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Abstract

The complexes [(1°-CsH R)Fe(CO)PPh;)I] (R=1 (1), CH(CH,), (2), CHPh,
(3)) have been synthesised. The NOE spectra recorded on the new complexes reveal
a preferential conformation of the ring substituent on 3, with the H atom of the
benzhydryl group pointing towards the PPh, ligand. A similar effect is not observed
in the spectrum of 2. The phenomenon is related to the steric effect associated with
the relative sizes of the ring substitutents.

The crystal structures of 1 and 3 have been determined. The results for 3 suggest
that the dominant conformer observed in solution corresponds to the solid state
structure.

Introduction

In recent years it has become apparent that the rotational behaviour of aromatic
hydrocarbon rings in complexes of the type (ring)MA, can be detected and is
influenced by both the A, ligand set [1] and the ring substituent [2]. From these
considerations it would be expected that the conformational preferences of the ring
substituents could also be detected by the correct choice of the metal, ligands and
ring substituents. Indeed, electronic barriers to the rotation of acyl ring substitutents
in substituted ferrocene [3] and ruthenocene [4] complexes have been measured. To
our knowledge, however, the detection of steric influences on ring substituent
conformations in the above types of complexes has not been reported.

* For part VI see ref. 2.

0022-328X /89,/$03.50 © 1989 Elsevier Sequoia S.A.
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We report here our NMR data on [(#’-CsH, R)Fe(CO)(PPh,)I] (R=1 (1), ‘Pr
(2), CHFPh, (3)), which confirm that steric factors influence the conformation of the
CHPh, substitutent in [(7°-CsH,CHPh,)Fe(CO)(PPh,)I]. Also reported are the
X-ray crystal structure determinations of [(7°-CsH,R)Fe(CO)}PPh)I] (R =1,
CHPh,), which have provided solid state data on minimum energy conformations
of the various ligands.

Experimental

[Fe(CO);] was purchased from Strem Chemicals. The 6,6-dimethylfulvene [5] and
6,6-diphenylfulvene [6] were prepared by literature procedures and the isopropyl-
[7,8] and benzyhydrylcyclopentadienes [7] were prepared from the corresponding
fulvenes by reduction with LiAlH,.

Diazocyclopentadiene was prepared by either the method described by Regitz
and Liedhegener [9] by diazotransfer from tosylazide to cyclopentadiene in
acetonitrile / diethylamine, or by the method described by Weil and Cais [10—12] but
using diethylamine (rather than ethanolamine, which gave low yields) as base. The
required material was purified by chromatography on silica gel with benzene as
eluent [12]. The concentration of the resulting benzene solution was determined by
'"H NMR spectroscopy using an internal standard, and this solution was used
directly in the preparation of [(n>-CsH,I)Fe(CO),I] [12]. IR spectra were recorded
‘on a Perkin—Elmer 580B spectrometer and 'H NMR spectra on a Bruker AC 200
spectrometer. NOE spectra were recorded as described previously [1].

Preparation of [(v-CsH, Pri)Fe(CO),] ,

[Fe,(CO)y] (12 g; 32 mmol) and isopropylcyclopentadiene (3 g, 28 mmol) were
added to dry benzene (80 ml) and the mixture was stirred under N, at room
temperature; it became dark-red, on stirring. Product formation was monitored by
TLC. After 24 h the black mixture was pumped to dryness to yield 7.3 g of a dark
red liquid (59% crude yield). Recrystallization from CH,Cl, and petroleum ether
gave fine black needles of the required product with m.p. 63-64°C. IR (CH,Cl,)
»(CO): 1979, 1949, 1763 cm~'; 'H NMR (C¢Dy): Cs H,, 4.36t, 3.99t; CH(CH,),,
2.74 s (J(H-H) 6.8; CH(CH,),, 1.12d, J(H-H) 6.8.

Preparation of [(v’-CsH,CHPh,)Fe(CO),],

[Fe,(CO)y] (2.5 g, 6.5 mmol) and benzhydrylcyclopentadiene (1.4 g, 6 mmol)
were added to dry benzene (30 ml) and the mixture was stirred under N, at room
temperature. The solution became dark-red on stirring as the [Fe,CO)4] dissolved.
Product formation was monitored by TLC. After 24 h the black mixture was
pumped to dryness to yield a black solid (987 mg, 70% yield). Recrystallization from
petroleum ether and CH,Cl, gave 900 mg of dark black plates of the required
complex.'H NMR (CDy): CsH,, 4.05 s, CHPh,, 5.88(s).

Preparation of [(v’°-CsH;Pr')Fe(CO),I]

[(7w’-CsH,Pr')Fe(CO),]1, (3.0 g, 6.9 mmol) was dissolved in CH,Cl, (20 ml) and
a solution of I, (2 g I,/100 ml CH,Cl,) added dropwise to the stirred solution
under N,. The reaction was monitored by IR spectroscopy and was considered to be
complete when the IR (#(CO)) absorption at ca. 1760 cm ™! had disappeared (2 h).
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Table 1
TH NMR data for 1, 2 and 3¢
Complex Cyclopentadienyl ring ° Ring substituent ? PPh,?
H2 H3 H4 H5 A(H2-HS) H Me or Ph¢ ortho meta / para
1 491 414 343 377 1.14 - - 7.66m 6.97m
2 5.04 456 338 327 1.77 2.92(s) 1.19(d), 1.07(d) 7.75m 6.99m
3 381 238 433 514 1.33 6.13 7.7m, 7.0m 7.62d,7.22d 7.0m

4 Recorded in C4Dg relative to TMS. ? (ppm); m = multiplet, s = septet, d = doublet. © ortho-protons
listed.

The excess of 1, was removed by shaking the mixture with aqueous Na,S,0;, and
the organic layer was dried (MgSQO,) and concentrated to give a dark black oil.
Column chromatography (column packed with silica/hexane slurry; elution with
benzene) gave a black oil, judged to be pure from its IR and NMR spectra (49%
yield). IR (CH,Cl,) »(CO): 2044, 1989 cm™!; '"H NMR (C4Dg) CsH,, 4.02m,
4.04m; CH(CH,),, 2.27q J(H-H) 6.8; CH(CH,),, 0.81d J(H-H) 6.8.

Preparation of [(v’-CsH,Pr')Fe(CO)(PPh ]

[(n’-CsH Pr')Fe(CO),I] (346 mg, 1 mmol) and PPh, (262 mg, 1 mmol) were
dissolved in benzene (10 ml). The solution was brought to reflux and [(7’-
CsH;)Fe(CO),], (10 mg) added as catalyst. The reaction was monitored by IR
spectroscopy and was complete within 2.5 h. The solution was pumped to dryness,
crude product redissolved in benzene, and the black solution passed through an
alumina column (eluent, benzene). The first small yellow band was not char-
acterized. The second green band was collected, the solution pumped to dryness,
and the green solid (m.p. 129-130°C, 67% yield) characterized by IR (»(CO),
CH,Cl, 1940 cm ') and NMR spectroscopy (Table 1).

Preparation of [(v’-CsH,CHPh,)Fe(CO)(PPh )I]

[(n’~CsH,CHPh,)Fe(CO),1] (175 mg, 0.37 mmol) and PPh, (97 mg, 0.37 mmol)
were dissolved in benzene (5 ml). The solution was brought to reflux and [(%’-
CsH,)Fe(CO),], (5 mg) added as catalyst. The reaction, monitored by IR spec-
troscopy, was complete in less than 3 h. The crude material was passed through a
silica column (eluent, benzene) and revealed a small and a large green band. The
slower moving larger green fraction was collected and the solvent removed to vield a
green solid (m.p. 170-171° C 55% yield), characterized by IR (»(CO), CH,Cl,: 1944
cm™') and NMR spectroscopy (Table 1).

Preparation of [(vw’-CsH,I)Fe(CO)PPh;)I]

[(n*-CsH,I)Fe(CO),1] (223 mg, 0.5 mmol) and PPh, (131 mg, 0.5 mmol) were
dissolved in benzene (7 ml). The solution was brought to reflux and catalyst
[(7*>-CsH)Fe(CO),], (10 mg) added. The reaction was monitored by IR spec-
troscopy and was considered complete in 1 h. Passage of the crude material through
a silica column with benzene as eluent gave a green fraction from which the required
solid (dec. 156°C), characterized by IR (»(CO) CH,Cl, 1955 cm~! and NMR
spectroscopy (Table 1), was obtained (69% vield). The reaction was also carried out
by allowing a benzene solution of the reactants io stand in sunlight (0.5 h).



342

Table 2

Crystal data, acquisition and refinement details for 1 and 3

Complex 1 3
Formula C,4H, Fel ,OP C3;HFelOP
M, 664.03 704.36
Colour, shape Black needles Black needles
Space group Pna2, P2, /¢
a/A 16.231(3) 12.852(2)
b/A 18.342(2) 14.585(5)
c/A 7.748(2) 17.481(2)
B8/° 90.00(2) 107.96(1)
v/A? 2306.65 3116.89
z 4 4
F(000) 1272 1416
D, /g-cm™? 1.912 1.501
K, used/A Cu: 1.542 Mo: 0.7107
p/cm™! 413 10.3
Scan mode w/26 w/20
Scan range/° 3<8<65 2<8<27
Scan speed /°-min ™! 5.5 5.5 :
h 0—138 -16—>16
k 0—-21 0—18
I 0-9 022
Measured intensities 2278 7291
Unique reflections 2085 6093
Internal consistency 0.000 0.019
Omitted reflections 75 1297
Cut-of criterion F>2a(F) F> 30(F)
No. of parameters 137 in
Maximum Ap /e 0.14 0.28
Res. density /e A3 1.90 0.350
R 0.058 0.033
Rw “ 0.056 0.028
Weighting coeff.

w=K/0’F 1.416 1.538

* Rw=Zyw[|F, |- | F.||/ZVw[| F, |].

Crystal structure determination

Single crystals of 1 and 3, grown from toluene/hexane were mounted on glass
fibres. Preliminary investigation of [(7°-CsH, I)Fe(COXPPh,)I] (1) and [(%’-
Cs;H,CHPh,)Fe(CO)(PPh,)I] (3) was carried out by standard Weissenberg and
precession photography. Crystallographic analyses were based on X-ray diffraction
data collected with an automatic Enraf-Nonius CAD4 four-circle single-crystal
diffractometer, using graphite monochromated Cu-K, and Mo-K, radiation, re-
spectively. Refined cell constants were measured and refined from 25 accurately
measured reflections in the range 25° < 6 < 35° (for complex 1) and 16° <8 <19°
(for complex 3). Standard reflections were measured every hour of exposure time.
Each data set was corrected for crystal decay and Lorentz-polarisation effects. An
empirical absorption correction [13] was applied to each data set. The crystal data
and crystallographic details are shown in Table 2.

The structures of 1 and 3 were solved by Patterson methods, and subsequent
Fourier synthesis revealed the remaining non-hydrogen atoms. Refinement was
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Table 3

Fractional coordinates (X 10*) and equivalent isotropic temperature factors (Az % 103) for non-hydrogen
atoms

Complex 1

x y z Ueq
Fe 3456(1) 2502(1) —270(5) 33(D)
I(1) 1994(1) 1906(1) 0 37
1(2) 4400(1) 725(1) 1153(3) 70
P 2992(3) 3502(2) —1644(7) 27(1)
(o} 3741(7) 1790(6) —3556(18) 383 ¢
C) 4234(11) 1825(9) 1207(30) 34>
C(2) 3684(13) 2164(12) 2244(29) 42(6)*
C(3) 3785(13) 2978(11) 2088(30) 49(6)*
C4) 4410(11) 3068(9) 887(27) 43(5)*
C(5) 4669(11) 2365(9) 440(26) a2(5)*
C(6) 3609(12) 2058(10) —2378(26) 31(5)*
c(n 2069(10) 3405(9) —2991(23) 26(4)*
C(8) 2083(11) 2933(9) —4368(26) 40(5)*
C9) 1385(11) 2788(10) —5361(30) 45(5)*
C(10) 679(11) 3160(10) —4291(34) 47(5) *
Cc(11) 652(12) 3682(9) —3750(33) a45*
C(12) 1331(11) 3804(10) —2663(28) 40(5)*
C(13) 2696(10) 4232(8) —201(27) 30(4)*
C(19) 2161(10) 4062(9) 1165(27) 34>
C(15) 1877(11) 4562(10) 2351(27) 38(5)*
C(16) 2128(11) 5270(10) 2200(29) 44(5)*
cQ17) 2652(12) 5459(10) 842(29) 46(5)*
C(18) 2943(10) 4948(9) —344(24) 344>
CcQ9) 3696(10) 3936(9) —3206(23) 28(4H*
C(20) 4504(10) 3676(9) —3369(25) 34>
Cc(21) 5052(12) 3976(10) —5433(27) 49(5)*
C(22) 4773(13) 4551(10) —5576(29) 50(6)*
C(23) 3972(12) 4823(11) —5439(29) 48(5)*
C(24) 3431(11) 4501(10) —4263(27) 41(5)*

akx

isotropic temperature factor.

carried out using full-matrix least-squares calculations in which the hydrogen atoms
were included at calculated positions. For complex 1 only the four heaviest atoms
were assigned anisotropic temperature factors, while for 3 all the non-hydrogen
atoms were refined anisotropically. The R values converged to 0.058 and 0.033 for
complexes 1 and 3, respectively. All calculations were performed on a Cyber-750
computer (complex 1) and on a IBM PC-XT computer fitted with a Definicon
board (complex 3) using the SHELX-86 [14] system of programs. Final positional
parameters for 1 and 3 are given in Tables 3 and 4. Lists of anisotropic thermal
parameters, hydrogen coordinates, and observed and calculated structure factors are
available from the authors.

Results and discussion

The syntheses of the [(#°-CsH;)Fe(CO,)l,, [(7°-CsH,R)Fe(CO),I] and [(n’*-
CsH, ,R)Fe(COXYPPh,)I] (R =1, 'Pr, CHPh,) complexes were carried out by stan-
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Table 4

Fractional coordinates ( X 10*) and equivalent isotropic temperature factors (A? x 10°) for non-hydrogen
atoms of complex 3

x ¥y z U
I(1) 2711 858 1698 50
Fe 2744 ~667 2500 a1
P 1238(1) —323(1) 2821(1) 41
(o) 4122(2) -21¢2) 4007(2) 77(1)
c) 3739(3) —1360(2) 1925(2) 46(1)
C2) 3818(3) ~1780(3) 2668(2) 53(1)
C(3) 2773(3) —2086(3) 2661(3) 57(1)
(o)) 2033(3) —1882(3) 1900(3) 55(1)
C(5) 2615(3) —1431(2) 1447(2) 48(1)
C(6) 4649(3) —-976(3) 1643(2) 48(1)
Cc(7 5669(3) —-771(3) 2349(3) 54(1)
C(8) 5857(4) 116(3) 2645(3) 75(1)
C(9) 6753(4) 294(4) 3308(4) 97(2)
C(10) 7453(4) —385(4) 3673(3) 92(2)
can 7285(4) —1264(4) 3382(3) 81(1)
C(12) 6394(3) —1452(3) 2713(3) 67(1)
C(13) 4881(3) —1583(3) 1007(2) 51(1)
c(4) 4680(4) —2504(3) 953(3) 72(1)
C(15) 4919(4) —3029(4) 372(3) 92(2)
C(16) 5365(4) ~2621(5) —157(3) 106(2)
c(17) 5566(4) —1717(4) —118(3) 105(2)
C(18) 5328(3) —1185(3) 470(2) 78(1)
c(19) 3586(3) —226(2) 3435(2) 56(1)
C(21) —43(3) —-177(2) 1998(2) 46(1)
C(22) —59(3) —344(2) 1215(2) 48(1)
Cc(23) —1027(3) —276(3) 587(2) 59(1)
C(29) —1974(3) —38(3) 729(3) 74(1)
C(25) —1969(3) 137(3) 1502(3) 83(1)
C(26) —1005(3) 72(3) 2132(3) 69(1)
C(@3D 1231(3) 656(2) 3480(2) 45(1)
C(32) 1834(3) 1438(2) 347002) 56(1)
C(33) 1777(3) 2186(3) 3949(2) 69(1)
C(34) 1127(4) 2152(3) 4448(3) 76(1)
C(35) 536(4) - 1371(3) 4462(3) 77(1)
C(36) 580(3) 624(3) 3996(2) 61(1)
C(41) 954(3) -1277(2) 3403(2) 44(1)
C(42) 1680(3) —1423(3) 4172(2) 56(1)
C(43) 1574(3) —-2177(3) 4614(3) 67(1)
C(44) 735(4) —2782(3) 4306(3) 69(1)
C(45) 21(3) —2653(3) 3551(3) 68(1)
C(46) 127(3) —1905(3) 3096(2) 56(1)

dard procedures, and the complexes were routinely characterised as described in the
Experimental section. Complexes 1, 2 and 3 are all relatively air stable green
compounds.

NOE spectroscopy was used to relate the '"H NMR signals to the cyclopen-
tadienyl ring protons as described previously [11, and Fig. 1 indicates the numbering
scheme employed for the protons and associated resonances under investigation.
The conformational preference of the ring relative to the ligand set could readily be
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Fig. 1. (@ 'H NMR spectrum of [(n°-CsH,/ Pr)Fe(CO)XPPh3)I); (b) NOE spectrum of [(n*-
C5H4 Pr)Fe(CO)PPh,)I] showing irradiation of the 'Pr hydrogen atom; (c) 'H NMR spectrum of
{(7’>-CsH 4CHPh,)Fe(CO)PPh,)I (X = impurity); (d) NOE spectrum of [(7’-CsH 4CHPh,)Fe(CO)-
(PPh,)I] showing irradiation of the benzhydryl hydrogen atom.

detected in 1 to 3 by the NOE technique. Thus, irradiation of the ortho-phenyl
protons of the PPh, ligand in 1 and 2 resulted in various increases in the intensity
of the resonances associated with ring protons H2-HS. The variation in the
increased intensity correlates with the time the ortho protons are close to the ring
protons, and hence provides a means of establishing probable ligand conformations.
For 1 there was almost equal growth of all four resonances associated with H2-HS,
suggesting near equal occupancy of all possible conformations of the ring relative to
the ligand set. The NOE spectrum of 2, however, indicates only a small increase for
the resonance associated with H2 (30%) relative to the H3, H4 and H5 protons. This
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is consistent with a dominant conformation in which the PPh, ligand protons are
situated close to H3—HS5 and far away from H2 i.e. with the PPh, ligand situated
close to C4. This is also consistent with J(P-H) data; the P-H coupling involving
H4 is much larger than that involving H2. Visual inspection also reveals that H3
and H4 are associated with broader resonances than the H2 and HS protons (see
Fig. 1a), a feature which arises from the larger PPh, coupling to H3 and H4.

Owing to the overlap of the resonance of the ortho ring protons of PPh; on 3
with some of the resonances of the ortho ring protons of the CHPh, ligand it was
not possible to apply the same procedure to 3 in order to establish ring conforma-
tional data. Instead consecutive irradiation of protons H2-HS5 revealed that only
H3, H4, and HS resulted in growth of the ortho phenyl proton resonances of PPh,
(resonance 1 in Fig: 1c). NMR data are again consistent with location of the PPh;,
ligand preferentially close to C4.

The NOE study also provided information on the conformational preferences of
the groups on the ring substituent relative to the cyclopentadienyl ring i.e. of the Ph,
Me and H groups relative to the bond connecting the C,,,, ring carbon atom and
the carbon atom of the substituent. Thus, irradiation of the 'Pr methine hydrogen
atom resulted in equal growth of H2 and H5 (3.5% growth for both resonances. Fig.
1b). The methyl groups associated with the 'Pr substituent either have equal access
to all conformations or a preferential conformation with the H atom pointing
towards the Fe atom, i.e. between H2 and HS5. Both situations would lead to
equivalence of the intensities of the H2 and HS5 resonances. The NOE data did,
however, provide definitive evidence for a conformational preference of the CHPh,
substituents relative to the cyclopentadienyl ring and the ligand set. Thus irradiation
of the benzhydryl proton resulted in growth of two resonances at 8 7.5 that are due
to the four ortho protons on the two substituent phenyl groups (Fig. 1d). The
irradiation of the benzhydryl hydrogen atoms also resulted in the appearance of
resonances associated with H5 and H2. Significantly these resonances had different
intensities (H5 (6%) and H2 (1%)), corresponding to ca. 85/15 ratio. Further,
irradiation of H2 resulted in the growth of only one of the ortho phenyl ring
resonances of the CHPh, group. The data can readily be rationalised by assuming
the dominance of the conformation shown in Fig. 2.

The differences in the conformations of the ring substituents in 1 and 3 is related
to the steric size of the groups (Me versus Ph) attached to the ring substituent.
Attempts are presently underway to further explore and delineate this phenomenon

PPh
Ha 3

Fig. 2. Proposed structure for the [(7*-CsH,CHPh,)Fe(COXPPh,)I] as determined from the '"H NMR
spectra.
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Table 5
Selected bond lengths (A) and angles (°) for 1, 3 and 4

1 3 4
Fe-1 2.621(3) 2.624(1) 2.618(1)
Fe-P 2.250(5) 2.231(1) 2234(1)
Fe-Cearponyl 1.84(2) 1.781(4) 1.769%(6)
Cearbony O 1.06(2) 1.067(4) 1.096(6)
(Fe-Cring)ave 2.08 2.11 211
Fe-Cen® 1.708 1.721 1.731
(P-0) e 1.830 1.832 1.830
(Fe-P-C) .. 115.3 116.1 1157
(C-P-C) . 102.8 102.1 102.4
1-Fe_CO 90.5(6) 95.1(1) 89.4(2)
1-Fe-PPh, 94.2(1) 94.1(1) 97.0(0)
PPh;-Fe-CO 89.2(6) 91.0(1) 91.42)

“ Cen = ring centroid.

and to establish the role of electronic and steric effects on the conformational
preferences of related ring substitutents.

Crystal structures. Selected bond length and bond angle data for 1 and 3 as well
as a closely related complex [(7°-CsH ' Bu)Fe(CO)PPh;)I] (4) [2] are given in Table
5. ORTEP ([16] diagrams of 1 and 3 are given in Fig. 3 and 4. Figure 5 shows the
projections of the molecules 1 and 3 down the Fe-Cen (Cen = centroid) axis.

The crystallographic data are insufficiently accurate to assess whether localised
(allyl-ene or diene) bonding occurs in the cyclopentadienyl rings of 1 and 3. Least
squares planes calculations for the cyclopentadienyl ring and the position of the ring
substituent relative to the plane were performed and are represented graphically in
Fig. 6. The ring substituents are raised out the plane, away from the Fe atom by 4°
and 3° for 1 and 3, respectively.

The Fe—I bond lengths 1 (2.621(3) A) and 3 (2.624(3) A) are very similar to
values reported for similar complexes [17-19]. The Fe—Cen distance does appear to

Fig. 3. ORTEP diagram of {(n°-CsH ;J)Fe(COXPPh,)I] (1).
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Fig. 4. ORTEP diagram of [(7°-CsH,CHPh,)Fe(CO)(PPh,)I] (3).

1 3

| CHPhy

[¢]

Fig. 5. Projection of 1 and 3 down the ring centroid-Fe axis.

Table 6

Selected torsion angles for 1, 3 and 4

Complex Torsion ¢ Angle (°)
1 C(1)-Cen—Fe-P —166.70
C(1)-Cen—Fe-1 68.01
C(1)-Cen-Fe-C(6) —48.04
3 C(1)-Cen-Fe-P 165.54
C(1)-Cen—Fe-1 4412
‘ C(1)-Cen-Fe-C(19) - —73.0
4 C(1)-Cen-Fe-P 120.90
C(1)-Cen-Fe-I —116.18
C(1)~-Cen-Fe-C(10) -1.12

? Cen = ring centroid.
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I2 +0.1485
1
-0.0079
+0.0132 -0.0002
-0.0127 +0.0076
Ce +0.0737
3
+0.0079 -0.0008
-0.0083 +0.0056

Fig. 6. Displacement of carbon and substituent atoms from the ring least squares plane for 1 and 3.

depend on the ring substituent (I < CHPh, <'Bu, Table 5), increasing with the
electron-donating ability of the ring substituent. Bond angles between the Fe atom
and the ligand set are again consistent with the Fe atoms’ being in an octahedral
environment. The local symmetry around the triphenylphosphine P atoms is near
tetrahedral (Table 5).

Torsion angles quantifying the orientation of the ligand set relative to the
cyclopentadienyl ring are given in Table 6. The relative dispositions of the ligand
sets are qualitatively similar for 1 and 3. Data for the related complex [(7’-
C,H 'Bu)Fe(CO)(PPh;)I] are also listed in Table 6 for comparison.

The most significant feature of the structure of 3 relates to the conformation of
the ligand set relative to the CHPh, substituent. The disposition of these ligands is
exactly that predicted in the solution state (see above). Relative to the cyclopenta-
dienyl plane, the benzhydryl hydrogen atom points below the plane (torsion angle
C5-Cl-C6-H6 49°) but towards HS. Similarly the one aryl ring lies almost
perpendicular to the cyclopentadienyl ring (torsion angle C1-C6—C7-C8 98°) and
points towards H2. The position of the PPh, lying trans to the ring substitutent and
close to one of the ring carbon atoms is also as observed in the 'H NMR spectrum.
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