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The synthesis and characterization of the monomeric group 13 heterocyclic thiosemicarbazone complexes Me,M
[SC,H,;CHNNC(S)SCH;] (M=Al (2), Ga (3)) are described. Compounds 2-3 were prepared using MMe, (M=Al,
Ga) in toluene with 2-thiophenecarboxaldehyde-S-methyldithiocarbazate under anaerobic conditions. These com-
plexes have been characterized by 'H NMR, "*C NMR, elemental analyses, and single-crystal X-ray diffraction.
2 crystallizes in the monoclinic space group P2,/c with unit cell parameters a=10.2930(5) A, b=18.564 (1) A, ¢
=7.3812(6) A, V=1347.9(2) A®, D.,=1.342 gem* for Z=4, 9281 reflections with I,<36 (I,), R1=0.0500 and
wR2=0.0526. 3 crystallizes in the orthorhombic space group P, with unit cell parameters a=13.340(3) A b=
19.9070(5) A, c=11.3690(2) A, V=2673.88(9) A’, D.,=1.511 gcm~* for Z=8, 17004 reflections with I,>36(L,),
R1=0.0480 and wR2=0.0524. Compound 3 is a monomeric gallium compound with a weak interaction

between the pendant thiophene and the gallium center.

Introduction

Studies relating the nature of metal complexes to an as-
pect of their biological activity are increasingly important.
Extensive literature on the antitumor properties of many -
N-heterocyclic carboxaldehyde thiosemicarbazones is now
available. The terdentate heterocyclic thiosemicarbazones
have been shown to form complexes with various tran-
sition metal ions including Cu(II),1 Ni(II),2 Co(II),3 Fe(II),4
Hg(I),5 and Tl(I).5 Gallium(III) complexes of heterocyclic
thiosemicarbazones have been given increased attention
due to the facts that radioactive congeners of gallium (67Ga)
are y-ray emitters with energy which make them useful for
medical diagnostic agc:nt.6 Recently, Kepper and coworkers’
developed gallium(IlI) complexes employing ligands which
themselves had antiviral and antitumor activity such as o-
N-heterocyclic thiosemicarbazones.® We have prepared a
series of dinuclear group 13 heterocyclic carboxaldehyde
thiosemicar-bazones complexes (Me,M)[NCsH,CMeNNC(S)
NR] (MMeZ)° and trinuclear aluminum and gallium com-
plexes of bis (thiosemicarbazonc:s).10 However, the coor-
dination chemistry of the functionalized thiosemicarba-
zones system with novel substitution patterns remains unex-
plored.

Motivated by an interest in the effects of «-N-het-
erocyclic thiosemicarbazones geometry on the coordination
environments of aluminum and gallium specifically,” we ba-
gan a systematic study of the use of terdentate ligands by re-
placing the pyridine moiety with thiophene moiety and re-
placing the RNH groups at the terminal (N) position of the
thiosemicarbazone with methylthio group for organometallic
aluminum and gallium compounds. We have now described
the interaction of the trimethylaluminum and gallium with S,
N,S-terdentate ligand thiophene-2-carboxaldehyde-S-methyl-
dithfo-carbazate.

*To whom correspondence should be addressed.

Experimental Section

All reactions and manipulations were conducted under a
dry argon atmosphere either using an inert atmosphere glo-
vebox or standard Schlenk techniques. Toluene and hexane
were distilled from Na/Ph,CO. NMR solvent was degassed
by freeze-pumpthaw cycles. All other starting materials
were purchased in reagent grade and used without further
purification. 'H and “C NMR spectra were recorded on a
Bruker WH-300 spectrometer and referenced to residual
protic solvent with chemical shifts being reported as & ppm
from TMS. IR spectra were recorded on a Shimadzu FT IR-
8501 spectrometer. Mass spectra were recorded on a high
resolution VG70-VSEG mass spectrometer. Elemental a-
nalyses were performed by the Basic Science Center. The li-
gand [SC;H,CHNNHC(S)SMe] was prepared by the litera-
ture method."” AlMe; and GaMe; were purchased from
Strem Chemicals.

Synthesis of SCqH;CHNNHC(S)SMe (1). In a 100
mL Schlenk flask with a stirring bar were placed 0.80 g
(7.13 mmol) of 2-thiophenecarboxaldehyde, 0.87 g (7.13
mmol) of methylhydrazine-carbadithiolate, and 40 mL of i-
PrOH. The mixture was stirred for 2 h. The reaction solu-
tion was filtered, and the pale yellow solid was dried under
vacuum to give 2-thiophenecarboxaldehyde-S-methyldithio-
carbazate in 86% yield. This compound can be recrystalliz-
ed from hot ethanol. 'H NMR (300 MHz, CDCl;) & 10.50
(s, 1H, NH), 8.09 (d, 1H, CH), 7.50 (d, 1H of thiophene),
7.12 (dd, 1H of thiophene), 2.72 (s, 3H, CH;)

Synthesis of Me,Al[SC,;H;CHNNC(S)SCH,] (2).
To a stirred suspension of 1 (0.45 g, 2.08 mmol) in toluene
(30 mL) was added trimethylaluminum (0.15 g, 2.12 mmol)
at 0 °C. The mixture was warmed to 35 °C and was stirred
for 2 h at that temperature. Concentration of the solution af-
forded compound 2 as a crystalline yellow solid. Yield:
88%. mp 113-117 °C. 'H NMR (300 MHz, C¢D): & 7.42 (s,
1H, CH), 7.08 (d, 1H of thiophene), 6.78 (d, 1H of thio-
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phene), 2.45 (s, 3H, CH), 0.12 (s, 6H, Al-CHs); °C NMR
(CsDs): & 186.29, 145.97, 137.45, 136 28, 132.76, 127.68,
17.33, —2.88; IR (on KBr pellet; cm~ Y: 3321(br), 3104(w),
2982(w), 1592(m), 1542(m), 1503(w), 1471(w), 1382(m), 1374
(m), 1304(s), 1221(w), 1087(w), 952(m), 882(w), 821(w),
770(m), 712(s), 623(w), 521(w). MS(EI): m/z 272[M’]. Anal.
Caled. for CoH 3N,S;AlL: C, 39.69; H, 5.18. Found: C, 39.42;
H, 5.28.

Synthesis of Me,GalSC,H;CHNNC(S)SCH;] (3). 3
was prepared according to the same method used for 2, ex-
cept that trimethylgallium was used 1nstead of trimethyl-
aluminum. Yield: 82%. mp 127-130 °C. 'H NMR (300
MHz, CDs): & 7.48 (s, 1H, CH), 7.05 (d, 1H of thiophene),
6.74 (d, 1H of thiophene), 6.57 (dd, 1H of thiophene), 2.32
(s, 3H, CHy), 0.14 (s, 6H, Ga-CH;); "C NMR (C;Dy): &
186.31, 145.96, 137.44, 136.28, 132.27, 126.80, 17.33,
—2.88; IR (on KBr pellet; cm ') 3008(w), 2992(w), 1594(s),
1448(s), 1402(s), 1372(m), 1312(w), 1304(s), 1250(m), 1211
(w), 1188(w), 1068(m), 1041(m), 952(m), 912(w), 817(m),
762(m), 710(m), 602(m), 588(m), 532(m), 478(m). MS(EI):
m/z 315[M+]. Anal. Caled. for CH3N,S;Ga: C, 34.19; H, 4.
46. Found: C, 33.92; H, 4.52.

X-ray structure analysis of compounds 2 and 3.
The crystals of compounds 2-3 were grown from toluene.
Diffraction data were collected on a Rigaku/RAXIS Ilc area
detector by employing graphite- monochromated Mo K, ra
diation (A=0.71069 A) at a temperature of 228 K for both
crystals. Indexing was performed from a series of 1 os-
cillation images with exposures of 5 min/frame. A total of
9281 reflections of 2 and 17004 reflections of 3 were
measured over the following ranges: 0.0<20<49.9°, —29<
h<29.0, 0<k<8, —15<I<15. Of the reflections measur-
ed, a total of 1507 umque reflections of 2 and 1706 re-
flections of 3 with F*>3.0c (FZ) were used during sub-
sequent structure refinement. The structure was solved by
direct methods and refined by full-matrix least- -squares, tech-
nlques based on F to minimize the quantity Sw(F,- C) with
w=1/0" (F). Non-hydrogen atoms were anisotropically re-
fined, and hydrogen atoms were included as constant con-
tributions to the structure factors and were not refined. Re-
finement converged to R;=0.050 and R,=0.053 for 2, and
R;=0.048 and R,=0.052 for 3.

Results and Discussion

The reaction of 2-thiophenecarboxaldehyde-S-methyldi-
thiocarbazate with trimethyl- aluminum or gallium in to-
luene at 30-40 °C affords the* corresponding organoalu-
minum and gallium complexes, in which one hydrogen
atom has been lost from the azahydrogen atom via the
methane elimination reaction according to Eq. (1). The
resulting yellow products 2-3 were isolated as air-sensitive
crystalline solids in high yield.

S
. a
2N. ’C‘SM. + MMe, \

s N

S»c (1)

S‘C ‘SMe
"SMe

2M=Al 3IM=Ga

These compounds are readily soluble in benzene, toluene,
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and THF. Compounds 2-3 were characterized by 'H, PC
NMR, mass spectrometry, and elemental analysis. The struc-
tures of compounds 2-3 were determined by single-crystal
X-ray diffraction. The initial indication of the mononuclear
formulation for 2 stemmed from the observatlon of a parent
ion in the mass spectrum at m/z 272. In the 'H NMR spec-
trum of 2, the methyl group of the aluminum moiety gives
rise to one signal at & 0.12; the region expected for a o-
bonded species due to the hydrogen atoms of the Al-Me
group. The chemical shift of this kind of Al-CH; is con-
31stent with prior observations of four-coordinate Al atoms. B
The °C NMR spectrum of 2 shows one resonance at —2.88
ppm which is due to the carbon atom of the Al-CH; group.
The carbons (C(9), C(6)) attached to the 1m1ne groups ap-
pear at 8 186.29 and 145.97. The 'H and °C NMR spectra
of the complex 3 are in good agreement with those of 2.
The infrared spectrum of 2 indicates the mode of the ligand
coordination. The peak at 1587 cm is assigned to the ring
deformation mode. Positive shift of the mode compared to
that of ligand indicates that the pyridyl nitrogen coordinates
in the complex. The stretching mode of v(CS) at 770 cm™!
is significantly decreased. This could involve a tautomerism
for the semicarbazone-3-thiol, ie., a 1,3-proton shift. Al-
though all the spectra are consistent with the proposed for-
mulation, the bonding mode in 2 is still unclear. Therefore,
we decided to determine the structures of 2 and 3 by X-ray
crystallography.

Compound 2 crystallizes in the space group P2y with
four molecules per unit cell. The molecular structure and
atom numbering schemes for 2 are given in Figure 1.
Selected bond distances and angles are given in Table 2.
The packing diagram of compound 2 (view down the C-
axis) is shown in Figure 2. The molecule consists of one
five-membered AIN,CS ring. The coordination environ-
ment about Al may be described as a distorted tetrahedron.
The Al(1)-N(1) distance is 1.971(4) A. The AI-N bond dis-
tance is shorter than distances observed for four coordinate
aluminum compounds such as Me;N-AlMe; (2.099(10) A), 1
and the pyridyl compound Al(CH;),(NHCH,-4-Py), (2.248
G A) The Al-N bond distance is comparable to those of
[Me;NAIMe,], (1.958(7) A),'® and [Ad(H)NAIMe,], (1.963
(2) A).17 The AI-S bond distance (2.288(2) A) is com-

A
Q
O/Q
c14
O S10

Figure 1. ORTEP diagram showing the structure of 2 with la-
beling scheme and 30% thermal ellipsoids.
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Table 1. Crystalllographic data for the structural studies of com-
pounds 2 and 3

2 3
Empirical formula CoH 3N,S8;Al CoH3N-S8;Ga
Molecular weight 272.38 315.11
Crystal system Monoclinic Orthorhombic
Space group P2, Pica
Cell constant
a, A 10.2930(5) 13.1340(3)
b, A 18.564(1) 19.9070(5)
¢ A 7.3812(6) 11.3690(2)
v, A’ 1347.9(2) 2673.88(9)
D, gem 1.342 1.511
pu(Mo Ko, cm ™ 5.86 24.93
F(000) 188 136
Z 4 8
No. of indep. reflcns 9281 17004
Params refined 1507 1706
Goodness of fit 1.85 1.95
R 0.0500 0.0480
wR,' 0.0526 0.0524

2Rl=2’| | F0| - | F, | | / [Z I F0| ] WR2={[ZW(F02 - FCZ)Z] / [EWFOZ]}”2~

parable to that observed for the thiolate compound, AIH
(SCH;CH,NEt,), (2.271(1) A)," the cubane compound
[(Bu)Al(u;-S)]s (2.316(9) A)"” and the bridged sulfur com-
pound [AIMe,(u-SCFs)l (2405 A)." The Al(1)-C(13)
bond distance (1.962(7) A) is typical for four-coordinate alu-
minum complexes. The next question arises as to whether
the Al--- S interaction is present. It is well known that S-
donor interactions for aluminum in general are weak and in
the case of thiophene-dimethylaluminum species there is a
reluctance to form any intimate metal-sulfur contact.” There
are not any Al - S intermolecular interactions (see Figure
2). This is in sharp contrast to the case of aluminum com-
pound of 2-formylpyridine-S-methyldithiocarbazate,22 de-
monstrating adherence to the basicity series (N>0>S) es-
tablished for donor complexes of aluminum Lewis acids.
Compound 3 crystallizes in the space group P, with

Table 2. Selected bond lengths (A) and angles (deg) for compound 2
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Figure 2. Packing diagram of 2 (view down the C-axis).

eight molecules per unit cell. The molecular structure and
atom numbering schemes for 3 are given in Figure 3. Select-
ed bond distances and angles are given in Table 3. The
packing diagram of compound 3 is shown in Figure 4. The
molecule consists of a five-membered GaN,CS ring. In the
solid state, the Ga(1) center is coordinated by one nitrogen,
one sulfur, and two methyl groups in a distorted tetrahedral
configuration. The Ga(1)-S(10) bond distance (2.317(2) A)
is comparable to that observed for [py(‘Bu)GaS]; (2.231(3)-
2.253(3) A)® and for the thiolate-bridged complexes Ga.l,
(SMe)sSx(2.204(8) A).** The Ga(1)-N(7) bond distance (2.084
€)) A) is comparable to that of the pyridine-2-thiol complex
Ga(SC¢H,N); (2.062(8) A)."”

The primary coordination sphere of Ga(l) consists of a

S(1)-C(2) 1.699(5) S(1)-C(5)
S(10)-C(9) 1.734(5) S(11)-C(9)
AI(1)-N(7) 1.971(4) Al1)-C(13)
N(7)-N(8) 1.405(5) N(7)-C(6)
C(2)-C(3) 1.347(8) C(4)-C(5)
C(5)-C(6) 1.424(6)

C(2)-S(1)-C(5) 90.8(3)
C(9)-S(11)-C(12) 103.6(2)
S(10)-Al(1)-C(13) 114.7(2)
N7-AI(1)-C(13) 109.2(2)
C(13)-Al(1)-C(14) 118.2(3)
AI(1)-N(7)-C(6) 124.33)
N(7)-N(8)-C(9) 112.0(4)
S(1)-C(5)-C(6) 126.2(3)
C(2)-C(3)-C(4) 111.6(5)
S(11)-C(9)-N(8) 118.9(4)
S(10)-C(9)-S(11) 112.8(3)

1.724(4) S(10)-Al(1) 2.288(2)
1.735(5) S(11)-C(12) 1.781(6)
1.962(7) Al(1)-C(14) 1.942(7)
1.307(5) N(8)-C(9) 1.304(5)
1.317(6) C(3)-C(4) 1.407(7)
AI(1)-S(10)-C(9) 93.0 (2)
S(10)-Al(1)-N(7) 85.7(1)
S(10)-Al(1)-C(14) 115.8(2)
N(7)-Al(1)-C(14) 107.7(2)
Al(1)-N(7)-N(8) 120.7(3)
N(8)-N(7)-C(6) 115.0(4)
S(1)-C(2)-C(3) 113.7(4)
C(4)-C(5)-C(6) 122.7(4)
S(10)-C(9)-N(8) 128.3(4)
C(3)-C(4)-C(5) 112.9(5)

N(7)-C(6)-C(5) 130.0(4)
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Q

S

Figure 3. ORTEP diagram showing the structure of 3 with la-
beling scheme and 30% thermal ellipsoids.

distorted tetrahedral configuration. However, weak secon-
dary interaction between the pendant thiophene and the gal-
lium center is evident. The orientation of this interaction is
such that the lone pairs of the thiophene group are directed
toward the gallium center and Ga--- S vector lies ap-
proximately trans to the Ga-S(10) bond with S --- Ga-S an-
gle of 152.8(2)". Although the gallium-sulfur distance (3.33
A) is less than the sum of van der Waals radii for gallium
and sulfur (3.70 A),” they exceed typical Ga-S covalent
bond distance (2.22 A). If this subsidiary Ga-- S in-
teraction is included, the overall geometry at gallium is
that of a distorted trigonal bipyramid. Such weak in-
teraction has been observed previously in group 13 com-
pounds.

Table 3. Selected bond lengths (A) and angles (deg) for compound 3

Youngjin Kang et al.

Figure 4. Packing diagram of 3 (view down the C-axis).
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