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Abstract 

The twctivity of the polydentote lignnds bis(2-ucetylpyridine) corbanohydrazone (H ?apc) and 2-ttcetylpyridinc setnicttrb;rzonc (Haps) 
as well uh of their sulphur containing unnlogaus bis(2-ltcctylpyridine) tllitrcurballahydrszanc (H ,ttpt) mtd 2-acetylpyridine thiosemicar- 
bazone (Hopts) wns investipnted townrds orgunotin compounds. At X-ray crystal structure determination carried out on Ph,Sn(HaptM‘I . 
N $1 (I) turd (n-Bu),So(ilptsX<)A~) (5) rcvculed thut in both ctrmpounds the hydrnamic lignnd is terdentnte vin a sulphur atam and two 
nitrogen xtmts. The tin utom is six-cwrdinnted in I nnd scvcn-coordinntcd in 5. The similarities observed in the IR and ‘H NMR spectra 
urc iudi~:lliv~ nl’ u shuilur hrhnviour nf thr lignnd in dl the cmnplexcs, thus sugycating 11 six-coordinuted tin in the chlor;o dsrivtaivch ontl 
iI h~~r)n~courtli~~~lt~~~l tin in the ncetnto IWE’s. (U ItNI 13wvier Scicncc S.A. 

e)rganotins still have u lot of industribli applicutions. 
rspeciully as tmtifouling agents, even if the recent dis- 
quiet regarding their toxicity and the errvironmontul 
effect cannot be ignored. 

The interest in the coordination chemistry and in the 
biological properties of orgunotin, recently led us to 
evaluate the in vitro antimicrobial and genotoxic proper- 
tics of orgunotin complexes with the N,O lignnds di-2- 
pyridylketone and phenyl(2-pyridyljkctone 2-amino- 
benzoylhydruaoncs [I ] and di-2-pyridylkctone 2- 
thcnoylhydnzonc $1. As a continuation of these inves- 
tigations. we report here the synthesis and churucterisa- 
tion of the compounds obtained by reucting Bh,SnCIz 
and (n-Bu),Sn(OAcI, with the two N,O ligands bis(2- 
acetylpyrid~ne) carbonohydruzonc #I ,apc) and 2- 
ticctylpyridine semicarbazonu (Haps) and with the anal- 
ogous N, S ligunds his@-ncctylpyridine) thiocarbonohy- 

’ Corresponding illltllW 

drtrzonr O=l J apI) rritd 2-acetylpyridine thiosemicnr- 
brrzonc (Hapts) (Scheme 1). The X-ray crystul structures 
of Ph,SnWspt)CI s kl,O and (~~~u)~~n~~~t~~~Ac) are 
ulso reported, together with that of the free ligand 
Hapts. 

2. Experimental wction 

A11 rcactunts und solvents were rengcnt grade. Ele- 
mental unalyscs (C, W. N and S) were carried out on a 
Carlo Erbw CMNS-CI EAl I08 automatic equipment. In- 
frared spectra (4OQO-400 cm-’ 1 for KBr discs were 
recorded on iI Nicolet 5PC IT-IR spectrometer, mass 
spectril on iI Finnigan SSQ7 10 instrument, and ’ H NMR 
spcctril on a Rrukcr AC 300 instrument; chemical shifts 
arc given in ppm referred to tetratnrihylsilane. Melting 
points were obt;l;lned with a Gal-- &amp MFB-595 ap- 
paratus in open capillaries. 

(M)2t.12HX/97/517.(N) 0 1007 Elsevier Science S.A. All rights reserved. 
P/I SO022-32HX(97)00303-3 
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x-s. Hap0 
x=0. Haps 

Scheme I. 

2.2, Sytthesis 

The ligands were synthesised following published 
proceduruL+ [3,4]. 

Ph,Sn(HaptKl 0 Hz0 (11. The ligand (0.30 g) was 
dissolved in absolute ethanol (50 ml) with an equimolar 
amount of PhzSnClz (0.33 g). The solution was re- 
fluxed for 1 h; on cooling a deep yellow powder 
precipitated. Well formed crystals suitable for X-ray 
analysis were obtained by recrystallisation from abso- 
lute ethanol (yield 76%. m,p, 178-18O’C (dec,S). Anal. 
Found: C 51.40, H 4.12. N 13.61. S 5.15; 
C2’1H,7ClN,0SSn talc.: C 50.85, H 4.27, N 13.18, S 

‘H NMR (d,-DMSOI S,,: 2.47 (se 3H, CH,S, 
2.81 (s, 3H, CHI), 7.21-8.6 (18H. CH,,), 11.34 (s, IH, 
NH), 18 main bands (cm-t ): 3470 br, v16M); 3293 m, 
v(NH); .4680==405O w, vKH,,); 15.40 m, v(CNk 1279 
s; 789 and 73.9 m, 

Compounds 2,3,4,§ and 6 were prepared by using a 
similar procedure. 

Plz,SnfHqclCI (2). Amounts: Hrapc (0.10 g), 
PhzSnClz (0.12 g), EtOH (20 ml). Yteld 65%, m.p. 
235°C (dec.). Anal. Found: C 53.50, H 4.18, N 13.60: 
C2,H&lN,0Sn talc.: C 53.72, H 4.17. N 13.92%. ‘H 
NMR (CDCI,) 6,: 2.48 (s, 3H, CH,), 2.73 (s, 3H, 
CH,), 7.24-8.57 (ISH, CH,,). 8.72 (s, lH, NH). IR 
main bands (cm-’ ): 3290 m, v(NH); 3080-3050 m, 
Y(CHJ; 2940 w, Y(CH.,,,,); 1588 vs. v(CN); 781 - - 
694 m, S(CH,). 

(n-B~l)~Sn~HaprXOAc). /#&I (3). Amour\&: Hzapt 
(0.10 g), Bu,Sn(OAc), (0.09 ml). EtOH (20 ml). Yield 
52%. m.p. 148-152°C (dec.). Anal. Found: C 48.50, H 
6.18, N 13.60, S 5.20; C,,H ,,N,O,SSn talc.: C 48.33, 
H 6.16, N 13.53, S 516%. ‘H NMR (CDCI,) S,,: 0.66 
(t. 6H, CH3(bul) ), 0,85-1.43 (m, IZH, CH2), 2.06 (s, 
3H, CH.y,,,l,luJ, 2.42 and 2.68 (s, 3H, CH,), 7.19-8.51 
(8H, CH,,), 9.03 (s, IH, NH). IR main bands (cm-‘): 
3335 w. v(NH): 2956-2855 m, v(CH,,, ,); 1607 m, 
v~,!,,!COO); 1594 m, v(CNI: 1392 m, y,,,~COOI; 127 I 
s; 756 and 742 m, S(CH,,). 

(,t-Bu),St~lH~~)lBdcl (4). Amounts: H ,apc (0. log), 
BuzSn(OAc)J (O.Qc)ml), toluene (35 ml). Yield 489k 
m.p. 154-157°C (de& Anal. Found: C 51.70, H 6.23. 
N 14.42: CzsH3BN~O~Sn talc.; C 51.13, H 6.18, N 
14.3 1%. ’ H NMR (d,-DMSOI S,, : 0.68 (t. 6H. CH >rh,,,rI. 
0.88-1.39 (tn. l2H, CHJ 2.07 (s, 3H, CH3(,,,, ,(,, c,). 
2.40 and 2.66 (s, 3H, CH,). 7.14-8.92 (WN, CM,,), 8.12 



Table 2 
Atomic coordinates ( X IOJ) and equivalent isotropic displacement 
parameters (A’ x IO’) (one third trace of the diagonnlized matrix). 
with e.s.d.‘s in parentheses for compound 1 

Atom X/u Y/h z/e U&q) 

Sn 
S 
Cl 
Nl 
N2 
N3 
N4 
N5 
N6 
Cl 
C2 
C3 
C4 
C5 
C6 
c7 
CS 
C9 
Cl0 
CII 
Cl2 
Cl3 
Cl4 
@IS 
Cl6 
Cl7 
Cl8 
%I9 
C-20 
C4l 
C22 
caa 
Cl’=4 .* 
c’?S a, 
Cl0 
(‘V 
0* 

2%.l(4, 
2198(l) 
- 58(2) 
371 l(6) 
4323(S) 
4651(5) 
4122(S) 
32860) 
304817) 
3387(g) 
4220(1 II 
5434( I II 
S794(9) 
4895(7) 
5212(6) 
6502(6) 
3752(6) 
3678(6) 
4965(8) 
2732(7) 
1618(,(o) 
773( IO) 
106% 10) 
2178((10) 
2283(7) 
32lo(l I) 
3222( I.71 
?317(lS) 
l470(173 
I42Y( 14) 
E?!V~S~ 
2747W 
?6’M7~ 
llM(7) 
I7cMn) 
17!7(7) 
NMM( IS) 

2032.7(3) 
3534(l) 
1327(2) 
I346W 
3l2ti4) 
4023(J) 
SIOOW 
54 I7(4) 
70316) 
459(7) 
lW9) 
798( IO) 
1708(H) 
1959(6) 
2924W 
3609(6) 
4216W 
6171)(S) 
6754(81 
6478(S) 
61 n(s) 
64SlrI I) 
7005191 
7269W 
975(6) 
I323(7) 
S96(8) 
- %7( I.31 
- S74(20!0) 
64( 14) 
2SS.4~5) 
ShlY(J) 
llUV7) 
FMM4~ 
‘,W(H) 
I H’ld(tiI 
263M I S 1 

9123.2(4) 
788OU 
8756(2) 
10388(7) 
9169(S) 
8500(S) 
7224(6) 
6546(6) 
3971(7) 
I lOl8(12) 
I l745( 14) 
Il839(13) 
Il228(IO) 
1048U7) 
9769(6) 
9718(9) 
7901(6) 
578#7) 
5594( I 1) 
5042(7) 
543% 131 
.1674( 16) 
3544! 13) 
3245( I I) 
744M9) 
67(r)(9) 
SS4ti ! 0) 
SO87( 19) 
5923051 
71MW 27) 
Il221(6) 
I I 6O”Nb~ 
I ?933(7) 
IMWM) 
I3.$45(H) 
I2IYW) 
59% I H) 

379(2) 
412(6) 
578(7) 
530(25) 
360(19) 
393(20) 
445(23) 
419(2l) 
667(33) 
799t45) 
995(63) 
lOl9W) 
745(44) 
477(28) 
395(24) 
548(3 I) 
362(22) 
431(25) 
755(42) 
469(27) 
886W 
I I3WO) 
93W4) 
834(5 I ) 
S82(3 I) 
864(4X) 
96X(63) 
1608(94) 
3785(2 1’4) 
779’( 140) _ .%.I 
RWEI 
42lW) 
S71(31~ 
tilS(35) 
hhl(.lW) 
Slc2Ul) 
%i4(l4%) 

(s, IN, NH). 18 muin bands (cm-’ ’ ): 3183 w, UN-~); 
3067 VW, dCN,, 1; 2956-2856 m. v(CHcllky, ); I591 m, 
I.&IN); 1565 m, v,,,KXKIk 1346 m, v,,,,,,KOQ); 127 I 
s: 783, 742 and 67 I m, S(CH,,,h 

(#-Bu)~S~z(u~~rsl(O~~ (5). Amounts: Hapts (0. I5 g), 
Bu,Sn6Ac), (0.21 ml), Et0H (20 ml). Yield 40% m.p. 
160-163°C. Anal. Found: C 44.59, H 6.20, N 11.57, S 
6.65; C,,H,,,N,O.$Sn cult.: C 44.56, H 6.23. N Il.55, 
S 6.61%. ‘H NMR (CDCI,) S,,: 0.70 (t, 6H, CH, ,,,“, $9 
0.88-1.14 (m, l2H, CM,), 2.06 (S, 3H, CHJ,,,,, ,,,, c,)I 
2.60 (s, 3H, CH,), 545 (s, 2H, NH?), 7.49 (t, IH. 
CH,,,), 7.76 (d. IN, CH,,,), 7.96 ft. 111, CH,,,), 9006 (d. 
11-1, CH,,). 1R main bands (cm-‘): 3281, 3176 In, 
v(NH,); 2957-2855 m, v(CH,,,,,,): 1617 s, r{,,,(COQ); 
143 I s, q,,, (C00); 802 m, 8(CH,,). Crystals suitable 
for X-ray analysis were obtained by recrystallization 
from absolute ethunol. 

fn-Bd2Sn(aps)(OAc) * C, H,OH - 1.5H20 (6). 

Amounts: Haps CO.20 91, Bu,SnCOAc), (0.30 ml), EtOH 
(20 ml). Yield 61%. m.p. 1 SO- 152°C. Anal. Found: C 
44.40. H 7.20. N 10.07; C,,H,,N,O,,Sn talc.: C 44.30, 
H 7.25, N 10.33%. ‘H NMR (CDCI,) S,: 0.67 (t, 6H, 
CH 3cbut,). 0.88-1.61 (m, 12H, CH,), 2.04 (s, 3H. 

Table 3 
Atomic coordinates ( X lOJ) and equivalent isotropic displacement 
parameters (ii’ X IO”) (one third trace of the diagonalized matrix). 
with e.s.d.‘s in parentheses for compound 5 

Atom X/Cl Y/b z/c 
6150.2(2) 
2646.2(2) 
h830.4(7) 
3952.3(7) 
73ocr(2) 
6499t2) 
157ti2) 
2469(2) 
4952(2) 
S262(2) 
5418(2) 
6?53(3) 
l93t.H) 
3245(2) 
3880(23 
478a3) 
4825(3) 
4157(3) 
3606(3) 
3733(3) 
4~13(2) 
4SYti2) 
404lI(3, 
hlO”t(3) 
SYH2(60 
S404(4) 
f;J4H(S) 
4Y’W) 
62UtU3 
%40(S) 
5903(6) 
5389W 
‘Ilcll(J) 
773%(3) 
1281(4) 
892(S) 
Il9tiS) 
I85ti4) 
2?2l(f) 
2931X3) 
3244(4) 
419SU) 
2 I H(4) 
24SZ4) 
216%5) 
2388(S) 
2955(4) 
3556(43 
38446) 
4442(h) 
I82W3) 
I378(6) 

Ueq) - 

Snl 
Sn? 
Sl 
S2 
01 
02 
03 
04 
Nl 
N2 
N3 
N4 
M 
N6 
N7 
NX 
Cl 
C2 
CB 
c4 
CS 
Ch 
c7 
CH 
69 
Cl0 
CII 
Cl2 
Cl.9 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
C20 
C2I 
c22 
C23 
c24 
czs 
C26 
c27 
6‘28 
C2Y 
630 
631 
C32 
c33 
04 
c3s 
C36 

4171.X(2) 
- 800.1(3) 
351 l.t%ll) 
- 463.7( IO) 
4442(3) 
4899(3) 
- 1X60(3) 
- 1972(3) 
4497(3) 
366SU) 
3208(3) 
2685(4) 
- 338(4) 
494(3) 
990(3) 
Il42(4) 
4939(4) 
Sl90(4) 
4976(4) 
4527(4) 
4%9(3) 
3809(33 
3529(4) 
3179(R) 
2881(C) 
21SM5) 
I2h.$(b) 
6S,t( I II 
Sfm4) 
51117(S) 
hYld(7) 
7105(10) 
4842(4) 
S265(S 1 
-771(7) 
-937(H) 
lS2(7) 
617(6) 
36(K4) 
83M4) 
I699U) 
617(4) 
12Y(S) 
I IHIW 
1738(O) 
2781(73 
- l9lHW 
- lO78(5) 
- 2543(7) 
-2260(X) 
- 22244) 
- 2977(6) 

2 I95.7(2) 
3850.442) 
3330.5(8) 
4424.8W 
l683(2) 
890(2) 
4WM3) 
4882(2) 
1806(2) 
3 I24(2) 
3795(2) 
456%3) 
2814(3) 
3 I S2(2) 
3379(3) 
423%33 
Il48(3) 
961(3) 
1477(3) 
2lS7(3) 
2313(3) 
3033(3) 
3635(3) 
390X(R) 
lS53(4) 
172Ml) 
I203(7) 
I 4MM I a 1 
2SS4(3) 
3?37(5) 
34?5(6) 
4O9XWJ) 
lO63(3) 
S44(4) 
2655(S) 
2028(S) 
I WI(S) 
1701(4) 
2349(j) 
2ShM3) 
2129(4) 
3965(33 
4630(S) 
4632(4) 
5278(53 
S22!%63 
3 I33(4) 
2574(S) 
2209M 
1653(7) 
4674(3 ) 
5 I2ti6) 

370(l) - 
467(l) 
575(S) 
53iu5) 
534(13) 
613(14) 
7lrXl6) 
588(14) 
406(13) 
36’H 12) 
426(13) 
S41(18) 
671(19) 
460(14) 
50% IS) 
Wl9) 
48O(IR) 
SW 19) 
51 l(l9) 
467( 18) 
RhS( 14) 
39l(lS) 
6ltUl) 
4lMlS) 
663(%3) 
!llS(W 
I4Y5(55) 
34lMlW 
377(2O~ 
9N404) 
I4”Iu(.$b) 
2%44(9%3 
SO6tlXI 
XIOI%H) 
982(353 
I I42(40) 
IO77(40) 
782(B) 
S6WO) 
.534( 19) 
914(30) 
453(17) 
QXS(27) 
824(29) 
1072(3Y) 
I3SIxSO) 
742(Z) 
96704) 
1302(483 
1674WI 
S32( 19) 
776(3 I 1 



AI- c~htes (X IO’) and equivalent isotropic displacement 
mtets (ii’ x 10’9 (one third trace of the dingonalized matrix). 
with e.s.d’s in parentheses for H;lpts 

AlOlll x/u Y/b z/c rJkq9 

3618.6t39 4560.3(79 6698&S) Sl 
Nl 
N2 
N3 

:: 
62 
63 
c4 
C5 
66 
es 
C8 
S2 
NS 
N6 
N7 
N8 
C9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
0 

-441(i) 
1607(l) 
2221(l) 
287ti I) 
- 102s) 
- 88st2) 
- 102(29 
W2) 
317(l) 
944(l) 
769(2) 
2867( II 
7821.1(39 
3774 I 9 
576% 1) 
637% I) 
7156tl9 
318&ul) 
3242u 
3987(2) 
4596(l) 
4471(l) 
518LwI) 
49Iti2) 
7080( I 1 
= l599u 

1673G) 
24lU2) 
3291(2) 
2663(3) 
9iM3) 
- 73(4) 
-31%3) 
452(3) 
1459(29 
24&X?) 
3289(49 
34332) 
4452.7(79 
1421(2) 
242ti29 
3322(2) 
2312(3) 
575(3) 
- 247(3) 
- 231(3) 
610(3) 
lW2) 
2415(2) 
3267W 
328(X?) 
302lLJ) 

557X2) 
632N2) 
6117(2) 
77s I(29 
.5(347(39 
6743(3) 
7181(3) 
6819(2) 
6030(2) 
56%X29 
47M3) 
6883(29 
6u90.1(5) 
4792t2j 
5787( 19 
5578(2) 
7001(2) 
5WU29 
596M2) 
6623(2) 
6361(2) 
5452(29 
5143(29 
4161(39 
6244429 
3Wu29 

468(29 
482(7) 
4OM69 
410(69 
482(79 
615(10) 
657(119 
677(119 
548(99 
37ti69 
383(79 
611(119 
377(b) 
464(29 
420(69 
381(69 
414(69 
468(79 
s17w 
548(99 
53n(99 
46tn89 
355(6) 
W(79 
7sMl39 
376t69 
75w9 

T&k 4 Table 6 
Selected bond distances (& and x~gles (“1 in compound 5 

Snl-SI 
Snl-01 
Snl-02 
Snl-Nl 
Snl-N2 
Snl-C9 
Snl-Cl3 
Sn2-S2 
Sn2-03 
Sn2-04 
Sn2-N5 
SIGN6 
SnZ-C27 
Sn2-C3 1 
Sl-C8 
S&C26 
Cc)-Sn I -Cl 3 
NI-Snl-N2 
02-Snl-NI 
Ol-Snl-02 
Sl-Snl-N2 
SI-Snl-OI 
C27-Sn2-C31 
NS-St&-N6 
03-Sn2-NS 
03-Sk!-04 
SZ-s&l-N6 
S2-SnZ-04 
Snl-SI-CX 
Sfl?-KM?6 _ 
Snl=OI-Cl7 
Sni -02-x13 
Sn2 =03=t’3J 

2.582(29 
2.337(39 
2.545(49 
2.4-u(4) 
2.37oI4) 
2.130(6) 
2.149(5) 
2.641(2) 
2.404t4~ 
2.436I4) 
2.383(j) 
2.367(49 
2.14ow 
2.IJu7) 
I .72515) 
I .737(S) 
165.0(?9 
67.3(l) 
82.W I9 
53.4( I9 
74*5(I) 
82.M 1) 
16%7(3) 
i%w 
NI.lI29 
53.7f 1) 
72.w I 1 
84M 1) 
9lL7(‘) 
WA’) 
97.%7(39 
83.W39 
V3.Ht.S) 

Ol-Cl7 
02-Cl7 
03-c3s 
04-c3s 
N2-N3 
N2-C6 
N3-0-J 
N4-C8 
N6-N7 
N6-CM 
N7-C26 
N8-C25 
c5 -C6 
Cl7-Cl8 
C23 -C33 
c35 -CM 
Sic!-04-a5 
Snl-NI-C5 
Sni-NI-Cl 
Ci-NI-CS 
Sn I -NZ-C6 
St11 -N2-N3 
N3-N2-C6 
NZ-N3-C8 
Sn2-NS-C23 
SaS-NS-Cl9 
Cl9-NS-C23 
SnZ-N6-C24 
SIQ-M-N7 
N7- N6-CL! 
Nb-N742t9 
01 =x17-81 
e)3:-C’“WPM 

1.270(6) 
I .257(69 
I .X9(79 
I .26X7) 
1.382(5) 
1.301(6) 
1.327(6) 
1.346(79 
1.378(7) 
l.3W79 
1.31X3) 
1.341(7) 
I.482(7) 
I .%MXX) 
I ..$‘lWu 
l.S02(1 I) 
9i.kX.39 
I I7.6(39 
I X9(39 
1 I9.3<4) 
121.8(39 
12X4(39 
I I5.8(4) 
I I X2(4) 
I 17.W) 
I23.3W 
Il9.1(69 
I l9.6I49 
123.X39 
IIn.364~ 
I I S.obJ~ 
Ill.lU) 
12O.W) 

SW‘CI 2.601(2) N3-CB I .3#4W 
Sn-NI 2.5M89 NJ-M I .372( 101 
h-N2 2.33lW NJ-C8 I ..wxU~ 
Sn-Cl6 2. IXW NM?9 
SR-c22 2, I3oM C5=C6 I ,4w.v IO9 
S-C8 I .418(69 C%CI I I&Ml29 
N2-N3 I .379W 
CM-Sit-C22 156.M39 S-h-Cl 87.M I B 
NZ-Sn-C22 94.W Sn-S-CCL 97.W) 
N2-Sn-CM oV3t39 Sn-NI-C5 I lf.6W 
NI -%I-C22 lxx21 Sn-NI -Cl I2B.M~ 
NI-Sa-Cl6 WI.VLI) Cl-NI-CS I l&31%3 
NI -%I-NI 67.1(2! Sn-N2-Cb I23.M~ 
Cl-Sn-C2Z 137.8(2) Sn-N&N3 I2I.W4) 
Cl-SWXl9 ~~~7~2~ N&N&C6 I I%7U) 
Cl-Sn-NZ l64.W) N2-N3-CW I IJ.o(5~ 
Cl-Sn-NI 121.9(2) NS-NS-CW I 2WQ9 
S-%-C22 lM9.7W N&N%Cfcd I 17.X69 
Wh-Cl6 lO2?.3K?~ NM%-NJ I IL%69 
S-SW-N? =?6.7( 1) S-C&-NJ Il7.5W 

tails of the X-ray e mcntul conditions. ~‘rysfnl 
data collection and turf2 refinsment UPC given 

in Tuble 1. The data wete processed with the peak-pro- 
file analysis procedure and carrectcd for Lorcntr. und 
golaricution effects; for campmds I and 5 un uhsorp- 
tion correction was also applied. Ns crystul drcuy was 
~~~~~d during the dutu collection period. All the 
stmctums were solved by comhinutkn of direct meth- 
ods and Fourier di~~~~~nc~ techniques and reGinc~l hy 

trix least-squares htiscd on F’. with aI1 non-hy- 
atoms idlowing for anisotropic vibration. The 

h~~~~n atoms were in part located in A\F mtlps and in 
part included at their calculated positions and con- 
strained CQ ride on their attached atoms. The hydrogen 
atoms from the solvent molecules were ignored. Com- 



Table 7 
Bond distances t& and angles (“1 in Hsp~s 

SI-CI I.brblI2) SZ-Cl6 
NI-Cl 

SI-C&N4 

Nl-C5 
N3-N3 
N2-C6 
N3-C8 

S I -C&N3 

N4-68 
cs-C6 
Cb-c7 
N3-N2-C6 
N2-N3-C8 
C4-CS-C6 
NI-a-C6 
NZ-C6-C5 
a-C6-c7 
N2-C6-C7 
N3-C&-N4 

I .394t43 
I .337(3) 

I22.7(2) 

I .375(3) 
I .284f3) 
I .3613) 
1.319(3) 

ll9.9(2) 

I .488(3) 
I .4Q6(4) 
ll9.3(2) 
I I7.8(2) 
I2 I .2(2) 
I 16X(2) 
Il4.0(2) 
I20.7I2) 
I25.2(2) 
I 17.4(2) 

N5-CQ 
Ia-Cl3 
Nb-N7 

s2-c l6-N8 

N6-Cl4 
N7-Cl6 
N&Cl6 
Cl3-Cl4 

S2-C l6-N7 

Cl4-Cl5 
N7-N6-Cl4 
Nb-N7-Cl6 
Cl2-Cl3-Cl4 
N5-Cl3-Cl4 
N6-Cl4-Cl3 
Cl3-c14-Cl5 
Nh-Cl&C15 
N7-Cl6-N8 

I .6982) 
I .34X3) 
I .343(3) 
I .380(3) 

I22.4(2) 

I .2Qot3) 
I .358(3) 
I .322(3) 
I .488(3) 

I I9.9t2) 

I .492(S) 
18.8(2) 
17.8(2) 
22.2(2) 
15.8(2) 
I4.9(2) 
IW.7(2) 
26.4(2) 
17.7(2) 

1: 

I 

I 

plex atom scattering factors were employed and unoma- 
lous dispersion corrections were applied to all non-hy- 
drogen atoms. Calculations were performed on Could 

WER NODE 6040 und ENCBREWI computers, us- 
ing the program SIR92 [S], SHELXL93 [6], 
PARST [7], and [8]. Final atomic coordinates 
are listed in Tables 2-4. Selected bond distanccq and 
uagles are reported in Tables 5-7. 

Fig. I . ORTEP diagram of compound I. Thermal ellipsoids urc drawn 81 the 50% probability 

monodeprotonated and acts as a terdentate N,S donor 
giving rise to two five-membered chelate rings, one of 
which &NCCN) is strictly planar, while the other 
(SnSCNN) shows a slight degree of puckering. The 
coordination sphere of the metal is completed to highly 
distorted octahedral by a chlorine atom in the equatorial 
plane and two rrans-positioned phenyl rings in the axial 
sites. The main distortion from the regular octahedral 
geometry comes from the stereochemical constraints of 
Hapt which cause the N 1 -Sn-N2 and N2-Sn-S angles 
to be 67.2(2) and 76.7( 1 Y and the N I -Sn-S angle to be 
143.8(2Y instead of the expected 90 and 180”. Conse- 
quently, in the equatorial plane the NI-Sn-Cl angle is 
as huge as 128.4(2)0. Even if to a lesser extent. also the 
axial C-Sn-C angle is far from linearity (l56.(K3)“). 

The four equatorial bonds at tin are slightly (Sn-S) 
or markedly @n-N, Sn-Cl) longer than the correspond- 
ing ones observed in SnCl,WPT) (HFPT = 2- 
formylpyridine thiosemicarbazone) [9], which also con- 
tains a six-coordinated tin atom bonded in the equatorial 
plane to a chlorine atom and an N,S terdentate l&and. 
Unlike SnCI,@FT), in our compound the two Sn-N 
distances are considerably different. The Sn-C dis- 
tances are unremarkable. 

The hydrazone molecule has a non planar configum- 
tion, as shown by the dihedral angles of 5.1(3) and 
25,6(a)” the central C5 through Cl I moiety makes with 
the Nl . . , CS and N6.. . Cl5 pyridine rings, respc- 
tively. 

As established by the X-ray analysis previously car- 
ried out an the? free H,upt [d], 091 cumplrxatiun the 
hydruxone re:nmnys from the &=Z form to the more 
open Pi-E form. Moreover, the complex&on effecfh 
:bre responsible for the rhiane-to-thiol evolution us indi- 

C”6 1_ 

level. 



ng of the S-C8 and Cg-N4 bonds 
the C&-N3 bond. 
allizes with a molecule of water 

s to play an important role in the packing as 
Cl intermolecular interaction of 

3.X!(2) A. strongly indicative of hydrogen bonding. 
fn the ’ H NMR spectrum of the compound 1 there is 

exchangeable peak at 11.34 ppm with unitary 
ion, that is attributable to a still present hy- 

methyl groups, as well as the 
of the two pyridinic rings, are 
alent (see Section 2). In the IR 
and undergoes a negative shift 

the free ligand ( v(CN): h570 and 
vely). as expected when the C==N 

e coordination to a metal atom. 
The main spectroscopic features of PhzSn(Hapc)CI 

(2) resemble those of compound 1: the ligand is mon- 
odeprotonated (6, (N-N) 8.72 ppm) and coordinates 

u(C=Q) band which falls at 1695 

te reacts with H 2 apt and H !apc 

Fig. 3. ORTEP diagram of molecule B in compound 5. Themlal 
ellipsoida are drawn at the 50% p&ability level. 

which the tin atom is c~~~~in~t~d to a N,S ter~~nt~te 
lj+ as~~~n~~t~c ucrtute ion and to two 
an a~~~~in~at~l~ pentagonul bipyra- 

vimnment. The Sn-S bond distance in this 
compound is si~t~~~~attt~~ shorter than those in 5, 
whcmas the Sn-N 
la& of linearity i 

utnces are Iongcr; and the 
-Sn-C fr~l~rne~t is more 

marked, 
The Sn-c d~~r~~~ces. 

of the bonds quoted in 
13&2.I40 A, lie in the range 

e literilture for the few seven- 
coordinated diargunotin derivatives. The significant de- 



Fig. 4. BRTEP diupmm of Hapts (mdrcule A). Thermal ellipsoids 
:tw dtwvn crt the 50% prohsbilhy level. 

viations from a regular geometry are primarily due to 
the short bite of the acetato group which results in an 
O-&-O angle of 53.4(1)” (molecule A) and 53.7(I) 
(molecule B) instead of the theoretical value of 72”. The 
other four angles subtended at tin in the girdle range 
from 67.3 to 82.9” in A and from 68.5 to 84.0” in B. 
The axial ligandn also contribute to the observed distor- 
tion as the C-SW-C angle is reduced from the expected 
value of 180’ (lt55.a(2) and 369.7(3)” for A and B, 
respectively). None of the five equat?rial atoms or tin 
lie more than 0.04 (A) and 0.12 A (B) out of the 
least-squares plane. As in I. the chelating action of the 
hydrazone produces two five-membered chelate rings. 
An ~t~t~resti1~~ difference bctwcen A trnd B rcgiuds the 
c~~~)rd~n~ti~~t~ mode of lhe ucetuto group which is asym- 
mclric in A (SW-Q 2.337(3), 2.$45(4) A) ind nenrly 
symmetric in IJ (Sn-0 LW(d), .X%5(4) A). Unlike 
H@Il iI1 ~OlIIpOlJlItl 1. i@S hi\!4 OII tllh: WllOk il ItWrly 
plrmorr skclutan. the non-l~y~tro~elr atoms being Jis- 
placed from the learst-syurrres plrrnc by not more thnn 
0. I3 ); in A und 0.29 fi in B. The molecules pack in the 
cry& in a polymeric wuy obtained by u net of intar- 
moleculur hydrogen bonds involving as donors the NH, 
hydrogens. As can be seen by comparing the structure 
of the monodeprotonated coordinuted hydrazone @and 
in 5 with that of the neutral free @and (Fig. 4 shows 
the C)N*I’EP diugrum of one the two crystallographically 
independent molecules). the major difference consists in 
a 180” ratution about the C6-615 und N3-C8 bonds 
which allows the pyridine nitrogen and the sulphur atom 
to participate in the coordination to tin. Sipnificunt 
differences occur in the plnnarity of the two free hgand 
~mhxules: the pyridine ring and the adjacent CCNN 
moiety muke u dihedrul angle of 16.4’ in molecule A, 
whereas are prdctically coplanur ( I .7”) in molecule l3. 
As for the packing. the water molecule acts as donor 

towards A and w acceptor towards B, thus linking he 
molecules in chains. 

Simihuities are observed in the ’ H NMR spectra of 5 
and (n-Bu),Sn(apsXOAc) . C, H,OH . 1 SH .O (6) as for 
the follow’tng facts: (1) the hydrazidic 6-H proton 
resonance disappears: (2) when the complexation sta- 
bilises the enolic tautomer of the deprotonated ligand, 
the two NH, protons become magnetically equivalent; 
(3) in the pyridinic ring involved in the coordination, 
the para-hydrogen is more deshielded than the ntetti- 
ones. 

On the basis of the unequivocal X-ray structure of 
compound 5 and considering that the Av 
( v(CH ,C% LYm - v(CH,CO~J,,,) value in the IR 
spectrum ( I86 cm- ’ ) as well as ihe signal observed for 
the acetate group in the ‘H NMR spectrum (2.06 ppm) 
are both similar to those observed in the other carboxyl- 
ate complexes (208, 2 19 and 185 cm-‘, and 2.06, 2.07 
and 2.04 ppm for 3, 4 and 6 respectively), we can 
deduce a chelating behaviour of the acetate ion also in 
3.4 and 6, and, consequently the pre-ence in all of them 
of a still fairly uncommon seven-coordinated tin. 
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