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The reaction of salts of N-([3-hydroxyalkyl)-N'-hydroxydiazene N-oxides 
with dihalomethanes 
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Methylene-bis[N'-oxydiazene-N-(~-hydroxyalkyl) N-oxides] were synthesized by the 
reaction of salts of N-(13-hydroxyalkyl)-N'-hydroxydiazene N-oxides with dihalomethanes. 
The effect of the nature of the starting reagents and the reaction conditions on the yields of 
the target compounds was studied. 
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We have shown previously L2 that reactions of salts of 
N- ( lMlydroxya lky l ) -N ' -hydroxydiazene  N-oxides (1) 
with unsubstituted and 13-substituted alkyl halides mostly 
result in N-(13-hydroxyalkyl)-N'-alkoxydiazene N-ox- 
ides (2) and/or  O-substituted N-(13-hydroxyalkyl)-N- 
nitrosohydroxylamines (3). If halogenated derivatives 
incorporating an atom with an unshared electron pair 
(O, N) in the a-posi t ion are used as alkylating agents, 
products of their  alkylation on the hydroxy group are 
formed along with compounds 2. z 

IRCHCH2N(O)=NO-M + 
I 

OH 1 

I R "Hal 

R.CHCH2N=NOR" + RCHCH2N=NOR" + R?HCH2t~OR" 
J r I r 

OH 0 OR" 0 OH NO 

2 4 3 

The dependence of the yield of reaction products on 
the nature of  the initial reagents and reaction conditions 
is complex and cannot be interpreted unequivocally. 
Nevertheless, in many cases it is possible to direct the 
reaction towards the preferred formation of alkoxydiazene 
N-oxides (2). Taking this into consideration, we studied 
the possibility to obtain the previously unknown methyl-  
ene-bis[N'-diazene-N-(13-hydroxyalkyl)  N-oxidesl (5), 
i.e., azoxyformals,  by the reaction of  salts I with 
dihalomethanes,  and determined the major features of 
this reaction. CH~CI2, CH2Br2, CH212, CICH2Br , 
C I C H d ,  and BrCH2F were studied as the dihalo-  
methanes, and diverse salts of N-(2-hydroxypropyl)-  
( l a ) ,  N- (2-hydroxy-3-methy lbu ty l ) - ( lb ) ,  and N-(2-hy- 
droxy- 3,3-dimet hylbutyl)- N ' -hydroxydiazene  N-oxide 
( lc )  were used as substrates to be methylenated. 

It was found that the reactions under study give the 
desired methylene-bis(diazene N-oxides) (5a--c)  as the 
only stable products. 

RCHCH2N(O)=NO-M ~" 4- XCH2Y ,, 
I 
OH 

l a - - e  

-- RCHCH2N=NOCH~ON= .NCH2 .CHR 

OH 0 0 OH 
5a---c 

R = Me (a), Pr' (b), Bu t (e) 
X .Y  = F, CI, Br, l. 

The  conc lus ion  abou t  the s t ruc ture  o f  c o m p o u n d s  
5a- -c  was made oll the basis of elemental analysis data, 
spectral characteristics (Table l) and the negative quali- 
tative reaction oil tile N - - N O  group (with a mixture 
diphenylamine--concentrated H2SO4). 

The resulting azoxyformals 5a- -e  are rather high- 
melting, quite stable compounds. Their yields depend on 
a combination of factors: the nature of the cation in salts 
l a - - e ,  the character of the methylenating reagent, the 
solvent, the structure of the alkyl substituent in l a - - c ,  and 
the reaction temperature and duration (Table 2). 

The highest yields of  azoxyformals were observed in 
the methylenation of te t ramethytanlmonium salts I in 
acetonitrile, in the opt imum variant the yields were 
~30--60%. On going from te t ramethylammonium salts 
to ammonium salts, the yields of  azoxyformals de- 
creased several times, while replacement of even one 
methyl group in the te t ramethylammonium cation with 
C16H33 prevented the formation of  the desired com- 
pounds completely. Acetonitr i le was the best of  the 
solvents studied, while aprotic dipolar solvents had lower 
efficiency, and hydroxyl-containing solvents were un- 
suitable. Moreover, even an insignificant content of  
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Table 1. Physicochemical properties and element analysis data of azoxyformats [RCtt(OH)CH2N(O)=NO]~CH2 (Sa--c) 

5 R M.p./~ R r IR, v/cm -I NMR, 6 (acetone-d6) F__ound (%) 
(solvent) IH (d/Hz) 14N 13C " Calculated 

(Avlp_/Hz) C H N 

Molecular 

formula 

a Me 91--93 0.10 b 3420 (OH); 1.2 (d, 6 H, CH3, J = 5.9); -62.2 34.06 6.67 22.32 
(EtOAc) 0.34 c 1515, 1320 4.05 (m, 4 H, CHIN); (162.7) 33.33 6.39 22.21 

(N 
=N._O, ~ 4.3 (m, 2 H, CH); 

} 4.45 (br.s, 2 H, OH); 
,O / 5.58 (s, 2 H, CH20 ) 

b Pr i 137--141 0.60 b 3428 (OH); 1.1 (dd, 12 H, CH 3, Y = 3_2); -61.2 17.3 (CH3); .42.00 7.~_Q 18.10 
(CHCI 3 -  0.37 e 1512, 1312 1.8 (m, 2 H, CH(CH3)2); (183.1) 18.7(CH3); 42.85 7.85 18.17 

[N \ 3.98 (m, 2 H, OH); 31.7 (_C"(C"~)2); 
hexane) | * = N - - O I  4.1 (rid, 4 H, CH2N, g = 6.4); 67.7 (CH2N); 

\O / 4.3 (dd, 2 H, CHO, J = 6.4); 71.0 (_CHOH); 
5.8 (s, 2 H, OCH20) 95.5 (C.tt~O); 

eButa175--180 0.74 ~ 3480(OH): 0.94(s, 18 H, CH3); -61.0 46.15 ~,21 16.75 
(acetone) 0.32 c 1525, 1320 3.51 (br.s, 2 H, OH); (198.3) 46.42 8.39 16.66 

N=N__.O 3.84 (dd, 2 H, CH, J = 8); 
t 4.1 (m, 4 H, CH2N); 

O / 5.85 (s, 2 H, CH20) 

CTH 16N406 

C,IH24N406 

C13H28N406 

a (CD3)2SO as the solvent. Signals were assigned using the DEPT-135 procedure, b EtOAc as the eluent. 
c CHC13_MeOH (9 : 1) as the eluent, cl NMR spectra were recorded in acetonitrile-d 3. 

water in acetonitrile decreased the yield of azoxyformals 
several times. 

Of alkaline metal salts, we studied the lithium and 
potassium salts la. It was found that the lithium salt 
does not form azoxyformal 5a even on heating with 
CICH2I in DMSO at 50 ~ for ten days. On the con- 
trary, the potassium salt gives the desired azoxyformal 
54 after keeping for 24 h at -70 ~ but the yield is low 
(-20%). The potassium salt, unlike the tetramethylam- 
monium salt, does not react with dihalomethanes at 
room temperature. However, if the reaction is carried 
out in the presence of crown ethers, azoxyfonnals can be 
formed; their yields vary from 0 to 13% and are deter- 
mined, among other factors, by the type of the crown 
ether and the solvent used. 

When silver salts l a - - e  were used, the azoxyformals 
could be obtained (in dry ether-type solvents) only in 
the case of chloroiodomethane, but the yields did not 
exceed 3.5-- 16%. 

In the series of dihalomethanes studied, the highest 
yields of azoxyformats were observed in the reaction 
with dichloromethane. As regards other methylenating 
agents, it is apparently possible to arrange them in series 
according to efficiency, with the position of dihalo- 
methanes in the series depending on the substrate to be 
methylenated. 

For example, these series look as follows for com- 
pouuds la, lb and le: 

CH2CI 2 > CICH2Br > CICH2I > CH2Br 2 > FCH2Br 

CH2CI 2 > CICH21 = ClCH2Br > CH212 ~ CH2Br 2 

CH2CI 2 > CICH2Br > CICH21 = CH212 > CH2Br 2 

Finally, the highest yields of azoxyformals were mostly 
observed for alkylation of salts lb .  

The structure of the products obtained in the reac- 
tion of salts l a - - e  with dihalomethanes and the complex 
dependence of their yield on the nature of the starting 
reagents and solvents are most likely determined by the 
presence of three centers of etectrophilic attack in the 
anions of the starting salts, increased reactivity of inter- 
mediate halomethyl ethers, i.e., primary products of the 
halomethylation of anions 1 ( in comparison with the 
starting dihalomethanes), and the lability of the com- 
pounds formed that contain the N-nitrosohydroxylamine 
fragment. 

When the experimental part of the present research 
had been practically completed, a detailed paper appeared 
on the reaction of a number of dihalomethanes (CH2CI 2, 
CH2Br2, CICH213r ) with the salts AIkN(O)=NO-M + 
(AIk = Me, Bu t, Bu i, n-CsHII) .  3 Comparison of data 
obtained by us and results of this paper allows us to 
estimate the effect of the [3-hydroxy group in salts 1 on the 
regularities of their reactions with dihalomethanes. 
Though the corresponding azoxyformals were the sole 
stable products of both reactions, the laws of their forma- 
tion differed much. In fact, while the maximum yields of 
azoxyformals from AIkN(O)=NO-M + were observed for 
potassium salts, tetramethylammonium salts were optimal 
in the case of RCH(OH)CH2N(O)=NO-M+;  if potas- 
sium salts were used, the yields of azoxyformals were 
much smaller or they were not  formed at all. In the 
methylenation of A lkN(O)=NO-M +, the nature of the 
solvent (DMSO, MeOH, MeCN) has practically no effect 
otl the rest, Its of the reaction. Conversely, the choice of 
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Tab le  2. Effect  o f  the c o n d i t i o n s  of  r eac t ion  b e t w e e n  R C H ( O H ) C H 2 N ( O ) N O - M *  sal ts  ( l a - - c )  and  
X C H ~ Y  on the yield o f  [ R C H ( O H ) C t t 2 N ( O ) = N O ] 2 C H ~  ( 5 a - - e )  

X C t l 2 Y  M "  Reac t ion  c o n d i t i o n s  Yie ld  (%) 

X Y T/~ r / d a y s  So lven t  Ca ta lys t  a 5a  5b 5c 

CI 
CI 
CI 
CI 
CI 
C1 
CI 
CI 
CI 
CI 
CI 
CI 
C1 
Ct  
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI  
CI 
CI 
F 
I 

Br 
Br 
CI 
CI 
C1 
CI 
CI 

Ag ~ 20 
Ag - 1 0 0  
Li - 2 0  
Li ~20 
Li - 50  
K ~20 
K ~20 
K - 2 0  
K - 2 0  
K ~20 
K - 2 0  
K ~20 
K - 2 0  
K - 2 0  

Me4N ~20 
Me4N ~20 
M e 4 N  - 2 0  
Me4N - 2 0  
Me4N - 2 0  

M e 3 N E t  ~20 

M e 3 N C H 2 P h  ~20 
M e 3 N C H 2 P h  ~20 
M e . I N C H 2 P h  - 2 0  

M e a n  b - 2 0  

M e 4 N  ~60 
Br Ag ~20 
Br K ~20 
Br M e 4 N  ~20 
Br M e 4 N  ~60 
Br N H  4 -20 
Br M e 4 N  ~20 
I M e 4 N  ~20 

Br MeaN - 2 0  

Br Me?iNCj6H33 ~20 
CI K 72 
CI Me4N ~20 
CI M e 4 N  ~60 
Cl  M e 4 N  ~60 
CI M e 4 N  ~60 

7 E t h e r  - -  16 3.5 3.5 
7 D i o x a n e  - -  1 4  - -  - -  

6 M e C N  12C4 0 - -  - -  
6 M e C N  B12C4  0 - -  - -  

10 D M S O  - -  0 - -  - -  
7 D M F  - -  0 - -  - -  

i0  C H C I 3 / H 2 0  Me4NCI  0 - -  - 
I B e n z e n e  15C5 6 - -  - -  
l M e C N  15C5 0 - -  --- 
6 M e C N  15C5 0 - -  - -  
l B e n z e n e  D B I 8 C 6  3 - -  - -  
1 M e C N  D B 1 8 C 6  0 - -  - -  
6 M e C N  DBISC6 5 -- -- 
6 M e C N  18C6-  M e C N  13 - -  - -  
7 M e C N  - -  18 3t 22 

10 D i o x a n e  - -  0 - -  - -  
12 D M F  - 0 - - 

7 M e O t t  - -  2 - -  - -  
7 M e C N / H 2 0  - -  3 - -  - -  
5 M e C N  - -  14 - -  - -  
2 M e C N  - -  9 - -  - -  

4 M e C N  - -  1 3  - -  - -  

7 M e C N  - -  1 4  - -  - -  

7 - -  - -  20 <0.1 
7 M e C N  --  34 22.5 
4 E t h e r  - -  0 - -  - -  
6 M e C N  18C6 �9 M e C N  11 - -  - -  
7 M e C N  - -  28 31.5 23 
7 M e C N  - -  30 28 24.5 
7 M e C N  --  15.5 5 
7 M e C N  - -  10.5 - -  - -  
7 M e C N  - -  26 22 
7 M e C N  - -  l 5 25_5 20 
6 M e C N  - -  0 - -  - -  
1 D M S O  - -  21.5 - -  - -  
7 M e C N  - -  1 l 16 
7 M e C N  - -  41 57 28.5 
2 M e C N  - -  - -  35.5 - -  
5 M e C N  - -  - -  45 - -  

a M o l a r  ra t io  sa l t  : ca ta lys t  = 10 : 1; 12C4 = 12 -c rown-4 ,  18C6 = 18 -c rown-6 ,  15C5 = 15 -c rown-5 ,  
/ 2 C 4  = 12 -c rown-4 ,  D B I S C 6  = d i b e n z o - 1 8 - c r o w n - 6 ,  B12C4  = b e n z o - 1 2 - c r o w n - 4 .  
b S i l i ca  gel  as a st, pport ,  w i t hou t  so lven t .  

t h e  s o l v e n t  c a n  h a v e  a d e c i s i v e  r o l e  in  t h e  r e a c t i o n  o f s a K s  

1 w i t h  d i h a l o m e t h a n e s .  F i n a l l y ,  C H 2 B r  2 w a s  t h e  b e s t  

m e t h y l e n a t i n g  r e a g e n t  s t u d i e d  for  A I k N ( O ) = N O - M  +, 

a n d  C H 2 C I  2 w a s  t h e  b e s t  for  s a l t s  1, w h i l e  C I - t 2 B r  2 w a s  

i n f e r i o r  in  t h i s  r e s p e c t  t o  C I C H 2 B r  a n d  C I C H 2 1 .  

E x p e r i m e n t a l  

IR spec t r a  were  r eco rded  on  U R - 2 0 ,  Speeord  M-60 ,  and  
Speco rd  M - 8 2 M  s p e e t r o p h o t o m e t e r s  in KBr  pe l le t s  or  in th in  
f i lms on  KBr  g lasses .  N M R  spec t ra  were  o b t a i n e d  on  Bruke r  

�9 A M - 3 0 0 ,  B a l k e r  W M - 2 5 0 ,  and  Bruker  A C - 2 0 0 C  i n s t r u m e n t s  

( ; H  - 300.13; 255.13;  200.13 M H z ;  14N - -  21.69 M H z ;  13C 
- -  62.9 M H z ) .  tH and  t3C N M R  c h e m i c a l  shif ts  were  m e a -  
sured  re la t ive  to the  s igna l  f rom the  so lven t  ( a c e t o n e - d  6 - -  2.07 
and  30.0 ppm,  a c e t o n i t r i l e - d  3 - -  1.96 and  1.3 p p m ,  D M S O - d  6 
- -  2.50 and  39.5 p p m ) ,  a n d  t h a t  o f  14N re la t ive  to an  e x t e r n a l  
s t a n d a r d  ( M e N O ? ) .  M e l t i n g  p o i n t s  were  d e t e r m i n e d  b e t w e e n  
g lasses  on a Boet ius  ho t  s tage .  

P T L C  was ca r r i ed  ou t  on  S i lpea r l  U V - 2 5 4  s i l ica  ge l  wi th  a 
f luo rescen t  i n d i c a t o r  (X 254 nm)  or  on  a S i lufo l  U V - 2 5 4  pla te  
wi th  s i l ica  gel d e p o s i t e d  on  it. So lven t s  used  in the w o r k  and  
s o m e  s ta r t ing  r eagen t s  o f  " a n a l y t i c a l l y  pure"  g r a d e  were  pur i -  
fied by s tandard  m e t h o d s .  

T h e  sa l t s  o f  N - ( f ~ - h y d r o x y a l k y l ) - N ' - h y d r o x y d i a z e n e  
N-ox ides  l a - - e  used  in the  w o r k  were  o b t a i n e d  a c c o r d i n g  to 
k n o w n  p rocedures .  1 
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Alkylations of salts of N-(~3-hydroxyalkyt)-N'- 
hydroxydiazene N-oxides RCH(OH)CHzN(NO)O-M + ( la--c) .  

I. AIkylatioa of  silver salts l a - -c .  An appropriate 
diha]omethane (0.002 mo[) was added to a suspension of 
compound la--c  (0.002 tool) in 10 ml of dry ether or dioxane. 
The reaction mixture was stirred at a certain temperature (see 
Table 2). The mixture was filtered, and the solid residue was 
washed with 5 mL of  MeOH. The filtrate was concentrated 
in vacuo. The remaining oily compound was fraetionated by 
PTLC to afford 2,12-dihydroxy-6,8-dioxa-4,5,9,10-tetraaza- 
trideea-4,9-diene 4,10-dioxide (5a), 3,[3-dihydroxy-2,14-di- 
methyl-7 ,9-dioxa-  5,6, I 0, I 1 -tet raaza pentadeca-5,10 -diene 
5, [ 1 -dioxide (Sb), and 3,13 -dihydroxy-7,9-dioxa- 
5,6, I 0, I 1 -tetraaza-2, 2,14,14-tetramethytpentadeca-5, I 0-diene 
5,1 l-dioxide (5c). The reaction conditions, yieids, and some 
physicochemical characteristics of the compounds obtained are 
listed in Tables I and 2. 

2. Alkylatioa of alkaline metal salts la- -c ,  h. A mixture of 
salts la (0.0025 tool) and 0.003 tool of the appropriate alky- 
lating agent in 10 mL of the appropriate solvent were mixed 
under dry nitrogen. The resulting solution was concentrated 
in vactlo. The remaining oil was fractionated by PTLC_ The 
reaction conditions and the yields of azoxyformafs 5a--c are 
listed in Table 2. 

B. A suspension of potassium salt la (0.003 tool) and 
tetramethylammonium chloride (0.00015 tool) was stirred for 
15 min in 20 mL of  a CHCI3--H20 mixture. Chloro- 
iodomethane (0.003 tool) was added to this emulsion, and the 
mixture was stirred at ~20 ~ for a certain period of time. The 
organic phase was ~eparated, and the aqueous phase was 
carefully washed with EtOAc. The combined extracts were 
dried with MgSO 4. The drying agent was separated, and the 
filtrate was concentrated. Compound 5a was isolated from the 
residue by PTLC. 

C. A suspension of potassium or lithium salt la (0.003 mol) 
and 0.0001 tool of the appropriate crown ether in 20 mL of 
the appropriate solvent was stirred for 2 h at 20 ~ Then the 
corresponding dihalomethane (0.003 mol) was added, and 
stirring was continued at 20 ~ After a certain period of time, 
the solid phase was separated. The filtrate was concentrated 
in vacuo. PTLC of the residue gave compound 5a. 

3. Alkylation of tetraalkylammoaium salts la - -e .  A. A 
suspension of salt l a - -e  (0.002 tool) and 0.002 tool of the 
appropriate alkyiating agent in 20 mL of dry MeCN was stirred 
under dry nitrogen. The precipitate was filtered off and washed 

on the filter with 5 mL of dry MeCN. The filtrate was 
concentrated in vacuo. The oily residue was suspended in 
20 mL of acetone and kept for 30 rain. The precipitate that 
formed was separated and washed with 5 mL of acetone. The 
filtrate was concentrated in vacuo. The residue was fraction- 
ated by PTLC to give compounds 5a- -c .  

B, A solution of Me4N-salt lb o r  le (0.005 moo in 100 ml 
of dry methanol was mixed with t5 g of silica gel (100-- 
160 mm), dried at 180 ~ and a residual pressure -2 Tort, 
and stirred for ~30 rain. The methanol was removed in vacuo, 
and the residue was carefiltly dried at -60 ~ and a residual 
pressure 2--3 Ton" for 2 h. The resulting dry mixture was 
treated with vigorous shaking with 5 ml of  chloroiodomethane, 
purged with dry nitrogen, and the flask was closed tightly. The 
reaction mixture was heated with vigorous shaking for 30 rain 
at 40 ~ then kept for 7 days at -20  "C. After a certain period 
of time, the mixture was treated with I00 mL of dry MeCN. 
The silica gel was separated, and the filtrate was concentrated 
in vacuo. Compounds 5b or 5c were isolated front the residue 
by PTLC. 

4. Alkylation of ammonium salts lb--c .  A ntixture of NH~- 
salt lb---e (0.005 mot) and bromochloromethane (0.005 mot) 
in -20 mL of dry MeCN was stirred at -20 ~ After a certain 
period of time, the solid precipitate was separated and washed 
with 10 mL of dry MeCN. The filtrate was concentrated 
in vacuo. Compounds 5b--e were isolated front the residue by 
PTLC. 
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