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Several complexes of the type MCly*B [M = Ti,

Sn; B = N,N'dimethyloxamide (DMO), NN'<di-
methylmalonamide (DEM), N,N'dimethyldithio-
oxamide (DMDTO), N,N'diethyldithiooxamide

(DEDTO); M = Ti, B = N,N'diethyloxamide (DEO)]
have been prepared and characterised. Consideration
of their IR and NMR spectral data allows an evalua-
tion of the type of ligand attachment. In each case
chelation involving either [Q O] or the correspond-
ing [SS] coordination to the metal is discussed. The
complexes are covalent. Where direct comparison is
possible it appears that the S donors are more
strongly bonded to the metal than the corresponding
O donors.

Introduction

Diamides (8 = O) and dithioamides (§ = S) and
their N-substituted derivatives RR'N(8)C—(CH,),—
C(O)NRR' readily form metal complexes. Typical
examples include I: M = Ni(II}); 6 =S;n=0;R=R'=
H; R = HR' = Me [1];7: M = Sb(llD), Bi(111); 6 = §;
=1;R=R'=H;R=H,R =Me;R=H, R = C¢H;
21;H0I: M=Pd(Il); # = S;n = 1; R = Me, R' = Me;
= H, R =H [3];IV: M= Sb(I]])0 S;n=0;R=
, R" = Et [4]. With no Xway structural data
available for such complexes, inferences in favour of
either sulfur (oxygen) and/or nitrogen donation
rely almost exclusively on IR evidence. Shifts in char-
acteristic thioamide bands appear sensitive to the
electronic and steric changes implicit with metal—
ligand bonding [5, 6]. Structural studies of the
ligands oxamide [7], dithiooxamide [8], succinamide
[9] and N,N-dimethyldithiooxamide [10] show that
there is extensive delocalisation within NCO(S)
moieties but not along the carbon—carbon skeleton
between them; bond angles ~120° around N support
trigonal planar hybridisation. Also hydrogen bonding
interfintra is present to varying extents in the solid
phase. N,N-dimethyldithiooxamide, unlike the parent
dithiooxamide, is not planar and has a dihedral
angle SCCS = 91.8° perhaps the direct result of

I’;U'_‘:

reduced H-bonding. Without an accompanying geom-
etry change sp? — sp® or, better still, deprotonation
to generate a formal lone pair at the N sites, a relative
donor ability S(O) > N might be expected. This is
seemingly borne out by the predominance of biden-
tate [OO] and [SS] ligand-metal binding; the
‘mixed” [SN] donation proposed for the Ni(II)-
dithiooxamide complexes I [1] has incipient proton
loss. We can find no examples for the ‘mixed’ [O N]
type in the literature.

In this study we consider the relative donor order
(0) ~ (S) ~ (N) within a representative set of N,N'-
disubstituted-oxamide-thiooxamide, and -malonamide
ligands using titanium(IV) and tin(IV) chlorides as
reference Lewis acids.

Experimental

All manipulations involving the metal complexes
were carried out in a gloved-box flushed with dry,
oxygen-free nitrogen. Solvents (Analar) were stored
over CaH,/P,0; and distilled under nitrogen prior
to use. TiCly and SnCl, were used as supplied com-
mercially. The diamide ligands were prepared by
treatment of the appropriate ethyl ester with either
25% aqueous MeNH, or anhydrous EtNH, in
methanol solutions, eqn. (1).
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N N
C - OEt C —NHR-
(CHpw  + 2RNH, 2%, (CHp)n 42 ELOH ... m
C-0OEt C—-NHR
7 s
d
(a) n=0, R=Me(DMO) R= Et(DEO)
(b) n=1 R= Et(DEM)

Where necessary, the white semi-crystalline
products were recrystallised from MeOH/EtOH/Et,0
solutions. N ,N'-dimethyldithicoxamide (DMDTO)
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TABLE L. Analytical Data of MCl4 B Complexes.
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b

mp® Colour AM 9%C %H %N %Cl
Calcd Found Caled Found Calcd Found Calcd Found
TiCl4-DMO >543 yellow 0.93 15.7 15.7 2.6 2.8 9.2 9.1 464 45.9
SnCly:DMO >524 white 0.77 12.8 13.0 2.2 2.2 7.4 7.6 37.7 376
TiCl4 -DEO >493 yellow 1.41 21.6 21.7 3.6 3.8 8.4 8.4 424 41.1
TiCly -DEM >419 pale yellow  0.09 242 24.0 4.1 4.0 8.1 7.9 40.8 40.1
SnCl, -DEM >473 white 0.44 20.1 20.0 34 34 6.7 6.5 33.8 32.8
TiCl4-DMDTO  >458 orange 1.07 14.2 14.6 24 2.7 8.3 7.9 42.0 41.7
SnCly +DMDTO  >466 pale yellow  1.31 11.8 12.0 2.0 2.1 6.9 6.9 34.7 34.1
TiCl4-DEDTO  >413 orange 0.66 19.7 199 33 33 7.7 7.9 38.7 38.3
SnCly-DEDTO >458 pale yellow  0.82 16.5 16.1 2.8 3.1 6.5 6.3 325 31.8
#Melting with decomposition, (K) uncorrected. b(n_‘ mot~! ¢cm?) in 1073 M solutions in CH3NO,.
TABLE II. Principal IR Bands (cm—l) of MCly*B Complexes.a
v(NH) Thioamide I Thioamide IV v(CO) v(MCl)
v(CN) v(CS)
DMO 3300 (s) 1522 (s, br) 1655 (s, br)
3320 (w) 3270 (s) 368 (vs, br)

TiCl4 -DMO 3220 (m) 3150 (vs) 1578 (m) 1631 (s, br) 303 (m)

276 (w)

. 3325 (w) 3288 (s) 345 (vs, br)

SnClq-DMO 3217 (w) 3150 (m) 1571 (m) 1635 (s, br) 285 (m)
DEO 3290 (vs) 1518 (s) 1650 (vs)

. 3310 (w) 3260 (s) 355 (vs, br)
TiCla+ DEO 3202am3135) 2O 1R 312 ) 290 )
DEM 3292 (vs) 1550 (s, br) 1645 (s, br)

. 340 (vs, br)
TiClq -DEM 3295 (vs) 1575 (m, br) 1630 (vs, br) 273 (m)

3370 (sh) 3340 (sh) 323 (vs, br)
SnCl4-DEM 3300 (vs) 1374 (m, b0 162860 295w
DMDTO 3169 (vs) 1529 (s, br) 870 (vs)

. 370 (vs, br)
TiCly -DMDTO 3225 (vs) 1564 (vs, br) 770 (s) 342 (w) 305 (w)
SnCly sDMDTO 3198 (s) 1568 (s) 792 (s) 315 (vs, br)
DEDTO 3186 (s) 1518 (vs) 842 (s)

I 3260 (s) 3190 (s)

TiCl4*DEDTO 3096 (m) 1572 (vs) 800 (m) 360 (s, br) 285 (w)
SnCl,y *DEDTO 3210 (vs) 3098 (s) 1570 (vs) 793 (s) 310-320 (vs, br)

8%0lid state (mull) spectra; vs, very strong; s, strong; m, medium; w, weak; sh, shoulder; br, broad.

and N,N'diethyldithiooxamide (DEDTOQ) were
prepared by reaction of the corresponding oxo-
species with P4 S;o using a modified route to that of
Hurd et al. [11] as described previously [4]. The
metal complexes were prepared by direct addition of

MCls (M = Ti and Sn) to the appropriate ligand. In
a typical reaction, TiCly (1 cm®, 9.1 mmol) dissolved
in benzene (20 cm?®) was added dropwise to a stirred
solution of DEDTO (1.6 g, 9.1 mmol) in 100 ¢cm3
of benzene. An orange, semi-crystalline solid slowly
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2 deposited. This was collected, washed with benzene
§ and n-hexane and dried in vacuo at room temperature
5 (Yield 3.1 g, 94%). Microanalysis results are listed
=~ in Table I.
% IR spectra were recorded on a Perkin-Elmer 621
| spectrophotometer with samples held as nujol and
3 fluorolube mulls between Csl plates. Conductivity
£ measurements were carried out with a Wayne-Kerr
ok Universal B221 conductance bridge and a cell of
e o a standard design previously calibrated with aqueous
= o 59 KCl solutions. 'H and !'3C NMR spectra were
il’«' fz ,§ 3 recorded as CD3NO, solutions using Briikker WH90
ohs (90 MHz) and Perkin-Elmer R 34 (220 MHz) spectro-
w2 meters.
¥ 32 % g £
- e € % 2 2 Eé ig: Discussion
T8
- g g The metal complexes are listed in Table 1. All
& Eo_é are extremely air-moisture sensitive and, excepting
E 3 2 e g3 a limited solubility in nitromethane do not readily
- A o 2 Ry dissolve in the common organic solvents. Solutions
g 2 in nitromethane are non-conducting. Principal IR
N EN bands are presented in Table II with assignments
] L a g2 following those of Dessyn and Herman [5, 6]. For
“ Q& < E Tg‘ the diamides the low energy shift of the »(CO) band
S5 and the accompanying high energy shift of »(CN)
o = = o ¥ support metal-oxygen [0O] bonding. Equally the
o E\'z 3 3 g3 decrease of »(CS)and a similar increase of »(CN) indi-
g g cates metal-sulphur [SS] bonding in the dithio-
) amides. A cis-octahedral structure (C,,) is proposed
L g E 0
z SE§ b | 8 O_N"
? H T3 hbu <!
- | \8—6\0, \8~0/ ~
o v E 0~ 6\6\.
& S3858 sss| 2%
i TTIIT T2 | v ® OorS
% 28888 43|28
g q ; A single intense »(NH) band is retained in several
2 52 cases eg., TiCly*DEM, TiCl,-DMDTO and SnCl,-
g = 5553 239 |58 DMDTO with a slight increase in frequency: the
© UJZ K232 285 | § g remainder show multiplet #(NH) bands attributed to
n-: moanae men &g solid state/lattice effects. Once the ligand is ‘frozen’
g E g into a cisoid configuration by complexation it 1isdan
- N Y T Y ey 3 open question whether delocalisation now includes
f i ée; '*_:% % g § ‘3 §’ g 5 ,5% % ,% %_ g g g the C:qC skeleton. Certainly the six-membered malon-
g 2 |mewswercgaggg~ | g ,;:) amide complexes are unlikely to show co-planarity.
o = Strong multiple »(MCl) bands in the 400-250 cm™
E - aea P g% region correlate with a cis-octahedral (C;,) metal
L e 5! g8s £3& S 2 geometry. _ '
o |Fl T2 |dew oo z 3 Previous assignment of (N N) chelation for several
g S < unsubstituted dithiooxamide complexes with Group
AT 00 oo bt ] IV halides rests on v(NH) variations, within the
= 22 o =3 EE 55 -3 range (—90 - +50) cm™!, and a positive shift of a
& 5 a2 B Ao S E_ Ao Ao §§ band at 1430 cm™! assigned as a »(CS) mode '[12].
2 g g?‘:’ ScEg L—é’ S 55: ag E‘,’ ] The latter has been reinterpreted as the thioan‘ude II
= OFzZAFRAFRGdOFRvARG |+ & band mainly due to §(NH). A low energy shift for
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»(NH) by some 100-200 cm™ is typical for amine
coordination.

'H NMR data is listed in Table III. Considering
first the ligands: the methyl-substituted derivatives
show (CH,) doublets as a result of spin—spin split-
ting by the amide proton (NH spin decoupling gives
the expected singlet). For the ethyl-substituted series,
two superimposed quartets (pseudo-pentaplet)(CH,)
and a triplet (CH3) are observed (a clearly resolved
quartet and triplet are produced on NH spin decoupl-
ing). The NH proton appears as a broad singlet
throughout. No splitting was noted for the bridging
CH; in the malonamide species. Retention of these
patterns at low temperatures (~200 K) signifies free

rotation about the C—C skeleton with minimal H-
bonding in solution.

On complex formation there is a general shift to
low field for all resonances. Multiplet patterns persist
e.g., TiCl4*DEO byy 7.71 » 8.86 (broad singlet);
dcu, 3.30 » 3.74 (pseudo-pentaplet) and dcp, 1.15
- 1.39 (triplet). These must originate from spin—
spin splitting and cannot be taken as evidence for the
presence of geometrical isomers in solution as sug-
gested earlier in the case of SbCly+(DEDTO) s-
(C;H,Cl;) [4]. Although the observed increase in
the double bond character of the C***N linkage must
affect the free rotation of that bond, it is insufficient
to force non-equivalence (magnetic) of the NHR
groups in solution. On average chemical shifts are
considerably greater for [0 O] complexes e.g., SnCl,*
DMO 6(:1.[3 283 > 3.32, 6NH 7.59 - 8.80, than for
the corresponding [SS] complexes eg., SnCly*
DMDTO écn, 3.27 - 3.33, 6yu 1039 ~ 10.28.
For any one ligand, either oxo- or thio- species, there
is no significant variation in chemical shift between
the Ti(IV) and the corresponding Sn(IV) complexes,
eg., TiCl4°DMO, d¢p, 3.26, 5xy 9.12: SnCly*DMO
Scu, 332, 6y 8.80. This observed relative order
[¢) (j] > [SS] for net electron transfer NHR = -
N-CO(S) correlates with the IR data where variations
in the thioamide band I — as indicator of the double
bond character of the C22*N bond — are marginally
greater for the [0 O] than for the [SS] complexes.
Consequently the low energy shifts of the »(CO),
17-24 cm™ and the »(CS), 47-100 cm™' bands
directly reflect the relative donor capacity of the two
ligand sets i.e., the S-donors are more strongly bound
to the metal than the corresponding O-donors.

S. R. Wade and G. R. Willey

Though Ti(IV) and Sn(IV) are generally regarded as
‘hard’ (class A) and ‘borderline’ (class A ~ class B)
Lewis acids respectively [13], there is plenty of
evidence to suggest that sulphur is often a more effec-
tive donor than oxygen certainly for MCl, (M = Ti,
Zr and Hf) [14].

BC NMR data is unavailable for the metal com-
plexes due to their limited solubility. Ligand reso-
nances are included in Table III for reference.
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