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Abstract

The photolytically or thermally induced substitution reactions of CoH,Cr(C0O),, CsH:Mn(CO); or [ C:RMn(CO),(NO) |BF, (R=H.
CH.) with PPh;Bz led to isoelectronic benzyldiphenylphosphine complexes of half sandwich type C.H.Cr(CO),PPh.Bz (1).
C:HsMn(CO),PPh,B2 (2). [CsH:Mn(CO)(NO)(PPh,B2) | BF, (3a) and [CsMeMn(CO)(NQ) (PPh,Bz) | BF, (3b). In contrast to the
neutral compounds 1 and 2, the phosphonium salts 3a, 3b can be deprotonated at the a-methylene group by bases such as DBU and LDA to
give the neutral manganiodiphenylatkylidenephosphoranes CsRsMn{CO) (NO) (PPh,=CHPh) (4a, db). 'H-, ''C-, *'P{'H]}-NMR. IR and
mass spectra of 1-4 are given. Crystals of 1 are orthorhombic. space group Pbca, with a=19.960(3)., b= 16.599(3) and ¢ = 14.573(3) A,
Z =8 and R =0.0521 for 2433 observed reflections. Crystals of 2 and 3a are monoclinic, space group P21 /¢, witha = 9,730(3). b= 23.123(6)
and ¢ = 9.784(3) A, Z=d and R = 0.0430 for 2512 observed reflections for 2. and a = 12.457(3), b= 10.597(3) and = 18.764(5) A. Z=4

and R = 0.0477 for 2765 observed reflections for 3a.  © 1998 Elsevier Science S.A. All rights reserved.

Nevieonds: Ceystal structures; Chromium complexes: Manganese complexes: Alkylidenephosphorane complexes

1. Introduction

Phosphines, because of their electronic and steric diversity.,
play an important role as ligands in organometallic chemistry,
especially in the study of kinetic and thermodynamic effects,
the tailoring of catalysts and the synthesis of clusters and
colloids. Phosphine complexes are known of all transition
metals in low and high oxidation states [ 1]. Most of the
known examples are with a symmetric tertiary PR, ligand
(R =alkyl, aryl) and/or a secondary phosphine PR,H. Com-
plexes with mixed ligands of the type aryl,Palkyl are less
well investigated. We are interested in such complexes in
connection with our investigations of organometallated phos-
phorus compounds which obey the isolobal concept. Using
the complex fragment CpFe(CO), (ferrio substituent Fp)
we have synthesized the mono- and bis-metallated phospho-
nium salts [FpPPh,CH,R]X [2] and [Fp,P(Ph)CH,;R]X
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| 3]. which were then deprotonated in the a-position of the
alkyl substituent. Thus we expected to obtain mono- and bis-
organometallated alkylidenephosphoranes, a new type of
Wilttig analogous phosphorus ylide.

The diferriophosphonium salts  [Fp,P(Ph)CH,R|X
(R =Ph, COOEt, Me) can be deprotonated 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 [4]. Instead, they behave like p-bridged
phosphaatkenes and preferentially cleave off the dimer Fp;.
Thus. the unstable phosphaalkenes PhP=CHR result. which
in turn dimerize rapidly to give the corresponding 1.3-diphos-
phetanes [5].

The monoferriophosphonium  salt | FpPPh,CH,R{X
(R=Ph) also reacts with KOtBu, which, however, attacks
at the electrophilic carbonyl C-atom. Analogous to Hieber's
base reaction [6] we observe elimination of CO, and 1 mol
phosphine, as well as the formation of the corresponding
metallate, which reacts with excess starting material 10 give
the dimeric phosphine substituted complex |CpFe(CO)-
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(#-CO),Fe(PPh,Bz)Cp| [7.8]. In the case of the ferrio-
methylphosphonium salt [ FpPPh,Me]X, the directed a-
deprotonation reaction leads to the ferriosubstituted methy-
lidenephosphorane  FpPPh,=CH,. which could not be
isolated, but which was spectroscopically characterized [ 2].

We were interested in extending our investigations by
varying the organometallic complex fragment. Therefore,
we wanted 10 synthesize the manganese salts [CiRs-
Mn( NO)(CO)PPh,CH,Ph] X, these being analogous to the
iron salts |CpFe(CO),PPh,CH,RIX [3,4,7] mentioned
above. as well as the isoclectronic neutral complexes
CH,Cr(CO),PPh,Bz and C;HMn(CO),PPh,Bz. The syn-
theses. properties and molecular structures (1, 2 and 3a) of
the new complexes arc described as follows.
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2. Results and discussion
2.1, Svathesis, spectra and properties

Benzyldiphenylphosphine reacts easily with the neutral
and cationic half sandwich complexes CoH.Cr(CO) .,
CpMn(CO), and [C:R:Mn(CO),(NO)|BF, (R=H. M)
10 give the isoclectronic complexes CoH.Cr(CO),PPh,Bz2
(D) [9.11]. CpMn(CO),PPh,Bz (2) [10] and |C:Rs-
Mn(CO)(NO)(PPh,Bz) | BF, (3a, 3b) [ 11} in reasonable
yields. The substitution reaction is induced by photolysis in
the case of CH.Cr(CO), and CpMn(CO), (Egs. (1) and
(2)) or by thermolysis in the case of the manganese salts
[C:RMn(CO),(NO) |BF, (Eq. (3)).

The resulting yellow (1), orange-yellow (2) and red sol-
ids (3a, 3b) are atmospherically stable. The neutral com-
plexes | and 2 are soluble in THF, CHCI, and toluene, but
insoluble in acetone and other polar solvents. 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 a-deproton-
ation of 3a, 3b is observed at low temperatures (Eq. (4)),
and the resulting neutral manganioalkylidenephosphoranes
C:R;Mn{CO)({NO)PPh,=CHPh (4a.4b) are stable enough

for spectroscopic investigations.

-@ -‘;F.' + base

A
ON co 7 ~-pn + HBF, ON co ﬁ~Ph
HC he (4)
\Ph \Ph
aNb 4,0

The IR, 'P{'H}. 'C{'H} and 'H NMR spectra and mass
spectra of the compounds 1-3 were recorded ( tor details see
Section 3). The spectra for both neutral compounds 1 and 2
are very similar, but both ditter significantly from those of
the cationic complexes 3a, 3b.

The IR spectra of 1 and 2 show two strong absorptions for
»(CO) between 1828 and 1931 cm ™', that of 3a, however.
has a single absorption for #(CO) at 2037 ¢cm ™' and a single
absorption for p(NO) at 1801 c¢m ', the corresponding
absorptions of 3b are at 2011 and 1772 ¢m

The 'P{'H) NMR spectra of all four complexes 1-3a, 3b
show only singlet signals. For the neutral compounds 1 and
2 they lie between 90 and 92 ppm; those of the salts 3a, 3b
are found at higher tield between 60.8 and 69.4 ppm. the same
region ay was found for the cation | CpFe(CO),PPh,B2}
{660 ppm) | 7].

The data from the "'C{'H} NMR spectraof the compuarable
compounds 1-3a are sumwmarized in Tuble 1 and Fig. |
together with those from the free PPh,Bz ligand.

The CO ligands yield doublets at 240.0 ppm ( 'Jp. = 28.18
Hz) for 1 and at 232.2 ppm (Y- =25.59 Hz) for 2. 3a is
not stable cnough in solution to detect any CO signal. The
signals for all phenyl C-atoms of 1 and 2 show values of
chemical shifts similar to the free benzyldiphenylphosphine
ligand. Only the ipso-C atoms are significuntly influenced by
coordination, especially their 'Sy pm, coupling constants ( 1
1394, 28.44 Hz: 2 138.2, 35.07 Hz: 3a 1324, 14.21 H2).
The smaller values observed for 3a result from the positive
charge of the phosphonium cation. The corresponding
*Jpcine, 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 1324,
2.84 Hz). The singlets for the C-atoms of the M-bonded
aromatic ring ligands are detected at 89.7 ppm (CgH,,) for 1,
82.5 ppm (CsHy) for 2, and more downfield at 96.5 ppm
(CsH) for 3a because of its cationic character. The doublet
signals for the methylene group lie consistently in the same
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{{X]

PPh.B2

2

3

138.0 4, i-Cyy,. (154R)
137.3d, i-Cyo (8.11)
1329 d. 0-Cjy,. (18.43)
1293 d. 0-Cy,. (6.63)
128.7 s, p-Cph

128.3 d. m-Cyyy,. (6.64)
128.2 d, p-Cy,. (1.48)
1258 d. m-Cy,,. (221

J59d.CH.. (1474

004 CO. (28.18)
1394 d. i-Cyy,. (2844
1353 d.i-Cy,, (474
1325 d. 0-Cpyy,. (10.43)
130.2 d. 0-Cj,. (3.7
1200 S, p'Cph
127.8 &. m-Cy,. (8.53)
127.7 5. p-Cy,
126.0 5, m-Cy,,
89.7 5. CH,
H.5d.CH,. (895

2322d.CO.L 12559
138.2 d. 1-Cpy,. ¢ 35.07)
1345 d.1-Cy,. (379
1325 d. 0-Cpy,. (948
130.2 d. n"Cn,- (4.7
129.5 5, p-Cpy,

128.1 4. m-Cyy,, (8.53)
127.9 5, p-Cy,. (1.00}
126.4 s. m-Cy,,

82.5 5. CsHs

41.3d. CH.. {2275

133.6d. 0-Cyy,. 19.48)
1330 5. p-Cp
132.8d.i-C,.. ¢ 284
1323 d.i-Cpp (1421
13L.1d. o-Cy,. 1 3.74)
1304 dd. m-Cy,. (7.95)
129.6 d. p-Cy,. 12.85)
128.6d. m-Cy,,. ¢3.79)
96.5 s, C<Hs
39.1d.CH.. (2464

* CO ligand not detectable.

PPh,Bz
111 “ I ppm
] 1] ] 1 1 L ] 1 I ] T 1 ] 1 H 1
140 138 136 134 132 130 128 126
CH Cr(CO),PPh,Bz (1) ' ‘ l
— — " ppm
1 ¥ 1 1 1 | I v | T | 1 ¥ v )
140 138 136 134 132 130 128 126
CH,Mn(CO),PPh,Bz (2)
[ | il " I ppm
| 1 1 L] i 1 1 \ L) 1 I ¥ ] ¥ L}
140 138 136 134 132 130 128 126
[CsHMn(CO)NO)PPh,B2]BF, (3a)
" | 1 -
1 1 1 L) | ] 1 ! T |4 1 ] § L] I
140 138 136 134 132 130 128 126

Fig. 1. "'C{"H) NMR signals of the phenyl groups in PPh,Bz. free and coordinate in 1. 2 and 3a.

region, but show quite different 'Jpe coupling constants (1
41.5,8.98 Hz; 241.3. 22.75 Hz; 3a 39.1, 24.64 Hz).

The 'H NMR spectra of 1-3 show an analogous pattern of
signals. The phenyl protons are consistently found as broad
multiplets within 6.49 and 7.70 ppm. Whereas the protons of
the C4H,, and C<Hjs ligands in 1 and 2 are detected at 4.57 or

4.17 ppm. the signal of the CsHs protons in 3a is shifted to
5.60 ppm: 3b exhibits a signal for the methyl protons at 1.63
ppm. The protons of the methylene group give singlets at
3.63 (1) or 3.69 (2) ppm for the neutral derivatives, those
of cationic 3a, 3b are again found significantly downfield at
4.34 and 3.86 ppm.
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The mass spectra of 2, 3a and 3b show the molecular peaks
with 452 (M*) for 2, 454 (M*) for 3a and 524 (M™) for
3b. The further fragments in the spectra of the phosphonium
salts 3a. 3b show clearly that CO is cleaved off before NO.

The Y'P{'H) NMR spectra of the non-isolable neutral a-
deprotonation products 4a, 4b show strong singlets at 82.4
and 78.5 ppm as well as a weak singlet at —8.4 ppm for the
free PPh,Bz ligand (in acetone-d6 or CDCl;). No more signal
from the starting materials 3a, 3b was observed. The addition
of HBF, shows the reaction according to Eq. (4) is reversible.

In comparison with the corresponding phosphonium salts
3a. 3b, the new signals observed for the manganioalkyl-
idenephosphoranes 4a, 4b are shifted 11-13 ppm downfield.
This contrasts with our results obtained from the ferrio ana-
logues where a similar high field shift is found [ 7). This may
be due to the different oxidation states of the metals in both
complex fragments CpMn(CO) (NO) and CpFe(CO)..

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 [3].

2.2. X-ray structure analyses of 1, 2 and 3a

Suitable single crystals of the three compounds were
oblained as follows: by dissolving the yellow residue of 1 in

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 dichloromethane followed by gradual addition of
n-hexane (for 3a).

The measuring and crystal data for the isoelectronic com-
plexes 1, 2 and 3a are summarized in Table 2 and theiratomic
positional parameters in Tables 3-5; the BE, ™ 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 3a.

In all three compounds the central metal atoms as well as
the phosphine ligands have distorted tetrahedral configura-
tions. The cyclic ligands C,H, and CsH; show an average
M-C distance of 2.2148 A for 1, 2.1334 for 2, and 2.1314 A
for 3a. All carbonyt ligands and the nitrosyl ligand are linear
(M-C-0 or M-N-0=177.35°), the corresponding bond
lengths M-C vavy between 1.835(6) in 1, 1.755(5) in2, and
1.719(4) A in 3a, whereas Mn1-N1 is 1.750(5) A in 3a.
The metat-phosphorus distances vary from 2.4015(14) in
the chromium(0) compound 1 to 2.2198( 12) A in the man-
ganese(1) compound 2, which is comparable with that of
CpMn(CO)PPh, (2.236(3) A) [12]. In 3a the oxidation
state of manganese is formally zero, so that the Mnl-Pl
distance increases slightly to 2,.2949(14) A,

Table 2

Parameters used for the X-ray data collection

Tdentifivution code 1 2 da

Empiﬂcnl formula €HCr0.P CaH:MnQ.P Ca:Hy, BE MaNO,P
Formulu weight 462.42 45238 541,18

Diftractometer Enraf-Nonjus-CAD4 Enraf-Nonius-CAD4 Enraf-Nonius-CADS
Temperature (K) RULTJ] W3 132

Wavelength { A) 0.71073 0.71073 0.71073

Crystal system vithothomble mopoeinie monoelinie

Space group Pheu e Pie

Unit cell dimennions

a(d) 19.960(3) 9.730¢3) 12457(3)

biA) 163991 3) 231236) 10.597(2)

¢ (A) 14.573(3) 9784} 18.764(5)

a(’) 90.00(2) 90.00(2) 90.00(2)

B 90.00(2) 94.82¢2) 101 92¢2)

(") 90.00() AWM 2) 90.00(2)

Volume (A") 4828.6(14) 2193.6¢12) 423810

2 L 4 4

Density (calculated) (Mgm ) 1.272 1.370 1,483

Absorption coefiicient (mm ') 0360 0.6%4 0.640

F(000) 1920 936 1104

Crystal size (mm) 0.07 x0.50x0.53 G,13x0.33%x0.83 013 X046 %053

#range (°) 2.04-22.96 2.10-2297 2.22-23.00

Index ranges 08822008418, 0/ 16 0chg 0. 0gks S, -~ 00 Oshgs 13 0shks I -Wsgig20
Reflections collecied Jigd 250 3368

Independent reflections MR4 (R, =0.0000) 46 (R, = 0.0566) 3368 (R, =0.0000)
Absortion correction Semi-empirical from psi-scuns Semi-empirical Trom psi-scans Semi-empirical from psi-scans
Mux. and min. transmixsion 0.9987 and 0.9462 0.9954 and 0.8548 0.9999 and 0.791)
Data/restraints/ paranwtees 3184707280 3me/0/2Tt 33687357348

Gf)f . 1155 1127 0.671

thmlk indices (1> () R1=0,0521. wR2=0,1224 R1=0.0430, wR2 =0.1 149 R =00477, wR2=0.1454
Rindices (all data) R =0.0761, wR2=0.1324 R1=0.0857, wR2=0.1338 RI=0.0591, wR2=0.1570

Largest diflf. peak/hole (¢ & - %)

0.262/ -0.273

0.3227 -0.265

0358/ -0.328
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Table 3
Final atomic coordinates ( X 10%) and displacement parameters (in A”x 10} of 1
Atom A v < u, 1 U:: U U_\ 3 U, L".j
Cr( ) 912( 1) 1999¢1) 31 71 SSch 4711y =12¢1) -2 6(1)
PC) - 2360 1) 2323 6979( 1) H 1501 3811 -5¢1) 1th (IR F)
acly 928(2) H99(2) S483(Q) 103¢3) 7042y 17(2) -16(2) 13¢2) 12¢2)
02) 1404¢2) 3463(3) 6306(3) 8§7(3) 81(3) i15(3) 5¢3) U3 —-26(2)
C(l) 926(2) 1513(3) 6200(3) 52(3) 50i(3) 513) 1(2) 6(2) 3(2)
C(y 1208(3) 2003(3) 6711(4) 51(3) THed4) 72(4) - 18(3) 03) —=5(3)
C(3) 74904 988(4) R246(5) 119(6) 94(3) 72(4) 304 =371 — 18(5)
CidH 143014) 94314) 7866(4) 12716) 44) 77(4) —16(3) =354 17(3)
C(5) 1893(3) 1565(5) 7948(4) 65(4) 123(6) 83(4) - 144 -23(3) 32(4)
C(6) 1681¢4) 2255¢(4) 8384(5) 97(S) 99(5) 90(5) — 154 -51¢4) —4(4)
cth 1023(4) 2306(5) 8772(4) 119161 1S 56(4) —-28(4) -27(4) 95
C(8) 555¢(4) 1684(6) 8688(4) 81S) 161(7) 46(3) 15(4) -9(3) 28(5)
o) ~34(2) 275243 5809(3) 55(3) S 433 -1 52 -2
Colt = 1032(2) 312813 §544(3) 62(3) S B 2(2) =2 =23
Call) - 1139¢3) 3946(3) 5660(4) 8914) 58(3) 78(4) -~ 5(3) - 28(3) 0(3)
C(12) - 17144 4297(4) 5424(4) 125¢6) 65(4) 88(4) IR - 28(4) 334y
C(13) --2294(3) 384514 50514 78¢4) H2S) 61(3) 23 -3 3604
Culd) - 2196¢3) 3045(4) 4923 3) 634 OK(4) 62(3) 8(3) -6(3) -6(3)
C15) =187 ) 2689(3) S170¢3) 68(3) 633 48(3) 0(2) -503 -3
Ca16) - 814¢2) 143912 6997(3) 45¢3) 46(2) 41(2) -2 -2 7¢2)
Cun —-847(2) 933(3) 6238(3) 68(3) 5% 43(H) -6(2) LI} -5
C(18) - 12003 2113 6275¢4) 86¢4) 5213 6713) - 12t} -1H3) -5
C19) = 152410 =33 7066¢4) 9014 5003 RO RT3 -T(3) - 1613
C(20) - 14891 3) 450 3) T82814) 82(4) 6i(3) 61(3) 10(3) 104 3) - 10(3
Ce2h = 1144(2) 1179¢3) 7796(3) 73 5103) 46(3) =-5(2) 2 RIKY!
C(22) - 0812y 306912) 7679¢3) Sy 4002) 2y k{3 02y 2
C(23) =25t RGN R124¢3) §5¢3) 48t 3) 61(3) -8(2) ~H2) M
Ct24) =687 D) 250D RO2U(4) 87(4) 4713 67(3) ~17(3) ~d443) 1
C(25) ~ 1378 4253(3) 8G695(3) 94 813 5613 -72) 17(3) 17¢3)
C(26) = 176513 686t 8252(3) Soed) 62(3) 66(3) 53 16¢) CIRE

UM = e

C2n - 14381 2) 3092¢H T2 S St 85(3) SR

The wnisatropic displacement fuctor exponent tkes the form == 277 (05 U+ 2kahr UL

Fig. 2. Molecular structure of 1.

Fig. 3. Molecular structure of 2,

Because of the steric influence of the benzy! substituent on Looking at the methylene group of l'he benzyl substituent.
the phosphorus atom, the corresponding angles C(N)-M-P the corresponding P-CH, distances of 1 (1.860(4) A ) un’d
at the central metal atoms are quite different (1, C1-Crl-Pl 2 (1.859(4) A) are almost identical. whereas that of 3a is
86.3(2), C2-Cr1-P191.6(6)°: 2, C21-Mn!-P] 88.88( 14), somewhat shorter owing to the positive charge at the phos-
C20-Mn1-P1 96.30(4)°; 3a, NI-Mnl-P1 88.91(14), Co~ phorus atom. One should not forget that 3a is a manganio-

Mni-Pl1 98.1(2)°). phosphonium cation and is thus comparable with ferrio-
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Table 4 . .

Final alomic coordingtes ¢ X 10°) and displacement parameters (in A®X 10°) of 2

Atom A ¥ < Uy U, Uiy U, Ui U
Matl) 7981(1) 21D 1630( 1) 48(1) 36(1) 52(1) -4 2 2(1)
Pth 6995(1) 1242(1) 2683(1) 43(1) 35(1) 45(1) —4(1) K1Y N -1(D
o) 6130(5) 484(1) —873(4) 136(4) S72) 86(3) -1 —46(3) 2(2)
o) 9832(4) 1357(2) 507(4) 82(2) 75(2) 120(3) 1(2) 48(2) -7(2)
Ch 6711¢(4) 1935(2) 1740(4) 50(2) 35(2) 59(2) 2(2) 10(2) -3(2)
C(2) 5672(4) 1894(2) 523(4) SHD 30(2) 50(2) () 4(2) 3(2)
(o)) 42595 1912(2) 670(5) 66(3) 571(3) 54(3) 8(2) 9 9(2)
Ci4) 3304(5) 1852(2) ~436(5) 56(3) TH3) 73(3) 1(3) -3(2) 8(2)
(883 3729¢5) 1782(2) =1720(5) T77(3) 57(3) 63(3) 42 ~9(3) -3(2)
C(6) 5105(5) 1774(2) = 1904(5) 94(4) 48(2) 513 7(2) 73 —-4(2)
Cn 60735 1832(2) -782(4) 68(3) 4142 56(3) +H2) 13(2) (D
Ci¥) 5288(4) 1143(2) 3281(4) 45(2) 42(2) 43(2) k1§]] 4(2) -1(2)
C 47113 1552(2) 4115(4) SUY 35 472 -4(2) 10(2) 0(2)
cy 3367(5) 1515(2) 44344 68(3) 56(3) 613 =3(2) 242 4(2)
C(n 28569(5) 1055(2) 3948(6) 513 75(3) 104¢4) -4(3) KR -43)
Cii) IS 641(2) 3147¢6) 60(3) 76(3) 105(4) =20(3) K} -22(3)
C(13) 4468(4) 686(2) 2823(5) 54(3) 43(2) 74¢3) =10(2) 13 -4(2)
C(14) 8014(4) 1485(2) 4254(4) 47(2) 432y 55(2) -12(2) -1(2) 8(2)
Ciis5 9023(4) 1899() 4211(5) 53(3) 64(3) 78(3) -16(2) -3(2) -11(2)
Cilo) O8IS(5) J055(3) 3837 60(3) 81(4) HHO(5) -29(3) -13(3) -9(3)
Cin 9652(6) (R AIRY 6602(6) 66(3) HUTEY) 83(4) -36(3) =22(3) 22(3)
C(18) 8664(6) 1370(2) 6660( §) 81(H 793) 55(3) -2 —-10(2) 24(3)
Cn W21 1220 §514(4) 69(3) 61{(} 53(3) -d4(2) -5(2) 1(2)
C20) 6838(S) 2712 143(5) 723) kU TR ] 61(3) -9(2) 1(2) 2(2)
Ca2h 997(5) 1025(2) 957(5) 3 49(3) (3 ~-9(2) 22(2) 5(2)
C 8386(3) =37 1355(6) 80(d) IK(2) 94 -9(2) 4(3) 13¢2)
€2 7337(5) =32 22436 68(3) A32) 104 133 -1(3) ~4(2)
Ci) THYA(6) =17(2) 3397(5) HITEY) 4 69(3) 13 15(3) 13¢3)
Ci28) 92719( %) 1158(2) R0iey 76(3) JReH i) 16(3) =2R(3) ~1(2)
C2e 9834(5) =114y 1936 6) 62(3) oChH 10314) % 3) N3 16(2)

The unisotropic displucement fuctor exponent tukes the form: = 2| W%a* U, + ... + Mka*h* 1,51,

Fig. 4. Molecular structure of 3,

phosphonium salts, which we have already discussed [7]. It
is remarkuble that all P-C distances in 1 are of identical length
(within the range 1.860(4) and 1.867(4) A). In 2 and 3a
the corresponding P-Cy, bonds (2 1.847(4) and 1.820(4)
A: 3a 1.816(4) and 1.318(4) A) differ from the P-CH,
bonds (2 1.859 &; 3a 1.839(4) A). The difference between

1 and 2, 3a is also observed for the CH»=C,,, distances (1
1.558(6), in compurison with 2 1.499¢5), and 3a 1.511(5)
Ay,

3. Experimental

All operations were carried out under Ar atmosphere and
all solvents were dried according to known methods. PPh,B2
11113}, CHCr(CO), [ 14]. [CsH:Mn(CO),(NO) |BF,
[15] and [CsMeMn(CO),(NO) |BF, {I1] were synthe-
sized as published and CpMn(CO), was purchased from
Strem. CiMeMn(CO), was a gift of Professor Dr E. Lind-
ner, University of Tiibingen. A 150 W Hg high pressure lamp
(Original Quarzlampen GmbH. Hanau) was used for the
photolytic reactions. “'P{'H} (109.36 MHz). “‘C{'H}
(100.53 MHz) and 'H (270.16 MHz) NMR spectra were
recorded on a Jeol GSX270 spectrometer at 21°C. IR spectra
were recorded on a Nicolet S20FT-IR (Nicolet Instrument
GmbH) und mass spectraon a MAT 711A (Varian).

3.1. Synthesis of 7°*-C,H,CHCO).PPh,Bz (1)

1.00 g (4.67 mmol) CHCr(CO), and 1.28 g (4.67
mmol) PPh,Bz in 120 ml benzene were rapidly stirred and
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Table 5
Final atomic coordinates ( X 10°) and displacement parameters (in A°X 10°) of 3a
Atom A ¥ N Uy U Uy v s .
Mn(l) 2971 1) 893(1) 6452(1) §5(1) 50¢t) 581 -2(1) 13(1) (1)
Pl 2209¢ 1) 2373 5604(1) 39(1) 431 511 -5 16(1) -l
o AR65(3) 178(4) 5904(2) 64(2) 92(3) 128(3) -19(2) 26(2) 16¢2)
0(2) 1576(3) —1027¢3) 5640(2) 83(2) 67(2) 109(3) - 16(2) 11¢2) =232y
N(1) 2124(3) —265(4) 5963(2) 70(3) 63(3) 81(3) 1(2) 25(2) 22
C 2818(5) 2248(5) 7278(3) H7(S) 65(3) 53(3) -10(3) 1H3) 14(3)
C(2) 285 1256(6) 7299(3) 87(4) 105(5) 62(3) -8(3) 27(3) [1¢3)
C(3) 2758(6) 156(6) 7458(3) 145¢6) 71(4) 69(3) 93) 42(4) ¢
C(4) 3840(6) 49(7T) 7531(3) 107(5) 114¢5) 67(3) 13(3) 2(3) 37
C(5) 3874(5) 1798(7) 7414(3) 94(4) 101(5) 58(3) -43) -43 - 19(4y
C(6) 4094(3) 519(4) 6095(2) 38(2) 50(2) 72(3) - 14(2) 10¢2) 10(2)
(N 941(3) 2978(4) 5809(2) 40(2) 472) 55(2) -1(2) 15¢2) 5(2)
C(8) 821¢3) 4212¢4) 5990(2) 49(2) 5S4 70(3) -42) 17¢2) 212)
C(9y - 130(4) 4603(5) 6205(3) 68(3) 57(3) 93(3) = 3) 29¢3) 17¢2)
Co10) ~959(4) 376 S) 6217(3) 50(3) 84(4) 97(4) -8(3) 2 14(2)
C(ln - 846(4) 2547(5) 6041(¢3) 48(3) 76(3) 112(4) -9(3) 3An =-9(2)
C(12) 91(3) 2135(4) 5831(3%) 41(2) §6(3) 95(3) - 72} 222 =32
C(13) 1823(3) 1753(4) 4684(2) 4R(2) 50(2) 53(2) 02y 18(2) -2
C(l4) 834(4) 2069(4) 42342y 58(3) 66(3) 60(3) 1Y) 14(2) L]
C(15 5734 1610(5) 3526(3) 68(3) 86(1) 58(3) 1(3) 1(2) - 133
C(le) 1288(5) 8305 3271¢3) 96(4) 79(3) 58(3) -13¢2) 20(3) =21(3)
c(1n 2273(4) 526(5) IMNud 77(3) 70(3) 67(3) =13ty 3003y -2(2)
CI8) 2538(4) 971(4) 4412(2) 61(65(3) 65(3) 60(3) ~52) 21 2) 52
Cc19) 022 3789(4) S5t %) 50(2) §2(2) 75(3) =742 23(2) ~-6t2)
C(20) 4108¢3) W) 5308¢2) 45(2) 46(2) T0(3) =52 22(2) -8
c2n 4203(4) JAR(S) 4597(3) 533 eI K] 71(3) %2) 19(2) ~-6(2)
C(22) 52024 168(5) 4410(3) 67(3) 95(4) 84(3) -2(3) 4003) ~®3
Cy) 60VY(4) 2031(5) $948(3) 56(3) 83 115(4) 1 44(3) -32)
Ch 6016(4) 2969(5) 5660(3) 42(2) 94(4) 107(4) 8(3) 15(3) =6(2)
C25) S027(4) 1261(5) 5843(3) 5201 85(3) T13) = 12¢3) 1202) =16(2)
Fch) 323600 §304(3) 7207(2) 1440 3) 7H) 13803 8(2) 43(2) 22
B 2390 8) 6ORS(7) 6404 3) 17T 8) HS(5) 89(4) Y =5 - X8y
Fth 2167(%) 6V12(R) 7530(5) 186(9) 114(5) 184 78 HHTy 17¢8)
Fid) N7 S) T47416) T219(6H) T8(4) 9614) IN8( 10) =350 29¢5) =23
E(IA) RKYZTRKY! 7F080( 1) I 129011 13910 94(9) - 388 - HH) =2018)
IF(3A) RILATE RS 7251(15) 6H60( 1)) 03¢ 19 1360 14) (RUTERY IRy 13t13) 5013
F(4A) 1794(8) 6620( 1) T812) S3m 145¢12) 219y 4 (12} 20 8100y
Bch 4R1(4) 63991 8) T4} T4 hETR )] 69(4) = 2(3) 18H =23
The unisotropic displacement fuctor exponent tukes the form: = 22| W2a®2 U, + .. + 2hka*h* U\, |,
Tuble 6
Selected hond lengths (A) und angles (°)
1 2 3a
Cr(H=C( 1) 1.BOY(S) Mn( 1)=C(20) 1.755(5) Mn( 1)-Ci6) L719¢4)
Cr(H=C(2) 1.835(6) Mn(1)=C(21) 1.759¢5) Mn( 1)=N¢1) 1.750¢5)
Cr(1)-P(1) 24015(14) Mn( 1)=P(1) 2.2198(12) Mn( 1)=P( 1) 2.2949( 14)
P(1)-C(Y) 1.860(4) P(H-C(hH 1.859(4) Pe11=C(19) 1.839¢4)
P(1-C(22) 1.860(4) P(H-C(8) 1.820¢4) P(=C(1Y) 1.816(4)
P(1H-C(16) 1.867(4) P(1)-C(14) 1.847(4) P1)-C(7) 1.818(4)
C)-C(10) 1.558(6) Ci1=-C(2) 1.499(5) C19)=C20} 1.511(S)
Cr(1)-C(1)-0(1) 179.3(4) Mn( 1)=C(21)-0(2) 179.7(5) Mn(1)=-N(1)-02) 179.4(4)
Cr(1)-C(2)~-0(2) 177.8(5) Mn¢ 1)=C( 20101 1) 173.9(4) Mn( D =C(6)=0¢ 1) 173.5(4)
C13=Cr( H=C(2) 86.2(2) C20)-Mn( 1)-C(21hH 93.0(2) C(6)-Mn(1)-N( 1} 94 8(2)
C(H-Cr( =P(1) 86.3(2) C20)-Mn(1)=P( 1) 88.88( 14) N(1)=Mn( =P 1) 88.91(14)
C(2)-Cr( )-P(1) 91.6(6) C(20)-Mn( 1)-P(1) 96.30( 14) C(6)~-Mn(1)-P(1) 98.1(2)
C(N-P(DH-Cr(1) 112.4(2) C(1)-P(1)-Mn(1) 118.00(14) C(19)-P(1)-Mn(1) 117.8(2)
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photolysed for 3 h. A yellow oil formed. was separated,
washed with 140 m! benzene and taken up in 50 ml hot
ethanol. After filtration and addition of n-heptane to the eth-
anol solution, yeHow crystals were obtained in 42% yield. 'H
NMR (CDCl,, Me,Si): 8 3.63 (5. CH,), 4.57 (s, CH,).
6.58-7.52 (m, Ph). *'P{'H} NMR (CDCl,): 3 90.05 (s).
IR (KBr): v 1887 (sst, CO), 1828 (sst, CO). Anal. Calc.
for CxH,,CrOLP: C. 70.58: H, 5.05. Found: C. 69.19; H
511%.

3.2. Svnthesis of w'-CH Mn(CO),PPh;Bz(2)

A solution of 0.61 g (3.00 mmol) CsHMn(CO); in 320
mi THF was photolysed for 3 h, then 0.83 g (3.00 mmol)
PPh,Bz was added to the red solution under rapid stirring.
The resulting yellow=brown solution was reduced after 1 h
by evaporation to obtain a browa solid, which was filered
off. The solvent of the now red solution was removed in vacuo
to give an orange oil, which crystallized from 30 mi #-hexane
as an orange solid. Yield: 63.1%. 'H NMR (CDCl,, Me,Si):
83.69 (s, CH;), 4.17 (s, Cp), 6.63=7.52 (m, Ph). "'P{'H}
NZAR (CDCYL): 892.21 (). IR (KBr): v 1931 (sst, CO).
1863 (sst, CO). MS (FAB): m/z=452 (M™). Anal. Cale.
for CaH..MnOsP: C, 69.03; H. 4.90. Found: C, 68.70; H
4.98%.

3.3, Svnthesis of [9°-CH Mn(COXNOYPPh,Bz)] * BF,
(3a)

A solution of 0.52 g (1.80 mmol) [CHMn(CO),-
{NO)IBF, and 0,70 g (2.50 mmol) PPhyBz in 25 ml meath-
anol was refluxed for 2 b after which the originally light
brown solution turned fed. The solvent was removed in vacuo
ut FoOm temperature 1o give an orange oil which wasdissolved
in CH,Cly, Addition of hexune precipitated red crystals,
Yield: 73%. '"HNMR (ucetone-d6, Me,Si): §4.34 (m.CH,),
5.60 (5. Cp). 6.81-7.70 (m, Ph). 'P{'H} NMR (acetone/
CD.CN): 869.40 (s). IR (KBr): # 2037 (sst, CO), 1801
(sst, NO). MS (FABY: m/z=454 (M), 426 (M -CO).
396 (M -CO-NO). Anal. Calc. for ngH;;BFJMnNOJP: C.
55.49: H, 4.09: N, 2.59. Found: C. 54.96; H 3.99: N, 2.54%.

3.4, Syathesis of | 9°-C Me Mr(COUNOKPPI-B:)) ' BF,
(35)

The nreparation was as described in Section 3.3: an orange
solid formed. Yield: 75%. 'H NMR (CDCl,. Me,Si): 6 1.63
{5 CH,), 3.86 (m. CH,). 6.81-7.70 tm, Ph). "'P{'H} NMR
{CDCL): 8 60.80 (5). IR (KBr): ¢ 2011 (sst, CO), 1772
tsst. NO). MS (FAB): miz=524 (M), 496 (M' -CO),
466 (M *.CO-NO). Anal, Cale. for C \H,BF,MaNO,P: C,
S8.94 H, S.27: N, 2.29. Found: C. 57.61: H 542: N, 2.21%.

3.5. Svathesis of 9°-CH M COANOIPPHhCHPh (4a)

~ One drop of DBU added to the orange-red solution of
0.02 g (0.006 mmol) 3a in 0.4 mi acetone-d6 at — 50°C

immediately changed the colour to deep red. *'P{'H} NMR
582.4 (s); no isolation and no further characterization.

3.6. Synthesis of 7°CsMe Mn(CONNO)PPh,CHPh (4b)

The same procedure was used as described in Section 3.5;
again a deep red solution formed. *'P{'H} NMR 8 78.5 (s):
no isolation and no further characterization

4. Supplementary material

Further details of the three crystal structure determinations
are available on request from the Fachinformationszentrum
Karlsruhe, Geselischaft fiir wissenschaftliche Information,
D-76344 Eggenstein-Leopoldshaten on quoting the deposi-
tory number CSD 406719, CSD 406720 and CSD 406721
the names of the authors, and the joumal citation.
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