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A rearrangement of transition metal acetylenic n-complexes into compounds 
with vinylidene n-iigands has been established. Compounds CpMn(C=CHPh)- 
(CO), and Cp2Mn,(@=CHPh)(C0)4 with terminal and bridging phenylvinylidene 
(benzylidenecarbene) ligands respectively were obtained from the sr-complexes 
CpMn(CO),(PhC=CR) where R = H, Ph,Ge or Ph,Sn. Reactions leading to con- 
version of the terminal C=CHPh group into a bridging ligand and vice versa were 
studied. Under the action of L = Ph,P, (Et0)3P or (Ph0)3P, substitution of CO 
groups in vinylidene complexes takes place and compounds CpMn(C!=CHPh)- 
(CO)L are formed. IR, ‘H and 13C NMR spectra of the novel complexes are dis- 
cussed. The data obtained indicate an electron-withdrawing property of the 
C=CHPh ligand and stronger bonding of this ligand to the metal as compared 

with a CO group. 

Introduction 

[ 

R 
Vinylidenes (methylenecarbenes), >C=C( 1 R’ 

, which are unstable in the 

free state, form stable complexes with transition metals. As carbonyl and iso- 
nitrile groups they are two-electron donors and may act as terminal and bridg- 
ing ligands. 

There have previously been reported only complexes of iron, molybdenum 
and tungsten with diphenylvinylidene [ 21 and dicyanovinylidene [ 3,4], obtained 

* For iart I. see ref. 113. 
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respectively by the reactions of dipheny&tene 

Ph#=C=O + Fe(CO)5 “z Fe2(~-C=CPh2)(C0)8 

(NC),C=CC!l, + 2 NaFe(CO)&p 

(NC)zC=CCl, + NaM(CO),Cp -, 

CpM[C=C(CN)z1(Lz)(Cl) 

+ QG'e2Cp--(==C(CN)21 (COY, 

(Nc),c=c(cl)M(coj&p +2L_ 
-3 co 

or dicyanodichloroethylene: 

(M = MO, W; L = Ph3P, (R0)3P, Ph&, etc.) 

In preliminary communications [1,5] we have described the formation of com- 
plexes CpMn(C=CHPh)(CO), and Cp2Mn2(~-C=CHPh)(CO)4 with a new phenyl- 
vinylidene l&and in the reaction of CpMn(C0)2(THF) with,PhGCI-I and deter- 
mined their structure by X-ray study. In CpMn(C=CHPh)(CO), the vinylidene 
carbon-metal bond has a double order and the practically linear Mn=C=C frag- 
ment represents a me%Wlene system. Complex Cp2Mn&C=CHPh)(CO),: con- 
tains a bridging vinylidene ligand supporting the Mn-Mn bond. 

ti the present paper we discuss in more detailed the preparation of cyman- 
trene derivatives containing phenylvinylidene ligands, the properties of CpMn- 
(C=CI-iPh)(CO), and Cp,Mn2(~-C=CHPh)(CO)4 and the reactions of these com- 
pounds with R,P molecules where R = Ph, 03% or OPh. 

Results and discussion 

We first discovered the rearrangement of the r-acetylene system into a metal- 
allene fragment while studying cymantrene derivatives containing n-acetylene li- 
gands. 

JR . 

M- 111 

‘2” 
McC---_C 

\ 

(1) 

XR 
R 

M = CphIn(CO)2 ; R = Ph: R’ = H. Phj Ge, Phg Sn 

Formation of unstable CpMn(CO)z(HC%2Ph) (I) during the photochemical 
reaction of cymantrene with phenylacetylene in cyclohexane was reported in 
[S]. We studied the photochemical reaction of CpMn(CO), with PhCSCH in THF 
and additionally obtained three novel stable manganese compounds that are 
formed according to Scheme 1. 

The yields are relatively small and depend on reaction conditions and treat- 
ment of the reaction mixture. The amount of complex IV increases with the 
temperature and reaction period, whereas the ratio of compounds 1 and II main- 
ly depends on the basicity of the aluminium oxide used for chromatography of 
the reaction mixture. 

. irrespective of the reaction and separation conditions, the reaction mixture 
contains about 70% of the initial cymantrene. This apparently is due to decompo- 
sition of I under normal conditions with formation of i-aqdination- and elec- 
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SCHEME1 . 
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&on-deficient [CpMn(CO)J species and its reaction with CO, present in the re- 
action mixture (Scheme 2, reaction A). Similar formation of cymantrene with a 
considerable yield as a result of r-ligand elimination was observed for CpMn- 
(CO),(ck-cyclooctene) [7].’ 
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Complex II with a phenylvinylidene n-donor ligand is formed by rearrange- 
ment of the phenylacetylene n-complex I * (Scheme 2, reaction B) that proceeds 
mainly on Al& at pH 9-10. It was established from IR spectra that in a neu- 
tral medium reactions A and B proceed simultaneously, rearran gement B how- 
ever being much slower than the decomposition of I. 

Complex III with a bridging C=CHPh ligand is a derivative of II but is not 
formed directly from I. 

Binuclear compound IV can be obtained in good yield by treating I with a 
water/alcohol/alkaline mixture (Scheme 2, reaction C). 

It is of interest that treatment of the irradiated CpMn(CO)s and PhfZCH re- 
action mixture with acetic acid unexpectedly yielded complex V with a new ole- 
fine n-ligand (Scheme 2, reaction D). This compound is not formed by treating 
II with CHsCOOH. Presumably, V is formed from I, although addition of acetic 
acid to r-bonded acetylene without elimination of the ligand has not been previ- 
ously observed, so far as is known [S]. 

T?e reaction of ethylcymantrene with phenylacetylene proceeds similar to 
Scheme 1. However, EtC5H,Mn(CO)z(HCZCPh) (VI) and its vinylidene isomer 
EtC,H&In(C=CHPh)(CO), (VII) are less stable than I and II respectively and, 
as yet, have been characterized only by their IR spectra. 

We have shown previously [9] that in the reactions of CpMn(CO)?(THF) with 
Ph,EC=CPh where E is an element of Group IVB, compounds (II) and (IV), 
along with acetylene complexes, are formed according to eq. 2. 

The stability of CpMn(CO)2(Ph3EECPh) rr-complexes sharply decreases in 
the order E = Si > Ge >> Sn, while the yields of II in the reactions of the cor- 
responding acetylenes with CpMn(CO), (THF) increase in the reverse order. For 
E = Si complex II was not obtained, and for E = Ge and Sn the yields of II are 
1% and 15% respectively. 

lbe n-acetylenemetalallene rearrangement may proceed through intermediate 
formation of cs-phenylethynyl complexes, as in reactions of oxidative addition 
of PhCZH or PheCSnR3 to complexes of Group VIII metals [lo], and with 

i 
* I was identified by the IR spectrum iz~ the 2200-1600 czn-l region. that exhibits a v(CX) band at 

1840 CITX-~ and v(C0) bands at 1981 and 1921 cm-l in cyclchexane which are close to the v(C0) bands 
of CpMn(CO),(PhC=CPh) at 1983 and 1922 cm- I_ We were unable to obtain the IR spectrum of pure 
I as samples of I always contain admixtures of II and CpMkNCO)3. 
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subsequent addition of a hydrogen atom to the P-acetylenide carbon (eq. 3). 

Hydrogen required for the formation of CpMn(C=CHPh)(CO), from the CpMn- 
(C0)2(Ph,EC&Ph) complexes is evidently provided by the solvent. 

CplMnz(~-C=CHPh)(CO)s (III) is formed from CpMn(C=CHPh)(CO)z (II) 
both in solution and in the solid state. In solution of II at 2O”C, after several 
hours admixtures of III and cymantrene are revealed by IR spectroscopy and 
TLG. Increase of temperature accelerates formation of III, and IV appears in the 
solution. The yields of III, however, are very small during decomposition of II 
due to slow abstraction of the C=CHPh ligand from II and to low concentrations 
of the intermediate [CpMn(CO),] species in the reaction mixture. 

Complex III can be obtained in good yield by the reaction 

CpMn(C=CHPh)(CO)z + CpMn(CO)?_(THF) ‘THF) > Cp,Mn,(p-C=CHPh)(CO,) 
2&C. 5h 

(11) (III) 
Conversion of the terminal C=CHPh into a bridging ligand probably occurs 

via formation of the n-complex VIII (eq. 4). 

(m) !zz! 

The suggested coordination of the Mn=C double bond with electron-deficient 
organometallic species is confirmed by synthesis of [Cp(CO)2~InC(CO)CHPh]- 
Fe(CO),, in which the whole Mn=C=C fragment is incorporated into the r-li- 
gand bonded to the iron atom [ll]_ 

Physico-chemical characteristics and analyses of the compounds obtained are 
given in Table 1. II readily dissolves in all organic solvents, and sublimates in 
vacua (with partial deco,mposition). III hardly dissolves in aliphatic solvents, 
and dissolves readily in polar and aromatic solvents; it slowly sublimates at 
120-14O”C/l X lo-’ mmHg.’ Binuclear complex IV is only slightly soluble in 
benzene, THF, and CHtC12, insoluble in CSz, acetone, alcohols, etc. and is prac- 
tically nonvolatile. III and IV gradually decompose in solution; in the crystalline 
state tinder normal conditions they are, unlike II, stable for a long period. 
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The structures of the compounds obtained were confirmed by IR and NMR 
spectroscopy, and interesting data about the novel phenylvinylidene ligand were 
ob+G.ned. IR and PMR data are also given in Table 1. 

The IR spectra of CpMn(C=CHPh)(CO)z (II) in solution reveal two absorb- 
tion bands of CO stretching vibrations (A’ and A”) of equal intensity in accor- 
dance with locai symmetry C, of the CpMn(CO)z group. On the basis of the IR 
spectrum of II and data published on other CpMn(CO)& cyrnantrene deriva- 
tives we were able to estimate the electronic effect of the new C=CHPh ligand. 
Table 2 presents v(C0) frequencies of several CpMn(CO), L complexes and the 
force constants of the CO bonds calculated from these frequencies. Interaction 
of the CO modes with other molecular vibrations were neglected in the calcula- 
tions. 

On the basis of the Kc0 values presented in Table 2 the ligands may be 
arranged in decreasing order of electron-withdrawing properties as follows: 

soz > cs > 
,H 

C=C, 
/Ph 

Ph 
> AsF, > CO > PFs > PhC=CPh > C, 

Ph 
> PPh3 

Thus, phenylvinylidene is among the ligands with the highest i-r-acceptor ca- 
pacity _ 

X-ray study of Cp,Mnl(l.r-C=CHPh)(C0)4 (III) established that ligands are 
trans-arranged in CpMn(COfz fragments in relation to the IMn-Mn bond [l]. Ac- 
cording to the local symmetry C Zh of the [CpMn(CO)& fragment, with trans- 
arrangement of the ligands only two CO &etchings should be present in the IR 
spectrum corresponding to out-of-phase vibrations of the two M(CO)z moieties 
(A, and B,). In the presence of a bridging C=CHPh ligand the local symmetry is 
lowered and the appearance of one or two more Y(CO) bands may be expected. 
Since they correspond to A, and B, vibrations forbidden for CZh symmetry, 
their intensities should by considerably less than those of the A, and B, bands. 
Indeed, two strong bands at 1953 and 1928 cm-’ and a weak band at 1983 cm-’ 
were observed in the IR spectrum of III in cyclohexane, and this also confirms 
the retention of the trans-structure in solution. 

Identification of v(C=C) bands of phenylvinylidene is complicated by the addi- 
tional presence in the 1650-1500 cm-’ region of phenyl absorption bands. 

We were unable to record Raman spectra of II and III as they decompose in 
the laser beam. The Raman spectrum of CpMn(C=CHPh)(CO) [P(OPh),] (XI) 
shows a strong line at 1590 cm -i that may be tentatively assigned to the vibra- 
tions of the C=C vinylidene bond. In the IR spectrum of CpMn(C=CHPh)(CO)z 
(II) three intensive bands were observed in the same region at 1640,162O and 
1592 cm-‘. one of which apparently belongs to C=C vibrations of the vinylidene 
ligand while the others correspond to vibrations of the phenyl ring. The inten- 
sive band at 1550 cm-’ in the IR spectrum of Ill we assigned to C=C vibration. 

The structure of II and III was also confirmed by i3C NMR spectroscopy 
(Table 3). In the 13C-{ ‘H) NMR spectrum of III two signals of Cp-ligand car- 
bons and four carbonyl signals were observed, and in the ‘H,_NMR spectrum, 
two signals of cyclopentadienyl protons. This indicates asymmetricalarrange- 
ment of Cp and CO groups in relatio,, T to the C=CHPh ligand both in crystal 
form and in solution. The signal of the Cl-atom of C=CHPh is sharply shifted 
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TABLE 2 

STRETCHING FREQUENCIES AND FORCE CONSTANTS OF CO GROUPS IN Cphin<CO)2L COM- 
PLEXES ‘ 

I.&and L v<CO) <cm-‘> 
(in cydohexane) 

Ref. Kc0 (mdn/A) 

SO? 2028.1969 = 12 
cs 2012.1962 b 7 

/fi 
c=c_ 

Ph 
2009.1955 c 

AF3 2006.1953 13 
CO 2034.1949 14 
PF3 1996.1938 13 
PhC-=CPh 1983.1929 c 

_Ph 
C’Ph 1977,lws b 15 

PPh3 1946.1880 14 

aBenzene solution. b Hexane solution. CT’his work. 

16.15 
15.96 

15.88 

15.84 
15.81 
15.64 
16.41 

15.34 

14.80 

TABLE 3 

I% NMR DATA3 FOR PHENYLVINYLIDENE DERIVATIVES OF CYK4NTRENE AND CpRe- 
~C=CHPhMCO~-. b 

Complex CsHs co cl=@- 
C(jHg 

-H 

=key C,rtho auJ 
Cmeta 

CPU, 

88.18 226.70 379.54 123.54 133.4 128.84 124.39 125.30 
(179.4) (158.7) (159.7) (159.9) 

88.98 235.53 284-16 
(179.4) 234.07 

88.65 232.41 
(179.4) 229.16 

90.37 198.55 329.49 119.49 128.66 125.53 124.88 129.52 
(180.7) <155.6) <160.0) (158.7) (158.7) 

125.22 140.4 128.48 126.08 147.00 
(150.4) (159.0) (159.0) (159.4) 

a 13~ chemical shift (6 (ppm)) d 
stants (Hz). b Ref. USI. 

omnficld from internal TMS: in parantheses. the J(I%--‘H) toppling con- 



downfield +I 11 and g thusproviding reliable identification. In spectra recorded 
without 13C-1H spin dec&upling the C* signal of vinylidene for both complexes 
is a doublet that does not show any widening due to long-range spinspin inter- 
action and, therefore, straightforward assignment of this signal is also possible. 

KMR data for CpRe(C=CHPh)(CO)2, an analog of II, are given for compti- 
son. The signal of the Q-ring carbons is shifted downfield by -2 ppm in the 
case of the Re-complex as compared with II, whereas the CO and C’ signals are 
strongly shifted upfield by -28 and 50 ppm. respectively. 

It was of interest to determine whether the reaction of phenylvinylidene de- 
rivatives of cymantrene with RsP molecules proceeds with replacement of the 

C=CHPh or the CO group. It is known that in complexes CpMn(C0)2L such hy- 

drocarbon Kgands (L) as carbene C, -;; 1q nlolefines 1.17 ] and x-acetylenes 

including PhC%C!H [6] are replaced by triphenyfphosphine. 
We established previously [18] that the reaction of II with RsP (R = Ph, EtO, 

Phc)) without UV irradiation proceeds in unusually mild conditions (pentane, 
2O”C, 5 h) with substitution of one of the carbonyl groups (eq. 5). This is ex- 

+ R,P - I + co 

R p/“y-c\c<H 
3 

co 

Ph 

(5) 

(II) (Ix-33) 

(IX:R=Ph;X:R=OEt;ZG:R=OPh) 

plained by the effect of the electron-withdrawing C=CHPh ligand. UV irradia- 
tion noticeably accelerates the reaction (5”C, 1 h). 

Conversion of bridging vinylidene into a terminal ligand was first observed in 
the interaction of III with PhsP (eq. 6). This reaction proceeds only under UV 

Ph-C---H /-x _ 

ii /T 

ocL4nLLt4” 3 ’ L 2 pa p 

<yy7 
,++ 

hY 
M” i P-! n (6: 

ci .‘\ / ice 3 (benzene) i j \_ / 
(-J‘ co co ?h3P g,_ L.+..r/” 

/ f ‘12 1 
CC i .FL~ 

cc 

-‘\ \ 
tizI> i’?i 

=!? 

irradiation and much more slowly (2O”C, 5 h) than formation of IX from II in 
similar conditions. Presumably, in the first (slow) stage dissociation of the Mn- 
Mn bond and one of the p-C-Mn bonds takes place with formation of CpMn- 
(C=CHPh)(CO)* (II) and [CpMn(CO),] which then rapidly interact with Ph3P. 

Formation of IX-XI in the reactions of phenylvinylidene compounds II and 
III with RsP confirms the conclusion made from analysis of the mass spectra of 
II, III and IX that the Mn atom is more strongly bonded with the C=CHPh li- 
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gand than with CO. Elimination of C=ChPh in all cases occurs only from com- 
pletely decarbonylated ions, [CpMn(C=CHPh)]‘, [CptMnz(C=CHPh)]’ and 
[CpMn(C=CHPh)(PPh3)]’ respectively. 

Experimental 

Argon-saturated dry solvents were used. All operations were carried out under 
argon. Photochemical reactions were run in a quartz apparatus equipped with a 
cooling jacket using a PRK-4 mercury lamp (ZOO W). 

For column chromato,mphy aluminum oxide, Brockmann II (Reanal, 
Hungary) was used. “Silufol” (Kavalier, Chechoslovakia) plates were used for 
TLC. 

IR spectra were measured using a UR-20 (Zeiss) instrument. Raman spectra 
were obtained on a PHO Coderg spectrometer with He/Ne-laser excitation. Mass 
spectra were obtained on a MX 1303 instrument with a system of direct injec- 
tion of samples into the ion source at an ionization chamber temperature of 
13O”C, and the energy of the electrons was 30 eV. 

‘H NMR spectra in CSI solution were recorded with a Perkin-ELmer R-12 spec- 
trometer (60 MHz), and i3C hmR spectra in CH&l, using a Brucker HX-90 
spectrometer (22.635 MHz). 

1. Reaction of CpMn(CO), with PhCGCH 
(a) -4 mixture of l-63 g (0.008 mol) of CpMn(CO),, 0.93 g (0.009 mol) of 

PhGH and 50 ml of THF was irradiated at 5°C for 6 h while bubbling through 
argon and stirring. The solvent was then removed at reduced pressure and 80 ml 
of petroleum ether (b.p. 35-40°C) was added to the dark red oil obtained. A 
light red precipitate was formed that was separated from the extract and re- 
crystallized from CH2C12, to yield 0.14 g (3% with respect to cymantrene) of 
light red fine needles of IV that decomposes at 207°C without melting. 

The orange extract was concentrated to 20 ml and chromatographed on a 
Alz03 column (pH 9-10). Petroleum ether eluted a yellow band (I) and then a 
red band (2). A mixture of ether and petroleum ether (1 : 100) brought down a 
violet band (3). Fraction (1) yielded 0.99 g (61%) of CpMn(CO),. After remov- 
ing the solvent from fraction (2) recrystallization of the solid residue from n-pen- 
lane afforded 0.27 g (10%) of II as dark red crystals, m.p. 64-65”C. Fraction 
(3) rendered, after evaporation and crystallization from an n-hexaneiether mix- 
ture (1 : 1) 0.07 g (2%) of vioiet crystalline III, m.p. 144OC. 

(bl The orange extract obtained as described in 1.a was chromatographed on 
neutral A1203. Petroleum ether (b.p. 35-40°C) eluted a yellow band that 
yielded 1.05 g (65%) of CpMn(CO), and then an orange band that gave 0.31 g 
of an orange oil the IR spectrum of which (cyclohexane solution) exhibited six 
Y(CO) bands: 2034,1949 (CpMn(CO),), 2009,1955 (II), 1981,192l cm-’ 
(CphIn(C0)2(HC!=CPh) (I)). On the chromatogram of the orange oil (“Silufol” 
plate) three spots with close R, values were observed: yellow (cymantrene), red 
(II) and orange (I). 

(c) 0.31 g of the orange oil obtained in 1-b were placed in a A1103 column 
(pii’ 9-10). The orange band during elution with petroleum ether gradually 
turned bright red. 0.02 g of CpMn(C0)3, 0.19 g of red crystalline II, and traces 
of violet III, identified by TLC and IR, were obtained. 
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2. Reparation of Cp2Mn2(CIJJ10)(C0)4 (IV) 
i ml of 0.1% KOH solution in H,O/EtOH mixture (1: 10) was added at 20°C 

to 0.1 g of the orange oil (an mixture of CPM~(CO)~, I and II) obtained in 1.b 
dissolved in 20 ml of EtOH. After stirring, a light red precipitate was formed 
that was separated from the brown solution. Traces of CpMn(C0)3 and of violet 
III were established in the solution by TLC. The residue was washed with 0.1% 
aqueous solution of acetic acid, then with alcohol, and dried to yield 0.04 g 
(40%) of light red fine crystalline IV, identified by the IR spectrum. 

3. Preparation of CpMn(C0)2[MeC02(Ph)C=CH2] (V) 
After irradiation of a mixture of 1.63 g (O..OOS mol) of CpMn(C0)3, 0.93 g 

(0.009 mol) of PhC-CH and 50 ml of THF for 6 h at 5°C and evacuating the 
solvent.under vacuum a dark red oil was obtained. To the solution of oil in 30 
ml of ether a solution of 0.6 g (0.01 mol) of CH,COOH in 20 ml of ether was 
added at 5°C. The mixture was stirred for 10 min, then evaporated and 50 ml of 
petroleum ether (b.p. 35-40°C) was added to the dark red oil formed. The ex- 
tract was filtered and placed in a A1203 column and chromatographed as de- 
scribed in 1-a. 0.59 g (36%) of CpMn(C0)3, 0.04 g (1.7%) of II and 0.05 g (1.7%) 

of III were obtained. A bright yellow band was then eluted with an etherlpetro- 
leum ether mixture (1 : 1). Evacuation of the solvent, and recrystallization from 
n-hexane/ether mixture (1 : 1) yielded 0.14 g (5.2%) of V as yellow crystals, 
m-p. 80-82°C. IR spectrum (KBr pellets) (cm-‘): v(C=O) 1970,191O; v(C=O) 
1743; 6(CH3) 1440,1361; v(=C-O-C) 1236 and 1180. 

4. CplLln(C=CHPh)(CO)2 (II) conversion in a neutral medium 
(a) 50 ml of petroleum ether (b.p. 35-40°C) were added to 0.72 g of crystal- 

line II stored for 3 months at +5”C, and after filtration 0.07 g of a pale brown 
insoluble precipitate was obtained in which IV was identified by IR spectroscopy. 
The filtrate was chromatographed on A1,03 as described in 1-a yielding 0.10 g 
(19% with respect to II) of CpMn(C0)3, 0.37 g (51%) of II and 0.04 g (3.5%) of 
III. 

(b) 0.30 g of freshly prepared crystalline II was placed in an apparatus for 
sublimation, and after 2 h 0.17 g (57%) of II was collected at 5O”C/l X lo-’ 
mmHg. The nonvolatile pink residue contained IV, identified from the IR spec- 
trum_ 

(c) A solution of 0.10 g of II in 50 ml of cyclohexane was allowed to stand 
at 20°C After 5 h traces of CpMn(CO), and III were established by TLC and IR 
spectroscopy. After 5 days the II: CpMn(C0)3 ratio was 1 : 1 (IR spectral data), 
and after 10 days only traces of CpMn(CO)J were found in the brown solution. 

(d) A solution of 0.10 g of II in 50 ml of cyclohexane kept at 50°C for 2 h 
yielded a light red precipitate containing IV. The presence of CpMn(CO)X, II 
and III in the solution was confirmed by TLC and IR spectroscopy. 

5. Preparation of CpzMnl(~-C=CHPh)(C0)4 (III) in the reaction of CpMn- 
(C= CHPh)(CO)2 (II) with CpMn(CO), (THF) 

A solution of 0.20 g (0.001 mol) of CpMn(C0)3 in 50 ml of THF was UV 
irradiated for 4 h. A solution of 0.14 g (0.0005 mol) of II in 20 ml of THF was 
then added, and the reaction mixture was mixed for 2 h at 20°C. After evapora- 
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tion of the solvent at reduced pressure the dry residue was extracted with 3O.ml 
of petroleum ether (bp. 50-6O”C), the extract chromatographed on a Al,O, 
column yielding 0.05 g of CpMn(C0)3, 0.03 g of unreacted II and 0.06 g (27% 
with respect to the initial II) of III as violet crystals. 

6_ Preparation of CpMn(C=CHPh)(CO)(PRd complexes, whzre R = Ph (IX), 
OEt 4X) or OPh (XI) from CpMn(C=CHPh)(CO)~ (IK) 

(a) Interaction ofII with Ph,P without UV irradiation. 0.37 g (0.0013 mol) of 
II, 0.68 g (0.0026 mol) of Ph3P and 80 ml of n-pentane were mixed for 5 h at 
2O”C, concentrated to 20 ml and placed in a column with neutral ALO,. Petro- 
leum ether (b-p. 35-40°C) elution brought down a colorless (1) and a red (2) 
band, eluation with ether/petroleum ether mixture (1: 100) removed an orange 
band (3) and with ether/petroleum mixture (1 : 50), an orange-red (4) and then a 
dark orange (5) band. Evaporation of the eluates produced the following frac- 
tions: (1) unreacted Ph,P; (2) 0.08 g of initiai II; (3) traces of CpMn(CO)3PPh3; 
(5) traces of CpMn(CO)(PPh&, identified by IR spectra. Fraction (4) after re- 
crystallization from ether yielded 0.11 g (17% with respect to initial II) of IX 
as dark orange crystals, m.p. 174°C (dec.). 

(b) Reaction of II with (PhO)$. After stirring a solution of 0.56 g (0.002 
mol) of II and 1.24 g (0.004 mol) of (PhO),P in 50 ml of n-pentane at 20°C for 
5 h the reaction mixture was treated as described in 6-a. A light red band was 
eluted with an ether/petroleum ether mixture (1 : 50). Evaporation of the elu- 
ate and crystallization from n-hexane yielded 0.16 g (14%) of XI as orange-red 
crystals, m-p. 110-112°C. 

(c) Photochemical reactions of II with R3P (R = Ph, OEt or OPh). 0.56-g 
(0_002 mol) of II and 0.004 moLs of R,P in 50 ml of n-hexane were irradiatd 
for 1.5 h. After treating the reaction mixtures as described in 6.q 0.25 g (24%) 
of dark orange crystals of IX for R = Ph; 0.20 g (24%) of X as a light red oil for 
R = EtO; or 0.24 g (21%) of orange-red crystals of XI for R = PhO were obtained. 

% Photochemical reaction of Cp1Mn2(~-C=CHPh)(C0)4 (III) with Ph3P. 
A mixture of 0.30 g (0.0065 mol) of III, 0.35 g (0.0134 mol) of Ph3P and 40 

ml of benzene was irradiated for 4 h. The solvent was then evaporated, the dry 
residue dissolved in petroleum ether (b.p. 50-6O”C) and the solution chromato- 
graphed on a column with neutral A120j to yield 0.13 g (46%) of CpMn(CO)z- 
PPh, and 0.08 g (24%) of CpMn(C=CIIPh)(CO)(PPh3) (IX)_ 
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