHiCHi), 18.! ( t , J~  ~ 13.9 Hz, PMe~),42.9 
(CH2CH~), 212 (m, CO), 284.2 (t, J~.-- 10 Hz, W~C). ~P 
NMR: 8 - 25.5 ( Jwp-  242 Hz). 

5.1.6. cis-I W( CC,~H.ICH 3-4 )CIt CO )2t PMe.02I (2d) 
ld is dissolved in methylene chloride, and PMe~ (two 

equivalents) is added. The mixture is stirred at room temper- 
ature tbr 2 hours. The volatile components are removed under 
vacuum, and the residue is washed several times with cold 
hexane (0°C). IR (CH2CI2, cm-~): v(CO)= 1987 is), 
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1917 (s). The product was u ~  in the pr~=paration of 3d 
without further characterization. 

5. !. 7. cis-I W( CC~4JVMe ,-4)C!( CO)2(PMe~)z/ (2e ) 
le (2.986 g, 5.28 mmoi) is treated with PMe3 ( 1.060 ml, 

10.24 retool), following the procedure described for 2a. 
Light orange crystals from CH2CI2/ether/hexane (2.56 g, 
88 0%). IR (CH2CI2~ ~ - ~ ) :  v(CO) = I ~  (s), 1916 (s). 
~H NMR: 8 !.63 (d, 18H. PMe3). 2.95 (s, 6H, Me2N). 6.45- 
7.10 (m. 4H. CoH4). '3C NMR: 8 18.8 (m, PMe3), 39.7 
(Me:N), 110.5. 130,5. 138.5. 149.12 (Coil4), 212.7 (m, 
CO). 270.1 (J~:=l l  Hz. W=C). ~P NMR: ~ -25.8 
(JwP = 260 Hz. PMe~ ). 

5. !. 10. [W(CCfl'14Me-4)CI(CO)(PMe3)~I (3d) 
2(I (5-lOg) is transferred into a 250ml Schlenk flask 

which is equipped with a mercury bubbler, and 100 ml PMe3 
is added. The mixture is stirred for one week, then the PMe3 
is removed under vacuum to give a yellow powder of essen- 
tially pure 3d. Recrystallization from CH,,Cla/pentane gives 
orange crystals, IR (CH2CI2, cm-~): v (CO)=  1893 (s). ~H 
NMR: 6 1.6 (t and d, 27H, PMe3), 2.2 (s, 3H, CH3), 6.9 
(4H, C6H4). ~3C NMR: 6 20.8, 20.9, 127.3, 128.3, 134.7, 
148.7, 227.8 (dr, "-Jvc,,.,,,,~ = 42,8 Hz, 'Jet,,, = 7.2 Hz, CO), 
261.9 (t, 2Jvc= 10.8 Hz, W~C), ~P NMR: 6 -23.03 (d, 
Jpp- 22.0 Hz, Jwe = 268.2 Hz, 2 PMe~), - 26.52 (t, Jt~P 
-22,0Hz, Jwp=219.gHz, PMe~). Anal. Calc. for 
C,sH3~CIOP~W: C, 37.36; H, 5.92. Found: C, 37,36; H, 
5.93%. 

5.1.8. [W(CMe)CI(CO)(PMeo~)~] (3a) 
7at (0.490g, 1.08 mmol) is dissolved in THF (30ml),  

and PMe~ (150 ml, 1.45 retool) is ~ .  The mixture is 
placed in a water bath at 7(Y'C and irradiated from a distance 
of 10~20 cm with a regular 300 W projector lamp until the 
reaction is complete ( 10-15 h). During this time the color of 
the solution changes from yellow to orange. The solvent is 
removed in vacuo, redissolved in ether (30 ml) and filtered 
over celtic. The product is obtained as light yellow crystals 
after recrystallization from ether/hexane (0,46 g, 81.5%). 
IR (CHiCle, cm: l ) :  t,(CO) ~ 189! (s), IH NMR: ~ 1,73 
(q, 3H. CCH~). 1.51 (d, ~J~6.O H~. 9H. PMe~). 1.62 
(virtual t, 3,3H~, 18H, PMe~). t~C NMR: ~ 20.3 (d. 
Jw ~ 22 Hz, PMe~). 20,8 (virtual t. 12.5 H~. PMc~). 36.0 
(CCH~). 226.5 (dr, Jw~44.6H~, CO), 286.8 ( J ~  
8.5H~. W~C). :~P NMR: ~ =21.4 (d. J~,-~21.SH~. 
Jwt, ~ 274 Hz, mutually trans PMe~), = 25,8 (t. J ~  
21.~ H~. Jwp-220. PMe~ z~s  to CO). A~al. Calc. for 
WC~H~CIOP~ (0,1 ether): C, 29,20: H, 0.i3, Found: 
C, 29.~ H, 6.04~, 

3, I,~, iW¢C~iCI(COMPMe3)~I (3b) 
21) ( 1,930 g, 4,24 mmol) is dissolved in THF ( 100 ml). 

and PMe~ (0,60 ml, 5,80 mmol) is added, The mixture is 
p l ~  in a water bath at 70~C ~ irradiated from a distance 
of 10~20 em with a regular 300 W projector lamp until the 
reaction is complete (5 h), The solvent is removed in vacuo, 
and the product is w ~ e d  with cold (O°C) hexane, The prod- 
uct is purified by column chromatography at ~ 30~C (SiO~, 
elated first with CH=Cl~/hexane, I:1, then with CH~CIJ 
TI~. 98:2), The pred~t is obtained as light yellow crystals 
after recrystalli~tion l~m ether/hexane ( 1,83 8, 86,0%), 
IR (CH:CI~, cm~*): v(CO) ~, 1892, *H NMR: ~ 0,91 it, 
3H.CI|~CHO, 1,51 (d, ~Jm~O,OH~,gH, PMe~), 1,63 (vir- 
tual t. 3.3 H~, 18H, 2 PMe,), 2.0 (m, 2H, CIt~CHO, *~C 
NMR" ~ 12,3 (CH=(~TIO, 20,4 (d, , / ~ = 2 2 , 6  H;~, PMe~), 
20,9 ( v i ~  t, 12,8H~, 2 PMe~), 42,5 (Jw~=41.5 Hz, 
CHiCHi), 226,4 (dL. Je¢~.~, = 43 H~, J~,,, = 6,5 H;:, CO), 
2?6,5 (m, W~C) ,  

5.1. ! i. IW(CPh)CI(CO)¢py~(PMcs),,i (4¢) 
le ( 16.675 g, 31.9 tool) is dissolved in THF (300 mi). 

PMe3 (6.60 ml, 63.8 retool) and pyndine ( ! 5 ml, 190 mmol) 
are added. The mixture is placed in a water bath at 70°C and 
irradiated from a distance of 10-20 cm with a regular 300 W 
projector lamp until the reaction is complete (5 h). Dunng 
this time the color of the solution changes from yellow to red. 
The solvent is removed in vacuo, and the mixture is washed 
with hexane (2 X 25 ml). The product is obtained as dark 
red crystals after recrystallization from CH,CIJhexane 
( 15,508. 89%). 

5. I. 12. IWtCCJt~NMe:~4)CItCO)tpy)(PMe t):I (4e) 
le (5.5488, 9,82 tool) is dissolved in THF (150ml), 

PM¢~ ( 1~95 ml, 1,88 retool) a,d pyridine ( IO ml) are added. 
The mixtu~ is placed in a water bath at 70~C and irradiated 
from a distance of 10~20 cm with a regular 300 W projector 
lamp until the r~actton i,~ complete (8 h), During this time 
the color of the solution changes from light oran$e to red. 
The mixture is filtered over celite, the solvent removed in 
vacuo, and the product washed with hexane ( 2 × 20 ml). The 
product is obtained as red crystals after recrystallization from 
THFlhexane (4.64 g, 77.6%), IR (CH,,CI~, cm ~ ~): 
v(CO)~ 1873. *H NMR: 8 1.38 (t, ~,/ml~3,3Hz, 18H, 
PMe~), 2,93 (s, 6H, Me~N), 6,$~7,2 ( m, 4H, C~H~), 7.8 ( m, 
2H,/~py ). 8.1 (m, IH, "ppy),q.5 (m, 2H, ~-py ). *~C NMR: 

17.6 (PMeO, 40.0 (Me,N), II 1.0, 123.9, 12g.4, 130.5, 
140.7. 147.6, 152.3 (C~H~, py), 238.6 (CO). 257.7 (t. 
J~-= I I Hz, W~=C). ~lp NMR: ~t ~ 16.7 (PMe~). 

5,1, / J. / W~ CMe )CIf Me ,CN¢ )f CO )~ PMe , L, I ~ Sa ) 
3a ( I, 173 g, 2,33 mmol) is dissolved in methylene chlo- 

ride ( ~ ml ), ~ d  ten-butyl i,,a)cyanid¢ (0.370 ml, 3.27 mmol) 
is added. The mixture is refluxed until the reaction is complete 
(2,5 h), No color change is observed, The ~Ivent is rcmovcd 
in vacuo, The product is obtained as |ight orange micro- 
crystals after recrystallization from ether/hexane ( !,053 g, 
89%). IR (CH2CI2, cm - I): v(CN) --- 2134 (m), v(CO) = 
1895 (s). *H NMR: 6 1,52 (s, 9H, CMe~), 1.62 (virtual t, 
3,2 Hz, 18H, PMe~), 1,75 (t, ',/rot = 3,0 Hz, 3H, CCH~). "~C 
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NMR: 6 19.8 (virtual t, 13 Hz, PMe3), 30.3 IC(CH~).,I, 
36.4 (CCH~), 56.1 [C(CHa)3}, 160.2 (CNR), 224.4 (CO), 
269.9 (t, J~=4 Hz, W--C). ~P NMR: 6 -21.5 (Jwp = 

281 Hz, PMea). 

5.1.14. IW(CPh~Ct(MesCNC)tCO)tPMe~),I (Sb) 
4e (5.312 g, 9.40 mmoi) is dissolved in methylene 

chloride (4Oral), and tert-butyl isocyanide (l.070ml, 
9.46 retool) is added. The solution is stirred at room temper- 
ature until the reaction is complete ( I h). During this time 
the color of the solution changes from red--orange to orange- 
brown. The solvent is removed in vacuo, and the product is 
washed with cold (O°C) hexane (2 × !0 ml). The product is 
obtained as light yellow crystals after recrystallization from 
THF/hexane (4.95 g, 92.5%). Crystals of X-ray quality 
are obtained by slow cooling of a hot saturated solution of 
gb in hexane. IR (CHaCI2, cm-~): v(CN)=2135 (m), 
v(CO) = 1906 is). ~H NMR: 6 1.57 (s, 9H, CMe3), 1.65 
(virtual t, 18H, 3.6 Hz, PMeO, 6.9-7.3 (m, 5H, Ph). t'aC 
NMR: ~ 20.1 (virtual t, 13 Hz, PMea), 30.7 [C(CH~)3I, 
56.6 IC(CH3)3I, 124.6, 127.5, 127.7, 151.5 (Ph), 159.1 (br, 
CNR), 224.9 (t, J a c - 5  Hz, CO), 263.2 (t, Jpc=7.5 Hz, 
W~C). °a*P NMR: 6 - 20.8 (Jwp = 270 Hz). Anal. Caic. for 
WC,~H~:ONCIP~: C, 39.92; H, 5.64. Found: C, 40.20; H, 
5.68%. 

5. I. 15, I W( CPh )CIf Cc, H ~ ~NC )t CO )f PMe O ,. ] (5c) 
4¢ (3.311 g, 5.83 mmol) is treated with cyclobexyl iso- 

cyanide t0.73 ml, 5.83 mmol) for I0 rain as described for 
gb. The light yellow crystals from THF/hexane (3.29 g, 
86.5%) IR (CH~CI:, c m ' ) :  t,(CN) ~2138 (m), v(CO) 
1907 (s). ~H NMR:/$1.4~2. I (m. 10H, CsHu~). 1.64 (virtual 
t, 4.5 Ha, 18H, PM¢~), 4. I ( hr, I H, CNCH), 6.95=7. I ( m, 
5H, Ph). ~C NMR: 620.1 (m, PMe~), 22.8, 25.5, 32.6, 53.7 
(C~,H~), 124.5, 127.3, 127.5. 151.3 (Ph), 160.3 (hr, CNR), 
224,7 (CO), 263.1 (t, J~:~ 10.8 Hz, W~C). ~P NMR: 6 
- 22.6 (Jwt, ~ 276 Hz, PM¢~). 

5. I. 16. I W(CPh)CIt2,6.Me,~C,H~NC)tCOJtPMe O:] ($d) 
4e (4.447 g, 7.84 retool) is treated with 2,6-xylyl isocyan- 

ide (I.237 g, 9.43 retool) tbr 5 rain as described for gb. 
Column chromatography at -30°C (SiO:/CHzCI:). The 
product is redissolved in ether ( 20 ml) and filtered over eel- 
ire. Brown solid from ether/hexane (2.05 g, 42.2%). IR 
(CHzCI> cm~ ~): v(CN) ==2095 (m). J,(CO) ~ 1919 (s), 
~H N M R : / i  1.68 ( virtual t, 3.8 Hz, 18H, PMe~), 2.50 ( s. 6H. 
Me,,C~,H.~), 7.3~7.7 (in, 8H, Ph, C6H;). I~C NMR: 8 18.5 
(MezC6H.~), 19.8 (virtual t, 13.5 Hz, PMe.~). 124.9, 127.4, 
127.7, 128.0, 128.2, 128.3. 133.6, 151.1 (Ph, C~,H~). 176.9 
(CNR), 221.6 (t, Jr~:=5 Hz, Jwc~68 Hz, CO), 264.8 (t, 
Jj,c~10.2Hz, Jwc=96Hz, W~C). ~lp NMR: ~ -21.2 
(Jw;, = 274 Hz. PMe~). 

5. I. i Z I W( CC,~H~NMe z-4 )CI( Me 3CNC )t C O )¢ PMe.~)z ] ( Se ) 
die (0.620 g, 1.06 retool) is dissolved in methylene 

chloride (20 ml), and tert-butyl isocyanide (0.130 ml, 
I. 15 retool) is added. The mixture is stirred at room temper- 

ature until the reaction is complete (30 min). Durir,g this 
time the color of the solution changes from red-orange to 
orange, The solvent is removed in vacuo, and the product is 
washed with hexane (2 × 10 ml). The product is obtained as 
an orange powder (0.430 g, 66.3%) after purification by 
column chromatography at - 30°(2 (SiO.-,ICH2CI,). IR 
(CH_,.CI2, cm-~): u(CN)=2128 (m), u(CO)= 1897 (s). 
IH NMR: 61.47 (s, 9H, CMe3), 1.60 (virtual t, 3.6 Hz, 18H, 
PMe~), 2.85 (s, 6H, MeaN), 6.4-7.0 (m, 4H, C6H,O. '3{2 
NMR: 8 20.1 (virtual t, 13.2 Hz, PMe3), 30.6 [C(CHD3], 
40.0 (MeaN), 56.3 [C(CH3)3], I11.1,129.2, 141.5, 147.9 
(C6H4), 160.7 (CNR), 224.8 (CO), 265.2 it, Joc = 11 Hz, 
W-C) .  3rap NMR: 8 -22.5 (Jwp = 278 Hz, PMe3). 

5. !, l& IWfCPh)ltMe ~CNC)(CO)(PMe J,,] (6) 
gb (2.450 g, 4.29 retool) is dissolved in THF (40 mi), 

and sodium iodide ( I. 130 g, 7.54 mmoi) is added. The solu- 
tion is stirred at room temperature until the reaction is com- 
plete (45 rain). During this time the color of the solution 
changes from light orange to orange. The solvent is removed 
in vacuo. The product is redissolved in methylene chloride 
(30 ml), and the mixture filtered over celite. The product is 
obtained as orange crystals after recrystallization from 
CH2Cl,/hexane (2.28g, 88.0%). IR (CHaCI,,, cm-~): 
t,(CN) =2132 (m), v(CO)= 1914 (,,i). IH NMR: 8 1.57 
(s, 9H, CMe3), 1.73 (virtual t, 3.6 Hz, 18H, PMe~), 7.1-7.3 
( m, 5H, Ph). 13C NMR: 821.8 (m, PMe~), 30.4 [C(CM~) 3], 
56.5 [C(CHa)~], 124.8, 127.0, 127.5, 150.2 (Ph), 154.8 
(CNR), 222.1 (t, Jw =6.7 Hz, CO), 261.3 (t, J w ~  i l.0 Hz. 
W~C). ~lp NMR: 8 ~36.6 (Jwv~275 Hz, PMe:~). Anal. 
Calc. Ibr WCt,,H~INOP:: C, 34.41; H, 4.86. Found: C, 34°50; 
H. 4.53%. 

5, l, 19. I W¢CHMe)CIz(CO)(PMeJ:I (Ta) 
3a ( 1.163 g, 2.32 retool) is dissolved in methylene chloo 

ride ( 30 ml), and a light stream of HC! gas is blown over the 
solution until the reaction is complete (according to IR). The 
color of the solution changes from light yellow to brown. The 
solvent is removed in vacuo. The product is redissolved in 
ether ( 30 ml) and filtered over celite. The product is obtained 
as orange-brown crystals after recrystallization from ether/ 
hexane (0.969 g, 90%). IR (KBr, cm ° ~): t,(CO)= 1923. 
~H NMR: 8 -2 .36 {m, IH, CHMe], i.63 (virtual t, 3.9 Hz. 
i 8H, PMe~), 1.961 m, 3H, CHMe l. i~C NMR: 816.2 ( virtual 
t, 14.7 Hz, PMe:~), 29.7 ICHtCH~)I. 224.0 I J~  ~ 11.2 Hz, 
Jc ,=83Hz,  C(H)(CH~)], 231.4 (t, CO)..alp NMR: 8 
-19.2 (Jwp~269Hz, PMe3). Anal. Calc. for WC,~H,:- 
CHOP: (0.2 ether): C, 24.64; H, 5.06. Found: C, 24.55; H. 
4.75%. 

5.1.20. IW(CHEt)Ci2(CO)(PMe.02] tTb) 
3b ( 2.457 g, 4.78 retool) is treated with HCi as described 

for 7a. Column chromatography at -40°C (SiO2, CH2Cl2/ 
hexane, 3:1). Dark orange crystals from THF/hexane 
(1.830g, 81%). IR (CH2C!2, cm-J):  v(CO)--1937, tH 
NMR: B - 2.49 I t, 2JpH = 3.0 HZ, ! H, CHEt|, i.04 (t, 3H, 
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C~A:CH~), I . ~  (vitlual t. 4.0 ~ ,  PMe3), 2A5 (m, 2H, 
CH2CH~). *~C ~ R :  8 13.1 (CHzCH~), 16.1 (virtual t, 
14.5H~ PMe~), 37.1 (Jwc=27.6, CH~CH3), 231.8 (t. 
Jm=5.7 ~ CO), 232.1 It, J ~ =  10.8 Hz, Jc ,=87  Hz, 
CHEt]. "~tP NMR: ~ - 17.2 (Jwp= 270 Hz, PMe3). 

C(H)Me], 1.15 (s, 9H, CMe3), i.26 (virtual t, 3 Hz, 18H, 
PMe3), 1.41 (m, 3H, Me), tSC NMR: (CD2CI2) 6 20.8 (t, 
Jpc-  15 Hz, PMes),32.7 [C(CH3)31,35,6 [C(H)Mel,62.6 
[C(CH3)3], 149.8 (CNR), 215,7 (CO), 241.7 
[Jc. =73 Hz, C(H)Me]. 

5. L21. lW( CHPh)CI~( COgPMe~)~} (7¢) 
3¢ (2.65 g, 4.7 mmol) is dissolved in 40 ml methylene 

chloride, ~ ~ ~lmion is cooled to - 78°C. A light stream 
of HCI gas is blown over the reaction solution. Vacuum is 
applied. ~ ~ cooling bath is removed. (The reaction can 
also be ~ at room temperature, with only slightly 
diminished yield. Instead of ~ HCI, a few drops of 
co¢¢. HCI can be used as well. in the latter case. the reaction 
solution is dried with Na~SO4 ~ a few minutes reaction 
time. and filtered. Instead of 3¢. compound 4¢ may be used 
as the uarting material). After removal of all volatile com- 
ponen~ tbe residue is ¢edissoived in THF. The solution is 
filtered, and the solvent is removed under vacuum to give a 
microcry,qalline brown solid (2.4 g. 99%). X-ray quality 
crystals were ~ n e d  by recrystallizatiou from methylene 
¢hloride/pentane, M.p. 126°C (dec.): IR (CH2CI2, cm~) :  
u (CO)-  1939 (s). (Kilt'. cm°t): u (CO) -  1937 (s); ~H 
NMR: (CI~I~. 298 K) 6 7.32 (m. 5 H. Ph). 1.67 (virtual 
t. 18 14. 4.0Hz. PMe~). ~1.21 (t, ! H. ~Jm~=2.8Hz, 
~Jw, - 21.5 Hz, CHPh ): ~C NMR: ( CDCI~, 298 K ) 6 233.5 
(Jwc-143.6Hz, CO), 221.4 (d, Jc,~82.3Hz. Jwc ~ 
78,9 Hz, ~lP'n), 144,1 (i-Ph), 128,7 (d, J c .  ~" 161,8 Hz, 
poPh), 128,5 (d. Jc , -161 .SHx.  o-Ph), 128,0 (d. 
Jc~" 161.0Hz, m~Ph), 16,1 (m, PMe~). Anal, Calc. for 
C~H~CI~OP~W: C, 32.03: H, 4,61; CI, 13,50, Found: C. 
32,15: H, 4,81t CI, 13,20%, 

5.1.22. iWfCHC~lJtt~-4)Cl#CO)fPMe,)aI ¢?d) 
3d (0,133 g, 0,23 retool) is dissolved in 20 ml methylene 

chloride, and a few drops o f ~ ,  HCI are added, The reaction 
mixture is stirred for 15 min, then dried with Na~SO,, and 
filtered, After removal of all volatile components, the residue 
is t~lissolved in THF. The solution is filtered, and the solvent 
is removed u n ~  vacuum to give a microcrystallin¢ brown 
solid (0.123 ~, 99%), IR (CH=CI=. cm°~): u(CO) ~ 1938 
(s); ~H NMk: (CDCI~, 298 K) ~7,15 (m, 4 H, C~H~), 2,37 
(s, 3H, CHs), 1,6S (virtual t, 18 H, PMe~), - 1.32 (t, I H, 
~J~,- 2,7 H~, CHTol); An~t. Calc. for C,sH,,~,CI:OP,,W: C, 
33,42: H, 4,86. Found: C, 33,17; H, 5,06%, 

5.1.24. [W(CHPh)CI(MeaCNC)(CO)(PMe3)2] CF,.SO.~ (gb) 
8b is prepared from b'b (0.107 g, O. 19 mmol) and triflic 

acid (20 ml, 0.226 retool) following the procedure described 
for 8a. IR (CH2CI2, cm-~): v(CN)-2189 (m), 
t,(CO) = 1993 (s). ~H NMR: (CD,CI2, -30°C) 6 -3.02 
It, IH, CHPh], !.63 (s, 9H, CMe3), 1.77 (virtual t, 18H, 
PMe3), 7.33-7.45 (m, 5H, Ph). t3C NMR: (CD2CI:, 
- 30°C) ~ 17.5 (PMe3), 29.5 [C(CH3)3], 59.8 [ C(CH.O.~I, 
120.2 (q, CF3SO~), 128.6, 129.9, 130.3, 144.0 (Ph), 146.3 
(CNR), 218.2 (CO), 230.8 (Jc. =67 Hz, CHPh). 

5, i.2:5, [W( CHPh JCI(Me aCNC)f CO )( PMe a),,I BF4 (&: ) 
b'b ( 1.090 g, 1.91 mmol) is dissolved in ether (50 ml). 

The solution is cooled to -78°C, and HBF4 (85% in ether, 
0.30 ml) is added, The bath is removed and a yellow solid 
forms upon wanning of the solution. The mixture is centri- 
fuged and the supematant decanted off. The product is 
washed with ether (2 x 5 ml). The product is obtained in near 
quantitative yield ( tH NMR). Crystals of X-my quality are 
obtained by slow diffusion of ether into a saturated solution 
of methylene chloride. IR (CH2CI:, cm ° ~): v(CN) = 2189 
(m), u(CO),~1993 (s). IH NMR: 8 --2.57 It, 2Jpll 
~6,3 Hz, IH, CHPhl, 1,70 (s, 9H, CMe3), 1.82 (virtual t, 
4.2 Hz. 18H, PMe~), 7.3-7.6 (m, 5H, Ph). ~'~C NMR: B 18.2 
(virtual t, 15.71~, PMe~), 30,1 IC(C'H~)~,I, 60.5 
I¢(CH~)~,I, 129.1,, ~0,5. 130.9. 142.2 (Ph). 144.9 (CNR). 
213.8 (CO), 230.4 (Jc.-72Hz, CHPh). ~'~F NMR: 

27.45 ( CF~ ). 

5. i.26. IW(CltPk)CI(C~I,NC)(CO)(PMe ,)21BF~ (M) 
The procedure for the preparation of Ik was followed. IR 

(CH2CI2, cm-*): v(CN) =2200 (m). u(CO) = 1987 (s). 
*H NMR: 8 -3.36 (t, ',/~-~6.3 Hz, IH, CHPh), 1.4-2,2 
(m, IOH. CsHm), !,79 (virtual t, 4.2 Hz, 18H, PMe~), 4.0 
(br, IH. CNCH}, 7.25--7.4 (m, 5H, Ph). *'~C NMR: 
(CD~CI,.) ,~ 20.7 (t, ,/vc 1816 Hz, PMe,~), 26.2, 27.6, 35.0, 
58.9 (Cy), I,~1.7, 132.8, 133.5, 147.2 (o, m, p, ipso, Ph), 
150.2 (CNR), 215.8 (t, J~ ,5 .6Hz,  CO), 233.1 It, 
J ~  = I I Hz, Jc .  ~ 75 Hz, CHPhl. 

3.1,23, [WfCIIMeJCIfMejCNCJfCO~PM¢~I CF#O~ f~J 
• t (0,2608, 0,$1 retool) is dissolved in ether (10ml), 

The solution is cooled to -6Y'C, and ~flic acid (54 ml, 
0,61 retool) is added, The bath is removed and a yellow solid 
forms upon w ~ i n 8  of the solution, The mixture is omtd- 
fugeck end the supematant decanted off, The product is 
washed with ether (2 x 5 ml), The product is obtained in 
Beady quantitative yield and without significant impurities 
(*H NMR), IR (CH~CI2, cm~t): t,(CN)~2185 (m), 
HCO)-1992 (s), ~H NMR: (CD2CI2) B -2,53 Ira, IH, 

3,1,27, I Wf CHPb )Ct( 2.6-M¢,C~I ~NC J( CO Jf PMe ~)z] 

"rite procedure for the preparation of 8c was followed. IR 
(CH2CI~, cm° Q): t,(CN)=2153 (m), ,,(CO)=2G09 (s). 
~H NMR: (CD:CI~) B -3.04 It,-'Jp, =6.9 Hz, IH, CHPhl, 
1,90 ( t, 18H, PMe~), 2.55 (s, 6H, Me2C,.,H3), 7.2-7.7 ( m, 
8H, Ph, C~H~). 1~C NMR: (CD:CI~,) & 17.4 (virtual t, 
15,6 Hz, PM©~), 18.5 (Me2Ph), 128.3, 128.7, 130.1,130.5. 
130.8, 134,9, 144.O ( Pit, C~.H~), 162.4 (CNR), 210.9 (CO), 
230,0 [ Jc .  = 72 Hz, CHPh]. 
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5.1.28. [W( CHPh )I(Me3CNC)( CO)( PMe.Ozl CF,SO, (gf) 
The procedure for the preparation of Ik was followed, IR 

(CH2CI.~, cm- i ): v(CN) = 2186 (m), v(CO) = 1987 (s). 

5.1.29. [W(CHPh)I(Me ,CNC)(CO)(PMe ,),,] BF., (gg) 
The procedure for the preparation of Ik was followed. IR 

(CH2CI2, cm-I) :  v(CN)=2188 (m), v(CO)= 1987 (s), 
*H NMR: 6 -3,01 [t, 2JpH----6 az,  IH, CHPh], 1,69 (s, 9H, 
CMe3), !.90 (virtual t, 4.2 Hz, 18H, PMe3), 7.3-7.8 (m, 5H, 
Ph). '3C NMR: (CD2CI2) 622.7 (virtual t, 16.5 Hz, PMe3), 
32.4 [C(CH3)31, 63.1 [C(CH3)3], 131.9, 132.7, 133.8, 
145.9 (Ph), 145.6 (CNR), 212.0 (t, Jpc = 6 Hz, CO), 230.2 
(JcH = 77 Hz, CHPh). 

5. !.30. Deprotonation of Tc to give 9 
A sample of 7c is dissolved in CH_~CI2 or CD2CI.~ and 

cooled to -78°C, after which one equiv, or a small excess 
of pyrrolidinocyclopentene is added. The formation of 
[ (CH2)4C = N(CH2)4] [W(CPh)CI2(CO) (PMe3)2] (9) is 
confirmed by IR and NMR spectroscopy. Complex 9 is not 
stable at room temperature. IR (CH2CI2, cm-*): 
~,(CO) = 1833 is). ~H NMR: 6 1.9 (m, 4H), 2.8 (m 4H), 
2.9 (m, 4H), 3.8 (m, 4H) ( [ (CHa)4C = N(CH2)4) ] + ). 13C 
NMR: (CD~CI~., -600C) 8 24, 36, 43, 55, 195 
( [ (CH:)4C--~ N(CH~)4) ] + ), 245.1 (S, Jwc-- 180 Hz, CO), 
256.3 it, ~'Jw~--" 11.7 Hz, Jwc = 194 Hz, CPh). ~tp NMR: 
(CD,.CI~, - 60"(2) 6 - ! 2.63 (Jwl, - 288 Hz, PMe3). 

5.1.31. Deprotonatwn of Te and subsequem addition of pyr- 
idine, CNCMe ~ and P(OMe).~ to q ~ r d  4c, 5b and 10 

A solution of a small amount of 7¢ in THF is cooled to 
oo 78"C, and I. I equiv, of n-BuLl in hexane is added. After 
stirring t~sr 30 rain at this temperature, a two-fold excess of 
pyridine or CNCMe~ is added, and the solution is allowed to 
wam~ to room temperature. After stirring for 30 rain at room 
temperature, the solvent is removed under vacuum. The speco 
troscopic parameters of the products are in agreement with 
those of attthentic samples of 4¢ and Sb. 10: A solution of ?e 
(0.148~, 0.28 retool) in THF is cooled to ~78°C, and 
1.2 equiv, of n..BuLi in hexane ( 1.6 M, 0.21 ml, 0.34 retool) 
is added. Alter stirring for 30 rain at this temperature, tri- 
methylphosphite (0.84 g, 0.08 ml, 2.4 equiv.) is added, and 
the solution is allowed to warm to room temperature. After 
stirring for 31)rain at room temperature, the solvent is 
removed under vacuum. The residue is redissolved in 
CHzCIz, the resulting solution is filtered, and the solvent is 
removed under vacuum to give an orange oil. The oily product 
is washed with hexane and dried under vacuum. Yield: 
0.159 g, 92'.%. IR (CH2CI2, cm-t ) :  v(CO)= 1916 is). IH 
NMR: ,3 1.70 (virtual t, 18 H, PMe:~), 3.73 (9H, 
Jpti ~ I !.1 Hz, P(OMe)3), 7.13 (m, 5H, C6Hs). 

5.2. Clystaliographic studies 

5.2. !. Neutron di/J'raction study of 7a 
Crystals were obtained by slow recrystallization from 

ether/hexane. A yellow-brown specimen of volume 2.7 mm ~ 
was mounted on an aluminum pin with haloearbon grease 

and sealed under a helium atmosphere inside an aluminum 
container. This container was placed in a closed-cycle helium 
refrigerator (DISPLEX ~ Model CS-202. APD Cryogenics, 
Inc.) and mounted on the four-circle diffractometer at port 
H6S of the High Flux Beam Reactor at Brookhaven National 
Laboratory. The neutron beam, monochromated by Ge (220) 
planes in transmission geometry, was of wavelength 
1.15863(8) A as calibrated against a KBr crystal (ao = 
6.6000 A, at 295 K). The sample temperature was maintained 
at 15.0 5: 0. I K during the experiment, and unit cell dimen- 
sions were determined by least-squares fit of sin20 values for 
32 reflections in the range 52 ° < 20< 60 °. Intensity data were 
obtained over one quadrant of reciprocal space by means of 
w--20 scans. The intensities of two reflections were monitored 
during the data collection and showed no systematic varia- 
tions throughout. Integrated intensities io and variances 
o-2(1o) were derived from the scan profiles as described pre- 
viously 143]. Lorentz factors were applied, as well as an 
analylicai absorption correction [ 44,45 ] Transmission fac- 
tors were in the range 0.625-0.744. Averaging over 154 sym- 
metry-related pairs of reflections resulted in an internal 
agreement factor of 0.016 and yielded 4003 independent 
observations, of which 476 were negative, 4 being less than 
-4cr(Fo2). Further details are given in Table I. 

Initial coordinates were obtained from the X.ray structure 
determination. Coherent neutron-scattering lengths (fin) for 
H ( - 3.7409 ), C ( 6.6484 ), O ( 5.803 ), P ( 5. ! 3 ), C! ( 9.579 ) 
and W (4.77) were taken from the tabulation of Koester 
[46]. Least-squares refinements were carried out by a full- 
matrix procedure [ 47 I, minimizing ~,wl F,, ~ ~ ( I,~F, ~ I ~. 
where w ~ [cr~(F,)) + (().02F,,")~I ~' ~, using all independent 
data except for 7 reflections, which were affected by the 
powder lines from the aluminum container. The final model 
included the scale factor k, positional and anisotropic dis- 
placement parameters/3~ tbr all atoms and the iso,ropic type 
I extinction parameter 148 l. This gave a total of 335 variable 
parameters. The refinement converged (Ap,/cr(p,) < O, 1 ) 
with fit indices R(E,:)  -~ 0,157, R . (F . : )  ~ 0.141, R.(F,,) 
0.099, GOF-~ 1.21, based on 3996 reflections. The isotropic 
extinction parameter y ~ 2.7(3) × 10 ~. Eleven reflections had 
an extinction correction larger than I. I, the largest being 1.22 
for (302). in the final difference Fourier map, the largest 
IApl errors were about 3% of the maximum peak in the Po 
map. The structure shown in Fig. 2 was drawn using ORTEP 

1491. 

5.2.2. X-ray diffraction studies of Sb. 7a, and 8e 
Selected crystallographic data are listed in Table !. The 

general procedures for unit cell determination, data collec- 
tion, and structure solution have previously been described 
in detail 1501. The intensity measurements were made on an 
Enraf-Nonius CAD4A automated diffractometer, using a var- 
iable-rate, w--20 scan technique. Empirical absorption cor- 
rections (DIFABS) 1511 were applied. All calculations were 
performed using the TEXSAN programs 152]. The structures 
were solved by direct methods and difference Fourier pro- 
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~ .  For St:, the intensities of tht~ rreflections, which 
were ~ r e d  after every 60 min of X-ray exposure, 
declined by 27.40%. A linear correction factor was applied. 

5.2.3. X-ray di.graction study of Tc 
Selected crystallographic data are listed in Table i. The 

structure was solved by ~ heavy atom techniques. The 
methyl ~ atoms of both trimethylphosphine groups were 
disonkred between two positions. The occupancies were 
allowed m v ~  asx and 1 - x  and refined to the values 0.53, 
0.47 for one trimethylphosphine and 0.62, 0.38 for the sec- 
ond. ~ phenyl hydrogen atoms and H(8) were located on 
difference Fourier maps following refinement of the nonhy- 
drogen atoms. The phenyi hydrogen posifi~s were subse- 
quently idealized with C-H - 0.968 and B(H) = 1.2 x B(C). 
in the final cycles of blocked-cascade least-squares refine- 
menL all nonhydrogen atoms, except those on the disordered 
methyl groups, were assigned anisotropic temperature fac- 
tors, the methyl carbon atoms were given imtropic tempera- 
ture factors, H(8) was held fixed and a riding model was 
used for the phenyl hydrogens. The quantity minimized in 
the least.squares procedure was Xw( IFol - levi )2 where w 
is the weight of a given observation ( w ' : ~ o " ( I F , , I )  + 
g i Fol ~, final value of g ~ 0,00028 ). The analytical forms for 
the scattering factors of the neutral atoms v, ere used [531, 
Final refinement with 177 parameters converged at R~ 
0,035 and R.-0 ,035 with goodness of fit ~ 1.70, 

6. Supplementary material 

Further details of the crystal structure investtsattons of 
complexes Sb, ?it, ?e, and 8c may be obtained from the 
authors upon request, 
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