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Abstract 

Twelve di- and tri-organotin derivatives of dithiocarbamylacetic acids of the formula R,Sn- 

(OZCCH,S.&NR>),,, (R = Me, “Bu, ‘Hex, Ph; NR> = NMq, NEt,, N(CH2),, N(CH,CH,),O; n = 3, 
2) have been prepared. On the basis of IR and Mbssbauer spectroscopic data, the trimethyl-, tri-n-butyl- 

and triphenyltin derivatives are assigned a carboxylate-bridged structure with tran.+C,SnOz trigonal 
bipyramidal geometry at tin. The diorganotin dithiocarbamylacetates also adopt a bridged structure with 

a rrans-C,SnO, octahedral geometry at tin. The triorganotin esters dissociate into four-coordinate species 
in solution, as revealed by NMR (‘H and ‘%) spectral data. The tri-cyclohexyltin esters, however, are 

,four-coordinate monomers in the solid state and in solution. Three distannoxanes, [(R;‘SnO&CH&CN- 
Me~)0& (RySn = Bu,Sn, BuPhSn, Ph,Sn), were obtained as adventituous products during attempts to 

make the diorganotin esters from the diorganotin dihalides; for these distannoxanes the spectral data are 
interpreted in terms of skew-trapezoidal bipyramidal coordination at the tin atoms. 

Introduction 

Dithiocarbamates find wide application in analytical chemistry because of their 
strong metal-binding properties [l], and this feature is central to their behaviour as 
agricultural biocides [2]. The simplest member of the series, sodium N,N-dimethyl- 
dithiocarbamate, is a well-established, general purpose fungicide. It is converted by 
plant tissues into two other fungitoxic products, the j?-glucoside and /3-alanine 
derivatives [3], and by microorganisms into its a-aminobutyric acid derivative [4]. 
Also used as efficient and safe-biocidal materials for the control of a small number 
of important pest and plant diseases are triorganotin compounds such as triphenyl- 
and tri-cyclohexyltin hydroxides [5,6], and synergism has occasionally been observed 
when triphenyltin acetate is used in combination with alkali metal dithiocarbamates 
[6,7]. However, the chemical combination of triphenyltin (as the cation) and 
dimethyldithiocarbamate (as the anion) is less active [8] than either constituent. We 
reasoned that the fungicidal activity of the triphenylstannyl-dithiocarbamato system 
could perhaps be modified by the incorporation of an organic linkage in the 
dithiocarbamato unit, and for this purpose the methylenecarboxy -CH,C02- 
grouping was considered, since dimethyldithiocarbamylacetic acid, Me,NCS&H,- 
CO,H, has been reported to possess plant growth-regulating properties [9]. Results 
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[lO,ll] on the triorganotin ester derivatives of this acid confirmed the improved 
biological properties. The synthesis and spectroscopic properties of several organo- 
tin derivatives of this and other dithiocarbamylacetic acids are described in this 
report. 

Experimental 

The dithiocarbamylacetic acids, R,NCS,CH,CO,H (R,N = Me,N, Et,N, 
(CH,),N, O(CH,CH,),N), were prepared by published methods [12] involving 
displacement of chloride in chloroacetic acid by the dithiocarbamato anion in 
aqueous alkaline media. The acids were precipitated by adding concentrated hydro- 
chloric acid, and were recrystallized from an ethanol/toluene mixture. Dimethyldi- 
thiocarbamylacetic acid was converted into the S-benzyl-isothiouronium derivative, 
[PhCH,SC(NH,),][Me,NCS,CH,CO,], m.p. 167-168°C upon treatment with S- 
benzyl-isothiouronium chloride. Anal. Found: C, 45.61; H, 5.61, N, 12.10%. 
C,,H,,N,O,S, talc.: C, 45.29; H, 5.54; N, 12.16%. 

The IR spectra were recorded as Nujol mulls on a Nicolet 5-MX spectrometer. 
The Mossbauer spectra were recorded at 80 K on a Cryophysics instrument 
equipped with a 15 mCi Ca119m SnO, source; for the variable-temperature runs, 
temperature control ( f 0.1 K) was maintained by use of a heating unit manufac- 
tured by Lake Shore Cryotronics. The NMR spectra were recorded on a JEOL 
JNM-FX 100 spectrometer operating at 99.55 MHz for the proton and 25.00 MHz 
for the carbon spectra. The compounds were dissolved in deuterated chloroform, 
which also served as internal lock and reference for the 13C spectra. The organotin 
dithiocarbamylacetates were prepared as described below. 

Dimethyltin bis(dimethyldithiocarbamylacetate), Me,Sn(O,CCH,S,CNMe,), 
An aqueous solution of dimethyltin dichloride (2.20 g, 10 mmol) was mixed with 

one containing sodium hydroxide (0.80 g, 20 mmol) and dimethyldithiocarbamyl- 
acetic acid (3.58 g, 20 mmol). A white solid was formed immediately, and it was 
collected, washed several times with water and dried in air. Recrystallization from 
chloroform gave the pure compound, m.p. 181-182°C in 20% yield. 

Di-n-butyltin bis(dimethyldithiocarbamylacetate), “Bu2Sn(02CCH2StCNMe2), 
Di-n-butyltin oxide (2.75 g, 11 mmol) was heated with dimethyldithiocarbamyl- 

acetic acid (3.58 g, 20 mmol) in toluene in a Dean-Stark apparatus for 1 h. The 
mixture was filtered and solvent removed to give a white solid, which was collected 
and washed with petroleum ether; yield 80%; m.p. 139-142°C. 

Tetra-n-butylbis(dimethyldithiocarbamylacetato)distannoxane, [(“Bu2Sn02CCH,S2- 

CNMe A01 z 
Sodium dimethyldithiocarbamate was prepared in aqueous ethanol from sodium 

hydroxide (0.80 g, 20 mol) and dimethyldithiocarbamylacetic acid (3.58 g, 20 mmol), 
and this solution was added to one of di-n-butyltin dichloride (3.00 g, 10 mmol) in a 
little ethanol. The solid that separated was collected and washed with water. The 
pure distannoxane, m.p. 181-182O C, was obtained in 40% yield by recrystalliiation 
from a l/l chloroform/ethanol mixture. 
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Di-n-bulyldiphenylbis(dimethyldithiocarbamylacetato)distannoxane, [(“BuPhSnOJ- 

CH2S2CNMeAOl 2 
A solution of n-butylphenyltin dichloride (3.58 g, 10 mmol) in ethanol was added 

to an ethanolic solution of diethylaminoethanol (2.34 g, 20 mmol) and dimethyldi- 
thiocarbamylacetic acid (3.58 g, 20 mmol). The resulting precipitate was collected 
and washed with ethanol; yield 30%; m.p. 155-157 o C. 

Tetraphenylbis(dimethyldithiocarbamylacetato)distannoxane, [(Ph,SnO,CCH,S,CN- 

Me,)201 2 

This distannoxane was prepared as described above but from diphenyltin di- 
bromide (4.34 g, 10 mmol), diethylethanolamine (2.34 g, 20 mmol), and dimethyldi- 
thiocarbamylacetic acid (3.58 g, 20 mmol). The yield of the product, m.p. 168- 
170°C was 90%. 

Trimethyltin dimethyldithiocarbamylacetate, Me,SnO,CCH,S,CNMe, 
Dimethyldithiocarbamylacetic acid (1.79 g, 10 mmol) was treated with sodium 

hydroxide (0.40 g, 10 mmol) in 95% ethanol. The sodium salt dissolved on heating. 
Trimethyltin chloride (1.81 g, 10 mmol) was then added, and the mixture reflexed 
for 1 h. The sodium chloride formed was filtered off and the solution concentrated 
to give the product. Recrystallization from chloroform gave the compound in 50% 
yield; m.p. 144-146 o C. Variable-temperature Mossbauer plot: a for 80 d T G 139 
K (7 points, corr. coeff. -0.998) = -0.0134 K-‘. 

Tri-n-butyltin dimethyldithiocarbamylacetate, “Bu,Sn0,CCH2S2CNMe2 
A toluene solution of bis(tri-n-butyltin) oxide (6.00 g, 10 mmol) and dimethyldi- 

thiocarbamylacetic acid (3.58 g, 20 mmol) was refluxed for 1 h in a Dean-Stark 
apparatus. The solvent was removed to have a yellow oil, which solidified when kept 
under vacuum; yield 50%; m.p. 59-60 o C. 

A similar procedure was used for tri-cyclohexyltin dimethyldithiocarbamate and 
for the diethylamino-, pyrrolinyl- and morpholinyldithiocarbamylacetato analogues; 
these were initially isolated as semi-solids. For the preparations, 10 mm01 quantities 
of tri-cyclohexyltin hydroxide and the corresponding acid were used. The dimethyl- 
dithiocarbamylacetate was obtained as a solid (yield 40%; m.p. 68-69°C) by 
recrystallization from a l/l ether/n-hexane mixture. A 90% yield was obtained, 
however, from the reaction of tri-cyclohexyltin hydroxide and dimethyldithiocar- 
bamylacetic acid in methanol. The diethyl analogue solidified on exposure to air 
(yield 90%; m.p. 73-75OC); the pyrrolinyldithiocarbamylacetate was obtained as a 
solid when the initial semi-solid product was treated with n-hexane (yield 60%; m.p. 
72-74” C); the morpholinyldithiocarbamylacetate was obtained by recrystallization 
of the crude product from methanol (yield 50%; m.p. 106-108°C). 

Triphenyltin dimethyldithiocarbamylacetate, Ph,SnO&H$,cNMe, 
A solution of triphenyltin hydroxide (3.68 g, 10 mmol) and dimethyldithiocar- 

bamylacetic acid (1.79 g, 10 mmol) in toluene was heated for 1 h. The solution was 
filtered hot, and the solvent removed on a rotary evaporator to give the product in 
60% yield; m.p. 160-161° C. Variable-temperature MSssbauer plot: a for 80 G T Q 
139 K (7 points, corr. coeff. -0.999) = -0.0152 K-‘. 
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Triphenyltin diethyldithiocarbamylacetate, m.p. 129-130 ’ C, triphenyltin pyr- 
rolinyldithiocarbamylacetate, m.p. 72-74O C, and triphenyltin morpholinyldithio- 
carbamylacetate, m.p. 106-108” C, were prepared similarly in comparable yields 
from triphenyltin hydroxide and the corresponding dithiocarbamylacetic acids. 

Triphenyltin bis(dimethyldithiocarbamyl)acetate - ethanol, Ph,SnO,CCH(S,CNMe,), . 
EtOH 

Ethanol solutions of triphenyltin hydroxide (3.68 g, 10 mmol) and bis(dimethyl- 
dithiocarbamyl)acetic acid (2.98 g, 10 mmol) were mixed and the mixture was 
briefly heated. Cooling of the filtered solution gave the analytically pure product in 
60% yield; m.p. 142-143’ C. 

The analytical data and melting points of the sixteen organotin dithiocarbamyl- 
acetates are shown in Table 1. 

‘Dimethyltin dithiocarbaminoacetate, Me,Sn!$CNHCH,CO,, was prepared to 
enable its infrared and variable-temperature Mossbauer spectra to be compared 
with those of the organotin dithiocarbamylacetates. This compound, m.p. > 200 O C, 
precipitated when aqueous solutions containing 2/l molar amounts of ammonium 
dithiocarbaminoacetate [13] and dimethyltin dichloride were mixed. Anal. Found: 
C, 20.24; H, 3.07; N, 4.78; C,H,NO,SySn talc: C, 20.15; H, 3.02; N, 4.70%. The 
119mSn MSssbauer isomer shift (IS 1.31 mm s-l), quadrupole splitting (Q,!J 3.15 mm 
s-l) and linewidth (F, = F, = 1.27 mm s-l) parameters were determined at 80 K. 
Variable-temperature Mossbauer plot: a for 80 < T G 139 K (7 points, corr. coeff. 
- 0.994) = - 0.0077 K-‘. 

For the purpose of structure-activity correlations in the biological screening tests 
on the triorganotin dithiocarbamylacetates, two triphenyltin dithiocarbamylpro- 
pionates were also prepared: Ph,Sn0,C(CH,),SyCNMe2, m.p. 117-120° C, Anal. 
Found: C, 52.96; H, 4.74; N, 2.49; C,,H,,NO,S,Sn talc: C, 53.15; H, 4.64; N, 

Table 1 

Analytical data for organotin dithiocarbamylacetates 

Compound Analysis (Found (talc.) (%)) 

C H N 

Me,Sn(O,CCH,S&NMq), 181-182 
“Bu2Sn(O$CH2S$NMe,), 139-142 

[(“Bu,snO~CCH,~~Me)2012 181-182 
[( “BuP~S~O,CCH,S$ZNMQ)~O]~ 155-157 

[(Ph2sno2CCH2~CNMe)2012 168-170 
MqSn02CCH2!$CNMe2 144-146 

“Bu,Sn02CCH2S$ZNMe, 59- 60 

‘Hex,SnO,CCH,S&NMe, 68- 69 

cHex,Sn02CCH2S&NEt2 73- 75 

‘Hex,Sn02CCH2S#ZN(CH,), 72- 74 
“Hex,Sn02CCH2S$N(CH2CH2),0 106-108 
Ph,SnO$ZCH,S$NMe, 160-161 

Ph,SnO,CCH,S&NEt, 129-130 
Ph,Sn02CCH2$CN(CH2), 162-163 
Ph,Sn02CCH2S$N(CH2CH2)20 136-137 
Ph,Sn02CCH&CNMe&,.EtOH 142-143 

27.85 (28.52) 
36.60 (36.67) 

36.95 (37.25) 
40.62 (41.02) 
43.83 (44.47) 
27.56 (28.09) 
43.80 (43.60) 
51.14 (50.55) 
52.26 (52.27) 
52.71 (52.45) 
51.17 (51.02) 
52.56 (52.29) 

52.39 (53.97) 
54.17 (54.17) 
52.18 (52.65) 

48.10 (48.49) 

4.27 (4.38) 5.25 (5.54) 
5.92 (5.81) 4.43 (4.75) 

6.24 (6.25) 3.44 (3.34) 
5.11 (5.04) 3.13 (3.18) 
4.18 (3.95) 3.12 (3.05) 
4.99 (5.00) 3.92 (4.09) 
7.60 (7.53) 2.60 (2.99) 
7.72 (7.56) 2.49 (2.56) 
7.70 (7.89) 2.47 (2.43) 
7.58 (7.57) 2.31 (2.44) 
7.42 (7.36) 2.45 (2.38) 
4.34 (4.38) 2.26 (2.65) 
4.83 (4.89) 2.49 (2.51) 

4.53 (4.54) 2.38 (2.52) 
4.51 (4.41) 2.43 (2.45) 
4.86 (4.94) 4.09 (4.03) 
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2.58%; Ph,SnOzCCHMeSJNMez, m-p. 119-122°C, Anal. Found: C, 53.49; H, 
4.43; N, 2.29; C,,H,,NO&Sn talc: C, 53.15; H, 4.64; N, 2.58%. 

Results and discussion 

The triorganotin dithiocarbamylacetates were prepared by refluxing the organic 
acid and the triorganotin hydroxide (l/l stoichiometry) (eq. 1) or bis(triorganotin) 
oxide (2/l stoichiometry) (eq. 2) in toluene in a Dean-Stark apparatus, or by 
reaction of the organotin halide with the sodium salt of the acid (eq. 3). Dimethyltin 
bis(dimethyldithiocarbamylacetate) was prepared from the dimethyltin dichloride 
and the sodium salt of the acid (eq. 4), whereas the di-n-butyltin analogue was 
prepared from di-n-butyltin oxide (eq. 5) by the Dean-Stark method. 

R,SnOH + R>NCS&H,CO,H + R,SnOzCH,SJNR’r + H,O (1) 

(R =CHex, Ph; NR> = NMe,, NEt,, N(CH,),, N(CH,CH,),O) 

(R,Sn),O + 2R>NCS,CH,CO,H --, 2R,SnO,CH,S&NR; + H,O (2) 

(R = “Bu; R’ = Me) 

R,SnCl+ R>NCS,CH,CO,Na + R,SnO,CCH,S,CNR’, + NaCl 

(R=R’=Me) 

(3) 

R,SnCl, + 2R>NCS&H,CO,Na + R,Sn(O,CCH,S,CNMe,), + 2 NaCl 

(R=R’=Me) 

(4) 

R,SnO + 2R>NCS&H,CO,H + R,Sn(O&CH,S,CNR’,), + H,O 

(R =“Bu; R’ = Me) 

(5) 

The [(R,SnO,CCH,S,CNMe,),012 distannoxanes (R,Sn =nB~ZSn, “BuPhSn, 
Ph,Sn) were obtained when diorganotin dihalides were treated with the sodium or 
diethylethanolammonium salt of dimethyldithiocarbamylacetic acid in ethanol. 

The dithiocarbamylacetic acids, which are a class of C-substituted acetic acids, 
provide several sites for coordination to the metal atom in the di- and tri-organotin 
derivatives. Like the dipolar forms that can be written for the dithiocarbamate 
anion, three resonance structures can be considered for these carboxylic acids: 

R S HO R 
\ 

J ‘CZO - 
\ 

N-C N+=C’ c=o - 
/ \ / \ / 

R S-CH, R’ S-CH, 

R -S HO 
\ 

N+=C’ 
\ 

c=o 

R’ ‘S-C/H 2 

The evaluation of the preferred bonding mode(s) of the ligand and of the 
resulting coordination geometries at tin in the starmyl esters are considered in the 
following sections. 
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Table 2 

Infrared data (2000-600 cm-‘) for organotin dithiocarbamylacetates, dimethyldithiocarbamylacetic acid 
and S-benzyl-isothiouronium dimethyldithiocarbamylacetate 

Compound Infrared stretching frequencies (cm-‘) 

[(“BuPhSnOaCCH,S,CNMe&O]s 

MqSnO,CCH,S$NMe, 

” Bu ,SnO&CH &CNMe, 

1703vs, 1697vs, 1693vs, 1505s, 1495s 
1355s, 1305s, 1255s, 1215s, 1187s, 
1145m, 1002m, 948m, 91Om, 871m, 675s 

1693s, 159Ovs, 1495s, 1433s, 1353s, 
1266s, 1228m, 1207w, 1145m, 1135m, 
1117m, 1092w, 991m, 923w, 915w, 89Ow, 
781m, 73Os, 718s 

Me$n(OaCCH,S&NMe& 16OOvs, 1505s 134Os, 1256s, 1274s, 
1143m, 998m, 980m, 880m, 795m, 705m 

164Om, 159Ovs, 15OOvs, 1345s 1255s 
1238m, 1226s, 1182w, 1136m, 108Ovv, 
1048w, 977s 890s 796m, 71Om, 688s 

[(“Bu,SnO,CCH,S$NMea)aO]z 1655s, 1647s 1638s, 1508s. 1365vs, 
134Os, 1320s 1255s, 1215s, 1179m, 
1154m, 1079w, 976m, 893s, 793w, 722w, 
680m 

1665s, 1647s, 1640s 1582w, 1563~. 
1507s, 1427s, 1363s, 1307s, 1253s 
1218s, 1205s, 1178s, 1153s, 1077w, 
1069w, 102Ovv, 997m, 975s 795w, 733s, 
695s 681s 

168Os, 1633s, 1505s 143Os, 1336s 
13OOs, 1254s, 1218s, 1202s, 1180s. 
1154m, 1075w, 1065w, 1021w, 998m, 
978s, 89Os, 793w, 730~s 724~s 694~s 

1585~s 1565vs, 1502s. 141Os, 1395vs, 
1252s, 1237s, 1148s, 997s 984s, 89Om, 
783vs, 755s 705~s 

1604~s 158Ovs, 1575vs, 157Ovs, 1505m, 
1495m, 1448m, 136Ovs, 126Os, 1281s, 
1145m, 1075w, lOOOm, 987m, 887w, 877w, 
867w, 795~ 

1665vs, 15OOs, 1455vs, 136Os, 1325~s 
1255s 1209s, 1171m, 1145m, 99Os, 
979s 888m, 841w, 722w, 692~ 

1665s, 166Ovs, 1652s, 1495s, 1487s, 
1445vs, 1420s 1356s, 1326s, 1283m, 
1270m, 122Os, 1201s 1167m, 1133m, 
1085m, 99Os, 919m, 880s 835m, 829m 
796m 725m, 693m 

168Ovs, 1673vs, 1434vs, 1379s. 1329s, 
1316~s 1251m, 1208~s. 1151s, 1085w, 
104Om, 1007s, 991s, 955s, 88Os, 841~. 
797w, 723w, 686~ 
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Table 2 (continued) 

Compound 

‘Hex,SnOzCCH,$CN(CHzCH2)20 

Infrared stretching frequencies (cm-‘) 

1667s, 166Os, 1445s, 1435s, 1425s, 
1367s, 1328s, 1298m, 1265s, 1230s 
1214m, 117Os, 1115s, 103Os, 994s, 
911w, 882m, 866m, 841w, 701~ 

Ph,SnO,CCH,S$NMe, 1583s, 1575s, 1555vs, 1546vs, 1429s 
1414m, 135Om, 1263m, 1243w, 1151w, 
1075w, 1025w, 998w, 982w, 888w, 735s 
725s, 695s 

Ph,SnO,CCH,S$ZNEt, 1588s, 1580s 1576s, 1567s 1564s 
1557vs, 1548s, 1538s, 1487s, 1435w, 
1417w, 1355w, 1304w, 1271m, 1207m, 
1144m, 1080m, 1035w, 1013w, 998m, 
916m, 994m. 831m, 733s, 699s 

167Os, 159Os, 1582s, 1577s, 1557vs, 
1482s. 144Os, 1435s, 138Os, 1325s 
1254w, 121Os, 1184m, 1166m, 1080m, 
1036w, 1012m 996m. 965m, 884m, 8Olw, 
736vs, 728vs, 699~s 

1589m, 1575s, 1553vs, 1430s 1378vs, 
1270m, 1230m, 1215w, 1115m, 1078w, 
103Ow, 998m, 734s, 697s 

Ph,SnO,CCH&CNMe&EtOH 163&s, 1505s, 1498s, 1488s, 143Os, 
1330m, 1315m,125Om, 1145w, 1076w, 
104Ow, 966m, 869w, 841m, 78Ow, 731s 

725s, 691s 

Infrared spectra 
The infrared data of the organotin esters in the 2000-600 cm-’ range are listed 

in Table 2, along with data for dimethyldithiocarbamylacetic acid and its S-benzyl- 
isothiouronium salt. For the parent acid, the carbonyl stretching band appears as a 
multiplet centered around 1700 cm -‘; for the ionic salt it is split into two strong 
bands at 1700 and 1590 cm-‘. 

In the spectrum of trimethyltin dimethyldithiocarbamylacetate, the asymmetric 
carbonyl stretches appear at 1585 and 1565 cm-’ and the symmetric stretch at 1395 
cm-‘. The difference of < 150 cm-’ between the asymmetric and symmetric 
stretching frequencies, which is also seen for the tri-n-butyl- and triphenyl-tin esters 
(the carbonyl bands appearing typically below 1600 cm-‘), suggests that the 
carboxylato group is engaged in strong bridging interactions. This difference is 
expected to exceed 200 cm-’ in non-bridged carboxylates [14]. For the tri-cyclohex- 
yltin esters, the difference is large, and is indicative of negligible or weak bridging 
interactions. The asymmetric carbonyl bands appear at about 1670 cm-‘, and the 
positions are similar to those found for the structurally characterized tri-cyclohexyl- 
tin acetate and tri-cyclohexyltin trifluoroacetate [15] esters, whose structures were 
interpreted [16] in terms of very weak intermolecular bridges. A large difference was 
also taken as strong evidence against a carboxylate-bridged structure for a series of 
trialkyltin aminoacetates [17]. 
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The carboxylato group in dimethyltin bis(dimethyldithiocarbamylacetate) ab- 
sorbs strongly at 1600 cm-‘, as does that in the di-n-butyltin analogue, and so both 
compounds are also carboxylate-bridged. On the other hand, the tin-oxygen inter- 
actions in the distannoxanes are divided into two types as two strong asymmetric 
carbonyl bands are observed in the spectra. For example, in the case of the 
tetraphenyldistannoxane, the 1680 cm-’ band is probably associated with a weak 
interaction and the 1633 cm-’ band with a stronger interaction. 

Two Sn-C stretching bands, at 555 and 544 cm-’ for trimethyltin dimethyldi- 
thiocarbamylacetate, and at 586 and 555 cm-’ for dimethyltin dimethyldithiocar- 
bamylacetate, indicate [18] distortions from planar C,Sn and linear C,Sn skeletal 
geometry, respectively. The C=S stretching bands in the spectra of all the com- 
pounds prepared are weak, and are not readily assigned. The tin-sulfur band, which 
has been observed at around 385 cm-’ in organotin dithiocarbamates [19], could 
not be located in the spectra of the organotin dithiocarbamylacetates, and this may 
be taken as evidence against any tin-sulfur interaction. 

Dimethyltin dithiocarbaminoacetate, Me,SnS,CNHCH,CO,, prepared for com- 
parison purposes, displays bands at 3250 (N-H), 1630, 1330 (CO,), 1510 (C-N), 
978 (C-N coupled with C-S), 565, 543 (Sn-C) and 440 (Sn-S) cm-‘. 

M&sbauer spectra 
The MSssbauer quadrupole splitting (QS) and isomer shift (IS) values at 80 K 

for the organotin dithiocarbamylacetates are listed in Table 3. Except for 
Ph,SnO,CCH,SJNEt,, which displays a three-line spectrum that is discussed 
later, all the other compounds studied exhibit well-resolved doublet spectra. 

A guide to the coordination status of tin in di- and tri-organotin compounds is 
provided by the QS/IS ratio, which has a value > 2.1 for higher-than-four 

Table 3 

Mossbauer data 0 for organotin dithiocarbamylacetates 

Compound IS QS r1 l-2 

Me,,Sn(02CCH2SrCNMe2)2 
“Bu2Sn(02CCH2&CNMq), 

[(“Bu2Sn02CCH2~CNMq)zol, 
[( “BuPhSn02CCH2SaCNMe,),0], 

[(Ph2Sn02CCCH2S$NMea)20]2 
MqSnO,CCH,S&NMq 
“Bu,Sn02CCH2S$NM+ 
‘Hex,Sn02CCH2S$NMe2 

CHex,Sn02CCH2$CNEt2 
CHexsSn02CCH2$CN(CH2)4 
cHex,Sn02CCH2SaCN(CH2CH2)20 
Ph,Sn02CCH2SaCNMe, 
Ph,SnO,CCH,S,CNEt, ’ 

1.31 3.80 0.96 1.07 
1.47 3.92 1.16 1.26 
1.30 3.57 0.98 1.04 

1.23 3.32 1.08 1.01 

1.14 3.23 0.92 0.95 
1.29 3.87 1.10 1.12 
1.45 3.93 0.97 0.99 
1.49 3.06 1.09 1.09 

1.48 2.94 0.98 1.07 

1.46 2.83 1.07 1.09 
1.25 3.61 0.96 1.06 

1.26 3.61 1.02 1.01 
0.58 2.31 1.01 1.05 
1.27 3.68 1.01 1.00 
1.23 3.11 1.36 1.43 
1.47 2.92 1.01 0.97 
1.25 3.61 0.91 0.91 

PhsSn02CCH2S$N(CH2), 
Ph,Sn02CCH2S,CN(CH2CHz)z0 
Ph,Sn02CCH(S&NMq),.EtOH 

’ In mm s-‘. b Three-line spectrum fitted as two doublets sharing a common lower-velocity wing. 
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coordination at tin [20]. Such ratios are observed for all the trioorganotin com- 
pounds except for the four tri-cyclohexyltin derivatives, “Hex,SnO,CCH&CNR, 
(NR, = NMe,, NEt,, N(CH,),), N(CH,CH,),O) for which the ratio lies in the 
1.94 to 2.05 range. On the basis of this ratio, the trimethyl-, tri-n-butyl and 
triphenyltin dithiocarbamylacetates are assigned a five-coordinate, fauns-C,SnO, 
trigonal bipyramidal geometry [21]. 

The four tri-cyclohexyltin derivatives are probably four-coordinate tetrahedral 
species as their QS values fall in the 2.83-3.06 mm s-l range. This structural 
feature is typical of tri-cyclohexyltin carboxylates [15,22,23] and can be attributed to 
the bulk of the cyclohexyl rings. 

For the diorganotin bis(dimethyldithiocarbamylacetates), trans-[SnR,] oc- 
tahedral geometries are predicted on the basis of the magnitudes of their QS values. 
The dimethyldithiocarbamylacetato ligand in these structures is considered to 
bridging, as indicated by the infrared data. However, crystallographic evidence for a 
carboxylate-bridged, truns-octahedral diorganotin dicarboxylate is still awaited [24]. 

In the old literature, distannoxanes were formulated as either (R,SnX),O or 
R,SnX, . R,SnO, but recent structural evidence has shown that they are tetra- 
nuclear species. The X = R’CO, derivatives are generally centrosymmetric dimers 
containing an Sn\O, ring that has two R,Sn”O,CR’ units attached to its oxygen 
atoms. One R’CO, ligand bridges the Sn’-0-Sn” fragment (to give rise to a 
six-membered Sn’-0-Sn”-O-C-O ring), whereas the other chelates the Sn” atom 
in an anisobidentate manner (to give rise to a four-membered Sn”-O-C-O ring). 
The two tin atoms adopt skew-trapezoidal bipyramidal geometries [25]. The 
Mbssbauer spectra of the present three distannoxanes are doublets with rather 
narrow linewidths. On the basis of the proven correlations between QS values and 
crystallographically determined carbon-tin-carbon bond angles in diorganotin 
compounds [26], the skew-trapezoidal bipyramidal geometry (C,Sn angles in the 
range of 135 to 155OC [27]) can be assigned to the three distannoxane compounds. 
The IS and Qs values for the R,Sn = “BuPhSn compound are intermediate 
between those of the R,Sn =“Bu2Sn and R,Sn = Ph,Sn analogues. This observa- 
tion is consistent with the greater donor strength of the alkyl than of the aryl group. 

There is little difference between the Miissbauer parameters for triphenyltin 
dimethyldithiocarbamylacetate and those for the bis(dimethyldithiocarbamyl)ace- 
tate . ethanol adduct. The two compounds can be regarded as having the trans-trigo- 
nal bipyramidal geometry, but comparison of their infrared data reveals that the 
carbonyl bands in the ethanol adduct are not much shifted compared with those for 
the parent acid. Thus, although triphenyltin dimethyldithiocarbamylacetate is un- 
equivocally carboxylate-bridged, the ethanol compound is probably a monomeric, 
ethanol-coordinated triphenyltin ester. Ethanol, though a weak Lewis base, is 
known to coordinate to the triphenyltin acceptor [28], and a methanol adduct of a 
triphenyltin ester [29] has also been structurally characterized. 

An indication of how tightly bound a tin atom is in a lattice, and hence the 
degree of molecular association, is provided by the magnitude of the temperature 
coefficient of the Mossbauer recoil-free fraction, which can be determined from 
variable-temperature studies. A survey of several methyltin, c-hexyltin and phenyl- 
tin compounds has revealed that rigid polymeric structures yield -a values of 
< 1.1 X lop2 K-‘, whereas polymers possessing more flexible tertiary structures 
that permit greater vibrational freedom for the tin atom give -a values approach- 
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ing those of non-associated structures, i.e., in the range 1.3 x 10p2-2.8 x 10e2 K-’ 
[30,31]. In the present study, trimethyl- and triphenyl-tin dimethylditbiocarbamyl- 
acetates yielded -a values of 1.29 X lop2 and 1.52 x 10V2 K-‘, respectively. As 
these values are similar to those for carboxylate-bridged triphenyltin acetate and 
triphenyltin chloroacetate [32], both of which adopt stretched helical conformations, 
the two dithiocarbamates are judged to have a similar lattice structure. 

Triphenyltin diethyldithiocarbamylacetate displays a three-line Mossbauer spec- 
trum that was fitted as two Lorentzian doublets sharing a common lower-velocity 
wing. The Mossbauer parameters for the doublets are IS 0.58, QS 2.31 and IS 1.72, 
QS 3.68 mm s-l. The second pair of parameters can be confidently assigned to a 
trans-trigonal bipyramidal geometry, whereas the first could arise from a tetrahedral 
geometry. A three-line spectrum is also displayed by the triphenyltin derivative of 
the related ethylxanthylacetic acid, Ph,SnO,CCH,S,COEt, and an identical inter- 
pretation has been advanced [33]. 

The -a value for dimethyltin dithiocarbaminoacetate is 0.77 x 10e2 K-‘, which 
is consistent with a strongly bound, rigid conformation. Its rather low QS value of 
3.15 mm s-l rules out a c&SnC, octahedral geometry, but could arise from a 
five-coordinate cis-SnC, trigonal bipyramidal geometry [21]. The two sulfur atoms 
of the ligand are considered to engage the tin in chelation, so that the negatively 
charged oxygen end of the ligand is constrained to bond with another tin to give a 
strongly bound polymeric structure. The inability to attain six-fold coordination at 
tin may thus be seen as the consequence of decreased Lewis acidity associated with 
the presence of two tin-sulfur bonds in the molecule [34]. 

NH-cY2 
s= C’ c=o 

o’-’ - 
.F:: 

4 0 Sri 

Me Me 

NMR spectra 
Dimethyldithiocarbamylacetic acid displays two N-methyl resonances in both the 

‘H and 13C NMR spectra because the rotation about the C-N bond is restricted. 
This feature is also apparent in the triorganotin esters. In trimethyltin dimethyldi- 
thiocarbamylacetate, the N-methyl resonances are separated by 11.0 Hz. The 
magnitude of the the two-bond “‘Sn-Me coupling constant (57.6 Hz) for this 
compound is similar to that for tetrahedral trimethyltin chloride in non-polar 
solvents [35]. The ‘H NMR spectrum of the [(Me2Sn02CCH,S2CNMe2),01, ap- 
pears to be anomalous; multiple Sri-Me signals are observed, along with broadenend 
N-Me and methylene resonances, indicative of complex equilibria in solution. 

The 13C NMR data (Table 4) are most informative for the tri-n-butyl- and 
triphenyl-tin dimethyldithiocarbamates, since direct spectral comparison can be 
made with data for other triorganotin carboxylates. In particular, the one-bond 
119Sn-13Cips0 (for the triphenyltin system) and 119Sn-13C, (for the tri-n-butyltin 
system) coupling constants fall in a narrow range, and they can be fairly diagnostic 
of the coordination status at tin. The ‘J values fall in the 550-660 Hz range for the 
triphenyltin systems, and in the 330-390 Hz range for the tri-n-butyltin systems 
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Table 4 

13C NMR data LI for triorganotin dithiocarbamylacetates 

R,SnO,CCH,S&NMe, S(‘3C) 

R CO2 CH, Cs, N(CH,), 

Me,SnO$CH,!$CNMe, - 2.0 (398.6) 173.1 40.4 196.0 41.5, 45.4 

“Bu,SnO$CH,S$NMe, 16.4 * (354.6) 172.5 40.1 195.6 41.4, 45.0 

27.4 ’ (20.5) 

26.7 d (64.5) 

13.3 F ( < 5) 

‘Hex,SnO,CCH,S&NMq ’ 33.7 * (333.0) 172.2 40.2 195.6 41.0,44.9 

30.6 = (14.7) 

28.5 d (64.5) 
26.5 ’ ( < 5) 

Ph,SnO$ZCH&CNMe, 137.7 g (644.0) 174.1 40.1 199.9 41.4, 45.5 

136.9 h (48.3) 

128.9 ’ (64.9) 
130.2 j (13.7) 

’ Chemical shifts in ppm; cou 
P 

ling constants (in parenthesis) reported for “J(1’9Sn-‘3C) in Hz. *x.~z C,, 

Cs, C, and C,, respectively. S ppm (J Hz) for ‘Hex$nOH: C, 31.9 (352.7), C, 31.0 (15.1), C, 28.6 

(46.4), Cs 26.9 ( < 7). g.h~r,J Cipso, Corthor C,,,, and C,,,, respectively. 

[36,37]. The ‘J values for the tri-n-butyltin and triphenyltin dimethyldithiocar- 
bamylacetates are 354.6 and 644.0 Hz, respectively, and are indicative of four-coor- 
dinate tin. There is little information available on the one-bond coupling constants 
for tri-cyclohexyltin compounds, but they are expected to be of a similar magnitude 
to those for the tri-n-butyltin system, since four chemically different aliphatic 
carbons are also present. The ‘J value for (4Me-‘Hex)&-‘Pr is 312 Hz [38]; for 
(‘Hex),SnMe,_, it is 406 Hz for n = 1 and 340 Hz for n = 2 [39]. The value for 
tri-cyclohexyltin hydroxide, assigned a tetrahedral structure from its l19Sn chemical 
shift [40], is 352.7 Hz. The value of 330.0 Hz observed for tri-cyclohexyltin 
dimethyldithiocarbamylacetate agrees well with these literature values. 

Conclusion 

The dithiocarbamylacetato distannoxane derivatives are assigned a skew- 
trapezoidal bipyramidal geometry at tin essentially on the basis of Miissbauer 
evidence, and by analogy with the few crystallographically-characterized [25] distan- 
noxanes; they are considered also to be tetranuclear compounds, as depicted (I). On 
the other hand there have been many structural studies of triorganotin carboxylates, 
and these have shown the compounds to be generally polymeric, with carboxylate- 
bridged structures [16,36,41]. Among the notable exceptions are several tri-cyclohex- 
yltin carboxylates [15,23]. The tri-cyclohexyltin dithiocarbamylacetates are therefore 
assigned a tetrahedral structure (II) in which the carbonyl oxygen points into one 
face of the tetrahedron around the tin, distorting the geometry somewhat. For the 
other triorganotin derivatives of the dithiocarbamylalkaloic acids, the carboxylate- 
bridged structure with rruns-C,SnO, trigonal bipyramidal geometry at tin is en- 
visaged, and the spectroscopic data supporting this conclusion are corroborated by 
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crystallographic studies reported recently for tri-n-butyltin N-methyl-N-phenyldi- 
thiocarbamylacetate [42] and tri-n-butyltin pyrrolidinyldithiocarban$-3-propionate 
[43]. The repeat distances in these two esters are 5.117 and 4.990 A, respectively, 
and are typical of those found in other carboxylate-bridged triorganotin esters [l$]. 
In the methylphenyldithiocarbamylacetate, the intermolecular Sn-0 bond (2.393 A) 
is longer than the intramolecular Sn-0 bond (2.190 A), and the O-Sri-0 skeleton is 
bent (173.9O) [42]. In the pyrrolidiny~dithiocarbamylpropionate, the two Sn-0 
bonds are also unequal (2.117, 2.399 A [43]). In both structures, the C,N-CS, 
fragment is flat, and the dithiocarbamyl sulfur atom is not involved in coordination 
to tin. The present trimethyl-, tri-n-butyl- and triphenyl-tin dithiocarbamylacetates 
are best represented by the bridged structure (III). 

/\ 
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(III) 
That the intermolecular bonds in the triorganotin dithiocarbamylacetates are 

weak is also borne out by mass spectral data. Thus, for triphenyltin dimethyldi- 
tiocarbamylacetate, the parent ion was observed but higher molecular-weight frag- 
ments were not; the loss of the phenyl group and the elimination of carbon dioxide 
lead to the stable [Ph,SnCH,S,CNMe,]+ ion-fragment. There is some evidence, 
however, of disproportionation in the gas phase, as the [Sn(02CCH2S2CNMe2)3]+ 
ion and its decarboxylated fragments were also observed. 
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