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Abstract: The absolute configurations of two optically active iron complexes, (+)s75-CpFe(CO)(PPh3)}(CH,O-menthyl) (1)
and (+)s75-CpFe(CO)(PPh;)}(CH,COO-menthyl) (2), have been determined by single-crystal X-ray diffraction methods and
have been correlated with their circular dichroism spectra. The configuration of 1is S and that of 2 is R (based on the sequenc-
ing rules proposed recently by Stanley and Baird). Anomalous dispersion effects were used to elucidate the absolute configura-
tion of 1, while that of 2 was determined using the (—)-menthyl group as a reference. From these resuits, the absolute configu-
rations of a large number of complexes of the type CpFe(CO)(PPh;3)(X) can be deduced and compared to their CD spectra
[X = Br, 1, Me, Et, n-Pr, i-Bu, CHj-c-C3Hs, CH,Cl, CH,Br, CH,1, CH,Ph, C(0O)Me, S(0);R, CH3S(0),0(menthyl), (n*-
C,yH4)*BF,;~]. 1t is concluded that the maxima found at the 300-330- and 350-450-nm regions of the CD spectra can serve
as a reliable indicator of the absolute configuration at iron, provided that the X groups are not too dissimilar. Crystal details:
1-S crystallizes in space group P2, (monoclinic) with g = 10.882 (3) A, b = 11.054 (4) A, ¢ = 13.664 (4) A, 3 = 102.66 (2)°,
V = 1603.7 A3, Z = 2, 2-R crystallizes in space group P1 (triclinic) witha = 7.660 (1} A, b = 13.806 (1} A, ¢ = 15.948 (1)
A, a =108.23 (1)°, 8 =88.62 (1)°,v = 95.06 (1)°, ¥ = 1595.5 A3, Z = 2. Final agreement factors are for 1-S, R = 6.2%

(3655 reflections); for 2-R, R = 8.4% (3665 reflections).

Introduction

Detailed understanding of the chemistry of any element
which may exist in a chiral bonding environment requires de-
velopment of methods of synthesis and resolution of this chiral
center, and thorough investigation of the stereochemical
consequences of its various characteristic reaction types. It is
necessary to establish the absolute configuration of a number
of molecules, to accumulate a basic set of reactions of known
stereochemical outcome, and to correlate chiroptical properties
with absolute configuration.

A sizable body of data is now available for molecules con-
taining chiral silicon, phosphorus, and sulfur, and for chiral
coordination complexes of the transition elements. In the
rapidly maturing area of organotransition metal chemistry,
however, only relatively recently has attention turned toward
investigations based on resolution of chiral metal centers.2-%

Because CpFe(CO),X systems (Cp = 3-CsHs; X is a wide
variety of functional groups) are synthetically so accessible and
are so well behaved experimentally, they have been the object

0002-7863/78/1500-7271801.00/0

of considerable synthetic and mechanistic investigation. The
metal alkyls CpFe(CO),R have been valuable as model com-
pounds in the examination of the chemistry of the metal-car-
bon ¢ bond.’ In the same way, CpFe(CO)(PR3)X compounds
have significant potential for use in this area because of their
chirality. Such molecules are generally nonlabile to dissociation
under ambient conditions, and therefore tend to be optically
stable. A number of these chiral iron molecules have already
been resolved, and have yielded useful mechanistic informa-
tion.3-6

Because of the potential interest of these chiral iron systems,
we have established the absolute configuration of two iron
alkyls, (S)-1 and (R)-2, by X-ray crystallographic structure
determinations.!® This paper describes these structures, and
also describes the circular dichroism spectra of these and a
number of other derivatives CpFe(CO)(PPh;)X which we have
prepared. In this way, the absolute configuration at iron of at
least 12 such compounds has been established. In addition to
our work, the absolute configurations of (S)-{CpFe(CO)-
(PPh3){C((S)=N*THCHMePh)Me}]|BF4~ (3)!! and (S)-
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Table I, Crystal Data for 1 and 2
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1 2
molecular formula CpFe(CO)(PPh3)- CpFe(CO)(PPh;)-
(CH,OMen) (CH,COOMen)

stereochemical S R

designation?
crystal type monoclinic triclinic
space group P2, (no. 4) Pl (no. 1)
cell constants:

a 10.882 (3) A 7.660 (1) A

b 11.054 (4) A 13.806 (1) A

¢ 13.664 (4) A 15.948 (1) A

« 90.00° 108.23 (1)°

8 102.66 (2)° 88.62 (1)°

¥ 90.00° 95.06 (1)°
cell volume 1603.7 A3 1595.5 A3
number of molecules 2 2

in the unit cell
molecular weight 580.5 608.5
calculated density 1.20 g cm™3 1.22gem™3
observed density? 1.18 gem™3 1.20g cm™3
radiation used Mo Ka Mo Ko
absorption coefficient 5.69 cm™! 5.81 cm~!
data collection limit 26 = 45° 26 = 45°
number of reflections 3655 3665

used in structure

analysis
final agreement factor R =6.2% R =8.4%

4 See footnote 10. # Obtained by flotation in an aqueous zinc iodide
oS y q
solution.

| 0
N Fe " N
! e H
Ph, P\“' “NCH,0 0C™ ¢ “cHCOQ
\Q Phs
(R)-2

CpFe(CO)(PPhg)C(O)O[(—)—menthyl] (4)2 have been de-
termined by X-ray crystallography.

Experimental Section

Materials. Preparation of 1, 2, and CpFe(CO)(PPh3)X [where X
= Me, Et, n-Pr, i-Bu, Bz, CH;-¢-C3Hs, CH,CN, CH,Br, CH,Cl,
CH,S(0),0Me, CH,S8(0)>0(menthyl), S(O),Me, S(O),Et,
S(O)z-n-Pr, S(O)z-f'BU, S(O)zCHzCHzCH=CH2, S(O)zBZ] have
been reported,S as have those where X = I and O,CCF3.13 Optically
active [CpFe(CO)(PPh3)(n2-CH,=CH,)] *BF4~ has been charac-
terized but its preparation will be reported with its chemistry.14

Circular Dichroism Spectra. CD spectra were run on a Cary 61
spectrophotometer using the least polar solvent consistent with a
compound’s solubility, at concentrations generally of ca. 0.2 mg/mL.
Chlorocarbons were avoided (particularly for iron alkyls) because of
their tendency to promote photoracemization. Spectra were recorded
in the region of 300-550 nm, the short wavelength limit being deter-
mined by the strong absorption of the compounds.

Structure Analysis of (+)s73-CpFe(COXPPh3)CH,0[(—)-menthyl]
(1). Suitable crystals of 1 were obtained via recrystallization from an
ether/pentane solution under an inert atmosphere. A specimen of
approximate dimensions 0.32 X 0.40 X 0.56 mm was selected for
diffraction work. The crystal was mounted along what was later shown
to be the 10T axis in a thin-walled glass capillary tube. Precession
photographs indicated a monoclinic unit cell, with systematic ex-
tinctions (0k0 = 2n + 1 absent) consistent with space group P2; (no.
4). The unit cell parameters, obtained by carefully measuring the
setting angles of 36 reflections on a Nonius CAD-3 automated X-ray
diffractometer, are given together with other relevant crystal data in
Table 1.

Table I1. Ratios2 of the largest Bijvoet Differences for CpFe(CO)-
(PPh;)CH,O[(—)-menthyl] (1)

Fuki Fh'/ (calcd)

h k I} Fhk//Fh;/(ObSd) S R
3 2 0 0.96 0.95 1.04
3 3 2 0.90 0.86 1.14
5 2 3 0.98 0.97 1.03
6 5 3 0.91 0.89 1.12
b} 1 4 0.93 0.87 1.12
2 1 4 0.91 0.90 1.10
8 1 5 0.83 0.78 1.25
2 4 7 0.94 0.91 1.09
1 1 9 0.85 0.74 1.30
b} 5 10 0.77 0.57 1.29
2 2 1 0.94 0.89 1.11
4 4 12 0.59 0.83 0.80
10 5 0 1.07 1.10 0.91
6 2 1 1.59 1.28 0.79
8 3 1 1.02 1.11 091
2 4 2 1.05 1.05 0.96
4 7 2 1.07 1.20 0.85
3 7 3 1.29 1.17 0.87
4 1 4 1.10 1.08 0.93
Q 1 5 1.25 1.16 0.88
1 4 6 1.15 1.12 0.90
6 7 6 1.04 1.21 0.83
3 3 7 1.05 1.11 0.91
4 2 9 1.08 1.09 0.93
2 1 10 1.02 1.12 0.90

4 For example see ref 18.

A total of 4161 reflections (including 70 check reflections), rep-
resenting a half-sphere of data, were collected with Zr-filtered Mo
Ka radiation in the /26 scan mode. General details of data collection
and reduction are reported in the following paper. At the end of data
reduction, 3655 reflections with I < 3 ¢, representing two quadrants
of data, were retained for the subsequent structure analysis.

Scattering factors for Fe, P, O, and C were taken from the “Inter-
national Tables for X-ray Crystallography”!s and the effects of
anomalous dispersion (Af” and Af”) for Fe were included in the cal-
culations.

A three-dimensional Patterson map was used to obtain the coor-
dinates of Fe and P atoms. With these coordinates a structure factor
calculation and difference Fourier map revealed the positions of cy-
clopentadienyl, carbonyl, triphenylphosphine, and menthyl groups
very clearly. All of the measured coordinates were then refined by a
least-squares process to an R factor of 8.5%.'6 In this refinement,
anisotropic temperature factors were assigned to Fe and P and iso-
tropic ones to the rest of the atoms.

At this point the absolute configuration of the complex was inves-
tigated. The structure analysis had so far proceeded with the absolute
configuration actually corresponding to the one shown in 1. Changing
the signs of the y coordinates of all the atoms has the effect of inverting
the molecule through a mirror plane, in other words, converting 1 to
its mirror image. A repeat of the least-squares refinement with this
inverted molecule resulted in an R factor of 9.4%, very significantly
inferior to the 8.5% obtained earlier. This difference, according to
Hamilton’s R factor significance test,!? indicates that the probability
of 1 being the correct configuration is well over 99.5%.

Examination of the ratios!® of observed and calculated values of
Fui and Fz; (Table 1) further substantiates the S form as the correct
stereochemical designation.

Resumption of the least-squares refinement with the original con-
figuration (1), now using anisotropic temperature factors for all atoms,
resulted in the final agreement factors R = 6.2% and R,, = 7.8% for
all 3655 reflections.!6

It was comforting to note that the absolute configuration of the
(—)-menthyl group derived from this work is identical with that ob-
tained from another X-ray anomalous dispersion study, that of (—)-
menthyl-p-bromophenylglyoxylate.}®

Structure Analysis of (+)s73-CpFe(CO)PPh3)CH,CO,[(—)-
menthyl}(2). Crystals of 2 were grown by slow recrystallization from
dichloromethane under an inert atmosphere. A Schlenk flask con-
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Table I11. Selected Distances and Angles in (+)575-CpFe(CO)-
(PPh3)CH,O(menthyl) (1)4

bond distances, A

bond angles, deg

Fe-P 2,181 (2) Fe-C(1)-0O(1) 177.4 (8)
Fe-C(1) 1.744 (8) Fe-C(2)-0(2) 109.6 (5)
Fe-C(2) 2.001 (8) Fe-P-C(19) 119.5 (3)
Fe-C(14) 2.093 (9) Fe-P-C(25) 114.9 (3)
Fe-C(15) 2.115(10) Fe-P-C(31) 114.7 (3)
Fe-C(16) 2.109 (9) P-Fe-C(1) 91.7 (3)
Fe-C(17) 2,105 (9) P-Fe-C(2) 92.0 (2)
Fe-C(18) 2.115(9) 0(2)-C(4)-C(5) 111,01 (6)
C(1)-0(1) 1.127 (10) 0(2)-C(4)-C(9) 107.3 (6)
C(2)-0(2) 1.474 (9) C(1)-Fe-C(2) 89.2 (4)
C(4)-0(2) 1.391 (8) C(2)-0(2)-C(4) 114.4 (6)

9 Numbering system shown in Figure 1.

taining a small volume of a concentrated solution of 2 was placed in
a refrigerator. The volume of solvent was slowly decreased by peri-
odically flushing the flask with dry nitrogen. Most of these efforts,
however, produced twinned crystals. It was found that crystal quality
could be improved by extending the time interval between flushes to
I or 2 weeks. After innumerable attempts spanning a period of several
months, suitable crystals were finally obtained. A check of optical
rotation of these crystals showed that the optical purity of the material
had not deteriorated during this time.

A specimen of approximate dimensions 0.40 X 0.56 X 0.65 mm was
selected for structural analysis. The crystal was mounted in a thin-
walled glass capillary. Precession photographs indicated a triclinic
system. Because of the optical activity of the compound, the only
possible space group is P1 (no. 1). The unit cell parameters together
with other relevant crystal data are presented in Table 1.

A half-sphere of data was collected by the /2 scan technique using
zirconium-filtered Mo radiation up to a 26 limit of 45°. Altogether
4266 reflections (including 74 check reflections) were collected in the
same manner as described earlier. At the end of data reduction, 3665
nonzero reflections were left.

Space group Pl with Z = 2 requires two independent molecules
in the unit cell. A three-dimensional Patterson map was used to obtain
the coordinates of the Fe and P atoms. This was followed by a series
of structure factor calculations and difference Fourier maps, which
revealed the positions of the cyclopentadienyl and triphenylphosphine
groups of both molecules. The carbonyl and menthyl groups, however,
remained ill defined. The reason for this was readily apparent: the two
separate (CsHs)Fe(PPhs) fragments located up to that point were
related by a pseudo-center of symmetry, and hence every difference
Fourier phased by those atoms also had this false inversion center. It
was clear that the pseudosymmetry element had to be removed before
the structure could be solved. Accordingly, a single carbonyl group
on one of the molecules was added to the list of known atoms: this
disturbed the pseudosymmetry sufficiently to reveal the position of
a few additional atoms. Repeated cycling through this procedure
(structure factor calculation + difference Fourier map), each time
adding two or three more atoms, resulted in a gradual improvement
of the atomic list and a steady deterioration of the false symmetry
element. Eventually, after 11 such steps, the entire molecular structure
became known.

The absolute configuration of 2 was determined by using the
menthyl group, whose absolute configuration was confirmed in the
earlier structure determination of 1, as a reference. A molecular plot
of the trial structure at this stage showed the absolute configuration
of the menthyl group to be incorrect (i.e., opposite to that found in 1),
thereby indicating that the coordinates used were in fact reversed.
Changing the signs of all coordinates now gave the correct configu-
ration.

The structure analysis was concluded with several cycles of least-
squares refinement, in which the phenyl atoms were refined isotrop-
ically and the other atoms anisotropically. Final R factors are R =
8.4% and R, = 10.2%.16

Results and Discussion

Structure and Optical Configuration of (+)s75-CpFe(CO)-
(PPh3)CH,O[(—)-menthyl] (1). Selected bond distances and

c(17)

cpa) cqs)

Figure 1. The absolute configuration of (+)s75-CpFe(CO)(PPh3)-
CH>O(menthyl) [(S)-1], as determined by X-ray anomalous dispersion
methods.

Figure 2. An alternative view of the molecular geometry of 1. The absolute
configuration of the menthyl group, which is shown very clearly in this plot,
confirms that derived from an earlier X-ray study (ref 19). Note the all-
equatorial disposition of the substituents around the cyclohexane ring.

angles are shown in Table 11 with their estimated standard
deviations, Final atomic parameters and listings of the observed
and calculated structure factors are available,2® The overall
geometry and absolute configuration of (+)s73-1 are shown
in Figures 1 and 2. The absolute configuration at iron was
determined to be S0 by the technique of anomalous disper-
sion2! and confirmed by comparing Bijvoet differences as de-
scribed in the Experimental Section. The assignment of con-
figuration could be further confirmed by the presence of
(—)-menthol in the molecule. Our result, in fact, constitutes
an independent confirmation of the absolute configuration of
the (—)-menthyl group, which was earlier determined by
spectroscopic?? and crystallographic!® methods.
Considering the extensive chemical investigations carried
out on iron alkyls CpFe(CO)LR (L = CO, phosphine, or
phosphite), there are surprisingly few X-ray crystallographic
structure determinations of these species. Of those structures
which have been determined, the only one of a molecule con-
taining an Fe-C(sp?) bond which has been determined with
good precision appears to be 5.23 Some of the more interesting

| on,

\",Fe N
oc™ 4 CN
oC N
CN
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Figure 3. The absolute configuration of (+)s75-CpFe(CO)(PPhj)-
CH,C(0O)O(menthyl) [(R)-2], showing an opposite chirality at iron from
1. This plot illustrates one of the two independent molecules in the unit
cell, with phenyl groups omitted for clarity. The absolute configuration
was determined by using the menthyl group as reference. Note also the
manner in which the carbonyl group of the ester is tilted toward Fe.

bond lengths and angles of 1, 2, and 5 are listed in Table IV for
comparison. In view of the extensive discussion of molecular
dimensions available for 5,23 it need only be said that re-
placement of one CO ligand by PPh; does not cause any sig-
nificant changes in geometry. The Fe-P distance of 1 is very
close to that of three other CpFe(CO)(PPh;)X molecules
which have been determined.2*

The Fe-C-0O-C partial structure bears particular scrutiny
because of the special lability of the ether linkage in substitu-
tion reactions.® This reactivity is believed to arise from the
electron-donating ability of the iron atom whose effect may
be represented by the polar resonance contribution 6b. To the
extent that contribution of 6b might cause changes in the
ground state geometry, the Fe-C,, bond should be shortened
and the C,~O bond should be lengthened, From Table IV it
may be seen that the Fe-C,, bond of 1is 0.104 A shorter than
that of ester 2 (~7¢ where ¢ = [a(1)? + (2)?]1/2), and it is
0.097 A (~120) shorter than the same bond in 5. In addition,
the C,~O ether bond of 1 is longer than in a typical ether
(1.426 (5) A)25 by 0.048 A (~50¢) and O-C, is shorter by
0,035 A (~40), These observations, especially the shortening
of the Fe-C,, bond, are consistent with a strong “a effect” of
the metal atom on the ether linkage as in 6b.

FeCH,0R <> Fet=CH, OR
6a 6b

Structure and Optical Configuration (+)s73-CpFe(CO)-
(PPh3)CHCO{(—)-menthyl] (2). Some distances and angles
in the molecule are given in Table V. Final atomic positions,
thermal parameters, and calculated and observed structure
factors are available.20 The overall geometry and absolute
configuration of (+)s73-2 is shown for one of the two crystal-
lographically independent molecules in Figure 3. The absolute
configuration of the iron center was assigned by comparison
with the known!%:22 configuration of the (—)-menthyl moiety
of the molecule and was found to be R.10

Of particular interest for this molecule is the arrangement
of the atoms shown in partial structure 7. The interaction of
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Table 1V, Comparison of Representative Bond Lengths and Angles
in Compounds 1, 2, and §

ether 1 ester 24 §a.b
Bond Lengths, A
C=0 1.127 (10) 1.161 (16) 1.149 (3)
Fe-CO 1.744 (8) 1.703 (13) 1.751 (2)
Fe-C, 2.001 (8) 2.105 (13)¢ 2.098 (2)
Fe:Cy 2.856 (8)4 2,931 (12) 3.009 (2)¢
Fe-P 2.181 (2) 2.195(4)
Bond Angles, deg

Fe-C,-C;s 109.6 (5)/ 108.4 (9) 111.2(2)
OC-Fe-P 91.7 (3) 92.8 (4) 95.5 (1)¢
C,-Fe-CO 89.2 (4) 98.0 (6) 88.9 (1)
C.-Fe-P 92.0(2) 91.3(4) 91.5 (1)~

4 Data are the average for the two crystallographically independent
molecules. ® Data taken from ref 23. Some values are rounded off.
< Length for the two molecules differed by 0.002 A. ¢ Distance from
Fe to the ether oxygen. ¢ The average of six distances. These follow:
molecule 1, 3.063, 2.980, 2.986; molecule 2, 2.977, 3.053, and 2.992
A./ Fe-CH,-O angle. ¢ OC-Fe-CO angle. # C,-Fe-CO angle.

Table V. Selected Distances and Angles in (+)575-CpFe(CO)-
(PPh3)CH,C(O)O(menthyl) (2)

molecule | molecule 2
A. Bond Distances, A
Fe-P 2.198 (3) 2.193 (4)
Fe-C(1) 1.672 (11) 1.733 (13)
Fe-C(2) 2.106 (13) 2,104 (12)
Fe-C(14) 2.087 (14) 2.081 (13)
Fe-C(15) 2.106 (16) 2.098 (13)
Fe-C(16) 2.100 (13) 2.123(13)
Fe-C(17) 2.115(13) 2,119 (15)
Fe-C(18) 2.144 (14) 2.161 (14)
C(1)-0(1) 1.194 (15) 1.128 (16)
C(3)-0(2) 1.218 (18) 1.217 (15)
C(3)-0(3) 1.364 (16) 1.340 (15)
0O(3)-C(4) 1.471 (19) 1.443 (17)
C(2)-C(3) 1.466 (20) 1.502 (19)
B. Bond Angles, deg
P-Fe-C(1) 92.8 (4) 92.8 (4)
P-Fe-C(2) 91.0 (4) 91.6 (3)
C(1)-Fe-C(2) 95.9 (5) 100.0 (6)
Fe-P-C(19) 116.8 (4) 112.4 (4)
Fe-P-C(25) 117.5 (4) 118.6 (4)
Fe-P-C(31) 115.4 (4) 117.8 (4)
Fe-C(1)-0O(1) 176.8 (11) 1724 (11)
Fe-C(2)-C(3) 107.1 (9) 109.5 (8)
C(3)-0(3)-C(4) 116.5 (11) 119.2 (10)
0O(2)-C(3)-C(2) 128.2 (13) 124.8 (12)
0O(3)-C(3)-C(2) 110.1 (11) 113.7 (10)
0(2)-C(3)-0(3) 121.5(14) 121.5(12)
4 Numbering system shown in Figure 3.
v
}&O—R
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- N
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Table VI. CpFe(CO)(PPh3)X Molecules Having the
Configuration Shown for (S)-1

compd, X = ORD (sign)s7s R or §¢
1 -CH,O(menthy!) (+) S
2 -CH,C(0)O(menthyl) =) S
3 -[CMe(NHCHMePh)]*BF,~-* (+) S
4 -C(0)O(menthyl)¢ (+) R
8 -Me;9-Et; 10 ~-n-Pr (+) S
11 -/-Bu; 12 -CH3-¢-C3H5 (+) S
13 -CH,Cl; 14 -CH;Br; 15 -CH,l (+) R
16 -CH,Ph =) S
17 -S(O),R¥ (=) S
18 -CH,S(0);0(menthyl) (=) R
19 -C(O)Me (+) S
20 -(n>-CyH4)*BF4~ [CD, (+)a00] R
21 -1;22-Br [CD, (+)3s0] R
23 -CH;¢ (=) S
24 -1, 25-Br,* 26-Cl¢ (+)3(,5 R

4 For a description of the conventions used for R-S designations,
see ref 10. See the Discussion for the basis of these configurational
assignments.  Reference 11. < Reference 12. ¢ R = Me, Et, n-Pr,
i-Bu, Bz, 3-butenyl, and ~-CH,CO;,(menthyl). The configuration of
these is known from X-ray structure determination of the j-Bu com-
pound: ref 30. ¢ The phosphine ligand in this molecule was (S)-
PPh>(NMeCHMePh) rather than PPhs: ref 3.

transition metals with the 8 functional group of metal alkyls
is a well-established phenomenon,26 and in ester 2, the 3 effect
is evident from the fact that infrared stretching frequency of
the acyl group is lowered by ca, 85 cm™! to 1650 cm~!. This
presumably results from contribution of the dipolar resonance
structure 7b to the ground state, and consistent with this, in
both molecules of 2 in the unit cell, the acyl = system is directed
toward the metal (7¢ and Figure 3) as would be required for
a B interaction. Whether this is due to steric and crystal
packing forces or to electronic factors is difficult to say, but
there are no notable geometric distortions of the ester group
as would be predicted for a sizable contribution of 7b (Table
V). The same orientation has been found in CpFe(CO),-
CH,CO,H.?’

Configurations of Other Iron Molecules. The absolute con-
figuration of a large number of organoiron molecules of the
type CpFe(CO)(PPh;)X is established by these determinations
(Table V1), The configurations of all those where X is CH-Y,
in addition to 1 and 2, are known because they have been pre-
pared from 1 without alteration of the Fe~-C bond.*% The
configuration of 20 is reasonably certain because the config-
uration of 9 from which it is prepared is known, and a double
inversion process for the sequence shown in eq | seems chem-

o

| Ph,C'BF," .
w-Fe ‘“.rFe CH
PhBP\‘ l \CHZCH3 Pth l \/ 2
0] oC CH,
9 20
'CN
— | 1
W Fe
PhaP™ 4 Scm,cHoN
ocC

ically unreasonable.!* The configuration of 3 has been estab-
lished, as mentioned above, from an X-ray crystallographic
structure determination.!! Compound (+)s7s-19 is known to
be S because it may be reduced to (S)-9 without loss of ste-
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reochemistry at iron (eq 2).2® Inversion in this reduction seems
highly unlikely.

1. Et,0'BF,"
. (2)
mpegoss Mt o= L
. Na w- I'e
oC I ) Ph,P"" 4 \CHZCH‘;
0 oC
19 9

Circumstantial evidence points to the likely configuration
of 21 as shown in eq 3, wherein the iodide is formed in these

w F
oc™ 4 e\CH&
Ph;P
lig SO,
K1
| I,, HI | @

«~Fe — i
Ph,Pw e
PV Scgp orHsh PPV
oC
21

%ecomposition
in solution

~Fe
Ph,Pw
L BT

reactions in varying yields and varying enantiomeric excess,
but with the same configuration.!? Further substantiation of
this argument comes from the work of Brunner and Wallner,?
wherein the cleavage of the Fe~-CHj bond in CpFe(CO)-
[PPhy(NMeCHMePh)]CH; (23) by 1, was shown by a cyclic
series of reactions to very likely proceed to form CpFe(CO)-
[PPh,(NMeCHMePh)]1 (24) with retention of configuration
of iron. Similarly, the configuration at iron of the ester (—=)573-4
could be predicted to be as shown in eq 4 (S) because data
relevant to the mechanism of the reaction in eq 4 indicate that

| CH,Li Ph P\\"’Fe\ /CHJ (4)
\|"FE\ /O 3 l C
oct d ¢

oC I
Ph,;P 0

I
0 19

4
CH;Li attacks at ~C=0 and not at ~CO,R, resulting in in-
version of configuration at iron.2® Arguments based on CD
spectra are consistent with this notion (vide infra), Recently,
the publication of the X-ray structure determination of 4 has
confirmed these predictions.!?

Circular Dichroism Spectra, The CD spectra of the five
compounds whose absolute configurations have been deter-
mined by X-ray methods, (S)-1, (R)-2,(S)-3,!' (S)-4,!%and
(S)-(=)s573-CpFe(CO)(PPh3)S(0),-i-Bu,30 are given in
Figure 4, Those of other molecules listed in Table VI are shown
in Figures 5-10. Figure 5 shows the CD and UV spectra of
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Figure 4, The circular dichroism spectra of five molecules whose absolute
configurations have been established by X-ray methods: (+)s75-(S)-1 (this
work), (+)s7g-(R)-2 (this work), (+)s75-(S)-3 (ref 11), (—)s78-(S)-4 (ref
12), and (—)s75-(S)-17 (ref 30). The CD spectra of 1, 3,and 17, which have
the same absolute configuration at iron, are similar except for a low-energy
shift of the CD bands of 3 and 17. On the other hand, the 300-400-nm
regions of the spectra of 1, 3, and 17 are approximately reversed from those
of 2and 4, reflecting the opposite chiralities of these last two compounds
at iron.

compound 21, from which it is evident that there is no simple
correspondence between the CD and UV maxima. This is true
of all these molecules as a rule. At first sight the CD spectra
of many of these compounds appear to be rather simple, con-
sisting of three Cotton effects in the 300-550-nm region, as in
the case of 2 (Figure 7), 3, and 17 (Figure 8). Examination of
methyliron 8 (Figure 6), on the other hand, reveals at least five
transitions, and many other spectra show at least four.
Electronic transitions are present in the 300-500-nm spec-
tral region of simple carbonyls (M(CO),,),3! sandwich com-
pounds (MCp,),32 and mixed complexes ((arene)M(CO),,).33
The prevalent current assignment of these bands in these first
two classes of molecules is to d~d transitions,?!-32 but more
specific assignment than this has not been a simple matter, even
for ferrocene,32 Assignments of bands in spectra of complexes
(arene)M(CO), appear to be even less clear, but these tran-
sttions are thought to be a mixture of the d-d and metal to li-
gand charge transfer types.3 The ability to make correlations
of CD bands with UV bands and assignment of UV bands to
specific d-d transitions in numerous classical octahedral
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Figure 5. UV spectrum (———) and CD spectrum (- - -} of (R)-21. Figures
5-9 all refer to CpFe(CO)(PPh3)X molecules having the same absolute
configuration as (S)-1. For (R)-21, X = 1.
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Figure 6. CD spectra of (S)-1 [X = CHyO(menthyl)] (— —); (5)-8
[X = Me] (—) (5)-9 [X = Et] (---); and (S)-11 [X = i-Bu]
[ ). See ref 38.
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Figure 7. CD spectra of (S)-2 [X = CH,C(O)O(menthyl)] (— —);
(R)-13[X=CHLl] (- -+~ ), [8] X 10; (R)-15 [X = CH,l] (—) from
ref 37; and (R)-18 [X = CH,S(0)>0(menthyl)], (- - -), [#] X 2. See ref
38.

complexes has resulted in the ability to make fairly accurate
predictions of the absolute configuration of new molecules
using empirical correlations based on such data from known
complexes.3* Because of the total asymmetry of the pseudo-
tetrahedral molecules at hand, and because of the complexity
of and lack of correspondence between UV and CD spectra,
it does not presently seem feasible to correlate the chiroptical
properties of these molecules with their absolute configuration
in any reliable way.

Nevertheless, in the face of this difficulty, some observations
may be made, The morphology of many of these CD curves is
substantially similar: an intense maximum between 300 and
350 nm, a maximum (or double maximum) of opposite sign
between 350 and 450 nm, and a maximum of either sign at
450-500 nm, Potentially the most reliable indicator of con-
figuration appears to be the 300-350- and 350-450-nm max-
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Figure 8. CD spectra of (S)-3 [X = {CMe(NHCHMePh)}*BF4~]
(e-—=-- ), fromref 115 (S)-17 [X = S(O)2R] (——); (R)-20 [X =
(n*-CoH)*BF4 ] (+ - - - ), 8] X 1.5; (R)-21 [X = 1] (— —); and (R)-22
[X = Br] (- - -), [8] X 20. See ref 38.

ima. The argument has been made several times in the litera-
ture that molecules CpFe(CO)(PPh;)X, differing only in the
group X, which exhibit CD spectra of the same sign and very
similar morphology may reasonably be predicted to have the
same absolute configuration,224.3536 From the present X-ray
crystal data (Figure 4) and the chemical arguments sum na-
rized above, the absolute configuration of a significant number
of these molecules is known, and examination of the CD
spectra in Figures 6~10 reveals that to a large extent this em-
pirical CD argument does actually work. There are, however,
significant problems.

Consider the position of the shortest wavelength CD tran-
sition. All of the iron alkyls having the configuration shown
for (8)-1, such as 8, 9, and 11 (Figure 6), and even those alkyls
having strongly o-electron withdrawing groups such as 1, 2,
13, and 18 (Figure 7), exhibit positive maxima near 300 nm.
On the other hand, groups X in CpFe(CO)(PPh;)X which are
good w-accepting ligands or are regarded in organic systems
as leaving groups seem to impart a bathochromic shift to this
band so that it appears near 350 nm in carbene cation complex
3, sulfinate 17, and halides 21 and 22 (Figure 8). The spectrum
of the cationic ethylene complex 20 appears at first sight to be
nearly the mirror image of that of iodide 21, for example
(Figure 8). It may be that because of the much higher effective
charge on iron in 20 than in 3, 17, or 21, the maximum of in-
terest has shifted to 393 nm, but this is clearly a post facto
argument. Similarly, if it is the effective charge on iron or the
w-accepting ability of the ligand which determines the position
of the 300-350-nm CD band, it is not clear why acyl complex
19 and carboalkoxyiron 4 should have maxima at ca. 290
rather than 350 nm (Figure 9). Lastly, the CD spectra of some
of the molecules are very different from the others, as in the
case of CpFe(CO)(PPh3;)OC(O)CF; (Figure 9), thus pre-
cluding any chance of using chiroptical properties for config-
urational assignments.

The conclusion appears to be, then, that when two groups
X in the molecules CpFe(CO)(L)X are very similar in nature,
and when the morphology of the corresponding CD curves is
very similar, then one may draw tentative conclusions about
absolute configurations. For example, the reaction of eq 4 in-
terconverts two molecules with very similar X groups, and the
CD curves are nearly mirror images. This strongly implies
inversion of configuration at iron.

Previously,?> we have made the argument that sulfur dioxide
insertion into the Fe-C bond of 2 proceeds with retention of
configuration at iron based on the facts that (1) such an out-
come is chemically reasonable,® and (2) the CD spectra of 2
and the corresponding sulfinate 17 are very similar and of the
same sign. In view of the above discussion and the accumula-
tion of CD spectra shown here, the second argument was cer-
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Figure 9. CD spectra of CpFe(CO)(PPh3)OC(O)CF; (configuration
unknown) (— —), [8] X 5; (S)-19 [X = C(O)Me] (——), from ref 29;
and (R)-4 [X = C(O)O(menthyl)] (- - -}, from ref 29. See ref 38.
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Figure 10, CD spectra of (R)-8 [X = Me] (---); (S)-21 [X =1] (— —);
(—)365-23 [X = CH3] (——), [6] X 10, from ref 3; (—)365-24 [X = 1]
(o=0-- ), [8] X 10, from ref 3. For 23 and 24 the phosphine ligand in the
molecule is (S)-PPhy(NMeCHMePh) rather than PPhs. See ref 38.

tainly tenuous. We have since shown that the conclusion is
correct by carrying out the X-ray structure determination of
a sulfinate derivative (17, R = ;/-Bu),3¢

One prediction can be made, and has been included in Table
VI. As stated above, Brunner and Wallner3 have resolved the
species CpFe(CO)(PPh;[NMeCHPhMe])X where X = CH;
(23) and X = 1(24). From Figure 10 it can be seen that the CD
spectra of 8 and 23 are not extremely similar. However, the CD
spectra of 21 and 24 are essentially identical. We therefore
predict that (—)3¢5-24, and hence by Brunner and Wallner’s
arguments, also (—)345-23, will be shown to be of S and R
configuration, respectively.
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Stereochemistry at Iron of the Sulfur Dioxide Insertion
Reaction of Iron Alkyls. Crystallographic Determination of
the Absolute Configuration at Iron of a Chiral Iron Sulfinate
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Abstract: The absolute configuration of (—)s7s-CpFe(CO)(PPh;)S(0),CH,CH(CHj;); has been shown by X-ray anomalous
dispersion techniques to be S (nomenclature based on the sequencing rules recently formulated by Stanley and Baird). The
compound crystallizes in the orthorhombic space group P2,2,2,, with a = 13.800 (4), b = 13.523 (5), ¢ = 13.649 (5) A. Re-
finement of the structure with two Friedel-related sets of data (3059 reflections) yielded R = 6.4% for the S configuration, as
opposed to R = 7.0% for the R configuration. The structure of this compound, which was prepared from the isoconfigurational
alkyl complex (+)s73-(S)-CpFe(CO)(PPh;)CH,CH(CH;3),, confirms prevailing beliefs that the stereochemistry of the SO,-

insertion reaction involves retention of configuration at iron.

Introduction

Since its discovery in 1964 by Bibler and. Wojcicki,? the
reaction of sulfur dioxide with metal-carbon ¢ bonds has been
the object of intense scrutiny.®* This is presumably not because
the reaction itself is of especial synthetic importance, but rather
it seemed to be another well-defined member of the class of
reactions often called “insertions”,* of which carbon monoxide
insertion is probably the best known example. It was assumed
at first by many that all of these reactions proceed by essen-
tially the same mechanism, so that thorough investigation of
the SO insertion should yield more insight into this class of
reactions which is important generally in metal-catalyzed
transformations of organic molecules.

The reactions of metal alkyls with SO, and CO are now
known to be very different.3-> The most striking dissimilarity
is that insertion of SO, into the Fe-C bond of threo- or
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erythro-CpFe(CO)zCHDCHDC(CH3)3 (Cp = 1]5-C5H5)
proceeds with inversion of configuration at carbon, while in-
sertion of CO proceeds with retention.® Only half of the ste-
reochemical information necessary for a detailed mechanistic
understanding resides at carbon, so we? and others®? have
undertaken to examine the stereochemical outcome at iron of
these insertions in molecules of types 17859 (where R is a va-
riety of alkyl groups) and 2.8
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