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Abstract 

The crystal structure of the complex A&-[Co- 
(R,R-picchxn)(pro-Z~]Cl*ClO~*H~O (I) (where R, 
R-picchxn is N,N’-bis(2-picolyl)-lR,2Rdiamino- 
cyclohexane and pro-2H is the 1,2dehydroprolinate 
anion) has been determined. The complex crystallises 
in the orthorhombic space group P2r2i2i, with a = 
8.063(5), b= 15.320(9), c=21.043(11)Wand.Z=4. 
The structure was refined by full-matrix least-squares 
methods to R = 0.049 for 2501 non-zero reflexions. 
The coordinated dehydroproline iminoacid is closely 
planar, and the structure suggests that the C=N 
double bond would be equally accessible to a reacting 
species approaching from either side of the ring. 

The crystal structures of the two products ob- 
tained after hydrogenation of I, i.e. A-&-[Co(R,R- 
picchxn)(R-pro)](C104)2 (II) and A-&-[Co(R,R- 
picchxn)(S-pro)](C104)2.H10 (III), have also been 
determined by similar means. Complex II is mono- 
clinic, space group P2i witha = 9.38.5(3), b = 15.066- 
(5), c = 10.492(7) A, fl= 110.79’, Z = 2, and was 
refined to R = 0.029 for 2650 non-zero reflexions. 
Crystals of III are trigonal, space group P3221 with 
II = 11.417(2), c = 38.586(7) A, Z= 6, and was 
refined to R = 0.039 for 2684 non-zero reflexions. 

The molecular geometry of the Co”‘(R, R-picchxn) 
fragment is essentially the same in each structure. 
However, upon hydrogenation of I the iminoacid 
C=N bond increases by 0.22 A in conjunction with 
the expected lack of planarity of the aminoacid 
pyrolidine and chelate rings. Short non-bonded H . . .H 
contacts that are produced in the hydrogenation 
products II and III suggest that III would be the more 
sterically hindered. Comparisons are made between 
these structures and those of models computed for 
A-& -pro analogues . 

*Part 28 is ref. 1. 
**Authors to whom correspondence should be addressed. 

0020-1693/88/$3.50 

Introduction 

In the previous paper in this series [l] the stereo- 
selective hydrogenation of coordinated 1,2dehydro- 
proline in the complex ion A&-[Co(R,R-picchxn)- 

(Pro-WI ‘+, where R, R-picchxn is N,N’-bis(2- 
picolyl)-lR,2Rdiaminocyclohexane and pro-2H is 
the dehydroprolinate anion, was reported. The 
product ratio demonstrated a pronounced preference 
for the complex ion containing R-prolinate. This 
preference is in contrast with the results obtained 
when [Co(R, R-picchxn)(pro)] ‘+ species are synthe- 
sised from the reaction of A-&[Co(R, R-picchxn)Cl,]+ 
and the free amino acid [2]. Hence we have under- 
taken the crystal structure determinations of the 
precursor and the two product complex cations in 
order to see if there are any prominent structural 
features that could, at least in part, account for the 
observed chiral induction. 

Experimental 

The preparation of the three complexes was re- 
ported previously [ 11. 

Structure Analyses 
Crystal data, data collection and refinement details 

are summarised in Table I. The structures were solved 
by the heavy atom method. Difference maps indi- 
cated the approximate positions of most hydrogen 
atoms, however their coordinates were optimised 
assuming C-H, N-H 1.0 A and O-H 0.9 A and the 
appropriate geometries of the atoms to which they 
are bonded. The structures were refined by full- 
matrix least-squares in which the function minimised 
was CwA’. The weights, w, for each reflexion were 
taken from the counting statistics. Neutral atom 
scattering factors [3], corrected for anomalous 
dispersion [3], were used and all calculations were 
carried out on a FACOM 340s computer with 
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TABLE I. Summary of Crystal Data, Data Collection and Structure Refinements 

E. F. Birse et aI. 

Compound a I II III 

Colour red red red 

Crystal data 

Formula 

J+f, 
System 

Space group 

a (A) 
b 
c 
p (“1 

C23H32N507C12Co 
620.4 

orthorhombic 

P2t2t2r (No. 19) 

8.063(S) 

15.320(9) 

21.043(11) 

C23H32WhoC12Co 
663.4 

monoclinic 

P2r (No. 4) 

9.385(3) 

15.06615) 

10.492(7) 

110.79(4) 

Cdb1NsOdl2Co 
686.4 

trigonal 

P3221 (No. 154) 

11.417(2) 

38.586(7) 

120 

4355.4 

1.56 

6 

1.570 

8.68 

2136 

D, (by flotation) 

Z 

De (g cme3) 

~-MO Ko (cm-‘) 

F(000) 

2599.3 1386.9 

1.55 1.59 

4 2 

1.585 1.600 
9.48 9.03 

1288 692 

Data Collection 

Crystal size (mm) 

Temperature (“C) 

Instrument 

Radiation 
20 (min, max) 

Absorption corr. 

Transmission factors (min, max) 
Total reflexions 

No. Z > 30(Z) 

0.6 x 0.6 x 0.4 0.2 x 0.2 x 0.68 

-110 -110 
Nicolet XRD P3 [9] four-circle diffractometer 

4.0,ss.o 

0.672, 0.771 

2912 

2501 

MO Kol 

5.0, 52.0 
empirical 

0.647.0.705 

3001 

2650 

Refinement 

Anisotropic all non-hydrogen atoms 

H atoms parameters included but not refined 

R 0.049 0.029 

R’([~wA~/~w~F,I~]“~) 0.041 0.023 

-(A/o&ax 0.1 0.1 
Final A map (p e A-j) <IO.71 < IO.31 

0.16 x 0.14 x 0.64 

-110 

4.0, 52.0 

0.858,0.913 

3323 

2684 

0.039 

0.026 

0.1 

<IO.71 

aI, h-~z-[Co(R,R-picchxn)(pro-2ZZ)JCl~ClO4~H~O; 11, A-p2-[Co(R,R-picchxnj(R-proj](ClO4jz; III, A-pa-[Co(R,R-picchxnj(S- 

Pro) 1 (c104)2 *HzO. 

programmes written by F.S.S. Final atomic coor- 
dinates for all non-hydrogen atoms in each structure 
are given in Tables II-IV. 

For the S-prolinate complex the systematic 
absences indicate the space group to be P3r21 (No. 
151), P3r21 (No. 152) or their enantiomorphs. The 
Patterson map is consistent with the point group 321 
and the space group P3221 (No. 154) was chosen. 
The second perchlorate ion in this structure was 
found to possess space group imposed 2(C2) sym- 
metry, necessitating the positioning of the two 
chlorine atoms each with half occupancy. Difference 
maps showed further that there is disorder in one of 
these groups with respect to one of the oxygen 
atoms, the two positions for this atom, O(3b) and 
0(3c), being included each with half occupancy. 

TABLE II. Final Atomic Coordinates (fractional X 104j for 

Non-hydrogen Atoms for A-p2-[Co(R,R-picchxnj(pro-2ZZj] - 

Cl*C104.HzOa 

X Y z 

co 6276.0(13) 1318.3(7) 

N(l1) 7616(g) 374(4) 

N(21) 7490(8) 2274(4) 

N(1) 7661(7j 1190(4) 

N(2) 5125(g) 2234(4) 

N(3) 4775(7) 1308(4) 

O(31) 4846(7) 437(3) 

002) 2844(7) -473(3) 

C(31) 3731(11) 168(S) 

C(32) 3698(11) 696(S) 

2857.6(S) 

3161(3) 

3221(3) 

2105(3) 
2419(3) 

3577(3) 

2532(2) 

2880(3) 

2932(4) 

3524(4) 
(continued) 
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TABLE II. (continued) TABLE III. (continued) 

x Y z 

C(33) 
(x34) 
CC351 
C(11) 
C(12) 
C(l3) 
C(14) 
C(15) 
W6) 
C(l) 
C(2) 
C(3) 
C(4? 
C(5) 
C(6) 
(x21) 
C(22) 
CC231 
~(24) 
~(25) 
(X26) 
Cl(l) 
Cl(2) 
O(la) 
O(lb) 
O(ld 
OW) 
O(w) 

2562(11) 
3284(12) 
4688(11) 
7767(11) 
8568(12) 
9221(10) 
9119(9) 
8335(g) 
8135(g) 
6702(g) 
6044(10) 
4969(10) 
c;fi?c;I1 11 Y".z"\~I, 

6700(11) 
7757(11) 
8975(10) 
9642(11) 
8797(12) 
7309(10) 
6681(g) 
5066(g) 
3601(3) 
1347(3) 
3467(S) 
4081(7) 
2017(7) 
4794(S) 
1989(10) 

592(6) 

1308(7) 
1754(6) 

78(6) 
- 680(5) 

- 1174(5) 
-883(5) 
-114(5) 

289(5) 
1547(5) 
2421(5) 

2904(6) 
m: i 161 _“I I \“, 
2168(6) 
1670(5) 
2238(5) 
2946(6) 
3733(6) 
3788(5) 
3031(5) 
3006(5) 
4263(l) 
1751(l) 
3838(4) 
3608(4) 
4656(4) 
4956(4) 

913(6) 

4097 (4) 
4541(4) 

4208(4) 
3772(4) 
3915(4) 
3440(4) 
2821(4) 
2703(4) 
2042(4) 
1561(3) 
1809(3) 
1305(4) 

?05(4) 
464(4) 
956(4) 

3526(4) 

3810(4) 
3782(3) 
3458(3) 
3188(3) 
2830(4) 
4593(l) 
2271(l) 
3982(2) 
505 3(2) 
4754(3) 
4567(3) 

840(4) 

%.s.d.s given in parentheses. 

TABLE III. Final Atomic Coordinates (fractional X 104) for 
Non-hydrogen Atoms for A-pz-[Co(R ,R-picchxn)(R-pro)]- 

(C104hB 

x Y 2 

co 
Wl) 
NW) 
N(l) 
N(2) 
N(3) 

W31) 
002) 
U31) 
~(32) 
C(33) 
C(34) 
C(35) 
C(l1) 
C(l2) 
C(l3) 
C(l4) 
C(l5) 
C(l6) 
C(1) 

688.4(6) 
1705(4) 
1690(4) 
2342(4) 

4W4) 
- llSO(4) 

-438(3) 

-2206(4) 
- 1612(5) 
- 2208(5) 
-2290(7) 
-2194(6) 
-1115(5) 

1626(5) 
2342(6) 
3180(6) 
3281(5) 
2562(5) 
2722(5) 

1856(4) 

0 

955(3) 
- 1014(3) 

257(2) 

-909(3) 
- 198(2) 

920(2) 
1930(2) 
1217(3) 

595(3) 
998(4) 
209(4) 

-429(3) 
1143(3) 
1871(3) 
2428(3) 
2239(3) 
1492(3) 
1219(3) 
- 39(4) 

4112.7(5) 

3426(4) 
3661(4) 
5818(3) 
5135(4) 
2481(3) 
4541(3) 

3503(3) 
3514(5) 
2307(5) 

921(5) 

90(5) 
1094(5) 
2 139(4) 
1844(5) 
2881(5) 
4188(4) 
4442(4) 
5855(4) 

6956(4) 
(continued) 

x Y z 

C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
Wl) 
C(22) 
~(23) 
~(24) 
~(25) 
C(26) 
Cl(l) 
C!(2) 

Wa) 
Wb) 
Wlc) 
Wd) 
Wa) 
0(2b) 
W2c) 
W2d) 

1204(5) 
568(5) 

1857(5) 
2535(6) 
3157(5) 
2838(5) 
3372(5) 
2741(5) 
1605(5) 
llll(4) 

- 107(5) 
6291(l) 
6361(l) 
7751(3) 
6428(3) 
5834(4) 
5179(4) 
6828(4) 
7682(4) 
5516(4) 
5 399(4) 

-967(3) 
- 1361(3) 
- 1375(4) 

-453(4) 
-70(4) 

-982(3) 
- 1732(3) 
- 2549(3) 
-2585(3) 
- 1808(3) 
- 1772(3) 
-2273(l) 

I)?ll\ _-u&.\l, 
-2710(2) 
-1534(2) 
- 1949(3) 
- 2884(2) 

- 692(2) 
247(2) 
642(3) 

-568(3) 

6543(4) 
7585(4) 
9004(5) 
9413(5) 
8341(4) 
3157(4) 
2750(5) 
2859(5) 
3424(4) 
3798(4) 
4424(4) 
1030(l) 
<CA?,,\ .J”-r&\l, 
1409(3) 
1955(3) 

- 344(3) 
1178(3) 
4792(4) 
6710(3) 
4832(4) 
6219(4) 

ae.s.d.s given in parentheses. 

TABLE IV. Final Atomic Coordinates (fractional X 104) for 
Non-hydrogen Atoms for A-&-[Co(R,R-picchxn)(S-pro)]- 

(C104)2*H20a 

x Y z 

co 
Wl) 
N(21) 
N(l) 
N(2) 
N(3) 
O(31) 
0~32) 
C(31) 
~32) 
C(33) 
C(34) 
C(35) 

Ull) 
C(l2) 
C(13) 
C(l4) 
C(l5) 
C(l6) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(21) 

1782.0(7) 
907 (4) 

3421(4) 
727(4) 

2506(4) 
2600(4) 

312(3) 
-595(4) 

315(5) 
1452(5) 
2010(6) 
3509(6) 
‘1<P7CC;\ _z<“, \“, 
1284(5) 

595(6) 
-528(6) 
-930(6) 
- 193(5) 
-551(5) 

509(5) 
1883(6) 
1843(6) 
1247(6) 

- 137(6) 
- 94(5) 
3704(6) 

5897.5(7) 
3907 (4) 
6275(4) 
5655(4) 
7844(4) 
5980(4) 
5147(4) 
5333(4) 

5480(5) 
5 308(5) 
5939(7) 
6856(6) 
73<31c\ I ‘QC\.,, 
3080(6) 
1699(6) 
1146(5) 
1966(6) 
3349(5) 
4328(5) 
6838(5) 
8036(6) 
9363(6) 
9468(6) 
8224(7) 
6912(6) 
5353!5) 

1015.0(2) 
984(l) 

770(l) 
597(l) 
944(l) 

1473(l) 
1276(l) 
1802(l) 
1601(l) 
1728(l) 
2085(l) 
2031(l) 
1 LAQfl, ‘“7Z\‘, 

1135(l) 
1079(l) 

864(l) 
714(l) 
774(l) 
617(l) 
566(l) 
616(l) 
615(l) 
265(l) 
208( 1) 
221(l) 
634(l) 

(continued) 
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TABLE IV. (continued) 

E. F. Birse et al. 

X Y z 

ctw 4962(6) 5726(6) 494(2) 

C(23) 5943(7) 7060(7) 498(2) 

~(24) 5663(6) 8014(7) 628(2) 

~(25) 4381(S) 7592(6) 763(l) 

C(26) 4000(S) 8576(5) 911(l) 

Cl(l) 3424.6(16) 7762.3(17) 3082.8(3) 

Cl(2) 2349.5(19) 0 1667 
?- .-. 
Cl(j) 

_^^_ ^ ,^^. 
I3Sl.U(X) 0 i667 

Wa) 3790(S) 6971(S) 3300(l) 

Wlb) 3272(S) 8667 (5) 3303(l) 

Wlc) 2242(S) 6960(S) 2902(l) 

Wd) 4473(4) 8467(S) 2841(l) 

O(2a) 3232(S) 344(6) 1383(l) 

W2b) 2248(7) 1103(6) 1776(l) 

OCW 6727(4) 161(S) 1367(l) 

W3b) 8527(11) 1568(11) 1697(4) 

O(3c) SOOO(12) -658(13) 1616(3) 

O(W) 798(S) 2247(5) 2176(l) 

ae.s.d.s given in parentheses. 

Discussion 

Table V gives selected bond lengths and angles for 
the coordination spheres and proline ligands of the 
cations. Perspective drawings [4] of these cations, 
together with the atom labelling schemes, are given 
in Fig. 1. All three cations exhibit A& coordination 
geometry, confirming the deductions of spectroscopic 
studies [I]. The molecular geometry of the Co”‘- 
(R,R-picchxn) fragment in each structure is in accord 
with those previously reported [5, 61. In the three 
structures the ions are held by hydrogen bonding net- 
works which involve the lattice water molecules 
where present. The hydrogen bonding proposed, 
together with any close intermolecular distances, is 
Bivcn in Table VI. D-I--- --- 

In the dehydroprolinate complex the dehydro- 
pyrolidine ring is unexpectedly closely planar, the 
maximum deviation of a constituent atom from the 
mean plane being 0.01 A. However, an inspection 
of the thermal ellipsoids of the ring carbon atoms 
reveals that this apparent planarity results from an 
unresolved positional disorder in the ring. The 
thermal ellipsoid for C(34) has a pronounced elonga- 
tion in the direction normal to the plane of the ring 
I_. 
(rig. i j. Anaiysis of the vibration parameters for this 
atom shows the principal axis of its ellipsoid to be 
6.5’ from the normal to the N&-plane with a r.m.s. 
amplitude of vibration of 0.36 A, a value some 0.14 
A larger than that for any other atom in the ring. 

The structures of the R- and S-prolinate complexes 
show that the change from an iminoacid to an amino- 
acid is accompanied by the expected increase in both 
the N(3)-C(32) and the CO-N(~) bond lengths 

Fig. 1. Perspective drawings of the complex cations with 

thermal ellipsoids drawn to include 35% probability. The 

atom labelling scheme common to the three structures is 
shown. Hydrogen atoms are numbered according to the 

atoms to which they are attached, and where ambiguity 

exists the secondary labelling is shown. (a) A-&[Co(R,R- 
picchxn)(pro-2ff)j2+, @) A-&-[Co(R,R-picchxn)(R-pro)j2+, 

(c) A-&-[Co(R,R-picchxn)(S-pro)]2+. 
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TABLE V. Selected Bond Parameters in the Three Complex Cations 

pro-2H R-pro s-pro 

Bond length (A) 

Co-N(11) 1.915(a) 1.997(4) 1.976(4) 

Co-N(21) 1.920(6) 1.938(4) 1.942(4) 

Co-N(l) 1.949(6) 1.946(3) 1.948(4) 

CO-N(~) 1.918(6) 1.965(4) 1.965(4) 

CO-N(~) 1.938(6) 1.991(3) 1.978(3) 

co-O(31) 1.903(5) 1.891(3) 1.889(3) 

0(31)-C(31) 1.298(9) 1.317(S) 1.292(S) 

0(32)-C(31) 1.220(9) 1.207(S) 1.240(S) 

C(31)-C(32) 1.486(10) 1.514(6) 1.490(7) 

N(3)-C(32) 1.283(g) 1 SOS(5) 1.508(6) 

N(3)-C(35) 1.495(9) 1.519(5) 1.484(6) 

C(32)-C(33) 1.522(11) 1.553(7) 1.537(6) 

C(33)-C(34) 1.554(12) 1.496(7) 1.509(8) 

C(34)-C(35) 1.497(11) 1.517(7) 1.531(6) 

Bond angle (“) 

N(ll)-Co-N(l) 82.6(2) 82.0(l) 82.3(2) 

N(21)-CO-N(~) 83.1(3) 81.7(2) 82.4(2) 

N(l)-CO-N(~) 87.7(2) 86.4(l) 85.7(2) 

0(31)-CO-N(~) 84.1(2) 85.3(l) 84.6(l) 
N(l l)-CO-N(~) 170.3(3) 168.4(l) 167.7(l) 
N(l)-CO-N(~) 172.8(3) 172.7(l) 171.7(2) 

N(21)-Co-O(31) 173.3(3) 174.8(2) 172.9(2) 

co-o(31)-c(31) 114.3(5) 115.5(3) 115.6(3) 

0(31)-C(31)-O(32) 127.7(7) 124.0(4) 122.7(5) 

0(31)-C(31)-C(32) 112.5(7) 115.3(4) 117.2(4) 

0(32)-C(31)-C(32) 120.1(8) 120.7(4) 120.1(3) 

Co-N(3)-C(32) 111.1(5) 108.4(2) 106.9(3) 
Co-N(3)-C(35) 136.0(5) 122.4(2) 124.4(3) 

C(32)-N(3)-C(35) 112.3(6) 107.9(3) 103.9(3) 

N(3)--C(32)-C(31) 117.3(8) 111.1(3) 108.0(4) 
N(3)-C(32)-C(33) 114.5(7) 103.9(4) 114.8(4) 

C(31)-C(32)-C(33) 128.2(7) 114.9(4) 107.3(4) 

C(32)-C(33)-C(34) 100.2(7) 104.0(4) 105.1(4) 

C(33)-C(34)-C(35) 108.9(7) 105.2(4) 102.6(4) 

C(34)-C(35)-N(3) 104.1(7) 106.0(4) 104.4(4) 

TABLE VI. Contact Distances* (A) 

A-&-[Co(R,R-picchxn)(pro-2H)]ClClO4*HsO 

Proposed hydrogen bonding 

N( l)-H(N1) . . . .C1(2’) 
N(2)-H(N2). . . .C1(2) 

3.113(6) 
3.150(7) 

O(w)-H(wa) . . . .C1(2) 
O(w)-H(wa) . . . .O(ld”) 

3.314(8) 
3.100(11) 

Intermolecular distances < 3.3 A 

O(32) C(24”‘) . . . 
O(32) C(141v) . . . 
0(32). . .C(25”‘) 

O(32) C(26”‘) . . . 

A-&-[Co(R,R-picchxn)(R-pro)](ClO4)2 

Proposed hydrogen bonding 

N(3)-H(N3) . . ..O(lbvl) 

N(2)-H(N2) . . . . O(2aV1) 

3.038(g) 
3.071(9) 
3.233(9) 
3.240(9) 

C(26)...0(la) 
C(ll)...O(lcV) 
C(21)...0(lbv) 
C(24)...0(la) 

3.026(g) 
3.186(10) 
3.261(g) 
3.288(10) 

2.918(4) N(l)-H(N1). . . .0(2d) 3.016(5) 
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TABLE VI. (continued) 

E. F. Birse et al. 

Intermolecular distances <3.3 A 

C(15)...0(2c) 
C(14) . . .0(2c) 
O(32) C(26v”) . . . 
O(32) .C(24v”) 
C(35)::.0(lbv’) 
C(12)...O(lcV”‘) 

2.948(5) 
3.104(6) 
3.149(5) 
3.155(5) 
3.222(5) 
3.237(6) 

C(22)...0(ld) 3.255(6) 
0(32) C(25Vr”) . . . 3.260(5) 
C(22)...0(lb) 3.272(5) 
C(16)...0(2c) 3.284(5) 
C(33) O(ldIx) . . . 3.286(6) 

ABs{Co(R,R-picchxn)(S-pro)j(ClO&-Hz0 

Proposed hydrogen bonding 

N(l)-H(Nl)....O(lbx) 2.935(5) 
N(2)-H(N2). . . .0(2aX1) 3.055(a) 
N(3)-H(N3) O(32x”) . . . . 3.055(6) 

Intermolecular Distances <3.3 A 

C(12)...0(3~~‘~) 3.121(14) 
C(26). 0(2aX1) 
O(32) “C(llxv) 

3.150(7) 
. . . 3.160(6) 

C(16) O(lbx’) . . . 3.207 (6) 

O(w)-H(wb) . . . .0(2b) 
O(w)-H(wa) . . . .0(3bx”‘) 
O(w)-H(wa). . . .0(3cxIv) 

C(26) O(laxl) . . . 
N(21) O(laxl) . . . 
C(22) O(lcX”) . . . 

Roman numeral superscripts refer to the following equivalent positions relative to x, y, z 

I 1 +x,y,r II l-x,y-+z III 

IV x - l,y,z V ++x,+-y,l -z VI 

VII -x,++y,1 -z VIII 1 -x,;+y,-z IX 

X l-y,l+x-y,z-$ XI x, 1 +y,z XII 

XIII x - l,y,z XIV x-y-1,-y&-z xv 

3.000(6) 
2.955(12) 
2.822(11) 

3.229(6) 

3.235(5) 
3.274(9) 

l-x,y-$,1$-z 

x - l,y,z 

-x,++y,-z 

1+x-y,l-y&z 

x-y,l-y,+-z 

‘e.s.d.s given in parentheses. 

(Table V) and both the aminoacid pyrolidine and 
chelate rings lose planarity. The maximum and 
average absolute deviations of constituent atoms from 
their mean planes are 0.22,0.14 and 0.25,0.16 Afor 
the pyrolidine rings and are 0.14,0.09 and 0.19,0.12 
A for the chelate rings in the R and S forms respec- 
tively. The Co-N(1 1) distances also are substantially 
lengthened by ca. 0.07 W from that of 1.9 15(6) A in 
the pro-2H complex cation. These distances are 
significantly longer than those we have observed in 
the structures of other Co”‘(R,R-picchxn) com- 
plexes [5-71 and may reflect the need to accom- 
modate the bulky proline ligands. The hydrogenation 
process necessarily occurs by cis addition to the 
double bond and as a result there is a folding about 
the N(3)-C(32) bond by ca. 50’ away from the co- 
planar arrangement in the iminoacid. The direction 
of this fold determines the absolute confieurations of 
N(3) and C(32), which are necessarily the same, in 
the aminoacid complex so chosen. 

Figure 2 shows the dehydroprolinate complex ca- 
tion proiected so as to demonstrate that the N(3)- 

C(32) double bond is equally accessible to a reactant 
species approaching from either side. In addition, the 
diagram suggests that intramolecular contacts 

Fig. 2. The A-&-[Co(R,R-picchxn)(pro-,Zf)]‘+ cation 
viewed so as to show the steric environment on both sides of 
the plane of the iminoacid. 

involving the atoms N(3) and C(35) with atoms C(11) 
and C(26) will be of significance upon hydrogenation 
of the N(3)-C(32) double bond. Table VII lists these 
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TABLE VII. Interligand Contacts (A) Involving the Proline 
and Picchxn Ligands 

C(35) . . . ..C(ll) 
H(35a)...H(ll) 
C(35) . . . ..C(26) 
H(35b)...H(26a) 
H(35b). . .H(26b) 
N(3) . . . . ..C(ll) 
H(N3) . . ..H(ll) 
N(3) . . . . ..C(26) 
H(N3) . . . .H(26a) 

pro-2H 

3.688(12) 
2.38 
3.491(11) 
2.35 
3.82 
3.089(11) 

3.048(10) 

R-pro 

3.381(6) 
2.15 
3.854(6) 
3.15 
3.95 
3.438(6) 
3.98 
3.056(5) 
1.88 

s-pro 

4.583(6) 
4.15 
3.145(6) 
2.17 
2.22 
3.153(7) 
1.97 
3.361(6) 
3.64 

coordination sphere. The model calculated for the A- 
&S-pro species shows that the pyrolidine ring can be 
flexed to eliminate the more prominent steric inter- 
actions observed in the pa structures. This agrees with 
the observed preference for or coordination in the 
synthesis from the dichloro precursor. 

Supplementary Material 

Lists of hydrogen atomic coordinates, anisotropic 
thermal parameters, observed and calculated structure 
factors and bonding parameters for the three struc- 
tures are available from F.S.S. upon request. 

contact distances for the three structures. In the R- 
prolinate complex ion there is only one close H . . . .H 
contact (H(N3) . ..H(26a) at 1.88 A) whereas in the 
S-prolinate complex there are three such contacts 
(H(N3). ..H(l 1) 1.97 and H(35b) . . .H(26a), H(26b) 
2.17, 2.22 A), suggesting that the latter structure is 
the more sterically hindered. 
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Although this is consistent with the chiral prefer- 
ence observed [l] , it seems unlikely that these steric 
differences are sufficiently severe as to be the pre- 
dominent determining factor, especially for the more 
flexible species in solution. Further, using the struc- 
tural details of the S- and R-prolinates to compute 
molecular models for the corresponding /3r configura- 
tions [8] it is clear that severe steric hindrance would 
be present in the A&-R-pro form. In particular, the 
position of C(35) relative to C(1) and N(2) in that 
form is such that short H . . . H contacts are apparent. 
In this computed structure these contacts are 
H(35a). ..H(l) 1.02 A and H(35a). . .H(N2) 2.57 A, 
and any bond rotation within the pyrolidine ring will 
only serve to lengthen the former and shorten the 
latter. This situation is sufficient to account for the 
observed [2] lack of formation of the A-&-R-pro 
species. Although the A-&-R-pro species can be 
formed by hydrogenation of the iminoacidate com- 
plex, attempts to prepare it from the dichloro pre- 
cursor also have failed [2]. It is probable that the 
short H(N3).. .H(26a) contact observed here in the 
crystal structure reflects the interaction which 
prevents entry of the free aminoacid ligand into the 

References 

1 E. F. Birse, P. A. Williams and R. S. Vagg, Inorg. Chim. 
Acta, 148, 57 (1988). 

2 T. J. Goodwin, R. S. Vagg and P. A. Williams,J. Proc. R. 
Sot. N.S.W.. 117. l(1984). 
‘International Table‘s for’ X-Ray Crystallography’, Vol. 
IV, Kynoch Press, Birmingham, U.K., 1974, pp. 72-79, 
149. 
C. K. Johnson, ‘ORTEP’, Report ORNL-3794 (1965), 
Oak Ridge National Laboratory, Tenn., U.S.A., revised 
1971. 
M. A. Cox, T. J. Goodwin, P. Jones, P. A. Williams, F. S. 
Stephens and R. S. Vagg, Znorg. Chim. Acta, 127, 49 
(1987). 
E. F. Birse, M. A. Cox, P. A.-Williams, F. S. Stephens and 
R. S. Vagg,Znorg. Chim. Acta. 148,45 (1988). 
F. S. Stephens, R. S. Vagg and P. A. Williams, unpub- 
lished results. 
‘CRYS-X’ personal computer molecular graphics 
program, Royal Australian Chemical Institute, Division of 
Medicinal and Agricultural Chemistry, Melbourne, 
Australia, 1987. 
G. hi. Sheldrich, ‘SHELXTL User Manual’, Revision 3, 
Nicolet XRD Corporation, Cupertino, Calif. U.S.A., 
1981. 


