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Several new peroxo complexes of molybdenum(VI), uranium(VI), zirconium(IV) and thorium(IV)
containing some bidentate amino acids have been synthesized and characterized. The complexes
have the general formulae [M(O)(02)L;J and [M'(02)Lil, [MO(O)(02)I.:2-HPJ and
[M'(02)I.:2-HP][M=Mo(VI) and U(VI); M'=Zr(IV) and Th(IV); L - =glycinate, leucinate:
1..:2- = tyrosinate]. The complexes react with trans-stilbene, PPh, and AsPh" giving their oxide~_The
IR spectra of the complexes indicate that the frequency of the vI-mode of the M(O> grouping.
which is essentially an 0 - 0 stretch decrease with an increase in the atomic number of metal in a
group.

There has been a great deal of interest in the per
oxo complexes of transition metals because of
their intriguing coordination chemistry as well as
their role as oxidants in synthetic organic and in
organic chemistry I - 13. The labilities of the coordi
nated peroxides depend both on the metal ions
and the auxiliary ligands used' - I'. We have previ
ously reported peroxo complexes of metals of
groups IVA and VIA containing monodentatc- to
quadridentate-organic moieties':-- I'. No attempt
appears to have been made so far to isolate per
oxo complexes of transition metals containing am
ino acids as ancillary ligands. We present here the
synthesis of peroxo complexes of molybdenum(VI),
uranium(VI), zirconium(IV) and thorium(IV) ions
containing glycine, leucine or tyrosine as organic
ligands and some of their oxygen transfer reac
tions. An attempt has also been made to study the
effect of the size of the metal ions on the v1(O - 0)
modes of the complexes in their IR spectra.

Materials and Methods
All chemicals used were of BDH Chemicals of

reagent grade and were used as supplied.

General method for the preparation of[Mo(O)(02)
(L-h] (1 and 3) and [Mo(O)(Oz)(V-).HzO]
[L = glycine or leucine; L;= tyrosine] (4)

The amino acid L (0.02 mol) was dissolved in
ethanol (60 cm·1) and was treated with potassium
hydroxide (0.02 mol). The solution was cooled

and to it was added, a solution of MoO, (OJ)1

mol) in 30% H20z (75 em'). The mixture was
cooled in an ice-salt bath. The resulting precipit
ate was separated, washed with ether and dried in
vacuo over P40IO. The complex 4 was prepared
similarly using equimolar quantities of tyrosine
and MoO"

General method for the preparation of [{~Oil ().:
(L )j L= glycine and leucine] (2 and 8)

The amino acid L (0.01 mol) was dissolved in a
solution of potassium hydroxide (0.01 mol) in
30% H202 (80 cm3). The solution was cooled and
to it was added a solution of U02(NO,)z.6HzO
(0.005 mol) in ethanol (60 em'). The mixture was
cooled in an ice-salt bath. The crystals so ob
tained were removed by filtration, washed with
ether and dried in vacuo over P-l011I'

General method for the preparation 01

[M(OJL'z-.11z0] (5 and 7)and [Th(()"/~· 6
[M = ZrlJV) and TliJV); L= leucine; [; = tyrosine!

The amino acid L or L' (0.0 I mol) was added
to a solution of potassium hydroxide (0.01 mol) in
30% H202 (80 cm3). The solution was cooled and
to it was added a solution of stoichiometric

amount of M(N03)4.4H20 in ethanol (50 em').
The complexes obtained were removed by filtra
tion, washed with ether and dried in vacuo over
P40IO•

The analyticl! data for the (:omplcxes ar,,' sum
mariscd in Tahle I.
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Table 1 - Analytical a

d molar conductance data for the complexes

Complex

Found (Calc.) %Molar conductance
(Q-'cm2mol-')C

HN

[Mo(O)(02)(NH2CH2COO)z] ~1)
16.41

2.719.48 0

(16.45)
(2.76)(9.59)

[U(O)(02)(NH2CH2COO- hJ (t)
11.00

1.856.41 2

(11.01)
(1.86)(6.45)

IM~OXO'XC'H'CHICH'ICH{NH')CJD hi 13:

35.61
5.786.89 4

(35.65)
(5.98)(6.93)

[Mo(O)(02)(-OC6H4CH2CH(NH2)CO )H2O](4)

31.453.114.10

(31.69)
(3.25)(4.11 )

[Z,ID, II- OC,H,CH,CH(NH,ICOO -iH,o I(5:

33.70
3.434.34 0

(33.74)
(3.46)(4.37)

[Th(02)(C2HsCH(CH3)CH(NH2)CO -lz](6)

27.454.525.22 0

(27.49)
(4.61 )(5.34)

IThlD,I( - OC,H,CH ,CHINII,)COO j' 1,0I(7:

23.23
2.403.00

(~~.44)

(2.40)(3.04)

[U(O((02)(C2H5CH(CHj)CH(NH2)C 0 hi (8)

26.214.245.11 2

(26.38)
(4.43)(5.13)

Reacti0'10f1 with tran'rstilbene\Reaction )
trans-Stilbene (1.8 g, 0.01 mol) was add d to a

suspensipn of 1 (2.9 g, 0.01 mol) in CH2 12 (150
eml). Tl1e mixture was stirred under reflux and

the pro~ress of the reaction was monit red byTLC. After 36 hr of retlux TLC indicated a com
plc1:CcotlVcrsion of stilbene to its oxide. T e solu
tion wa~ filtcred, the filtrate evaporated nd the
residue extracted with ether. Evaporation of the
extract ~ielded 1.75 g of tran'rstilbene oxi e, m.p.
6J-65°q [Found: C, 85.55; H, 6.00; , 8.12.
Calc. forC1-lHI20: C, 85.71; H, 6.12; 0,8.1 %].

ReacliOil of2 with tran'r stilbene (Reaction
/)''(/fl\~$tilbene (1.4 g, 0.005 mol) was ad

suspensibn of 2 (2.17 g, 0.005 mol in H2CI2

(100 cm'). The mixture was stirred unde retlux
and the progress of the reaction was monitorcd
by TLq which after 24 h of reflux indi atcd a
complet¢ conversion of stilbene to its oxi e. The
solution was filtered, the filtrate evaporat d and
the residue extracted with ether. The evap ration
of the extract yielded 1.35 g of trans-stilb ne ox
ide. Tho product was characterized on the basis
of its m.p. and elemental analyses.

Reac/iOfl....016 with triphenylphosphine (Rea{tion C.)

A solution of triphenylphosphine (13 g 0.005
mol) in THF (35 cml) was added to a sus ension
of (i (2.62 g, 0.005 mol) in the same solv nt (80

cm3). The mixture was retluxed for 24 hr. The
progress of the reaction was monitored by TLC
whieh indicated that the reaction was complete.
The solution was filtered and the residue collect

ed. A yellowish white powder was recovered from
the filtrate which was identified as OPPhl [m.p.
155-15rC(lit.15rC)].

Reaction 018 with Iriphenylarsine (Reaction D)
A solution of triphcnylarsine (1.5 g, 0.005 mol)

in THF (601 cm3) was added to a suspension of 8
(2.73 g, 0.005 mol) in the same solvent (70 cml).
The mixture was rcfluxed for 24 hr. TLC indica

ted that arsine was converted completely to its
oxide. The solution was filtered and the residue
collected. Evaporation of the filtrate yielded the
product [m.p. 187- 188°C (lit. 189°C)].

IR spectra (as KBr pellets) were recorded on a
Pye-Unicam SPJ-300 IR spectrophotometer. The
IH NMR spectra wcre obtained in CDCll on a
Bruker AM 300 instrumcnt using TMS as an in
ternal standard, and mass spectra on an INCOS
50 spectrophotometer operated at 70 eY. Molar
conductivities of 1() ; Ai solutions in dimcthyl
sulphoxide were dctermined at 25°C using a WPA
CM35 conductivity meter fitted with a dip-cell
and platinizcd electrodes.

Results and Discussion

Elcmentali analyses and conductivity data for
the complexes arc prcsented in Table 1. The com-

!I' 'I' I
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Table 2 - Infrared spectral data (in cm - .) for the complexes

Compound

l-{O-H)l-{NH2)l-{C=O)l-{M=O)v.(O-O)VJ(M~g )
/0

l-{M-O')
l-{M-N)v2(M .•..•l>

3195 m

16505920V586556305510m405m3605h
3105m 2

3200w1665 s910vs840s625m505 s400w270s
3110m 3

3180 m1655 vs925 V5870V56355525m410 sh370m
3095 w 4

3090 br3185 m16605920V5860s635m520m415 w375w
3075 m 5

3400br3180m1640 V5 8305670m560m430 sh325m
3075 w 6

3195 m16505 815 vs660m5705395m305w
3090m 7

3410 br3190m1655 vs 820s655 sh540s390m310w
3095 m 8

3210w16705915 V58355635 V5515m405m275m
3115m

plexes are all non-electrolytes in solution suggest
ing that the anions are covalently bonded in all
the cases. These data are consistent with seven
fold coordination of molybdenum(VI) and urani
um(VI) complexes, and six-fold coordination of
zirconium(N) and thorium(N).

IR spectral data are presented in Table 2. In al
kaline medium the amino acids glycine and leu
cine behave as bidentate ligands coordinating via
the amino nitrogen and the carboxylate anions.
Tyrosine is, however, potentially tridentate, coor
dinating via the amino nitrogen, carboxylate anion
and the oxo anion generated during complexation.
This is also apparent from the non-electrolytic na
ture of the complexes. In addition, absence of a
band in the region 3400-3600 cm -I in the spect
ra of the complexes of tyrosine indicates that it
undergoes deprotonation at the - OH end, thus
providing an oxo coordination. An the complexes
have characteristic v(NH2) modes in the region
3075-3195 cm -I, indicating coordination by the
amino nitrogen. This is also evident from the ap
pearance of bands at 275~375 cm-I (Table 2)
which are tentatively attributed to the v(M - N)
mode3-11 (M=Zrlv Thlv MoYl and U ) Com-. " VI'

plexes 1-8 display v(C=O) bands 'at 1640-1670
cm - I, characteristic of carboxylate binding in the
complexes3,5,1O.This is also evident from the ap
pearance of v(M - 0')( 0' = oxygen in organic li
gands) modes at 390-430 cm - I in the far-IR
spectra of the complexes3 - 10.Complexes 1-4 and

8 show diagnostic bands at 910-925 cm - I, attri
butable to v(M = 0) modes3•6.7.9.1O.12.The metal
peroxo grouping (local C2v symmetry) gives rise to
three IR and Raman-active vibrational modes.
These are predominantly 0 - 0 stretching (VI)'

the symmetry M - 0 stretch (v2) and the antisym
metric M - 0 stretch (v3). The characteristic
vl(O-O) modes of 1-8 appear at 815-870 cm-I
(lable 2). In particular, the VI mode decreases upon
passing from molybdenum complexes (1, 3 and
4) (865,870 and 860 cm-I) to the corresponding
uranium complexes (2 and 8) (840 and 835
cm - I). Again, in the case of the peroxo complexes
of the elements of group IIA, there is a decrease
in VI upon passing from the zirconium complex
(5) (830 cm - I) to the thorium complexes (6 and
7) (815 and 820 cm -I). The present study thus
clearly reveals that for the M(02) grouping, the
vl(O-O) mode decreases with an increase in the
atomic number of metal in a particular group.
The present peroxo complexes display v3 and V2

modes at 625-670 and 505-570 cm - I, respecti
vely (Table 2).

Reactivity
To explore the reactivity of the present peroxo

complexes, 1 and 2 were allowed to react with
traw-stilbene while 6 and 8 were used to oxidize

triphenylphosphine and triphenylarsine, respect
ively.

Reactions A and B produced trans-stilbene ox
ide as indicated by a strong IR band near 1060
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Scheme 2

SdleRle I

elll I af;signed to the C - 0 - C stretchi g mode
and th4 methine absorption at 3.8 ppn in the
I H NM~ spectra as required for lrolls-still ene ox
1<1, .. I11l' mass spectra indic;lted rnokc lar ion
pc,t!; ,it 111:- +- I()(1. Expcrimental detail, illdi<:a1l'd
tiLl R~action B was faster than Real' ion A.

\\hich rtncans that the uranium peroxo omlllex
\\ ,,', kin,-ticdly more lahile than ih Ill\)ly 111:nlll11

,liialo;lI!.-. /\ possible reaction path is sl O\\n ill
Sclll'me I.

Reaet,oll C produccd triphcnylphosphin' oxidc.
Thl' IR spectrum of the product showed 1(>= 0
a1 119()icm I (ref. 14). Reaction D. with I ipheny
lar'.inc. i produced triphenylarsinc oxide, a,s was
c\,Llellt ,from the IR band at 880 cm -', . ssigned
to ~\ASI=O)I'. The IR spectra of the me al resi
dues of Rcactions C and D showed th disap
pearancl: of v,(O - 0) bands. A pos'iihle eaction
path is {hO\vn in Schemc 2. In order to ob ain ad
ditional !l'vidence for transfer of peroxo 0 ygen to
PPh ()t AsPh," a blank experiment w IS per
1\lrll1cd ,111 the ahsence of the comple' under
Ilkntlcd condition,_ which failed to give t 1e pro
duct.
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