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Attempts to isolate organogermanium derivatives at three different sites in a ligand prepared from cysteine are

reported. The formation of M&eSCSCHCH(NHCSGeMe)CO,GeMs; is established by NMR spectroscopy.
This derivative undergoes G&limination followed by further decomposition and rearrangement to yielgt Me
GeQC(—CHNHC(S)SCH-). The crystal structures of M&eOQ,C(—CHNHC(S)SCH—) and the starting salt,
[NH4]3[S:CSCHCH(NHCS)CO;] were determined. [N 3[S;:CSCHCH(NHCS)CO;,] (1) crystallizes in the
hexagonal space groupgs, No. 170) with the cell parameteas= 10.305(4) A b = 10.305(4) A,c = 23.740(5)

A, v =2183(1) B, Z=6,R=0.0553,R, = 0.0438. MgGeQ,C(—CHNHC(S)SCH-) (4) crystallizes in the
orthorhombic space grou?:2:21, No. 19) with the cell parametess= 10.463(6) A,b = 22.644(5) A,c =
10.241(5) AV = 2426(1) B, Z = 4,R= 0.0571,R, = 0.0472. The immediate environment about Ge is that
of tetrahedral with the orientation of the termina=O bond being toward germanium. The Ge- - -O distance of
3.02(1) A'is clearly less that the sum of the van der Waals radii of germanium and oxygen raising the possibility
of a weak interaction. A plausible mechanism for the conversion gf34€SCHCH(NHCSGeMe)CO,GeMe;
into MesGeOQ,C(—CHNHC(S)SCH-) is proposed.

Introduction ammonia gives a dithiocarbamate-trithiocarbonate, which can
be isolated as the ammonium salt, triammonium 2-dithiocar-
bamoyl-3-dithiocarbonylthiopropanoate.This salt has the
potential to produce interesting ligand chemistry because it
contains three different sites in the same molecule which can
bond to metal centers. As a preliminary to exploring the utility
of this ligand, the preparation and characterization of the salt,
d including an X-ray structure, is presented in this paper along
with an examination of the reactivity of the ligand toward
trimethylgermane.

Extensive studies have been reported over the years on
dithiocarbamate derivativés? including several by ourselves
on organogermanium derivativés® By contrast, the chemistry
of trithiocarbonates has received considerably less attention,
possibly because of the relative ease with which their derivatives
undergo carbon disulfide eliminatidn? Most of the reports
on trithiocarbonates relate to transition metal derivatives an
very little has appeared with regard to main group elements,
especially with respect to structural and spectroscopic studies,
other than two reports by us on organogermanium deriva- Experimental Section

tives!91l Reaction of Cg with cysteine in the presence of ) _
Starting Materials. MesGeCl, MeGeBr, MeGel, PhGeCl, Ph-

* To whom correspondence should be addressed. GeBr, and PGeCl, were obtained from Aldrich and Strem Chemicals;
(1) (a) Thorn, G. D.; Ludwig, R. AThe Dithiocarbamates and Related  all starting materials being used as supplied. All solvents were dried
CompoundsElsevier: Amsterdam, 1962. (b) Coucouvanis,Abog. and distilled prior to use, and all reactions were carried out under

Inorg. Chem 1970 11, 233. (c) Kanatzidis, M. G.; Coucouvanis, D.; anhydrous conditions. The preparation of the ammonium salt;] 8+

fgggpfg;oié’gg Koshkas, A.; Papaefthymiou, VJJAm. Chem. So¢  cgCHCH(NHCS)CO, (1), from cysteine was based on the method

(2) (a) Willemse, J.; Cras, J. A.; Steggerda, J. J.; Keijzers, GtRct. descri_bed in th_e Iit_er_aturjéfv.13 Typically, cysteine (4.5 g, 37.2 mmc_)!)
Bonding (Berlin)1976 28, 83. (b) Templeton, J. L.; Ward, B. Gorg. was dissolved in distilled water (ca. 20 mL), followed by slow addition
Chem 198Q 19, 1753. (c) Burgmayer, S. J. M.; Templeton, Jirorg. of ammonia solution (ca. 20 mL). After stirring fdl h at room
Chem 1985 24, 2224. temperature, CS(ca. 10 mL) was added slowly, and stirring was

(3) (@) Garner, C. D.; Howlader, N. C.; Mabbs, F. E.; Mcphail, E. T.;  continued for anotitel h before previously ice-cooled anhydrous

?ﬂ)l)”?\/lrg(. V_I\_/CO nv"i‘,r_].’ ‘}](ésli)ﬁ‘]] ' E_hESEE'O%(_’%h%ﬂiggéagzgz&l;%j ethanol (ca. 200 mL) was added. Yellow crystals of j\f$,CSCH-

Drew, M. G. B.; Rice, D. A. Williams, D. MJ. Chem. Soc., Dalton ~ CH(NHCS)CO;] (1) (ca. 9.0 g, 27.8 mmol, yield 75%) slowly came

Trans 1985 1821. out of the solution on standing. IR (cr) main features: 3400 mw
(4) Chadha, R. K.; Drake, J. E.; Sarkar, A. Borg. Chem 1984 23, vbr, 1660 ms, 1554 vs, 1274 vs, 1236 s, 1178 s, 1098 ms, 994 vs, 924
4769. . . s. 'H NMR (D0 referenced to DSS) for,6SCHHsCH(NH/CS)-
(5) gzhoafha, R. K; Drake, J. E.; Sarkar, A. Iﬁorg. Chem 1986 25, COZ o 3.82 [\]ab — l41y‘]ax =39 HZ] (Ha)v 3.74 pba: 14.1’be —
(6) Chadha, R. K.; Drake, J. E.; Sarkar, A. lRorg. Chim Acta 1988 9.2 Hz] (Ho); 4.95 Pac = 3.9, Jox = 9.2 Hz] (Hy); 4.89 [broad] (NHy).
143 31.
(7) Coucouvanis, D.; Lippard, S. J.; Zubieta, J. A.Am. Chem. Soc. (10) Drake, J. E.; Yang, Jnorg. Chem 1994 33, 854.
197Q 92, 3342. (11) Drake, J. E.; Yang, Lan. J. Chem in press.
(8) Andrews, J. W.; Coucouvanis, D.; Fackler, J. P.Jnbrg. Chem1972 (12) Wang, R. I. H.; Dooley, W.; Foye, W. O.; Mickles, NI. Med. Chem
11, 493. 1966 9, 395.
(9) Coucouvanis, DProg. Inorg. Chem1979 26, 310. (13) .Foye, W. OJ. Chem. Educl969 46, 841.
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13C NMR (D20 referenced to DSS) for,6SCH,CH(NHCS;)CO;: 6
43.71 CH,); 63.52 CH); 177.95 CO,); 212.62 (SCN); 246.71 (SCS).
The corresponding data forcysteine for comparisonH NMR (DO

Table 1. Crystallographic Data for
[NH4]3[S,CSCHCH(NHCS)CO;,] (1) and
[MesGeQ,C(—CHNHC(S)SCH-)], (4)

referenced to DSS) for HCSHHL,CHx(NH2)CO,H; 3.08 Pap= 15.0,

1 4
Jac = 4.0 Hz] Ha); 3.00 Pha = 15.0,J0x = 5.7 Hz] Hp); 3.97 Pa =
4.0,Jp= 4.0 Hz] (H); 4.89 [broad] (M,). *C NMR (DO referenced fw, g mol™* 324.51 559.79
to DSS):  for HCSQH,CHy(NH2)CO:H; 25.48 CH.): 56.58 CHy): a, A 10.305(4) 10.463(6)
b, A 10.305(4) 22.644(5)
173.18 COy). c A 23.740(5) 10.241(5)
Preparation of Me3;GeSCSCH,CH(NHCS,GeMe;)CO,GeMe; a’ deg 90.000 90.000
(2). Typically, MesGeCl (0.5 mL, 4.05 mmol) or M&eBr or Me- ﬂ: deg 90.000 90.000
Gel and C$ (ca. 15 mL) were distilled into a flask held at196 °C v, deg 120.00 90.000
into which the salt) (0.60 g, 1.86 mmol) had been previously charged. V, A3 2183(1) 2426(1)
The mixture was stirred fo4 h before the unreacted salt and any space group P65 P2,2:2;
ammonium salt formed was filtered off. Solvent was pumped off the z 6 4
filtrate to give a liquid product, M&eSCSCHCH(NHCSGeMe)CO,- Pealca g CNT 3 1.48 1.53
GeMe (2) (0.65 g, 1.05 mmol, yield 78%)H NMR (CDCly) for T,°C 23 23
(CH3)3GeSCSMHHLCHINH,CS,Ge(CH3)s]CO.Ge(CHa)s: 6 0.72 (s) Pé:a et 8-3255 %8(-;;2 L
[(CH3)3sGeSCS]; 0.71 (s) [(®13)sGeSCN]; 0.61 (s) [(GH3)sGeQ.Cl; R, 0.0438 0.0472

4.11 Pap = 13.9,Jx = 8.2 Hz] Ha); 3.91 Pba = 13.9,Jx = 8.3 Hz]
(Hp); 5.28 Pax = 8.2, Jpx = 8.3, Jnx = 6.9 Hz] Hy); 7.90 [doubletJny
= 6.9 Hz] (NH,). ¥C NMR (CHCE) for (CH3)3GeSCSCH,CH-
(NHCS,Ge(CH3)3)CO,Ge(CHa)s: 0 2.82 [(CH3):GeSCS]; 2.82 [CHa)s-
GeSCN]; 1.92 [(CH3);GeQC]; 39.98 (CH,); 58.64 CH); 171.39
(COy); 197.93 (SCN); 225.06 (SCS).

Decomposition Products of MeGeSCSCH,CH(NHCS,GeMes)-
CO,GeMe; (2). The decomposition o2 was monitored by NMR
spectroscopy leading to the identification of an intermediate product
Me;GeSCHCH(NHCSGeMe)CO,GeMe; (3) and the isolatable final
product MeGeQ,C(—CHNHC(S)SCH-) (4). 'H NMR (CDCl) for
(CH3)3GeSOHHLCHNH,CSGe(Hs)s]CO.Ge(MHs)s (3): 6 0.49 (s)
[(CH3)3GeCS]; 0.74 (s) [(E13)sGeSCN]; 0.63 (s) [((H3):GeQCl; 3.23
[Jab = 13.0,Jax = 7.5 Hz] Ha); 3.07 Ppa = 13.0,Jpx = 6.7 Hz] Hy);
5.16 PJo = 7.5,Jx = 6.7, Jx = 6.3 Hz] H,); 8.02 [doubletJ = 6.3
Hz] (NH;). *C NMR (CHCk) for (CH3)sGeSCH,CH(NHCS,Ge-
(CH3)3)CO.Ge(CHa)s (3): 01.76 [(CH3)sGeS]; 2.87 [CH3)sGeSCN];
2.02 [(CH3):GeGCl; 28.08 CH>); 60.68 CH); 171.87 CO,); 197.27
(S:CN). *H NMR (CDCl) for (CH3)sGeQ.C(—CHNHC(S)SCH,—)
(4): 0 0.64 (s) [(H3)3GeQCl; 3.76 Pap = 11.3,Jxx = 8.2 HZ] Ha);
3.71 Pha = 11.3,3x = 8.2 Hz] Hp); 4.74 Pax = Jox = 8.2 Hz] H));
8.02 [broad] (NHy). '3C NMR (CHCE) for (CH3):GeQ:C(-CHNHC(S)-
SCH>—) (4): 0 1.98 [(CH3):GeQC]; 35.83 CHy); 64.92 CH); 170.51
(CO,); 200.98 (SCN). The identification o# was confirmed by X-ray
crystallography.

Attempted Preparations of Other Organogermane Derivatives,
Such as PhGeSCSCH,CH(NHCS,GePh;)CO,GePhs and
Ph,XGeS,CSCH,CH(NHCS,GePhX)CO,GePhX (X = ClI, Br).
Substitution of MeGeX (X = ClI, Br, I) by PhGeC}, PhGeCl, or

AR = JIIFol = IFll/ZIFol. ® Ry = [(SW(IFol — IFc)FWFo)]"2.

in Table 1. Based on the systematic absencesl (069 6n + 1) for

land f00,h =2n + 1; kO, k = 2n + 1; 0d, | = 2n + 1) for 4,
statistical analyses of intensity distribution, and the successful solution
and refinement of the structure, the space groups were determined to
be P6s (No. 170) andP2,2;2; (No. 19), for1l and4, respectively.

The data were collected at a temperature o423 °C using the
w—26 scan technique to a maximund 2alue of 50.0. Thew scans
of several intense reflections, made prior to data collection, had an
average width at half-height of 0.31 and C¢.3®r 1 and4, respectively,
with a takeoff angle of 6.0 Scans of (1.68+ 0.30 tan#)° (1) and
(1.42+ 0.30 tanf)° (4) were made at speeds of 32.0 and 16rin
(in w) for 1 and4, respectively. The weak reflections € 10.0s(1))
were rescanned (maximum of four scans), and the counts were
accumulated to ensure good counting statistics. Stationary background
counts were recorded on each side of the reflection. The ratio of peak
counting time to background counting time was 2:1. The diameter of
the incident beam collimator was 1.0 mm, and the crystal-to-detector
distance was 285 mm.

Totals of 862 1) and 2471 4) reflections were collected. The
intensities of three representative reflections which were measured after
every 150 reflections remained constant throughout data collection
indicating crystal and electronic stability (no decay correction was
applied).

The linear absorption coefficients for Mookare 7.9 and 28.4 cm
for 1 and 4, respectively. An empirical absorption correction was
applied which resulted in transmission factors ranging from 0.70 to

Ph:GeBr as starting materials resulted in no reaction taking place, even 1.00 (1) and from 0.57 to 1.004). The data were corrected for Lorentz
though several solvents, various temperatures, and longer reaction timegtnd polarization effects.

were attempted.

Physical Measurements. The infrared spectra were recorded on a
Nicolet 5DX FT spectrometer as KBr pellets or oils smeared between
KBr windows in the region 4000400 cn1?, and far-infrared spectra
on a Bomem DAZ3 infrared spectrometer between polyethylene films

The structures were solved by direct meth&dsThe sulfur atoms
in 1 and the germanium atoms &were refined anisotropically while
the rest were refined isotropically. Hydrogen atoms, with the exception
of H(13) in 4 which was located in the difference Fourier map, were
included in their idealized position with-€H or N—H set at 0.95 A

in sealed glass capillaries on a JEOL-XY Raman spectrometer usingatom to which they were attached. The final cycle of full-matrix least-

the 5145 A exciting line of an argon ion laser. THé and *3C{H}

squares refinemetttwas based on 4951 and 840 4) observed

NMR spectra were recorded on a Bruker 300 FT/NMR spectrometer reflections (> 3.000(1)) and 88 () and 115 4) variable parameters

at 300.133 and 75.471 MHz, respectively, in CPGsing MaSi as

and converged (largest parameter shift was 0.001 times its esd) with

internal standard. All NMR spectra were run at ambient temperature Weighted agreement factors Bf= 3 ||F| - \Fc|\/22|':132| =0.0553 ()
and under standard operating conditions. The melting points were and 0.05714), andR, = [(XW(|Fo| — [Fc))¥3wFe?)]*? = 0.0438 ()

determined on a Fisher-Johns apparatus.
X-ray Crystallographic Analysis. A yellow needlelike crystal of
1 and a colorless block crystal dfwere sealed on a glass fiber and in
a glass capillary, respectively and mounted on a Rigaku AFC6S
diffractometer, with graphite-monochromated Ma Kadiation.
Cell constants and an orientation matrix for data collection, obtained

from a least-squares refinement using the setting angles of 25 carefully

centered reflections in the range 20.2860 < 26.49 for 1 and 7.79
< 26 < 12.17 for 4 corresponded to primitive hexagonal and primitive
orthorhombic cells, respectively farand4 whose dimensions are given

and 0.04724). The structures were inverted to ensure that the final
refinement was carried out on the correct enantiomer.

The standard deviation of an observation of unit weiyivas 2.03
(1) and 1.774). The weighting scheme was based on counting statistics

(14) Sheldrick, G. MActa Crystallogr 1990 A46, 467.

(15) Least-squares: Function minimize§w(|Fo| — |Fc|)2 wherew =
4FA(Fo?), 04(Fod) = [F(C + RB) + (pFA/(Lp)?, S = scan rate,
C = total integrated peak counR = ratio of scan time to back-
ground counting timel.p = Lorentz—polarization factor, ang = p
factor.
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Table 2. Final Fractional Coordinates ari{eq) for
Non-Hydrogen Atoms of [N 3[S;CSCHCH(NHCS)CO; (1) with
Standard Deviations in Parentheses

Drake and Yang

Table 3. Atomic Coordinates an@&(eq) of Non-Hydrogen Atoms
for [MesGeGQ,C(—CHNHC(S)SCH-)]2 (4)

atom X y z Req)
atom X y z Beq) Ge(1) 0.0928(3)  0.5216(1) 0.1038(3)  3.9(1)
S(1) 0.3239(4) 0.3209(3) 0.0440 2.9(1) Ge(2) 0.1284(3)  0.7633(1) —0.3671(3)  4.4(2)
S(2) 0.0073(4) 0.2565(4) 0.0406 4.5(2) S(1) —0.4030(7)  0.4531(3) 0.2127(7)  4.5(2)
S(3) 0.0584(3) 0.0079(3) 0.0439(2)  3.0(1) S(2) —0.5634(7)  0.5607(3) 0.2166(8)  5.8(2)
S(4) 0.0809(4) —0.3238(4) —0.1148(2)  3.8(2) S(3) —-0.3709(7)  0.7718(3) —0.1654(7)  4.5(2)
S(5) 0.3911(4) —0.0532(3) —0.1088(2)  3.5(1) S(4) —0.4815(6)  0.6512(3) —0.1451(8)  4.9(2)
o(1) 0.3987(8)  —0.1866(8) 0.0397(4)  2.7(2) o(1) —0.068(1) 0.4929(6) 0.057(1) 3.4(4)
0(2) 0.5427(8) 0.0622(8) 0.0457(4) 3.0(2) 0(2) —0.162(2) 0.5787(8) 0.050(2) 4.3(4)
N(L) 0.193(1) —0.1541(9) —0.0255(4)  1.9(2) 0o(3) 0.034(1) 0.7513(7) —0.219(2) 4.4(4)
N(2) 0.293(1) —0.428(1) —0.0344(5)  3.0(2) 0(4) —0.116(2) 0.6960(7) —0.312(2) 6.5(5)
N(3) 0.294(1) 0.580(1) 0.1300(5)  3.2(2) N(1) —0.400(2) 0.5297(8) 0.029(2) 3.6(4)
N(4) 0.711(2) —0.075(1) 0.0917(5)  3.5(2) N(2) —0.247(2) 0.6832(8) —0.082(2) 2.5(4)
c(1) 0.136(1) 0.202(1) 0.0436(7)  2.9(2) c(1) 0.180(2) 0.450(1) 0.110(3) 4.8(6)
c@2) 0.208(1) —0.026(1) 0.0631(6)  2.8(2) c(2) 0.070(3) 0.558(1) 0.274(3) 5.7(7)
c(3) 0.296(1) —0.032(1) 0.0095(5)  1.5(2) C(3) 0.141(2) 0.578(1)  —0.035(2) 5.2(7)
C(4) 0.221(1) —0.171(1) —0.0780(5)  2.0(2) C(4) —0.166(2) 0.528(1) 0.043(2) 4.2(6)
c(5) 0.422(1) —0.056(1) 0.0330(5)  1.8(2) C(5) —0.288(2) 0.492(1)  —0.002(3) 5.0(7)
c(6) —0.455(2) 0.520(1) 0.142(2) 3.2(5)
and included a factomp(= 0.002 and 0.009 fot and4, respectively) C(7) —0.312(2) 0.435(1) 0.078(2) 4.1(6)
to downweight the intense reflections. Plotsagf(|Fo| — |Fc|)? versus g(g) 858(2) 8?38(1) :8‘213%(2) 2'91(8)
|Fo|, reflection order in data collection, s#iA, and various classes of Cglg)) 0'028((3)) 0'816((1% —0'481E33 6(928)
indices showed no unusual trends. The maximum and minimum peaks c(11) -0 '077(2) 0 '722(1) —0'216(2) 3'0(5)
on the final difference Fourier map corresponded to 0.35-a0B31 C(12) _0:145(2) 0:727(1) _0:092(2) 3:6(6)
e/A3, respectively, forl and to 0.53 and-0.49 e/&, respectively, c(13) —0.362(2) 0.6960(9) —0.123(2) 2.8(5)
for 4. C(14)  —0.222(3) 0.786(1)  —0.087(3) 5.9(8)

Neutral-atom scattering factors were taken from Cromer and Waber.
Anomalous dispersion effects were includedrigt® the values forAf’
andAf" were those of Croméf. All calculations were performed using
the TEXSANY crystallographic software package of Molecular Struc-
ture Corp.

The final atomic coordinates and equivalent isotropic thermal
parameters for the non-hydrogen atoms are given in Tables 2 and 3,
and important distances and bond angles are given in Tables4 and 5
ORTEP diagrams of and4 are given in Figures 1 and 2. Additional
crystallographic data are available as Supporting Information.

Results and Discussion

The salt triammonium 2-dithiocarbamoyl-3-dithiocarbonylthi-
opropanoate, [Ni3[S;,CSCHCH(NHCS)CO,] (1), is prepared
in good yield by a method based on that described in the
literature'213involving the reaction of cysteine with an ammonia
solution and carbon disulfide, in accord with eq 1.

HSCH,CH(NH,)COH + 3NH,-H,0 + 2CS,—
[NH ]4[S,CSCHCH(NHCS,)CO,] (1)

The subsequent reaction of a trimethylgermanium halide with
1results in the formation of a compound, MBeSCSCHCH-
(NHCS,GeMeg)CO,GeMe; (2), in which all of the potential sites
are occupied by trimethylgermane in accord with eq 2.

3Me,GeX + [NH,]4[S,CSCH,CH(NHCS)CO,] —
Me,GeSCSCH,CH(NHCS,GeMe)CO,GeMe, + 3NH,X
(2)

(16) Standard deviation of an observation of unit weightw(|Fo| — |F¢|)%
No — Ny)¥2, whereN, = number of observations, ad, = number
of variables.

(17) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,
Table 2.2 A.

(18) Ibers, J. A.; Hamilton, W. CActa Crystallogr 1964 17, 781.

(19) Cromer, D. T.International Tables for X-ray Crystallographi{he
Kynoch Press: Birmingham, England, 1974; Vol. IV, Table 2.3.1.

(20) TEXSAN-TEXRAY Structure Analysis Packadyéolecular Structure
Corp.: The Woodlands, TX, 1985 and 1992.

Table 4. Important Interatomic Distances (&) and Angles (deg) for
[NH4]3[S;:CSCHCH(NHCS)CO,] (1)

S(1)-C(1) 1.70(2) S(2yC(1) 1.67(2)
S(3-C(1) 1.75(2) S(3yC(2) 1.81(2)
S(4)-C(4) 1.75(1) S(5¥C(4) 1.72(2)
O(1)-C(5) 1.26(2) O(2-C(5) 1.27(1)

. N(1)-C(3) 1.44(2) N(L)-C(4) 1.31(2)
c(2-C(3) 1.58(2) C(3)-C(5) 1.54(2)
S(1)- - -N(2) 3.33(1) S(1)- - -N(3) 3.49(1)
S(2)- - -N'(4) 3.47(1) S(3)- - -N(4) 3.43(1)
S(4)- - -N'(4) 3.23(2) S(4)- - -N'(4) 3.37(1)
S(4)- - -N(2) 3.45(1) S(5)- - -N3) 3.40(2)
O(1)- - -N(2) 2.79(2) O(1)- - -N(3) 2.99(2)
O(1)- - -N(4) 3.09(2) 0(2)- - -N'(3) 2.91(3)
0(2)- - -NYI'(2) 2.94(2) 0(2)- - -N(4) 2.94(2)
S(1-C(1)-S(2)  125(1) S(FC(1)-S(3)  122(1)
S(2-C(1)-S(3)  1135(9) C(1)S(3-C(2)  106.3(7)
S(3-C(2)-C(3)  111(1) C(2¥C(3)-C(5)  105(1)
C(2-C(3)-N(1)  108(1) C(2rC(5)-N(1)  113(1)
C(3)-N(1)-C(4)  123(1) N(1}-C(4)-S(4)  117(1)
N(1)-C(4)-S(5B)  122(1) S(4yC(4)-S(G)  121(1)
C(3)-C(5)-0(1)  120(1) C(3YC(5)-0(2)  116(1)
O(1)-C()-0(2)  113(1)

a2 Numbers in parentheses refer to estimated standard deviations in
the least-significant digit®. Symmetry equivalent positionsx, 1 +
V,z"x=1,y,z"-y,x—y—-1,%+z—-1;Vx—y—1,x—1,
Se+z—1,V1—y,x—Vy,+z—1V%y—1,zV"1+Xx—VX
fe+z—1L,V"1+y 1-x+yY+z

This reaction takes place readily whether trimethylgermanium
chloride, bromide or iodide are used as starting materials,
whether C$ or CH,CI, are used as solvents or whether the
reaction is run at room temperature or-af8 °C. However,
substitution of MeGeX (X = ClI, Br, I) by PhGeC}, PhGeCl,
or PhGeBr as starting materials, surprisingly, did not result in
any reaction taking place even though several solvents, various
temperatures, and longer reaction times were attempted.

As with most trithiocarbonate compountislesGeSCSCH-
CH(NHCSGeMeg)CO,GeMe; (2) is sensitive to air and mois-
ture. It also readily undergoes &limination from the 8CS
site, as was found for the analogous trithiocarbonate deriva-
tives1011to give MeGeSCHCH(NHCSGeMe)CO,GeMe; (3)
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Table 5. Important Interatomic Distances (A) and Angles (deg) for 9]
[MesGeQ,C(—CHNHC(S)SCHH-)]. (4)?
Ge(1)-0(1) 1.87(1) Ge(2y0(3) 1.83(2)
Ge(1)-C(1) 1.85(2) Ge(2yC(8) 1.89(3)
Ge(1)-C(2) 1.94(3) Ge(2yC(9) 1.93(3)
Ge(1)-C(3) 1.97(3) Ge(2yC(10) 1.97(3)
O(1)-C(4) 1.30(3) O(3)rC(11) 1.34(2)
0O(2)—-C(4) 1.15(3) O(4yC(11) 1.22(2)
C(4)-C(5) 1.58(3) C(11yC(12) 1.46(3)
N(1)—C(5) 1.48(3) N(2)-C(12) 1.46(3)
N(1)—C(6) 1.31(2) N(2)-C(13) 1.31(2)
S(2)-C(6) 1.65(2) S(4yC(13) 1.63(2)
S(1)-C(6) 1.77(2) S(3)C(13) 1.77(2)
S(1)-C(7) 1.73(3) S(3)C(14) 1.79(3)
C(5)-C(7) 1.55(3) C(12yC(14) 1.56(3)
Ge(1)- --0(2) 3.01(3) Ge(1)- --0(2) 3.03(3)
N(2)- - -0(2) 2.87(2)
O(1)-Ge(1y-C(1) 98.6(9) O(3)Ge(1)-C(8) 107(1)
O(1)-Ge(1y-C(2) 105.5(9) O(3yGe(1)-C(9) 100(1)
O(1)-Ge(1y-C(3) 105.6(9) O(3)yGe(1)y-C(10) 107.3(9)
C(1)-Ge(1)-C(2) 114(1) C(8)-Ge(2)-C(9) 114(1)
C(2)-Ge(1)-C(3)  114(1) C(9)-Ge(2)-C(10) 113(1)
C(1)-Ge(1)-C(3) 117(1) C(8)-Ge(2)-C(10) 114(1)
Ge(1)-0(1)-C(4)  122(2) Ge(2yO(3)-C(11)  124(2) Figure 2. ORTEP plot of the molecule M&eQ:C(—CHNHC(S)-
O(1)-C(4)-0(2)  125(3) O(3)-C(11)-0(4) 121(2) SCH,—) (4). The atoms are drawn with 30% probability ellipsoids and
O(1)-C(4-C(5)  111(2)  O(3)}C(11}-C(12)  114(2) spheres.
O(2)—C(4)—C(5) 124(2) O(4)C(11)-C(12) 125(2)
N(1)—C(5)—C(4) 106(2) N(2)-C(12)-C(11) 112(2) _Ge(CHy)s
N(1)—C(5)—C(7) 104(2) N(2)-C(12)-C(14) 1024(2) $ %S — Ge(CHy)y
S(1}-C(6)—N(1) 112(2) S(3XC(13-N(2) 110(2) &?("'s AGe(CHs) . ’
S(1-C(6)-S(2) 120(1) S(3yC(13)-S(2) 122(1) HN —Ge(CH3h
S(2)-C(6)—N(1) 128(2) S(4yC(13)-N(2) 128(2)
C(5)—-N(1)—C(6) 116(2) C(12)¥N(2)—C(13) 120(2)
C(4)—-C(5)-C(7) 114(2) C(11)C(12)-C(14) 110(2) Ge(CHs )3 0 \Ge(CHy),

aNumbers in parentheses refer to estimated standard deviations in

the least-significant digits.

@) o

Figure 1. ORTEP plot of the anion of the molecule [N S, CSCH-
CH(NHCS)CO,] (1). The atoms are drawn with 30% probability
ellipsoids and spheres.

in accord with eq 3.
Me,;GeS,CSCH,CH(NHCS,GeMg)CO,GeMe, —
Me,GeSCHCH(NHCS,GeMg)CO,GeMeg, + CS, (3)

The CS elimination can be followed over time by4 and
13C NMR spectra. In the!3C NMR spectrum, the peaks
attributable to Cg and to the intermediate decomposition

|

s
)\\%—Ge CHys + 2
i IRCECH + S—Ge(CHy,

-

[(H3C)3Ge]2S + HN

Ge(CH); 0= Ge(CHy)y
Figure 3. Reasonable mechanism for the decomposition of34&-
CSCHCH(NHCSGeMg)CO,GeMe; (2) to MesGeQC(—CHNHC(S)-
SCH-) (4).

investigation as 4-(trimethylgermyl)oxycarbonylthiazolidin-2-
thione, MeGeQ.C(—CHNHC(S)SCH-) (4), whose melting
point is 98°C. A reasonable mechanism to this product is
presented in Figure 3.

Molecular Structures of [NH4]3[S;CSCH,CH(NHCS,)-
COy] (1) and MesGeO,C(—CHNHC(S)SCH,—) (4). Triam-
monium 2-dithiocarbamoyl-3-dithiocarbonylthiopropanodie (
crystallizes in the space groug6s (No. 170). The ORTEP
diagram (Figure 1) shows, along with Table 4, that the
ammonium cations are, as expected, associated with the three
obvious sites in the anion,»SS, SCN, and CQ. Thus the
closest S- - -NH distances are 3.33(1) and 3.58(1) A for S(1)-
- -NH4 and S(2)- - -NH, respectively, in the &£S site, and 3.23
and 3.40(2) A for S(4)- - -N@and S(5)- - -NH, respectively,
in the SCNH site. These distances are comparable to the
average K- - -S distance (3.4(1) A) in KSOEt2! The closest

product3 appear and increase in intensity, as those attributable O- - -N distances at the GGite are 2.79(2) and 2.94(2) A for

to the original compound decrease, until they totally disappear
after several hours at room temperature. Comp@umtergoes

O(1)- - -NH4 and O(2)- - -NH, respectively. All S---N dis-
tances less than 3.5 and all O- - -N distances less than 3.1 A

further decomposition, which is clearly more complicated and are listed in Table 4. Unfortunately, the limited amount of data

not only involves Cgelimination from the NHCgsite but also

makes the resolution such that hydrogen atoms on the am-

rearrangements that lead to a variety of unidentifiable dissocia- monium ions could not be detected. However, these distances

tion products. Fortunately, one of these is obtained as colorless
crystals which resulted in its identification by X-ray structural

(21) Mazzi, F.; Tachini, CZ. Kristallogr. 1963 118 378.
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are comparable with N- - -O distances for-N- - -O hydrogen
bonds being typically in the range 2:8.0 A22

Within the SCSC moiety inl, the average €S(terminal)
distances of 1.685(21) A can be compared with the value of
1.628(8) for the &S(terminal) bonds in RBe[SCS(-Pr)],10
and MeGe[SCSEt],'! where the bond is presumably close to
having a bond order of 2. This is consistent with théond
delocalization resulting in bond orders for G{13(1) and C(1y
S(2) of approximately 1.5. The averageCgl)—S(3) bond
length of 1.75(2) A is essentially identical to the corresponding
bonds in PhGe[SCS(-Pr)l, and MeGe[SCSEt) (av 1.75(2)
A) as is the $C(2)—S(3) bond length of 1.81(2) A. Thus in
this salt,1, or in the trithiocarbonate derivatives, thebond
delocalization extends to theG—SC bonds but probably not
to the SCS—C bonds. Within the NHC moiety in1, the
average € S(terminal) distances of 1.735(21) A is considerably
longer than in the ££S group suggesting that there is competi-
tion from greaterz-bond participation in the €N bond which
is relatively short, 1.31(2) A. Further the CE)(1)-C(4) angle
of 123(1Y is indicative of a planar nitrogen atom. Within the
O,CS moiety inl, the average €0(terminal) distance of 1.265-
(7) Ais larger than the value of 1.19(2) for the=O(terminal)
bonds in PEGe[SCQMe], PhhGe[SCQ(i-Pr)], and PhGe-
[SCOy(i-Pr)]2,1* where the bond is presumably close to having
a bond order of 2. As with the terminal €8roups, this is
consistent with ther-bond delocalization resulting in bond
orders for C(5)-0(1) and C(5)-O(2) of approximately 1.5. The
terminal C-S and C-O bond lengths il can also be compared
to those in the salt, K&OEt, which average 1.68(5) for the
former and 1.35(6) for the latter.

4-(Trimethylgermyl)oxycarbonylthiazolidin-2-thiond)(crys-
tallizes in the space group2;2;2; (No. 19). The ORTEP
diagram in Figure 2 and Table 5 indicate that the immediate
environment about germanium is that of a distorted tetrahedron.
In trithiocarbonates and monothiocarbondfeshe average
values of the &Ge—C angles were larger (e.g. 110.8(4h
PhsGe[SCQMe]) than the S Ge—C angles (108(6) and one
of the S-Ge—C angles was considerably smaller (100.2Y3)
than the other two. The same general pattern is noted! for
except that the presence of a-3@ rather than a GeS bond
results in larger €Ge—C angles, an average of 114{1pr
the two independent molecules in the asymmetric unit, a smaller
O—Ge—-C angle (av 99.3(10) essentially the same as in$h
Ge[SCQR] derivatives and therefore the other two-Ge—-C
angles smaller (av 106.4(M)than in PhGe[SCQMe] (111.8-
(15)°) and PRGe[SCQ(i-Pr)] (110.7(279). The average GeC
bond length of 1.93(5) A is comparable to values typical of
those in dithiocarbamates such as 1.927(2) A in®G&CI[S-
CNMey],* trithiocarbonates such as 1.94(1) Ain Mo [S-
CSEt},1! and monothiocarbonates, 1.93Hd)950(9) A in
PhGe[SCQMe] and 1.93(1) to 1.94(1) A in RBe[SCQ(i-
Pr)]11 The average GeO bond length of 1.85(3) A is between
that found in PRCOGePh (1.945 AY3 and PhGeOGePh (av
1.76 A)24is longer than in typical germanates (17478 A)2°
but is shorter than the sum of the covalent radii of 1.98°A.

The terminal &0 bond length of 1.19(5) A is essentially
the same as in the monothiocarbonategFfiISCOR] and close
to the expected value for a=€D double bond. Similarly, the
orientation is such that the Ge- - -O nonbonding distance of 3.02-

(22) (a) Wells, A. F.Structural Inorganic ChemistryClarendon Press:
Oxford, England, 1975. (b) NahringbauerAlcta Crystallogr 1968
B24, 565. (c) Worsham, J. E.; Levy H. A.; Peterson, S. Wtta
Crystallogr. 1957, 10, 319.

(23) Glockling, F.The Chemistry of GermaniyrAcademic Press: London,
England, 1969; p 13.
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(1) A'is slightly shorter than those in BBe[SCQMe] and Ph-
Ge[SCQ(i-Pr)] and less than the sum of the van der Waals
radii of 3.47 A. However, the intramolecular interactions, if
any, must be extremely weak. By contrast, the two independent
molecules in the asymmetric unit 4fare related by the presence
of a hydrogen bond between N(2) and O(2) which are separated
by 2.87(2) A, which is typical of the distance of arM- - -O
hydrogen bond. The thermal parameters of O(2) and N(2) are
smaller than those of O(4) and N(1), which is also consistent
with hydrogen bonding between the former. Unfortunately, it
was not possible to detect the hydrogen atom attached to N(2)
in the difference Fourier map, although the hydrogen atom
attached to N(1), which is not hydrogen bonded, was detected,
so H(26) is set in an idealized position. As with the dithiocar-
bonates, the Ge©C bond length is, as expected, longer (av
1.32(4) A) than the €0, but still considerably shorter that the
sum of the covalent radii of C and O of 1.51 A. The degree of
7 character is also indicated by the ©®—C bond angle of
123(1y.

The angles within the ring system range from 118(®@)y
C—N-C, emphasising the essentially trigonal planar environ-
ment about N, to 92(2)for C—S—C, emphasizing the tendency
of R;S compounds to have angles closer t¢.90he three
angles involving a carbon center range from 103(fgr
N—C—C to 111(1} for N—C-S, with S-C—C falling in the
middle at 107(1). The angles about the carbon atom in the
NC(S)S group add up to 380as expected for the planar carbon
atom, with S-C=S and N-C=S having values of 121(1) and
128(1Y, respectively, which suggests less delocalization of the
m-bond into the former than the latter. The terminat€ bond
length of 1.64(3) A ind is comparable to that in the trithiocar-
bonates, PiGe[SCS(-Pr)];1° and MeGe[SCEt],, 1.63(1) Al
The average €SC and S-CS bond lengths of 1.77(3) A i
are apparently slightly shorter than those of theST bond in
the trithiocarbonates (av 1.82(1) A) but slightly longer than the
S—CS bond in these trithiocarbonates (av 1.74(2) A) as well as
in dithiocarbamates such as Mee[SCNMe;], and MeGeCl-
[S:CNMey] (av 1.75(1) A)54 The CN-C and $SC—N bond
lengths of 1.47(2) and 1.31(1) A, respectively are essentially
the same as in the dithiocarbamatesGE[SCNMe;], and Me-
GeCIl[SCNMe;] (1.45(1) and 1.32(1) A, respectively), indicat-
ing that in this dithiocarbamate fraction which is part of a ring
system, ther-electron delocalization in the,6N group is
essentially the same as in those attached to germanium.

Nuclear Magnetic Resonance Spectta In the 1H NMR
spectrum of -cysteine, HSEHy,CH(NH2)(COH), in D-0, the
protons attached to carbon display patterns typical of ABX
systems. The first of the two bands of peaks, which is
attributable to €ix(NH,), is seen at 3.97 ppm (X of ABX with
Jx = 4.0 andJyx = 5.7 Hz) while in the second band, which is
attributable to SE;Hy, Ha is seen at 3.08 ppm (A of ABXIap
= 15, J = 4.0 Hz) andHy, at 3.00 ppm (B of ABX Jap = 15,

Jx = 5.7 Hz). The coupling constants were obtained by
simulation using the program “PANIC”. With this as a basis,
theH NMR spectrum in RO of the salt, [NH]3[S;CSCHHy-
CHy(NHCS)CO;] (1), similarly shows characteristics of an
ABX system with the band attributable tdHg at 4.95 ppm (X

of ABX with Jx = 3.9 Hz,Jsx = 9.2 Hz) and that attributable
to CHHp hasH; at 3.82 ppm (A of ABX Jap = 14.1,J« = 3.9
Hz) andHp, at 3.75 ppm (B of ABX Jpa= 14.1,Jux = 9.2 HZ).

(24) Kuzmira, L. G.; Struchkov, Y. TZh. Strukt. Khim1972 13, 946.

(25) Christiansen, L. NActa Chem. Scand 972 26, 1955.

(26) Pauling, L.J. Am. Chem. Socl947 69, 542; The Nature of the
Chemical Bond3rd ed.; Cornell University Press: Ithaca, NY, 1960;
p 255.
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In the 13C NMR spectrum of the salt, the chemical shifts for Table 6. Selected Features and Their Assignments in the Infrared
SCHaHp and CH, are 43.71 and 63.52 ppm, respectively, Spectrum of MeGeSCSCHCH(NHCSGeMe)COGeMe; (2)*°
compared to 25.48 and 56.58 ppm for the corresponding (CHs):Ge—S,CS— (CHz3)3Ge—S,CNH— (CHz)3Ge—0,C—
'-'Cys]fein;-cgl_he Cc:‘ir;;cglssmﬁs ?f zéggl ppm fe€s, zl:llz.iﬁ site  assignment site assignment  site  assignment
ppm for ,an .95 ppm for , compare well wi —

those of the corresponding simpler salts,,BSR (ca. 248.0 iggiz :gggi ig% mw zgﬁjﬁf igii ?ns ZESi%

ppm), NaSCNR; (ca. 210.0 ppm), and KLIOR (ca. 180.0 = 838vs p(Ge-CHs) 1238vs »(CS)asym 838s p(Ge—CHy)
ppm) (R= alkyl groups). The salt is relatively stable in the 809s ¥(S,CS) 983s  »(CS)sym 663s v(Ge-0)

solid state at room temperature, as is demonstrated by the facf09s 7(Ge~Clasym 838vs  p(Ge-CHs) ~ 630, sh ¥(Ge—Casym
that an adequate X-ray structure determination was achieved.;o; o ZESZ%—SC)j)sym gég 2 zﬂ zggg:g?%m 575 s, sh/(Ge=Cloym
However, in DO solution, it is clear that carbon disulfide 396 m 1(Ge-S) 402s  v(Ge-S)

elimination takes place. Thus, when the sample is left in an
NMR tube at room temperature, a peak at 192.7 ppm attributable,,
to CS, emerges in thé3C NMR spectrum after ca. 24 h. This
peak gradually increases in intensity while there is a corre-
sponding decline in the intensity of the signal at 246.71 ppm
attributable to 8CS. After ca. 1 week, the peak attributable to
S,CS totally disappears, while the intensities of the remaining
peaks, other than that of the ¢Stay constant. The loss of

as, strong; m, medium; w, weak; sh, shoulder; br, broad; v, very.
Run neat between KBr plates.

original compoun@®. As mentioned above, shifts toward TMS
of the CH; chemical shift usually indicate that Ge is attached
to a more electronegative element so this suggests that the
overall electronegativity of the,8ESR group is less than that
. ; of the S group. Not surprisingly, given the similarity of the
CS, clearly results in the formation of the salt [NH[SCH,- two compounds, the chemical shifts for the other hydrogen
CH(NHCS)CO,]. atoms in3 are very close to those i@. In the 33C NMR
The *H NMR spectrum of MeGeSCSCHCH(NHCS- spectrum of3 a peak at 192.7 ppm attributable @S, appears
GeMe)COGeMes (2) recorded immediately after the sample  and increases in intensity along with the gradual decrease and
was made, confirms that the compound contains three trimeth-eyentual disappearance of a peak at 225.06 ppm attributable to
ylgermane groups in different environments, and that it is over 5,cs in2. A peak at 28.08 ppm attributable t€€HHy, in 3
98% pure relative to any hydrogen-containing impurities. has a shift of approximately 12 ppm toward TMS relative to
Further, all peaks have the expected intensity ratios and finethe one at 39.98 ppm attributable teCSCHHy, in 2. The
structure. Thus, the chemical shift ofKig)sGe-S,CS is 0.72  remaining carbon atoms have essentially the same chemical
ppm in the identical position to those in the related trithiocar-  shifts in both compounds, as expected.
bonate derivatives, (83):GeSCSR (R= Et, i-Pr) 0 that of In the H NMR spectrum of (Ch)sGeO,C(—CHCH.HSC-
(CH3)3Ge—S,CN is 0.71 ppm, which is very close to the values (S)NH,—) (4), the chemical shift for (E13):GeQC at 0.64 ppm
of 0.67 and 0.65 ppm which were observed in the dithiocar- jg comparable to the values of 0.61 ppn2imnd 0.63 ppm in
bamates, (Bl3)sGeSCN(CHs), and (THs)sGeSCN(CoHs)., 3. The remaining protons attached to carbon are assigned as
respectively® and that of (G13)sGeQC— is 0.61 ppm. Itis  folows; a triplet at 4.74 ppm Witha = Jox = 8.2 Hz for H, (X
interesting to compare these values with those of the simple ¢ ABX); a band with H at 3.76 ppm (A of ABX Jap = 11.23,
halides, MgGeF (0.51 ppm), Mg5eCl (0.78 ppm), and Me 3. = 8.2 Hz) and H at 3.71 ppm (B of ABX Jpa = 11.23,Ju
GeBr (0.88 ppm). This suggests that the effective group —g o Hz) for Hand H,. The peak attributable tol}, is seen
electronegativity of the @C— group is greater than those of 55 3 proad peak at 7.50 ppm. In tHE€ NMR spectrum, the
the SCN— and SCS— groups but the difference is less than peak due to MgseQ,C is at 170.51 ppm, close to those 2n
the difference in electronegativity between fluorine and chlorine. gnq3 while that of SCN is at 200.98 ppm, shifted only 3 ppm
As. for the other hydrogep atoms in the molecule, the chemical gownfield from its position in2 and3. Finally, because the
shifts for H, Hy, and Hc in MesGeSC—SCHaHRCH,(NH:)— starting material leading td—4 was L-cysteine, there is no
show a similar ABX pattern as in-cysteine with Hat 411 reason to expect the formation of more than one enantiomer
ppm (A of ABX, Jan = 13.9,J = 8.2 Hz) and Hat 3.91 ppm  4nd no signals were observed indicative of the presence of a
(B of ABX, Jap = 13.9,Jx = 8.3 Hz). The chemical shift for  mixture of diastereomers.
Hx is a band at 5.28 ppm, consisting of eight peaks, arising  \/iprational Spectra of MesGeSCSCH,CH(NHCS,GeMe)-
from four peaks (X of ABX) being further qoupleq withpH CO,GeMe; (2) and MesGeO,C(—CHNHC(S)SCH,—) (4).
(Jax = 8.2,Jox = 8.3,Jxn = 6.9 Hz). The chemical shiftforthe  characteristic features in the infrared spectrur@ afe presented
hydrogen atom attached to nitrogen, li a doublet, arising i Taple 6, and those in the infrared and Raman specté of
from coupling with K, at 7.90 ppm (dJnx = 6.9 H2). are in Table 7. Because of the relative ease of decomposition
In the *3C NMR spectra, the chemical shifts are 225.06 ppm  of 2, attempts to record a Raman spectrum of reasonable quality
for S;,CS, 197.93 ppm for £N, and 171.39 ppm for &, failed. The assignments of the relevant peaks related to the
respectively, which are correspondingly comparable to 226.0 presence of the;8S and SCN moieties in the infrared spectrum
ppm in MeGeSCSEE? and 197.0 ppm in MgSeSCNMe,. of MesGeSCSCHCH(NHCSGeMe)CO,GeMe; (35) are made
The sample dissolved in CD&Was kept in the NMR tube at  on the basis of assignments reported for the thioxantites
room temperature for approximately 1 h, before the spectrum and related dithiocarbamate spediedalong with comparisons
began to change as a result of the onset of €lination to with spectra of the triammonium salt.
initially give MesGeSCHCH(NHCSGeMe;)CO,GeMe; (3). For the MeGe—0,C— site, a strong band due to the=©
The changes continued for up to 24 h to eventually yield{H  vibration, observed at 1600 crhin the saltl is shifted to higher
GeQC(—~CHCHH,SC(S)NH—) (4) along with unidentifiable  frequency at 1693 cni for 2 and 1699 cm! for 4, suggesting

products. that the ligand is essentially monodentate in both cases with
In theH NMR spectrum MgGeSCHCH(NHCSGeMe)CO,- germanium bonded to just one of the oxygen atoms of @ O
GeMsg; (3), the chemical shifts for Bs, Hy and H, in (CH3)s- group. There are, of course, three different@e environments

Ge—-S—CHHp are all shifted toward TMS relative to the in 2. However, the more intense GHeformation mode for
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Table 7. Selected Features and Their Assignments in the
Vibrational Spectrum of MgeQ,C(—CHNHC(S)SCHH—) (4)2P

IRC Ramand assignment
3404 w v(N—H)
1699 s 1705 (3) »(C=0)
1627 s S(N—H)
1494 s 1495 (2) »(C—N)
1357 s S(CHa)s)
1247 s 1252 (7) WCS)asym
1045 s 1033 (30) »(C—0)

977 w 980 (2) 'V(CSZ)sym
830 ms p(Ge—CHs)
660 s 676 (25) »(Ge-0)
630 s 638 (30) ¥(Ge—C)asym
574 mw 582 (100) »(Ge—Cgym

2 Parentheses denote relative intensities in the Raman effgct.
strong; m, medium; w, weak; sh, shoulder; br, broad; v, veBun
neat between KBr plateg. Run neat in sealed capillaries.

MesGeX compounds is normally seen in the same region of

the spectrum regardless of the nature of X and this appears to

be the case here also. However, the-Gestretching vibrations,

do appear to differ slightly i2 according to whether germanium

is attached to the £S, SCN, or O,C groups. It has been
generally observed that the G€ stretching vibrations shift to

a higher wavenumber if germanium is attached to a more
electronegative entity. This is illustrated by the spectra of-Me
GeBr and MeGeBn,2” where the GeC asymmetric and
symmetric stretching modes are at 612 and 572%cmespec-
tively, for the former compared to 633 and 588 ¢nfor the

Drake and Yang

The assignments of the asymmetric and symmetric-Ge
stretches are therefore made to 630 and 575'¢craspectively,

for (CH3)3GeQ,C— and to 610 and 568 cm and to 609 and
568 cnT! for (CH3)3GeSCN— and (CH)GeSCS—, respec-
tively, the latter being essentially the same as those reported
for the trithiocarbonates, M&eSCSR (R = Et, i-Pr, n-Pr,
n-Bu)l® The Ge-S stretching vibrations for a variety of
dithiocarbamatés® range from 400 to 435 cnd, whereas those

in the trithiocarbonaté&!'range from 394 to 398 cd. Thus,

it is reasonable to assign the 68 stretching modes at 396
cm ! for Ge—-SCS and at 402 cm! for Ge—SCSN. The
Ge-0 stretching mode is observed at higher wavenumber than
Ge—-S mode, at 663 cnt for 2 and 660 cm? for 4, which are
very close to the values reported for (sGe—OCH;.28

Conclusion

In view of our success in forming a wide range of organ-
ogermanium mono- and trithiocarbonate derivatives as well as
dithiocarbamates, the lack of reactivity of the potential ligand,
[NH4]3[S,CSCHCH(NHCS)CO;], toward a variety of organ-
ogermanium halides was disappointing. The presence of the
three potentially active sites in the anion are clearly seen in the
X-ray structure of the salt, yet only for trimethylgermanium
halides did we observe the expected reaction, which was
immediately followed by CSelimination and rearrangement
to a heterocyclic derivative.
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