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Abstract 

Replacement of a carbonyl ligand by (+)-neomenthylPPh, provides a method 
for diastereoisomer separation of the methyl esters of (o&o- and (par&toluic 
acid)Cr(CO),. The absolute planar configurations have been assigned. 

Introduction 

Application of (arene)Cr(CO), complexes in organic synthesis continues to be an 
area of active interest [la-lc*]. The electron-withdrawing nature of the Cr(CO), 
group increases the susceptibility of the ring towards metalation [2a-2e*] or 
nucleophile addition [3a-3d * 1, increases the acidity of benzylic hydrogens [4a-4d * 1, 
and additionally provides a high diastereoselectivity both in nucleophilic addition to 
the complexed ring and in reactions at the benzylic position of conformationally 
restricted complexes (or&-disubstituted [5a-5c * ] or fused ring systems) [4b*,4c * $1. 
The use of such complexes in enantioselective synthesis depends also on the 
availability of resolved complexes of known planar chirality. Such complexes have 
been prepared in resolved or enriched form by classical resolution using crystalliza- 

* To whom correspondence should be addressed 
* Reference numbers with an asterisk refer to notes in the list of references. 
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tion or chromatography of complexes possessing suitable functionality (COX; 
X = OH, H, R) [7a-7e], by chirality transfer during the ortho-substitution of 
monosubstituted complexes possessing a chiral substituent [2b], by chirality transfer 
during complexation using chiral o&o-disubstituted arenes [4c,8,9 * 1, and most 
recently by enzymatic resolution [lo]. 

We recently described [Ila,llb] a method for diastereoisomer separation of 
asymmetric (diene)Fe(CO), complexes using the monosubstituted derivative formed 
on replacement of a carbonyl ligand by NMDPP[( f )-neomenthyl- 
diphenylphosphine]. We show here that this method is also applicable to the 
(arene)Cr(CO), series, as illustrated for the methyl esters of (ortho- and (mefrr-toluic 
acid)Cr(CO),. 

Results and discussion 

The NMDPP complexes lc, Id and 2c, 2d and the model PPh, complexes lb and 
2b, can be prepared in good yield by photolysis of the tricarbonyl in the presence of 
a slight excess of phosphine [12a-12d*]. The equimolar diastereoisomer pairs can 
be separated by preparative TLC; except for Id, their extreme solubility in hydro- 
carbon solvents prevents crystallization. Indeed, a single crystallization of lc, Id 

from petroleum ether (60680°C) yields material which is 85% enriched in Id. The 
strong molecular ions in the mass spectra of these complexes can also be used for 
analytical characterization. Though distinct resonances may be observed for each 
diastereoisomer in the “P, 13C and ‘H NMR spectra (Table l), diastereoisomeric 
purity is mostly easily assessed from the ‘H NMR spectra using the COzMe 
resonance for lc, Id and the ring methyl resonance for 2c. 2d. Relative to the 
tricarbonyl, all complexes exhibit the previously observed [12d *] upfield shift of 
ring carbon and proton resonances which is consistent with the poorer electron- 
withdrawing character of the Cr(CO),PR, moiety. For all the phosphine-sub- 
stituted complexes, two CO resonances are observed. The carbonyl ligands are not 
exchanged by rapid arene ring rotation [13a,13b*], which does, however, equilibrate 
energetically accessible eclipsed and staggered conformations of the ring relative to 
the Cr(CO),L moiety. 

* 1 
c70,Je 

5 ck 0 I 2 Ml? 

4 I J 
Cr(COj,L 

(la) L=CO (2a) L-CO 

(b) L=PPhs (b) L=PPh3 

(c) L=NMDPP (1R) (c) L=NMDPP (1AI 

(d) L=NMDPP (IS) (d) L=NMDPP (IS, 

(1s configurations shown) 
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C27 

Fig. 1. Molecular structure of complex Id. 

The absolute configurations of lc, Id have been determined by a crystal structure 
analysis of Id .(Fig. 1). The data are sufficiently precise (see Experimental) to 
provide the absolute configuration of both the neomenthyl group (lS,2S,5R) and 
the planar chirality (lS), though the configuration of the neomenthyl group is, of 
course, known. 

The approximate eclipsing of the ring methyl by a carbonyl of the Cr(CO),L 
moiety is consistent with structural data on other o&o-disubstituted complexes 
which, in the absence of steric effects [14a-14d*], show conformation 3 in which 
CO eclipses the more strongly electron-donating substituent [Ha-lk], or, the 
staggered conformation 4, in cases where electronic and steric effects are approxi- 
mately equal [16a-16e]. 

(3) (4) (5) anti (6) syn 

Structural studies on several (methylbenzoate)Cr(CO) 2 L complexes also show 
(with one exception) [17] an eclipsed conformation 5, with L either syn (L = CS, 
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Table 1 

Spectroscopic data 

Complex Infrared (cm-‘) 13C NMR (ppm) ’ ‘H NMR (ppm) ’ ‘IP NMR (ppm) ’ 

la 1978 u 

1900 

lb f 1901 a 

1845 

Ic R 1901 h 

1851 

Id 1901 h 

1851 

2a 1976 o 

1902 

1 

2 

3-6 

7 
8 

9 

CO 

1 

2 

3-6 

I 
8 

9 

co 

1 
2 

3-6 

7 

8 

9 

CO 

1 

2 

3-6 

7 

8 

9 

co 

1 

3 

2.4-6 

7 
8 

9 

co 

111.9 

90.1 

96.6 

95.5 

92.3 

87.6 

166.3 

52.5 

21.2 

231.2 

105.7 

83.0 

94.0 

93.1 

90.9 

x7.3 

168.2 

51.7 

21.4 

239.1(20.5) 

238.6(20.5) 

104.9 

82.7 

95.2 

94.1 

89.5 

87.8 

168.7 

51.9 

20.2 

240.2(19.6) 

239.7(20.5) 

106.6 

83.1 

95.1 

94.0 

90.8 

86.7 

168.1 

51.6 

20.0 

240.3(21.3) 

239.9(19.6) 

106.7 

h 

94.6 

94.1 

91.7 

91.1 

166.4 

52.9 

20.6 

231.4 

334 4.02-4.20(m) - 

5 4.59(td) 

6 5.6Y(dd) 

CO, Me 3.33(s) 

Me 2.60(s) 

334 3.90-4.13(m) 87.8 

5 4.3X(qd) 

6 5.54(dq) 

CO, Me 3.28(s) 

Me 2.21(S) 

3 3.87(d) 

4 3.43(t) 

5 4.51(m) 

6 5.67(qd) 

CO, Me 3.44(s) 

Me 2.46(s) 

3 3.42(d) 

4 3.84(t) 

5 4.39(m) 

6 5.47(qd) 

CO, Me 3.26(s) 
Me 2.49(s) 

2 5.56(s) 

4s 4.31(m) 

6 5.46(m) 

CO, Me 3.34(s) 

Me 1.41(s) 

87.3 

87.4 



Table 1 (continued) 

Complex Infrared (cm-‘) 13C NMR (ppm) ’ ‘H NMR (ppm) d 31P NMR (ppm) e 

2b 1899 a 1 

1841 3 

2,4-6 

I 
8 

9 

co 

24z 1900 b 1 

1850 3 

2,4-6 

I 
8 

9 

co 

2d 1900 b 1 

1850 3 

2,4-6 

7 

8 

9 

co 

102.4 

86.0 

92.7 

90.9 

90.5 

88.1 

168.7 

52.1 

20.3 

239.5(21.5) 

239.3(20.5) 

99.4 

84.8 

93.8 

93.1 

90.8 

89.4 

168.5 

52.0 

20.1 

240.6(18.6) 

239.8(20.5) 

101.9 

85.5 

94.3 

91.9 

90.2 

88.6 

168.8 

52.0 

20.0 

240.7(18.6) 

240.2(19.6) 

2 5.46(s) 86.8 

4,5 4.08(m) 

6 5.38(m) 

CO, Me 3.44(s) 
Me 1.77(s) 

24 5.51(m) 

5 3.48(m) 

4 4.45(d) 

CO,Me 3.51(s) 

Me 1.66(s) 

276 5.46(s,br) 85.8 

4s 3.80-3.90(m) 

CO, Me 3.49(s) 

Me 1.51(s) 

85.9 

u CH,Cl, solution. b Petroleum ether (40-60) solution. ’ CDCls solution, ppm from TMS; J(P-C) in 

parentheses. d CsD, solution, ppm from TMS. e CDCls solution, ppm from 85% HsPO,. / PPhs 

resonances: ‘H: 6.94-7.67 ppm; 13C: 127.6-139.4 ppm; complex 2b is similar. x NMDPP resonances: 

‘H-Me, 0.30(d,/ 7 Hz), CHMe,, 1.20, l.l3(d,J 6.3 Hz), 1.5-3.0(m), 6.9-7.9 (m) ppm; 13C (C,,H,,), 

17.8, 21.0(12), 21.5, 23.9, 28.2(5.5), 28.7, 30.1, 30.9, 38.1(15.5), 39.7; Ph, 127-144 ppm; other NMDPP 

complexes are similar. h Not seen and coincident with one of resonances due to C2,4-6 

CSe, PF,) [18a-18c] or anti (L = PPh,) [19] to the carboxylate carbonyl. In the 
present case, the phosphine is trans to the carboxylate, probably for steric reasons. 
The structure is otherwise unremarkable (Table 2) with an essentially coplanar 
CO,Me group [19,20], bond angles close to the octahedral values, an average 
Cr-arene bond length (2.203 A) similar to those in (methylbenzoate)Cr(C0)2PPh3 
(2.198 A) [19] and (methylbenzoate)Cr(CO), (2.219 Ai> [20], and a Cr-P bond length 
similar to those in other (arene)Cr(CO),PPh, complexes [19,21a-21c]. 

With respect to reactivity, it is known that phosphine substitution decreases the 
susceptibility of the ring to nucleophilic attack, but does not prohibit carbon-carbon 
bond forming reactions involving simple carbon nucleophiles [12a*]. In the absence 
of strongly directing arene substituents, the regiospecificity of nucleophilic attack in 

(continued on p. 58) 



T
ab

le
 

2 

S
tr

u
ct

u
ra

l 
d

at
a 

fo
r 

(I
d

) 

0 

(
a
)
 B

on
d 

len
gt

hs
 

(A
) 

C
rl

-P
I 

C
rl

 -
c2

 

C
rl

-C
4 

C
rl

 -
C

6 

C
rl

 -
C

8 
P

l-
C

l8
 

O
l-

C
l 

03
-C

l0
 

04
-C

l1
 

C
3-

C
8 

c4
-c

5 

C
5-

C
6 

2.
33

45
) 

1.
76

3(
18

) 

2.
22

2(
17

) 

2.
20

9(
19

) 

2.
18

0(
17

) 
1.

79
7(

16
) 

1.
16

5(
17

) 
1.

14
q

22
) 

1.
42

4(
22

) 
1.

45
7(

23
) 

1.
40

9(
23

) 

1.
39

42
5)

 

(b
) 

B
on

d 
a

n
g

le
s 

(d
eg

re
es

) 

C
l-

C
rl

-P
I 

87
.8

(6
) 

C
2-

C
rl

-C
l 

89
.0

(7
) 

C
3-

C
rl

-C
l 

94
.3

(7
) 

C
4-

C
rl

 
-P

I 
12

4.
3(

S
) 

C
rl

-C
l 

C
rl

-C
3 

C
rl

-C
S

 

C
rl

-C
7 

P
l-

C
l2

 

P
l-

C
24

 

02
-c

2 

04
-C

l0
 

C
3-

c4
 

c3
-C

l0
 

c4
-c

9 

C
6-

C
7 

C
2-

C
rl

-P
I 

C
3-

C
rl

 
-P

l 

C
3-

G
-C

2 

C
4-

C
rl

-C
l 

1.
82

8(
18

) 

2.
17

9(
17

) 

2.
23

7(
21

) 

2.
19

3(
18

) 
1.

87
3(

U
) 

1.
85

4(
16

) 

1.
18

9(
18

) 

l-
34

1(
24

) 

1.
41

5(
23

) 

1.
53

2(
25

) 

1.
50

4(
23

) 

1.
35

5(
24

) 

94
.0

(6
) 

16
1.

3(
5)

 

10
4.

7(
8)

 

86
.9

(7
) 

c7
-C

8 

C
12

-C
l7

 

c1
4-

C
l5

 

C
16

-C
l7

 

C
18

-C
23

 

c2
0-

c2
1 

C
22

-C
23

 

C
24

-C
29

 
C

25
-C

30
 

C
27

-C
28

 

C
28

-C
33

 

1.
38

0(
23

) 

1.
38

7(
20

) 

1.
39

3(
24

) 

1.
36

6(
22

) 

1.
40

0(
20

) 

1.
42

0(
23

) 

1.
37

1(
22

) 

1.
58

6(
21

) 
1.

61
5(

24
) 

1.
49

(3
) 

1.
58

(3
) 

C
5-

C
4-

C
rl

 
72

(l
) 

C
9-

C
4-

C
rl

 
13

q
l)

 
c9

-c
4-

c5
 

11
6(

2)
 

C
6-

C
S

-C
rl

 
71

(l
) 

C
12

-C
l3

 

c1
3-

C
l4

 

C
15

-C
l6

 

C
18

-C
l9

 

C
19

-C
20

 

c2
1-

c2
2 

C
24

-C
25

 
C

25
-C

26
 

C
26

-C
27

 

C
28

-C
29

 

c3
0-

c3
1 

c5
-c

4-
c3

 

c9
-c

4-
c3

 

C
4-

C
S

-C
rl

 

C
6-

C
5-

C
4 

1.
41

7(
20

) 

X
33

8(
24

) 

1.
37

42
3)

 

1.
38

8(
23

) 

1.
41

3(
22

) 

1.
34

2(
23

) 

1.
55

4(
21

) 

1.
51

(3
) 

1.
6q

3)
 

1.
52

0(
24

) 

1.
50

(3
) 

12
W

) 
12

4m
 

71
(l

) 

12
q

2)
 



C
4-

G
-C

2 

C
S

-C
rl

-P
l 

C
S

-C
rl

-C
2 

C
5-

C
rl

-C
4 

C
6-

C
rl

-C
l 

C
6-

C
rl

L
C

3 

C
6-

C
rl

-C
5 

C
7-

C
rl

-C
l 

C
7-

G
-C

3 

C
7-

C
rl

-C
5 

C
X

-C
rl

-P
I 

C
8-

C
rl

-C
2 

C
8-

C
rl

-C
4 

C
8-

C
rl

-C
6 

C
12

-P
I-

C
rl

 

C
18

-P
l-

C
l2

 

C
24

-P
l-

C
l2

 

C
ll

-0
4-

C
l0

 

02
-C

2-
C

rl
 

a-
C

3-
C

rl
 

C
IO

-C
3-

C
rl

 

C
lO

-C
3-

C
8 

14
1.

2(
8)

 

94
.4

5)
 

16
1.

3(
8)

 

36
.8

(6
) 

14
3.

6(
7)

 

79
.6

(7
) 

36
.5

(6
) 

16
2.

9(
7)

 

68
.6

(7
) 

65
.7

(7
) 

14
4.

0(
4)

 

85
.1

(7
) 

67
.8

(6
) 

65
 $

7)
 

11
8.

6(
5)

 

10
2.

5(
7)

 

10
6.

47
) 

11
3(

2)
 

17
5(

2)
 

7Q
(1

) 
13

0(
l)

 

12
0(

2)
 

C
4-

C
rl

-C
3 

C
S

-C
rl

-C
l 

C
5-

C
rl

-C
3 

C
6-

C
rl

-P
l 

C
6-

C
rl

-C
2 

C
6-

C
rl

-C
4 

C
7-

C
rl

-P
l 

C
7-

C
rl

L
C

2 

C
7-

C
rl

-C
4 

C
7-

C
rl

L
C

6 

C
8-

&
l-

C
l 

C
8-

C
rl

-C
3 

C
8-

C
rl

-C
5 

C
8-

C
rl

-C
7 

C
18

-P
l-

C
rl

 

C
24

-P
l-

C
rl

 

C
24

-P
l-

C
l8

 

O
l-

C
l-

C
rl

 

C
4-

C
3-

C
rl

 

C
8-

C
3-

C
4 

C
lO

-c
3-

c4
 

C
3-

C
4-

C
rl

 

37
.5

(6
) 

10
8.

0(
7)

 

67
.2

(7
) 

87
.7

(5
) 

12
7.

4(
8)

 

66
.4

(7
) 

10
8.

1(
5)

 

95
.8

(8
) 

79
.1

(7
) 

35
.8

(6
) 

12
&

O
(7

) 

39
.1

(6
) 

78
.3

(7
) 

36
.8

(6
) 

10
9.

9(
5)

 

11
7.

7(
5)

 

99
.0

(7
) 

17
6(

2)
 

73
0)

 
11

7(
l)

 

12
3(

2)
 

70
0)

 

C
5-

C
6-

C
rl

 

C
7-

C
6-

C
5 

C
8-

C
7-

C
rl

 

C
3-

C
S

-C
rl

 

C
7-

C
S

-C
3 

c3
-C

lO
-0

3 

C
13

-C
12

-P
l 

C
17

-C
12

-C
l3

 

c1
5-

c1
4-

C
l3

 

C
17

-C
16

-C
l5

 

C
19

-C
18

-P
l 

C
23

-C
18

-C
l9

 

C
21

-C
20

-C
l9

 

C
23

-C
22

-C
21

 

C
25

-C
24

-P
l 

C
29

-C
24

-C
25

 

C
30

-C
25

-C
24

 

C
27

-C
26

-C
25

 

C
29

-C
28

-C
27

 

C
33

-C
28

-C
29

 

C
31

-C
30

-C
25

 

C
32

-C
30

-C
31

 

73
(l

) 
12

2(
2)

 

71
(l

) 

70
(l

) 
12

1(
2)

 

12
4(

2)
 

12
2(

l)
 

12
0(

l)
 

11
9(

2)
 

11
8(

2)
 

11
8(

l)
 

11
5(

l)
 

11
8(

2)
 

12
1(

2)
 

11
7(

l)
 

Il
l(

l)
 

11
7(

l)
 

11
4i

2)
 

11
3(

2)
 

11
3(

2)
 

11
5(

2)
 

ll
O

(2
) 

C
7-

C
6-

C
rl

 

C
6-

C
7-

C
rl

 

C
8-

C
7-

C
6 

C
7-

C
8-

C
rl

 

04
-C

lO
-0

3 

c3
-C

lO
-0

4 

C
17

-C
12

-P
l 

C
14

-C
13

-C
l2

 

C
16

-C
15

-C
l4

 

C
16

-C
17

-C
l2

 

C
23

-C
18

-P
l 

C
20

-C
19

-C
l8

 

c2
2-

c2
1-

c2
0 

C
22

-C
23

-C
l8

 

C
29

-C
24

-P
f 

C
26

-C
25

-C
24

 

C
30

-C
25

-C
26

 

C
28

-C
27

-C
26

 

C
33

-C
28

-C
27

 

C
28

-C
29

-C
24

 

C
32

-C
30

-C
25

 

71
0)

 

73
(l

) 
12

0(
2)

 

72
~

1)
 

12
8(

2)
 

lO
S

(2
) 

11
7(

l)
 

11
9(

2)
 

12
2(

2)
 

12
0(

l)
 

12
6(

l)
 

12
3(

2)
 

11
9(

2)
 

12
3(

2)
 

11
6(

l)
 

11
1(

l)
 

11
6(

2)
 

11
2(

2)
 

11
2(

2)
 

10
9(

l)
 

11
2(

2)
 



58 

90 

80 

70 

p 

: 
L 

iGso 
‘: 
0 

- 40 

30 

20 

10 

,‘1 
’ I 
1 I 

I 
190 210 230 250 270’ 

______(,a) 

---(lb) 

-_(ld) 

solvent : CH,CN 

.\ \ * \ 
‘, \ 

‘I 

, ‘.,*‘,\_ ‘, ‘\. 
. . , 

‘.. 
.--__ ‘k_ 

---+-- 
300 400 

wavelength/nm 

Fig. 2. UV/visible spectra of complexes la, lb, Id. 

substituted complexes is determined by the orientation of the Cr(CO), moiety 
relative to the ring [21]. To our knowledge, the effects of phosphine substitution on 
regioselectivity have not been examined, though changes both in the orientation of 
the Cr(CO),L moiety and in the gtereochemistry of arene substituents in sterically 
crowded molecules have been observed [21b]. 

The absolute planar configurations of 2c, 26 have been assigned as shown by 
conversion of a sample of 2a containing a 76% e.e. of the (-)-(1s) enantiomer 
[23*,24] to a mixture of 2c, 2d which is enriched to the same extent in 26. We have 
also assessed the utility of CD spectroscopy in the assignment of absolute configura- 
tions, since in the (diene)Fe(CO),L series (L = CO, phosphine), both we [lla,llb] 
and others [25a,25b] have shown that for closely related complexes, the sign of the 
CD absorption associated with the longest wavelength UV/visible absorptions may 
be used to assign absolute configuration. In particular, the CD spectra of separated 
diastereoisomers of the type (diene)Fe(CO),(NMDPP) are essentially mirror image 
in this region, and bear a close similarity to the tricarbonyl of the same planar 
chirality. 

Though there are some uncertainties in the literature [26a-26f1, the UV/visible 
spectrum of la (Fig. 2) [27*] may be assigned as (a) 320 nm with shoulder at 400 
nm, metal-arene charge transfer, possibly overlying ligand field transitions and (b) 
225 nm with shoulder at 250 nm, metal-CO and (metal-arene)-CO charge transfer. 
Phosphine substitution to give lb or Id results in a substantial bathochromic shift, 
and the appearance of a high intensity band at 195 nm that is obscured by the 
solvent cut-off for la but appears in gas phase spectra [28] of (arene)Cr(CO), 
complexes, and is assigned to (metal-arene)-CO charge transfer with a substantial 
contribution from arene substituent atomic orbitals. The UV/visible spectra of 
2a-2d show a similar relationship, with those of 2c, 2d being superposable. 
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tricarbonyl[23*] in this region. Unusually, however, the spectra of 2e, 2d and of Id 
(Fig 4) are almost superposable in the region below 320 nm, except for a reversal in 
sign for 2c, 2d associated with the highest energy transition at 190 nm. The CD 
bands are also approximately ten times more intense than those of the tricarbonyls 
in this region, a feature that can be attributed partly to significant absorption by 
NMDPP itself (Fig. 3) and partly to a substantial induction in chirality by NMDPP 
in the complex bands which masks the opposing planar chirality. Even at longer 
wavelength, the CD spectra of la and Id (having the same (1 S) planar configura- 
tion) have no simple relationship (Fig. 4). Spectral changes here appear to result 
simply from phosphine substitution, since the spectrum of lb [23*] in this region 
parallels that of Id, although of lower intensity. One other example of a substantial 
change in the CD spectrum on PPh, substitution has been reported [29]; the origin 
is unclear, but may perhaps be associated with different conformational energy 
minima for the Cr(CO), and Cr(CO),PPh, complexes. Thus, the assignment of 
absolute configuration of metal-substituted (arene)Cr(CO)i complexes based on CD 
spectroscopy must be approached with caution. 

We are currently examining synthetic applications of this approach. 

Experimental 

NMR, infrared and UV/visible spectra were recorded on a JEOL FX-100, a 
Perkin-Elmer 257 and a Pye Unicam SP8-100 spectrometer, respectively. Solvents 
were dried and degassed before use, and all reactions were conducted under 
nitrogen. Published methods were used to prepare (o&o- and (mera- 
MeC,H,CO,Me)Cr(CO), [31] and NMDPP [32]. The phosphine used contained 
about 10% of the phosphine oxide as an impurity. 

(a) Preparation and diastereoisomer separation 
A mixture of 2 g (6.99 mmol) of (meta-MeC,H,C02Me)Cr(CO), (2a) and 3.4 g 

(10.5 mmol) of NMDPP in benzene (270 ml) was irradiated with a 120 W medium 
pressure mercury lamp with continuous N, flushing until the IR spectrum of a 
sample indicated disappearance of the starting material (ca. 3 h). The solvent was 
removed under vacuum and the residue was dissolved in acetone (30 ml) containing 
Me1 (5 ml). After 30 min stirring, the solvent and excess Me1 were removed under 
vacuum, the residue was extracted with diethyl ether, and chromatographed on silica 
with diethyl ether as eluant. Solvent was removed from the single red band to give 
the product 2c, 2d (3.25 g, SOY) o as a red oil. Accurate mass (M’ ) found: 582. 1963 
(talc.: 582.1981). 

The diastereoisomer mixture was separated on a 500 mg scale on 2 mm Chro- 
matotron plates using 1% ethyl acetate/petroleum ether (b.p. 40-60°C) as eluant. 
Two distinct orange-red bands were collected. to yield 2c and 2d as red oils in order 
of elution. 

(~&z~-M~C,H,CO,M~)C~(CO)~(NMDPP) was prepared similarly (86%) and 
separated on the Chromatotron with 2% ethyl acetate/petroleum ether (b.p. 
40-60” C) as eluant to give Ic as a red oil and Id as red crystals in order of elution; 
Id was recrystallised from petroleum ether (b.p. 60-80 o C). Analysis: C, 68.0(6&O), 
H, 6.71(6.70). M.p. lXlll82”C. 
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(meta-MeC,H,CO,Me)Cr(CO),PPh, (2b) (82%) and (ortho-MeC,H,CO,Me) 
Cr(CO),PPh, (lb) (65%) were prepared similarly and recrystallized from ethyl- 
acetate/petroleum ether (b.p. 60-80” C). Analysis: C, 66.8 (66.9); H, 4.85 (4.81) 
(2b). M.p. 155-156°C. C, 66.8 (66.9); H, 4.76 (4.81) (lb). M.p. 144-145°C. 

(b) Crystal structure determination of Id 

A crystal of approximate dimensions 0.1 x 0.1 x 0.32 mm was used for data 
collection on an Enraf-Nonius CAD4F diffractometer using MO-K, radiation (X 
0.71069 A) and a graphite monochromator in the range 2 < 8 < 24 O. 

Table 3 

Fractional atomic coordinates for Id 

Atom x Y L 

C-31 
Pl 

01 

02 

03 

04 

Cl 

c2 

c3 

c4 

c5 

C6 

c7 

C8 

c9 

Cl0 

Cl1 

Cl2 

Cl3 

Cl4 

Cl5 

Cl6 

Cl7 

Cl8 

Cl9 

c20 

c21 

c22 

C23 

C24 

c25 

C26 

C27 

C28 

c29 

c30 

c31 

C32 

c33 

- 0.226q2) 

- 0.0793(3) 

- 0.3191(9) 

- 0.3175(10) 

- 0.4865(12) 

- 0.4949(12) 

- 0.2811(13) 

- 0.2785(14) 

- 0.3368(12) 

- 0.2660(15) 

- 0.1631(15) 

- 0.1313(15) 

- 0.1970(13) 

- 0.2987(12) 

- 0.2938(14) 

-O&98(16) 

- 0.6Olq17) 

O.OO&O(ll) 

0.1089(13) 

0.1642(16) 

0.1233(15) 

0.0266(13) 

- 0.0307(12) 

- 0.0012(12) 

- 0.0329(11) 

0.0174(13) 

0.1012(15) 

0.1323(14) 

0.0818(12) 

- 0.0898(11) 

- 0.1623(14) 

- 0.1776(16) 

- 0.0759(17) 

-0.0070(16) 

0.0132(12) 

-0.1471(14) 

- 0.0489(17) 

-0.2325(18) 

-0.0414(17) 

-0.9688(2) 

- 1.0535(3) 

- 1.0712(9) 

- 1.0999(10) 

- 0.8382(10) 

-0.8915(11) 

- 1.0340(12) 

- 1.0501(12) 

- 0.8576(12) 

-0.8413(11) 

- 0.8370(13) 

- 0.8482(12) 

-0.8619(12) 

- 0.8652(11) 

- 0.8291(13) 

- 0.8617(15) 

- 0.8881(19) 

- 1.0689(10) 

- 1.0973(12) 

- 1.1155(14) 

- 1.1014(13) 

- 1.0713(12) 

- 1.0538(11) 

- 0.9966(10) 

- 0.9940(11) 

-0.9427(13) 

- 0.8881(14) 

- 0.8906(13) 

- 0.9406(11) 

- 1.1686(11) 

- 1.2401(12) 

- 1.3224(15) 

- 1.3669(16) 

- 1.2955(14) 

- 1.2162(10) 

- 1.263q15) 

- 1.3083(17) 

- 1.3189(16) 

- 1.2618(16) 

- 0.9088(2) 

-0.9291(2) 

- 1.0549(8) 

-0.7869(9) 

-0.9939(H) 

- 0.8604(10) 

-0.9973(X0) 

- 0.8374(11) 

-0.9152(12) 

- 0.9809(12) 

-0.9612(13) 

-0.8771(13) 

-0.8124(12) 

-0.8283(11) 

- 1.0732(11) 

-0.9319(15) 

-0.8655(16) 

- 0.8365(10) 

- 0.8469(11) 

- 0.7777(13) 

- 0.6969(13) 

-0.6850(12) 

-0.7554(10) 

- 1.0065(10) 

- 1.0908(11) 

- 1.1546(12) 

- 1.1302(13) 

- 1.0488(12) 

- 0.9881(11) 
-0.9811(10) 

-0.9401(11) 

- 0.9980(14) 

- 1.0330(15) 

- 1.0679(13) 

- 1.0063(11) 

- 0.8401(12) 

-0.8177(15) 

-0.8049(U) 

- 1.1591(13) 
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Crystal data: orthorhombic, u 13.338(2), b 14.420(4), c 15.66865) A, U 3013.49 
A3, p 5.38 cm-‘, F(OO0) = 1216, space group P2,2,2,, Z = 4. 

The structure was solved by a combination of Patterson search and direct 
methods (SHELX86) [33] and refined by full matrix least squares (SHELX76) [34]. 
Data were corrected for Lorentz and polarization effects, but not for absorption. 
Hydrogen atoms were included in calculated positions with fixed thermal parame- 
ters. The chromium and phosphorus atoms were refined anisotropically. Atomic 
scattering factors for non-hydrogen and hydrogen atoms and anomalous dispersion 
correction factors for non-hydrogen atoms were taken from the literature [35a-35~1. 
All calculations were performed on a VAX 8700 computer; the ORTEP program 
[36] was used to give the drawings. 

Final full matrix least squares cycle: 951 reflections with I > 21~1, 167 variable 
parameters, maximum shift/ESD < 0.001, residuals R 5.70, R, 6.00%. Final dif- 
ference Fourier map: maximum peak 0.13 e/A3, minimum peak 0.10 e/A’. Refine- 
ment with inversion of absolute planar chirality and neomenthyl chirality gave R 
5.97, R, 6.27%. 

A list of fractional atomic coordinates is given in Table 3. Tables of hydrogen 
atom-coordinates, thermal parameters, and observed and calculated structure fac- 
tors are available from the auth.ors. 
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