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Abstract 

The phutolytioully or thermally induced substitution rcnctions of C,H,,Cr(CO) ,, GH,Mn(CO) 1 or IC,RIMntCO),(NO) IBE, (R = H. 
CH,) with PPh,Ba Icd to isoelectronic benzyldiphenylphosphine complexes of half sandwich type C,H,Cr(CO)IPPhzB~ (1). 
CqHSMn(CO),PPh,RA (2). (C~HsMn(CO)(NQ)(PPh,Bz) ]BF,, (3rr) und [ C,Me,Mn(CO)(NO)(PPh,B~.) ]BF, t3b). In contrast to the 
neutrul compounds I and 2, the phosphonium salts 3a. 3b can be deprotonated PI the ru-methylene group by bases such as DBU and LDA to 
give the ncutrul manguniodiphenylalkylidcnephosphoranes CSR5Mn(CO)( NO) IPPh,=CHPh) (4a, 4b). ‘H-. “C-. “PI ‘HI-NMR. IR and 
muss spcctru uf I-4 iire given. Crystals of 1 are orthorhambic. space group f%‘l,tur. with (I = 19.YhO(3).6=16.5Y9(3) andc=l4.573(3) A. 
%- X and N = 0.052 I for 24.13 observed reflections. Crystuls of 2 and .3a arc’ monoclinic. space group P2 I /t*. withrr - 9.7.10( .J L h = 23.12% b) 
crnd (’ = Y.71(4( 3) A. %- 4 trnd R ~0.0430 for 25 I2 ohservcd relktions for 2. nnd 14 = 12.457(.1),/?-10.597(3) ;lndc*= IH.764(5) i\.Za4 
ml H = 0.0477 fur 2763 ohscrvcd rcllections for 3s. 0 IY9H Elscvier Science S.A. All rights reserved. 
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I. hWi3tluctlon 

Phosphines. bccnusc of their electronic and stericdivcrsity. 
pluy an importunt role us ligands inorganometi;llicchemistry, 
especially in the study of kinetic and thermodynamiceffects. 
the tailoring of cntnlysts and the synthesis of clusters nnd 
colloids. Phosphine complexes are known of all transition 
metals in low and high oxidation states [ I J. Most of the 
known examples are with a symmetric tertiary PR., l&and 
( R = nlkyl, uryl) and/or u secondary phosphine PR2H. Com- 
pIexcs with mixed ligunds of the type aryl,Palkyl are less 
well investigated. We are interested in such complexes in 
connection with our investigations of orgnnometallated phos- 
phorus compounds which obey the isolobnl concept. Using 
the complex fragment CpF~(c(c0)~ ( ferrio substituent Fp) 
we have synthesized the mono- und bis-tnetallated phospho- 
nium salts [ FpPPh2CH2R1 X [ 2 1 und [ Fp2P( Ph )CH2R 1 X 
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I 3 1. which were then deprotonated in the a-position of the 
nlkyl suhstituent. Thus we expected to obtuin tnono- and bis- 
orgunometallated alkylidenephosphoruncs, a new type of 
Wittig nnnlogous phosphorus ylide. 

The diferriophosphonium salts [ Fp2P( Ph)CH2R ] X 
( R = Ph. COOEt, Me) can be deprotonnted by KOtBu to give 
Fp?P( Ph )=CHR. Because of the two ferriosubstituents at the 
phosphorus atom they do not behave like Wittig analogous 
phosphorus ylides [ 41. Instead. they behave like h,-bridged 
phosphoaikenes and preferentially cleave off the dimer Fp,. 
Thus, the unstuble phosphaalkenes PhP=CHR result. which 
in turn dimerize rapidly togive thecorresponding I .3-diphos- 
phetanes 15 1. 

The monoferriophosphonium salt [ FpPPh2CW2R i X 
(R = Ph) also reacts with KOtBu, which, however, attacks 
at the electrophilic curbonyl C-atom. Analogous to Hieber’s 
base reaction 161 we observe elimination of CO1 and I mol 
phosphine, as well as the formation of the corresponding 
metallate, which reacts with excess starting material to give 
the dimeric phosphine substituted complex I CpFe( CO)- 



( p=CQ)$Je( PPhJIzKpl 17.8) I In Ihc C&se of rhe tkrlio- 
methylphosphonium salt [ FpPPhzMelX, the directed (Y- 
deprotonation reaction leads to the ferriosubstituted methy- 
lidenephosphorane FpPPh2=CHL, which could not be 
isolated. but which was spectroscopically characterized 12 1. 

We were interested in extending our investigations by 
varying the organometallic complex fmgment. Therefore. 
we wanted IO synthesize the manganese salts [C5Rs- 
Mn( NO) (CO)PP&HJ% 1 X. these being analogous to the 
iron salts 1 CpFe( CO) $VhlCH2R1 X [ 3.4.7 1 mentioned 
above. as well as the isoelectronic neutral complexes 
C,H,Cr( CO)zPPhzBz and GH,Mn( CO)zPPh~Bz. The syn- 
theses. properties and molecular structures (1,2 and 3a) of 
the new complexes are described as follows. 

~n~y~~~nylph~~~~i~ reacts easily with the neutrczl 
und suianie half sandwich complexti CJ$$3(CO) ,, 
CpMnf CO h and I C&Mnf )z(NO)]BFJ (R=H. Me) 
lo give the isoelectronic complexes CJ&Cr(COIIPPhlB~ 
(11 (Y.lll. CpMnilC0~~PPh~Bz (2) Ilel and (CtRP- 
Mn(~)(NC))(PPhal)e)lBT;d(3a,38) 1111 inreasonable? 

&8stitution reactio by photolysis in 
\(Eqs.(lIand 

et&e of tht$ matl@me~ salts 

ellow (2) and red sol- 
ahnoqhxi~lly stable. ‘he nerrtml com- 

and 2 rue soluble in THP, CHCI> and toluene, but 
in acetone and other polar solwnts. On the other 

hand, the salts 3a, 3b are soluble in acetone and acetonitrile, 
but insoluble in toluene or other non-polar solvents. 

Whereas the neutral benzylphosphine complexes of chro- 
mium and manganese 1 and 2 are highly stable against 
nucleophilic attack. the manganese salts 3a. 3b react with 
strong bases such as BuLi under decomposition. With weak 
nucleophiles like DABCO no reaction was observed. With 
bases like LDA or DBU, however, the directed ol-deproton- 
ation of 3a. 3b is observed at low temperatures ( Eq. ( 4) 1, 
and the resulting neutral manganioalkylidenephosphoranes 
CSR5Mn( CO ) ( NO) PPh?=CHPh ( 4a. 4b ) are stable enough 
for spectroscopic investigations. 

S&b 4&b 

The IR. “P( ‘H). ‘%I( ‘H) and ‘H NMR spectra and mass 
spectra of the compounds 1-3 were recorded ( for details see 
Section 3 ). The spectra for both neutral compounds 1 and 2 
are very similar. but both differ significuntly from those of 
the cutionic complexes 3n, 3b. 

The IR spectra of 1 and 2 show two slrong ubsorptions for 
u( CO) between I828 and 193 I cm .- ‘. that of 3u. however. 
has u single absorption for v( CO) at 2037 cm _. ’ and a single 
ubsorption l’or I)( NO) at 1801 cm ‘. the corresponding 
ahsorptions of3b are at 201 I and 1772 cm ‘. 

The “P( ‘HI NMR spectru of all four cumplcxcs l-=&t, 3b 

The data from the IrC( ‘HI NMR s~ctraofth~campurublc 
compounds 1-h are summurized in Tuble I und Pig. I 
together with those from the free PPhzBa ligand. 

The CO ligunds yield doublets at 240.0 ppm ( ‘Jly. = 28. I8 
Hr 1 lbr 1 and ut 232.2 ppm ( ‘JIT = 2S.S Hz I for 2. 3u is 
not stable enough in solution to detect any CO signal. The 
signals for ull phenyl C-atoms of 1 und 2 show values of 
chemicul shifts similar to the Fred benayldiphenylphosphinc 
ligund, 0nly the ipso-C atoms are signiticuntly intlucnced by 
coordination. especially their ‘J 1y‘, ,%, coupling constunts ( 1 
139.4. 18.44 Ha: 2 138.2, 35.07 Ha: 3u 132.4, 14.2 I Hz). 
The smuller vulues observed for L result from the positive 
charge of the phosphonium cation. The corresponding 
%VcI)ra values of the ipso-C atom of the benzyl substituent 
are smaller ( 1 135.3.4.74 Hz; 2 134.5, 3.79 Hz: 3a 132.4, 
2.8;c Hz). The singlets for the C-atoms of the M-bonded 
uremnric ring ligands are detected at 89.7 ppm ( C,,Hn) for 1. 
82.5 ppm (CsHs) for 2, and more downfield ut 96.5 ppm 
( CsHs 1 for 3a because of its cationic character. The doublet 
signals for the methylene group lie consistently in the same 
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Ihe masts spccm of 2,3a and 3b show the molecular peaks 
with452(M*)for2,454(1W+)for3aand524(M+)for 
3b. The further fragments in the spectra of the phosphonium 
salts &k 2&t show clearly that CO is cleaved off before NO. 

Tfte ?( ‘H) NMR spectra of the non-isolable neutral OL- 
deprotonation products 4a, 4b show strong singlets at 82.4 
und 78.5 ppm as well as a weak singlet at - 8.4 ppm for the 
free PPhzBr ligand ( in acetone-d6 or CDC13 1. No more signal 
from the starting materials 30,3b was observed. The addition 
of HBFJ shows the reaction according to Eq. (4) is reversible. 

In comparison with the corresponding phosphonium salts 
30. 3b, the new signsls observed for the manganioalkyl- 
idenephorphoranes 4D.Ob a~ shifted 11 -I 3 ppm downfield. 
This contrasts with our results obtained ftom the ferrio ana- 
loguea where a similar high field shift is found 17). This may 
be due to the different oxidation states of the metals in both 
complex fragments CpMn( CO) ( NO) and CpFe(CO)z. 

The purely organic derivatives of P-ylides also show a 
downfield shift of their “P{ ‘H) NMR signals in comparison 
with the corresponding phosphonium salts [ 31. 

2.2. X-rq s~ructut~ snaly&%r qfl, 2 und 3u 

Suitable single crystals of the three compounds were 
ob,blained us follows: by dissolving the yeNow residue of 1 in 

Tm’rrhls ? 

hot ethanol followed by addition of n-heptane, by dissolving 
the orange oil in n-hexane (for 2), and by dissolving the red 
solid in dichlotomethane followed by gradual addition of 
rt-hexane ( for 3a). 

The measuring and crystal data for the isoelectronic com- 
plexes 1,2 and 3a are summarized in Table 2 and their atomic 
positional parameters in Tables 3-5; the BF,- anion of .3a is 
disordered. Table 6 contains the most important bond lengths 
and angles. Figs. 2-4 show the molecular structures of the 
compounds 1,2 and 3s. 

In all three compounds the central metal atoms as well as 
the phosphine ligands have distorted tetrahedral contigum- 
tions. The cyclic ligands C,,H, and CSH5 show an average 
M-C distance of 2.2 148 A for 1.2.1334 for 2. and 2. I3 14 A 
for 3a. All carbonyl ligands and the nitrosyl @and are linear 
(M-C-43 or M-N-O = 177.35”). the corresponding bond 
lengths M-C vary between I .835(6) in 1, I .755( 5 ) in 2, and 
1.719(4) A in 3a, whereas Mnl-NI is 1.750(5) A in 3a. 
The metal-phosphotus distances vary from 2.4015( 14) in 
the chromium(O) compound 1 to 2.2198( 12) A in the man- 
ganese(1) compound 2. which is comparable with that of 
CpMn( C8) PPha ( 2.236( 3) A) [ I 2 1. In 3a the oxidation 
state of manganese is formally zero, so that the Mn I-PI 
distance increases slightly to 2,2949( 14) A. 
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3. Experimental 

All operations were cilrried out under Ar atmosphere und 
all solvents were dried uccordinp to known methods. PPhzBz 
I Il.l3(. C~HACrKOl,I 1141. (C5H5Mn(C6)2(NO)(BFa 
I IS I and [ C,Me5Mn(COII( NO) 1 BF,, I I I] were synthc- 
sized us published und CpMn(CO), was purchasexi from 
Strem. C,Me,Mn(CB),, was u gift of Pmfessor Dr E. Lind- 
net. University of TUbingen. A I SO W Hg high pressure lamp 
(Original Quarzlumpen GmbH, Hanuu 1 was uscd for the 
phololytic reactions. “P(‘H} (109.36 MHz). ‘%(‘H) 
( 100.53 MHz) and ‘H (270.16 MHz) NMR spectn were 
recorded an a Jeol QSX27Q spectrometer ut 2 1°C. IR spcctru 
were nxaded on u Nicolet 520FT-IR (Nicolet Instrument 
GmbH) und muss spectra an II MAT 7 I I A ( Vuriun ). 

ium which we have ulreudy discussed [ ‘7 1, It 
distances in 1 ureofidenGcul length 

(within the run& I,86OQ4) und 1.867(l) 
tk corresponding P--t& bonds 42 l&%7(4) and 1.8200(4) 
& &I l.816(4) and 1,818(4) A) differ from the P-CH2 
bonds (2 I.859 A; 3a 1.83944) A). The difference between 

3.1. Syntlwst’,~ tr$ $-C,,H~CtiCO)PPh2&3: (11 

1.00 p (4.67 mmol) C,H,Cr(CO), and 1.28 g (4.67 
mmal ) PPh,Bt in I20 ml benzene were rapidly stirred and 
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2Yt3) -2lt.1) 
3013 ) -‘(2t 
X(2) st2J 
23t2, -ht?l 
22t2, -XC?1 
IYt?t --6(2) 
dOf 3 ) -XC?, 
ddt31 -3t2, 
I.V.1, -6C2, 
12t?t - Iht2J 
dJt 2 I ??t!, 

-2(S) -iItS, 
IlIt l9tSt 
2YtS1 - 2or 3 1 

Cr(lbC(I) 
CP( I )-C(2) 
Cr( I I-P( I) 
P( I be(Y) 
P( I I-4x22) 
P( I I-a 16) 
C(Yb-a IO) 

Crt I I-a I b-0( I 1 
Cr( I I-C(2)-O(2) 
Ct I I-Cr( I bC( 2 1 
C( I b-Cr( I bP( I) 
C(2)-Cr( I )-PC I) 
C(Y)-P(I)-Cr(l) 

I .L(OY( 5 ) 
I.HJS(R) 
S.dOlS( Id) 
1*860(d) 
I.H6OfOI 
I.Hh7t4) 
l.ss8t6) 

179.3(4) 
l77.H(51 
H6.2( 2 I 
X6.3( 2 ) 
Yl.6(6) 

Il2.4(2) 

Mnt I )-Cc 20, 
Mn( I )-C(2l) 
Mn( I b-P( I ) 
Iv I I-C( I ) 
Pclb-ccnt 
P(I)-CtIdt 
Ct I )-a2) 

Mn( I )-C(2I b-O(?) 
Mn( I )-C( ?Ob-Ot I 1 
C( ?O)-Mtt( I Kt 2 I 1 
Ct 21 kMtt( I )-I’( I I 
C( 20)-Mn( I )-P( I t 
C( I )-PC I I-Mn( I) 

l.7SS(S) 
I .7SY( 5 ) 
2.2lYta I!, 
I .HSYl d) 
I .n2ot 4 1 
1.X47(4) 
I .4YY( 5 ) 

170.7(S) 
l73.Y(4) 
Y3.0( 2 t 
HH.HX( I4 t 
Y6.30( II) 

I18.00( 14) 

Mnc I b-C(6) 
Mnt I b-Nt I) 
Mn( I )-PC I) 
Pt I )-a IY t 
Ptlb-C(I.1) 
P( I K(7) 
cc IYkct?o) 

Mtt( I )-Nt I )-O(Z) 
Mn( I I-C(6)-O( I ) 
C(6)-Mn( It-N(I) 
N( I b-Mn( I )-PI I ) 
C(6)-Ma(l)-P(I) 
C( 19 )-PI I )-Mn( I I 

1.7lYtd) 
I .7sot s ) 
?,!YdY( Id) 
l.kw(4) 
I.Xlht4) 
I.R18(41 
1.5lltsJ 

17Y.dt d I 
173.st41 
Y4XI?J 
XH.YII Id) 
YX.l(2) 

117.X(2) 



@Q~QIY.S& for 3 h. A yellow oil formed. was spurnted. 
wn&ed with 140 ml benzene and taken up in 50 ml hot 
ethunol. After iiltrntion and uddition of n-heptane to the eth- 
unol solution, yellow crystals were obtained in 42% yield. ‘H 
NMR (CDCI,. Me$i ) : 6 3.63 ( s, CH? 1. 4.57 t S. C&,h 
6.58-7.52 (m. Ph). .“P(‘H) NMR (CDCI~): 6 90.05 (~1. 
IR (KBr): P 1887 (sst, CO), 1828 (sst, CO). And. Calc. 
for C,H,,CrOJ? C, 70.58: H, 5.05. Found: C. 69.19: H 
5.11%. 

A solution of 0.61 g (3.00 mmol) CsHsMn(COIJ in 320 
ml THF wus photolys& for 3 h, then 0.83 g (3.00 mmol) 
PPhJkz was added to the red solution under rapid stirring. 
The resulting yellow-brown solution was reduced after I h 
by evaporation to obtain a bro&:it solid, which was tittered 
off. The solvent of the now red solution was removed in vacua 
to give an orange oil. which crystallized from 30 ml tr-hexane 
as an orange solid, Yield: 63.1%. ‘H NMR (CDCI,,. Me.,Si ): 
63.69 (s,CH1),4.17 ts.Cp),6.63-7.52 (m,Ph). “P(‘H) 
N:.tR (CDt&): 892.21 (s). 18 (KBr): v 1931 (sst.CO). 
1863 (sst. CO), MS (FAR): &:=452 (M” ). A)ttrl, Cab!. 
for C1,H~2Mn02P: C, 69.03: H. 4.90. Found: C. 68.70: H 
4.98%. 

A solution of 052 S ( I.80 mmol) IC4H,Mn(CO),- 
t NO 1 I W, end 0,‘70 g ( X50 mmol) Pph@x in 25 ml meth* 
anal was rcfluscd for 2 h uftrr which the originally light 
brown solution tumrd red, Thr solvent was removed in VWI~ 
tit room tenrpurature to give an orunpo oil which wasdissolved 
in CHJZI~, Addition of hexuae precipitated red crystuls. 
Yield: 73Q, ‘H NMR ( ucctonc=dB, Mr,Si ) : &4.,34 ( tn.CH, I, 
MO (a Cpl. 6,#tl-7.70 (m, Ph), “P(‘H) NMR (acetone/ 
CDCN): pf6WO (a). 18 (KBr): 18 2037 (sst, CO), 1801 
(sst, NO), MS (PAR): ~/:=4S=t (M’ ), 426 (M’-CO). 
3% (M ’ =CO-NO). At&, Calc, for CIRHLJW,,MnNOJ? C. 
55.49; H, 4.09; N, 2.59. Found: C. 54.96; H 3.99: N. 2.54%. 

The p~pararion WIS as described in S&on 3.3: un orange 
solid formed. Yield: 75%. ‘H NMR (CDCI ,, Me.$i ): A I h.9 
t~.CH~~,3.~b~m,CH,).6,81-7.7Otm,Ph). “P{‘H) NMR 
(CDCI.,): R6WO (s). IR (KBr): I’ 2011 (sst,Co). 1772 
(sxt. NO). MS (PAR): n,$,7=524 (M’ ). 496 (M’-CO,. 

( iw * -CO-NO ), k~trl. Cult, for C~,,H\$F.,MnNO,P: C. 
: H, 5.27: N, 2.2% Found: 43. S7.61: H 5.42: N. 2.21%. 

immediately changed the colour to deep red. .“P( ‘H} NMR 
6 82.4 (s): no isolation and no further characterization. 

The same procedure was used as described in Section 3.5; 
again a deep red solution formed. “P{ ‘H 1 NMR 6 78.5 (s); 
no isolation and no further chiiracterization 

4. Supplementary material 

Further details of the three crystal structure determinations 
are available on request from the Fachinformationszcntrum 
Karlsrube. Gesellschuft fur wissenschuftlichr Information. 
D-76344 ~~~cnstein-Lec~~~~dshafen on quoting the deposi- 
tory number CSD 4067 19, CSD 406720 and CSD 40672 I 
the names of the authors, and the journal citation. 
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