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3. Results and discussion 

The complex fire*-[ReBr(CO),L] (L = 2- 
methylthiomethyl-4-W-methyl- 1,3-oxazoline) was iso- 
latcd as a white. air-stable crystalline solid as described 
(vide supra) 

The infrared spectrum displayed three carbony: 
stretching bands in the region 1850-2 100 cm- ’ , charac- 
teristic of a jbca-octahedral coordination geometry for 
the bromotricarbonylrhenium(1) metal moiety [2~]. The 
FAB mass spectrum displayed strong peaks due to 
[Ml+, and [M-Br]+. Microanalytical data were consis- 
tent with the formation of an analytically pure sample of 
the form ulated corn pound, viz. 
[ReBr(CO),(C, H , , NOS)]. Analytical data are reported 
in Table 1. 

3. I. 1. X-t-q crymd stnrctwe 
The X-ray crystal strucrurG of [ReBr(CO),L] was 

determined primarily to identify which of the four pos- 
sible diastereoisomers (Fig. 1) was present, and to 
confirm the absolute configuration of the ligand. A view 
of r!,: ,rlolecule is shown in Fig. 2, and selected bond 

lengths and angles are given in Table 2. Fig. 2 clearly 
shows that the complex crystallises as a single species 
[(Ia) Fig. 11 (there is no disorder), with the oxazole- 
methyl oriented above the equatorial plane, away from 
the halide. This might be expected on steric grounds. 
However, the crystal structure of the related complex 
[ReCl(C0),{2,6-bis(4-(S)-methyloxazolin-2- 
yl)pyridine}] [ 123 reveals that the oxazole-methyl group 
is oriented on the same side as the chloride, implying 
any steric interactions between the methyl and the halide 
are minimal. Fig. 2 also shows that the S-Me group is 
oriented away from the halide, on the same side as the 
oxazole-methyl. Again, this might be expected on steric 
grounds; however from previous crystallographic stud- 
ies on tricarbonylrhenium(I)- and (isoelectronic) 
trimethylplatinum( W-halide complexes of thioether 
ligands, there appears to be no clear preference for the 
S-R (R = alkyl or aryl) group to orient either cis or 
ttYuzs to the halide. The C(l0) * . * C(lS)[C;S- 
Me) 9 . - C(oxazole-Me)] nonbond distance is 5.21 A. 

The metal moiety deviates somewhat from an ide- 
alised octahedral coordination geometry. This is due 
primarily to the ‘bite-angle’ of the ligand being less 
than 90”; N( I)-Re-S( 1) = 7&l(4)? The oxazole ring is 
planar. and is twisted slightly out of the equatorial plane 

Tithle I 
An.ltyticnt dill3 1;~ Ihe complexes [ReX(CO),L] ilnd [PtXMe,L] (X = Ct. Br or I) 

c0111ptcx Yield” (% 1 r4CO)” (cm _ ’ 1 lll/,7c Analyses” ((;I( 1 
- 

1030.3 
I 3 89’) . . 

88 201’ ” . _.a 

1933 5 . _.. 
1901.4 

x0 2030.0 
I935._? 
1903.8 

33 

21.01 (21.82) 

20.17 ( I 9.93 1 

385 
3h9 
355 

65 

60 t-345 
3x5 
369 

2.42 (2.46) 707(3.1 I) 

2.20 (2.24) 2.~~8 (2.X.3) 

I.83 (2.04) 2.2x (2.5X) 

4.8 I (4.57) 3.34 (3.33) 

4.20 (4.33) 2.Xh (3.01’ 

(3.94)” (2.73)’ 

[ticct(c0), I..] 

[R~BI~I-o), L] 

[RelKO),L] 

[PtCt Me 7 L] 

[Pr BrMe, L] 

[PttMc,L] 

“Yields quored relative to [ReX(CO),] or [PtXMc,],. 
hRecorded as CH ,Ct ? solutions. 
‘FAB mass spectral data. 
dCatcutated values in parentheses. 
‘Unreliable analysis (see Section 3.3). 
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Fig. 1. The four possible diastereoisomers for the complexes [ReX(CO),L] and [PtXMe,L]. showin, ~1 the isomer rend hydrogen nuclide labelling 

schemes. and the two epimerisation pathways. 

of the metal moiety (dihedral angle = 15”). The absolute 
configuration of C( 14) (S) is confirmed. 

3.1.2. Nh4R stdies 
The ambient temperature (298 K) 400 MHz ‘H NMR 

spectrum of the bromo complex, [ReBr(CO),L], in 
CDCI, displayed two sets of (very) slightly exchange 
broadened signals, attributable to the two possible di- 
astereoisomers of atropisomer [26] (I) (Fig. I ). The 
diastereisomers arise because of the presence of two 
possible S invertomers [(Id ml (lb) Fig. I], which vary 
according to the orientation of the S-Me group with 
respect to bromide. The spectra displayed signals in 
four regions: (8 the oxazole-methyl region (ca. 8 e= 

Fig. 2. The X-ray crystal structure of [ReBr(CO),L]. showing the 
atomic numbering scheme. 

1.4- 1.7); (ii) the S-Me region (ca. 6 = 2.6-3.0): (iii) 
the chelate ring methylene region ka. 6 = X4-4.2); (iv) 
the oxazole-H region ka. S = 4.2-5.0). The I H NMR 
spectrum at 298 K is shown in Fig. 3, and data are 
reported in Table 3. 

The oxazole-methyl region displayed two doublets 
[due to coupling of the methyl hydrogen nuclides to HI, 
(Fig. I I] of dift’erent intensity at 8 = 1.56 (!I,,,, = 6.5 
Hz) and 1.49 ( ‘J,,,, = 6.6 Hz), which were assigned to 
the two possible diastercoisomers, (Ia) and (Ib). As 
c~xpccted, the S-Me region displayed IWO singlets, simi- 
larly assignable to the two diastereoisomers. The rela- 
tive populations of the diustereoisomers [77% (major) 
23% (minor)] were determined by integration of both 
the S-Me and oxazol+Me signals. 

The oxazole-H and chelate ring methylene regions 
of the spectrum are more complex. The oxazole ring 
hydrogen nuclides of each diastereoisomer form the 
ABC subset of an ABCD, spin system (the oxazole-Me 

Selected bond lengths (A) and unplos (clef) for the complex 
[RttBdCO), L] 

P 

Bond lengths (A) Hand ~ulplt3 (dcg) 

Rel I KY I 1 I .W3) N( I )-Ret I )-S( i ) 7x. l(3) 
Rc( I )-C’(2) I .W 2 1 C( I I-R4 I I-N( I) IOO.h(K) 
Ret I k-C(3) I .0-l(2) C(3 )-Ret I )-St I 1 95.3((1, 
Ret I I--N( I ) 2.lW 14) C( I )--Ret I )--C(3) 
Re( I )-S( I) 2.530(S) C(2)-Ret 1 )-Bd I) 
Ret I )-er( I ) 2.670(2) Ret I I-S( I KY I I ) 
S(IW(I I) I .82(2) Re( I I-N( 1143 12) 
N(I)413 1.31(2) N( I I-43 I2)-C( I I ) 
N( I KY 1-c) I .SO(‘I S( I ,-a I I )-C( 12) 
C( I2k-O(3) I .30(2) N( I )-C( I-l)-43 IS) 

XS.7(9) 
78.0(h) 
9X.9(6) 
22.3( 12) 
23(2) 
12313) 
l?(2) 



H, (W 

H, (W 

---T - 
T--..’ _~__ , _ --r. _r..- 

1--r----r-l--r-l--- I I -7 

4.8 &I ppm ‘*’ 3.6 

Fig. 3. 400 MHz ’ H NMR spectrum of atropisomer (1: of [ReBr(CO),L] in CDCI 1 at 198 K. showing the chelate ring-methylene and oxazole-H 
regions. Refer to FiU =. I for labelling. 

being the D, subset): thus each diastereoisomer gives 
rise to three signals in a I : 1: I intensity ratio in this 

supra), a!Jd to H, and H, . H B is further complicated by 
a ‘4-M coupling to one of the chelate ring methylene 

region. The sets of signals due to the two diastereoiso- hydrogens (vide infra) , giving (in principle) a multiplet 
mers are readily distinguished because of their different of up to 32 lines. H, and HC both give rise to triplets as 
intensities. The overlapping signals due to H H (Fig. I ) a result of their geminal coupling (to each other) and 
are easily assigned because of their complexity; H, 
displays ‘J,,, 

vicinal coupling to H,, being approximately equal ( = 
couplings to the oxazole-methyl (vide 8-9 Hz). However, they can be unambiguously distin- 

Hydrogen- I NMR data” for IIIC cc rnplcxe~ [l<~X(CO),I,] (X = (‘I. Hr or I) 

[ReCI(CO),L] Iu (52) 
Ib (21) 
IIa W) 
IIb (7) 

[ReRr(CO),L] Ia (77)” 
Ib (2.3)” 
Ia (54) 
Ib (17) 
IIa (22) 
IIb (7) 

[Rei(CO), L] Ia (SO) 
Ib(l3) 
IIa (27) 
IIb (3) 

4.x I (9.0‘. U.0) 4.29 t!W. 0.0) 3.9x ( 17.5’. 2.0” 1 3.46 ( 17.5’ 1 I.47 (~~5) 2.0s 
1.75 (9.0~. 9.0) 4.20 (9.W. 9 0) 3.57 ( IkJ'. I .Y’) $.()I (10.3’) I.32 (Oh) 2.73 
4.80 (8.9‘. X.9) 4.2x (X.9’. X.9) 3.41 (17.1’. 1.4”) 4.04(1: I’, I.X“) = 1.40(=6.S) 2.67 
4.71 (X.7’. X.7) 4.22 (X.7”. X.7) 3.96 (= IO”. 1.7”) = 3.65’ = I .40 ( = h.5) 2.7-l 

3.87 (X.-lL. 8.4) 3.34 (8.4’. 8.4) 4. IO (I 7.6’. 2.0” 1 3.50 t 17.6’ 1 I .Sh ((X.5) 2.73 

4.82 (8.8’. 8.8) 4.26 (8.8’. 8.X) 3.67 (16.3’. 1.8’) 4.04 (16.3’) I .49 (6.6) 2.87 
4.81 (8.l’.X.I) 4.29(8.1’.8.1) 3.9X(17.7’,2.1d) 3.47 ( 17.7’ 1 I.41 ((X6) 2.05 
3.76 (X.7’. X.7) 4.20 (8.7’. X.7) 3.58 (16.4’. 2.P) 4.02 ( 16.4’ 1 I A7 (6.3) 3.79 

4.80 (8.2’. 8.2) 3.28 (8.2’. X.2) 3.42 (17.4“. 1.5”) 4.05 (17.4‘. 1.5”) = I.49 (= h.3) 2.09 
4.71 (X.3’. X.3) 1.22 (X.3’. 8.3) 3.97 (15.0‘. 1.3”) 3.h9 (15.0‘. 1.6”) = I.30 ( = 6.3) 2.x0 

4.80 (7.9’, 7.9) 4.28 (7.0’. 7.9) 3.96 (17.Y. 2.0”) 3.50 ( 17.9) I .so (6.3) 2.72 

4.74 (X.9’. X.9) 4.18 (8.9’. X.0) 3..% (17.3’. 2.0”) 3.02 ( 17.3’ ) I .-lo (6.6) 2.80 

4.81 (X.3’. X.3) 4.27 (X.3’. 8.3) 3.43 (17.7’. 1.3”) 3.05 (17.X’. I.X’1) = 1.47 (= 5.X) 2.72 
4,7l (X.4’. X.4) 4.21 (X.4’. 8.3) = 4.0 (15.4”. ‘) 3.72 (15.4’. 1.7”) f I.47 ( = 5.X) 2.90 

“Recorded as (CDCI, ), solutions at 276 K. except ’ (see Section 3.12); chemical shifts quoted in ppm relative to TMS; see Fig. I for 

assignments; l./Hn (H&jvcn in parentheses: H I3 gives a complex. brand multiplet at ca. 4.3-4.4 ppm for each specie.\. 
“See Fig. I for labelling; r/r populations given in parentheses. 
E’I,IH iHA. 
“ZJH,l (Hz). 
‘Recorded as ;I CDCI 1 solution at 298 K. 
‘Signal overlaps with a band due to ;I minor impurity. 
“JHH not resolved. 
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‘J( 11$1,) couplings 

Fig. 4. 400 MHz ’ H long range COSY spectrum of atropisomer (I) of 
[ReBr(CO),L] in CDCI 3 at 298 K. 

guished by an NOE experiment; H, and H B display 
through space cross-relaxation, but H, and H, do not. 
This assignment is consistent with the relative chemical 
shifts anticipated for the two environments: H, would 
be expected to resonate to higher frequency than I-I, 
WI. 

The chelate ring methylene hydrogens of the two 
diastereoisomers each give rise to a widely spaced AB 
quartet: again, the signals due to the different di- 
nstereoisomers are easily distinguished by their relative 
intensities. The lower frequency subset of the AB sys- 
tem was assigned to the H atoms U’S S-Me and the 
high frequency subset to the H atoms tt~rls S-Me on 
the basis of a NOESY experiment. It is interesting to 
note that the H environment ttms the S-methyl in the 
major isomer, and U’S the S-methyl in the minor isomer 
displays a measurable ( = 2 Hz) “J scalar coupling to 
H, of the oxazole ring. The character of the coupling 
was confirmed by a long-range COSY experiment (Fig. 
4). 

The presence of long range couplings in oxazole 
rings is well known 1271. However, we are unaware of 
any studies having been carried out to determine the 
relative magnitudes of the cisoid and transoid couplings. 
If it is assumed that the diastereoisomer that is present 
in the solid-state (Fig. 2) is dominant in solution. then it 
follows that the magnitude of the cisoid coupling must 
be greater than the trarqoid. 

The ‘.‘C NMR spectrum of [ReBr(CO),L] (100 MHZ; 
CDCI,; 298 K) also did;plays two sets of signals due to 
the two possible diastereoisomers. (Ia) and (Ib). The 
assignments of the ligand resonances were made on the 
basis of DEPT- 135 and one-bond ’ H/ 13C heteronu- 

clear chemical shift correlation experiments. Carbon- 13 
NMR data are reported in Table 4. 

On warming a sample of the complex in ICDCI, j2 
above ambient temperature, the ‘H !VMR lines broad- 
ened indicating the onset of pyramidal inversion at the 
sulfur atom [28] (which gives rise to an exchange of 
diastereoisomers) at a measurable rate on the NMR 
chemical shift time scale. Variable temperature spectra 
were recorded at 5 K intervals from 276 to 382 K, in 
order to measure the energetics of the epimerisation. 
However, the band shape changes were not fully re- 
versible. and on cooling two further sets of signals were 
observed in the ‘static’ spectrum. These were attributed 
to the two diastereoisomers of the second possible 
atropisomer of [ReBr(CO),L] [(II) Fig. I], which differs 
from (I) in respect of the relationship of the oxazole- 
methyl to the halide. Thus at elevated temperatures, the 
complex must undergo some ligand reorientation pro- 
cess, or atropisomerisation. Studies indicate that atropi- 
somerisation takes several hours at ca. 350 K, and 
several weeks at ca. 273 K. Although structures (I) and 
(II) are related effectively by a 180” rotation of the 
ligand about the N( 1 )-Re( 1 )-St I ) bond angle, we tend 
to the view that the isomerisation probably involves 
ligand dissociation rather than an intramolecular rota- 
tion, hence the terminology ‘atropisomers’ rather than 
‘rotomers’. 

The ambient temperature 400 MHz ’ H NMR spec- 
trum of the solution containing the two atropisomers 
was difficult to interpret because of significant overlap 

‘I‘ahle 4 
C’;II%WI- I.3 NMR dutn” l-or rhc coml~lcxes [RcX(C’W,L] (X = Cl, HI 
or I) 

Complex Dinstereoisonler” C( IO) C( I I 1 C( 13) C( 14) C( IS) 

[ReCNCO), L] 2S.83 35.42 78.81 64.60 21.63 
25.77 3.553 78.65 63.31 21 A3 
19.29’ 34.82 78.09 63.33 ” 

L1 tl tl d ll 

[ReBr(CO),L] (Ia)’ 
Ub)’ 

[RA(CO),L] 

26.63 36.30 78.72 63.53 21.65 
20.67e 35.33 78. I7 63.86 21 A6 
26.58 36. IO 78.67 64.86 21.68 
26.37 35.87 78.52 64.65 21 AS 
20.37’ 35.23 78.1 I 63.37 21.28 

d 33.97 J J 20.6X 

27.74 37.05 7H.SX 64.93 21.79 
27 f-l 36.54 7X.47 63.32 21 .S8 ._ 
23.00’ 36.2 I 7x. !I) J 21.35 
23.20’ 35.79 I’ II 2 1.20 

“Recorded as (CDCI, I2 solutions at 298 k. except L (see Section 
3.1.2): chemical shifts quoted in ppm relative to TMS; see Fig. 2 for 
labelling; the resonance due to C( 12) was not observed, 
hSee Fig. 1 for labelling. 
‘Recorded as a CDCI l solution at 298 K. 
‘Band not observed. 
‘Signal due to the minor S invertomer (diestereoisomer). 
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of the signals. Spectra were therefore sought at higher 
field. The 600 MHz ’ H NMR spectrum of [ReBr(CO),L] 
in (CDCI,), at 276 K is shown in Fig. 5. The spectrum 
displayed four sets of signals due to the four possible 
solution-state diastereoisomers shown in Fig. 1, and is 
essentially analogous to that described for the solution 
containing only (Ia) and (Ib) (vide supra). The oxa- 
zole-methyl region of the spectrum displays three dou- 
blets in a ca. 7:5:2 intensity ratio at S = 1.49, 1.48 and 
1.42, respectively. The two doublets due to (Ia) and 
(Ib) were easily identified from their relative intensities. 
The third doublet (S = 1.49) was thus presumed to arise 
from overlap of the two oxazole-methyls due to (IIa) 
and (IIb). As expected, the S-Me region displayed four 
singlets, one for each of the four possible diastereoiso- 
mers. The relative populations of the four solution-state 
species (Table 3) were determined by simulation of the 
four S-Me signal:;. 

The chelate ring methylene hydrogen nuclides dis- 
played four widely spaced, AB quartets, which were 
assigned by comparison with the spectrum obtained for 
atropisomer (I). Long-range coupling between HE and 
H, (sJu,, = 1.5 Hz) is observed in (II); however, H, 
also appears to be weakly coupled to H R ( sJ,,, = 1 - 1.5 
Hz). Thus the change in conformation of the chelate 
ring that occurs on atropisomerisation must facilitate a 
transoid coupling pathway. From the X-ray crystal 
structure of (Ia), the torsional angle between the planes 
containing C( 14)-C( 11 )-H B and C( 14)-C( 11 )-H E 
(cisoid) is 30’. whereas the torsional angle between 
C( 14)-C( 11 )-H ,j and C( 14)-C( 11 )-H b (transoid) is 
150”. Thus the magnitude of the ‘J coupling of the 
transoid nuclides (vide infra) appears to be heavily 

dependent on the torsional angle between them. The 
conformational change in the chelate ring caused by 
atropisomerisation presumably leads to the torsional 
angle between C( 14)-C( 1 ! )-H rj and C( 14)-C( 11)-H F 
being substantially reduced, hence enabling a measur- 
able ‘J coupling betw,en transoid nuclides to be ob- 
served. Since a (slightly reduced) measurable cisoid 
coupling remains in (IIa) and (IIb), the cisoid coupling 
pathway must be less dependent on the torsional angle 
[which is presumably larger in (II) than (I)]. This 
observation may provide a method for probing the 
solution-state structures of oxazoline complexes in 
favourable cases. 

The oxazole-H region displays four sets of (three) 
signals. Despite the complexity of the spectrum in this 
region, a full assignment is possible. The groups of 
signals due to HA, H, and H, were readily identified 
by their chemical shifts (Table 3), and within each 
group, the signals due to the individual diastereoisomers 
were assigned on the basis of their relative intensities. 
The ‘absolute’ assignment of the diastereoisomers in 
(II) is problematic. In (Ia) and (Ib), HE and H r can be 
distinguished [HE displays a ‘J coupling to H B, but H, 
does not]. Hence the two diastereoisomers can be differ- 
entiated by a NOE experiment; in (Ia) a nuclear Over- 
hauser enhancement is observed between the S-Me 
group and H r, and in (Ib) a NOE is observed between 
the S-Me group and H, (vide supra). Since in (II), H, 
and H, can not be distinguished (they both display 
measurable coupling to H,), it is not possible to differ- 
entiate between (IIa) and (IIb) on the basis of a NOESY 
experiment. However, we tend to the view that, in 
keeping atropisomer (I), the- dominant diastereoisomer 

I I,u Hr 
[(I) and (II)1 

4.H 5.6 .Ll 42 4.0 3.x 3.6 3.4 
rwm 

Fig. 5. 600 MHz ’ H NMR spectrum of atropisomers (I) and (II) of [R~BIICO),L] in (CDCI, j2 at 276 K. See Fig. I for labelling. 



will be the species with the S-Me group oriented away 
from the halide [i.e. (IIa) Fig. I]. Spectra were assigned 
on this basis. Hydrogen-l NMR data are reported in 
Table 3. 

k,/S k& 

171.1 146.0 

The 150 MHz ‘? NMR spectrum in (CDCl, )? 
shows resonances due to each of the four solution-state 
species; however not all the expected bands were ob- 
served. Although it was not possible to unambiguously 
assign the signals to the different diastereoisomers, an 
assignment of groups of signals was made on the basis 
of DEPT- 135 and one-bond ’ H/ ‘?C chemical shift 
correlation experiments, and data are reported in Table 
4. The large chemical shift differences between the 
S-C(Me) signals are noteworthy. The signals due to the 
minor diastereoisomers of each atropisomer resonate at 
much lower frequency than those due to the major 
diastereoisomers, indicating the high sensitivity of C( 10) 
(Fig. 2) to th e orientation of the S-Me group. 

Variable temperature ‘H studies were carried out in 

81.2 75.8 

37.7 33.9 

order to measure the energetics of the epimerisation 
(i.e., pyramidal inversion at sulfur) in (I) and (I 
Twenty spectra were recorded between 276 and 382 K, 
and the line shapes of the S-Me signals analysed by 
standard band shape simulation procedures. The equilib- 
rium between the two atropisomers, (I) and (II), is 
slightly temperature dependent (this must be taken into 
account in the simulation of the temperature dependent 
spectra), although the rate of atropisomerisation remains 
negligible on the NMR time scale at all temperatures. 
Thus in the fast exchange limit, two S-Me signals of 
different intensity are observed due to the time-averaged 
spectra of the diastereoisomers of (I) and (II). Above 
ca. 340 K, the spectra could not be fitted to uniyur: 
magnitudes for the two independent rate constants; 
however, thirteen reliable fits were obtained, five of 
which UE shown in Fig. 6. The Eyring activation pa- 
rameters are reported in Table 5. 

1 I 

. 1 

Fig. 6. Variable temperature ‘H NMR spectra of [R~B~co),L]. 
Computer simulated spectra are shown along side, with the ‘best-fit’ 
rate constants. The rate constants k, and k, refer to the epimerisa- 
tion processes (la) + (lb) ml (IIa) --) (Ilb), respectively. 

bands in the curbonyl stretching region, characteristic of 
the metal moiety possessing a fat-octahedral coordina- 
tion geometry [2S]. The mass spectral data and micro 
analyses were consistent with the presence of the formu- 
lated species, viz. [ReX(CO),((C,H, , NOS)] (X = Cl or 
1). 

The complexes [ReX(CO),L] (X = Cl, or 1; L = 2- 
methylthiomethyl-4-Wmethyl- 1,3-oxazoline) were 

prepared as white, air-stable crystalline solids as de- 
scribed above. The infrared spectra both displayed three 

The ambient temperature (298 K) 400 MHz ’ H NMR 
spectra of the complexes [ReX(CO),L] (X = Cl or I) in 
CDCI, displayed signals due to all four possible di- 
astereoisomers. Thus unlike [ReBr(CO), L], the chloro- 
and iodo-complexes do not appear to crystallise as a 
single species, but rather as a mixture of atropisomers. 
The complexity of the spectra obtained frustrated any 

Table 5 
Eyring activation parameters” for the complexes [ReX(CO),L] (X = cl. Br or I) 

Complex Atropisomer“ .I H (kJ mol ’ 1 AS; (J mol ’ K ’ 1 AG : (kJ mol _ ’ 1 
[ReCNCO), L] (1) 67.5 (0.9) - 0.8 (2.0) 67.77 (0.07) 

(II) 67.8 (I.31 -0.x (4. I 1 6X.03 (0. I I ) 

[ROBS, L] (11 69.7 ( 1.3) I .-c (4. I 1 60.32 (0.05) 
(II) 7 I .7 (0.9) 5.9 (3.0) 69.93 (0.03) 

[Rel(CO), L] (I) 70.4 ( I .6) 3.0 (5.2) 
(II) 

60.5 I (0.07) 
76.4 (2.4) 21.6 (7.6) 69.97 (0.16) . 

“Errors quoted in parentheses: .IG’ quoted at 2% K: data refers to the process major diastereoisomer --) minor diastereoisomer. 
‘See Fig. I for labelling. 
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