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The sohd state structure of (cyclohexadiene)Fe(CO)sP(c-tolyl)J reveals an exq conformation for the 
phosphine. In solution, arene ring exchange in the phosphine and exchange of phosphine between 

equivalent basal positions of the square pyramid occur at equal rates. In solution, 

(cycloheptadiene)Fe(CO)s( + >PPh,(neomenthyl) exhibits a diastereoselection between basal isomers, 

and crystallii as a single diastereoisomer which has been structurally characterized. 

Introduction 

Tertiary phosphines form the largest class of commonly encountered ancillary 
ligands in organotransition metal complexes and provide great potential for the 
control of structure and reactivity through variation of both steric and electronic 
properties. Of particular relevance to catalysis are the ability of demanding ligands 
such as P(o-tolyl), to promote coordinative unsaturation [1,2] and the ability of 
homochiral bidentate phosphines to control enantioselectivity [3]. In many com- 
plexes, both phosphine and a a-bound ene or polyene ligand occupy positions in the 
metal co-ordination sphere. Though restricted rotation is a common feature of many 
ene and polyene complexes [4], and though restricted M-PR, rotation has been 

* Dedicated to Professor Peter Pauson on the occasion of his retirement. 
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observed (albeit rarely) [5], we are aware of no example where correlated or “gear” 
rotation (defined as a conformational transmission caused by interaction between 

polyhedral substituents) has been confirmed experimentally in a (polyene)M(PR,) 
complex [6,7], though correlated rotation has been observed in many organic 

systems [ 81. 
We present here evidence for possible correlated rotation in (n4-cyclo- 

hexadiene)Fe(CO),P(o-tolyl), and the conformational diastereoselection resulting 
from introduction of homochiral ( + )-PPh,(neomenthyl) into symmetric 
(diene)Fe(CO), complexes. Such complexes continue to attract attention as syn- 
thetic intermediates, particularly for enantioselective synthesis [9]. 

Results and discussion 

Complexes 1, 2a,b and 3 were prepared by substitution of the tricarbonyl in the 
presence of Me,NO [lo]. Spectroscopic data are given in Table 1. 

Fe(CO),P( *tolyl), Pe(CO),PPh,(neomenthyl) 

(1) (2a: n = 2; 2b: n = 3) 

Pe(CO),PPh,(neomenthyl) 

(3) 

(a) Crystal and solution structure of (cyclohexadiene)Fe(CO), P(o-tolyl), (1) 
Though single crystal studies of P(u-tolyl), and the series XP(o-tolyl), (X = 0, S, 

Se) have been reported [ll], we are not aware of any structural study of a transition 
metal complex of P(o-tolyl),. The structures of 1 and of (cyclohexadiene)- 
Fe(CO),PPh, [12] are displayed in Fig. 1. Structural data (Table 2) show similar 
pseudo-square pyramidal geometries with phosphine in a basal position. Minimiza- 

tion of interaction of P(o-tolyl), with the sterically most demanding C3-C8 region 
of the diene is evident in an increased M-P distance, an increased C2-Fe-P angle, 
and an increased tilting of the diene (manifest in increased Fe-C3,6 and decreased 
Fe-C4,5 distances). Of most interest is the conformation of the P(o-tolyl), ligand, 
termed exe,, in which the plane of one ring is essentially collinear with the Fe-P 
axis and the methyl points away from the phosphorus lone pair. Such a conforma- 

tion is also found for XP(o-tolyl), (X = S, Se) [ll], though OP(o-tolyl), and the free 
ligand itself adopt a conformation in which all three methyls reside on the same side 
as the lone pair (termed exo,). The literature cone angle value is based on this 
conformation [13]. Modelling studies show that the exe, conformation reduces the 
cone angle of the ligand substantially from 184 to 160° [14*]. The PPh, ligand in 
(cyclohexadiene)Fe(CO),PPh, also adopts a similar conformation in which the 
plane of one ring is essentially collinear with the Fe-P axis. This is not, however, 
common to all (diene)Fe(CO),PPh, structures; the opposite extreme is represented 
by (trans,trans-hexa-2,4_diene)Fe(CO),PPh,, which with axial phosphine and C,- 
Cp-P-Fe angles of 81,44 and 25 O, presents the face of one phenyl ring (essentially 

* Reference number with an asterisk indicates a note in the list of references. 
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Table 1 

NMR spectroscopic data 

Complex Temperature 

(“C) 

1 +20 

-50 

I,4 2.63 (br) ’ 
2.3 4.24 (br) 

5,6(exo) 1.41 (d) 
5,6(endo) 1.88 (d) 

Me 2.10 (br) 
Ph 6.9-7.8 (m) 
1,4 2.25 (m) 

2.70 (m) 
2,3 3.20 (m) 

5.20 (m) 
5,6(exo) 1.30 (m) 

5,6(endo) 1.85 (dd) 

Me 1.28 (s) 
2.23 (s) 
2.53 (s) 

Ph 6.5-9.0 (m) 

1 +20h 1,4 2.36 (m) ’ 
2.72 (m) 

2,3 4.40 (m) 
4.53 (m) 

576 8 

2b +20h 

3 +20h 

1,4 2.57 (m) ’ 
2.3 3.72 (m) 

4.55 (m) 
5-7 g 

1,4a - 0.40 (m) f 
1.4s 1.32 (m) 
2.3 4.52 (m) 

4.80 (m) 

SeP( o-tolyl), +20 Me 2.31 (s) ’ 

Ph 7.2-7.7 (m) 

-100 Me 1.61 (s) 

1.4 57.6 (br) c 
2,3 89.1 (br) 
5.6 24.4 

46.0 l 

Me 23.2 (4.0) 
Ph 125-143 
1,4d 

61.9 (6.1) 
2,3 85.6 

94.1 

5,6 23.6 
24.1 (5.4) = 

Me 22.5 (6.1) 
22.8 (5.3) 
23.2 (2.2) 

Ph 125-143 
CO 216.5 (20.8) 

223.3 (6.7) 

46.0 

1,4 60.3 (2.9) ’ 72.3 = 
61.1 (2.1) 

2,3 85.8 
86.2 

5,6 24.4 
24.9 

CO 219.8 (12.4) 
219.7 (14.6) 

1,4 54.8 (3.8) = 70.6 = 
58.0 

2,3 87.9 
91.4 

5.7 28.4 
28.7 

6 24.6 
CO 220.7(10.7) 

218.2 (15.7) 

1,4 41.1 e 74.4 e 
41.8 

2,3 85.2 
85.8 

CO 217.4 (7.8) 
217.9 (6.9) 

Me 23.1 (4.4) ’ 

Cl 128.2 (72.9) 
c2 143.0 (8.8) 

C3-C6 126.2 (12.7) 
132.0 (2.9) 
132.9 (10.3) 
134.1 (13.2) 

Me 20.8 (6.3) 

26.4 
(712) ’ 
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Table 1 (continued) 

Complex Temperature 

(“C) 

‘HO 13 b C 39 e 

Seqo-tolyl) 3 2.24 (s) 23.8 (3.4) 

2.82 (s) 24.6 (3.2) 
Ph 6.8-9.0 (m) Cl-C6 124-144 

-110 28.8 

(699) i 
23.1 

(699) 

E ppm from TMS. ’ ppm from TMS; J(C-P) in parentheses. ’ ppm from 85% H,PO,; J(P-Se) in 
parentheses. d Under solvent resonance. ’ CD@, solution. ‘%D, solution. 8 Under menthyl resonance 

(1.1-1.9). * Resonances due to (+)-PPh,(neomenthyl) = (‘H) 6.9-7.9 (Ph); 0.34 (Me, J= 7.1); 1.03,1.07 
(CHMe,. J= 7.1); 1.0-3.0 (ring). (%) 17.1, 20.4,21.3 (11.7), 24.0, 28.0 (5.8), 28.8, 30.3 (3.9), 31.0 (6.8), 

38.9 (20.5). 39.7 (3.9). 127-139 (Ph). Complexes 2b and 3 exhibit similar values. ’ CD,Cl,/Et,O (1: 1) 
solution. 

perpendicular to the Fe-P axis) to the acyclic diene [16]. Other (diene)Fe(CO),PPh, 
complexes, both axially and basally substituted, adopt intermediate conformations 
116,171. 

The low temperature limiting 13C and ‘H spectra of 1 (Table 1) are consistent 
with the solid state structure, exhibiting axial and basal carbonyl resonances, six 
resonances for the C, ring, and three methyl resonances for the P(o-tolyl), ligand. 
At higher temperature, two distinct fluxional processes are observed, namely ex- 
change of phosphine between equivalent basal positions and exchange of the three 
non-equivalent o-tolyl rings. These processes are most easily analysed by line shape 
analysis [18] of the CH,(diene) and CH, i3C resonances respectively; observed and 
calculated spectra are shown in Fig. 2. The substantial change in chemical shift of 
the methyl resonances as a function of temperature may be noted; P-C coupling for 
the CH, resonances is best fitted with low temperature values of 2.1 Hz (unre- 
solved) and 5.4 Hz of opposite sign which yield a coupling of 1.5 Hz (again 
unresolved) at + 20’ C. The derived AC* values [19*] (Table 3) are equivalent. 
Similarly, the less precise AH* and AS* values overlap at the 95% confidence level 
[19 * 1. Simple coincidence seems unlikely; we have observed a similar process in 
(n4-tropone)Fe(CO),P(o-tolyl), [22] in which lack of high temperature limiting 
spectra prevented the type of detailed analysis reported here, and basal-basal 
exchange in (cyclohexadiene)Fe(CO),PPh, remains fast on the NMR time scale at 
- 90°C [16]. 

To aid in the interpretation of these results, we have also examined methyl 
exchange in SeP(o-tolyl),, an exoz molecule [ll] which is not complicated by the 
additional asymmetry of the basal (diene)Fe(CO),P moiety. In both i3C and ‘H 
spectra (Fig. 3) the single room temperature methyl resonance is broadened and 
resolved at low temperature into the three resonances expected for the exe, isomer. 
Line shape analysis of the ‘H spectra shows clearly an equivalent collapse of the 
three resonances with AH* = 8.8 f 0.3 kcal mol-’ and AS* = 2.9 & 1 cal K-’ 
mall’ [23]. Though resonances attributable to the exe, isomer are not observed in 
the ‘H spectra at low temperature, a small population of this isomer is evident in the 
low temperature 3’P spectrum (Fig. 3) in which two resonances of unequal intensity 
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11) along the Fe-P axis (dienc and CO IigandS omitted ) 

K,H,)F~Ko), PP~~ along P-Fe axis 

Fig. 1. Molecular structure of 1 and (C,Hs)Fe(CO),PPh, (hydrogen atoms omitted). 

(ratio 30 : 1) which both exhibit 3’P-77Se satellites are observed. The “P spectrum of 
1 is temperature invariant, indicating population of only the ezoz isomer. 

The permutations of P-C rotational isomerism via ring-flip mechanisms in XAR, 
molecules of this type have been extensively analysed by Mislow and coworkers 
[8a,24]. Interconversion of excz and exo3 diastereoisomers can occur via the 
two-ring-flip (Scheme 1) which is the stereomutation mechanism with the lowest 
energy requirement [25]. Interconversion of the residual enantiomerism (not evident 
in an achiral medium) requires a higher energy one-ring-flip pathway. 

Complete methyl averaging in 1 requires that both P-C and Fe-P bond rotation 
are fast on the NMR time scale. The low temperature limiting spectra indicate both 
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Table 2 

Selected structural parameters 

1 GWJWC%PPh, a 2b 

Fe-C3 2.141(6) 2.11 

Fe-C4 2.048(6) 2.06 

Fe-C5 2.042(6) 2.05 
Fe-C6 2.120(6) 2.10 

Fe-Cl 1.763(6) 1.77 

Fe-C2 1.761(7) 1.75 

Cl-01 1.150(6) 1.14 

c2-02 1.150(7) 1.15 
c3-c4 1.413(7) 1.41 

C5-C6 1.400(7) 1.41 
C4-c5 1.396(7) 1.41 

c3-C8 1.518(7) 1.53 
C6-C7 1.504(7) 1.52 

C7-C8 1.516(7) 1.52 
Fe-P 2.284(2) 2.23 

Fe-Cl-01 
Fe-C2-02 
c3-c4-c5 
C4-CS-C6 
C5-C6-C7 
c4-c3-C8 
C6-C7-C8 
c3-m-c7 

175.3(6) 175.3 
175.2(6) 175.2 
115.1(6) 114.9 
116.3(6) 114.9 
120.8(6) 119.9 
119.1(5) 120.5 
110.8(5) 110.4 
111x(5) 110.9 

C2-Fe-Cl 
C2-Fe-P 
Cl-Fe-P 
Fe-P-C9 
Fe-P-Cl6 
Fe-P-C23 
Z-Fe-P b 
Z-Fe-Cl 
Z-Fe-C2 

99.9(3) 101.7 
102.7(2) 98.7 
93.3(2) 91.7 

117.4(2) 118.8 
114.3(2) 115.0 
113.6(2) 114.0 
123.4 123.4 
119.1 118.2 
119.1 118.0 

C3-C4-CS-C6 1.1 0.1 
C4-C5-C6-C7 - 42.4 -44.1 
C5-C4-C3-C8 41.6 43.7 

Inrraligand parameters 
P-C9 
P-Cl6 
P-C23 
(C-C) ring(av) 
C-Me(av) 

1.849(5) 
1.857(6) 
1.851(6) 
1.39 
1.51 

1.85 P-Cl0 
1.86 P-C22 
1.85 P-Cl6 
1.39 (C-C) ring(av) 

C9-P-Cl6 
C9-P-C23 
C16-P-C23 

102.9(3) 
102.4(2) 
104.7(2) 

Fe-P-C9-Cl4 19.2 
Fe-P-C16-Cl7 62.4 
Fe-P-C23-C24 57.9 

103.0 
100.1 
103.8 

8.6 
50.5 
51.9 

Fe-C6 2.128(12) 

Fe-C5 2.085(15) 
Fe-C4 2.058(16) 
Fe-C3 2.141(15) 

Fe-Cl 1.755(16) 
Fe-C2 1.765(16) 
Cl-01 1.171(16) 
c2-02 1.143(16) 
c5-C6 1.436(21) 
c3-C4 1.385(20) 
c4-c5 1.401(19) 
C6-C7 1.540(19) 
c3-c9 1.523(19) 
C7-C8 1.498(19) 
c9-cs 1.499(21) 
Fe-P 2.244(3) 

Fe-Cl-01 179 (1) 
Fe-C2-02 173 (1) 
C4-C5-C6 120 (1) 
c3-c&c5 122 (1) 
c4-c3-c9 126 (1) 
C5-C6-C7 123 (1) 
c9-cx-c7 114 (1) 
C6-C7-C8 115 (1) 
C7-C8-C9 114 (1) 
C2-Fe-Cl 103.1(7) 
CZ-Fe-P 100.6(4) 
Cl-Fe-P 90.7(4) 
Fe-P-Cl0 117.7(4) 
Fe-P-Cl6 116.8(4) 
Fe-P-C22 109.8(4) 
Z-Fe-P b 123.0 
Z-Fe-Cl 117.8 
Z-Fe-C2 117.0 

C3-C4-C5-C6 3.6 
c4-c5-cs-c7 - 58.4 
c5-c4-c3-c9 54.2 

ClO-P-C22 104.4(5) 
ClO-P-Cl6 105.4(6) 
C16-P-C22 100.8(5) 

Fe-P-ClO-Cl5 20.1 
Fe-P-C22-C27 -75.5 

C16-Cl7 1.575(16) 
c17-Cl8 1.515(17) 

1.837(14) 
1.855(12) 
1.875(11) 
1.38 
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Table 2 (continued) 

1 ~~~,)WCQ,PPh,” 2b 

C18-Cl9 1.579(22) 
C19-C20 1.461(22) 

c20-c21 1.566(19) 
C21-Cl6 1.525(17) 
C18-C28 1.535(24) 
C21-C30 1.554(19) 
C29-C30 1.468(21) 

c31-c30 1.515(22) 

C16-C17-Cl8 109(l) , 
C17-C18-Cl9 112 (1) 
C18-C19-C20 114 (1) 

C19-C20-C21 116 (1) 
C20-C21-Cl6 168 (1) 
CZl-C16-Cl7 114 (1) 

P-C16-Cl7 114.0(9) 

P-C16-C21 115.q8) 
C28-C18-Cl7 113(l) 
C28-C18-Cl9 115(l) 
C30-C21-Cl6 119(l) 
C30-C21-C20 114(l) 

LI Generate-d by CHEWx from the data of teference 12. ’ Z is the centroid of the C4 diene system. 

slow basal exchange of phosphine and slow P-C bond rotation, but are consistent 
with either slow or fast Fe-P bond rotation. The former seems most probable, since 
otherwise it is difficult to reconcile the very substantial effect of the P(o-tolyl), on 
the barrier to diene-Fe rotation; in (cyclohexadiene)Fe(C0),PPh,, where no in- 
traligand restricted rotation is observed, basal-basal exchange remains fast on the 
NMR time scale at - 90 o C [16]. 

One possible scenario for a correlated rotation in 1 is presented in Scheme 2. The 
exchange process is initiated by a two-ring-flip mechanism which yields the higher 
energy exe, conformer A with inversion of helical chirality. At this point, one may 
note the enantiomeric relationship between B and B’; the helical chirality of A is 
therefore mismatched with that of the ground state B [27]. It is suggested that 
complete methyl averaging via P-Fe rotation occurs by gearing which also results in 
basal-basal phosphine exchange. The requirement for an isoenergetic transition 
state A’ also indicates an additional inversion of helical chirality on transit between 
A and A’ which may be accomplished in a single step via a three-ring-flip 
mechanism [28*]. One may note at the proposed energy maximum in Scheme 2 the 

exoz 

Scheme 1 
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Experimental 
Simulated 

25 24 23 

Fig. 2. Observed and simulated “C NMR spectra for 1. 

superposition of achiral transition states for both basal-basal phosphine exchange 

and ring (methyl) exchange. 
We are currently examining rotational isomerism in other metal carbonyl tri-o- 

tolylphosphine complexes. 

(b) Solution and crystal structure of (cycloheptadiene)Fe(CO),( + )-PPh,-(neomenthyl) 

w 
The results described above raise the possibility of diastereoisomer discrimination 

in symmetric (diene)Fe(CO),L complexes incorporating sterically demanding ho- 



211 

Q-8 m 

\ \ 
‘. \ 

\ 
\ 

) 4 
\ 

\ 
\ 
\ 

\’ 
\ 'm 

5 
‘a 



218 

Table 3 

Rate constants and AG* values for CH, ’ and CH, b exchange 

T -2 

(W k (s-l) AG* (kcal mol-‘) 

CH, 

k (s-l) AG* (kcal mol-‘) 

233.8 5* 2 12.8 kO.3 1.8* 0.7 12.8 f 0.3 
243.7 i_?f 3 LW& a.2 3.Ef 6.p i,W* QL” 

253.2 5v,zTf 6 13&f&:2 I9 f 4 L?.2.7&62 

267.2 &V* lo’ iJ.iffi2 S@ f IV X.6* b,? 
273.6 220* 44 13.0 f 0.2 115 f 23 12.8rtO.2 
293.8 1ooc*4QQ 13.2*0.3 Mc@ *4v3 12.5*0.3 

“CH,: A&=11.7+0.8 kcal mol-‘; AS*=-5*3 cal K-’ mol-‘. bCH3: AH*=13.8+1.7 kcal 
mol -:‘; A.+ = •C 4* 6 cal‘ R -’ mof -“. 

nances at - 84” C (Fig 4) in the ratio 2.5 : 1 which are assigned to the DOW 
non-equivalent diastereoisomer pair B and B’. The 13C spectrum similarly shows 
two axial/basal resonance pairs at - 84” C averaged to a single pair at room 
temperature [29& ?Ie complex crystallizes from petroleum ether as a sing/e di- 
astWW?;V.z”. G;* I;op P 2,&Z, Y$$X% SWFp %Yz?&Wf?& % YJWzfiY~ %WX.&.&ti w?zzpW&. 
The mch&har s’~n&n~e )F’s. 5) S&IOWS ?naI tieweb hown tine tiene-Fe a& tie 
solid state absolute configuration has a right handed [P, CO(axial), CO(basal)] 
sequence. Structural parameters within the (diene)FqCO),P polyhedron are similar 
to those of (cyclohexadiene)Fe(C0),PPh,. The diene ligand adopts the boat config- 
uration predicted by solution NMR work [30] and the bending angle at the terminal 
dieme capOons is c&racte~s~~c&ly 1zuger tian in the G com&ex $56 vs, tiQ> Due 
may&o ffoteachzflgeiff Iigma cofffomation oncamplexa~~ou.'~~~e~~~ data 
[31% indicate an axial/equatorial/equatorial conformation for the PPh,/Me/‘Pr 
substituencs in (+ )-PPh,(neomenthyl), the structure of 2b shows an 
equator&J/axial/al arrangement. This configuration is common to u&.er 
(dien@Ye >32> anb )arene)M jwl =Cr, %I$> comp)exes >33} m~kining ) +>- 

PPh,(neomenthyl), though the sterically less demanding ( + )-PMe,(neomenthyl) 
retaims %e ti&~spu&ofi~I~ua’ro148 con%nm&3n ‘~3 ‘it5 ~~~wL&%QA_~_ con@~x 

[34T. 
Other complexes exhibit similar behaviour (Fig. 4). Thus, the 31P spectrum of 

(cyclohexadiene)Fe(CO),-( +)-PPh,(neomenthyl) (2a) is partially resolved into two 
resonances al -80” C jn tie appro&naIe ratio 1_4:1, wme tie spactnur, d 
(butadiene)Fe(CO),-( + )-PPh,(neomenthyl) exhibits three resonances at - 80 Q C in 
the ratio 1.6 : 1: 1. The largest is assigned to the axially substituted isomer on the 
basis of previously observed chemical shift differences for the axial-basal pair of 
(butadiene)Fe(CO),PPh, [16]. The results thus indicate an essentially equal popula- 
tion 0% Pne ‘oas& &as’rere&some& pair. ~e?ow -XWQ_ %.~&zr&&~ LX? f* 
asterisked resonances occurs, indicating the possible onset of restricted P-C or 
Fe--9 r&&i<sfl: 

‘i-ne cfiemicai consequences or” tliis tfle of diastereoseiection in @YenejFe(LZj,L 
ancb tie r&aleb 5) &XX@+ @X$XJ% s&ti are &ai.?i~m~3~ Sa-& a $iae~m _zzzp 

explain the diastereoselectivity observed in the reaction of CN- with [(cyclohexa- 
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'H (CD&l,) nP (CD,Cl,.Et,O (l/l)) 

I 
-20°C -40% 

A. A_- 

-70°C 

A - 

-80°C 

_J 

-100°C 

-- J 

A.n -90°C 

L L J 

-110°C 

J - 

x 10 L 
1 

x 10 k 
3 2 30 20 wm 

Fig. 3. ‘H and “P NMR spectra of SeP(o-tolyl),. 

dienyl)Fe(CO),( +)-PPh,(neomenthyl)]PF, [35], and we are currently examining 
other sterically demanding homochiral ligands in terms of improving the diasterose- 
lection. 
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(a)“P of of (2a) 

0% 1 
668 

-844: 

i; 

e 

213% 

(215) 

2165 

A 

(23%) 

733 

x 
(dy P Of (3) 

750 

-75°C 

i..- 

69% 
714 _ 
* 

Fig. 4. Variable temperature NMR spectra for compounds 1-3. 

Experimental 

NMR spectra were recorded on a JEOL GSX-270 spectrometer; temperatures 
were measured using the in-built copper-constantin thermocouple. (Butadiene)- 
Fe(CO), was purchased; (C,H,)Fe(CO),, (C,H,,)Fe(CO), [36] and (+)- 
PPh,(neomenthyl) [37] were prepared by literature methods. SeP(o-tolyl), was 
prepared by the literature method [38] and recrystallized from ethanol. 

(a) Preparation of (cycloheptadiene)Fe(CO),( + )-PPh,(neomenthyl) (26) 

Me,NO (3.5 g, 31.5 mmol) was added to a stirred solution of (cyclohepta- 
diene)Fe(CO), (4.0 g, 17.1 mmol) and (+)-PPh,(neomenthyl) (6.5 g, 20.1 mmol) in 
acetone (100 ml). The mixture was vigorously stirred and heated at reflwc with 
further additions of M%NO until the infrared spectrum showed little tricarbonyl 
remaining. Diethyl ether (150 ml) was added to the cooled mixture which was 
filtered and evaporated to leave a yellow solid. This residue was redissolved in 
diethyl ether (50 ml) and stirred with excess Me1 to remove unreacted ( + )- 
PPh,(neomenthyl). After evaporation of solvent the residue was extracted with 5% 
ethyl acetate-petroleum ether (30-40) and chromatographed on aluminia using the 
same solvent mixture as eluant. Evaporation of solvent from the yellow band 
collected gave the product 2b as a yellow solid (4.1 g, 51%) which was crystallized 
from petroleum ether (30-40). 

Complexes 1, 2a and 3 were obtained by a similar procedure. Analytical data for 
the complexes l-3 and for SeP(o-tolyl), are given in Table 4. 

While 2a may be purified by sublimation (130 Q C/O.01 mmHg), 3 decomposes 
slightly to liberate free phosphine under these conditions and was characterized by 
accurate mass spectroscopy. 
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Fig. 5. Molecular structure of 2b; (a) hydrogen atoms omitted and (b) (+)-PPh,(neomenthyl) &and. 

(b) Crystal data 
Data for 2b were collected on a Hilger Watts Y290 diffractometer using Mo-K, 

radiation (0.71069 A); data for 1 were collected on an Enraf-Nonius CAD4F 
diffractometer using MO-K, radiation (0.7093 A) (Table 5). Structures were solved 
by a combination of Patterson search and direct methods (SHELXS~) [39] and refined 
by full matrix least squares (SHELX~~) [40]. Data were corrected for Lorentz and 
polarization effects but not for absorption. Hydrogen atoms were included in 
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Table 4 

Complex 

1 

IR M.p. 
(cm-‘, hexane) (“C) 

1974.1918 145 (dec) 

Analysis (Found (talc.)(%)) 

C H 

70.1 6.00 
(70.2) 

2s 1978,1925 Oil 70.0 
(69.8) 

2b 1960,1906 148-149 70.6 
(70.2) 

3 1974,1914 oil [m’l 

seP( o-tolyl), 162-163 65.6 
(65.8) 

(5.85) 
7.45 

(7.33) 
7.33 

‘(7.36) 
491.1790 

(491.1793) 
5.52 

(5.48) 

Table 5 

1 2b 

Space group 
Z 

(I 
b 
e 

c 
W-‘W 
Range 
Reflections I > 3a(I) 
Variable parameters 
Maximum shift/esd 
R 

RW 
Maximum excursion 
Minimum excursion 

W%,F~,P 
tric1inic 

pi 
L 

9.794(l) A 
11.507(l) 
12.216(l) 
74.33(l) o 
73.32(l) 
70.45(l) 

1219.40 A3 
6.53 cm-’ 
520 
2<26<48” 
2620 
163 
-z 0.001 
5.36% 
4.74 

0.22 e/A3 
-0.19 

WWeW’ 
orthorhombic 

P2,2,2, 
4 

9.156(2) 
14.299(3) 
21.483(5) 
90° 
90 
90 

2812.59A3 
5.61cm-' 
1132 
2<2e<48° 
1108 
170 
<O.OOl 
5.07% 
5.66 

0.12 e/K 
-0.12 

calculated positions. The iron and phosphorus atoms and the CO groups were 
refined anisotropically. The atomic scattering factors for non-hydrogen and hydro- 
gen atoms were taken from the literature [41-431. Calculations were performed on 
VAX X1/785 or VAX 8700 computers. The drawings were generated using CHEWX. 

Fractional atomic co-ordinates are listed in Table 6. 
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Table 6 

Fractional atomic coordinates for complexes 1 and 2b 

Atom x Y z 

Complex I 

Fe1 
Pl 
01 
02 
Cl 
c2 
c3 
c4 
C5 
66 
C7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
c21 
c22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 

Complex 2b 

Fe1 
Pl 
01 
02 
Cl 
c2 
c3 
C4 
CS 
C6 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 

0.19975(10) 
0.1466(2) 
0.3443(S) 
0.4580(5) 
0.2859(7) 
0.3579(7) 
0.0545(7) 

- 0.0131(7) 
0.0581(6) 
0.1876(7) 
0.1954(7) 
0.1134(7) 
0.211q6) 
0.2298(7) 
0.2855(7) 
0.3197(7) 
0.2996(7) 
0.2460(6) 
0X378(7) 
0.2233(6) 
0.3788(7) 
0.4277(7) 
0.3318(7) 
0.1817(g) 
0.1282(7) 
0.4928(7) 

- 0.0548(6) 
-0.1501(7) 
- 0.3029(7) 
-0.3607(S) 
- 0.2697(7) 
- 0.1167(7) 
- 0.0955(7) 

0.56030(21) 
0.4486(4) 
0.6695(13) 
0.3219(14) 
0.6242(16) 
0.4095(17) 
0.7025(17) 
0.7664(18) 
0.7005(17) 
0.5592(17) 
0.527q18) 
0.6365(17) 
0.6536(17) 
0.2906(15) 
0.2387(14) 
0.1177(15) 
0.0449(18) 

0.63722(8) 
0.7935(l) 
0.4389(4) 
0.6703(4) 
0.5207(6) 
0.6593(5) 
0.7368(5) 
0.6669(5) 
0.5383(5) 
0.4959(6) 
0.5438(5) 
0.682q5) 
0.9337(5) 
1.0214(5) 
1.1196(6) 
1.1339(6) 
1.0501(5) 
0.9507(5) 
1.0211(6) 
0.7434(5) 
0.6986(5) 
0.6565(s) 
0.6587(6) 
0.7047(6) 
0.7467(5) 
0.7000(5) 
0.8628(5) 
0.7915(5) 
0.851q6) 
0.9743(6) 
1.0448(6) 
0.9895(5) 
0.6530(5) 

-0.02583(12) 
0.0408(2) 

- 0.1771(9) 
-0.1157(9) 
-0.1169(10) 
- 0.0766(10) 
-0.0658(11) 
-0.0017(10) 

0.0844(10) 
0.1053(8) 
0.1059(11) 
0.0551(11) 

- 0.0465(10) 
0.1164(9) 
0.1834(8) 
0.2352(10) 
0.2244(10) 

0.15366(7) 
0.2544(l) 
0.3233(4) 

- 0.0287(4) 
0.2593(5) 
O&%3(5) 
0.0363(5) 
0.1391(5) 
0.1602(5) 
0.0787(5) 

-0.0497(5) 
- 0.0739(5) 

0.1767(5) 
0.2277(5) 
0.1551(5) 
0.0356(5) 

-0.0155(5) 
0.0542(5) 
0.3570(5) 
0.3875(5) 
0.3798(5) 
O&45(5) 
0.5907(6) 
0.59Sq6) 
0.4962(5) 
0.2681(5) 
0.3058(5) 
0.3788(5) 
0.4058(5) 
0.3616(5) 
0.2901(5) 
0.2630(5) 
0.4290(5) 

0.27858(7) 
0.3603(l) 
0.3576(6) 
0.2126(5) 
0.3260(6) 
0.2402(6) 
0.2041(7) 
0.2440(7) 
0.2572(6) 
0.2318(6) 
0.161q6) 
0.1219(7) 
0.1376(6) 
0.3446(5) 
0.3880(6) 
0.3775(6) 
0.3220(6) 
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Table 6 (continued) 

Atom 

Complex 2b 

Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
c21 
c22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
c30 
c31 

x Y 

0.093q16) 0.1618((10) 

0.2122(14) 0.1104(9) 

0.3891(12) - 0.0390(9) 

0.3277(16) 0.0135(10) 

0.3152(16) - 0.0547(9) 

0.2291(21) -0.1461(13) 

0.2808(19) -0.1899(11) 

0.298q16) -0.1229(9) 

0.5789(14) 0.1174(7) 

0.5812(17) 0.2132(9) 
0.6911(15) 0.2677(9) 

0.7960(17) 0.2253(9) 

0.7940(18) 0.131qlo) 

0.6850(15) 0.0790(10) 
O&14(23) -0.0716(14) 

0.1005(21) -0.1935(12) 

0.1558(16) -0.1064(10) 
0.0308(20) -0.0591(12) 

z 

0.2782(7) 

0.2881(6) 
0.4247(S) 
0.4836(5) 
0.5373(6) 
0.5187(8) 
O&13(7) 
0.4041(6) 
0.4023(5) 
0.3937(6) 
0.4227(6) 
0.4578(6) 
0.4669(7) 
0.4398(5) 
0.5704(9) 
0.3391(8) 
0.3665(6) 
0.4003(8) 
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