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I. Introduction 

The principaI_aim of this article is to review the chemistry of bivalent 
Group IV donors MXY (M = C, Si, Ge, Sn or Pb) as ligands in transition metal 
chemistry- The simplest products of such reactions are the derived carbene- 
metal complexes LM’-MXY, such as I or II, or heavier Group IV analogues such 
as III. The main emphasis here wiIl be on the carbene complexes. 

Ph 

I shall restrict the scope to exclude the chemistry of such compounds when 
these are not obtained from the carbene or carbenoid precursors (e.g., the 
original method for obtaining such complexes, applied to the Cr, MO and W 
Group -by E.O. Fischer and his co-workers, employed procedureswhereby 
a coordinated CO ligand was converted to a coordinated carbene; this will not 
be discussed); however, the literature of carbenemetal derivativesup to 1972 
has been comprehensively summarised elsewhere [ 1;2]. Also omitted is the 
situation wherein the carbenemetal complex, usmilly.derived from an electro- 
philic carbene, is a transient interniediate, as is often the case in v&ous transi- 
tion metal-catalgsed organic reactions; this field has also been surveyed [ 31. :. 

Because of the special nature.of tbis volume of reviews, it may be of-in- 
terest inthis introduction briefly to place our researches.on bivsIent Group IV 
donors in the context of our earlier and current work in organometallic them-. _ 

istry. 
.- _’ 

My doctorate was completed under the supervision of W. Ge&&d,~and .- .. .. 
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concerned the reactions of alcohols or ethers, including optically-active com- 
pounds, with boron trichloride. (This formed a part of Gerrard’s commitment 
to the problem of interaction of an alcohol and a non-metal halide in connec- 
tion with the reaction sequences of alkyl halide formation.) The work was ex- 
tended to include reactions of boron trichloride with organic compounds gen- 
erally [4] and, much,later, to inorganic compounds [ 51. The first review of 
organoboron chemistry was published in 1956 161, and further contributions 
made to other areais of boron chemistry: B-O [ 71, B-N [ 81, B-C [ 91, B-S 
[lo], B-halide [ll], B-pseudohalide [12], and cyclic boron compounds [13]. 
Work on boron halides was enlarged to include Lewis acid-base adducts, in- 
cluding structural and calorimetric investigations [ 143. 

Physicochemical approaches to bonding problems, in collaboration with 
J.B. Pedley, were initiated in the early 1960’s and continue to the present time. 
Methods used involve calorimetry, nuclear magnetic resonance, He(I) photo- 
electron~spectroscopy (PES), mass spectrometry, and analysis of data by mole 
cular orbital (MO) procedures. Compounds examined include simple derivatives 
of B, Si, P, and the heavier Group III-V elements, as well as of transition metals. 
The objectives are to obtain, for series of compounds, reliable standard heat of 
formation, bond energy, bond dissociation energy, and orbital energy data, and 
thereby contribute to an understanding of bonding. These experiments are, for 
the most part, related to the synthetic programme. For example, researches on 
metal alkyls (vide infra) have encompassed PES and AH! measurements [ 151. 

The use of organotins for the synthesis of organoboron species led to in- 
volvement in Group IV chemistry in 1960. Grganotin-nitrogen compounds were 
examined in detail 1163. Metal amides, including Me3SnNMe2, were shown to be 
versatile reagents in synthesis: involving their reactions with unsaturated moie- 
ties (insertion reactions generally were reviewed in 1967 [ 173 ), including mono- 
mers (in collaboration with A.D. Jenkins) [IS] ; protic species, such as cyclo- 
pentadienes and acetylenes; and metal and non-metal halides. Amides examined 
were derived horn B, Al, S?, GeIV, Gem, Ge”, S#’ Sn”’ Sn”, Pb”, Pm, Asm, 
Tiiv, Tim, Zriv, HfIv, Vu’, and VIv [16,19]. The s&dy w& extended to deriva- 
tives of aldimines and ketimines such as Me$nN=C(CF& and cis-[Pt(PPh,), Cl- 
IN=C(CFMl CZOI - 

Reactions of amides with diazomethane afforded the first volatile organo- 
metallic diazoalkanes, Me,SiCHN, and (Me$n),CN, [Zl], and this in turn led 
to their use in the synthesis of organic heterocycles, metal alkylazo complexes 
such as [Mo(z-C&i&CO), (N=NCH2SiMe3)], and, in part, in our interest in car- 
benemetal complexes. Reactions of amides with metal hydrides yielded com- 
pounds having metal-metal bonds, such as [Ta(r-CSH5),H,(SnMe,)] [22]. This. 
discovery stimulated our work on silyl-transition metal compounds [23] and 
subsequently transition metal-catalysed (especially using Ziegler systems) hy- 
drosilylation [ 241; for example, ReCH was converted regio- and stereo-spe- 
cifically into IV. We found, in collaboration with C. Eabom, that strained Si 
heterocycles undergo ring opening with various transition metal complexes [25]. 
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We have contributed to synthetic organosilicon chemistry (e.g., perfluoro- 
phenylsilanes 1261) and the use of organosilicon compounds in organic synthesis 
(e.g., Wittig-type reactions of 2-lithio-2-trimethylsilyl-1,3-dithian apd related re- 
actions for providing C1 homologation [27]). 

Studies on the chemistry of homoleptic metal alkyls, MR, 1281, using 
bulky ligands without S-hydrogen such as Me,SiCH*-, (R’)-, and (Me3Si)&H-, 
(R)- , commenced in 1966 and stemmed from our interest in the amid0 ligand 
including (Me$i)*N- 1161 , compounds having M-Si bonds [23], and the 
chemistry of other monohap to organometallics (carbene complexes [ 1,3], and 
alkenyls and alkynyls [29]). Among the thermally stable alkyls to be synthesised 
and characterised were the first paramagnetic Main Group neutral alkyls MR3 
(M = Si, Ge or Sn), Group IIIA, IVA, and VIA alkyls, e.g., YR3, ZrRfs and 
CrR3, and the square planar (CuR’), which has alkyl-bridges between Cu atoms 
1283. 

The behaviour of a metal-alkyl bond is also a theme of a project begun 
in 1972, in collaboration with A.W. Johnson, on coenzyme-BIz -dependent 
enzyme reactions [30]_ The organometallic chemistry of -free radicals and the 
use of ESR spectroscopy, in Collaboration with A. Hudson, features in this 
work, in the study of metal-centred radicals MR3 [31], in S,2 reactions at 
transition metal centres [ 321, and in efforts to elucidate the mechanism of 
reactions such as oxidative-addition of Me1 to Pt” [33] or M-R photolysis 
1341. Previously we had considered researches on model-B12-systems; hydro- 
gen transfer involving an alkylcobalt(II1) reagent was then in principle viable 
via a carbene- or alkenyl-cobalt moiety, and this in part prompted our in- 
volvement in those areas. 

II. Nucleophilic-carbenemetal complexes and related chemistry 

A. Electron-rich olefins and other electron-rich carbenoids: general consi- 
dera tions 

A major field of transition metal organometallic chemistry has concerned 
the interaction between a metal complex and an organic molecule. Almost 

invariably, the metal complex has been the nucleophile with the metal atom 
as the electron-rich centre. Typically, such a reaction has been an oxidative- 
addition to a low valent coordinatively unsaturated metal complex, using vari- 
ous organic substrates. Examples of the latter are olefins such as C,F, or Cz- 
(CN),, acetylenes including EtOOCC%CCOOEt, or alkyl or acyl halides; un- 
activated olefins such as C&I&, C,H,, or CsHB are not regarded as formally 
causing the oxidation of the metal, but the borderline between a complex and 
a metallocycle is often blurred. : 

Our own studies, however, are distinct in that we have been hiterested in 
the transition metal chemisfry of electron-rich olefins or carbonium ions, e.g., 
V-XII. 

Me2N 

Me2N 
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b&S- SMe M..e,N \+ R2N\,~cl 
cc1 

/ \ 
MeS SMe H’ Cl- R N’ CI- 2 

mm) (lx) (xl (XI) Ixil) 

The PE spectra of V (R = Me) and VI show that for each olefin there are 
five bands below 10.5 eV, with the energetically most accessible orbital at the 
remarkably low first vertical ionisation potential (IP) of ca. 6.0 eV (cf., C,H, 
or CzF4, 10.5 eV; Na, 5.i eV) [35]. A simple Hiickel Z-MO scheme shows 
this orbital (nS in Fig. 1) to be antibonding between four of itssix centres and 
hence of low IP. Not surprisingly, therefore, these olefins readily give rise to 
cations such as [LF] * or CL:] 2*. (XIII) [ 361. The weak olefinic C=C bond, 
estimated at ca. 80 kcal mol” [ 363, is consistent with the MO description, and 
is exemplified by the reaction of V with strong acids to give salts having the 
cation XIV. Nevertheless, an electron-rich olefin such as V does not dissociate 
in solution to produce anucleophilic carbene (cf., [37]), unless a suitable cata- 
lyst, e.g., a Rh’ complex, is present [38]. Thus, heating two closely-related 
electron-rich olefins in boiling xylene for 2 h caused no metathesis (e.g., eqn. 
l), but in the presence of 1.8 mol % of [RhCl(PPh&] the redistribution was 
statistical [ 381. The catalytic cycle probably involves a sequence like that 
shown in Fig. 2. Evidence rests on the following observations 1381: (a) com- 
pounds XIVa and XlVb are obtained from [RhCl(PPh&] by heating with the 
appropriate olefin V in boiling xylene and hence step (i) is confirmed; (b) both 
XIVa and XWb are effective metathesis catalysts; and (c) the complexes XIVa 
and XIVb are interconvertible by treatment with excess of the other olefin. 
Hence the only missing step in the proposed cycle is a Rh”’ metallocycle such 
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mn> C=[LyJ”‘) 

as XV. However related (stable) RhC, rings are known, and both Rh’ and an 
electron-rich olefin are known to be good nucleophiles; hence a transition state 
of type XVI is plausible_ (It remains a speculation to suppose that the well- 
known olefin metathesis reaction, involving simple hydrocarbons, also pro- 
ceeds via carbenemetal intermediates.) 

L;h + L$-To1 + 2 LPh_Lp-To’ 

W4 WW WC) 

(1) 

B. The reactions of transition metal complexes with electron-rich olefins 
Our initial objective was to seek synthetic procedures for carbenemetal 

complexes from organic precursors, or carbenoids. It soon became clear that 
such complexes were likely to be stable only if the carbene ligand is electron- 
rich, i.e., a nucleophilic carbene. Nevertheless, we did attempt to prepare elec- 
trophilic carbenemetal complexes, but instead obtained the reaction products 
shown in eqns. 2 and 3 139,771. 

The initial experiments (eqn. 4) which led to our first carbenemetal com- 
plex, I [ 391, were designed to generate the nucleophilic carbene LPh and tray 
this by means of reagent XVII, known to undergo bridge-cleavage by bases 
such as amines or phosphines [403 _ 

We now consider it unlikely that a free nucleophilic carbene is an inter- 

[: RhxCI(LPh) (PPh&] 

mYa) 

[Rh’CI(PPt’&] 

c RhlCliLp-To’) 

(XIPb) 

(PPh&Ci 

Fig. 2. &oposed catalyt&cycle for electron-rich olefin dipwtation. using Rhi Catalysts. . 
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2KF312Ct$ + 
(2) 

3 

Cxrm, Cl 

3 (CF&$~N~ .+ [Pt(pPt&] - 

N-N=C(CF3 & 

(PPh3)z 

I 
(3) 

+ 

Ph3P - N&(CF3)2 + NZ 

xylene.140aC.10 min 

xylene, 140°C, l’% h 

(4) 

Ph 

mediate in reactions such as those shown ineqn. 4, because for a Group VI 
metal carbonyl asthe transition metal reagent, other products can be isolated 
under milder conditions [41 J (see below). The electron-rich olefin can be 
generated in situ from XVIII or an aminoacetal (eqn. 5) [41 J. Reaction 5 may 

HC(NMe,)(OMe)Z + RNH(CH&NHR + V s 2MeOH + Me&H (5) 
be modified by using a i,3-propylenedknine derivative to make the six-mem- 
bered cyclic homologue of V, which has proved to be much less reactive than V 
in its transition metal chemistry 1411. The N-arylolefins (V) are considerably 
less reactive than the a&& and somewhat less reatitive than the thiazole de+ 
vative J2j (VII) 1391. 

Reaction 4 sugg&ed to.us that electron-rich olefks like V or VII might 
have ari ext&sive.carben&igand chemistry, in.some ways analogous to that of 
tertky phosphines. Stable complex& hav-irigl; 2,3, or 4 carbene ligands have been 
made.from olefins for-Cr”,Moo, Moq.W” t Wni-Fe”, Fe!, Ru’?; Run, Rh’, Rh?, R, 
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TABLE 1 

CARBENEMETAL COMPLEXES FROM ELECTRON-RICH OLEFINS 

Complex kef. Complex 

., 

Ref. 

LM(CO)5LRl 41 
M=CrandR=MeorEt: 
M = Ma and R = Me. Et. n-&.x, or PhCH*: 

M = W and R = Me. Et. or PhCH2 

trons-[RhX<LR)tPPh3)z-J 
X = Cl and R = Me. Ph. or pMeOC5H4; 
X=BrandR=Meorp-Tol:X=I 
andR=Me: 

35.43. 
46.46 

CMWO)5L’Rl 
M = cr. MO. or w and L’R = CNO- 

(cR&#Me 

41 
X = B; 0; Ns(CF& and 
R = Me or p-To1 

45.48 trans-[Rh(CO)ClLR(PPh3)] 
L = Me. Et, Ph. p-Tol. or 
P-MeOC,$-?q 

ck-EM(CO)~(LR)tl 41 
M=CrandR=MeorEt; 
M = MO and R = Me. Et, n-Bu. or PhCH2; 
M = W and R = Me. Et. or PhCH2 

tins-LM<co)&R~z] 41 
M=CrorW.andR=Me: 
M = MO and R = Me. Et, or PhCH2 

cis-[M<co)4LMe{~(~~‘)~“}] 41 
M=CrorMoandR’=Me=R”; 
M=WandR’=EtwithR”=MeorPh 

cis-CM(CO)&LMe)Ql 41 
M=CrandQ=AsPhg; 
M = MO and Q = LEt, ~cH2Ph. PPh$or PY 

fac-LW<C0)3(LMe)31 41 

fuc-LW<CO)3(LMe)2PYl 41 

Ccr(c0)2LMe(c5H5-7i+l 41 

cis-[w(co)4LMe{C(0)Ph)] ti’ or 

[L-H] + 41 

CM(cO)2(LR)2X21 41 
M=MoandX=Cl.Br.orI.with 

R=MeorEt; 
M=W&dX=I.withR=MeorEi 

CM(cO)3(LR]2X2] 41 
M=MoandX=I.withR= 
Me; 
M=WandX=BrorI.kithR=Me 

or Et (for I) 

CM(EfO)2(LR)2X2] 41 
M=MoendX=Br.withR=Me: 
M=W.andX=I.withR=Et 

tw(cO)4LMeX2] 41 
X=BrorI 

CW(CO)3LRBrj] -LLRH]* 
R=MeurEt 

CFe(COk+Rl 
R=MeorEt 

CFe(CO)3dMe)zl 

41 

41 

41 

cis- or tmns-[Fe#~)&R(~~Hyq)] 41 
RF Me or Et. 

trons-[PtclsLR<Q)] 

R = Me and Q = PEt3. P-n-Pq, 
39 

P-n-Bug. or AsEtg; 
R = ph and Q - PEt3. P-n-Bq; PPhMeZ 

[Ru <LR)4C12] 
.R=MeorEt ._ 

or AsFh3; 
-41 R=.S.and Q=PEtsorP-n-Bug : ._ ~: 

also L’(PEt3) analogue .: . ..- 1. .:: : : -41 . . .- ( 

.- (Ta+‘&ti&i3) 
.- 

tram-[Rh<CO)C1LEt<PEt3?] 
also L’ analogue 

fr;ns-[Rh(CO)C1(LR)2] 
R=MeorEt 
also (L’)z anaIogue 

cis- or trans-[Rh(CQ)LMe<PPh3)2] +X- 

cis- or trans-CRhCO(LEt)2(PPh3)]+C1- 
ako L’ anaiogue 

trons-[Rh<LMe)2(P)2] %I- 
P = PPh3 or PPhMe2 

[RhcO<LR)3]+C1-. R = Me or Et 

47 
41 

44.45.48 

41 

46 

46 
41 

46.48 

46 

cis-[RhC1(COD)LR] 
R = H. Me, Et, Ph. p-Tol. or 
p-Me0C@4 

also L’ anaIogue 

cis-!:Rh(CH&Seg)(COD)LP-ToI or Phi 
-CB.hH<cI)(LEt),Sic1,] 2 

=ig-cRh(coDDj(LMej2]+cI- 

&COLMe{N=C(CF&}PPh3, 

[IrCO(LMe)3]+BF4- 

LIiCOLMe(PPh3)2]*BFq- 

trclns-[NiC1(LMe)2(PPhEt2)] +BF4- 
[NiCI(LMe)3] +BFq- 

cis-CPdC12L’Me(P)] 

P = PEt3 or P-n-B+3 

CL- or trans-[PdcIZLPh<P)] 
P = PEt3. or P-n-Bus 

also L’(PEt3) analogue 

earur-CPdCILMe(PEt&]+BF4- 

cis-LPdBr2LPh(P)l 
P = PEt3 or P-n-Bug 

46 

<H. 41) 

41 

46 
47 

46 

-44 

44 

44 

44 
44 

39.42 

39.42 
41. 
44 

42 
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TABLE 1 (continued) 

CARBENEMETAL COMPLEXES FROM ELECTRON-RICH OLEFINS 

- 
Complex Ref. Complex Ref. 

trons-[PtBrzLR(PBts)] 
R=Me.Ph.orS 

cis-u’t.cl~~R(~)] 
R = Me and Q = P-n-Prz. P-n-Bu3. 

- PPhMe2. OL AsEtg: 
R = Ph and Q = PEta. P-aRu3. 
PPhM-. or AsEtj; 
R=SandQ=PEt3. 
P-n-Bus. or PPhMez 

39.42 tmns-[PtMe+Me)Q] 42 
Q = PEt3’ or AsBtg 

39.42 &-EPtMe2(LMe)Ql 42.44 
Q = PEt3. PPh3. PPhMez. or AsEt 

trans-[PtClLMe(P)2]+BF4- 42 
P = PEt3 or PPhMe2 

trans-[PtHLMe(PEt&]*Cl-or BFq- 42 
[Ptx(LMe)3]+~~4- 44 

cis-CPtBrzLR(PEt3)J 
R=Me,Ph.orS 

cis- or frans-[PtR2~L~t)2] 

X=HorCl 

39.42 cis-[PtC1(LMe)2BPh3)l *Cl, I-, or BF4- 44 
[Pt<oC3HS)C1LMe<PPh,)1 44 

cis-[Pt(u-CsHs)(LMe)2(PPhJ)I+C1-or BFq- 44 
[Au(LMe)21+cl-or BFq- 44 

Nin, Pd’*, Pt” and Au’ (Table 1) [ 39,41-471. The phosphine analogy is forti- 
fied by noting that these complexes have been prepared by (a) di-p-chloro- or 
di-p-bromo-dimetal bridge-splitting (Rh, Pd, Pt) [39,42,44,46,47] ; (b) dis- 
placement of a neutral ligand (CO, PRL, olefin, or LR ) [41,43-471, or (c) 
displacement of an anionic ligand (e.g., Cl-) [44,46]. Some examples are illus- 
trated in Fig. 3. As we are here not concerned particularly with the chemistry 
of carbenemetal complexes, this is covered only briefly; complexes are made 

(a) directly from electron-rich ol&Zins, or (b) from other carbene complexes. 
Illustrations of such reactions are in Figs. 3 and 4. Substitution reactions of 

,k+ [AUL&- o_ [AuLz]+ BF,_ 

cis-Cr(CO),L* 

c;s-~Pttu-C,!+)PL,]+ a- 

F&. 3. Some &an&ion metal complex reiction.s of the election-rich olefin I -2) <p = PPh3; P’ = PPmtz)- 
Reaction cond.~tionst (a) PhMe. reflur. 5-20 min; (h) MeZCO.NaBF4. Z&UX. 3 h; (c) DMF, 110°C. 15-29 
II&; (d) MeC5H~l,lOO~C; (e) da 160°C. H h. 



cis- [ MO (CO), L MeWPh3)) cis-[MatCOL(C(OMe)R}LMe] 

[MOB] 

Mek 1 2H,,/y 
Me 

I- 2 

Me&H,, .10&C - c Mc%O)~L~=] 
2 

dekolin, 120°C 
cis -[M&O), (L”=),] 

, 

J trons-[Mo(CO)a(LMe)2] 

i/No NO 7 co 
+ foc-[Mo(CO)3(LMe)2 PY] 

Me 
L -MO-NO p LMc- MO/CO co 

LM” I 
CH2C12 Me/ 

L I 
in Solution - [MO (CO)~X,(LMe~] 

X X 

square-planar Rhi complexes of type [RhCO(LR),Pz_, X] (n = I or 2 and P 
= a tertiary phosphine) with tertiary phosphines to give cationic carbene com- 
plexes [Rh(CO)(LR),P,-,]‘X- were shown to proceed by a two-step (i then ii) 
process: substitution with retention of configuration, and subsequent isomerisa- 
tion, both sensitive to stiric effects; an illustration is in eqn. 6. 

Detailed examination of the nature of the reactions of electron-rich olefins 
V-VIII with various transition metal complexes. reveals a more complex pattern 
than that so far described. Firstly we may distinguish (i) chelate olefins,, such as 
V and VII, and (ii) the open-chain compounds VI and VIII. For bothclass i and 
ii, we find reactions in which the C=C bond of the olefin is not cleaved and these 
may be of type o or b. 

(a). Reactions in which the olefin becomes bound to the metal, forming a 
metallocycle in which 2 N’s_ or 2 S’s act as ligating atoms. Akpresent, structural 
evidence for XIX [41], XX [51] and XXI [51], rests on analysis and ‘H and 
13C NMR spectra, but X-ray diffraction studies are in hand*%. For the Olefin VII, 
we have observed another reaction in which S-Me cleavage is observed (eqn. 7) 

* Thermal i!iomeIisations of this type and for trans- or cix-Pdn or -Ptn complexescan& follow&by 
diffwential Scanning CalOrimetXY. to obtain quantitative data; reliable results are not pet to hand 
[491; such thermal and photochemical isomerisations have also been demonstrated for 

N<Me) 
CMo<COhd 321 c501. 

‘NCMe) 

** compxeted in XIX c523. 
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I 
OC-Rh-Cl 

I 
LR 

1 (i) ~ 

Et,P \,,/=‘\,/” 
.I/ \l/ \ Pm3 

mm) 

I ‘(ii) 

iR 
OC-Rh-PPh, 

I 
LR 

(6) 

+ 

Cl- 

1 
+ 

Me2 Me2 
Et3P 

\ /\/ 

[PtCI,(PEt,)]- 

oc ‘!, Me 

i- C2tSMe14 - 

Me Me 

(PII) 
(XXIX 

[52]. The structure of XXII wti confirmed by a single crystat X-ray analysis. 
The bridging olefin fragment is intermediate between that found in XXI and a 
bridging bis(dithiolate). However, we have been unable to convert XXII into 
such a complex, which would require further loss of 2MeCI. 

(b). Reactions in which the olefin is oxidised to the-cation XII. The coun- 
terion has. thus far been [V(CO), J - 1531, [,M(TJ-C,H,)(CO),] - (M = Cr, MO, or 
W) [41,53], CIJ&(CO)~] - [41], [Co(CO),] - [41,53], and [C&l,] - [41];from 
resp=tiveIy V(CO)e, CWWXW(C%l2, Mn2(COh CMCOh, =I WW, - 

For class i only, we find, additionahy, reactions in which the C:C olefinic 
bond is cleaved, and these may be of type c or-d. 

(cc). Reactions in which nucleophiIic-carhenemetaI complexes are formed 
(vide-sup&, : .. _ 

(d). Reactions in which proton abgtktioii takes place from solvent (e.g., 
eqn. 8) or a.metaI hydride (e.g., eqn. 9) to give t&cation XIV [41], or halogen 
abstraction takes pltice to form a cation related to XIV, [LRAXl’- (see Fig. 4) 
1411.. .. : -. : 
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+L% 
Me2CO 

(M=Cr;Mo.orW). ’ 2 fLR-Hl :\M~;;;Hsl(COM - ia 

2 [CrH(q-CsHs)(CO),] + LF * 2 XXIII (9) 

For the chelate olefins, e.g., V (class i) N,N’-metallocycles such as XXIV 
are formed under milder conditions than those required for C=C cleavage, as 
illustrated by eqn. 10 1411. 

co Me2 ’ 
NMe2 

I/ N--S 
/= --NMe*. 

OC-M&-N’ 

oc’ I Me2 
co 

rxim 

L M;, 20” c 
xx (10) 

=sH6 

[Mo(CO)~L~=~ - 
MeC6H,, , 100°C 

Reactions in which the olefin is a reducing agent clearly require the transition 
metal neutral substrate to have accessible stable neighbouring oxidation states: 
e.g., [MO’] + [MO’] - ; [Mn’] --t [Mn-‘3; or [Coo] + [Co-‘]. The [CuC12]- sal$ 
was formed, we believe, from Cl-/CuCl, after initial LF/CuCl reaction (to give 
[LF] 2+(Cl-)2 + Cu) 1411. Efforts to make a carbenetin(IV) complex, by treating 
LMe2, L Et2, or Lm2 with Me3SnCl, or related compounds, led to a complicated 
redox reaction, in which the radical cation [LPh2] z and the ions [LR--H] ’ and 
[ MesSnC12] - were identified [ 541. 

Complexes other than carbenemetal compounds, which are directly acces- 
sible from electron-rich olefins are shown in Table 2. 

C. Reactions of imidoyl chlorides with low vale& transition metal complexes 
The imidoyl chlorides are the nitrogen analogues of carboxylic acid 

chlorides. The transition metal chemistry .of the latter is well-documented, 
whereas the nitrogen compounds had not been explored prior to our work, 
begun in 1971. Using a Rh’ ~substrate we observed that a carbenerhodium(II1) 
complex could be isolated by one of two distinct processes, depending on 
whether the hydrogen chloride was rigorously excluded [ 55,561 or .was pre- 
sent [55,57]. This is illustrated for the case of [R~(CO),Cl-1, and PhC(Cl)= 
NMe in eqn. 11, and the derived carbene complexes are listed irk Table 3. The.- 
structure of jhe iodoanalogue of XXV, [R.h(CO)&Ph)NMeC(Ph)=NMeIB’J, was 
confirmed by a single crystal X-ray analysis [ 561. Possible reaction sequences .- . . 
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TABLE 2 

OTHER TRANSITION METAL COMPLEXES FROM ELECTRON-RICH OLEFINS 

COlIlPlei 

(a). Olefin cbmplexes uia 2 N’s or 2 S’S 

cis-[M<CO)4uv,N’-LR,)1’ 
M=MoaudR=Me;M=Wand 

R=MeorEt 

cis-CM<C0)4 CN.N’C2(NMe,2<C~2)3) 
M=MoorW 

Ref. 

41 

41 

Complex Ref. 

(c). Electron-rich carbonium:ion salts 

[LMe-HI +CM<v&H&CO)31- 41 
M=Cr.Mo.orWor 

cw<co)3~Me~r3~ - 

CLEtHl+CMo<~CSHs)(cO)31 - OL 41 
I ‘S(C0)3LBtBr3] 

ciHMo<CO)4 {N,N’-C#Me2)4}] 

ci+[Cr(CO)a fS,S’-C#Me)4}] 

C~Me)SMeP&- 
(PEt3)CIl (XXII) 

(b). [Okfin] 2+ complexes 

41 

51 

52 

,N<Mel, 
C<CH&, /C-HI +[M<q+Hg)- 

N(Me) 

<CO)31 41 
M=MoorW 

LL”-Xl +[Mo(COl4X31- 
X=BrorI 
[LMeXl +[W<CO)4I3] - 

41 

41 LCz<NMc2)41 2+cv<co~~l -2 or 
CMo@CgHs)(CO)31; or CMn(C0)5] 1 
or cCo<CO)41; or [PtCI3(PEt3)] 3 

CLMe21 *+cM&‘-C~H~)(C0)31;! 
G = Cr. MO. or W. or CMn(C01512 or 
cco<co)~1; o= [cucl,l~ 

C(cH213P’Me’k]z+ or [LEt2] z* [Mo_ 
‘N(Me)’ 

Wk~s)WO)311 

41.53 

41 

are shown in Fig. 6. The overall reactions c are three-fragment oxidative reae- 
tions, but both the pathways a with a’ (reactions of a coordinated imidoyl 

NHPh 

I 
Me,PhP\ i’,CMe 

C/i”\,,, Me 
Cl 2 

<iI HCI 

(ii) 2PPhMe2 
l/2 [RhtCO12Cl-j2 + 2 PhCl (CI)=NMe 

. 

- 

Cl Ph 

oC’jhJ-NMe 

./I 
I 

ci GFCPh 

am?) : 

(11) 

[Pt(PPh,l,]- + ’ PhC(CI)=NMc -_ 
~. 
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TABLE3 

CARBENE METAL COMPLEXES BY THREE-FRAGMENT OXIDATIVE ADDITION 

Compkx Ref. 

(a) From an imidoyl chloride and NC1 

[Bh<CO)C13 {C(I’h)NHR}Pl 55.57 

P = PPh3 and R = Me. Et. i-Pr. or o-Tol: 
P = PPhzMe and R = Me 

CBWCO)CI3 {C<Ph)NHR}l n 55.57 

R=Meori-Pr 

CRh<CO)CI3{C(Me)NHToI_o}l n 55.57 

CBhC13{C<Me)NHTol-o}~PhMe~)~l 55.57 

[PtCl{C(Ph)NHMe&PPh3)23+Cl- 43 

(6) From on imidorl chloride 

CRUCO)X3 {C<Ph)N(Me)CBh)NMe}l 55.56 

X=Cl.Br.orI 

CRhC13{C(Ph)N(Me)C@h)NMe}<PPhMe2)2l55.56 

EFkCO)C13{C<Ph)N(Et)C(Ph)~Bt}l 65.56 

(c) From R2NCHC12 

[M<C0)3(CHNMe2)]“(M = Cr or MO) 58.59 

c&+[Mn<CO).&1<CHNMe2)la 78 

CFe<C0)4~C~eZ)I" 58.59 

CRh<CO)C13<CHNR2)12 59 

R = Me, Et. i-P& or n-Bu 

CRh(CO)Cl3<CHNR2)(PPh3)1 59 

R = Me. Et. or i-Pr 

Coxnp1ex Re% 

[RhCl3(CHNR2)<P)21 59. 

R = Me, Et, or i-Pr and P = PPh3 
OS PEt3 

[RhX3<CHNMe2)<PPhMe+zl 59 

X=ClorBr 

[Rh<C0)13<CHNMe2)12 59 

[RhI#HNMe2)<PEt3)21 59 

CPtCls+HNMe2)<PEt3)1 58 

[Ir<CO)CI2<CHNMe2)(PPh3)21+Cl- 54.63 

[Ir(CO)C13<CHNMe2)<PPh2Me)l 54 

CPtC13(CHNMe2)BPhMe2)l*Cl- 54. 

(d) From (PhHN)$C12 

[Rh(CO)C13 {C(NHPh&‘Ph3)1 54.58 

CBb<CO)C13 {C(NHPh)&lz 54 

CRhC13cd~HPh),}<pPh~~21 54 

R=MeorPh 

(e) From Me2NCC13 

LCr<C0)5<CCINMe2)1= 54 

CRh<CO)C13<CCMMe2)12 54 

CkhCI3(CCWMe2)(PR3)21 54 

ti=EtorPh 

a BY salt elimination. 

l&and) or b with b’ [reactions of a methyleneamm onium salt, sei3 Sect. II. 
D] have support. Thus the formation of coupled products, derived from. 
two imidoyl chloride molecules per Rh atom, can only reasonably proceed 
by the former process. Moreover in the Pt” + Ptn system (eqn. 12) this 
procedure has been exemplified [ 433 - 

PEt3 /NaBF. c trons-[PtCIL- (PEt3b]+ 6F; 

a 5 Some reactionS of a carbeneplatinumUI) complex C421. ; :. 



CljL .Rh=C(R’)N(R?C(R’)Nti 4: 

Fig 6. Reaction sequences in imidoyl chloride/Rhl systems leading to cerbene complexes. 

D_ Oxidative addition reactions of low vale& transition metal complexes with 
electron-rich geminal dihalides 

The reaction of a dialkyl(chloromethylene)ammonium chloride RINCHClz , 
&NCC&, o_r (R2N)#C12 [which has ionic character, (IX-XI)] and a Rhi sub- 
strate leads similarly to the carbene product of a three-fragment oxidative addi- 
tion [54,58,59]. Compounds of type XXVI (which has been confirmed by X- 
ray analysis [ 593 ) were named secondary carbenemetal complexes to differ- 
entiate them from those which had both H’s of CH2 substituted, the tertiary 
complexes. The C-chlorocarbenemetal complexes, e.g., the C-chloro analogue 
of XXVI, [RhCl,{CCl(NMe2))(PEt,),], 1543, are also of interest, in part be- 
cause they may be intermediates in Fischer’s carbynemetal synthesis from 
alkoxycarbenemetal precursors and BX3. In Fig. 7 are shown some reactions 
leading to carbenerhodium(II1) complexes (these and others are listed in Table 
3) from such electron-rich gem-dichlorides. Alternative reaction sequences 
are in Fig. 8. Secondary carbenemetal(0) complexes (Cr*, Moo, Mn’ Fe’) [ 58,59,- 

Ci 1 [RzWHC1]+ ci in CHCf, .20-C 

(ii) PPh, in CHC13. 20-C 

(Iii) PEt, in C&Is. 80-C 

(iv) LII in CQCr, . 20-C 

Cv) [.qNcC~J+Cr in CHCl, _ 20-c 

Fig. 7_ Some reactions leading to RhIu se~0nM carbme- 0~ C-chlor~arbene-met comPlexes 
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‘781 and [Cr(CO)S(CCINMe,)] [54] have also been made by saIt elimination 
using [MOM]*-, [Mn(CO)J or [FEN]*- as sodium @ts. 

There are analogies for some of these reactions. Thus, Ofele has used 

Ph 
Phi==C(Ph)C& and Na”, [Cr(CO),] “- to prepare [Cr(CO),(C 

3, 
h)l WI and 

has converted palladium metal to [PdCl,(CaE)], [SO] ; whereas chloromethyl- 

eneammonium salts having the non-coordinating anion BF,- have yielded. 
cationic thiazolocarbenemetal complexes of If”, Pd”, or Pt” from d8 or d” 
precursors [ 621. 

Methyleneammonium chlorides do not necessarily yield carbenemetal 
products, as exemplified by eqns. 13 and 14 [ 541. A parallel is with two-fiag- 
ment oxidation of an a&y1 halide RX to [Pt(PPh&] which gives [PtX(R)- 
(PPh&] -unless steric effects supervene when [PtXz(PPh&] .or [PtH(X)(PPh&] 
are obtained [33]. Some reactions of the secondary complexes are in eqns. 15- 
17 1543. 

1,3-Dichloromalonylcy aminium chloride (XII) was expected to yield chel- 
ating dicarbene species. However, reaction with [Rh(CO)2Cl]2 afforded complex 
XXVII, in which the ligand is considered to act as a bridge [ 541. 

&s-[PtC&(PPh&] = [Pt(PPh& or43 CMeZNCHC1’+cBF4’ ; 

CPtCWPhd21’2 I=‘,1 -2 (13) 

Cl 

I 
L’M -CXY 

I 



cis-[PtC12(PPhMe2)2] + z!xuzs-[PtCl(Me)(PPhMe2)2] 

[RhC13(CHNMe2)(PEt3)2] y trcms-[Rh(CO)Cl(PEt3)21 (16) 

[Cr(CO),(CHNMe2)] + Ph3PCH2 + [Cr(CO)s(P&)l 07) 

l- Jn 

(XXYU) 

E. Strucfural studies on carbhemefal complexes 
In the more general context of carbenemetal chemistry, the earlier litera- 

ture on this topic is dealt with elsewhere [ 1,2]. In so far as the complexes that 
we have prepared are concerned, the problem may be discussed with reference 
to XXV, XXVIII and XXIX. 

Crystal stru&ures have been completed on the triiodo analogue of XXV 
[56], four compounds of type XXVIII and one of type XXIX: I and its trans- 
isomer [42,64], [I$hL”“{N=C(CF3)2}(PPh3)2] [43], c~-[Mo(CO),(L~‘)~] [65], 
and XXVI [ 591. These data show that the M-Cctibond is not particularly short, 
e.g., lh the I%” complexes comparable to that in a platimun(II) a&y1 [ 661. This 
suggests that the M-C&, bond has little n-bond character. The nucleophilie car- 



PEt, 1.395 (131 

I 

.2.234 (3) \ 
N 

CI Pt 
2.009 (13) i/ 

1.482 (14) 

2.362 (3) 

c 

I 

Et,P 
t327 111) 

2.381(3) \ 2.311(6) 
N 

Cl 

Fig. 9. Bond length data for isomeric com&xes EPtCIZLPbPEtdl- 

Cl 

bene ligand, although a poor x-acceptor, must be a good a-donor because it is 
difficult to displace from the metal coordination sphere. Comparison of Pt-Cl 
and Pt-P lengths in I and its c&isomers (see Fig. 9 142,641) shows that the 
tians-influence is in the sequence carbene = PR3 > CI-. The Rhm-C,,b bond 
length is very similar (1.96-l-97 A) for secondary and tertiary carbene ligands. 
me cc, -N bond lengths are shorter than in carboxylic acid amides and short- 
est for the secondary carbene @and; this shows there is considerable x-bond 
character in this bond. The coordination plane of the carbene ligand is approx- 
imately orthogonal to the coordination plane around the metal. 

IR spectroscopic data are useful in a number of ways but II has 
diagnostic value: 1480-1520 cm-’ in tertiary carbenemetal complexes M-LR; 
ca. 1600 cm-’ in secondary carbenemetal complexes,-ca. 1660 cm-’ in [LR] 2+ 
and ca. 1650 cm-’ in [LR-H]’ [41]. v(C,&, -H) is at ca. 3050 cm-l [59]. Far 
IR assignments of v(PtCl,) in Pt” complexes, such as those shown in Fig. 9, con- 
firm that nucleophilic carbenes are similar to tertiary phosphines in their trans- 
influence 1671; 

NMR spectroscopic data serve to identify secondary carbene complexes, 
especially C&,-H at T ca. -1[59]. Variable temperature ‘H spectra in these 
show that the activation energy to rotation about the C-N bond is greater than 
in tertiary carbene complexes, and is outside the NMR range (i.e., > 25 kcal 
mol-‘) 1591. Restricted rotation on the NMR time scale about the Rhl-&,b 
bond in complexes [RhLEt (Y)Y’(Z)] has been demonstrated 1451; ‘the ‘H Et 
signal belongs to the ABXJ spin system at lower temperature which changes 
to A2X3 on heating. (M-C hindered rotation had been observed in cis- 

wdca4c__ ‘N(Me)>)21 [68]. Th‘ IS observation promises to provide a new 
N(Me) 

approach to the study of the relative trans-influence of groups X in complexes 
such as XXX (in which X is a neutral l&and). 

Cl Et 

I N 

x- m-c’ 
I 'N > 
co Et 
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13C NMR of neutral cis- and trans-monocarbene-palladium(I1) and -plati- 
num(II) complexes [MX,(LR)(ER;)] (X = Cl, Br, or I; E = P or As) show that 
the chemical shift of Cc, (similar to that found in carbonium ions) is sensi- 
tive to the trans-ligand and that unusual long range 31P-13C couplings are 
found to the ring methylene carbons [69]. The 13C chemical shifts of the car- 
bonyls are particularly useful in assigning stereochemistry in [M(CO),(LR),] 
[41] : for each of XIX and XXI the methyl signals are found as doublets, and 
the c&arrangements of the N,N’-Me’s in XIX is confirmed by the mutually 
t;ans-CO’s shown a? a doublet. 

III. Stannylene- and plumbylene-transition metal complexes 

By use of the bulky ligand (Me3Si)&H- (R-) coloured Group IV dialkyls 
which are monomeric in benzene or cyclohexane have been obtained: SnR, 
1701, PbRt E701, and GeR* [ 711. The coordination transition metal chemistry of 
the first cf these has been explored. The dialkylstannylene is electron-rich, having a 
first IP of 7.42 eV, corresponding to 1 5p lone pair level (7.32 eV in PbR2) [703. 
Consequently it is a good nucleophile, superior to a tertiary phosphine. How- 
ever, Sn& has a more complicated coordination chemistry than the latter, 
because of the greater tendency of Sn than P to achieve a higher valency state 
while still being able to bond to metal [ 72 J _ Reactions are thus classified into 
two types: (i) insertion reactions and (ii) simple dialkylstannylene Lewis base 
reactions. This is illustrated in Fig. 10 and exemplified in Table 4. The crystal 
structure of one such stannylene complex is complete (Fig. 11) [‘72], and 
shows three-coordinate trigonal tin, C(l), C(2), Cr and Sn being coplanar, 
with r(Sn-Cr) shorter than in [t-Bu,(py)Sn-Cr(CO)S] E2.65463) A] [73], and 
C,SnCRC(51)C(53)C(54)0(51)0(53)0(54) essentially coplanar; this is sug- 
gestive of Cr-Sn (d-tp)lr-bonding [ 721. The bis(stannylene) complexes have 
only been obtained in trans-form, no doubt due to the bulk of the ligands. 
‘lgSn Mijssbauer spectra of the complexes of Table 4 show two classes: type 
(i) in which Sn is four-coordinate, isomer shifts are low (l-49 + 0.25 mm s-’ 
relative to BaSn03), and with low quadrupole splittings (< 2.37 mm s-l); and 
type (ii) in which Sn is three-coordinate, isomer shifts are high (2.15 + 0.1 mm 

[RhCI(SnR2WP~~2] 
[RhCIWPh&] [MO(CO),(norbomodienell 

. *“‘\ ,~rra.,mail,.r,u 

SnRz 

Fig. 10. Reactions of SnRz with some transition metal complexes 



157 

TABLE 4 

STANNYLENE TRANSITION METAL AND RELATED COMPLEXES 

Complex4 Ref. Complera Ret 

(a) Stannylene complexes 

CM<CO)#nR2)1 
M=CrorMo 

fmns-CCr(C0)4(SnR2)2] 
M=CrorMo. 

CF~~<CO)~(CSHS~~)~<S~R~) 

LRhCKSnR2WPh3)21 

[PtC1(SnR~)(SnR2C1)(Et~)l 

70.74.75 
(b) Stannylene insertion products 
CMO(Co)3<C,HS’rl)<snRZX)1 74.75 

X=HorMe 

70.74.75 

74.75 

74.75 

74.75 

CFe(COkl tSnR2 

CFe<COh<CsHs+?)12SnRz 

CFe<CO)2<CsHs~l)<SnRzX)1 
X=H.Cl.orMe 

CPtCl<SnR2)(SnR2Cl)<Et3)1 

(c) A plumbylene complexb 

[MoWO)sCPbR211 

74.76 

75 

74.75 

74.76 

.75 

a R = (Me$i)?CH. b CCrW0)5(GeR2)1 has also been obtained [76]. 

s-l), and unusually high quadrupole splittings (4.25 + 0.2 mm s-l) [ 743. A 
feature of the dialkylstannylene complexes here described is their good hy- 
drocarbon solubility, doubtless due to the presence of the many methyl groups. 

IV. Conclusions and acknowledgements 

I believe that the coordination chemistry of neutral Group IV donors 
other than CO and RNC is a rapidly developing field of much promise. Both 
electron-rich olefins and bulky dialkyl-stannylenes or -plumbylenes show as- 
pects of their coordination chemistry which parallels that of tertiary phos- 
phines with, however, considerable differences; accordingly much remains to 

Fig. 11. The crystal and molecular structure of [Cr(CO)5SnR21 C721. 
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be accomplished, although many of the principal lines of development may 

already have emerged. 
It has been my privilige to work with many able colleagues, named in the 

bibliography, whose contribution I gratefully acknowledge. 
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