Inorganica Chimica Acta, 88 (1984) 165—181

Chiral Metal Complexes.

165

12.* Chiroptical, 'H NMR and Crystallographic Studies of the Diastereoisomers
A- and A-[Ru(diimine),(S-threonine)]* and Their S-Allothreonine Analogues

TERENCE J. GOODWIN, PETER A. WILLIAMS

Department of Chemistry, University College, P.O. Box 78, Cardiff CF1 1XL, UK.

[FREDERICK S. STEPHENS and ROBERT S. VAGG

School of Chemistry, Macquarie University, North Ryde, N.S.W. 2113, Australia

Received January 14, 1984

The four catatopic complexes of general form
A, A-fRu(diimine),(aa)] ClOy*nH, O (where diimine
is bipy or phen and aa is S-threonine or S-allothreo-
nine) have been isolated and each complex resolved
into its two diastereoisomeric forms. Each isomer s
photo-labile, equilibrating to a definite A/A ratio
on light irradiation, with the resultant equilibrium
constants reflecting chiral discrimination energies
between isomeric pairs. Equilibration of these species
have been followed both by circular dichroism
(in H,0) and 'H NMR (in D,0) techniques. The
NMR spectra have been fully interpreted for each of
the eight isomeric forms. The S-threonine complexes
equilibrate to A/A ratios of 0.77(2) H,0 and 0.89(1)
D,0 for the phen isomers, and 0.68(1) H,O and
0.78(1) D,O for bipy. The corresponding values for
the S-allothreonine complexes are 1.15(2) H,O0,
1.09(1) D,O and 1.12(1) H,0, 1.02(2) D, 0 respec-
tively.

The crystal and molecular structures of the bipy
complexes for both S-threonine and S-allothreonine
have been determined. The two complexes are grossly
isostructural. A A-fRufbipy),(S-thr)] ClO45SH,0 s
monoclinic, space group P2, with a = 10.165(2), b =
28.220(6), ¢ = 10.896(3) A, B =104.80(2)° with Z =
4. AA-[Ru(bipy h(S-allothr)] ClO45SH,O is mono-
clinic, space group P2, with a = 10.226(4), b =
27.9794), ¢ = 10.875(2) A, B =104.99(2)° with Z =
4. Both structures were refined by block-matrix least-
squares methods to R 0.042 and 0.037 for 3327 and
4456 non-zero reflexions respecrively. A pseudo
a-glide operation relates the two A and A forms in
the asymmetric unit of each structure.

There are no apparent significant differences
between corresponding parameters in the four
cations. The average bond lengths are Ru-0O
2.094(9), Ru—Ngpmine 2128(11) and Ru—Nyp,,

*Part 11 is T. J. Goodwin, P. A. Williams and R. S. Vagg,
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2.050(20) A with average bite angles at Ru for the
amino acids of 79.7(5) and for bipy ligands of
79.0(4)°. Fhe amino acid chelate rings in the four
molecular structures have like conformations, suggest-
ing only minor differences in steric factors within
these cations.

There is evidence in the crystal structures that
in the S-allothr complexes an internal H-bond may
exist between the 3-OH and carboxylic groups which
would be unfavourable in the S-thr complexes. This
structural difference in the two amino acid side
chains is consistent both with observed differences
in the NMR spectra of the complexes, and with the
different equilibration ratios obtained.

Close linear contacts between the hydroxy oxygen
atoms and the 3,3 -protons in the crystals suggest that
the latter may have weak carbon acid character.

Introduction

A variety of factors has been observed to influence
the chiral discriminations between diastereoisomeric
pairs of the form A- or A-[Ru(diimine),(aa)]™,
where diimine is phen™ or bipy and aa is an optically
active a-amino acidate anion. Among these factors
are hydrogen bond formation, differential solvation
effects and intramolecular steric interactions [1-3].
The presence in the coordinated amino acid side
chain of a polar group capable of hydrogen bonding,
as in S-serine [3], often leads to an energetic prefer-
ence for the A diastereoisomer on photo-equilibra-
tion, a result contrary to that expected from steric
considerations alone [I].

Methylsubstitution on the f-carbon of S-serine
leads to the two diastereeisomeric amino acids

S-threonine (/) and S-allothreonine (/7). If the selec-

Tphcn = 1,10-phenanthroline, bipy = 2,2"-bipyridyl, thrH =
threonine, allothrH = allothreonine, alaH = alanine, serH =
serine.
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tion of absolute configuration in complexes of these
acids were to be determined solely by the overall

COOH COOH
H,N ——H H,N——H

H—/——0H HO—F—H

CH; CH;

S-allothreonine
(2S-amino-3S-hydroxy-
butanoic acid)

) un

steric bulk of the side chain then complexes of both
I and II should demonstrate equivalent selectivities.
However, restricted rotation around the C,—Cg
bonds through intramolecular hydrogen bonding or
significant interactions with asymmetric solvent
sheaths should lead to observable differences in
preferential behaviour on equilibration.

Here we report the determination by X.ray dif-
fraction of the molecular structures of the four
diastereoisomers A- and A-[Ru(bipy),(S-thr)]" and
A- and A-[Ru(bipy),(S-allothr)]’, together with a
photo-equilibration study of these cations, and their
phen analogues, by circular dichroism and high-
resolution 'H NMR methods.

S-threonine
(2S-amino-3R-hydroxy-
butanoic acid)

Experimental

Synthesis of Complexes

The complexes were prepared in a like manner to
similar complexes described previously [2] except
that longer periods, generally of the order of four to
five days, were required for appreciable amounts of
material to crystallize from aqueous solutions.
AA-[Ru(bipy),(S-thr)] ClO4-5H,0.  Yield: 68%.
Anal. Found: C, 39.6; H, 46; N, 9.4; H,0, 13.3%.
Caled.: C, 400; H, 4.8; N, 9.7; H,0 12.5%. AA-
[Ru(bipy),(S-allothr)ClO4-5H,0. Yield: 63%. Anal.
Found: C, 39.7; H, 4.5; N, 9.3; H,0, 12.6%. Calcd.:
C,40.0;H,4.8;N,9.7; H,0, 12.5%. A,A-[Ru(phen),-
(S-thr)] Cl04-5H,0. Yield: 42%. Anal. Found: C,
439; H, 3.1; N, 9.1; H,0, 12.3%. Caled.: C, 43.7;
H,4.5;N,9.1;H,0, 11.7%.

The low hydrogen analyses obtained may be
ascribed to loss of water from the samples prior to
combustion, as had been found for related com-
plexes [4]. AA-[Ru{phen),(S-allothr)] ClO,4*
2.5H,0. Yield: 40%. Anal. Found: C, 46.3; H, 4.1;
N, 9.5; H,0, 7.6%. Caled.: C, 46.4; H, 4.0; N, 9.7,
H,0, 6.2%.
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Physical Methods

Microanalyses were carried out by Mrs A, Dams in
the Department of Chemistry, Cardiff. Water of
hydration was determined thermogravimetrically
using a Stanton-Redcroft TG750 temperature-
programmed balance. Pairs of diastereoisomers were
resolved chromatographically as described previously,
along with the method of determining the equilib-
rium constants by exposure to light of appropriate
isomeric mixtures [1].

Electronic and circular dichroism (CD) spectra
were obtained using a Beckman DK2A ratio-recording
spectrophotometer and a CNRS Jobin-Yvon Dichro-
graphe 111 respectively. To record the 'H NMR
spectra, samples of the diastereoisomers were dis-
solved in water and passed through a Sephadex®
A-25 anion exchange resin in the chloride cycle. The
chloride salts of these complexes are considerably
more soluble in water than the perchlorates. Each
complex was flushed from the column with water
and the solution evaporated to dryness under reduced
pressure at 303 K in the dark. Solutions were prep-
ared in D,0 and 360 MHz 'H spectra recorded using
a Bruker WM360 spectrometer. DSS was used as an
internal standard. The 200 MHz spectra were record-
ed using a Varian XL-200 instrument, of D,O/ace-
tone-dy (4/1; v/v) solutions, using the acetone-ds
impurity resonance (§ = 2.04 ppm) as the internal
reference.

X-Ray Diffraction Analyses

Unit cell parameters were determined initially
from single-crystal oscillation, Weissenberg and
precession photographs. Accurate cell parameters
were obtained from a least-squares fit to diffracto-
meter data. Intensities were collected on an Enraf-
Nonius CAD4 diffractometer using Mo-K,, radiation
by Dr M. B. Hursthouse at Queen Mary College,
London. These were corrected for Lorentz and
polarization effects, and for the S-threonine com-
plex the data was corrected for absorption.

The similarities in the crystal data of the two
complexes, as shown in Table I, suggest that the two
compounds are grossly isostructural. Both structures
were solved by the heavy-atom method and refined
by least-squares techniques in which the function
minimised was IwA?. Weights used were those
obtained from counting statistics. During the early
stages of isotropic refinement variables for each struc-
ture were constrained so as to avoid parameter inter-
action between the two crystallographically indepen-
dent molecules in each asymmetric unit,

After isotropic refinement hydrogen atoms were
located from difference maps. Their positions were
optimised assuming C—H, N-H and O--H to be 1.0
A and refinement was continued with H atoms held
in these positions. Thermal parameters of B = 6.0 A?
and 4.5 A? were assigned to H atoms in the S-threo-
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S-thr Complex

S-allothr Complex

I'ormula CaHxiNsCl; O Ry CouH3x4@NsClLOjzRu
M, 721.1 721.1
Crystal System monoclinic monoclinic
a (A) 10.165(2) 10.226(4)
b (A) 28.220(6) 27.979(4)
¢ (A) 10.896(3) 10.875(2)
g O 104.80(2) 104.99(2)
U (A3) 3022.1(23) 3005.6(20)
D, 1.585 1.594
V4 4 4
F(000) 1480 1480
u(Mo-Ky) (mm—l) 6.620 not absorption corrected
Systematic Absences 0k0 withk + 2n 0k Owithk # 2n
Space Group P2y (No. 4) P2y (No.4)
Crystal Habit deep-red irregular prisms with small deep-red plates lying on {0 1 0}
10 1 01 elongation with pinacoids {1 0 0} and {0 0 1}
No. of unique reflexions recorded 6715 5397
No. of reflexions with 7 > 3o(J) 3327 4456
No. of h 0 1reflexions with 6 63
h+#2nand I> 3o()
No. of varying parameters 775 7175
during anisotropic refinement
Final R 0.042 0.037
Final R’ (=(zwa?/EwF,11)¥?) 0.037 0.042
Maximum electron density 10.51e A2 10.71¢ &3
in final difference map
No. of matrices in block 17 17

matrix refinement

nine and S-allothreonine structures respectively,
these values being consistent with the overall thermal
parameters of the two structures. Anisotropic refine-
ment was continued using block matrices, and was
terminated in each case when the change in the
minimisation function was <0.2%. Other refine-
ment details are given in Table 1.

All calculations were carried out on a UNIVAC
1106 computer using programs written by F.S.S.
Neutral-atom scattering factors used were taken
from International Tables for X-Ray Crystal-
lography [5] with corrections being applied for
anomalous dispersion. The final atomic coordi-
nates for the two structures are given in Tables II
and IIl. Lists of anisotropic thermal parameters and
observed and calculated structure factors have been
deposited with the Editor.

Results

Description of the Two Structures
In accord with the crystal data (Table I) the crys-
tal structures of the two complexes are seen to be

grossly isostructural. This may readily be seen by
reference to the two unit cell diagrams [6] in Fig.
1 and by a comparison of the atomic coordinates
for the two structures listed in Tables II and 1I1.
It also is apparent here that in each structure a rela-
tionship very close to an g-glide exists between
the two diastereoisomers in the asymmetric unit.
This situation is very similar to the pseudo c-glide
operation observed in the crystal structure of the S-
alanine analogue [7], and is responsible for the
absence of intense reflexions with & # 2r in the
h0! zone of each reciprocal lattice.

This close structural relationship applies also to
the water molecules and the perchlorate anions in
the two structures. The suggested hydrogen bond-
ing system involving these groups and the coordi-
nated amino acids (Fig. 1 and Table IV) are neces-
sarily similar, although differences in indicated
positions of water H atoms in individual O¢<+H---O
bonds of the related S-thr and S-allothr structures
has lead to some differences in the H-atom labelling
scheme (Table III). There are necessary differences
in the H-bonding scheme involving O(n3) of each
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Fig. 1. The packing of the molecular ions in the unit cells of (a) A,A-[Ru(bipy),(S-thr)]ClO4+5H,0 and (b) A,A-[Ru(bipy),-
(S-allothr) | Cl04 - 5H, O projected down the @ axes. Proposed hydrogen bonds are represented by thin lines.

TABLE III. Hydrogen Atomic Coordinates (fractional, X 103).

A-A-[Ru(bipy),(S-thr)]ClO4 +5H,0

A,A-[Ru(bipy), (S-allothr)) C104 *5H,0

x y z x y z

n=1 n=2 n=1 n= n=1 n=2 n=1 n=2 n=1 n=2 n=1 n=2
H(n12) 779 288 165 336 100 863 784 -275 164 333 107 913
Hn13) 699 —-221 141 356 -116 1081 714 -190 142 354 -115 1135
H(n14) 477 -8 106 388 —186 1173 491 33 109 390 -199 1208
H(n15) 342 143 96 405 —40 1047 350 158 98 403 —61 1055
H(n22) 838 -338 177 320 308 674 835 -336 179 320 294 708
H(n23) 882 —358 197 295 528 456 879 -381 201 302 515 486
H(n24) 708 -180 183 308 633 359 705 -205 188 317 625 379
H(n25) 491 29 156 344 521 477 496 1 154 349 511 496
H(n32) 309 199 -59 560 208 798 304 197 -60 561 188 810
H#n33) 519 -12 -79 582 351 650 513 -12 —-83 585 339 664
H(n34) 672 -163 -18 523 449 545 668 -172 -23 524 443 562
H(n35) 613 -114 63 441 404 593 610 -117 59 443 395 614
H(n42) 129 368 -32 534 66 938 141 361 -34 536 48 955
H(n43) =72 558 4 503 —54 1080 -59 561 -2 500 -93 1093
H(n44) -94 582 88 420 =73 1104 —87 587 84 415 -107 1096
H(n45) 81 416 137 369 52 971 86 414 133 368 28 961
H(n2) 310 422 222 320 371 771 278 395 218 308 360 756
H(73) 75 386 233 258 368 605 139 245 263 247 197 610
H(n4A) 197 473 286 213 160 816 153 370 276 237 386 847

{continued overleaf)
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TABLE I1I. (continued)
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AsA-|Ru(bipy), (S-thr) ] ClO4 - 5H,0

A A-[Ru(bipy), (S-allothr)]ClO4+SH, O

X y z X y z

n=1 n=2 n=1 n= n=1 n=2 n=1 n=2 n=1 n=2 n=1 n=2
H(n4B) 19 310 295 218 177 844 3 443 294 205 298 758
H(n4C) 127 364 306 198 323 680 11 283 247 198 389 749
H(On3) —41 133 215 251 94 634 18 382 204 274 78 509
H(Nn1) 341 268 207 312 188 882 353 279 208 315 188 896
H(N#n2) 192 156 181 290 138 759 212 145 184 292 108 799
H(Wnl1) 89 423 134 372 601 420 82 406 135 371 563 413
HWn12) 54 473 138 364 739 290 23 485 135 368 693 292
H(Wn21) 346 128 77 411 526 459 346 149 83 426 503 488
H(Wn22) 484 21 68 430 638 379 339 164 58 453 640 353
HWn31) 162 337 66 432 745 234 175 321 73 436 710 281
H(Wn32) 320 170 48 447 723 246 218 286 14 497 741 264
H(Wn41) 716 770 64 438 654 302 732 759 51 451 653 337
H(Wn42) 675 823 23 488 770 220 569 924 55 449 660 329
HWns1) 941 575 61 430 643 401 923 571 74 430 585 398
H(Wn52) 897 620 13 482 610 442 862 633 16 489 567 426
TABLE 1V. Proposed Hydrogen Bonds. Interatomic distances (A) are given with e.s.d’s in parentheses.?

n=1 n=2
S-thr S-allothr S-thr S-allothr

O(13)---O(1AV)}b 3.14(1) 3.05(1) 0(23)+--0(1BY 3.21(2)

-+.0(1DY) 3.10(3) 3.14(2) 0(23)---0(22) 2.62(1)
N(1)-++O(2B) 3.08(2) 3.06(1) N(2)---0(1BY) 3.12(2) 3.13(1)
N(1)+++0(1AY) 3.13(1) 3.24(D) N(2)---002a1h 3.18(2) 3.17(2)
O(W11)-+-0(12) 2.66(1) 2.72(1) O(W21)++-0(22) 2.74(1) 2.71(1)
OW11)-+-01Ch 2.88(1) 2.90(1) O(W21)*+-0(2C) 2.94(2) 2.97(1)
OW12)---0(11) 2.97(1) 2.90(1) O(W22)*+-0(21) 2.80(1) 2.88(1)
OW12) - O(W14) 2.75(1) 2.83(1) oW22) - 0W24Vh 2.96(1) 2.84(1)
O(W13)++*O(W11) 2.81(2) 2.71(1) O(W23)**-O(W21) 2.75(1) 2.79(1)
OW13)*+*O(W12) 2.64(1) 2.78(1) O(W23):+*0(W22) 2.83(1) 2.74(1)
O(W14)*+*O(W15) 2.56(1) 2.75(1) O(W24)* - O(W25) 2.90(2) 2.74(1)
OW14)+--0w23) 2.93(1) 2.65(1) 0(W24):--0w13") 2.58(2) 2.86(1)
O(W15)---O(W11) 2.88(2) 2.79(1) O(W25)*O(W21) 2.73(1) 2.79(1)
OW15)-~ow22'h 2.94(2) 2.94(1) oW25) - 0W12'Y) 3.07(2) 3.07(1)

8Roman numerical superscripts refer to the following equivalent positions relative tox, y, z:I:x — 1,y, z;II: 1 - x, ¥y — 2, 1 —

z;HE:x, y, z+4 IVl —x,y+%, 1 —z2;Vix -1,y z - 1; VL. 1 +x,), 2.

of the four isomers due to the different chirality
of C(n3) in the two crystal structures. The molec-
ular structures of these four cations are shown in
Figs. 2 and 3 together with the atomic labelling
scheme [6]. For each of the S-thr and S-allothr
A cations the O(13)—H(O13) group appears to be
involved in a bifurcated interaction with perchlorate
oxygen atoms (Table IV). The §—OH group of the
A-S-thr cation also is seen to H-bond a perchlorate

Bifurcated bond.

O atom, but in the S-allothr analogue an internal
H-bond to the carboxylic O(22) atom is apparent
(see Fig. 3(b)). Again as in the crystal structure
of the S-alanine analogue reported earlier [7], the
amine protons H(Nrl) and H(Nr2) of each mole-
cule are weakly H-bonded to perchlorate ions (Table
V).

The close similarities in the molecular structures
of the cations may be seen in Figs. 2 and 3. The
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TABLE V. Torsion Angles (°) Along the C—C Bonds in the Coordinated Amino Acids.

S-thr S-allothr

n=1 n=2 n=1 n=2
C(n1)—C(n2)—N(n)—Ru(n) +19.2 +18.1 +20.4 +15.9
C(n3)—C(n2)—N(n)~Ru(n) +144.9 +144.3 +149.1 +146.9
0(n3)-C(n3)-Cn2)—-C(nl) +73.4 +62.8 +56.7 ~52.4
C(n4)—-C(n3)-C(n2)—Cnl) —164.3 -177.6 —68.3 -173.8
0O(n3)-C(n3)—C(n2)—N(n) -52.0 -62.1 ~70.9 +178.5
C(n4)—C(n3)—C(n2)—N(n) +70.4 +57.5 +164.2 +57.1

TABLE V1. Least-Squares Planes Data.

a) Least-squares planes and their equations given by /X' + mY' + nZ' — p = 0 where X', Y' and Z’ are orthogonal coordinates (A)
derived with respect to the orthogonal axesa’, b, ¢. Deviations (A) of relevant atoms from the planes are given in square brackets.

] m n D
(i) S-Threonine Complex
Plane (1): Ru(1), O(11), C(11), N(1) 0.8343 0.3587 0.4186 4.8650
[Ru(1) 0.035,0(11) —0.057,C(11) 0.048, N(1) —0.026, C(12) 0.26]
Plane (2): Ru(2), O(21), C(21), N(2) 0.7716 0.4039 0.4914 9.2466
[Ru(2) 0.033, O(21) —0.053, C(21) 0.046, N(2) —0.025,C(22) 0.25]
Plane (3): N(11), C(111) — C(115) —0.3852 0.9109 -0.1482 1.3976

[N(11) —0.022,C(111) 0.013,C(112) -0.008, C(113) 0.010, C(114)
~0.018,C(115) 0.024, Ru(1) —0.01, C(122) -0.11]

Plane (4): N(12), C(121)-C(125) —~0.3331 0.9313 —-0.1478 1.7730
[N(12) —-0.021, C(121) 0.005, C(122) 0.007, C(123) —0.002, C(124)
—0.014, C(125) 0.026, Ru(1) —0.13, C(112) 0.05]

Plane (5): N(13), C(131)-C(135) 0.4418 -0.0209 —0.8969 0.0704
[N(13) —0.001, C(131) 0.008, C(132) —0.006, C(133) —0.004,
C(134) 0.011, C(135) —0.009, Ru(1) —-0.08, C(142) 0.14]

Plane (6): N(14), C(141)-C(145) 0.4495 0.0352 —0.8926 0.2119
[N(14) 0.028, C(141) —0.028, C(142) 0.010, C(143) 0.008, C(144)
—0.009, C(145) —0.010, Ru(1) —0.004, C(132) —0.16]

Plane (7): N(21), C(211) - C(215) —0.3888 0.9147 -0.1100 8.6724
[N(21) -0.020,C(211) 0.017, C(212) —0.008, C(213) 0.004,
C(214) -0.007, C(215) 0.015, Ru(2) —0.13, C(222) ~0.12)

Plane (8): N(22), C(221) - C(225) -0.3794 0.8963 -0.2294 7.4379
[N(22) -0.016,C(221) —0.005, C(222) 0.018, C(223), C(224)
-0.010, C(225) 0.023, Ru(2) —-0.03, C(212) -0.21]

Plane (9): N(23), C(231) — C(235) -0.4696 0.0422 0.8819 6.9805
[N(23) -0.002, C(231) -0.011,C(232), C(233) 0.008, C(234)
—0.022, C(235) 0.019, Ru(2) —0.16, C(242) 0.09]

Plane (10): N(24), C(241) — C(245) -0.5142 —-0.0127 0.8576 5.9041
[N(24) —0.026, C(241), C(245) 0.016, C(242), C(244) 0.004,
C(243) ~0.014, Ru(2) 0.07, C(232) 0.005]

Plane (11): O(11), 0(12), C(12) 0.8590 0.2325 0.4561 4.5753
[Ru(1) 0.06, C(11) —0.03]
Plane (12): O(21), 0(22), C(22) 0.7132 0.5154 0.4751 10.1646

[Ru(2) 0.12,C(21) —0.06]

(ii) S-Allothreonine Complex
Planc (13): Ru(1), O(11), C(11), N(1) 0.8128 0.3847 0.4375 4.8453

[Ru(1) 0.011,0(11) -0.018, C(11) 0.016, N(1) —0.008,
C(12) 0.27]

(continued overleaf,
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! m n p
Planc (14): Ru(2), O(21), C(21), N(2) 0.8076 0.3957 0.4373 8.7798
[Ru(2) 0.024, 0(21) -0.039, C(21) 0.033, N(2) —0.019,
C(22) 0.22]
Plane (15): N(11), C(111) — C(115) -0.3773 0.9180 -0.1220 1.4084
{N(11) 0.006,C(111) -0.003, C(112) 0.003, C(113) ~0.006,
C(114) 0.008, C(115) —0.009, Ru(1) 0.05, C(122) —0.002]
Plane (16): N(12), C(121)~C(125) —-0.3502 0.9151 -0.1997 1.4631
[N(12) —0.002, C(121) 0.012,C(122) ~0.003,C(123) ~0.015,
C(124) 0.025 C(125) -0.016, Ru(1) ~0.04, C(112) 0.21]
Plane (17): N(13), C(131) — C(135) 0.4558 —-0.0262 -0.8897 0.3176
{N(13) —0.004,C(131) 0.011, C(132) —0.010,C(133) 0.001, C(134)
0.007, C(135) —0.006, Ru(1) ~0.09, C(142) 0.15]
Plane (18): N(14), C(141) — C(145) 0.4761 0.0460 -0.8782 0.4922
[N(14) 0.013,C(141) —0.010, C(142) 0.004, C(143) <10.0011,
C(144) 0.003, C(145) —0.010, Ru(1) 0.06, C(132) ~0.16]
Plane (19): N(21), C(211) ~ C(215) —-0.4107 0.9118 —0.0848 8.6991
[N(21) 0.009,C(211) —-0.007, C(212) 0.001, C(213) 0.004,
C(214) -0.002,C(215) ~0.004, Ru(2) —0.08,C(222) -0.02]
Plane (20): N(22), C(221)-C(225) —0.3642 0.9242 —0.1146 8.4568
[N(22) 0.005,C(221) 0.001, C(222) <10.0011, C(223) —0.006,
C(224) 0.012,C(225) —0.012, Ru(2) 0.10,C(212) -0.02]
Plane (21): N(23), C(231)-C(235) —0.4425 0.0382 0.8959 7.2031
[N(23) -0.016, C(231) 0.007, C(232) 0.008, C(233) —0.014,
C(234) 0.004,C(235) 0.011, Ru(2) —-0.15,C(242) 0.11]
Plane (22): N(24), C(241)-C(245) -0.4713 ~0.0359 0.8802 5.7519
[N(24) 0.010, C(241) —0.006, C(242) —0.008, C(243) 0.017,
C(244) - 0.013, C(245) <10.0011, Ru(2) 0.13,C(232) - 011]
Plane (23): O(11), 0(12), C(12) 0.7840 0.2874 0.5502 4.7927
[Ru(1) —0.19, C(11) —0.03]
Plane (24): 0(21), 0(22), C(22) 0.7996 0.4841 0.3553 9.1675
{Ru(2) -0.08, C(21) —0.005]
b) Dihedral angles (°) between relevant planes
1-11, 1.7 2-12, 1.3 13-23, 8.7; 14-24, 6.9;
3-4, 3.2; 7--8, 1.0; 15-16, 4.7; 19-20, 2.8;
5-6 3.2; 7-10, 4.3; 17-18, 4.4; 21-22, 5.7.

only obvious differences in these structures, both
between A and A pairs and between S-thr and S-
allothr ions of like hand, are derived from the enforc-
ed chiralities of the C, and Cgz atoms (C(n2) and
C(n3)). These differences are highlighted by a com-
parison of the torsion angles around the C—Ngpine
and Cg—C, bonds, which are given in Table V. The
five-membered amino acid chelate rings have a very
simjlar conformation in both the A and A forms
of each complex; this is demonstrated by the like
torsion angles around each of the C(n2)—N(n) bonds
and by the displacements of the C(n2) atoms from
the planes defined by the remaining four atoms of
the rings (Table VI, planes 1, 2, 13 and 14). Dif-
ferences seen in the torsion angles around the C(n3)-—
C(n2) bonds reflect the rotation allowed around
them and the differing H-bonding requirements
of the 8-OH groups.

The pyridy] rings each show the expected plana-
rity (Table VI, planes 3—10 and 15-22) with each
of the bipy groups being closely coplanar (Table
VI(b)). There are some distortions of the metal atoms
out of their respective carboxylic acid planes (Table
VI, planes 11, 12, 23 and 24).

The bond lengths and angles in the molecular ions
of both structures are given in Table VI1I. There are
no apparent significant differences between corres-
ponding bonding parameters in the four cations.
The average bond lengths are Ru(#)—0(n1) 2.094(9),
Ru(n)-N(n) 2.128(11) and Ru(n)-N(nl-4)
2.050(2) A with average bite angles at the Ru(n)
atoms for the amino acids of 79.7(5) and for bipy
ligands of 79.0(4)°. Again these parameters are
closely comparable with those of the S-alanine ana-
logue [7]. There is some evidence of flattening at
the C, and Cy atoms in the side chains of the two
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TABLE VIIL Bond Lengths (A) and Angles (°) with Estimated Standard Deviations in Parentheses.
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[Ru(bipy), (S-thr)] C10,4+5H, O

[Ru(bipy), (S-allothr)]ClO4<5H, 0O

n=1 n=2 n=1 n=2
@) Distances (A)
Ru(n)-0(n1) 2.084(6) 2.104(9) 2.096(5) 2.090(5)
Ru(n)—-N(n) 2.118(9) 2.142(10) 2.121(7) 2.130(7)
Ru(n)—N(n1) 2.025(10) 2.01509) 2.037(6) 2.021(7)
Ru(n)—N(n2) 2.019(10) 2.064(8) 2.044(6) 2.055(6)
Ru(n)-N(n3) 2.030(8) 2.094(11) 2.065(7) 2.035(7)
Ru(n)—N(n4) 2.062(7) 2.095(11) 2.068(6) 2.075(6)
C(n11)-C(n21) 1.46(2) 1.44(2) 1.46(1) 1.46Q)
C(n31)-C(n41) 1.42(2) 1.48(2) 1.48(1) 1.47(1)
C(n11)-C(n12) 1.39(1) 1.38(2) 1.39(1) 1.40(1)
C(n12)-C(nl13) 1.38(2) 1.35(2) 1.37(1) 1.36(1)
C(n13)—C(n14) 1.37(2) 1.37(2) 1.40(1) 1.38(2)
C(n14)—-C(n15) 1.38(2) 1.39(2) 1.37(1) 1.391)
N(n1)-C(n11) 1.39(1) 1.36(2) 1.39(1) 1.36(1)
N(n1)—-C(n15) 1.37(2) 1.34(1) 1.31(1) 1.34(1)
C(n21)—C(n22) 1.38(2) 1.38(1) 1.37(1) 1.41(1)
C(n22)—C(n23) 1.34(2) 1.44(Q) 1.37(1) 1.36(1)
C(n23)-C(n24) 1.37(2) 1.36(2) 1.40(1) 1.40(1)
C(n24)—C(n25) 1.39(1) 1.39(2) 1.38(1) 1.37(1)
N(n2)—C(n21) 1.37(2) 1.36(1) 1.39(1) 1.34(1)
N(n2)—-C(n25) 1.36(1) 1.38(2) 1.341) 1.321)
C(n31)—C(n32) 1.38(2) 1.39(2) 1.40(1) 1.391)
C(n32)—C(n33) 1.39(2) 1.38(2) 1.37(1) 1.38(1)
C(n33)—C(n34) 1.35(2) 1.38(2) 1.37(1) 1.35(1)
C(n34)—C(n35) 1.40(2) 1.35(2) 1.41(1) 1.37(1)
N(@#3)-C(n31) 1.36Q1) 1.33(2) 1.34(1) 1.36(1)
N(n3)—C(n35) 1.33(1) 1.38(2) 1.331) 1.35(1)
C(n41)-C(n42) 1.37(2) 1.41(1) 1.40(1) 1.38(1)
C(n42)—C(n43) 1.43(2) 1.32(1) 1.38(1) 1.36(1)
C(n43)-C(nd4) 1.38(2) 1.37Q1) 1.38(1) 1.37(1)
C(n44)—-C(n45) 1.36(2) 1.41(1) 1.41(1) 1.37Q1)
N@n4)-C(n41) 1.41(1) 1.31(Q2) 1.37(1) 1.35Q1)
N(n4)-C(n45) 1.35(1) 1.35(2) 1.32(1) 1.36(1)
C(n1)-0(nl) 1.27(1) 1.29(2) 1.28(1) 1.30Q1)
C(n1)-0(n2) 1.25(1) 1.26(1) 1.23(1) 1.24(1)
C(n1)—C(n2) 1.53(2) 1.51(2) 1.55(1) 147Q1)
C(n2)-N(n) 1.50(1) 1.49(2) 1.46(1) 1.51Q)
C(n2)-C(n3) 1.53(2) 1.49(2) 1.54(1) 1.52(1)
C(n3)-C(n4) 1.46(2) 1.51(2) 1.49(1) 1.47Q2)
C(n3)-0(n3) 1.43(1) 1.46(2) 1.42(1) 1.45(1)
Cl(n)-O@®A) 1.40(1) 1.34(2) 1.32(1) 1.38(1)
Cl(n)—O(nB) 1.40Q1) 1.39(1) 1.44(1) 1.34Q1)
Cl(n)-0O(nC) 1.48(1) 1.29(1) 1.39(1) 1.35Q1)
Cl(n)—O(nD) 1.33(2) 1.372) 1.44(1) 1.20(2)
(b) Angles (°)
O(n1)~Ru(n)-N(n) 79.0(2) 80.7(4) 79.1(2) 79.93)
O(n1)-~Ru(n)—N(nl) 172.1(3) 173.74) 170.7(2) 172.1(3)
O(n1)-Ru(n)—N(n2) 95.8(3) 93.9(4) 94.2(2) 93.9(3)
O(n1)-Ru(n)—N(n3) 94.1(3) 93.04) 96.3(2) 92.1(2)
O(n1)-Ru(n)-N(nd) 90.0(3) 88.6(4) 90.1(2) 89.9(2)
N(n)—Ru(n)-N(n1) 95.7(4) 96.4(4) 93.2(2) 96.2(3)
N(n)—Ru(n)—-N(n2) 88.6(4) 87.4(3) 88.9(2) 88.0(3)
N(n)—Ru(n)—N(n3) 172.5(3) 172.2(4) 174.1(2) 171.2(2)
N(n)—Ru(n)—N(n4) 97.8(3) 97.44) 96.9(2) 98.0(3)

(continued overleaf)
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[Ru(bipy); (S-thr)] C104+5H,0

[Ru(bipy),(S-allothr)] CIO4 - 5H,0

n=1 n=2 n=1 n=2
N(n1)—Ru(n)-N(n2) 78.1(4) 80.4(4) 80.2(3) 79.0(3)
N(n1)—Ru(n)~N(n3) 91.4(3) 90.4(4) 91.8(3) 92.2(3)
N@#1)-Ru(n)~Nn4) 96.6(4) 97.4(4) 96.1(2) 97.5(3)
N(#2)—Ru(n)~N®#n3) 95.1(4) 97.7(4) 95.1(3) 96.3(3)
N@#n2)-Ru(n)~-Nn4) 172.1(4) 174.94) 173.3(3) 173.4(3)
N(13)-Ru(n)~N(n4d) 79.0(3) 77.8(4) 79.4(2) 78.1(3)
Ru(n)—O(n1)~-C(nl) 118.4(7) 113.8(8) 118.4(5) 115.6(5)
Ru(#)—N(n)-C(n2) 111.3(6) 110.4(7) 111.3(5) 110.6(5)
Ru(n)-N#n1)~-C(n11) 118.4(7) 113.0(8) 115.0(5) 115.8(5)
Ru(n)-N#1)-C(n15) 124.6(8) 127.5(8) 127.4(5) 125.0(6)
Ru(n)-N(n2)~-C(n21) 117.1(8) 114.3(6) 114.8(5) 115.4(5)
Ru(#)-N(#n2)~C(n25) 126.4(8) 125.2(9) 128.1(6) 125.0(6)
Ru(#)-N@®3)-Cn31) 116.3(6) 115.2(8) 115.6(5) 116.5(5)
Ru(n)-N#n3)-C(n35) 124.7(8) 124.0(9) 125.2(6) 125.6(6)
Ru(n)-N(@n4)~C(nd1l) 114.1(6) 115.3(8) 114.1(5) 116.4(5)
Ru(n)-N(n4)-C(n45) 125.4(7) 127.6(8) 128.2(6) 126.1(6)
0O(n1)—C(nl)~0(n2) 122.6(11) 122.3(12) 125.509) 118.3(9)
0O(n1)-C(n1)-C(n2) 117.6(10) 121.8(11) 115.3(8) 120.5(7)
N(@n)—-C(n2)—-C(n1) 110.4(9) 110.5(10) 112.3(7) 111.2(7)
N@n)—-C(n2)—C(n3) 113.9(10) 111.3(10) 110.1(6) 113.0(8)
0On2)-C(n1)-C(n2) 119.6(11) 115.3(12) 119.1(9) 121.29)
C(n1)-C(n2)~C(n3) 111.0(11) 112.911) 114.4(7) 114.9(8)
C(n2)-C(n3)-C(nd) 1154(12) 116.2(12) 116.5(8) 115.4(10)
C(n2)—-C(n3)~-0(n3) 105.7(10) 103.0(10) 106.3(7) 110.4(9)
0(n3)-C(n3)-C(nd) 1104(11) 109.5(12) 111.5¢5) 107.0(10)
N@#1)-C(n11)-C(n12) 119.5(10) 120.9(12) 121.3(8) 119.5(8)
N(n1)-C(n11)—C(n21) 111.0(10) 118.6(11) 115.1(7) 114.8(7)
C(n12)-C(nll1)-Cn21) 129.4(11) 120.0(12) 123.5(8) 125.8(8)
C(n11)-C(n12)-C(n13) 121.8(12) 120.0(12) 119.1(8) 121.5(10)
C(n12)~-C(n13)~C(n14) 119.4(12) 119.1(12) 119.3(8) 118.6(10)
C(n13)-C(n14)-C(n15) 117.6(12) 120.3Q11) 118.5(7) 118.5(10)
C(n14)-C(n15)~N(n1) 124.6(12) 119.9(10) 124.1(8) 122.8(9)
C(n11)-N(n1)-C(n15) 116.8(10) 119.6(10) 117.6(6) 119.0(7)
N(n2)-C(n21)-C(n22) 122.3(13) 121.0(12) 120.6(8) 120.9(8)
N(n2)—-C(n21)-Cnll) 115.3(10) 113.6(9) 114.7(7) 115.0(7)
C(n22)-C(n21)-C(nil) 122.5(12) 125.4(12) 124.7(8) 124.1(8)
C(n21)-C(n22)-C(n23) 120.7(15) 117.5(12) 121.4(8) 118.5(9)
C(n22)-C(n23)-C(n24) 118.5(13) 121.7(11) 118.7(8) 119.909)
C(n23)-C(n24)-C(n25) 120.7(11) 117.9(14) 118.0(9) 118.0(9)
C(n24)-C(n25)-N@x2) 121.1(10) 121.3(15) 124.2(8) 123.0(8)
C(n21)~N(n2)-C(n25) 116.5(10) 120.5(10) 117.1(4) 119.6(6)
N@n3)-C(n31)-C(n32) 121.1(11) 120.0(12) 121.7(9) 121.1(7)
N@3)—-C(n31)-C(n4dl) 115.8(9) 115.4(11) 114.9(8) 115.1(7)
C(n32)-C(n31)-C(n41) 123.1(12) 124.7(12) 123.4(8) 123.8(8)
C(n31)-C(n32)-C(n33) 119.2(14) 118.8(12) 118.8(10) 118.9(8)
C(n32)-C(n33)-C(n3d) 119.8(15) 120.8(12) 120.0(10) 120.2(9)
C(n33)-C(n34)-C(n3s) 118.9(13) 118.4(14) 118.7(9) 119.5(9)
C(n34)-C(n35)-N@3) 122.1(12) 121.2(12) 121.6(8) 122.409)
C(n31)-N(@n3)—-C(n3s) 118.9(9) 120.7(11) 119.2(4) 117.9(7)
N@n4)-C(n41)—-Cnd2) 119.3(11) 122.7(10) 122.4(8) 121.7(8)
N@»4)-C(n41)-Cn31) 114.6(9) 116.2(11) 115.9(7) 113.8(7)
C(n42)-C(n41)-Cn31) 126.0(11) 121.1(11) 121.7(8) 124.5(8)
C(n41)-C(n42)—C(n43) 120.2(15) 120.4(10) 118.6(9) 120.5(9)
C(n42)—-C(n43)-C(n44) 117.2(15) 119.0(10) 119.8(9) 118.2(9)
C(n43)—C(n44)-Cn45) 122.3(14) 118.7(10) 118.0(9) 119.8(9)

{continued overleaf)
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TABLE VIL (continued)
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[Ru(bipy), (S-thr)] Cl04+5H,0

[Ru(bipy); (S-allothr)] C104+5H, 0

n=1 n=2 n=1 n=2
C(n44)—C(n45)—N(n4d) 1204(2) 122.4(10) 123.4(8) 122.309)
C(n41)-N(n4)—-C(nd5) 120.4(9) 116.7(10) 117.4(4) 117.4(5)
0O(nA)—Cl(n)—0(nB) 108.6(8) 102.5(10) 109.1(6) 106.9(7)
O(nA)-Cl(n)—-0(nC) 108.9(8) 108.6(13) 116.4(10) 111.2(8)
0O(nA)-Cl(n)—0O(nD) 113.2(13) 106.0(15) 108.0(10) 103.1(16)
O(nB)-Cl(n)-0(nC) 102.6(6) 122.1(11) 106.5(5) 110.7(8¢
O(nB)-Cl(n)-0nD) 114.7(11) 105.4(13) 110.3(7) 114.0(17)
O(nC)—-Cl(n)—-0(nD) 108.2(11) 111.1(11) 106.5(7) 110.7(15)

amino acids. The

average

C(n1)—C(n2)—C(n3)

VIII. The circular dichroism spectra for the isolat-

observed bond angle is 113.3(12)° and the average
C(n2)—C(n3)—C(n4) angle is 1159(12)°, each
being greater than an undistorted tetrahedral angle.

Equilibrium Studies

The phen and bipy complexes of Ru(Il) with
either S-threonine or S-allothreonine were resolved
chromatographically ~ using  Sephadex® C-25
cation exchange resin. Chiroptical and electronic
spectral data for the complexes are given in Table

ed diastereoisomers are shown in Fig. 4. Assign-
ments of absolute configuration have been made
on the basis of the sign of the lower energy n—mn*
transitions in the ultraviolet region of the spectra
[8, 9]. The spectra of the phen and bipy series
of isomers are similar to those of related com-
plexes [1, 2]. Also shown in Fig. 4 are the circul-
ar dichroism spectra of solutions containing
equilibrated mixtures of diastereoisomers, and
from this data we have been able to calculate
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Fig. 4. Circular dichroism spectra of: (a) A-, (b) A- and (c) an equilibrated solution of A,A-[Ru(phen), (S-thr)]"; (d) A-, (e) A-
and (f) an equilibrated solution of A,A-[Ru(phen), (S-allothr)]*; (g) A-, (h) A-and (i) an equilibrated solution of A,A-[Ru(bipy),-
(S-thr)]*; and () A-, (k) a-and () an equilibrated solution of A,A-[Ru(bipy), (S-allothr)]*.
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TABLE VIII. Circular Dichroism and Electronic Spectral Data® for the Complexes in Aqueous Solution at 298 K.,

Complex AP (nm) 1074 X e AP (am) Ae (dm? mol™)
(dm? mol_l)

A-[Ru(phen), (S-thn)]* 531 -53
455 +44
360 -31
272 ~1636(11)
260 +1050
A-[Ru(phen), ($-thr)|* 544 +48
458 —44
366 +36
331 +48
271 +2068(28)
259 -1175
A,A-[Ru(phen), (S-thr)]* 482 11.6° 272 -20(1)°
264 81.5°¢ 260 +80°
A-[Ru(phen), (S-allothr)]* 538 —41
462 +45
365 —49
333 —-79
272 —1693(12)
260 +1075
A-[Ru(phen), (S-allothr)]* 540 +50
461 -39
366 +39
331 +56
271 +1846(13)
259 —~1060
A,A-[Ru(phen), (S-allothr)]* 482 11.5¢ 271 +205(1)°¢
264 81.4° 259 -67°
A-[Ru(bipy), (S-thr)]* 547 —44
414 +78
350 ~106
296 —~1373(7)
284 +480
A-[Ru(bipy), (S-thr)]* 550 +32
405 -90
354 +116
296 +1360(15)
284 —500
A,A-[Ru(bipy), ($-thr)]* 494 9.2°¢ 296 -253(2)¢
292 58.0°¢ 284 +80¢
A-[Ru(bipy), (S-allothr)]* 547 -29
412 +73
354 —-104
296 ~1363(9)
284 +460
A-[Ru(bipy), (S-allothr)]* 543 +34
405 -84
350 +109
296 +1350(11)
284 —480
A,A-[Ru(bipy), (S-allothr)]* 494 9.3¢ 296 +67(2)°¢
292 58.1°¢ 284 -37°¢

2Errors in e values are +0.1 X 10%. Standard deviations given in parentheses for CD extrema were calculated from multiple
measurements; other CD values reported for each spectrum have similar precision. Wavelengths reported are for maxima in the
electronic spectra and for extrema in the CD spectra.  “Values for light<quilibrated solutions.
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TABLE IX. Values of Equilibrium Constants® for the Com-

plexes A,A-[Ru(diimine),(aa)]” at 298 K.

b

Diimine Amino Acid Kiy,0 Kp,o

phen S-thr 0.77(2) 0.89(1)
phen Sallothr 1.15Q2) 1.09(1)
bipy S-thr 0.68(1) 0.78(1)
bipy S-allothr 1.12(1) 1.02(2)
phen S-ser 1.28(3)% 1.23(5)
bipy S-ser 0.78(5)% 0.94(5)

8Standard deviations in parentheses are derived from a number
(>10) of measurements.

H,O0.
from ref. [3].

®From 'H NMR measurements in D,0.

Determined chiroptically in

dTaken
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values for the equilibrium constants with reference
to eqn. (1).

A-[Ru(diimine),(aa)]* == A-[Ru(diimine),(aa)]"
(1

These values are presented in Table IX, and refer to
normal aqueous solutions, as contrasted with D,0
solutions (vide infra). It is found that both phen
and bipy complexes with S-threonine give equilib-
rium mixtures of isomers which are enriched in the
A-hand, but corresponding complexes of S-allo-
threonine give mixtures slightly favouring the A-
diastereoisomer. Calculated chiral discrimination
energies between pairs of diastereoisomers range
from 0.3 to 1.0 kJ mol ™,

TABLE X. 'H NMR Data for the Complexes A,A-{Ru(diimine), (aa)]* in D, O Solution at 298 K.*

Diimine 5 (ppm) J (Hz) - S-thr Complexesb S-allothr Complexesb
n=1(a) n=2(A) n=1(a) n=2(A)
bipy H(n45) 9.402 9.245 9.289 9.209
H(n25) 8.978 8.978 8.916 8.933
H(n2) 3.273 3.707 3.335 3.842
H(n3) 4.573 4.499 4.233 4.219
C(nd)H; 1.252 1.240 1.298 1.042
Jnaa nas 5.46 5.57 6.57 5.36
Jn24,n2s 5.52 5.52 592 5.98
Jn2,n3 <0.02 <0.02 4.28 4.59
Tn3,na 6.56 6.60 6.55 7.53
phen H(n45) 9.927 9.754 9.925 9.822
H(n25) 9.522 9.522 9.572 9.605
H(n2) 3.484 3.962 3.665 4.223
H(n3) 4,718 4.649 4.498 4.506
C(n4)H, 1.348 1.331 1.560 1.274
Jpa4 nas 5.25 5.17 5.16 5.17
Jn24,n2s 5.30 5.30 5.19 5.17
In2,n3 <0.02 <0.02 4.23 4.50
Jn3,na 547 6.30 6.50 6.52
S-ser Complexes®
n=1(a) n=2(A)
bipy H(n45) 9.23 9.16
H(n25) 8.83 8.83
Jna4 nas 6.0 6.0
Hp 3.95 3.84
Hg 3.58 3.57
Hyx 3.27 3.69
JaB -12.8 —13.2
Jax 2.8 3.0
Jpx 2.8 3.0
phen H(n45) 9.71 9.63
H(n25) 9.29 9.29
Jnaa nas 5.2 5.2

#Chemical shifts (5) are reported in ppm downfield from DSS. Chemical shifts are +0.002 ppm, coupling constants (J) are £0.02

Hz for 360 MHz spectra; corresponding values for 200 MHz spectra are +0.02 ppm and +0.2 Hz.

°Recorded at 200 MHz.

Recorded at 360 MHz.
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We have also carried out equilibrium studies in
D,0, and monitored changes in isomer concentra-
tions using 'H NMR spectroscopy. Selected and
pertinent 'H NMR data for the complexes are listed
in Table X. Solutions of pairs of diastereoisomers
were allowed to equilibrate in sunlight until all
amine hydrogen atoms were exchanged for deute-
rium and equilibrium had been reached. It was
noticed that prolonged irradiation (several weeks)
caused some decomposition of the complexes,
giving rise to free amino acid and A,A-[Ru(diimine),-
CD,0)]" in D,0 solution. However, equilibrium
between pairs of isomers was attained in all cases
before any significant amount of decomposition had
occurred.

Equilibrium constants were estimated by integra-
tion of the amino acid proton signals where appro-
priate, and by integration of the H(n45) proton
signals for each diastereomer. These signals are
both well-resolved and separated in all complexes,
and are the signals occurring furthest downfield
in the 'H NMR spectra. Their resonance positions
are considerably different to those of H(n25) and
H(n35) since these protons experience considerable
shielding by adjacent pyridyl rings [10]. Signals
corresponding to H(n15) occur slightly upfield from
those of H(n45) as they are somewhat shielded by
the coordinated carboxyl group of the amino acid.
Values for the equilibrium constants for eqn. (1)
in D,0 solution, with all labile protons exchanged,
are also listed in Table X. In general, similar trends
are found as for H,0 solutions in that the S-threo-
nine complexes favour the A-diastereoisomer and
the converse is true for the S-allothreonine com-
plexes. However, in all cases the values in D,0O solu-
tions are much closer to unity, and the variations
found from solvent to solvent may reflect slightly
different hydrophobic bonding effects under chang-
ing conditions [11].

Discussion

The crystal structures of the S-threonine and S-
allothreonine complexes are similar and the molec-
ular structures of the diastereoisomeric cations also
are closely related to those found for the S-alanine
analogue [7]. In the S-alanine structure [7] there
was an obvious difference in the conformations of
the amino-acid chelate rings. This was attributed to
unequal intramolecular steric factors. In the present
structures the amino-acid chelate rings have like
conformations which are intermediate between
those observed in the S-alanine analogue (see Table
V). This suggests that differences in steric factors
within these cations are minor.

The preference for the A-hand on photo-equilibra-
tion observed for the S-threonine species may be

T. J. Goodwin, P. A, Williams, F. S. Stephensand R. S. Vagg

compared with the CD study of the S-serine analogue
[2]. Again a preference towards the A-hand is more
pronounced in the bipy species, an effect that has
been attributed to the greater flexibility of the bipy
ligand, since on steric arguments the A-isomer should
be favoured for an S-amino acidate complex of this
type.

Unlike the above mentioned complexes the S-
allothreonine analogues each equilibrate to give mix-
tures of diastereoisomers showing a slight preference
for the A-hand. In the crystal structures here report-
ed only in A-[Ru(bipy),(S-allothr)]” is an intra-
molecular hydrogen bond indicated which links the
B-OH group with the coordinated carboxylic acid
group. Molecular models suggest that for the other
isomer such a hydrogen bond would be feasible even
though not observed in the solid state. However for
the S-threonine species its formation would lead to
an unfavoured conformation with the methyl group
being gauche to both the amino- and carboxy-substi-
tuents on the a-carbon atom. These conclusions
would apply equally well to the analogous phen com-
plexes.

In the NMR spectra of the S-threonine complexes
(Table X) the methyl resonances in both the phen
and bipy pairs of isomers almost overlap, indicating
a similar average chemical and magnetic environment
in each isomer. However for the S-allothreonine com-
plexes the methyl resonance for each A-isomer is
found about 0.3 ppm downfield from that of its
corresponding A-form. This difference in the methyl
group environments suggests some structuring in the
side chain of the amino acid which would be consis-
tent with the intramolecular hydrogen bond discussed
above. The importance of intramolecular hydrogen
bonding in enforcing chiral discriminations in these
types of complexes, depending of course on the
nature of the amino acid employed, is again demon-
strated. The role of such interactions was first sug-
gested [4] in complexes of S-aspartic acid analogous
to those reported above, for which similar results
were obtained.

The solid state environments of the §8-OH atoms
O(13) in these two structures include close contacts
to hydrogen atoms H(112) and H(122) of neighbour-
ing molecules. These O--+H distances range from
2.42 to 2.54 A with angles subtended at these hydro-
gens lying between 166 and 175°. These are the 3,3"-
protons of a bipy ligand which are known to be
weak carbon acids in analogous complexes [10].
The presence of such interactions in the solid state
has interesting implications for solvated struc-
tures in donor solvents.

Acknowledgements

The authors wish to thank the S.ER.C. for
financial support and for the use of the crystallo-



Chiral Metal Complexes

graphic data collection service. The S.E.R.C. is
also thanked for the award of a studentship to
T.J.G. One of us (P.A.W.) wishes to thank the British
Council for a Travel grant. Mr A. Tseng gave valuable
assistance in the recording of the 200 MHz 'H NMR
spectra.

References

1 R. S. Vagg and P. A. Williams, Inorg. Chim. Acta, 51, 61
(1981).

2 R. S. Vagg and P. A. Williams, Inorg. Chim. Acta, 52, 69
(1981).

181

3 R. S. Vagg and P. A. Williams, /norg. Chim. Acta, 58, 101
(1982).
4 T. J. Goodwin, R. S. Vagg and P. A. Williams, Inorg.
Chim, Acta, 63, 133 (1982).
5 ‘International Tables for X-Ray Crystallography’, Vol
IV, pp. 7283, 149: Kynoch Press, Birmingham (1974).
6 C. K. Johnson, ORTEP, Report ORNL-3794 (1965),
revised (1971), Oak Ridge National Laboratory, Qak
Ridge, Tenn., U.S.A.
7 F. S. Stephens, R. S. Vagg and P. A. Williams, [norg.
Chim. Acta, 72, 253 (1983).
8 B. Bosnich, Inorg. Chem., 7, 178 (1968).
9 B. Bosnich, Accounts of Chem. Res., 2, 266 (1969).
10 E. C. Constable and K. R. Seddon, J. Chem. Soc. Chem.
Comm., 34 (1982).
11 D. P. Craig and D. P. Mellor, Topics in Current Chem.,
63,1 (1976).



