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A. INTRODUCTION

Traditionaily the term ylide denotes a compound with a negatively charged
carbon atom adjacent to a heteroatom which bears a formal positive charge.
This prompts some to call ylides carbanions, but this is not always the case
because many ylides can be prepared salt-free. Therefore, the carbanionic
term should specifically refer to species shown in Fig. 1.

The most commonly studied examples of ylides include phosphorus {1],
sulfur [2], nitrogen (3], and arsenic {4] as the heteroatoms, although transition
metals like tantalum and iridium form “metallic ylides” [5]. A typical
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Fig. 1. Examples of carbanionic ylides.
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example is triphenylphosphonium methylide, methylenetriphenylphos-
phorane or alkylidenetriphenylphosphorane for the generalized case where
the hydrogen atoms are replaced by a variety of substituents.

Ph,P—CH,
1

The ubiquitous 1,2-dipolar nature of most ylides suggests a more general
proposal that these compounds be considered as onium stabilized complexes
of low valent atoms. In this sense phosphorus ylides are little different from
nitrogen, sulfur, or phosphorus stabilized complexes of various transition
metal atoms. Thus, methylenetriphenylphosphorane is a complex of divalent
carbon just as the triphenylphosphine compound

(Ph,P), = NiCl,

2

is a complex of divalent nickel chloride. Support for this analogy comes from
the observation that ylides can be prepared by generation of a carbene and
trapping in situ [1¢,6]

Ph,P + :CCl, — Ph,P—CCl,

Of course, the analogy can be extended to triphenylphosphine complexes
of oxygen (Ph;P—O) and the broad class of phosphineimines (Ph;P—NR)
which are simply complexes of nitrenes. All of these compounds are rather
stable thermally whereas the corresponding sulfur and nitrogen analogs often
have marginal thermal stabilities and sometimes cannot be isolated.

The bis-vlides of phosphorus [7]

’F‘F\‘a

2 R = Ma, Pn
‘\’
PR,

3

can be considered as phosphine complexes of carbon in much the same way
that (R,P),Ni® R = C;H,, and (R,P), Pt® R = C,H,, are commonly viewed
as complexes of zerovalent metals even though the oxidation state of the
metal atom is perhaps meaningless [8] (cf. vide infra).

This analogy is elegantly expressed in the often poorly recognized com-
plex described by Nyholm and co-workers [9]

\A/ \A/ as
5
GO > O er
4
AS/ \AS
VAN 7N
4
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which is an alkyl, aryl arsine complex of carbon, albeit the carbon is in a
high oxidation state.

Modern physical techniques seem to support the dipolar nature of ylides
and thus to a certain extent the analogies described above [10]. This is an
intriguing possibility because it helps to generalize iwo fields of chemistry
i.e. the chemistry of non-metal complexes with those of metal complexes.
Such an aspect is even more exciting because it offers the possibility of
studying a new way of carbon—metal bond formation which is one of the
primogenetors of organometallic chemistry itself.

The serious investigations of ylide cherstry were initiated by Staudinger
and Mayer [11] and later by Wiitig and co-workers [12] who uncovered and
popularized their synthetic usefulness as in the Wittig olefin synthesis

o
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Even though there have been recent examples of methylenation [13] reac-
tions, the Wittig synthesis still stands as 2 mark of generality and simplicity.

Except for a flurry of activity in the organometallic chemistry of yhides by
Seyferth and co-workers in the late 1950s [14] organometallic chemists seem
to have neglected the potential of ylides for studying the formation of the
carbon—metal bond. The recent resurgence of interest in the o-
carbon——metal bond [15] and the realization that ylides can be used as
negative or neutral ligands to a wide variety of metals has attracied many
investigators to this field.

B. YLIDE COMPLEXES OF NON-TRANSITION METALS
(i} Complexes of alkali and alkaline earth metals
Alkali metal salts form stable adducts with ylides. Lithium salts are so

strongly bound to ylides that they present a major problem in isolation of
sali-free compounds [16,17]. Spectroscopic studies such as 'H, *C, *'P and

PhCH,MgCl PRCHzBr .
Me,PCt ———— = MePCHPh  ——— = [Me,PnicH,PhY, ] ar

6 Scheme 1
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Fig. 2. X-ray structure of a potassium benzylide.

photoelectron spectroscopy [18—20] suggest that there is a strong interac-
tion between the metal and the carbanionic center. Recent X-ray results
seem to confirm this interpretation.

Spectroscopic data show coordinative interaction of the metal with two
equivalent benzylide groups. A crystal structure of the potassium derivative
shows a preferred coordination of the metal towards the ylidic carbon and
orthe carbon atoms of the benzylide group [26].

A rather exciting and unusual example is side-chain metalation with
alkylithium compounds [18,21,22]

* - /CHZ“_
MeyF—CHz + ABoL)  ———=  MeyP i
CHp” (2)
7 8
+ = . /CHz“-_ .

Phy(CH)P—CH, + aBuli ——e—  PRP L 3
CH;" ( )

9

These carbanionic derivatives with eguivalent anionic centers are often
insoluble in ether solvents. They are versatile reagents for organometallic
synthesis (see above). Other less well known systems are the triphenylborane
adduct of a lithiated phosphonium ylide, Ph;P—CHLiBPh; * [23] and the
LiBr adduct of the nitrogen ylide, [Me,NCH, Li]Br [24]. Interestingly enough,
multi-lithiated ylides have not been successfully isolated, where the onium
center is a triphenylphosphine group.

Ordinarily the heat of formation per equivalent for an ionic salt increases
when the positive ion is replaced by another ion of equal charge but greater
radius [25]. Hence, one might expect the heavier aikali metal cations to form
stable adducts with ylides. Instead, sodium and potassium halides do not
form complexes, although a cesium adduct Cs*[Me,P(CH,)]™ can be iso-
lated [26). Unfortunately, the structures of alkali metal ylide salts are not

* Note added in proof: the parent lithiated ylide has been synthesized by E.J. Corey and J.
Kang, J. Am. Chem. Soc., 104 {1982} 4724.



known, hence the apparent reasons for instability are not clear [26). Never-
theless, this instability is used to some advantage in the synthesis of salt free
phosphonium ylides by using sodamide or alkali-metal hydride reagents. The
reaction with sodamide is not without its problems, however. E.xperimcnts
have shown that NaNH, and Me,PCl at room temperature (not reflux) in
THF do not give the expected ylide MesP CH,, but the imino complex
[27]

CHa
2Me,PCl + 2NaNH, — - Me,ﬁ—ﬁ—‘%—éHz (4)

CH,

10
Complexes of the alkaline earth metals have been most adequately de-

scribed by a series of double ylide compounds,

l\i‘!e
SN <> + 4Et;ACHMe Etaﬁ—t\ O
si - Si
cu/ 2Et,PCi ety 6__%/
11 Me
12 (5)
Me \C/F’Et3
N <>
AzM Si
7 M= Zn, Cd
M/\p.aa R = £1,Me
13

Some coordination polymers of magnesium are formed with simple ylides

Me, Mﬁ'z
L~ H. —CH
SR T /CZ? Npg?
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or with the cyclic ylides [28]

A A
Rzr? "eR, R PR,
CHy -CH CdMez
. -2 CHy

17 18

Zinc ylide complexes have been used in the synthesis of halogenated
ylides as illustrated below [27]

(Me,NLP + CFCly ——a  (Me,N} PCFCICI

lZn(Cu}

fime,N)P—cFCiznctilcr N
|
~c=
l ~c=0

{Me,NLP=0 + SC=CFCl

(ii} Complexes of group I1I metals

Most tricovalent boron compounds form Lewis acid—base addugts with
ylides. In all instances zwitterionic products are formed with Ph, P CH,
[24,29,30], Me,P—CH, [31], Ph;As* —CH, [32] and Me;N-—-CH LiBr[33]
so that a g-carbon—boron bond is formed:

R,P—CH, + MR, » R,P—CH,—MR, ®)
7 19 M =B, Al, Ga, In, Tl

Polyhedral boron compounds behave a little differently in that Phj'—EH 2
and (Ph,P),C with B, H,, give salt like products, [Ph;PCH,]"[B, H,,]” [29]
and [{Ph,P),CH]*{B,,H;]™ [34], respectively. The acidity of B,,H,, ap-
parently renders insertion of the ylidic carbon into the polyhedral cage very
difficult. In spite of this lack of success with boron clusters, similar attempts
with transition metal clusters have been partially successful (see above).
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Zwitterionic boron phosphorus ylide adducts give interesting thermal
rearrangement products
Ph,PCH,BR, — 1/3 Ph,P + 1/3 B(CH,R), (ref. 35) +2/3 Ph,P—BPh,
20 R=Ph,H
(9)
R,B + Me,5(0)—CH, — Me,$(0)—CH,—BR, - Me,SO + R ,BCH,R
(92)

The chemistry of aluminum, gallium, indium and thallium compounds
with ylides is similar to boron ylide chemustry, although more complex
structures can be formed. Although the tri-alkyls give 1:1 betaine adducts,
treatment of Et; AlCl, Me,GaCl, Me, InCl, and Me,TIBr with Me,P—CH,
tn a 1:2 molar ratio respectively, gives heterocyclic systems [36].

. - o« CH2
MeaP—CHz + MejAl-OR, —_—t— MeyP AlMe, (10)
7 21
P -
MesP—CH, + Me X  —= Me3|3—CH2—I~|4rM¢2
7 X

+ - _ - +
Me-_-,P—CHz—hlnlMez + CHy~PMey; -——== MePX +
X

Ve
CH;—— P
. _/ 2 4-\
Me P — CHy—NMe, ———a Me M ?Hg
<H CH, Mtdez (11)
2 B~p —cny”
|
Me,
22
Mey
. . ) -CH, CH2—5<
MesGa + Me,P—N—PMe,—CH, — = Mezsa\ s
CHy—
\"Mez (12)
23

(iii) Complexes of silicon

The major body of information on organometallic ylides revolves around
the Group 1V e¢lements, silicon, germanium, and tin [37—43). This is
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especially true because silicon has an exceptional stabilizing effect on the
ylidic carbon atom [44]. The effects of silicon on the ylidic carbon atom can
be summarized as follows:

(a} the stabilizing influence of Group 1V atoms on ylidic carbon atoms;

(b) the role of silicon in transylidation;

(c) the role of silicon ylides in synthesis.

The silicon effect

The introduction of a silicon substituent on a carbon atom a to an onium
atom appears to promote an increase of acidity for the protons on the
a-carbon atom [45,46]). Hence, treatment of such phosphonium, arsonium
[47] or sulfonium salts [48] with organometallic bases gives the ylide with the
silicon substituent directly aitached to the ylidic carbon atom

Me,P* —CH,—SiH, — Me,P—CHSiH, (13)
24 25
+ - HCl + — .
Me,S(0)—CH,SiR,CI- - Me,$(0)—CHSIR, (14)
26 27

In contrast to this, the deprotonation of onium salts that do not have Group
IV substituents gives ylides where the proton loss comes from the least
alkylated carbon atom

CH, CH;,
| —H l
CH,—P*—CH,—CH; - CH;—P* —CH,—CH, (15)
| l
CH, CH;
28 29
CH, CH,
| -H* l
CH,—S* —CH,R — CH;—*S*—CH,R (16
| l
0~ o
30 3

One obvious explanation for these effects is enhanced d-orbital participa-
tion by the heavier Group IV atoms which could account for the delocaliza-
tion of the ylidic electron pair [43,45]. Yet another possibility is based on an
electrostatic effect where the longer ylidic carbon—silicon bond extends the
electrostatic sphere of the carbonionic carbon atom with a corresponding
reduction of repulsive forces [44].
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Neither of these explanations is totally satisfying although photoelectron
[49] and *C NMR [50] spectroscopy seem to support these suggestions with
silicon, germantum, tin and lead substituents of phosphorus and arsenic
vlides.

Transylidation

Transylidation is the acid /base reaction between onium salts and ylide
pairs of significantly different acidity, or basicity and lattice energy dif-
ferences of the onium salts. This is a consequence of the carbanionic
stabilization of silyl substituted ylides and their homologs [51,52}.

In the following example

Et,P—CHCH, + [ Et,P—CH,—SiH,] €l - Et,P—CHSiH, + a7
32 Et,PCl- 33

the silylated ylide forms easily because the silylated onium salt has a much

higher acidity than the alkylated onium salt (Et,PCl), and the product

silylated vhide has a reduced basicity compared to the alkylated ylide
(starting material) {46,53].

Synthesis
Initiafly it appeared that pure salt-iree ylides could be prepared only by
desilylation of silylated ylides [36,48].

R,P—CHSIR), + R“OH - R,P—CH, + R’,SiOR” (18)
R,As—CHSIR’, + R“OH — R,;As—CH, + R/,SiOR” (19)
R = CH:, Csz, i'C3H7, I'I-C3H7, H-C4H9, CﬁH‘s

However, more traditional methods have been developed so thai a wide
variety of salt free ylides can be easily made and systematically studied.

Nevertheless, the silylated precursors are readily available in good yield
with an extensive variety of substituents, which can even be exchanged by
transilylation of a compiete silyl group [36,41,45,46,53,54]

, = . ~MeSial
R, P—C(SiMe,)SiMe, + 2 Mg, _,,SiCl, —

R,P—{SiMe, ,Cl, ,] n=234(m=n—1) (20)
+  — —2Me,SiICt .+ _
R,;P—C(SiMe,)SiMe, + 2PCl; — R,;P—-(PQCL,}, (21)

R ,P--CHSiMe, + R ,AsOSiMe, — R ,P—CHAsR , + R,SiOSiR, (22)

This reaction unites the principles of desilyiation with that of substituent
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exchange by transilylation {55—69]. With more complex reactants in the
silicon series, cyclic or branched systems can be made [70—721.

The interactions of silyl ylides with simple organic compounds bave not
been completely investigated. Indeed, carbonyl compounds when treated
with silyl ylides often do not give normal Wittig products with silylated
olefins. Instead, one observes desilylation [39,69]

3 Ph,CO + 2 Me,P— CHSiMe, — Me,PO + Me,SiOMe, + 2 Ph,C=CH,
+ Me, P(O)CH=CPh, (23)
Insertion products are formed with isocyanates, isothiocyanates and carbon
disulfide [73]

F'I'nl'\.ﬂe‘,_E'—(:H!-'sil\-'ha-3 + 2Pn—NCOC  ——a PhMezg’\E/CONHPh
| (24)

C
o
PANT TOsive,

On the other hand ylide derivatives of germanium, tin and lead dispro-
portionate to give disubstituted products [37,45]

2 Me,P——CHMMe, — Me,P—CH, + Me,P—C(MMe, ), (25)
M = Ge, 5n, Pb

Similar reactions occur with diazo alkanes [74}

Me,M—CHN, - CH, N, + (Me,M),CN, (26)

Carbonyl stabilized ylides aiso form compounds with organotin and
organolead halides. The 1:1 adducts have a completely different structure in
which the components are linked by the carbonyt substituents [75,76]
Ph,n—én\c/o—SnMeaa

|
e

The addition of trimethyltinlithium to triphenylvinyl phosphonium
bromide gives the metatlo-ylide [77]

PR P—CH=CHBF + MeySaL(  ——e—  PhyP—CHCH SAMe, (27)

o

Pr,® —CHCH, SaMe,  + d — OECH—CHZSnMe.! {28)
HE

Q:CH-—CHasnMe3 —_— - an:—cu, (29)

The relative ease of desilylation has been used effectively in the synthesis



of a bis ylide [78]
Me,P—CHSiMe, + Me,PF, — [ Me,P-—CHPMe,] F~ + Me,SiF (30)
[ Me,P—CHPMe,) *F~ + CH,Cl, — [ Me;P—CHPMe,] " CI~

5 (Me,P),C (31)

C. YLIDE COMPLEXES OF TRANSITION METALS
(i) Introduction

Perhaps the most exciting aspect of ylide chemistry is their use as ligands
in transition metal complexes. In a sense, ylides complement the extensive
literature of organophosphine complexes because a vanety of complexation
modes are now possible

~p CHa
_ LNy -

Ry P CHy——M {ref. 78)  CHi CHp ML BT tret79)
! | cHy”
M M

?
. CHz, . Ph Lk .
M—C—PR, (ref 80 M7 R (et an @-Pﬁs tret 82)

~Ph
v

Such diversity is possible because the ylide can be a neutral and an
anionic ligand. Moreover, the formation of the carbon—metal bond is
apparently compatible with both low valent transition metal complexes and
cationic complexes in higher oxidation states. This diversity makes ylide
ligand complexes versatile candidates for use in transition metal combina-
tions for catalysis [83].

(ii) Reaction pathways in ylide transition metal complexes

Displacement of coordinated ligands by an ylide with formation of a direct
carbon—metal bond

The alkylidenephosphoranes ar¢ among the most powerfut bases known
[84], hence the displacement of coordinaied ligands is not totally surprising.
Perhaps the most common ligand subject to displacement is the carbon
monoxide group. This group seems to be most easily displaced from low
valent transition metal complexes, especially from Group VIII transition
metals such as tetracarbonylnickel. Angelici [85) and Darensbourg and
Darensbourg [85] have proposed that CO ligands with carbon—oxygen force
constants near 18 mdyn A~ or CO stretching frequencies at 2000 cm ™' or
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above will be subject to addition rather than substitution reactions. Likewise,
complexes with carbonyl stretching modes below 2000 ¢cm ! like some nickel
and cobalt species appear to give substitution products when treated with
alkylidene phosphoranes. This is not a hard and fast rule, of course, and the
generalities with respect to kinetic factors must still be explored.

Interestingly enough Ni(CO), with alkylidene phosphoranes gives only a
mono-substitution product [86}

Ni{CO), + R35_ER'R~ - (CO),Ni—CR'R"PR, (32)
34

The structure of one such product is shown in Fig. 3 and clearly indicates
carbon—metal bond formation [87). Here the o-nickel carbon bond of
209 A is longer than other metal—carbon bonds and the
phosphorus—carbon distance of 1.83 A is longer than the same distance in
the free ylide, Ph, P CH, (1.66 A) [88]. Perhaps the reluctance of these
ylides to further subsntutlon is because the metal—carbonyl bonds are
extremely non-labile. This can be explained if electron density from the
ylide-carbon bond is delocalized by the carbonyl groups in such a way that
the nickel carbonyl groups are more strongly held to the metal atom because
of excessive back-bonding [87].

Another instance of carbonyl group substitution occurs in the cobali
group with triphenylphosphonio-cyclopentadienide [89]

PPiy
@'—— BPhy + CONCOl, —e Cotco).; Colcoy” (33)
35 36

The 7-bonded ylide dicarbonyl complex is an effective cyclotrimerization
catalyst. Similar carbonyl substitutions can be observed with: triphenylphos-
phoniocyclopentadienide, and the following metals [90]),
Ph,P—C,H M(COj};, M = Cr, Mo, W; Ph,P—C,H ,M(CO); PF; , M = Re,
Mn

Interestingly enough, Fe(CO), {91] and triphenylphosphonio-cyclopenta-

CI*‘S
CH
\m PCeHyls

1

Fig. 3. X-ray molecular structure of a nickel carbonyl ylide complex.
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dienide, do not give isolable products, and isolation of other metal carbonyl
adducts has not been reported. The success of this ylide as an effective agent
for carbonyl displacement probably comes from the 6« electrons in the
cyclopentadienide ring. This makes the system isoelectronic with benzene
and the numerous arene metal complexes [92] are only a prelude to the
possibilities envisioned with these aromatic ylides.

An unusual instance of carbonyl substitution occurs with Ph P—CHR
R = Ph, CH=CH,, CH=CHCH,, CH=CHPh [93). These complexes give
pentacarbonyl and tetracarbonyl adducts of Group VI metal carbonyls
{Cr, Mo, W) by refluxing the ylide and M(CO),. Again, these ylides act as
donor ligands by changing the hybridization of the ylide carbon atom from
sp - sg There must be a strong dependence on steric factors, because
CH,—PPh, gives no substitution of CO with M(CO),, M = Cr, Mo, W;
only addition to the carbonyl group is observed (cf. data above).

The interaction of bis ylides [94] with metal carbonyl compounds has been
investigated only briefly, although recent innovations in the synthesis of
these materials offer a better opportunity to study the chemical and physical
properties of these interesting molecules [95,96].

Actually, the molecules are unusual [97] but classical examples of phos-
phine complexes of “low-valent carbon”. This makes them excellent o- and
m-electron donor molecules (a rarity with ligands in organometallic chem-
istry) which can be best described by the following resonance forms

c? & .
R3P/ \Pﬁ,ﬁ/ \PRB R,p/m\"“ﬁn § o e Pn

37

The organometallic reaction chemistry of the bis-ylides seems to favor
substitution of CO with metal carbonyl compounds such as Co,(CO),,
Ni(CO),, and Fe,(CO), with the formation of direct carbon—metal bonds
[98]; this is at least true for R = Ph, {cf. data for R = Me}

PP
CiPPR3), + NilCOY ——= (CO} Ni—cTe
3 5 \PPhs (34)
38
PPhy
C(PPh3), + C0,CO), —®= (CO} CO"-CQ ColCOY,~ (35)
PPhy
39
o]
C{PPhy), + Fep{CO)y, ——e= (CONFe  _ _FelCOL
o (36)

PhyP " + "FPh,

40



There are additional examples of carbon—metal bond formation with
bis-ylides when olefins, phosphines and other weakly coordinated ligands are
removed from the metal atom. Thus the interaction of W{CQO), - THF with
C(PPh,), gives

i CO/,pPha
WO THE + PPy, ——= oeoRie (37)
a1 42 ot g
43

which rapidly absorbs moisture to give the isolable complex [99]

Ph  Ph
N
(COW —m—— O=F—C=pPr,
H

Clearly, two coordination sites are available on the central carbon atom,
but only one metal carbonyl moiety coordinates to the carbodiphosphorane,
probably because of steric constraints on the system. This does not mean
that such double coordination is impossible since interaction of C(PMe,},
with Me—Au—FMe, gives [100]

+ —
MeqF Ay —Me
CiPMe3), + Me—Au—PMe; —— s 3‘\‘:(
Me3P/ Ay Me (38)
44 45 486

Facile substitution of ethylene occurs with C,H,, - Pt{PPh,), and C(PPh,),
to give a complex with partial triphenylphosphine transier [101]

_.PPhy
PR3P /c’
CaHa PHPPNL), + C(PPh;), ——em Pt (39)
PP ppn,
47 42 48

The easy displacement of ethylene from platinum complexes suggests the
possibility of a similar displacement from other olefin complexes such as
If(COD)*PF, . Instead a facile intramolecular metalation occurs to give a
a-allylic complex [102]

THF .
IrCOD'PFg  + CiPPhg), ———= H—C(PPhg)z’PFﬁ'l + Ir‘(THF), (40)

49 50 =]

A similar effect is observed with Ir(cyclooctene); PF, . Extensions of this
idea to the interaction of C(PPh;), with Pt(Me,),-3 THF* PE; gives 2
series of o-metalated products and loss of methane in a complicated set of
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reactions [103]

PtiMe )" 3THFPFS + 3C(PPhy), —-—a H—C(PPhy* PRy

S2

PhyP

(li.'i'_'Pth
" © (a1)

c
PheP =" * “ppn,

CHy

53
Both examples of platinum and iridium complex interaction with C(PPh),
seem to be promoted by the o—n electron donor properties of the bis-ylide.

The bis-ylides (CH,),(CcH)5_ ,,P— C P(C H;);_,(CH,), exhibit an

ambident ligand behavior with organometallic compounds. Thus the type of
complex formed is dependent to a great extent on the central metal atom
and its ligands. For example, ii n =3 in the bis-ylide described above, the
product of the reaction with most metal complexes is a chelate complex [104]

4C(PMe;), + MCl, — e  2H-C(PMe,)’Cl

P  cHa—t (42)
™ = Ni, P9, Pt, Hg

54
because the chemistry of C(PMe,), is govermned by the prototropy {105]

+ 2- + + = *
|

~CH,
(CH,),P—CH, —P(CH,),
| |
“CH, ~CH,
CHy  CH,—FMe,
4CIPMey), + AuClMe, —m 2 H—C{PMe,)*Ci + CH:>A“<CH2—-—F}ETC02 (43)
55

Sometimes methane can be eliminated from the coordination spheres of



16

the complex particularly when the metal —carbon bond is very polar as with
GaMe, or AlMe; [106]

Me
CHs _/CHE—P\
C{PMe;), + GaMeyOFty -~ CHg/Ga\CH Pt_;c—H (44)
2_
56 Mre
57

Similar complexes can be formed if the central carbon atom of the bis-ylide
is replaced with a nitrogen atom as in [107]
. —a H3C\ /CHZ_F‘QEE
AMeP—NPMe, + [AuCiMe,], —= 2Me,P—N—PMeyCl + 2 | C/Au\CH _P%‘: (45)
3 2 2

58 59 60

Perhaps the most studied reaction of ylides and transition metal com-
pounds is the displacement of olefins, phosphines and their coordinated
ligands for the formation of carbon—metal bonds. This type of displace-
ment is often followed by transylidation, or reaction of the imitially formed
ylide metal complex with a second equivalent of ylide. This is illustrated for
the following set of transition metals, which emphasize the bond formation.

CH, CH,—Ag

—CH CH.
—ME4E’CI_ Nt NS

b £
2 Me,PAQCI + 4MeyP—CHp  — AN ) AN 46
2MesP oy’ CHp—Ag—CH  CHy (46)
81
62
amMe,As—CH, + 2Me,yAsagCl
—Ag—CH CH
CH3\* /CH2 ag EAN a
e VN (47)
CHy CHy—Ag—CH, CHy
N
2MesAs  + MeyAsCLT 63

In this case the ligand Me;,P is displaced by the stronger donor Mc3P CH,,
then the intermediate adduct Me,P—CH, —Ag—C1(64) is deprotonated by
additional equivalents of ylide to give the observed product [108].

The chemistry of gold has been expanded with this set of reactions to
form compounds with many gold—carbon o-bonds [109]

+ — — Me,P
Me—Au—PMe, + Me,P—CH, — MeAu—CH,~ PMe, (48)

65
Me;P—Au—Cl + Mcj’—EHz — Me;P—Au—CH,— E’Me3Cl_
- Me,P | CH,—PMe,
(Me,P—~CH, ),Au* Ci- (49)
66
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Yamamoto has shown that this type of ligand displacement can be observed
for the ylide (Me,N),P—CH,,
3(Me,N),P-—CH, + Ph,P—Au —Cl

— [{Me,N),P—CH,—Au—CH,—P(NMe,),] *CI~ (50)
Often displacement of a coordinated ligand is not necessary {o form a

carbon—metal bond. This is best illustrated by the following sequence of
reactions [109]

i
CHy—PMe, - N + -
Mey AuCl ——F———m= Me,Au--CH;— PMe; ———wm Me AUCH, —PMeCl
67 68
- +
CH,—Phie, _ .
Mey AuPMe, —————8= Mea Au—CH,—PMe,
69
A | -CaHg
al—csz
MeAuCH,— FMe,
70
B ]
CH,—AuU—CH
2 r
Ng/ Ngs 3 AutCH PMe,)) Cim -
/ N\ - S\ —Me Pl 2
CHy—Au—CH, 72
71
x
) G %2
CH,—Au—CH CH,—AuU—CH,
NS Ne” Nl Np/
VAN
7 \CHZ—?U—CHQ/ NS \CHz-—ﬁi\u—CHz
X H
74 73
CHa
CH, A 1
MeLi N AR CR +
74 —— - /P\ P Au(CHPMes}, %, Ct™
cH—au—cH,”
!
CHs 76
75
Scheme 2

An unusual complex with gold in a formal oxidation state II can be
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synthesized with ylide ligands [110}

Et CHy—Au—CH, Et
MelEt) P~ CH, + MePAuCt — - >‘\/ > (
CH;—Au—CH, Et
77 78

Xz

(51)

f

Et CH,—Au—CH Et
NS N
/P\ AN

E? CHQ—?U—CHZ Et

79

Silver(I) forms some similar complexes with yhdes as illusiratied by the
following equations [108]

2 Me,PAGC! + 4MeyP—CHy ————— F
V2RN : TN <
CH,—Ag--CH, (32)

Again these are substitution or displacement reactions which give com-
pounds of unusual thermal stability. Such stability far exceeds that of silver
alkyls.

Similarly copper ylide complexes of exceptional stability are formed by a
displacementi reaction. Secondary reactions of transylidation give the final
product [111]

MeyP—CH; + MesPCuCl ———= (MegP—CHzCo  CU (53)

81

CH,—Cu—CH
Wank u ./

Netp—Go—cry” (54)

82

* - -Me,PCL \
Cull + AMe,F—CH, —————= /

Among the Group VIII transition metal compounds, displacement of
coordinated phosphines and olefins is the most prominent reaction. Nowhere
is this more evident than in the case of nickel chemistry. Treatment of
bis(1,5-cyclooctadiene) nickel with Ph, P CH, gives Ni(PhCH,PPh,),
[87).

Presumably the cyclooctadiene is displaced to give Ni~ (CHZ—PPh:,)4
which then undergoes a Stevens-type rearrangement to give the observed
product



- +
(COD,NE + CHF—PPh; ——e= Ri(CHp—~PPhy),

a3
l H ey
B} . i ” {55)
Ni{ Ph—CHz—Pth,L —————— (Ph3P—CH2}3—N|¢-CH2
85 p—rn
Ph
84

Perhaps the reaction involves oxidative addition or e-metalation of the
phosphonium aromatic ring. Such a sequence is possible because of similar
observations in the platinum series {see above). The recent observations of
alkylidene transfer [112] (see above} to metals like zirconium {150), tantalum
[112] and iron [112] suggest that this might also occur with low-valeni nickel
compounds

RitCH,—fRn,)  ——w= PN P—Nie-CH, —

83 84
T H
- I "
CH,—= Niw— PPh, Ni+—PPh,
insertion (I:H Y —
Into P—C band 2 i 2 (56)
CHy—Ph A
as 86
87

In this_respect it is interesting that the interaction of Ni(COD), with
CH T— PMC3 gives only Ni(PMe,), as the isolated product [86,113].

Perhaps this type of rearrangement is not too different from the migration
observed in new bis-ylides [114]

CHy GHs CHa
‘; + C. /C
o p?  pen, M e e, pPnMe — e Php?  PphMe
2
CH;  CH, CH;  Ph cHe
. Ph
88 89 20

Nickel, palladium and platinum(II) halides with their phosphine adducts
offer the best examples of novel ylide one-center and two-center chelate

structures. Almost all of these reactions involve multiple transylidation steps
[115]

- P
(Megp}zuiC'lz + 4CHz; —PMey; ——e Me, PCi +



[

CH;z CH
92
™ r
e\P/ e
Cﬁ \CH CH ]
[}
Me\F,/CH“\NI./ 2 R S
N
me” Neny” ery oz ery” e
D X
N
MMe' Ma
Ni— feH, Me
93 ;P(
Hi— 4 CH3 Me
r-3
94

Frequently the coordinated phosphine is displaced along with concurrent
transylidation [116]

.
. . ~Meyp Cl  fCHPmes

{Me;PLNICI, + 2CH—PMe; —————@= N1 cl (58)

2 AN

Me, P CHp~—PiMe,y
g5
+
N -MeyP CHB\ /CHZ—PMEI )

(MesPLNI(CH)Cl + 2 CHi~PMe; — - [ ct {59)

i
heyP CH;—PMeq

96

CHI\_/PMea

(MeyPLNIHCH,), + CHI—PMe, —— = C'l_‘;/r«.\“‘zmE'Me
. 97

Some interesting aspects of ylide coordination arise when the phosphorus
atom has sterically demanding groups. The principal Yyhde capable of il-
lustrating these steric effects is (CH,),[(CH,),C);,_,P—CH, where n=
0, 1,2[117). .

Whereas the less bulky ylide Me,P—CH, forms a complex variety of
isomeric complexes (see above), this bis-t-butyl ylide n =1 gives a single
product, by transylidation

(60)

hd
4 (Me3CLPMe—CHy + {MeyP)LMCI, ——-

CHz CH;
STOINLSON

2 (M C)P(ME)ICI™ + 2MeP  + (MeCHP{ M PeMey), (61)
CHa CH.

2

98 99

M=Ni, Pd
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With platinum, however, the salt half-complex is obtained [118]

MesC, /CHZ\ F'Me-3 )

mec” \CH -~ \ e, ¢ (62)
100

unless the lithiated ylide is treated with bis(1,5-cyclooctadiene) platinum(Il)
chloride [118,119]

* - -
2 {Me,C) PMe—CH, + {Me,P}PICI, —w {Me,C) PMe ™ +

Me,C CH, CH; CMe s
. . NG AN AV Ng 4
2 (M CYLPICH, LI + (CoHy, IPtCL, —e 2LICt + CgH,, + /P\ /Pl\ / \ (63)
Me, C
101

CgHyz = 1,5-cyclooctadiene

Olefins are often much easier to displace from metal atoms and there is no
re-association with the metal as there often is with phosphine complexes.

Some additional examples of steric control of transylidation can be
observed when the phosphorus_atom is_part of a heterocyclic nng sysiem.
Here the interaction of [CH,] 4P(Me) CH, or [CH,] SP(CH }—CH,, gives
multiple chelates with palladium{II) chloride but monomenc [117] complexes
with nickel

CHy GHa—PI—Cty (64)

MP{ + (Me PLAGC ~aMea” AN P
L] o
I oG 5 fory 1 Pive g0 I !
CH CHz CH2

102 g")

103
CHj
r/
CP\ + (Me3P),PACL

cH; )
(=]
104 \ H2C< ;CHz
2

1 i {65)

CHa
a1cHy), B+ (MePLNICl, ——m 2(CHp) P(Me),CIT + MeyP
CHy
e CH
S T B, (66)
\-.____./ Hz CHz N~

=4, =5 106
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Transylidation does not seem to occur when Me,Pt™ PF; is ireated with
three equivalents of CH,— PP]:;3 Ethane and methane are the gases evolved
with formation of a cyclometalated complex

tMe,PtPF,” + 3CH, —PPh, — == MeaPt(CHZ—PPh3];PF6'
107 108

l—czHa y SH,

(67)

+, -
fipnyp—cH, WPt PPR TRy
Ch,

109

Treatment with Ph, P— EDz and mass spectral analysis of the evolved gases
shows no deuterlum incorporation. Treatment of Me,Pt* PF, with one
equivalent of CH2 Pl='h3 gives only methane as the evolved gas and

[PtCH,),CH; — Ppha@ (THF), 1 PRy

Although the presence of methane can be explained by o-metalation of the
arylphosphine system, the processes of ethane formation are less clear. This
is especially true because the steric influence of Ph, P CH, has not been
assessed [119].

At this point some mention must be made about the thermal stability of
ylide complexes. Most of the complexes previously cited are very stable
thermally. For example, Me; PCH,TIMe; decomposes above 100°C whereas
TIMe, is very unstable thermally. In another example MeAuCH ,PMe, and
Me, AuCH,PMe, are very stable thermally, but Li{[Me, Au] and Li{Me, Au]
are very unstable thermally.

Since one of the most important pathways for o-carbon—metal bond
decomposition is B-hydride elimination [15], ylides are an ideal ligand for
carbon—metal bond formation because the onium group is in the B-position
to prevent fB-hydride elimination. The high thermal stability of
{Me,PCH,),PtMe, compared to Li,[PtMe,] and Li,[PtMg] is probably
related to the presence of the onium group instead of the highly charged
metal cation. The onium group prevents S-climination from the ylide ligand
which in tum would generate coordination sites on the metal for ligand
decomposition. In all the peralkylate compounds the charged metal cation
can assist the removal of alkyl ligands electrostatically. This can promote
decomposition because coordination sites on the metal are open for further
ligand reactions.

The ylide ligand, on the other hand, is such a good electron donor [84)
that it effectively reduces the charge on the metal atom and the onium group
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is so far removed irom the other ligands on the metal that no effecuve
generation of free coordination sites on the metal surface is possible.

In reality the ease of olefin and /or phosphine displacement from transi-
tion metal halides makes many ylide complexes available for synthesis. For
example, the oligomeric tetrakis(methoxycarbonyl)palladiacyclopentadiene
readily reacts with triphenylphosphonium cyclopentadienylide [120]

+ h—
Fh, P + Fa d —_—
-
Palc,coMe), ]

110 RN 112

(68)

Bis{alkyiphosphonium} ylides can be obtained by the following series of
reactions [121]

+ I'b:F&l -
2 [RyP—CH~CH=CH, | x” —E—Ram [RyP— CH,—CH=CH, ] Pa,C1¢"

13 14
l (69)
NagAc /medH
':j_'-'—-i;dxz
‘PPRg
115

Sulfur ylides of marginal thermal stability can be treated with complexes
to form stable ylide derivatives

Mey§—CH,
Me,5—CH, + CODPACH, ———e= Shal e / (70)
22T r 2
17 \1/ \cuz—émz

16 17

and a wide variety of complexes can be generated with keto stabilized ylides
[122].

The generalities of the neutral ligand displacement by ylides to give new
complexes with carbon—metal bonds can be easily extended to other
transition metal systems. Grey and Anderson [123) have shown that the
neutral olefin complex need not be displaced by basic ylides with a minimal
steric requirement

CHy
» -/ Nx
[tcopirnel], + cHy—Pme, —e Mey PCH + CODRM PMe,
A N eng” {71)
118 119

However, treatment of the cyclooctadiene complex with CO gives a mixture
of materials [123].
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CHy oc CHz
conﬁn( PMe, + CO  ——— >Rh< "/‘*FMEZ
CH2 oc CH,
120 H 121
ey
P
.
{COLRN" RO(CO;

|
CHz /CH;.
:
Mes
122

Sterically demanding ylides also give similar complexes, as shown in
Scheme 3. However, there is no oligomerization of the ylide ring system
except for the phospholane homologue [124].

fcoornc], + a{MeyClPMe—CH, ——mm (MeyC)PME,CI™ +

118 123 124
CHy
(CODIRN] '/P(CMEg)z COD = 1,9 -cyclooctadiene
CH,
y 125 WP
oc CHy CHz
>ﬂn< >5tcme3)2 (Me3P)2Rh< NbicMes),
oc CH, CHy :
126 127
Ante — & CH
4(CHp) PMe—CH, coorn” TNp
~(CHy) PMeS I Neny”
{coprnci] 128
2
* _
4 (CHzlPMe—CH
20 e [coprnichy, P )]
- {CHy} PMe S Cl” 2n
129

n=4

Scheme 3

While these examples show the potential for making low valent ylide
complexes of the cobalt group by substitution of neutral ligands, high valent
complexes of cobalt are particularly stable and can be prepared by trans-
ylidation methods [125]

CHs CH3
ME3P\ i /CH3 2 Ery— 5Ma;, MeJF'\ R /CHQ.\ s
/CO\ —_— /Co\ PMe,
MeyP | PMe, me, P | CHa/
Br CHsz (73)

130 131
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Interestingly enough methyltetrakis(trimethylphosphinejcobaly(I),
CH,Co(PMe,),, gives no substitution of Me,P with CHz—-PMe3,
CoCl{(PMe, ), gives the following products

- +
CH;—PMe; - .
2Me,PCoCl ——— " COCLICH,—PMe,), + CO(PMe,), + -

132 133 134 (74)

The dichloride complex can also be synthesized from anhydrous CoCl,
and CH,—PMe,. Since Me,P can be metalated with alkyllithium com-
pounds, some new approaches to ylide complexes exist [126)

RP—CHy + t-CMgli —== Li—CH—PR,

13% 136

ltMe3P}3CoC!

(75)

CHgz

(MeaplaCo/ |
Prde

137

In a series of papers Karsch [126] has shown that the synthesis of Fe(PMe,),
gives an equilibrium mixture which can react via ylide type products. In the
foltowing example, alkylidene transfer is possible but the iron—alkylidene
moiety is 100 unstable and picks up a hydrogen atom to form a methyl group
(cf. Sharp and Schrock [143]).

i
L CH;
e
Fe{PMey) [ — |
o4 L/l \PMEZ
138 L L = PMe,
139
CH,!
MeP H
Sigee o
AN 1 e,
L ~
141 140 Pres
* (76)
CHy
e ot
\Fe/

142
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In other instances iron ylide adducts can be prepared as shown in the
equation

C;H,L,(THF)* PF; + CH,—PPh, — [C,H,L,CH,—PPh,JPE;  (77)
143 144

There is no displacement of ligands except the weakly coordinated tetrahy-
drofuran (THF) molecules. Two aspects are significant about this reaction
(127:

(a) the THF adduct is critical to the success of the reaction because the ylide
will not react directly with (h’-C.H,)FeL,]; (b) there is no evidence for
transylidation of the ylide adducts.

The most probable reason for non reaction in part (a) is the mode of ylide
synthesis via [CH;PPh;]Br and n-butyHithium. This gives the adduct
Ph P——CH2 LiBr which reacts differently from pure CH,—PPh,. In con-
trast, Knoll [128] obgerved that °-C,H Fe{CO}, I reacts readily with lithium
halide iree CH,—PPh, to give non-transylidated adducts which can be
converted to BF;” or PF; salts. Transylidation of ylide adducts with aryl
ligands on phosphorus is rare. There seems to be no basic reason why
complexes such as

. Fehy
o -C5H§)FeL2-C\H

145

could not be isolated provided proper conditions and choice of L are used.
When ylides are used to synthesize organometallic complexes with
carbon—metal bonds there must be some concern about interactions with
the coordinated ligands on the transition metal atom. This is particularly
true when transition metal complexes to the left of the cobalt group are
being uged. If parucular care is exercised, the interaction of Re(CO)Br with
CH,—PPh, gives a transylidated product and no CO addition {cf. ref. 10!}
/I;F'hg
\H

- - -
He(CO}gBI‘ + 2CHy—PPhy ——a= (CO)SR!—C

146 147

+ FPhyPCH; B~ (78)

Furthermore, treatment of (1°-C;H,)Mn(CO),THF with CH,—PMe, gives
displacement of THF and formation of the ylide adduct [129]

(n’-C;H,)—Mn " (CO),CH,—PMe,

148
More recent work by Knoll [128] shows that alkylidene transfer can occur
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with (7°-CH,C,;H )Mn{CO}, - THF and gertain ylides. Thus, the isolable
complex, (%°-CH,C,H Mn(CO),CH(Ph)PPh, loses triphenylphosphine to
give a nonisolahle alkylidene intermediate which eventually forms a

o
q H
(7%-CH C gH, N (COL,CH{Ph) PPR, === {n5-CH3C5H‘}I\'4n=C<
Fh
c
149 150 9o
. -
Phy,P—CHPh

H
(N5-CH,C.H, MR —C L CH(PH) BPh
375 4 l ~\ 3

s (79)

25 -CHyC H MR {COL.THF

¢

rn'5-(.‘.H:,(.‘.E,H‘f'ﬂ'l"!E(.‘,()I!zF’F’i’=3 + R’-CH3C5H4+MPh(HJC=C{H)Ph}
152 & 153
manganese stilbene compound. The triphenylphosphine lability of (-
CH,C;H ,)Mn~ (CO),CH(Ph)PPh, can be demonstrated by treating it with
PMe,. Here the triphenylphosphine group is readily substituted by trimethyi-
phosphine,

{(w*-CH,C;H,}Mn~ (CO),CH(Ph)PPh, + PMe,
154
— {%’-CH,C;H, )Mn ™~ (CO),CH(Ph)PMe,
155

The lability of the C(ylide)—P bond is more likely affected by greater
electron density on the incipient carbene carbon atom ie. (-
CH,C;H )Mn* (CO),—CH—Ph rather than (%*-CH,C;H )Mn"~
(CO),— CH—Ph. Greater electron density on the yhde carbon would pro-
mote loss of nucleophilic PPh,. A similar reason can be proposed for the
non-lability of C(ylide)—P bonds in other metal carbonyl adducts ie.
(CO)M™ —CH,—PPh, (M =Cr, Mo, W). Here the predominant reso-
nance form of the incipient carbene is (CO)};M™ —CH,. The carbonyl
groups can remove excess electron density on the metal atom by back-bond
formation. Therefore, the nucleophilic phosphine will remain coordinated to
the ylide carbon atom.

By far the most studied examples of transition metal ylide complexes are
those with chromium, molybdenum and tungsten. The facile displacement of

(80)
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cycloheptatriene from cycloheptatrienemolybdenum tricarbonyl gives a sta-
ble ylide complex [130]
C,HgMo(CO), + 3 CH,CH—PPh,, — (Ph,P—CHCH, }, Mo{(CO), + C,H,
156 157

(81}

Under certain conditions with specific ylides, displacement of carbon mono-
xide can be observed with multisubstituted metal carbonyls [131]

C,H; = cycloheptatriene

CHR—PPh, + M{CO), —» M(CO);CHR —PPh, + CO (82)
158 159 160
M=Cr, Mo, W

R =C,H,, CH=H,,
CH=CHCH,, CH=CHPh

CHPh—PPh, + M(CO), — M(CO)_,((_ZHPh—f’Ph3)2 +2C0 {83)
161 159 162

CH,=CR—CH—PPh, + M(CO),

163 159
- M(CO),(CH,=CR~CH— PPh,)M(CO), (84)
164

The easily displaced THF molecule in Cr(CO); - THF gives the ylide com-

plex [132] R

Cr(CO), - THF + CR(R’)—PPh, 'Tz-;c (CO),Cr— (% — PPh, (85)
165 166 167 R

R,R'=H

R=H, R =CH,

R, R’ = CH,

A variation of this theme has been reported by Knoll in which halogenated
metal carbonyl compounds give substitution products [133]

[ BICHCO)J NEt, + CH,— PPh, ,(CH,), — NEt,Br
168
+ (CO);Cr~ — CH,—PPh,__(CH,), x=0,1,2,3 (86)
169
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[ BrCr{CO)4[N(C, H,)}] + CqH,CH—P(CH,),_,(CH,),

168 170
~{N(C,H,)J Br + (CO)sCr—CH(C,H,)— P(G,H,),_ . (CH,),
171
+ {CO)Cr~ —CH,— PCH,C,H,(C,H,),_,(CH;), y=1,2 (87)
172

The ylide is strongly bound to the metal complex since further substitu-
tion of CO is possible

(CO)sEf_CHz_fJ(CsHs)z—x(CHs)l ¥ P(CéHS)I"y(CH3)!+y
173 174
— CO + ¢is{CO),C P{C.H, ), ,(CH,) .} — CH,P(CH ), (CH,),,,
175
(88)
x=2,1,0 y=0,1,2

In some cases where an ylide function is adjacent to a phosphine, the
phosphine displaces the THF [134]

Cr(CO),THF + Ph,P—CR—PPh, —» Cr(CO);P(Ph,)—CR—PPh,  (89)

176 - 177
Very few examples of this are known and the generalities are not certain, -
When methylenetriphenylphosphorane is treated with Cr{CO);PPh,, the
triphenylphosphine group is displaced [101]
Cr(CO),PPh, + CH,—PPh, —» Cr{CO},CH,— PPh, + PPh, (90)
178 179

The displacement of such weakly coordinated ligands can be also ex-
tended by using other ylides like

Q

CH
- | =3 - I,
_ —5t 138
Er—5{ and  CH—S NMe, [132]
CHa L
M(CO}THF + CH !c!‘ 1] ¥ L (91)
}5 -+ o— l — Me‘z — {CO}sM_CHz—?—NMQZ
CH3 CHy
1831
180

M = Cr, Mo, W
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v
M(CO),C,Hy + CH, — *S —NMe,
180 &Hs
o]
- (CO)M~— | CH,— g* —NMe, (92)
H, 3
182
C,H; = cycloheptatriene
0
M(CO),THF + CH, — |§I —Me, > (CO}M~—CH,— g —Me, (93)
180 183

M==Cr, Mo, W

In some of these complexes, however, the sulfoxonium ylide can be
displaced by a phosphine as described in the following set of reactions [136]

(C0O),CiCH,—S(0)Me, + PR, 2 (CO);CrPR, + CH,—S(0)Me,  (94)
CH,— S(O)Me, + PR, 2 CH,— PR, + Me,S=0 (95)
(CO),CrPR, + CH,—PR, - (C0),Cr— CH,—PR, + PR, (96)

O
— f

Displacement of CO is the only reaction observed when CH,— S (Me), is
treated with Cr, Mo, W carbonyls in the presence of UV light {137)

ether "
M(CO), + 2 CH;—SMe2 > M~ (CO),|CH,—* § —Me,| +2CO (97)
180 2
184
M=Cr, Mo, W

Apparently the sulfoxonium ylide is not sufficiently basic to interact with the
coordinated carbonyl, or if it does the adduct is unstable and CO is
eliminated (cf. data above).

There are some additional examples of neutral ligand displacement in the
Group VI transition metal series. One such case involves treatment of the
cumulated ylide, Ph, P C—C=0 with metal carbonyls [138].
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O
4
/C
- - -
M(CO?sL + PhyP—C=C=0 ——= (CO)SM—(li/ +

185 PPy
186

(98)

M = Cr, Mo, W
L = CHaCN

Here the ylide displaces a weakly coordinated ligand to give the C-bonded
ylide complex. In some instances this complex can lose triphenylphosphine
and the ketene moiety in the presence of suitable trapping agents. Thus,
cumulated organic compounds can be prepared.

Knoll [128] has also shown thai (7°-CgH4)Cr(CO), - THF readily forms
an ylide complex by displacing the weakly coordinated THF

7°-C(H,Cr(CO),THF + Ph, _(CH,) P— CHR
187
— 7%-CgH,Cr(CO),CHRB(Ph),_, (CH,), (99)
188
R=H,x=0,1,2,3
R=Ph,x=1,2,3
Perhaps some of the most interesting chemistry in this group comes from

the treatment of R,Cr{THF), and Li,CrR, with phosphorus ylides. These
reactions can be described in the equations below [139]

RyCRTHF), + 3RyP—CH,
-3 RH
189 \
CH
/ CRe _pn

. Cr p"“Ph
LinCrRg + 3RPCHRXT  ———— {100)
190 TERH
%
3 (Me),P(CH,L LI + CreIfTHR), 192
191

The dissociation of phenyllithium from Li,CrPh, allows one to isolate an
intermediate product {139] from the interaction of Li,CrPh, and [(CH,),P)*
Ci~.
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A similar molybdenum product can be obtained in the same manner [139).
Li,Mo,{CH;}; + 4 Me,PCl - Mo,{{CH,),PMe,],, + 8 CH, + 4 LiCl
194 195 (101}

A recent X-ray molecular structure of the chromium complex shows it to
have the shortest chromium-chromivm bond thus far observed [140]. By
comparison [Cr,(CH;), 147 is 1.980 A, [Cr,{0,CCH,;),J(H,0), is 2.385 A,
[Cry{allyl),] is 1.97 A.

1805 & |||1CHE\ ~ ) 196

One additional example of ligand displacement is noted here because it
illustrates the strong donor characteristic of the ylide system to transition
metal atoms.

W{(CH,=CH—C(O)CH, ), + 3 Ph,P—CH,
197
W(CH,—PPh, ), + 3 CH,—CHCOCH, (102)

198

The methylvinylketone ligand is completely displaced by the alkylidene
phosphorane in such a way that the displaced ketone does not react with the
ylide [141].

The Group V transition metal complexes offer intriguing examples of
ylide reactivity. Initial attempts to form carbon-metal bonds with for
example, [TaCp,Me,]" BF;” gave instead deprotonation of the primary alky!
a-carbon atom [142]

CHy CHa
[eotal  J eF + cHi—Pme, —= sefBR + CpTal
LN A ; 3 4FBFRy 2!? (103)

3 CHx
199 200

One might imagine that the ylide would form a bond to the tantalum so that
transylidation might occur
CH, .
CpgTa—— CHy —— PMeBF,
CH3

20

because the central methylene protons would then be between a cationic
phosphorus atom and a high valent metal atom. This should make the
methylene groups very acidic. This apparently does not happen because of
steric crowdmg around the metal atom. In any case, the interaction of
TaCp,(CD,); BF, with MesP —CH, to give TaCp,(CD,}CD,) and the
preparation of TaCp,(CH,)CH,) with the hindered base LiN{SiMe,},
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suggest that the metal atom is not attacked [142].

The 16 electron complex *“TaCp,Me” can be readily generated from the
18 electron complex TaCp,(L)Me (L = C,H, or PMe;) photochemically and
thermally. Treatment of this complex with Me,P generates the alkyhdene
complex by transfer of the alkylidene moiety to tantalum [143])

CH2—53Me3“ Patst
- - -
"TaCp,Me " + CH,—PMe; —i= "sz‘fa\ — - CpaTa< + PpMey
CH CHy {104)
202 203 204

This is the first concrete example of alkylidene transfer [143]. Other
examples are shown below

TaCp,{PMe,Ph)Me + CHPh— PMe,

205
— TaCp,{CHPh)Me + PMe, + PMe,Ph {105a)
206
TaCp,{PMe, )Me + CHMe— PEt , » TaCp,(CHMe) + PMe, + PEt,
07 08 209 (105b)

Interestingly enough these tantalum alkylidene complexes are the only
derivatives where the alkylidene carbon atom has enough electron density so
that it behaves as a Lewis base. Most of the other examples in the Group
VTa series for instance are electrophilic. Indeed, the ready alkylidene transfer
from phosphorus to tantalum may depend on the fact that the phosphorus
alkylidene species bear a much higher negative charge than the tantalum
alkylidene moieties {cf. section C(ii), reaction of ylides with coordinated
ligands).

Alkylidene transfer does not occur with some tantalum carbene com-
plexes, but a-hydrogen atom abstraction can readily occur to give carbyne
compounds [144]

Pide,
TaCp{(CHCMe,}Cl, —  Cp(Me,P),CiTa=C—CMe, {106)
C F 3

210 211
Although some alkyls of the early transition metal series are notably
unsiable to thermal decomposition, the ylide derivatives of titanium,
zirconium, and hafnium are relatively easy to prepare and have good thermal
properties [145].
For instance, TiCp,Cl, and ZrCp,Cl, form complexes
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L. /CHQ-—-—ﬁMe3
CPMCL, + 2 CH,—PMe, ——m- Cp,M{ . + ac”
CH—Piey (107)
212 213

M= Ti, 2r

On the other hand, treatment of either TiCp,Cl, or TiCp,Cl with
R,P(CH,}Li, (R = Me or Ph) gives a chelate complex [146])

co.TiC)
L RaPICHZILI kAN
cp,Ti /FMEZ
. =Lict \CHZ
eoic (108)
214

A nitrogen ylide gives a similar chelate

L
. + =+ RLi ./CHe—P\
CDZTICI' + Me3P—N—ITMe2 T CD:TI\ N + RH
- 1

3 CH— P

CH LN
) Mez 109
215 216 (109)

Scandium and vanadium chelate ylides are similarly obtained,
ScCp,(CH,)PR, (R = Ph, Me) [146,147]; VCp,(CH,;)PR, (R = Ph, Me).
In ¢ ‘atrast to these results, treatment of CH,—PMe, with T{NMe,),Cl,

Ti{NM 1, or Ti(NMe,), gives cyclic structures which have a counterpart
in the . ;try of silicon and tin ylides [148]
TitNMe;),Clp ’
3__. (Me,PCH, L TIINME,).Cly
Ti{NMe ;).C) 217
l- Me, PCL”
EMEa
N
tMeau)zT|\c/-r.(NMe2)2 (110)
]
Py
218
— +
Another multibridged titanium complex is formed with CH,—PMe,
Mea
~
[ g
. CHAO i 2| _ccH
{MeOLTICI + CHy —PMe, —a= ? Srico—nl 7
CH0 |\?/| OCH; (111)
219 CHp CH2 chy,
~
P
he,
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The X-ray molecular siructure shows this to have bridging ylide and
methoxy ligands instead of metal—metal bonds like the chromium and
molybdenum compounds with bridging ylide ligands.

When ZrCp,Cl, and HiCp,Cl, are treated with excess CH —PPh3 at
room temperature, ready transylidation occurs to give the complex [149]

H
1
—p 7 N8 PCH,CL™
Cp,MCl; + CH, —PPhy ———®= CpyM PPhy + Phy N

M =2y, HE o (112)
’ 221

The X-ray molecular structure of the complex shows an approximately
tetrahedral arrangement of ligands about the zirconium atom, with the
shortest Zr—C bond length thus far reported. The hydrogen atom H(50) is
not significantly out of the Zr—{C(50)—P plane which means there is
probably some overlap of the 2pz orbital on the alkylidene carbon atom
with zirconium 4-orbitals. This could explain the observed hindered rotation
abous the Zr—C(50) bond.

Reactions of this ylide zirconium complex have been imited to treatment
with CO. This readily occurs across the metal-—carbon rather thamn
carbon—phosphorus bond

Fig. 4, X-ray molecular structure of *y-biscyclopentadienylzirconiumalkylidenephosphorane.
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- + /CI
Zl‘CpaCICH—-F’PhB + CO — - CDEZF'\ _ .
C—CH—PPhy
221 y (113)
aikylidene
222

The displacement of neutral ligands from zirconium has also been ob-
served [150]

ZrCp,(PMe, ), + CH, — PMe, — Cp,Zr{CH, }PMe, + 2 PMe, (114)
223 224
ZrCp,(PPh,Me), + CH, — PPh, — Cp,Zr(CH, )PPh,Me + PPh,Me + PPh,
225 226
(115)

Carbon o-bond lanthanide chemistry has been advanced in recent years
with the synthesis of ylide complexes. Schumann has shown that the
anhydrous lanthanide chlorides give tris ylide complexes according to the
following equation [151]

- - +
MCly, + 3 CH;—PMe, —— MICH,—PMe )Cly —m—=

CHz
M{CH,—PMe,)Cly + nBuLi ——a= M o >PM’2) (116)
227 : 2
228

In addition, treatment of Cp,UCl and Li(CH,),PPh, gives a series of
complexes [152]

CpUCI + Li(CH,),PPh, - CpjU—CH—P(CH,)Ph, (117)
229 230 231 green complex
CpUCI + 2 Li(CH, ),PPh, — red complex {118}
232

The green complex is easily converted to the red complex by treatment

n5—Cp3u<‘,’\cyPPnzcn,
i
H

Fig. 5. X-ray molecular structure of *n-tricyclopentadienyluraniumalkylidenephosphorane.
Y
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with Li(CH,),PPh,

Cp0-CH—PICHyIPh, + Li(CH,)LPPR;  ———= CpyUICHPPN,CH,LUCD,
231 232 red complex
Phg
/p
™

Cp,V

(119)

CH, >CH
i

<H CHg

PR
\P/
|

232 Phz

The green complex like the ylide zirconium complex in Fig. 4 has the
shortest uranium—carbon bond length known, 2.29 A. Like the zirconium
complex, 231 forms an acyl complex when treated with carbon monoxide. A
third gold colored complex can be formed by treating CpUCl with
Li(CH,),PPh,

Cp,UCI + 3 Li(CH, ),PPh, — CpU[ CH,CH,PPh,] , + LiCl + 2 LiCp (120)
233

cp
CH2\|/CH;\

ProP PPhy
e 7\
CH, CHy
[
[
Phy
233

Reactions of ylides with transition metal coordinated ligands

Although most ylide transition metal complexes are noted for their
thermal stability, the interaction of these compounds and the interaction of
yhdes with coordinated transition metal ligands offer exciting possibilities.

One of the first examples of ylide reactivity with a coordinated ligand is
with metal carbonyls. The metal carbonyls of Group VI give a facile addition
across the C=0 bond, followed by transylidation to give the salt [98,153]

o

MICO), + CHz—PPhy —m {co:-sm—c< Peng

CHz/
234
1CH;—5Pn, {121)

[e) .
[lcoim— c\< . 1[PenacHy]
?—Pphz,

H
M zCr, MO, W, Fe 235
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The addition of ylides to the carbonyl group of transition metal carbonyls
can be related to the force constant of the CO ligand. Angelici [85] and
Darensbourg and Darensbourg [85] have proposed that CO ligands with
force constants near 18 mdyn A~! or CO stretching frequencies at 2000
cm~! or above will be subject to addition. This seems to be the case for
metal carbonyls of chromium, molybdenum, tungsten and iron, whereas
other carbonyls in the manganese, cobalt and nickel groups give substitution
products. In reality, all of the metal carbonyls may interact to give addition
products but kinetic factors will decide whether metal—carbon or
carbon—carbon bonds are formed

o° *
_ Ve : -CO o — -
M{COlg + CHz—E’Pha —=  (COIM—C( PPh e (COj M—CM;—PPhy
CH, 235
234

(122)

Ch-Fen,

/0
[{Coism—c\\\CH . r‘3] [Pn._,;cr-u,]
The LiBr adducts of (_JHz—f’Phs give precipitates of Phj’CH 3Br~ and the
ylide carbonyl adduct is isolated as the lithium salt. This is probably due to
the greater insolubility of Ph,PCH;Br~ in THF [98]

o
. . - = s i+
2 Phy—CHy-L1Br + WI{CQ), ——e= Ph,PCH,Br + [(COIW—C Li
3 L-Liar {CO), 3 £| [¢ s %CH—-E'Ph] (123)
236 *
237

The phosphonium salis of the metal carbonyl ylide adducis can be easily
alkylated to give carbene-adducts [98]

o
ECO}‘FE'—C\< . T [PrgPer,]
CH—PPhy
238
/OCH3 . _
{CO),Fe _C\EH—EPns + [P Peh,][0s0,ch, ] (124)
239 - 240

A more recent and intriguing example of intra-molecular alkylation in-
volves the interaction of metal carbonyls with CHSlMe3 PMe3 [154]
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o
M(COY, + CHSiMey—PMe; — o= {co}sm—c/ \ .
CHSiMe,— PMey
4 a
241 242
G ) /O-Sl'Me:‘] )
(€O, M—C 125
5 N pmey (125)
|
H
243

Nickel tetracarbonyl only forms on the complex, (CO);Ni—CHSiMe,—
PMe, + CO.

Blau and Malisch [155] have recently shown that ylides will add to the
carbonyl group of methylcyclopentadienylmanganesetricarbonyl. Interest-
ingly enough, the acyl ylide complex is in equilibrium with the starting
material

CH3

F A +
C7 e _cu—
S ol 'V'C CHy—PMe,

CH3 e
/ + - 245
UR MeP—CH, _ .
N CH,—PMe;
Oc c CO
o]
CH3
244 +
.PMe-4
- + h Mn
Chy e, - -
MeC5H4(CO)2Mn—CH2—PMe3 —— ’_}C——CH—PMQ
O
247 246
M.,;J
M, PEL'I™ + MeC H MN{CO
Scheme 4 3 sHaMN(CO),

Photolysis of the acyl ylide phosphonium salt includes carbon monoxide
elimination to presumably give the manganese substituted phosphorane [156]

CH3 CHa
.
Pvel v PMe,

N N
- _ T = -
OCC/ >C—CH—E’ME3 Océ:/ CH—PMey .
o e
. (126)
= MezP—CH,

- *
taeC HL{C Oiz rMn—CH,— PMe,

which deprotonates the tetramethylphosphonium cation to give EHz—l;Me3



n% - CeHMatCO), Mn

c
(1.3 \\ +

?ﬁf*a
Ma

Fig 6. X-ray molecular structure of *g-cyclopentadienylmanganesecarbonylylideacyl com-
plex.

and the ylide coordinated manganese complex. Treatment of the acyl com-
plex with MeOSO,F is shown in the following equations where both ylide
carbon and acyl oxygen atoms are alkylated,
— + MeSO,F
[ CsH,,Me(CO),Mn—C{O)CH—PMe,] PMe, anesor
248
— i MeSO,F
C,H, ,Me(CO},Mn—C{OMe)CH—PMe, —

249

— + Cﬁ z*ﬁMeg
[ C;H Me(CO),Mn—C(OMe)CHMe—PMe,| SO,F~ -

250
[ C,H,Me(CO),Mn—C(OMe)CMe—PMe, + Me, PSO,F| (127)
251

An X-ray molecular structure analysis of the alkylated acyl ylide complex
shows the predominant resonance form to have substantial carbon—carbon
double bond character [157]; presumably this also holds true for the previ-
ously described addition adducts of chromium and tungsten [98]

The scission of other groups from substituted ylides shows the versatility
of the ylide reagent with metal carbonyl compounds. Such novel structures
suggest possible uses of ylide reactivity in organic synthesis [158}

- :
(MeySN),C—PPhy + Fey(CO), — i (Me;Sn)Fe(CO) + Fey(COLCICHOIP(PNCeH) + CO

252 253 254 255

c/e\ o (128)
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Some preliminary attempts have been made to use ylide—metal carbonyl
chemistry in organic synthesis. Alper and Partis [159] treated Fe(CO); with
p-XC,H,CH—PPh, (X=H, CH,, OCH,;} in THF. The products of the
reaction are cis- and frans-stilbenes, Ph,PFe(CO}, and Ph,PO.

When X = H only frans-stilbene is obtained but when X = CH,, OCH,,
the major product is cis-stilbene. The nature of this reaction is not yet clear,
but it does suggest that a variety of ylides can be useful in the preparation of
selected small organic molecules.

Substituted metal carbonyls are also subject to carbonyl attack to give
acyl complexes [160]

[ (#°-C,H,)Fe(CO),| PF;” + 2 CHR—PPh,
256
= (7°-CsH, )Fe(CO),—C(O)—CR—PPh, +[ Ph,PCH,R| PF;  (129)

257
R=H,CH,, Ph

Even with the varied examples of carbonyl addition by ylides, there are
other instances where this does not occur as for example [161]

7°-C,H,Mo{CO),SnMe, + 2 CH,— PMe,

258
— [ *-C;H;Mo(CO);H] + Me,P—CHSnMe, (130)
259 260
7°-CsH,M(CO),H + CH,—PR, » [ R,PCH ][ v*-C;H,M(CO)]]  (131)
261 262

In the last example the ylide behaves like a base and removes a hydrogen
atom as a proton to give a salt.

The first example of a Wittig reaction with a coordinated carbonyl group
is the product isolated following treatment of C(PPh,), with M(CO),Br
(M =Mn and Re). Presumably the reaction proceeds according to the
following pathway [98,162]

o
rs - _ +
CPPh3), + MICOLBr ——a MICOJBr—CL PPy —a= PRyPO + MICO)BrC=C—FPh,
S ppny

263 264
M 2 i, e (132)

Another more recent example is shown by the following equation [163]
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Q FPhs
N : —PhPO
2PNN—FHRy + PACl, + U0 —tam Pa—C—npn ITMR
265 266
- & Co . - 4
[PRR—PPRyPacicN—Ph]  ——a '[(PRR—FPh, )] Pact,ico)] {133
267 268

Here a coordinated isccyanide is formed.
Another recent development has been addition to coordinated niiriles

(164]
(CO)Cr-N = C-R + CH,—PPh, — (CO);Cr NH=CR-CH-PPh,
269 270 (134)

The ylide adds to the nitrile carbon atom which is electrophilic because of
the positively charged, coordinated nitrogen atom. Hydrogen transfer occurs
to give the imine coordinated ylide.

Other coordinated ligands interact equally well with ylides {165]

(CO),CrP(C,H;),Cl + CHR—PPh,

27
> (CO)sCrP(CH,),CR—PPh, + Ph,PCH,CI" (135)
M2
(CO),FeP(C,H,),Cl + CH,—PPh,
73
-» (CO),FeP{C,H,),CH—PPh, + Ph,PCH; CI (136)
274

The interaction of ylides with transition metal olefin complexes usually
results in the displacement of the olefin by the ylide. This is not the case,
however, when HOs;(CO),(u-CH==CH,) is treated with Ph,PCH, - NaBr
[177

o 5

h\ VA

(C03305 Os{CO), + PMFCHyNaBr ——e— (CONOs Os(CO),

CH=CHg CH

D75 ((tsﬁzﬁzﬁpha
25 276

.
[eH=CH—CHPPRy ] BF; + HOs,(CO)

277 278

Scheme 5
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Perhaps one of the most intriguing recent applications of yiide complexes
has been the treatment of Cr{(CH,),P(CH,),]; with acidic hydrocarbons.
This can be described in the following way [139]

CH.
- CHa ¢ CHy - iy
cr F + R—H S/ Cr—CH,—P{CH,)
S 1 L 2
CHy CHg i} (]37)
3

279 280

The reaction is very specific with phenylacetylene

_ CH; CH3
a >E< + 3 CgHgmC=C—H ——w= (CgHC=CHCHCHPMe, ]
CHg CHy 5

(138)

281 ’ 282
and suggests that suitable ylide complexes can be important in carbon-hy-
drogen bond activation.

The displacement of a cyclopentadienyl ring in the reaction of nickelocene
and methylenetriphenyiphosphorane is an additional e¢xample of strong
carbon—metal bond formation with ylides

— + NH_PF,
NiCp, + CH,—PPh; = [ Ni(CH,PPh, ),Cp] PF, (139)
283 284

NMR results suggest an increased electron density at the nickel atom of the
ylide complexes, compared to phosphine complexes [166].

Ordinarily organophosphines will interact with carbene complexes at
elevated temperatures to substitute a carbony! ligand or even a-carbene, but
secondary phosphines will form ylide complexes instead [167)

OCH,
i
(C0O),Cr—C(OCH,)Ph +HPMe, - (CO);Cr” — C—PHMe, (140)
I
Ph
285 286 287

Subsequent experiments showed that the ylide complexes with tertiary
phosphines could be prepared at low temperatures and that these would
rearrange to carbonyl substituted derivatives at higher temperatures [168)

OCH,
—20°C
(CO),M—C(OCH,)Ph + PR; — (CO)M —C—— _P*R,

288 289 Ph

M=Cr, W 160-80°(cont’ next page)



44

¢is(C0) Cr—C(OCH, ))PhPR,
290
trans{CO),Cr—C(OCH, )PhPR,
20
trans(CO},Cr(PR,), {141)
292

Even selected alkylamines will coordinate to the carbene carbon to form
nitrogen ylide complexes [169)}

) = Py
(COICP—CIOCH PR + N7 SN —w (€0, Er—CIOCH PARY SN
S S

(142)
293 294 295

Ylides such as EH2—~13Ph3 will form complexes with carbenes; these
complexes can be decomposed thermally to give vinyl ethers

(C0):Cr—C(OCH, )Ph + CH,—PPh,

296
— (CO);Cr— C(OCH,)Ph — (CO),CrPPh, + CH,=C(OCH,)Ph (143)
CH,—PPh,
297

Since (CO);CrPPh; can be recycled with CO to give Cr{CO), and thence to
form more carbene complex, this reaction represents a useful synthesis of
viny! ethers [170].

D. NOVEL APPROACHES TO YLIDE COMPLEXES

A recent approach to ylide complexes has been the nucleophilic attack of
phosphines on coordinated olefinic or methylenic complexes. For instance,
stopped [low measurements of R,P to the ethylene ligand in [CpFe(CO),n*-
C,H,|* show second order kinetics [171]

c© o

Cp—-Fe{—CO + RyPp  ——= CDFe/—CO
Ha CH,—CH,— PR
HZC/C F F3 ) (]44)
298 299

Other examples include the interaction of phosphines with [C,H,Cr(CO),
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IBF,. Here there is direct attack on the ring rather than the metal atom to
give a phosphonium salt [172,173]

H
-
PPhy

P
ot -
s

300

Ruthenium and rhodium complexes also can interact with phosphine to
generate ylide phosphontum complexes [174]

+ +
i PRy PMe3 | PFg

Ru

AN
MesP " 0 CaHe Me,P cIH3 C,H PMe, (145)

301 302

Co

[CpRh(PMes!ZCZH‘T [F'F6]2+ N ——= [CoRn{PMe;) C HN] [PF6]2

303 304

{146)

Nucleophilic attack at the carbon atom of complexed acetylides can also
give ylide complexes as shown in the following equations {175]

Ph

49/ €ronP P
N\ c=C
L]
c OJBFe< /Fe(CO}3 + P{OR), ——= {CO),FeiT‘;Fe(CO}g
Phs Ps (147)
305 306

Direct interaction of the phosphonium salt {Pﬁj’—c = C—HiBr with
Cp,Ni and Fe(CQ), gives the ylide complex as a tetrahedral cluster [176)

Ph

Similar cluster ylide complexes are observed with osmum [177]



<o)
(8314 (80
H \ / H \
(co;sos\/ \Os(C0)3 + PMe,pn ——e= (50)305< \os(C0)3
C”\/ ?”/ (148)
Nen, GH:
+
308 Pie, Ph

309

Here, an ylide forms the basis for modification of carbon bonding in a
cluster compound; surely ylides can be valuable reagents to introduce carbon
atoms in transition metal cluster compounds.

Some of the most novel syntheses of ylide transition metal complexes have
been observed with bis(n-cyclopentadienyl}tungsien compounds. The
synthesis of [W(n>-C;H,),MeL]PF,L. = C,H,, Et,S or Ph,P compounds
and treatment with PMe,Ph or PMe, gives the ylide complex [W(x'-
C,H,),H(CH,PMe,]"PF, . If L is ethylene a longer chain ylide can be
formed.

HC, *

X (CH, ) PRy
szw/ Hz  pp- L — CD2w< * PRy
CHy CHj (149)
310 3N

Elimination of ethylene can give a 16 electron complex [178] which can
give different ylide compounds.

L*
CpaW PFg” L= PRy
Nen,
312
* J,C”z
Cp,Ww—CHS ———™ Cp,W
NH
313 314
cHst /cnzpn;
Cp,W PFg Cp,w PFe
Neg, NH
315 316

Scheme 6 .
Attempts to prepare ylide complexes by treating Cp, MCl, (M = Mo, W)
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with EHz—ﬁPh3 gives iniractable products oiten with loss of a cyclopenta-
dienyl ring [179].

A similar lack of identifiable products is observed when Cp,W(SMe,)Br*
PF,"; Cp,W(SMe,)CH; OSO,CF; or Cp,WH"OSO,CF; is treated with
CH,—PPh, [179].

The cationic carbenes of rhenium offer synthetic approaches to onium
ylide complexes {180]

Py +
CpReNOPPh,CH? PE” > CpReNOPPh,CH,— PyPF; (150)
l 317 318
PPh,

CpReNOPPh,CH,— PPh,PF,

319
and an iron cationic carbene compiex also forms an ylide complex with
triphenyiphosphine [181]

*
EPh;

( JFelCOLCR ) on- PPhs @:j—Fe(cozacn PR
[::I] © (151)

320 321

A rather unusual approach to some ylide complexes of cobalt has been
reported by Klein et al. [182]

PM"Z-‘\
— {ME:,PJaCO Co(PMe332

bares (152)

(MegP) CONK + NiCL(PMey),

322 323 CHa

324

Treatment of Pt{PPh;}, with chloroiodomethane gives an ylide complex
directly [183]

P¢(PPh, ), = Pt(PPh,), + PPh,

325 326
| 7183
+
s

B

N,

Fig. 7. X-ray molecular struciure of iodobis(triphenylphosphine)methylen-
etriphenylphosphoraneptatinum{II}.
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PPh, + CH,Cli — [ Ph,PCH,CI|1

327 s
Pt(PPh,), + [ Ph;PCH,CI} I - cis| Pt{PPh,),(CH,PPh,)CI 1 (153)
329 330

This type of reaction simplifies the preparation of ylide complexes be-
cause the intermediate alkylidene phosphoranes do not have to be used in
the synthesis,

This idea has been extended to include other compounds

Pt(PEt, )}, + CH, I, — trans-[ Pt{CH,PEt,)I{PELt,),] (154)

KC)| 332 333

Apparently an intermediate halogenoalkylmetal is formed which is then
converted to the ylide complex [183).

Another facet of ylide chemistry must include the compounds formed by
treating platinacyclobutanes with Lewis bases [184]

CHa

. ‘l:' cH cl
-~ 2
CIpPt SeHy + L o e Nep

]
, —- L—i?t-rTH—CHrCHan

“CHPn - L'/<!:| “CHPR" L4
(155)
334 335 336

Here, loss of L is promoted by a-elimination from the platinacycle.
E. SYNTHESIS OF YLIDE COMPLEXES ViA TRANSITION METAL CARBYNES
Whereas the treatment of carbenes with organophosphines will give ylide

complexes that have tetra-coordinate carbon, carbyne complexes give trico-
ordinated ylide compounds [185]

Oc _/Co /F’Mez
BriCO)Cr=C—CgHCHy + PMe; ——== Br—Cr‘—c\
337 o T o (156)
338

but the corresponding tungsten complex gives carbonyl substituted products.

_ Prtey
BACOLWSC—CgHCHy + 2PMey, — - Br(CO)[PMes Jw—C{
CgHaCH,
339 340

pm;/
P

e

-/ 3

er(cOo) [PMe, J w—C
2 E
2 DCgHLCH, (157}

341
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A wide variety of Lewis base ligands can give various substitution prod-
ucts; for example, triphenylphosphite with a chromium carbyne gives carbon
monoxide substitution instead of yhde formation [186]

Br(C0),Cr = C—C,H, + 2 P(OPh), — Bi(CO),P{OPh);Cr = CC,H; (158)

342 34 3

Cationic carbyne complexes interact by forming ylide derivatives with
phosphines instead of phosphine coordinated to the metal atom [187]

CegH
=/
[CeHelCOLTr=C~CeH  ]BCY, + PMe; —= [CHICOLEr—C,

5
b, ] ecy (159)
345 346

Thus the higand in the trans position to the carbyne ligand will often
determine whether ' or 7% keteny! complexes, dinuclear complexes with
ylide bridges or metal substituted phosphorus ylides will form. For example
[188])

0
&
C/

&
= )
75-CHglCOLWEC—CgH CHy + 2PMey —— RO-CHJCONPMELW—C

CgHCH, 160
347 348  p'-ketenyl complen ( )
- PAeg
CeHCH
OC@C/ sHalH3 o Oc@co
\w/l » g
P o~
Me,F c Me,P c
3 =0 : Ve —cHCH,
349 350

However, the cationic complex #°-C;H(CO),Re = C——C,SIJ-'I5 gives a metal
substituted ylide compound [189]
,C6Ms
n2-CgH(COLRe=C—CgHI BCl + PMe, — [ns-C5H5(CO}zRe—-E\+ :| B,
PMe, (161)
351 362

This cationic complex can add more phosphine ligand to form the
bis-ylide adduct

PMe.? Phe;
s M I
CgHgtCO),Re = BCIT + PMe; s CHy(CO)Re—C— Ty’ Bl
CgH
& PMe, (162)
353 354

or treatment with MeLi will give a complex that has the methyl group on the
ylide carbon

C,H,(CO),Re=C{C,H,}PM&,BCl; + MeLi
355
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*PMe,
l
— C,H,(CO),Re — C—CH, + LiBCl, (163)
I
356 CaHs

Again this supports the X-ray diffraction results which suggest extensive
delocalization of the ylide negative charge to the rhenium atom (see above)
[189].

When the trans ligand is another metal atom, a bridged structure forms

[150]

+
CGHS\. /FMez
(CO)LRE—(COIW=C—C,H, + PMe, —= (CO}Re/ ““‘*-wrcm
=) 4 T &5 2 \C/
164
357 X (164)
358

At this juncture it is interesting to compare the carbon—metal distances in
the metal substituted ylide complex of

+
P L

[5-CsHgcorre =c{ 1" oy with tnose ot a5-Comgtctize—E 4
CeHg PPy

359 221

The rhenium complex (359) shows a carbon-metal bond length of 1.97 A
and a carbon-phosphorus bond length of 179 A. The corresponding
zirconium complex (221) shows instead a much longer carbon- 2rconium
bond of 2.15 A and a carbon-phosphorus bond of 1.71 A. The considerable
shortening of the rhenium-carbon bond can be ascribed to overlap of the
filled p-orbital on the ylide carbon atom with unfilled orbitals on the
rhenium atom and the positive charge of the rhenium atom. Thus, the yhide
carbon atom although traditionally negative, is converted into an electro-
philic center by the rhenium atom. Hence a completely different set of
reaction chemistry can be expected from such a system. Indeed such exam-
ples illustrate a potential vaniety of synthetic possibilities by substitution of
the ylide hydrogen atoms with transition metal atoms.

F. BONDING IN YLIDES

in conjunction with the versatile reactivity of ylides, their structure and
bonding have evoked, considerable interest. X-ray molecular structures of
stabilized ylides, Ph, P— CH,, have been discussed by Bart [191] and these

confirm the plananty of the methylene hydrogenatoms, or approximately sp?
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hybridization on the ylide carbon atom. The '*C NMR spectrum and
(B C- lH)(Me,jp CHz) {149 Hz) also support the hypothesis concerning
the highly negatively charged phosphonium substituted carbon atom [192].

Of course this leaves open the delicate question of which resonance
structure R;P=CH, (A} or R P——CH2 (B), best describes the bonding in
these compounds. The P—C bond length in Ph, P— CH, is 1.661 A and the
sum of the Pauling double bond radii is 1 665 A suggesting that there is
considerable dr——pm double bond character to the P—C bonds. Neverthe-
less recent calculations show that the P—C rotational barrier is very small
(3—16 kcal mole™') and the ionic bond order is very high. The electron
density maps of H,P—=CH, for example show only minor changes with
d-orbital participation. Hence, the preferred elecironic picture of phosphorus
ylides is most likely the polar resonance form described in (B) {193].

G. CONCLUSIONS

The Wiitig ylide is a reagent which after thirty-three years still remains
one of the tred and true compounds used to make olefins from carbonyl
compounds. As just recognition for the manifold application of the Wittig
reaction and recognition of its usefulness in chemical synthesis, Prof. Wittig
received the Nobel Prize (1979} in Chemistry. Now a new vista has been
establhished for alkylidene phosphoranes and hopefully new avenues of
synthesis with transition metal organometallic compounds wili be dis-
covered.
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