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The brown colored title complexes,Y®@(Asal)(Hpd) and YO(Asal)(Hpt), have been synthesized in excellent
yields by reacting ¥ O(Asal)(H,O) with propane-1,3-diol (kbd) and glycerol (ipt), respectively, in methanol.
Here Asal™ is the deprotonated salicylaldimine of glycine €A g), L-alanine (A= a), L-valine (A = v), or
L-phenylalanine (A= p). The complexes have relatively low oxovanadium{@xovanadium(lV) reduction
potentials 0.2 V vs SCE in dimethyl sulfoxide). The X-ray structures of VO(gsal)(Hpd) and VO(gsgi(H
have revealed distorted octahedral Ocoordination. Six-membered and five-membered O,O chelation occur
for Hpd™ and Hypt~, respectively, an undissociated alcohol function lying trans to the oxo oxygen atom. The
tridentate salicylaldimine ligand spans meridionally and has a folded structure consisting of two planar parts
intersecting along a €N bond. The \+-O(alkoxide) bond in the complexes is0.6 A shorter than the
V—0(alcohol) bond. The alkoxidic chelate ring partially hydrolyzes in moist solvethis six-membered ring

in VO(Asal)(Hpd) more easily than the five-membered ring in VO(AsalptiHf The hydrolysis is suppressed in
the presence of the relevant free alcohol. ¥eNMR chemical shifts differ by~20 ppm between VO(Asal)(Hpd)

and VO(Asal)(Hpt) and are diagnostic of the alkoxidic chelate ring size. Species with chira? Alkghnds
display diastereoisomeric equilibria in solution, and the equilibrium consténts [endo]/[exo] have been
determined from thé'v NMR signal intensity. The trend iK values isL-alanine< L-phenylalanine< L-valine

(for given alkoxidic chelation) and Hpd< H,Pt™ (for given amino acid residue). These trends are consistent
with size effects. Crystal data are as follows. VO(gsal)(Hpd): chemical formuypa;€NOgV; crystal system,
monoclinic; space grougR2:/n; a = 9.229(5),b = 12.655(6),c = 11.478(4) A;p = 99.61(4}; Z = 4. VO-
(gsal)(Hpt): chemical formula, ©H1aNO,V; crystal system, monoclinic; space grol2i/c; a = 10.962(6),b

= 9.544(4),c = 13.323(5) A;8 = 102.67(4y; Z = 4.

Introduction instance is documented where it forms a six-membered V(O,0)

It has been known for a long time that vanadium, like chelate ring either in the solid state or in solution. Instead it is

phosphorus, forms esters in the pentavalent tafée func-

tional motif characterizing such species, also called oxovana-

dium alkoxides, is YO(OR)?Z The richness of vanadate ester
chemistry is however emerging only in recent years. A sizable
number of compound types representing diverse forms of
structure and reactivity are already availablE. Oxovanadium

alkoxides have been documented to act as selective redox

reagent¥ and as mimics in studies of phosphorylatign,
haloperoxidatioh* and insulin actiod® The present work
concerns the binding of simple polyols to oxovanadium-
(V)—specifically propane-1,3-diol and propane-1,2,3-triol (glyc-
erol). The diol has received previous attentt8#0¢.19dpyt no
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Table 1. Selected Spectral and Electrochemical Data

IR data cm™? UV —Vis® Amay, NM Eipb-dV
compds VO —CO, OH (e, M~1cm™) (AE,EmV)
VO(gsal)(Hpt) 975 1660, 1625, 1320 3180 485 (540), 350 (5760) —0.24(140)
VO(L-asal)(Hpt) 980 1675, 1620, 1310 3170 485 (520), 350 (5640) —0.23(130)
VO(L-vsal)(Hbpt) 985 1680, 1620, 1300 3150 500 (660), 345 (4630) —0.22(120)
VO(L-psal)(Hpt) 978 1670, 1620, 1310 3200 490 (760), 345 (6180) —0.23(140)
VO(gsal)(Hpd) 990 1660, 1630, 1330 3250 28810), 345 (6710) —0.18(160)
VO(L-asal)(Hpd) 970 1670, 1610, 1310 3150 “@®0), 340 (6340) —0.19(160)
VO(L-vsal)(Hpd) 980 1675, 1615, 1300 3220 4600), 340 (6560) —0.16(150)
VO(L-psal)(Hpd) 970 1660, 1620, 1320 3200 A(@L0), 340 (6330) —0.17(150)

a|n KBr disks. ? In dry dimethyl sulfoxide containing-510% Hspt or Hypd. € At a platinum electrode; supporting electrolyte, tetraethylammonium
perchlorate (TEAP; 0.1 M); scan rate, 50 mW;sreference electrode, SCE; solute concentratieh)2 M. ¢ B, is calculated as the average of
anodic Eps) and cathodic K, peak potentials® AE, = Epa — Epe. f Shoulder.

multinuclear specie® As for glycerol, no report on the on diastereoisomeric population of the oxovanadium alkoxides

characterization of any authentic vanadate ester appears to exisformed. The salicylaldimine ligands will be generally abbrevi-
The above state of development has prompted us to undertakeated as HAsal, the two H atoms (phenolic and carboxylic) being

the task of designing mononuclear oxovanadium alkoxides potentially dissociable; abbreviations used for specific com-

incorporating chelation by the above diol and triol. This pounds are set out i

objective has been acheived and the structural motifs with six-

memberedl, and five-membered, chelate rings have been

OH
0 0
N N HOCH(X)(CH,)nOH c=N OH
“ ™o ~ ™o H W\Ck_ci\
HO ) HO__~— Rnh O
OH X n R
1 2 Hed H 1 H H,gsal
Hpd H 2 CH; L-H,asal
realized from propane-1,3-diol and glycerol, respectively. Hapt  CH,OH 1 CHMe,  L-H,vsal
Salicylaldimines ofx-amino acids are employed as coligands. CHPh  L-Hypsal
The X-ray structures of two representative esters are reported. 3 4

Chelate ring size and diastereoisomeric equilibria in solution
are scrutinized with the help 6fVv NMR, and in this context
complexe&of ethane-1,2-diol are revisited. Two reactions have
been briefly scrutinized: hydrolysis of the alkoxidic chelate motif
and one-electron electroredox of the metal site.

The reaction of oxovanadium(lV) aquo complex¥s?? of
type VWY O(Asal)(OH) with excess propane-1,3-diol in methanol
under ambient conditions afforded deep red solutions from
which dark brown crystalline solids of compositio @(Asal)-
Results and Discussion (Hpd) deposited in high yields. Upon replacement of the diol

. . by glycerol in the preparative procedure, complexes of type
A Ligands and Complexes. The alcohols concerning us  \/vo(asal)(Hpt) deposited. In these synthetic reactions the
in the present W_ork apd their abbrewaﬂons are set oB.in  yanadium oxidation state increases by one, oxygen of air being
The potentially dissociable H atoms inétl, Hpd, and Hpt  {he oxidant. This is consistent with the low oxovanadium¢V)
belong to the alcohol groups. To ensure mononuclear config- 5yovanadium(1V) reduction potentials of the complexes (vide
uration we used the strategy of blocking three oxovanadium jufrq).
coordination positions leaving just two (assuming hexacoordi-  The new species incorporating Hpénd Hpt- chelation
nation) for possible chelation by alcohol/alkoxidic functions. synthesized in the present work are listed in Table 1 along with
Sallicylaldimines of §-amino acids (glycine,-alanine,-valine, selected spectral data. The=\D stretch occurs as a sharp
andL-phenylalanine) have been used. These have also providedpense peak in the frequency range 9885 cnt?, suggesting
an opportunity for monitoring the effect of coligand chirality  hexacoordinatio®® Carboxylate monocoordination is apparent

(12) (a) Hirao, T.; Mori, M.; Ohshiro, YJ. Org. Chem199Q 55, 358. (b) from the presence of one symmetri¢1300 cm) and two
) . ) . 3y . . y . H 1 ~ 1 .
Hirao, T.; Fujii, T.; Tanaka, T.; Ohshiro, YJ. Chem. Soc., Perkin asymmetric {1620 cm* and ~1660 cn1Y) stretching

Trans 11994 1, 3.
(13) (a) Lindquist, R. N.; Lynn, Jr., J. L.; Lienhard, G. E.Am. Chem. (16) (a) Mondal, S.; Dutta, S.; Chakravorty, A.Chem. Soc., Dalton Trans.

Soc.1973 95, 8762. (b) Crans, D. C.; Simone, C. M.; Blanchard, J. 1995 1115. (b) Mondal, S.; Ghosh, P.; Chakravorty Iforg. Chem.
S.J. Am. Chem. Sod 992 114 4926. (c) Drueckhammer, D. G; 1997 36, 59. (c) Dutta, S.; Basu, P.; Chakravorty, lorg. Chem.
Durrwachter, J. R.; Pederson, R. L.; Crans, D. C.; Daniels, L.; Wong, 1993 32, 5343. (d) Chakravarty, J.; Dutta, S.; ChakravortyJAChem.
C. H.J. Org. Chem1989 54, 70. (d) Gresser, M. J.; Tracey, A. S. In Soc., Dalton Transl993 2857. (e) Chakravarty, J.; Dutta, S.; Chandra,
Vanadium in Biological System<£hasteen, N. D., Ed.; Kluwer S. K,; Basu, P.; Chakravorty, Anorg. Chem.1993 32, 4249. (f)
Academic Publishers: Boston, MA, 1990; p 63. (e) Nour-Eldeen, A. Chakravarty, J.; Dutta, S.; Dey, A.; Chakravorty, A.Chem. Soc.,
F.; Craig, M. M.; Gresser, M. Jl. Biol. Chem.1986 260, 6836. Dalton Trans.1994 557.
(14) (a) Arber, J. M.; de Boer, E.; Garner, C. D.; Hasnain, S. S.; Wever, (17) (a) Mukherjee, A. K.; Ray, R. Indian Chem. Sod.955 32, 505. (b)
R. Biochemistryl989 28, 7968. Hamalainen, R.; Turpeinen, U.; Ahlgren, Mcta Crystallogr., Sect.
(15) (a) Posner, B. I.; Faure, R.; Burgess, J. W.; Bevan, A. P.; Lachance, C 1985 41, 1726.
D.; Zhang- Sun, G.; Fantus, |. G.; Ng, J. B.; Hall, D. A.; Soo Lum, (18) Theriot, L. J.; Carlisle, G. O.; Hu, H. J. Inorg. Nucl. Chem1969
B.; Shaver, AJ. Biol. Chem1994 269, 4596. (b) Stankiewicz, P. J.; 31, 2841.
Tracey, A. S.; Crans, D. QVietal lons in Biological Systemsigel, (19) Frausta da Silva, J. J. R.; Wooton, R.; Gillard, RJDChem. Soc. A

H., Sigel, A., Eds.; Marcel Dekker, Inc.: NewYork, 1995; p 287. 197Q 3369.
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Figure 1. CD spectra of VO(-asal)(Hpt) (—) and VO({-vsal)(Hpt)
(- - -) in dry dimethyl sulfoxide solution.

modesi* The aICOhOI'C_GH stretch occgrs as a broad ba.nd Figure 3. Perspective view and atom-labeling scheme of VO(gsal)-
near 3200 cm' suggesting engagement in hydrogen bonding. (,pt). All non-hydrogen atoms are represented by their 30% probability
These structural features are fully consistent with the X-ray work ellipsoids.
reported below.

In UV —vis spectra of the complexes an intense band occur
in the region 346-350 nm associated with a relatively weak

Table 2. Selected Bond Lengths (A) and Angles (deg) for
VO(gsal)(Hpd) and VO(gsal)(#Pt)

band/shoulder (486500 nm). The latter is probably of VO(gsal)(Hpd) VO(gsal)(kpt)
O(alkoxide)— V LMCT origin.”'* Bond length data:fde Distances
infra) reveal that the complexes indeed involve strong O(alkox- V-01 1.591(3) 1.580(5)
ide) — V z-donation. The complexes having chiral Asal x:gi i'ggg(? 1-223(2)
ligands are optically active in solution and display characteristic V—_05 2'328233 2'312553
CD spectra. Two representative spectra are displayed in Figure  y_og 1.771(3) 1.792(4)
1. Inthe LMCT region, there is a prominent positive peak near V—N 2.098(3) 2.077(6)
500 nm associated with a weaker negative peak420 nm. 02-Cl 1.297(5) 1.299(8)
The retention of solution optical activity is significant in 03-Cl 1.218(5) 1.234(9)
relation to diastereoisomeric equilibria considered in a later Angles
section. 01-V-02 101.8(1) 97.5(2)
B. Crystal and Molecular Structure. a. Coordination 81:&:82 23-22(71) 99.1(2)
. 7(2) 178.4(2)
Sphere and the Asal™ Ligand. The structures of VO(gsal)- 01-V—06 101.7(2) 100.7(2)
(Hpd) and VO(gsal)(kbt) have been determined. Views of the 02-VvV—-04 153.4(1) 157.0(2)
two molecules are shown in Figures 2 and 3, and selected bond 02-V-05 80.0(1) 81.5(2)
parameters are listed in Table 2. The vanadium coordination =~ ©2-V—06 89.2(1) 92.1(2)
sphere V@N has a severely distorted octahedral geometry in 84_V_05 78.0(1) 82.2(2)

) : . 4-V—06 103.7(1) 100.3(2)
either casethe metal atom being displacedd.3 A from the 05-V—06 85.3(1) 78.2(2)
plane (mean deviatior0.05 A) of the 04, 02, 06, and N atoms 01-V—N 93.7(1) 101.9(2)
toward the oxo oxygen atom O1. The tridentate meridionally 02-V—N 76.9(1) 76.3(2)
disposed gsét ligand is constituted of two excellently planar 04-V-N 84.6(1) 84.9(2)
segments (O@,CHN and CCQ; mean deviation<0.04 A); O5-V-N 79.8(1) 79.1(2)

the dihedral angles between them are 26.0 and°35.VO- 06-V-N 161.1(1) 155.7(2)

(gsal)(Hpd) and VO(gsal)(#bt), respectively. b. Alkoxidic Chelate Rings. The Hpd™ and Hypt~ ligands

(20) (@) Carrano, C. J.. Bonadies, J.AAm. Chem. So0986 108 4088. bind respectively in the six-membered and five-membered
(b) Holmes, S.; Carrano, C.lhorg. Chem1991, 30, 1231. (c) Mohan, chelate moded and2. In VO(gsal)(Hpd) all the 14 H atoms
M.; Holmes, S. M.; Butcher, R. J.; Jasinski, J. P.; Carrano, {Dodg. in the complex were directly located in difference maps. The

ngo?élgla—?xz s;lozoé.g-uﬁfj)cﬁgass-w'32‘;%"% 5';'-; 45M2éta5“t°v Ki 05 and 06 atoms of the V(Hpd) fragment are respectively
(21) Kavanagh, B. Steed, J. W.; Tocher, D.JAChem. Soc., Dalton Trans.  @lcoholic and alkoxidic in nature. The-vO6 bond, 1.771(3)

1993 327. A, is much shorter than the ¥O5 bond, 2.328(3) A. It is
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logical that the alcoholic donor rather than the stronger alkoxidic
donor lies trans to the oxo oxygen. This decreases competition

Mondal et al.

Table 3. 5V NMR Spectral Data in Dimethytls Sulfoxide at 300
K

between alkoxidic and oxo oxygen atoms for the same acceptor

orbitals of the metal in O— V type donation. The six-
membered chelate ring has a distorted chair conformation.

In the case of VO(gsal)(}ht) none of the Hpt~ hydrogen
atoms could be directly located. It is however clear from the
bond length trends Y06, 1.792(4) A, and V05, 2.312(5)

A, that the oxygen atoms 06 and O5 are respectively alkoxidic
and alcoholic in nature. Secondary alkoxides are better donors
than primary alkoxides, and the present complex indeed involves
secondary alkoxidic binding (¥O6). This factor as well as
the inherently superior stability (vide infra) of the five-membered

chelate ring as compared to the possible six-membered alterna-

tive, 5, leads exclusively to the chelation moge In effect
glycerol binds as a substituted ethane-1,2-diol rather than a
substituted propane-1,3-diol.

OH

c. Hydrogen Bonding. Both the complexes are inter-
molecularly hydrogen bonded into infinite patterns. In VO-
(gsal)(Hpd) the bonding involves the alcoholic oxygen atom
05 of one molecule and the uncoordinated carboxylate oxygen
atom O3 of a second molecule as@nthe internuclear O5:

6

03 distance being 2.745(10) A. In the case of VO(gsab(H
the pendent—CH,OH oxygen atom O7 of one molecule
interlinks O5 and O3 atoms of two adjacent molecules &5 in
the O%--O3 and O7--O5 lengths being 2.611(11) and
2.657(13) A, respectively.

C. Solution Structure. The 5%V NMR spectra of the
complexes in dry dimethyds sulfoxide solution have been found
to be uniquely useful in revealing two aspects of solution
structure: (i) size of the alkoxidic chelate rings; (ii) diastereo-
isomeric equilibria for species having optically active Asal
ligands. Chemical shift data are listed in Table 3, and
representative spectra are shown in Figure 4.

a. Ring Size. In the case of complexes of the achiral gsal
ligand only a singlév NMR resonance is observed. In VO-
(gsal)(Hpd) having the six-membered chelate ringhe 5V
chemical shift is—550 ppm, while, in the ethane-1,2-diol
complex VO(gsal)(Hed), having the five-membered chelate ring
8, itis —531 ppm. Interestingly in the glycerol complex VO-
(gsal)(Hppt) the shift,—529 ppm, lies close to that of VO(gsal)-
(Hed) and there is no signal neab50 ppm. The rationale is

compd olppm K

VO(gsal)(Hed) —531

VO(L-asal)(Hed) —524a —534 25
VO(L-vsal)(Hed) —5252 —535 31.4
VO(L-psal)(Hed) —522a -538 3.8
VO(gsal)(Hpt) —529

VO(L-asal)(Hpt) —5232 —534 6.1
VO(L-vsal)(Hpt) —5222 -539 40.5
VO(L-psal)(Hpt) —5202 —535° 8.3
VO(gsal)(Hpd) —550

VO(L-asal)(Hpd) ~5492 —556 1.7
VO(L-vsal)(Hpd) —5472 —55@ 10.9
VO(L-psal)(Hpd) —5442 —556 2.3

aExo configuration? Endo configuration.

a endo p endo
exo
exo
T T AT T T T
-540 -S580 -500 -S40 -580
l J[
T | T A~ T T LB T
-S40 -580 -500 -S540 -580
$,ppm

Figure 4. 5V NMR spectra of (a) VQ(-asal)(Hpd), (b) VO(-psal)(H-
pt), (c) VO(gsal)(Hpd), and (d) VO(gsal)gpt) in dry dimethylés
sulfoxide.

\@/
HO
8

that the glycerol complex has the five-membered chelate ring
2 in solution as well.

b. Diastereoisomerism. In the complexes with chiral Asal
ligands two distinct?V resonances of unequal intensity are
generally observed (Table 3). Again the chemical shifts in the
six-membered Hpd complexes (near-547 ppm and—556
ppm) are more negative than those of the five-membered
Hed and Hpt~ species (near522 ppm and-535 ppm). The
metal site in the present complexes is inherently asymmetric.
When Asal™ is chiral, two diastereoisomeric forms are thus
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Table 4. Proton NMR Spectral Datd& in Dimethyl-ds Sulfoxide |5, ppm @, Hz)]

compds H2 H3 H10 H11 H12
VO(gsal)(Hpt) 4.55 (d$ 19.2), 5.09 (¢,19.2) 8.87s 3.64m 491m 3.32m
VO(L-asal)(Hpt) 4.56'(q, 7.2), 4.738(q, 7.2) 8.80s,8.92s 3.80m 476 m 3.48m
VO(L-vsal)(Hppt) 4.158(d, 7.3), 4.26(d, 7.3) 8.81s,8.95s 3.54m 478 m 3.37m
VO(L-psal)(Hpt) 4.63'(dd, 10.0, 5.0), 4.99dd, 10.0, 5.0) 7.87s,7.64s 3.78m 4.80m 3.56m
VO(gsal)(Hpd) 4.54 (4,19.6), 4.91 (¢,19.6) 8.74s 3.61m 1.99m 5.54m
VO(L-asal)(Hpd) 4.54(q, 7.0), 4.69(q, 7.0) 8.768s,8.87s 3.60m 1.98m 5.54m
VO(L-vsal)(Hpd) 4.19(d, 7.2), 4.22(d, 7.2) 8.78s,8.93s 347m 1.98m 5.52m
VO(L-psal)(Hpd) 4.58(dd, 10.0, 5.0), 4.89dd, 10.0, 5.0) 7.8%5,7.76s 3.56m 1.99m 5,58 m

aThe numbering system corresponds to that in Figures 2 and 3, e.g., H2 represents proton(s) attachedite €zmical shift values of free
alcohol P, ppm @, Hz)] are follows. Hpd: 1-CH and 3-CH, 3.45 (g, 6.5); 2-Ch 1.57 (gn, 6.5); 1-OH and 3-OH, 4.41 (t, 5.0)sptt 1-CH,
2-CH, and 3-CH, 3.33 m; 1-OH and 3-OH, 4.42 (t, 5.7); 2-OH, 4.49 (d, 4.7} singlet; d= doublet; t= triplet; q = quartet; gn= quintet; m
= multiplet. ¢ The two H protons are inequivalent.Endo configuration® Exo configuration.

possible. These can be conveniently represented asSesuuld atom as depicted by the dotted vectorandj in 9 and 10.
These interactions can vary significantly between the exo and
endo configurations because the Asdigand is not planar but
has two separate planar regions @IGCHN and CCQ)
intersecting along an NC bond; vide supra.

An estimate of the above-noted steric effect can be made
using the structure of the chiral complex VO(psal)(Hed) which
is exclusively endo9, in the crystalline staté8 The exo
configuration10 was generated fror. The values of the
andj vectors are respectively 3.14(1) and 3.22(1) AQiand
2.88(1) and 2.71(1) A id0. The interactions are thus strongly
repulsive in the exo form, the van der Waals r&diif carbon
and oxygen being 1.70 and 1.50 A, respectively. The unfavor-
able exo form is not at all observed in the crystalline state, and
it is only a minor equilibrium contributor in mobile solutions.

As the R group becomes bulkier, the repulsive interactions
in the exo form evidently increase progressively diminishing
its equilibrium concentration of this form. The dihedral angle
between the planar parts of A3alligand is ~10° lower in
VO(gsal)(Hpd) compared to that in VO(gsal}t); vide supra.
The six-membered chelate ring (typg is effectively bulkier
than the five-membered counterpart (ty)eending to flatten
the Asaf~ ligand and thus decreasing the repulsive interactions
in the exo configuration. The observed dependencds ofi

endo

9

exo 10 forms corresponding to the two different relative
positions of the R substituent in the amino acid residue and the
oxovanadium oxygen atom (only the first carbon atom of R is
shown in9 and 10). The interconversion betweehand 10
implies inversion of the substitution-labile vanadium site.
Endo and exo forms can also arise due to Asaarbon
inversion as representedii and12. Here9 and12are related

endo exo the R group and on the alkoxidic chelate ring size are thus
N 12 internally consistent.
) _ ) Diastereoisomers are also observable in the case of certain
by carbon inversion and so ai® and11. In effect1lis the signals in’H NMR (Table 4). A representative example is

enantiomer 0B and12 that of 10. However carbon inversion  shown in Figure 5a. Equilibrium constants (300 K) calculated
of the above type would be energetically very unfavorable and from signal intensities are as follows: ViO&sal)(Hpt), 6.2;

is unlikely to occur in the present situation. The lack of carbon vo(L-vsal)(Hupt), 40.0; VO(-psal)(Hpt), 8.3; VO(-asal)(Hpd),
racemization is proven by the retention of optical activity as 1.7; vO(-vsal)(Hpd), 10.7; VO(-psal)(Hpd), 2.1. The values

revealed by circular dichroism of the chiral complexes, vide agree satisfactorily with those (Table 3) derived friivi NMR
supra. The relevant endo and exo forms are Shasd10 in data23

which the chiral carbon retains tiseonfiguration of the parent

. . D. Reactions. a. Alkoxide Hydrolysis. In dimethyl-d
L-amino acid.

h 51 ianed to th d sulfoxide solution, the methylene and methidd NMR
The two®'V resonances are assigned to the edand exo, resonances of coordinated Hpdnd Hpt~ are systematically

1.0’ isom_ers exis_ting in_ equilibrium in solution. The stronger gpigreq 1o lower fields compared to those of the corresponding
signal lying at higher field corresponds to the endo form, see e 5icohols, Table 4. In particular the shift of the bound
below. From the relative intensities of the two resonances the alkoxidic signal can be as large as 2 ppm. This has provided

equilibrium constant, eq 1, has been computed (Table 3, , c,nyenient tool for identifying the possible hydrolysis of the
K = [endo]/[ex0] 1) bound alkoxphc ligand. _The VO(Asal)(Hpd) complexes mdeed
undergo partial hydrolysis even when the solvent is only slightly
estimated error in K is 10%). Thevalues are found to depend  wet (~0.5% HO). A representative example is shown in Figure
on the R group in the order Me CH,Ph < CHMe, and on the
alkoxidic chelate ring in the order six-membered five- (22) Bondi, A.J. Phys. Cheml964 68, 441.
membered. (23) In an earlier repaoft on VO(L-psal)(Hed), Qiastereloisomers were not
These trends are consistent with steric control, the two crucial ~ detected in théH NMR. However following the®'v NMR results
. . . . (Table 3) a more careful examination of th¢ NMR spectra have
nonbonded interactions being those of the R group with the

- g been made revealing that the diastereoisomeric signals are actually
uncoordinated carboxyl oxygen atom and the azomethine carbon  present.
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Figure 5. (a)H NMR spectrum of VO(-psal)(Hpt) showing isomeric
H2 and H3 signals in dimethyds sulfoxide. (b) Methylene signals of
VO(gsal)(Hpd) dissolved in dimethyls sulfoxide solution containing
~0.5% water. Resonances i and iii correspond to the free diol while ii,
iv, and v correspond to chelated diolate{(2O*,0?.

5b. The hydrolysis can be suppressed by addiggdHo the
solution. The VO(Asal)(kbt) complexes are much less prone

Mondal et al.

important finding is the endeexo @—10) isomerism in solution
for the species incorporating chiral salicylaldimines. The steric
factors controlling the equilibriumbulk of the amino acid R
group and the alkoxidic ring sizehave been analyzed. The
root of the phenomenon lies in the folded nature of the
salicylaldime ligand.

The alkoxidic chelate ring is susceptible to hydrolysis in moist
solvents, the six-membered riddeing more easily hydrolyzed.
The low oxovanadium(\¥oxovanadium(lV) reduction potential
reflects the strong stabilization of pentavalent state by alkoxide
coordination.

Experimental Section

Materials. Electrochemical grade dry dimethyl sulfoxide, methanol,
and tetraethylammonium perchlorate were obtained as b&fosdl
other chemicals and solvents were of analytical grade and used as
received.

Physical Measurements. 5V NMR spectra were recorded on a
Varian spectrometer of 78.8 MHz and 26, referenced to VOGlas
the external reference. Proton NMR spectra were recorded on Bruker
FT spectrometers, infrared spectra on a Perkin-Elmer 783 spectro-
photometer, electronic spectra on a Hitachi 330 spectrophotometer, and
CD spectra on a JASCO 500 spectropolarimeter. Electrochemical
measurements were performed on a PAR model 370-4 system as
previously?> All potentials reported in this work are uncorrected for
junction contribution. Most solution experiments were performed in
dry dimethyl sulfoxide incorporating-510% of the relevant free alcohol
to supress the possible hydrolysis. The alcohol was not added only in
IH NMR experiments in which the hydrolysis phenomenon itself was
under scrutiny. A Perkin-Elmer elemental analyzer was used to collect
microanalytical data (C, H, N).

Preparation of Complexes The VO(Asal)(Hed) complexes were
prepared by a reportégrocedure. The VO(Asal)(gt) and VO(Asal)-

to hydrolysis, and in the same wet solvent as noted above there(Hpd) complexes were prepared by using a general method with

is no sign of formation of free pt. Thus the five-membered
chelate ring2 has superior hydrolytic stability compared to the
six-membered chelate riny The reported difficult§d-1cdin

generation of vanadate esters incorporating propane-1,3-dio
chelation in aqueous media is thus understandable. To ensur

prevention of hydrolysis, solution studies of the present
complexes were usually carried out in dry dimethyl sulfoxide
containing 5-10% of the relevant free alcohol.

b. Metal Redox. All the complexes reported in this work
are electroactive at platinum in dimethyl sulfoxide solution. A
guasireversible one-electron response is observed-r@arV
vs SCE. TheEy); values (Table 1) of the glycerol complexes

are slightly more negative than those of the propane-1,3-diol

complexes. The couple is assigned tYO~V'VO redox. In
the synthesis of the present complexes froQ(Asal)(HO)
the metal oxidation state increases by one unif O/~ VVO).

Oxygen of air can spontaneously act as the oxidizing agent

VO(Asal)(H,0)*16719 as the starting material. Details are given below
for two representative cases. The synthesized complexes generally have
good solubility in dimethyl sulfoxide but not in halocarbons and

|alcohols.
e (Propane-1,2,3-triolato(l-)-O*, 0% oxo(N-salicylidenet -valinato)-

vanadium(V), VO(L-vsal)(Hzpt). To a methanolic solution (15 mL)

of VO(L-vsal)(HO) (0.10 g, 0.33 mmol) was added propane-1,2,3-
triol (1.23 g, 13.37 mmol; 1 mL). A dark red solution was formed.
On slow evaporation in air at room temperature it afforded a deep brown
crystalline compound. It was filtered off, washed thoroughly with
water, and dried ivacuoover BOjo. Yield: 0.11 g (90%). Anal.
Calcd for GsH2oNOV: C, 47.74; H, 5.30; N, 3.71. Found: C, 47.64;
H, 5.33; N, 3.73.

The compounds VO(gsal)@dt), VO(L-asal)(Hpt) and VO(-psal)-
(Hzpt), were prepared similarly in 86%, 78%, and 84% yield,
respectively. Anal. Calcd for VO(gsal)gpt), CioH14NO7V: C, 42.99;

H, 4.18; N, 4.18. Found: C, 43.06; H, 4.22; N, 4.12. Calcd for VO-
(L-asal)(Hpt), CisH1NO7V: C, 44.70; H, 4.58; N, 4.01. Found: C,
44.83; H, 4.51; N, 4.06. Calcd for VO{psal)(Hpt), CioH20NO7V: C,

because the metal reduction potentials of the species formedsz 64: H 4.70: N, 3.29. Found: C, 53.52: H. 4.77: N, 3.26.

are so low. Alkoxide formation greatly stabilizes the oxo-
vanadium(V) state.

Concluding Remarks

The main findings of this work can now be summarized. The

first oxovanadium alkoxides incorporating chelation by propane-

(Propane-1,3-diolato(1-)-0*% 0?)oxo(N-salicylidene+ -alaninato)-
vanadium(V), VO(L-asal)(Hpd). A 0.10 g (0.36 mmol) sample of
VO(L-asal)(OH) was dissolved in 15 mL of methanol. To the resulting
light red solution was added 1 mL (1.05 g, 13.82 mmol) of propane-
1,3-diol, and the mixture was warmed on water bath for a few minutes.
The resulting dark red solution was slowly evaporated in air at room
temperature affording a deep brown crystalline compound. It was

1,3-diol and glycerol in the six-membered and five-membered filtered off, washed thoroughly with water, and dried:acuo over

modesl and 2, respectively, have realized and characterized.

P4O10. Yield: 0.10 g (85%). Anal. Calcd for fgH16NOsV: C, 46.85;

Crucial to this synthetic success has been the utilization of H. 4.80; N, 4.20. Found: C, 46.94; H, 4.75/ N, 4.26.

salicylaldimines ofa-amino acids as coligands.

51 NMR data have been successfully utilized to reveal that (24 D“7tt3a' D.; Mascharak, P. K.; Chakravorty, lAorg. Chem1981, 20,

the chelate ring4 and2 are conserved in solution and glycerol
does not form the six-membered ririgat all. The more

(25) Charidra, S. K,; Basu, P.; Ray, D.; Pal, S.; Chakravortylnarg.
Chem.199Q 29, 2423.



Vanadate Esters

The compounds VO(gsal)(Hpd), VOysal)(Hpd), and VQ(-psal)-
(Hpd) were prepared similarly in 82%, 85%, and 87% yield, respec-
tively. Anal. Calcd for VO(gsal)(Hpd), GH14aNOgV: C, 45.14; H,
4.39; N, 4.39. Found: C, 45.26; H, 4.55; N, 4.30. Calcd for MO(
vsal)(Hpd), GsH20NOgV: C, 49.86; H, 5.54; N, 3.88. Found: C, 49.73;
H, 5.47; N, 3.92. Calcd for VQ¢psal)(Hpd), GoH20NOgV: C, 55.74;

H, 4.88; N, 3.42. Found: C, 55.86; H, 4.80; N, 3.47.

Determination of Equilibrium Constants. The equilibrium con-
stant K in eq 1) was determined from integration of the relevaut
and 'H NMR signals at 300 K. The solute was dissolved in dry
dimethyl-ds sulfoxide (Aldrich). The solute concentration was varied
in the range (0.020.06) x 10~ M. For a given system the maximum
variation of the equilibrium constant from measurement to measurement
was within 10%. Each value in Table 3 is the average of at least three
measurements. Test measurements were also performed by addin
excess free diol/triol-¢1072 M) to the solution in order to supress any
possible hydrolysis. This did not affect the valuekato any significant

extent. Representative data for one system are given in Table S12

(Supporting Information).

Computer Generation of Endo and Exo Configurations (9-12).
The configuratior® was taken from the experimentally determined endo
structure of VO(-psal)(Hed)? Its enantiomerll was generated by
inverting in an orthogonal coordinate system. The configuration
was generated frorhl by interchanging the positions of the H and the
pendant-C groups on the chiral C atom followed by adjustmentdfiC
and C-C bond lengths to 0.95 and 1.55 A, respectively. Finall,
was generated by invertintQ. The programs of SHELXTL-PLUB
were used.

X-ray Structure Determination. Crystals of VO(gsal)(Hpd) (0.3
x 0.3 x 0.4 mm) and VO(gsal)(kpt) (0.4 x 0.3 x 0.2 mm) were
grown by slow evaporation of a methanolic solution. For both

complexes cell parameters were determined by a least-squares fit of

30 machine-centered reflectionsf(215—-30°). Data were collected

by the w-scan method in the@range 3-50° on a Nicolet R3m/V
diffractometer with graphite-monochromated Ma Kadiation ¢ =
0.710 73 A). Two check reflections measured after every 98 reflections
showed no significant intensity reduction. Data were corrected for
Lorentz—polarization effects, and an empirical absorption correction

was performed on both sets of data on the basis of azimuthal scans of

six reflections’” Systematic absences led to the identification of the
space group aB2,/n for VO(gsal)(Hpd) and &@2./c for VO(gsal)(H-
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Table 5. Crystallographic Data for VO(gsal)(Hpd) and
VO(gsal)(HPt)

VO(gsal)(Hpd) VO(gsal)(kpt)
chem formula @H1ANOgV C1oH1aNOV
fw 319.2 334.2
space group P2:/n P2i/c
a, 9.229(5) 10.962(6)
b, A 12.655(6) 9.544(4)

c, A 11.478(4) 13.323(5)

B, deg 99.61(4) 102.67(4)

vV, A3 1321(1) 1360(1)

Z 4 4

T,°C 22 22

A, A 0.710 73 0.71073
g Pobss g CNT3 1.610 1.640

Pealcs g CNT3 1.606 1.637

u, et 7.76 7.65

R2% 4.14 4.96

Ru.? % 4.15 5.04

3R = Y[|Fol — IFcll/Y|Fol. "Ry = [IW(IFo| — [Fc)ZIWIFo[AY2
w1 = 0?(|F,|) + g|F.|% unit weights for VO(gsal)(Hpd) angl= 0.0005
for VO(gsal)(Hpt).

were solved by direct methods and were refined by full-matrix least-
squares procedures making all non-hydrogen atoms anisotropic. All
the hydrogen atoms of VO(gsal)(Hpd) and a few gshidrogen atoms

of VO(gsal)(Hpt) were directly located in difference Fourier maps.
The remaining hydrogen atoms of VO(gsali) were included in
calculated positions with fixetd (=0.08 A?). The highest difference
Fourier peak for VO(gsal)(Hpd) is 0.37 elfand for VO(gsal)(H

pt)2 it is 0.33 e/B. Significant crystal data are listed in Table 5.
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pt). For VO(gsal)(Hpd), 2605 reflections were collected, 2291 were
unique, and 1778 satisfyidg> 3.00(l) were used for structure solution.
In the case of VO(gsal)(}bt) the corresponding numbers are 2038,
1789, and 1202 (satisfying> 3.00(1)), respectively.

All calculations for data reduction, structure solution, and refinement
were done on a MicroVAXII computer with the programs of SHELXTL-
PLUS?¢ Both the structures of VO(gsal)(Hpd) and VO(gsahgti

(26) Sheldrick, G. M.SHELXTL-PLUS 88, Structure Determination
Software ProgramsNicolet Instrument Corp.: Madison, WI, 1988.

(27) North, A. C. T.; Philips, D. C.; Mathews, F. &cta Crystallogr.,
Sect. A1968 24, 351.

(28) In VO(gsal)(Hpt), two Hpt ~ carbons, C10 and C11, display 2-fold
disorder which may have arise due to C11 becoming chiral upon
chelation. The metal atom is a second chiral center making a
diastereoisomeric situation feasible.



