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X - r a y  dif f ract ion ( recording a t - 1 2 0  ~ XMoK~, 0 / 2  (~ scanning) has been used to de te rmine  the 
c r y s t a l  s t r u c t u r e s  of 2 -pheny lsu l fony l - imino- l ,2 -d ihydro th iazo le  (i) (R = 0.026 f r o m  1931 r e -  
f lections) and its N - p h e n y l m e r c u r y  der iva t ive  (IT) (R = 0.057 f rom 8624 ref lec t ions) .  The 
molecu les  of compounds I and II a re  p re sen t  in the c rys t a l  in the imino - fo rm,  that  is both the 
hydrogen a tom in compound I and the PhHg subst i tuent  in compound II  are  joined to the he t e ro -  
cyclic  n i t rogen a tom N(1). In the c ry s t a l  of compound I, the molecu les  a re  joined to give een-  
t r o s y m m e t r i c  d i m e r s ,  fo rmed  by a pa i r  of hydrogen bonds of the type N(1)-H..~ In the 
c r y s t a l  of compound II, the Hg a tom,  in addition to fo rming  covalent  bonds with the N(1) and C 
a toms ,  is a lso involved in weak coordinat ive  in teract ions  with the O and N(2) a toms of neigh-  
bor ing molecu les .  

I N T R O D  UC T I O N  

Many he te rocyc l ie  N-acy lamines  can ex is t  in the solid s ta te  in one of two tau tomer ic  fo rms :  amine or 
imine~ In solut ions of these  compounds,  a dynamic equi l ibr ium is es tab l i shed  between the l imit ing amino (A) 
and imino (B) fo rms :  

R.~ jH  ~.~7) R"N(2)z~. 
( R =COOCH~, OOOHOI,~,COOF5 ~ 

(A) (B) \N  COOH MSO?Ph,NO, 2 etc.) 

The posit ion of this equi l ibr ium can be influenced by changing the ra t io  of the basic  s t rengths  of the atoms N(1) 
and N(2)o She inke r  and c o - w o r k e r s  [2] p rev ious ly  showed that  when the less  e lec t ronegat ive  acyl group on the 
exocycl ic  ni t rogen a tom N(2) is r ep laced  by a m o r e  e lec t ronegat ive  atom, the above equi l ibr ium is displaced 
towards  the imine f o r m  Bo If this  group is the benzenesulfonic  acid res idue  PhSO2-, mos t  he te rocycl ic  phenyl-  
su l fonylamines  (aminopyridine,  aminothiazole ,  aminothiodiazole,  am inopyrimidiae ,  aminoquinoline, amino-  
acr id ine ,  etc.) ex i s t  a lmos t  exc lus ive ly  in the imine f o r m  both in the solid s ta te  and in solution. 

The s t ruc tu re  of acy l amino-N-he te rocyc l i c  compounds in solution and in the c rys t a l  has been studied in 
detai l  by u l t rav io le t  and in f r a red  spec t roscopy  [2]. At the s ame  t ime,  the i r  s t ruc tu re  in the crys ta l l ine  s tate  
has  apparent ly  not been  studied by x - r a y  s t ruc tu ra l  ana lys is .  It was previous ly  found that  in ag reement  with 
data  f r o m  the u l t ravio le t  spec t r a ,  in solutions of the pheny lmercu ry  der iva t ives  of 2- and 4 -a ry l su l fony lamino-  
pyr id ines ,  a t au tomer ic  equi l ibr ium is es tab l i shed  between the aminopyridine and pyr idone- imine  f o r m s  [3, 4]. 
No x - r a y  s t ruc tu r a l  ana lys is  of the s t ruc tu re  of o r g a n o m e r c u r y  de r iva t ives  of acy l - amino-N-he te roeyc l i c  c o m -  
pounds has been c a r r i e d  Out, however .  At the s a m e  t ime,  a pa ra l l e l  x - r a y  s t ruc tu ra l  study of potential ly t au-  
t o m e r i e  p ro to t rop ic  and meta l lo t rop ie  s y s t e m s  makes  it possible  to invest igate  the compara t ive  r egu la r  fen-  

*See [1] for  communica t ion  XX. 
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TABLE 1. 
S t ruc ture  of Compound I 

Coordinates  of the Atoms (x l0  $, or  xl04 for  I-I) in the 

Atom x y z Atom I x y z 

79333(9)} 
90060(8) 
[07881 (23) 
98914(25) 
48873(29) 
72089(28) 
66581 (32) I 
446f2(35) 
59387(36) 
71056(33) 
48649(34) 

39026(6) 
15770(5) 
2724906) 
t447(i6) 

18t35(19)- 
1143208) 
2t353(21) 
29230(23) 
41302(24) 
2353t(2i) 
i6715(23) 

3677(2) C(3t) 1 35226(36) 1 
--8259(2) C(4i) [ 44253(38) 1 
--6043(6) C(51) I 66312(39) 1 

--10552(7) C(6{) 79813(35) I 
5235(8) H(1) 3981(41) 

--2984(7) H(2) I 3099(37) I 
1508(9) H(3) I 6003(37) I 
9748(101 H(2ol) I --4324(35) 
9560(10) H(oi)l t830(38) 

--14947(9) H(4t)] 3494(38) 
--t6859(10) H(5t) 7t52(38) 

H(6t) 9499(36) 

2i42i(24) 
32920(26) 
39915(25) 
35260(23) 

965(28) 
2730(25) 
5033(26} 
901(24) 

i668(25) 
3620(26) 
4797(25) 
3959(23) 

s(t) 
s(2) 
o(i) 
0(2) 
NO) 
N(2) 
C(I) 
C(2) 
C(3) 
C(li) 
C(21) 

--22606(10) 
--26330(I0) 
--".42(~0g ~) 
--18560(10) 

451(II) 
t242(ii) 
i226(11) 

--t420(10) 

--305201) 
--2677(io) 
--173! (lU! 

t u r e s  in the s t r u c t u r e s  of s t ruc tu ra l ly  r e l a t ed  pro to t rop ic  and meta l lo t rop ic  s y s t e m s  in the c rys t a l ,  and a lso  in 
a number  of cases  to put fo rward  suggest ions  r ega rd ing  the poss ib le  m e c h a n i s m  of t au tomer ic  r e a r r a n g e m e n t s  
in solution and the s t ruc tu re  of the t rans i t ion  s ta te .  

The p r e sen t  pape r  gives  the resu l t s  of an x - r a y  s t ruc tu ra l  analysis  of 2 -pheny l su l fony l imino- l ,2 -d ihydro -  
thiazole (D and its N -pheny l m ercu ry  der iva t ive  (ID. 

E X P E R I M E N T A L  

2-Phenylsul fonylaminothiazole  was obtained by the acylat ion of 2-aminothiazole  with benzenesulfonyl  
chloride in pyridine solution and r e c r y s t a l l i z e d  f r o m  alcohol.  The mel t ing point was 169-170 ~ compared  
with the published f igure [2] of 1707. The p h e n y l m e r c u r y  der iva t ive  of 2-phenylsulfonylaminothiazole  was ob-  
tained by the act ion of pheny lmercu ry  hydroxide on 2-phenylsulfonylaminothiazole  in alcohol solution and r e -  
c rys ta l l i zed  f r o m  propanol .  The co lo r l e s s  c r y s t a l s  mel ted  at  182-183 ~ 

a 

The c ry s t a l s  of C~ttsN202S (I) are  monoclinic;  at  - 1 2 0  ~ a = 5.510(3), b = 8.766(3), c = 20.681(9) A, fl = 
96.23(4) ~ V = 993.0(7) A 3, dcalc 1.61 g / c m  3, Z = 4, space  group P21 /n .  

The c ry s t a l s  of Cl~q12N202SHg (II) a re  monoclinic;  at - 1 2 0  ~ a = 15.516(2), b = 10.534(1), c = 22.877(3) A, 
fl = 105.294(9) ~ V = 3606.5(8) A 3, d c a l c =  1 . 9 0 g / c m  3, p(~MoK~) = 89.4 cm - l ,  Z = 8, space  group P21 /c ,  two 
c rys ta l lograph ica l ly  independent molecu les .  

The unit cell  p a r a m e t e r s  and the in tensi t ies  of 1961 re f lec t ions  for  compound I and 8676 ref lec t ions  fo r  
compound II  with I > 23 were  m e a s u r e d  on a Syntex P21 f o u r - c i r c l e  automatic  d i f f r ac tome te r  ( recording at 
- 1 2 0  ~ kMoK~, graphi te  monochroma to r ,  0 / 2 0  scanning,  20ma  x 52 ~ fo r  compound I, 56 ~ for  compound ]I). 
F o r  compound II, a co r r ec t i on  fo r  absorpt ion was introduced with allowance for  the actual shape of the c rys t a l ,  
using the published method [5]. 

The s t ruc tu re  of compound I was de te rmined  by the d i r ec t  method using the p r o g r a m  MULTAN. The r e -  
f inement  was c a r r i e d  out by the method of l ea s t  squa res  init ial ly in the f u l l - m a t r i x  i so t ropic  approximat ion,  
and then in the anisot ropic  approximat ion.  The posi t ions  of the H a toms  of the benzene and thiazole r ings  were  
calcula ted geomet r i ca l ly ;  the H atom on the N(1) atom was located in a d i f ference  syn thes i s .  The final r e -  
f inement  of the s t ruc tu re  of compound I was c a r r i e d  out in the anisot ropic  approximat ion for  the a toms other 
than hydrogen,  and in the i sot ropic  approximat ion  for  the H a toms ,  f r o m  1931 ref lec t ions  with F > 53 as f a r  
as R = 0.026 and R G = 0.0303. The posi t ional  p a r a m e t e r s  are  given in Table 1. 

The s t ruc tu re  of compound II  was de t e rmined  by the heavy-a tom method and ref ined by the method of leas t  
squa res  f i r s t  in the i so t ropic  approximat ion and then in the anisotropic  approximat ion  with allowance fo r  the 
contr ibution of the hydrogen atoms with fixed t e m p e r a t u r e  p a r a m e t e r s  (Bis o = 3.5 .~2) and posi t ional  p a r a m e t e r s  
(calculated geometr ica l ly)~  The final d ivergence  f ac to r s  were  R = 0.0518 and R G = 0.0859 f rom 8624 ref lec t ions  
with F > 63.  The coordinates  of the a toms are  given in Tables  2 and 3. 

R E S U L T S  A N D  D I S C U S S I O N  

The s t ruc tu re  of the molecule  of compound I with the bond lengths is shown in Fig.  1, and Fig.  2 gives  the 
s t ruc tu re  of~ one of the c rys ta l lograph ica l ly  independent molecu les  (IIa) and the bond lengths in both independent 
molecules  (in square  b racke t s  for  the second of these ,  IIb). The valence angles a re  given in Tables  4 and 5. 
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T A B L E  2. C o o r d i n a t e s  of the  A t o m s  (x l04 ,  o r  x l 0  ~ fo r  Hg) in  the  
S t r u c t u r e  of C o m p o u n d  II 

i Atom x y z Atom x y z i 

Hg(1) 
11g(2) 
s(1) 
s(t ') 
s(2) 
s(2') 
o(1) 
o(1') 
o(2) 
o(2') 
NO) 
N(t') 
N(2) 
x(2') 
c(.l) 
(;(2) 
c(3) 
c(tl) 
C(21) 
c(31) 
c(41) 
c(5t) 

12444(3) 
33932(3) 
2586(2) 
3207(2) 
4t45(2) 
t404(2) 
4326(5) 
131t(5) 
4618(5) 

7(14(5) 
i613(5) 
35]4(6) 
3t2~(5) 
2228(6) 
2490(7) 
1034(7) 
1428(8) 
4443(7) 
3966(7) 
4238(8) 
4990(8) 
5475(8) 

3754(4) 
--6631(4) 

31i1(3) 
-3709(3) 

1728(3) 
-1952(3) 

3089(8) 
--3308(7) 

t024(7) 
--1145(8) 

1675(4!) 
--2()56(9) 

t373(8) 
-t555(8) 

196o(1o) 
2330(t2) 
31t4(12) 
109l(10) 

92(11) 
--427(11) 

54(13) 
1047(13) 

-3755(2) c(6t) 
-4881(2) c(12) 

t138(1) c(22) 
918(,1) c(32) 
677(t) c(42) 
793(1) c(52) 
733(4) C(62) 
787(4) co') 
330(4) C(2') 
536(4) C(3') 
328(4) c(1t') 
t75(5) C(2i') 
379(4) C(3t') 
471(4) C(4t') 
573(5) C(51') 
58t(6) c(6t') 

t035(6) c(iT) 
t414(5) C(22') 
t570(6) C(32') 
2t45(6) C(42') 
2571(6) C(52') 
2406(6) C(62') 

5206(7) 
847(7) 

1084(7) 
783(9) 
288(8) 
62(9) 

352(8) 
2918(7) 
4181(7) 
4t20(8) 
1845(7) 
21~.t(8) 
2418(8) 
241o(8) 
2099(8) 
t826(8) 
3329(7) 
2630(8) 
2654(8) 
3375(8) 
4072(7) 
4049(7) 

t61o(11) 
-819(ii) 

-2tto(1t) 
-2924(11) 
-246704) 
--1t82(14) 
--35801) 

--2318(10) 
--3001(10) 
--3926(12) 
-1545(11) 
--2482(12) 
--2162(t3) 
--882(t4) 

51(12) 
. --260(11) 

470(tt) 
46t(U) 

t254(13) 
2035(1t) 
2047(i2) 
1284(11) 

1844(6) 
--1t0.f(5) 
--1038(5) 
--1551(6) 
--2091(6) 
-2164(6) 
--1662(0) 

496(5) 
244(6) 
638(6) 

1572(5) 
2'~02(6) 
2608(6) 
2780(6) 
2337(6) 
t747(6) 

--t217(5) 
--t74t(6) 
--2228(6) 
--2198(5) 
--1690(6) 
-t2o7(6) 

T A B L E  3. C o o r d i n a t e s  of the  H y d r o g e n  A t o m s  (x l03)  
in  t h e  S t r u c t u r e  of C o m p o u n d  II  

Atom 

tf(2) 
H(3 
H(21 
11(31 
H(41 
H(51 
H(61 
H(22 
H(32 
H(42 
H(52 
H(62 

32 
1O9l 
337 
385 
520 
610 
555 
149 
99 
7 

--34 
23 

224 
370 

--28 
--123 
--36 
137 
245 

--248 
--394 
--313 
--83 

68 

49 
130 
t24 
225 
302 
273 
173 
-62 
148 
247 
259 
170 

Atom 

H(2') 
H(3') 
H(21') 
H(31') 
H(4t') 
H(51') 
H(6V) 
H(22') 
It(323 
H(42') 
t1(52') 
H(62') 

x y 

47(' --300 
458 --470 
219 --3.19 
266 --286 
263 --60 
2ti t07 
t62 50 
203 --12 
208 t24 
335 265 
465 264 
461 t33 

2 
76 

187 
297 
326 
250 
142 

--i78 
--264 
--260 
--'168 
--80 

s4 ~,~ ) (~t161 
.h 4=h, 11446(I) 

." ,~L ~'~l'~ ~ ' / ~ , , ~  _ A . ,  H~4 

t-124 -" ~ ' i  51 

F i g .  1~ S t r u c t u r e  of the  m o l e c u l e  of c o m p o u n d  I .  

87 



TABLE 4. Valence Angles r (deg) in the Molecule of Com- 
pound I 

Angle s Angle o 

cd)sd)c(4) 
o(i)s(2)o(2) 
0(1)S(2)N(2) 
O(2)S (2)N (2) 
O(i)S(2)C(t t) 
O(2)S(2)C(li) 
N(2)S(2)C(I~) 
S(1)C(1)N(1) 
C(1)N(i)C(2) 
N(i)c(2)c(3) 
c(2)c(3)s(i) 

90,82(2) 
ii7,83(8) 
i13,54(8) 
I05,88(8) 
i07,63(8) 
i05,~(8) 
105,4~(9) 
109,8(1) 
i15,3(2) 
I12,8(2) 
iii,3(2) 

S(2)N(2)C(i) 
S(I)C(i)N(2) 
N(I)C(I)N(2) 
S(2)C(li)C(21) 
S(2)C(ii)C(6~) 
C(li)C(2i)C(3i) 
C(2i)C(3i)C(4i) 
C(31)C(4t)C(51) 
C(41)C(51)C(6I) 
C(Si)C(6i)C(ii) 
C(2t)C(ii)C(61) 

i30,2(i) 
i20,0(2) 

i19,5(i) 
ti9,2(2) 
i19,9(2) 

i20,3(2) 
ii9,4(2) 
i21,0(2) 

H41 H37' 

' 1 , 39 (? )  

_ _'~"~t2rf 1,454{ 8) 

# 

~_z ~, . IB,55(I)J 

sl ~ *'~)2 1!,3m~ "o2 
O ~J(2)3 

Fig.  2. Structure of the molecule  Ha (the bond lengths in m o l e -  
cule  IIb are given in square brackets) .  

The lengths of the corresponding bonds in the molecules  I, IIa, and IIb coincide within the l imits  of ac -  
curacy.  Both the phenylmercury group in compound II and the hydrogen atom H(1) in compound I are attached 
to the N(1) nitrogen atom of the thiazole  heterocycl ic  ring, indicating that the molecules  of both compounds are 
in the imine form in the crystal ,  

/S2(02Ph) 81 
HC~ \C I=  N2 ',\ / 
HC'Z--N 1 \R  R=HQ), NgPh(II) 

At the same t ime,  this canonical formula does not describe all the characterist ic  features of the structures 
studied. In fact, the imide bond C(1) 'N(2)  (1.331(2) A in I and 1.33(1) A in Ha and I]b) is much longer than the 
standard length of the C"=N double bond, 1.255 A [6], whereas the C(1) -N(1)  bond (1.337(2) A in I, 1.36(1) and 
1.37(2) A in Ha and IIb) is shorter  than the standoard length of the C(spZ)-N(sp 2) s ingle bond, 1.43 ,~ [7]. More-  
over,  the length of the S(2) -N(2)  bond (1.597(2) A in I, 1.60(1) and 1.61(1) A in Ha and IIb) is shorter than the 
usual value for an S - N  single bond, 1.67 A [7]. Thus,  to describe the nature of the e lectron density distribution 
in the molecules  studied, it is  neces sary  to take account of the contributions of the following forms with s ep -  
arated charges: 

~/2- ~/2- 
%_,,,0 o%.,,o , 

HQ/S\C N / ~ \ P h  " / S \ ~  . / / S \ F  L 

HC--N+ HC--N+ 
\H NH 
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A s i m i l a r  i nc rea se  in the length of the imide bond C(9)-N(2) and dec r ea se  in the length of the N(2 ) -S  
bond were  found in the prev ious ly  studied s t ruc tu re  of phenylsu l fonyl - iminoaer idone-9  (III) [8], where  the lengths 
of these  bonds a re  1.328(3) and 1o589(2) A: 

0 ~  /ph 

02//St"I'J 2 

II II L 

i 

In con t ras t  to molecu les  I and H, however ,  in molecule  IH there  is a ma rked  inc rease  [to 131.4(2) ~ in the 
angle at the N(2) n i t rogen a tom [in molecu les  I, Ha, and IIb this angle is 121.8(1), 119.1(8), and 120.4(8) ~ r e s p e c -  
t ively] .  This  inc rease  in the angle at the imide ni t rogen a tom was p rev ious ly  observed  in phosphimines [9], 
where  it  is a t t r ibuted to the contribution to the N - P  bond f rom the Vs-Component,  that  is to pv(N) - -  d r (P )  in-  
t e rac t ion  [10]o The fo rmat ion  of this bond involves a hybr id  sp orbi ta l  of the unshared pair  of e lec t rons  of the 
t r igonal  n i t rogen atom and the unoccupied dxy and dx2 2 orbi ta ls  of the phosphorus  a tom.  If the angle at the m y  
N atom is close to 120 ~ the r s - o v e r l a p  is sl ight,  but it i n c r e a s e s  with inc rease  in the s - c h a r a c t e r  of the bonds 
fo rmed  by the N atom,  that  is with inc rease  in the angle at the ni t rogen a tom.  This  approach  can apparent ly  
a lso  be extended to sulfonimides~ This  means  that for  compound I I I a  contribution f r o m  the following f o r m  with 
sepa ra t ed  charges  may  be proposed:  

0~12  - 
It lx,~_ 

Ph- -S ' "0  / "  

I 
H 

This is conf i rmed by the nature  of the in t e rmolecu la r  H bonds in the s t ruc tu re  of compound III.  The molecu les  
a re  joined to f o r m  c e n t r o s y m m e t r i c  d i m e r s  by a pa i r  of hydrogen bonds N(1)-H..~ and N(1)-H~ that 
is the e x c e s s  of e l ec t ron  densi ty r equ i red  for  the fo rmat ion  of the H bond is s i tuated on the O(1) a tom,  and not 
the N(2) a tom.  It should be noted that  the S - O  bond with the O(1) a tom,  involved in the H bond, is much longer  
[1~ A] than the bond with the second oxygen a tom 0(2) [1.443(1) A]o 

In con t ra s t  to compound III, for  compounds I and II the contr ibution f r o m  a fo rm with a posi t ive charge  on 
the N(2) a tom is not s ignif icant ,  s ince,  as noted above, the valence angles at the N(2) a tom are  not inc reased  in 
these  compounds.  Moreove r ,  the c rys t a l  of compound I contains c e n t r o s y m m e t r i c  d i m e r s  fo rmed  by H-bonds 
of the type N(1)-H. . .N(2):  

$ / S 0 2 P h  
/ N  ...-< W2 c, .... 
C~N1 "H 

N}- -~ . .  ".. / \\ 
"'N ~I~--C C 

Ph02S 7 z \ S  / 

This c h a r a c t e r  of the H bonds indicates a s l ight  excess  of negative charge  on the N(2) a tom.  The p a r a m e t e r s  
o 

of the H bond a re  as follows: N(1)~ 2.856(2), N(1)-H(1)  0.90(2), H(1)..~ 1.98(3) A, angle at the H(1) 
a tom 166(2)~ 

The r e su l t s  of the x - r a y  s t ruc tu ra l  analys is  of compound I make it poss ible  to put fo rward  var ious  p r e -  
dictions regard ing  the m e c h a n i s m  of the pro to t ropic  t a u t o m e r i s m  of 2-acylaminoth iazoles  in solution in iner t  
solvents  with a low polar i ty .  The d i m e r  p re sen t  in the c ry s t a l  acts as a Wblankn for  the t rans i t ion  s ta te  in these 
t au tomer ic  t r an s fo rm a t i ons  and indicates  the poss ib i l i ty  that  they take place by a b imoleeu la r  mechan i sm.  

In the c ry s t a l  of compound II, the Hg a toms of the two independent molecules  have e x t r e m e l y  s im i l a r  co-  
ordination env i ronment s .  The ttg(1) and Hg(2) atoms fo rm two covalent  a lmos t  co l l inear  bonds of the usual 
len~o~h [11] with the a toms N(1) and 1f(1') [2.08(1) .~ m IIa,  2.07(1) /~ in IIb], and also C(12) and C(12') [2.05(1) 
in Ha, 2.03(1) A in IIb] and three  secondary  coordinate  bonds. The Hg(1) atom of molecule  Ha f o r m s  coordinate  
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Fig~ 3~ Arrangement  of the heteroatoms in the equatorial  
plane of the Hg(1) and Hg(2) atoms in the s t ruc ture  of com-  
pound II~ 

bonds with the atoms N(2') [at a distance of 2.942(9) A] and O(2 T) [2~ A] of molecule Ilb and the atom O(2'i) 
[3.057(8) A] of the molecule re la ted  to the basis molecule IIb by the center  of sy m m et ry  at 000. The Hg(2) atom 
of molecule lib fo rms  coordinate  bonds with the atoms N(2) [3.025(9) /~] and O(2) [2.921(8) A] of the molecule 
IIa, and also with the atom O(2J) [2.989(8) ~] of the molecule re la ted  to the basis molecule IIa by a cen ter  of 
s ymme t ry  at 1/200~ All these  secondary-coord ina ted  he teroa toms X, as usual [11], a re  situated in the equa-  
tor ia l  planes of the Hg atoms,  that is, in planes at r ight  angles to the i r  covalent bonds [the angles C-Hg .~  
and N-Hg . .~  vary in the ranges 83o1(3)-99~ ~ in IIa and 85.8(3)-97.8(3) ~ in Ilb; Fig. 3]. These secondary  
bonds are fo rmed  at dis tances  commensura te  with the sums of the van der  Waals radi i  (Vl~o) of the c o r r e -  
sponding atoms (VR of the atoms 1.5-1.6 for  m e r c u r y  [11], 1.52 for  oxygen [12], and 1.55 A for ni t rogen [12]) 
and are  apparently mainly e lec t ros ta t ic  in charac ter~  

The molecules  of compound II are  joined in d imers  by interact ions of the type Hg.o.N(2). This indicates 
the exis tence  of favorable geometr ic  conditions for  metal lotropic p rocesses  to take place by a b imolecular  
mechanism,  in spite of the difference in the geomet r ic  r equ i rements  for  the hydrogen bonds N-Ho. :N and the 
secondary  bonds Hgo..No 

A detailed analysis  of the geomet ry  of molecules  Ha and IIb and a compar ison  with published data in- 
dicate,  however ,  that  this is not the only possible path for  the metal lotropic p rocess .  The geomet r ies  of the 
molecules  IIa and IIb show appreciable d i f ferences  which lie outside the range of e r r o r s .  Thus in molecule IIa 
the valence angle C(1)N(1)Hg(1) [120.3(7) ~ is sma l l e r  than the valence angle C(2)N(1)Hg(1) [125o5(8)~ in mole-  
cule IIb, on the other  hand, the angle C(I ')N(I ')Hg(2) is l a rge r  [126.7(8) ~ than the angle C(2T)N(I')Hg(2) [121o1(8)~ 
The fac t  that the valence angles are not equal at the Nil) atom forming the covalent bond with the Hg atom was 
previously  observed in the two crys ta l lographica l ly  independent molecules  of N-pheny lmercu ry -N,N ' -d i -p -  
to lyl formamidine  [13]o One of the molecules  was found to contain an in t ramolecular  secondary bond Hg...N(2) 
(2.68 ~), and this molecule r ep re sen t s  a model of the in termediate  stage of the metal lot ropic  r ea r rangement ,  
taking place in solution by an in t ramolecular  mechanism.  This coordination does not take place in the second 
independent molecule .  

In the molecules  IIa and Ilb the i l i t ramolecular  dis tances Hg(1}~ 3.151(9) A and Hg(2)..oN(2') 3.325(9) 
are  too large for  a secondary  interact ion.  In solution, however ,  where the in termoleeular  coordination breaks  
down, the production of in t ramolecula r  coordination is possible.  

Thus the f lexibil i ty of the angles at the N(1) atom is important  for  the dynamics of the metal lotropic s y s -  
tem studied, since it allows metal lot ropic  p rocesses  to take place by an in t ramolecular  mechanism with the 
format ion  of in t ramolecu la r  secondary  bonds with the N(2) atom. 
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A complete x - r a y  s t ructura l  study (DRON-1.5) has been ca r r i ed  out for  c rys ta l s  of the products 
of the react ion of nickel t r ichloroaceta te  with aniline tClsCCOO)2Ni " 4H2NC6H 5 (I) ~a = 18.72(4), 
b = 10.59(2), c = 9.80(2) A, ~ = 117.2(1), fl = 89.3(1), 7 = 105.5( 1)~ space group P~ ,  Z = 2, R = a 
0.05), para-toluidine (C13CCOO)2Ni �9 4p-H2NC~H4CH 3 (H) (a = 11.75(2), b = 15.49(2), c = 12.33(2) A, 

= 94.4(1), fl = 104.8(1), 7 = 113.5(1) ~ Z = 2, space group P~, R = 0.04), and ~ara-anis idine  
(C13CCOO)2Ni �9 4p-H2NC6H4OCH ~ (I/I) (a = 10.17(2), b = 12.13(2), c = 10.35(2) A, ~ = 113.6(1), 
fi = 64.5(1), 7 = 118.4(1) ~ Z = 1, space group P~, R = 0.05). The s t ruc tures  are molecular .  The 
central  nickel atom has dis tor ted t r ans -oc tahedra l  coordination: The nitrogen atoms of the amino-  
groups are ar ranged around the metal  atom almost  at the corners  of a square,  and the oxygen 
atoms c~ the monodentate acetate groups occupy the other two (apical) sites in the coordination 
polyhedron. The distances are N i - O  2.08-2.10(2) A, N i - N  2.14-2.19(2) A.* Some resul ts  of 
an x - r a y  study of the compounds of nickel t r ichloroaeeta te  with bromoani l iae  (C13CCOO)2Ni �9 
6p-H2NCGH4Br (IV) and with chloroaniline (Cl~CCOO)2Ni. 6p-H2NC6H4C1 (V) have also been 
g i v e n ~  

The adducts formed by nickel t r ichloroaceta te  with aniline and its der ivat ives  containing a single sub-  
stituent in the benzene ring were f i r s t  synthesized and descr ibed by A. V. Ablov in 1935 [1]. Like the ~  
ducts formed by aniline and its derivat ives with cobalt t r ichloroaceta te  [2], they have ext remely  varied compos i -  
tions: The number of attached amines may be 2, 3, 4, 5, or 6, depending on the substituent. To explain this 
variety,  A. V. Ablov proposed the determinat ion of the c rys ta l  s t ruc tures  of a se r ies  of compounds of nickel 
t r ichloroaceta te  with aromatic  amines.  

Table 1 gives the unit cell pa ramete r s  and other charac te r i s t i c s  of the c rys ta ls  studied. The exper i -  
mental mater ia l  was obtained on a modified DRON-1.5 d i f f rac tometer  with layer  recording of the reflections 
(kMoK~, graphite monochromator) ;  no allowance was made for  absorption (p -~ 10 cm-i) .  The insufficiently 
high accuracy in the determination of the unit cell pa ramete r s  was due to the instability of the c rys ta l s .  

The ref inement  of models of the s t ruc tures  by the method of least  squares  was car r ied  out in the iso-  
tropic approximation using the Rentgen-70 and Kristal l  p rograms  [3, 4]. The hydrogen atoms were not fixed 
at this stage [5]. Subsequently, the refinement of the anisotropic pa rame te r s  of the thermal  factors  was c a r -  
r ied out (Rentgen-75, modified by Yu. F. Shepelev and Yu. I. Smolin [6, 7]), and the positions of all the hy-  

*Data c~ the s t ruc tures  of compounds I-I]/,  determined without the hydrogen atom, were given in [5]. In the 
present  work, the determinat ion was completed and a full analysis of the s t ruc tures  ca r r i ed  out. 
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