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Reduction or 2,3-dimethyl-2.3-dinitmbutane with Zn in aqueous ethanol in the presence 
of NH4CI affords 2,3-bis(hydroxylamino)-2.3-dimethylbutane together with 2,3-diamino- 
2.3-dimethylbutane and complex Zn salts. A modified procedure was developed for the 
synthesis of bishydroxylamine, which involves reduction in a Zn/NH4CI/THF--H20 system. 
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Stable nitroxyl radicals, which exhibit paramagne- 
tism and are convenient subjects for study by ESR 
spectroscopy, are used as spin labels in molecular biol- 
ogy, biophysics, and analytical chemistry. I Of special 
note is the wide application of stable nitroxyl radicals in 
the design of molecular ferromagnetics. 1-5 Among them 
are 2-imidazoline derivatives, the synthesis of which has 
been developed by Ullman and coworkers. 6-11 The key 
stage of this procedure involves the preparation of 
2,3-bis(hydroxylamino)-2,3-dimethylbutane (!), which 
is then condensed with the corresponding aldehyde (or 
its synthetic equivalent). Vicinal bis(hydroxylamine) I. 
in turn, is prepared from 2,3-dimethyl-2,3-dinitrobutane 
(2) according to a procedure developed by Lamchen and 
Mittag. 12 This procedure involves reduction of nitro 
compound 2 with a Zn powder in the presence of 
NH4CI in aqueous ethanol, which is commonly used in 
the synthesis of hydroxylamines. However, this proce- 
dure often gives poorly reproducible or even negative 
results. Hence, attempts at modifying this procedure 
have been undertaken. 13 The reasons for a low yield of 
bishydroxylamine 1 remain unclear. This has stimulated 
us into more detailed studies of the processes that occur 
in the reduction of dinitro compound 2 to bishydroxyl- 
anaine I. 14 
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Results and D i s c u s s i o n  

it is generally accepted that reduction of dinitro 
compound 2 to bishydroxylamine 1 is accompanied by 
the lbrmation of Zn(OH)2. Iz The presence of the latter 
can be readily explained by assuming that the following 
reactions occur: 

CeHt2(NO2)2 + 4 Zn T 8 NH4CI = 
= C6HI2(NHOH)z + 4 ZnCl 2 + 8 NH 3 + 2 H20, 
4 ZnCl 2 + 8 NH 3 + 8 H20 = 4 Zn(OH)2J, ~ 8 NH4C], 

06HI2(NO2)2 + 4 Zn + 6 H20 = 
= 06Ht2(NHOH)2 + 4 Zn(OH)24.. 

In this case. NH4CI acts as a p ro ton  carr ier, in the 
absence of which reduction does not occur. Since the 
suggested zinc hydroxide is usually filtered off and dis- 
carded in the course of the synthesis, the true nature of 
this product was not studied and the behavior of Zn in 
this system was not considered. 

We found that Zn(OH) 2 was not formed at all in the 
reduction of compound 2 to 1 under the conditions 
reported previously. 12 On the contrary,, a white crystal- 
line precipitate that formed was a mixture of 
Zn(NH3)2CI2 and a product of its partial hydrolysis, 
viz., Zn(OH)CI. which can be readily identified from its 
characteristic I R spectrum. The spectrum has overlap- 
ping bands of the spectra ofZn(NH3)/CI  2 and Zn(OH)CI 
~(the pos3tions of these characteristic bands in the IR 
spectrum of this mixture are as tbllows: for Zn(NH3)2CI > 
3328 (s), 1599 (m), 1243 (s), 665 (s), 423 (m); and for 
Zn(OH)CI, 3440 (s), 1082 (m), 938 (m), 738 (s). 545 
(m). 464 cm - l  (m)). Note that the solid phase obtained 
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upon treatment of a known specimen of Zn(NH3).~CI 2 
with aqueous ethanol gave exactly the same spectrum. 
The formation of the above-mentioned mixture as the 
major component  of the precipitate (or the only compo- 
nent in the case of a deficiency of Zn powder) was 
observed in all cases of reduction of 2. Consequently, 
the overall reduction reaction of 2 to 1 would be more 
correctly represented as follows: 

C6H12(NO2) 2 + 4 Zr~ -1- {6 + x) NH4CI = 
= C6Ht2(NHOH}2 + (2 + x) Zn(NH3}2CI2$ + 
+ (2 - X) Zn(OH)CIr + (2 - x) NH 3 + x H2O. 

However, the composition of the solid phase is not 
the only characteristic feature of the behavior of zinc in 
the synthesis of !. Of even greater importance is the fact 
that a substantial amount of zinc cations appeared in the 
solution in the course of reduction of 2 to I. These 
cations can be readily detected by chelatometric titra- 
tion of aliquots of the filtrate of the reaction mixture in 
the course and after completion of reduction of 2. We 
demonstrated that in an aqueous or in aqueous-ethanolic 
solut ion,  zinc exists as the complex cat ion 
[Zn(tmEn)2H~Ol 2+, where tmEn is 2,3-diamino-2,3- 
dimethylbutane (the reduction product of !). In model 
experiments, poorly soluble [Zn(tmEn)Cl2], which was 
obtained by the reaction of ZnCI 2 with an equimolar 
amount of tmEn. readily passed into solution upon 
treatment with an excess of tmEn and was isolated as 
crystals of [Zn(tmEn)2H2OlCl_~- H20 after concentra- 
tion of the aqueous solution. The structure of the com- 
plex is shown in Fig. t. The molecular structure of the 
[Zn(tmEn)CI2] complex, which is poorly soluble in 
water and aqueous ethanol, is shown in Fig. 2. Selected 
bond lengths and bond angles are given in Table 1. Note 
that the data on the solubility of the Zn II complexes 
with tmEn under consideration are in rather good agree- 
ment with the published data on Zn tl complexes with 
nonsubstituted ethylenediamine (En). Thus when Zn u 

salts were mixed with En in a ratio of 1 : 1 o r  I : 2 ,  
insoluble [ZnEnCI2] was always formed. The latter passed 
into solution only when the Zn II : En ratio was 1 : 3 or 
less, to form the IZnEn3]2+ complex cation. Subsequent 
concentration of aqueous solutions resulted in crystalli- 
zation of salts with this complex cation. 15-17 The reac- 
tion of ZnCI 2 with an approximately equimolar amount  
of tmEn also afforded poorly soluble [Zn(tmEn)Cl~] as 
the solid phase. As mentioned above, the latter passed 
into solution only upon treatment with an excess o f  
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Fig .  ! .  Structure of [Zn(tmEn)2H2OlCl 2. H20. 

Table 1. Selected bond lengths (th and bond angles {,0 in the structures under study 

[Zn(tmEn}CI 2] I N i ( tmEn}2 l lZnCI4 l  IZn{tmEn),H,O]CI 2 �9 H,O 

Bond d/A _ Bond cl/.~ Bond dlA 

Zn--N 2.038(2} Ni-N{I)  1.897(.-1) Z n - - N ( I )  2.132(I) 
Ni--N(2} 1.909(4} Zn--N(2) 2079(I) 

Zn--CI 2 . 2 3 3 8 ( 7 )  Zn-CI(I} 2.293(21 Zn--O(lw} 2.133(I} 
Zn-~CI(2) 2.267(I ) 
Zn--CI(3} 2.258(2) 

N--C(I) 1.5(}1(3} N(I~--C(I} 1.504(5) N(I)--C(I~ 1.492(2) 
N{2)--C(2) 1,502(5) C(2)--N(2) 1.490(2) 

C{.I)--C(I'~ 1.559{5) C(.I}--C(2) ,, 1 5 4 9 ( 5 }  C(I}--C(2) 1.562(2} 

AnLale {,}/de~ An~le {~vdea An~le ~,}/de& 

N--Zn--CI 114.40(75 Ct(2)--Zn-CI(IJ 107.26(4) N(I)--Zn-O{I~,) 81.98(4) 
CI(3)-Zn-CI{ }) t04.~'4(7) N(2)-Zn--O(Iw) I38.11(4) 
CI(3)--Zn--CI(2) I 12,45(4} 

N--Zn--N ' 85.3(t) N( ~,)--Ni--N{2} 85 .2(2}  N(2'~--Zn--N( I } 80.97{4} 
C(I}--N--Zn 10S.2{t) C{I)--N(I}--Ni 110.2(3) C(1)--N(I)-Zn 110.39(7) 

C(2}--N(2}--Ni I I3.t~(3) C(2}--N(2}--Zn 111.73(7) 

Bond 

Zn--N(3) 
Zn--N{4} 

N(35-C(3) 
C(4~--N(4} 
C(3}--C(4} 

An~le 

N{3)--Zn--O(Iw) 
N{4)--Zn--O(Iw) 

N(31--Zn--N(4} 
C(3)--N(3)--Zn 
C(4)--N(4)--Zn 

d/A 
2.054( I ) 
2.136(I) 

1.496(2) 
1.497(25 
1.569(2) _. 

~;deg 

115.59(4) 
87.06(4) 

82.23(4) 
111.25(7) 
10954(75 



Synthesis of vicinal bishydroxylamine Russ.Chem.Bull., Vol. 48, No. 8, August, 1999 1521 

tmEn.  However ,  unlike [ZnEn3]2*, the 
[Zn(tmEn)2H20]2+ complex cation contains only two 
rather than three diamine molecules, which is appar- 
ently associated with steric hindrances due to a large 
number of methyl substituents. As a result, the coordi-  
nation number of Zn 11 in the [Zn(tmEn)2H2OjCI 2- H20 
complex is equal to five. The fifth coordination position 
is occupied by a water molecule (see Fig. I). This is 
consistent with the data considered below that none of 
the structurally characterized metal complexes with tmEn 
contains more than two tmEn molecules in the inner 
coordination sphere. The rather high thermodynamic 
stability of [Zn(tmEn)2[-t20]2+ is also noteworthy, be- 
cause Zn(OH) 2. which is virtually insoluble in aqueous 
ethanol, completely passes into solution in the reaction 
with an excess of  tmEn. 

Zn(OH) 2 + 2 tmEn + H20 = [Zn(tmEn)2H20]2+ + 2 OH-. 

It is common knowledge that overreduction products 
(in the case tinder consideration, 2 ,3-diamino-2,3-  
dimethylbutane) are always fommd in the reduction of 
nitro derivatives to hydroxylamines. However, the ability 
of vie-diamine to transfer zinc into a solution should be 
taken into account in the synthesis of imidazolines where 
bishydroxylamine I is condensed with the corresponding 
aldehyde or its synthetic equivalent without isolation 
from the reaction mixture, z It is difficult to predict tile 
effect of the presence of substantial amounts of the Zn H 
complex in a solution on subsequent condensation to 
form addt,ct (3)  This is of  particular importance where 
condensation is promoted by addition of hydrochloric 
acid. First, the system exhibits buffer properties on gradual 
addition of the acid owinL-, to neutralization: 

o r  

[Zn(tmEn)2H20]CI 2 -~ 2 HCI : 

[Zn(tmEn)CI2]$ ~ tmEn. 2HCI ~ H20 

[Zn(tmEn)2H20](OH)2 + 4 HCi = 

= [Zn(tmEn)CI2]$ ~ tmEn-2  HCI + 3 H20  

It may occur that to make tile reac t ion  m i x t u r e  acidic. 
which is essential to promote the formation of heterocy- 
ctic adduct 3, it is necessary, to add a large amount of  
acid. Second, when the acid is added, crystallization of 
3 is a c c o m p a n i e d  by passage of  poorly soluble 
[Zn(tmEn)C12] complex to the solid phase, which con- 
taminates the target product and may complicate further 
oxidation of 3 to nitroxyl 4. Third, [Zn(tmEn)CI2] is 
dissolved in the presence of  an excess of acid: 

[Zn(tmEn)CI2] + 2 HCI = trnEnH22 + ZRCI42-. 

In this case,  p ro tona ted  2 . 3 - d i a m i n o - 2 , 3 -  
dimethylbutane (tmEnH2 ? ' )  is formed. This compound 
can react with an aldei~yde to yield the corresponding 
condensation products (5;, which contaminate adduct 3 
(Scheme 1 ). 

H(2'3) 

�9 C(2' )  .Q 
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Fig. 2. Structure Of [Zn(tmEn)CI2]. 
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The [Zn(tmEn)CI21 complex can be readily isolated 

directly from the reaction mixture under conditions re- 
-1 ported previously, l- Precipitation of this product as a 

colorless finely crystalline substance starts when the pH of  
t h e  reaction mixture is decreased to 6--7. However, pre- 
cipitation occurs rather slowly, which is inconvenient for 
the separation of tmEn from bishydroxylamine 1 
as [Zn( tmEn)Cl , ] .  We a t tempted  to destroy 

- " ) t "  " 

[Zn(tmEn)2H20 ]- with simultaneous consumption of an 
excess of tmEn in a solution by reaction with a stronger 
complex- lbrming agent, viz., with a Ni II salt. We 
succeeded in isolating compounds with compositions 
[Ni(tmEn)2]lZnCI4[ and [Ni(tmEn)2]CI2" 2H20 by add- 
ing NiCI 2 to the reaction mixture. These compounds were 
also prepared by independent synthesis. However, not only 
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are Ni II complexes with tmEn more stable, but they also 
are substantially more soluble than [Zn(tmEn)2H20]2~, 
which precludes separation of  tmEn from bishydroxylamine 
in such a manner. The structure of [Ni(tmEn)2][ZnCt4] is 
shown in Fig. 3. Tile structure of [Ni(tmEn)dCl~" 2H20 
has been reported previously.18 Note that the environment 
about the Ni II atoms in both complexes is a square. ,,ks in 
the case of Zn I1, the coordination number of Ni II is not 
completed to six through coordination by the third tmEn 
molecule. No other known structurally characterized metal 
complexes with sterically hindered trnEn ligands contain 
more than two tmEn molecules in the inner coordination 
sphere as well. 19-24 

Lamchen and Mittag described not only tile synthe- 
sis of free bishydroxylamine 1, but also the synthesis of 
its sulfate, which was formed upon addition of" an 
ethanolic solution of H2SO 4 to pH ~ I--2. If the acid is 
added slowly, a precipitate of [Zn(tmEn)Cl:]  is formed 
at pH = 6--7. The precipitate is dissolved as pH is 
further decreased. Actually, a precipitate of lhe sulfate 
of I is formed at pH = I--2.  However, the precipitate is 
always contaminated by (N H4)2SO 4, whose solubility m 
water is sharply decreased upon addition of even a small 
amount of ethanol. If bishydroxylamme ! is reduced to 
diamine tmEn and the reaction mixture contains an 
insignificant amount of the target product 1, only 
(NH,~)2SO 4 passes into the solid phase upon acidifica- 
tion of the reaction mixture. This may account for the 
absence of the target bishydroxylamine l in the final 
product. It should be noted that the use of an aqueous- 
ethanolic medium ahvays favors reduction of ! to tmEn 
to a large extent and we failed to obtain bis(hydroxyl- 
ammonium)  sulfate from aqueous-ethanolic media in a 
yield of higher than 20%. 

One more way of decay of vicinal bishydroxylamine 
I should be taken into account when the synthesis is 

performed with the use of aqueous ethanol. In an aque- 
ous-ethanolic or ethanolic solution, compound 1 gradu- 
ally oxidizes ethanol to acetaldehyde, reacts with the 
latter, and is oxidized upon storage in air to the nitroxyl 
radical (4, R = CH3), which can be readily seen from a 
gradual increase in the red color of  the solution upon its 
storage for several days. The ESR spectrum of this 
compound in ethanol is identical to that of the known 
specimen of radical ,1 (R = CH3): a N = 7.7 G, 
aH(X.CH O = 3.3 G. The positions of the absorption 
bands tl'iat appear in the electronic absorption spectrum 
upon storage of an ethanolic solution of 1 also coincide 
with the positions of the absorption bands in the spec- 
trum of 4 (R = CH3).tl  For this reason, it is desirable to 
avoid the presence of ethanol in the reaction mixture. 

It was found that the synthesis of compound 1 was 
much more efficient with the use of TH F as the solvent. 
Thus the initial dinitro derivative 2 is readily soluble in 
TH F (unlike in an aqueous-ethanolic mixture) and does 
not precipitate when it comes into contact with an 
aqueous solution of NH4CI (note also that a concen- 
trated solution of NH4CI is moderately miscible with 
THF). In addition, THF virtually does not extract 
NH4CI. In the case of THF, the reduction proceeds 
more smoothly, which is evidenced by the appearance of 
a deep blue color of the solution typical of nitroso 
derivatives. 25 Decolorization of the solution is actually 
indicative of the completion of reduction, which is 
convenient for monitoring the process of reduction be- 
cause the duration of reduction is substantially affected 
by the quality and particle size of tile Zn powder. The only 
dra~back of application of THF is the fact that in THF, as 
in other solvents, bishydroxylamine 1 is gradually oxidized 
(though more slowly than in EtOH) by atmospheric oxy- 
gen to acetone oxime according to the mechanism of 
synchronous irons-elimination 26 (Scheme 2). 
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Fig. 3. Structure of [Ni(imSn)2iiZnCI4] 
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Never theless ,  the synthes is  with the  use o f  T H F  
allowed reproduc ib le  p repa ra t ion  of  b i shydroxy lamine  
sulfate m o n o h y d r a t e  in 5 0 - - 5 5 %  yield. We succeeded  in 
isolating the free base f rom this salt in ~60% yield. In 
this case, a d m i x t u r e s  were removed ,  which  is o f  pr ime 
impor tance  because  admix tu res  cata lyze d e c o m p o s i t i o n  
of free bishydroxylamine,  z7-29 Fairly pure, in our  opinion,  
samples of  1 were described in a n u m b e r  of  works, z6-28 
However,  these  samples  r e m a i n e d  u n c h a n g e d  upon  stor-  
age in air for on ly  several days. The  p rocedure  deve loped  
in the  p r e s e n t  work  for  the  s y n t h e s i s  o f  free 
b i shydroxylamine  ! made  it possible to ob ta in  a p roduc t  
which was not  d e c o m p o s t ' d  upon  s torage u n d e r  o rd ina ry  
cond i t ions  for  4 m o n t h s  or  upon  s torage in a ref r igera tor  
at - 2 0  ~ for one  year  In add i t ion ,  it has been  re- 
ported tz tha t  c o m p o u n d  1 is vet3.' hygroscopic  and  vola-  
tile and is readi ly  dist i l led with E tOH or  C H C I  3 u n d e r  
reduced pressure.  In t~ct. this  is true for a d e c o m p o s i -  
t ion product  o f  1, via., ace t one  oxime,  and  for free 
tmEn.  C o m p o u n d  1 freed from admix tu re s  is absolute ly  
nonhygroscop ic  and  is not  dist i l led o f f w h e n  so lu t ions  of  
I in E tOH,  M e O H ,  CHC13, or T H F  are c o n c e n t r a t e d  
under  reduced  pressure.  W h e n  hea ted  in air ,  the  solid 
product  gradual ly  sub l imes  as the t e m p e r a t u r e  increases  
to 100--1 I0 ~ At 161--162 ~'C. the p roduc t  mel ts  with 
insignificant d e c o m p o s i t i o n .  The  I R spec t rum of  indi-  
vidual c o m p o u n d  I is s h o w n  in Fig. 4. 

To summar i ze ,  studies: of  the process  o f  r educ t ion  of  
d ini t ro  c o m p o u n d  2 to b i shydroxy lamine  1 d e m o n -  
strated that  Zn(NH3)2CI  2 at'td a p roduc t  of  its partial  
hydrolysis, via., Z n ( O H ) C I ,  ra ther  than  Z n ( O H )  2, are 
accumula ted  in the solid phase in the course  of  the 
reaction.  In add i t i on ,  a substant ia l  a m o u n t  of  z inc passes 
in to  s o l u t i o n  as the  c o o r d i n a t i o n  c a t i o n  
l Z n ( t m E n ) 2 H 2 0 ]  2+. 

Reduction in T H F  proceeds  ra ther  slowly. It is impos-  
sible to increase the rate of  reduct ion by increasing the 
temperature o f  the reacti':m mixture,  particularly,  in the 
initial stage, because even local overheat ing leads to rapid 
and efficient reduct ion  o f  I to tmEn.  The  low rate of  2 ~ l  
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Fig. 4. IR spectrum of bishydroxylanline 1. 
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reduction results in a gradual decrease in the concen t ra t ion  
of bishydroxylamine ! that  formed, due to its f ragmenta-  
t ion to acetone oxime. Partial reduct ion o f  1 to t m E n  and 
fragmentat ion of  ! to ace tone  oxime result in a decrease in 
the yield of the target product.  Nevertheless,  the synthesis 
of  sulfate monohydra te  of  1 in aqueous  T H F  is well 
reproducible and its yield is substantially higher  than that  
in the case of  the synthesis in aqueous e thanol .  In addit ion,  
the procedure developed by us tbr  the isolation of  free base 
1 from its sulfate makes it possible to obtain 1 in a 
sufficiently pure tbrm and to store the product  wi thout  
decomposi t ion  for a long period. 

Exper imenta l  

The IR spectra of the compounds under study were re- 
corded on a Bruker [FS 66 spectrometer. ] 'he IH NMR 
spectra were obtained on a Bruker Avance 300 spectrometer. 
The electronic absorption spectra were measured on a Shimadzu 
UV-1202 spectrophotometer. The concentrations of Zn tl in 
solutions and in solid phases were determined by che[atometric 
titration v, ith the use of Eriochrome Black. 2,3-Dimethyl-2,3- 
dinitrobutane, 2,3-diamino-2,3-dimethylbutane, 2,3-diamino- 
2 ,3-dimethylbutane dihydrochloride,  Zn(OH)CI ,  and 
[Nil tmEn)?lCl- '2H~O were synthesized according to known 
procedu restIs.J0,31 Z-n(NH3)2C] 2 was prepared by stirring a Zn 
powder with a solution of NH4CI in MeOH for 3 days (the 
yield was 10%). Found (%): Zn, 38.3. Zn(NH3)2CI 2. Calcu- 
lated (%): Zn. 3g,4 

2,3-  Bis(hydroxyamino)-2 ,3-dimethylbutane monosulfate 
monohydrate ( I ' H z S O  4 - [ | z O ) .  Water (30 mL) and NH4CI 
(25 g. 0.45 mol) were added to a solution of dinitro compound 
2 (20 g, 0.11 tool) in THF (300 mL). The mixture was cooled 
to 0 ~ and Zn i40 g) was added portionwise with stirring over 
1 h. Then the reaction mixture was stirred at 10--20 ~ for 
12--!4 h. The solution gradually developed a blue color and 
turned colorless at the end of the reaction. The mixture was 
filtered ana the precipitate was washed with THF (3 x 100 
mL). Tetrahydrofuran in the pale-yellow filtrate was distilled 
off in vacuo and EtOH (200 mL) was added to the residue. The 
resulting solution was filtered and a 10% H2SO 4 solution in 
EtOH was added dropwise with stirring and cooling to 0 ~ 
and pH = 3 (Thymol Blue). The precipitate was filtered off. 
washed will1 EtOH, and dried in air. The yield was 15-- 
16 g (50--55%). T~c.co,w = 172--174 ~ Found (%): C, 27.4; 
H, 7.3: N, 0 6  C6Ht3NzOz'HzSO4-H20.  Calculated (%): 
C, 27.3; H, 7.o; N, 10.6. The Zn powder used for reduction 
has the following particulate size distribution over the fractions 
Isize, ~.tm/'content, %7: 54.9--33.7/0.3; 33.7--23.7/3.1; 23.7-- 
17.7/8.4; 17.7--13.6/16.4 13.6--10.5/t0.0; 10.5--8.2/22.7; 
8.2--6.4/22.6;  6.4--5.0/4.5;  5 .0- -3 .9 / t1 .1 ;  3.9--3.0/0.9 
~Malvern-3600 E, H~O). 

2,3-Bis(hydroxya'mino)-2,3-dimethylbutane (1), Methanol 
(150 mL) was added to the salt of I ~10 g, 37.8 mmol) and then 
solid NaOH (3 g, 75.5 retool) was added (an excess of alkali 
should be avoided!) with intense stirring and cooling to 0 ~ 
After 1 h, the reaction mixture ~as centrifuged and the solution 
wzts decanted from the precipitate and concentrated to dryness 
in vacuo. The residue was dissolved in dry THF, the precipitate 
was filtered off. and the filtrate was concentrated to dryne~. 
The white finely crystalline precipitate that tormed was washed 
with hexane (1~; mL) and dried in air. The yield was 60%. 
Tt~c,~," = 161--162 ~ Found (7/): C, 48.5; H, 10.5; N, 18.8. 
C~H!tt~()~. Calculated (%): C, 486; H, 10.q; N, 18.9. 
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Table 2. Crystallographic characteristics of the compounds and details of X-ray studies 

Parameter [Zn(tmEn)Cl2] INi(tmEn)2llZnCl41 [Zn(tmEn)2H2OlCt 2- H20 

Space group Pccn Pnma l~_l/n 
Z 4 4 4 
a/A 7.705t I ) 11.485(4) 10.336(4) 
b/A 8.416(2) 19.114(3) 9.508(3) 
c/~ 17.194(3) 9.784(2) 20. t 49( I O) 
t3/deg 100.60(3) 
V//~ 3 I114.9(4) 2147.8(9) 1946.3(14) 
dcalc/g cm -3 1.504 1.541 1.381 
u/ram -r 2.631 2.492 1.545 
20/deg 2.37--24.97 2.13--24.95 Z06--24.97 
Irk I (independent) 859 t 552 3125 
GOOF 0.698 0.541 0.934 
R (l~,kz > 2c~i) R t = 00178, R I = 0.0231, R I = 0.0380, 

wR 2 = 0.0356 wR 2 = 0.0298 wR 2 = 0.0913 

Table 3. Atomic coordinates (,' 104) and equivalent therntal 
parameters (Ueq) in the structure of [Zn(tmEn)eH~O]CI 2 " H20 

Table 4. Atomic coordinates (x 104) and equivalent thermal 
parameters (Ueq) in the structure of [Zn(tmEn)Cl21 

Atom x y z U~q. 103/A 2 Atom x Y z Ueq" 10S/A 2 

1201(1) 27(1 
263(I) 46(I 

2215(I) 46(1 
1052(1) 46(1 
1362(I) 66(I 
203(1) 33(I 

67(1) 31(1 
-97(I)  47(I 

-541(1) 56(1 
725(1) 29(I 
693(I) 46(I 
874(1) 45(1 

1297(1) 29(I 
1191(1) 30(1 
1782(I) 31(l 
1616(l) 46(I 
1876(1) 50(1 
2414(I) 32(I) 
3021(1) 56(1) 
2607(1) 45(1) 
2226(1) 33(I) 

Zn 1238(1) 3500(1 
Cl(l) 2472(1) -2713(1 
C1(2) 33(I) -2651(1 
O(Iw) 747(1) 5670(I 
O(2w) 1601(I) -697(I 
N(I) 1631(I) 3705(1 
C(I)  2557(1) 2584(1 
C(II )  1743(I) 1243(I 
C(12) 3172(1) 2989(2 
C(2) 3614(I) 2439(1 
C(21) 4533(1) 1189(2 
C(22) 4425(I) 3781(I 
N(2) 2903(I) 2235(1 
N(3) -324(1) 216l(1 
C(3) -981(1) 2417(1 
C(31) --t851(I) 3711(2) 
C(32) -1839(I)  1136(2) 
C(4) 130(I) 2668(I) 
C(41) -448(I )  3154(2) 
C(42) 981(I) 1369(I) 
N(4) 1018(1) 3785(I) 

(2 ,3 -  Diamino-2,3-dimethylbutane)dichlorozincO0, 
[Zn(tmEn)CI2]. A mixture of powdered ZnCI 2 (0.22 g, 
1.6 retool) and tmEn �9 2HCI (0.31 g, 1.6 retool) was dissolved 
in water (15 mL). The resulting solution was filtered and a I M 
aqueous solution of NaOH (3.2 mL) was added. The colorless 
crystals that immediately formed were filtered off, washed with 
water, and dried in air The yield was 75%. Found (%): 
C, 28.0; H, 6.4; CI, 27.8; N, 11.2; Zn, 26.1. CbHIt, CI2N?Zn 
Calculated (%): C, 28.5, H, 6.4; C1, 28.1; N, I1.1; Zn, 25.9. 

Bis(2,3-diamino-2,3-dimethylbutane)aquazinc(tt) chloride 
monohydrate, [Zn(tmEn)2HzOICl z �9 H20. A solution of tmEn 
( 1 g. 8.6 retool) in diethyl ether ( 15 mL) was added to a solution 
of [Zn(tmEn)CId (1 g, 4 mmol) in water ( 15 mL). After stirring 
for I h, the mixture turned homogeneous. The solution was 
concentrated with heating to 10 mL and then cooled to ~20 ~ 

Zn 7500 2500 4839(1) 31(1) 
CI 7751(1) 294(1) 4t25(l)  44(1) 
N 9279(3) 2696(3) 5711(I) 32(1) 
C(I) 8326(3) 3034(3) 6454(1) 37(1) 
C(2) 7874(4) 4806(3) 6438(2) 51(I) 
C(3) 9526(4) 2675(6) 7144(2) 56(I) 
H(tN)  9890(3) 1880(3) 5732(16) 34(8) 
H(2N) 10050(4) 3370(3) 5664(16) 50(9) 
H(21) 7100(3) 5160(3) 6004(14) 55(8) 
rt(22) 7370(3) 5070(3) 6897(13) 53(7) 
H(23) 8890(4) 5410(3) 6407(15) 62(9) 
H(31) 9030(3) 2910(3) 7592(14) 53(9) 
H(32) 10620(3) 3390(3) 7116(16) 53(8) 
H(33) 9950(4) 1640(4) 7130(2) 83(13) 

Colorless crystals were filtered off, washed with cold MeOH 
(10 mL), and dried in air. The yield was 60%. Found (%): 
C. 35.2; H, 9.3: CI, 17.2; N, 13.7; Zn. 15.9. C~2HorCI2N402Zn. 
Calculated (%): C, 356; H, 9.0; CI, 17.5; N, 13.8: Zn, 16.2. 

Bis (2 ,3 -d iamino-  2 , 3 - d i m e t h y l b u t a n e ) n i c k e l ( I t )  
tetrachlorozincate01), [Ni(tmEn)2)2][ZnCl4|. A solution of 
NH4CI (0.7 g, 13 mmol) in water (10 mL) and a solution of 
NaOH (0.127 g, 3 mmol) in water (2.5 mL) were successively 
added to a solution of NiCI2-6H20 (0.189 g, 0.8 retool), 
tmEn" 2HCI (0.3 g, 1.6 retool), and ZnCI 2- 1.5H20 (0.13 g, 
0.8 mmol) in water (15 mL). The resulting mixture was kept at 
~20 ~ for one day. Then concentrated HCI (0.5 mL) was 
added and orange crystals of the complex were immediately 
filtered off. The yield was 40%. Found (%): C, 28.5; H, 6.8; 
CI, 27.7; N, 11.3. CI2H32CI4N4NiZn. Calculated (%); 
C, 28.93; I-1, 6.47;.C1, 28.46; N, I 1.24. 

X-ray diffraction studies of the compounds. The crystals of 
[Zn(tmEn)2H20]Cl ~ - H~O belong to the monoclinic system. 
Tile cry. stals of Zn(i-mEi])Cl 2 and [Ni(tmEn)21[ZnCI4] belong 
to the orthorhombic system. The experimental data sets were 
collected on "m automated E N R A F  NONIUS CAD-4  
diffractometer according to a standard procedure (Mo-Ka  
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Table 5. Atomic coordinates ( x l 0  '~) and equivalent thermal 
parameters tb'eq ) in the structure of [Ni(tmEn)2l[ZnCI4] 

Atom x ),' z. U - I O;/A 2 eq 
Ni 7747(I) 2500 5577(1) 24(I) 
Zn 7784(l) 2500 9882(I) 33(I) 
CI(1) 9162(I) 2500 8186(1) 37(I) 
CI12) 6703(1) 3483(I) 9622(1) 53(I) 
C1(3)  8812(2) 2500 11850(2) 50(l) 
N(I) 6723(4) 3235(2) 6080(4) 30(1) 
C(I) 6924(3) 3863(2) 5186(4) 31(I) 
C(II)  6432(5) 3685(3) 3790(6) 51(2) 
C(12) 6284(6) 4494(3) 5767(7) 53(2) 
N(2) 8734(3) 3228(2) 4914(4) 28(1) 
C(2) 8265(3) 3952(2) 5150(4) 29(I) 
C(2t) 8742(5J 4218(3) 6509(5) 39(1) 
C(22) 8668(6) 4437(3) 4017(6) 48(2) 
H(II)  6800(3) 3366(19) 7010(3) 43(14) 
H(12) 6060(3) 3122(18) 6010(4) 31(14) 
H(II1) 6820(4) 3290(2) 3240(4) 69(18) 
H(l l2)  6440(4) 4080(2) 3210(4) 59(16) 
HIl l3)  5590(4) 3570(2) 3810(4) 83(19) 
H(121) 6480(3) 4884(t9) 5190(4) 40(13) 
H(122) 6400(4) 4550(2) 6660(4) 42(15) 
H(123) 5370(4) 4390(2) 5810(4) 76(16) 
H(21) 8810(3) 3161(16) 4080(3) 7(11) 
H(22) 9430(3) 3189(16) 5200(3) 25(12) 
H(2II) 96[0(3) 4149(18) 6530(4) 43(I3) 
H(212) 853013) 3980(17) 7220(4) 33(13) 
H(213) 8540(4) 4730(2) 6680{4) 63(15) 
H(221) 8460(4) 4220(2) 3140(4) 73(19) 
H(222) 8400(3) 4879(19) 4130(4) 37(13) 
H(223) 9460(4) 4450(2) 4060(4) 80(2) 

radiation, graphite monochromator, 0/20 scanning technique) 
at -20 ~ The structures were solved by direct methods. The 
positions of the nonhydrogen atoms were refined anisotropi- 
tally. The positions of the 1t atoms were located from the 
difference electron density syntheses and refined isotropically. 
The final values of the R factors, the c~'stallographic charac- 
teristics of the compounds, and details of X-ray diffraction 
studies are given in Table 2. The atomic coordinates of the 
compJexes are given in Tables 3--5. All calculations associated 
with the structttre solution and refinement were performed 
using the SHELX-97 program package. 

This work was financially supported by the Russian 
Foundat ion for Basic Research (Project No. 96-03- 
32229) and by the "Integrat ion"  Foundation. We also 
thank the Russian Founda t ion  for Basic Research for 

payi~vg for a l icense for t h e  Cambr idge  Structural Data-  
base, which was used in the present  work. 

References 

I. L. B. Volodarsky, V. A. Reznikov, and V. I. Ovcharenko, 
Synthetic Chemistry' oJ Stable Nitro.rides, CRC Press, Inc.. 
Boca Raton, 1994, 225 pp. 

2. A. Caneschi, D. Gatteschi, and P. Rey, Progr. lnorg. 
Chem., 1991, 39, 331. 

3. K. Inoue, T. Hayamizu, H. lwamura, D. Hashizume, and 
Y. Ohashi, J. Ant. Chem. Soc., 1996, 118, 1803. 

4. J. S. Miller and A. J. Epstein, Angew. Chem., Int. Ed. Engl., 
1994, 33, 385. 

5. O. Kahn, Molecular Magnetism, VCH, New York, 1993, 
380 pp. 

6. J. H. Osiecki and E. F. Ullman. J. A m  Chem. Soc., 1968, 
90, 1078. 

7. D. G. B. Boocock, R. Darcy, and E. F. Ulhnan, J. Am. 
Chem. Sot., 1968, 90, 5945. 

8. D. G. B. Boocock and E. F. Ullman, J. Am. Chem. Soc., 
1968, 90, 6873. 

9 E. F. Ultman and D. (3. B. Boocock, Chem. Commun., 
1969, 1161. 

10. E. F. UIIman, L. Call, and J. H. Osieeki, J. Org. Chem., 
1970, 35, 3623. 

11. E. F. Ullman, J. H. Osiecki, D. G. B. Boocock, and R. 
Darcy, J. Am. Chem. Soc., 1972, 94, 7049. 

12. M. I.amchen and T. W. Mittag, J. Chem. Soc. (C), 1966, 
2300. 

13. Y. Hosokoshi, M. Tamura, M. Kinoshita, H. Sawa, R. 
Kato, Y. Fujivara, and Y. Ueda, J. Mater. Chem., 1994, 4, 
1219. 

14. V. Ovcharenko, S. Fokin, and P. Rey, AbstracTs-of Papers, 
VI Intern. Conf. on Molecular-Based Magnets~ Seignosse, 
France, September 12--17, 1998. 

15. K. Krishnan and R. A. Plane, Inor'g. Chem., t966, 5, 852. 
16. C. Mnralikrishna, C. Manadevan, S. Sastry, M. Seshasayee, 

and S. Subramanian, Acta Crystallogr., 1983, 39C, 1630. 
17. J. Emsley, M. Arif, P. A. Bates, and B. Hursthouse, hlo~. 

Chim. Acta, 1989, 165, 191. 
18. R. Alcala, J. Fernandez, F. Gomez-Beltran, and A. Larena, 

CO,st. Struct. Commun., 1977, 6, 635. 
19. F Gomez-Beltran, A. V. Capilla, and R. Alcala, CtTst. 

Struct. Commun., 1978, 7, 153. 
20. F. Gomez-Beltran, A. V. Capilla, and R. Alcala, Cryst. 

Strttct. Commun., 1978, 7, 255. 
21 .C-M,  Che, M. H - W .  Lain. R.-J. Wang, and T. C. W. 

Mak, Z Chem. Soc., Chem. Commun., 1990, 820. 
22. W.-H. Chiu, K.-K. Cheung, and C.-M. Che, J. Chem. 

Soc., Chem. Commun., 1995, 441. 
23. K.-Y. Wong, C.-M. Che, C.-K. Li, W.-H. Chiu, Z.-Y. 

Zhou, and T. C. W. Mak, J. Chem. Soc, Chem. Commun., 
1992, 754. 

24. T. Fujita, T. Yamaguchi, and H. Ohtaki, Bull. Chem. Soc. 
Jpn., 1979, 52, 3539. 

25. A. Michael and H. G. Carlson, J. Org. Chem., 1940, 5, 14. 
26. G. V. Shustov, N. B. Tavakalyan, L. L. Shustova, A. P. 

Pleshkova, and R. G. Kostyanovskii, fzv. Akad. Nauk 
SSSR, Ser. Khim., 1982, 364 [Bull. Acad. Sci. USSR. Div. 
Chem Sci., 1982, 31 (Engt. Transl.)]. 

27. J, F. W. Keana, R. J. Dinerstein, and D. P. Dolata, 
Tetrahedron Lett., 1972, 119. 

28. P. Singh. D. G. B. Boocock, and E. F. Ullman, Tetrahe- 
dron Lett., 1971, 3935. 

29. G. R. Luckhurst and F. Sundholm, Tetrahedron Left.. 
1971, 675. 

30. I. Bewad, Ber.,-1906, 39B, 1231. 
31. Handbuch tier praparativen anorganischen Chemie, Ed. G. 

Brauer, Enke Verlag, Stuttgart, Bd. 3, 1981. 

Received November 4, 1998 


