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Synthesis and some transformations of N-allyl-N'-methoxy- 

and N-allyl-N'-tosyloxydiazene N-oxides 
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The first representatives of N-2-alkenyI-N'-alkoxydiazene N-oxides and N-2-alkenyl- 
N'-sulphonyloxydiazene N-oxides have been synthesized. Some reactions of the double bond 
in these compounds have been studied. The possibility of isomedzation of N-2-alkenyl-N'- 
alkoxydiazene N-oxides to N-alk-l-enyl derivatives has been discovered. 
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Although ethers of N-a lkyI -N ' -hydroxydiazene  
N-oxides (AHDO) have been known since the middle of 
last century,* this class of compounds has been studied 
insufficiently. In the ser ies  of AHDO ethers with 
N-alkenyl radicals, only a few representatives with the 
a,13-arrangement of the double bond are known, z while 
unsaturated AHDO sulfonates have not been reported. 
We obtained N-allyl-N'-methoxydiazene N-oxide (1) 
and N-allyl-N'-tosyloxydiazene N-oxide (2), i.e., the 
first representatives of AHDO ethers and sulfonates with 
a 13,'t'-double bond with respect to the nitrogen atom and 
studied some of their transformations. 

The main method for the synthesis of alkyl ethers of 
AHDO and the only way to obtain AHDO sulfonates is 
the reaction of AHDO salts with alkylating reagents and 
sulfonic acid halides, respectively) In view of this, we 
elaborated a convenient method for the synthesis of salts 
of N-allyl-N'-hydroxydiazene N-oxide (3) by nitrosation 
of N-allylhydroxylamine (in the form of hydrochloride 

* See Ref. 1 and the references therein. 

or oxalate) followed by treatment of the resulting com- 
pound with bases. In this way, the sodium salt 3a is 
formed readily in 85% yield. 

CH2=CHCH2NHOH �9 HX NaNO2D. 

CH2=CHCH2N(O)=NO H NaOH CH2=CHCH2N202_Na + 

3 3a 

HX = HCI. C2H204 

A conven ien t  me thod  to ob ta i n  the salts o f  coppe r  

(3b), silver (3c), and tetrabutylammonium (3d) involves 
cation exchange in salts 3. 

3a + CuSO 4 , (CH2=CHCH2N202)2Cu + Na2SO 4 
3b 

3a + AgNO 3 ,- CH2---CHCH2N202-Ag + + NaNO 3 
3c  

3a + Bu4NI - - - - * -  CH2=CHCH2N202-BuaN ~- + Agl 
3d 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 11, pp. 2262--2265, November, 1998. 
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The salts 3a--d obtained this way are solid (3a--c) or 
oil-like (3d), quite stable compounds; unlike the others, 
the silver salt is poorly soluble in water. 

In order to synthesize compound 1, we studied the 
rnethylation of salts 3 with Mel or (MeO)2SO 2. AHDO 
anions manifest ambident properties, and their alkyla- 
tion generally gives mixtures of N-alkyl-N'-alkoxydiazene 
N-oxides and N-alkyl-N-nitroso-O-alkylhydroxylami- 
nes. i Many of the latter compounds are very reactive 
and therefore cannot be isolated. However, their forma- 
tion decreases the yields of N-alkyt-N'-alkoxydiazene 
N-oxides. Evidently, formation of a mixture of com- 
pound 1 with N-allyl-N-nitroso- O-methylhydroxylamine 
was observed in our case, too. The conclusion on the 
structure of compound I was made on the basis of I H 
NMR and IR spectra, elemental analyses, and a nega- 
tive reaction for the N-nitroso group with a diphenyl- 
amine--H2SO 4 mixture. 

CH2=CHCH2N(O)NO-M + + CH3X 
3a- -c  

,. CH2=CH--CH2N(O)=NOMe 
1 

M = Na, Ag, Bu4N; X ----- I, SO4Me 

Unlike compound 1, the second reaction product gave a 
positive reaction for the N-nitroso group, but its struc- 
ture has not determined because of its reactivity and 
possible carcinogenic properties. 

The possibility to obtain compound I by methylation 
of salts 3 and its yield depend considerably on the 
counter-ion and the methytating agent. 

The highest yields of compound ! were observed in 
the reaction of silver salt 3c with Me[ (Table 1). 

We managed to isolate 3--5% of a side product, 
presumably an N-nitrosohydroxylamine derivative; the 
maximum quantity of this compound was obtained in the 
reaction of Na-salt 3a with dimethyl sulfate (-15--20%). 

Compound I is formed in satisfactory yields in the 
methylation of sodium salt 3a with Mel in the presence 

Table 1. Yields of N-allyl-N'-methoxydiazcne N-oxide (1) on 
treatment of salts CH2=CHCH2N202 M with methylating 
agents MeX 

M X Solvent Reaction Reaction Yield 
temperature time (%) 

/~ /days 

Ag I Ether 20 5 71 
Naa 1 MeCN 20 7 55 
Na b I Ctt31 20 5 60 
Bu4N 1 MeCN 20 2 35 
Na OSO2OMe Acetone-- 55 2 h 40 

H_~O, 3 : I 
Cu I MeCN 20 12 -- 

o In the presence of 10 moI.% Bu4NI (with respect to com- 
poutld 3)- 
b In the presence of 15-crown-5. 

of phase-transfer catalysts. On the other hand, the cop- 
per derivative 3b (which is though a chelate rather than 
an ionic compound 4) does not react with methyl iodide. 

The sodium salt 3a reacts rather smoothly with TsCI 
to give compound 2, a representative of a rather rare 
type of organic compounds that contain seven directly 
bound N, S, and O heteroatoms, in -70% yield. 

CH2=CHCHzN(O)=NO-Na + + C L ~ , O 2 % L ) / ~ - - M e  = 

3a 

PhCH2N(Et)3CI., 
NaHCO 3, H20/Et20 CH2=CHCH2N(O)=NOSO2 Me 

2 

Compounds 1 and 2 are quite stable. 
The double bond in the resulting 13,y-unsaturated 

derivatives of AHDO behaves in the usual way. This 
opens up prospects to synthesize a number of com- 
pounds with the N'-hydroxydiazene N-oxide fragment, 
which are difficult or as yet impossible to obtain by 
other methods, from these derivatives. [:or example, 
compound 2 readily adds bromine,  giving the first repre- 
sentative of N-13,~-dibromoalkyl-N'-hydroxydiazene 
N-oxide sulfonates (4). 

2 + Br 2 " ?H 2-?HCH2N(O)=NOSO2~Me 
Br Br 

4 

The double bond can be easily made to participate in 
1,3-dipolar cycloaddition reactions, which makes it pos- 
sible to obtain diverse heterocyclic compounds contain- 
ing the N'-hydroxydiazene N-oxide fragment in the side 
chain. As an example of this kind of reactions one could 
present the reaction of compound  2 with benzonitrile 
oxide and a trinitromethane nitronate. 

2 + P h C ~ N - - ' O  = 

Ph - -C -- ' --3 

b " 0  / " C H 2 N ( O ) = N O S O 2 ~ M e  

5 

/ , , o  

2 + (NO2)2C=N-.oM e ) 

No~ 
O 2 N - - 0 - - - - 1  

)-o )'- @ " MeO ' 'N CH2NI(O)=NOSO 2 Me 

6 

Taking into consideration that the N'-hydroxydiazene 
N-oxide fragment favors ct-deprotonation, 2 one could 
hope that N-2-a lkenyl -N ' -hydroxydiazene  N-oxides 
would undergo isomerization to N-l-a lkenyl  derivatives 
in the presence of strong bases, in fact, prolonged 
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keeping of  cornpot,  nd 1 in M e O H  in the  presence  of  
M e O N a  rest, Its in its t r ans fo rma t ion  to N - l - p r o p e n y l -  
N ' - m e t h o x y d i a z e n e  N-oxide  (7) in high yield. 

CH2=CHCH2N(O)=NOMe 
MeONa 
MeOH ~ CH3--CH=CHN(O)=NOMe 

7 

Thus ,  the  first representa t ives  of  N - 2 - a l k e n y I - N ' -  
a lkoxydiazene  N-oxides  and N - 2 - a l k e n y I - N ' - s u l f o n y l -  
oxydiazene  N-oxides  have been  synthesized.  Some  of  
the i r  reac t ions  on the  doub le  bond  have been  s tudied,  
and the  possibil i ty o f  i somer iza t ion  of  N-2 -a lkeny l -  
N ' - a l k o x y d i a z e n e  N-oxides  in to  N - l - a l k e n y l  derivat ives 
has bee,] es tabl ished.  This  type of  i somer iza t ion  opens  a 
new way for the synthes is  ofcx,13-unsaturated N-a lkeny l -  
N ' - a l k o x y d i a z e n e  N-oxides .  

Exper imen ta l  

IH NMR spectra were recorded on a Tesla BS-467 instru- 
ment with a working frequency of 60 MHz in acetone-d 6 using 
HMDS as the reference. IR spectra were obtained on a 
Specord I R spectrophotometer in KBr petlets (crystalline com- 
pounds) or in thin films (liquid compounds). Isolation of pure 
compounds was performed by TLC using Silpearl silica gel 
with a luminoplmre. Salts of N-allylhydroxylamine were ob- 
tained according to the known procedure. 3 

Salts of N-ailyl-N'-hydroxydiazene N-oxide (3a--d). 
.4. NaNO z (2.1 g, 0.03 tool) in a minimum amount of water 
was added at 0 ~C to a solution of N-allylhydroxylamine 
hydrochloride (3.34 g, 0.03 tool) in I0 mL of water, the 
reaction mixture was stirred for 5 rain, and compound 3 was 
extracted with ether. The extract was dried with Na2SO 4 and 
treated with methanolic NaOH to give 2.29 g (85%) of prod- 
uct 3a, m.p. 228--232 ~ (from EtOH). IR, v/era-I: 760,930. 
1100, I180, 1370. 

B. Aqueous solutions of compound 3a (I g, 0,008 mot) 
and CuSO 4 (0.7 g, 0.0044 m.ol) were mixed, the reaction 
mixture was stirred for 45 min, and copper salt 3h was ex- 
tracted with ether. Yield 87%, m.p. 82--86 ~ (Ref. 4: m.p. 
73 ~ IR, v/era-I:  770, 930, 990, 1100, t170, 1215, 1250, 
1400. 

C. Aqueous solutions of  sodium salt 3a (1.4 g, 0.01 tool) 
and AgNO 3 (t.9 g, 0.01 tool) were mixed. The precipitate was 
filtered off and washed with ether to give 2.05 g (87%) of silver 
salt 3e as a brown powder. IR, v/era-I:  760, 905, 1100, 1190, 
1360. I410. 

D. Compound 3e ( t . I  g, 0.005 tool) was added to a 
solution of Bu4NI (1.76 g, 0.005 tool) in 10 mL of MeCN, 
and the reaction mixture was stirred for 3 h. The precipitate 
was separated, and the solvent was evaporated to give 
tctrabutylammonium salt 3d as an oil in qvantitative yield. 

N-Allyl-N'-methox-ydiazene N-oxide (1). A. A suspension 
of compound 3e (2.05 g, 0.01 moO, Mel (2.5 mL, 0.04 m o i l  
and 10 mL of dry. ether was stirred at ~20 ~ for 5 days, the 
precipitate was separated, the filtrate was concentrated, and 
compot, nd 1 (0.8l g, 7i%) was isolated from the residue by 
TLC. b.p. 65 ~ (6 Torr). Found (%): C, 41.33; H, 6.91. 

* This salt has been obtained previously 4 in ~30% yield by 
treatment of the AIIMgHaI--NO adduct with copper sulfate. 

C4HsN202. Calculated (%): C, 41.37; H, 6.89. IR, v/cm-I:  
1620 (C=C), 1490, 1290 (N202) , 1050 (C--O). IH NMR, 5: 
3.85 (s, 3 H, CH30);  4.60 (d, 2 H, CH2N, J = 6 Hz); 5.I5-- 
6.00 (m, 3 H, CH2=CH). 

B. A suspension consisting of compound 31} (0.5 g, 
0.004 mot), Mel (3 mL, 0.048 tool), and 15-crown-5 (0.09 g) 
was stirred 5 days, and compound 1 was isolated by TLC in 
60% yield. 

C. (MeO)2SO. (2 mL, 0.02 tool) was added at 55 ~C to a 
mixture of 12.5 mL acetone. 4 mL H20, and I g (0.008 moo 
of compound 3a, and the mixture was stirred for 1.5 h at 
55 ~ adding NaHCO 3 periodically to keep the medium 
neutral. After cooling to 20 ~ the precipitate was separated, 
and acetone was evaporated. The reaction product was ex- 
tracted with chloroform from the residue, the extract was dried 
with MgSO 4. TLC gave compound I, yield 40%. 

N-AllyI-N'-tosyloxydiazene N-oxide (2). Compound 3a 
(2.81 g, 0.022 moO, Et3NCH2PhCI (0.3 g, 0.0013 moO, and 
39 mL of ether were added to 39 mL of 10% aqueous NaHCO 3, 
and 3.84 g (0.02 tool) of TsCI was added with stirring. The 
reaction mixture was stirred at -20 ~ for 2 days, the organic 
layer was separated, and the aqueous layer was additionally 
washed with ether. The ethereal extracts were dried with 
MgSO4, and the solvent was distilled off to give 4.47 g of a 
crystalline compound. TLC of the residue gave 3.65 g (68%) 
of compound 2, m.p. 74--76.5 ~ (from hexane). Found (%): 
C, 47.19; H, 4 .68;N,  11.27;S, 12.23. Ct0HI2N204S. Calcu- 
lated (%): C, 46.87; H, 4.68; N, 10.93; S 12.50. IR, v/cm-I:  
1590 (C=C), 1510, 1290 (N202) , 1180, 1380 (SO3), 1080 
(C--O). tH NMR, 8:2.42 (s, 3 H, CH3); 4.78 (d, 2 H, CH2N, 
J = 5.5 Hz); 5.10--6.10 (m, 3 H, CH2=CH);  7.30--7.90 (m, 
4 H, atom.). 

N-13,7-Dibromopropyi-N'-tosylox~,diazene N-oxide (4). Bro- 
mine (0.13 mL, 0.0025 tool) was added at 20 ~ with stirring 
to a suspension of compound 2 (0.6 g, 0.0023 moo in 10 mL 
CCI4, and the reaction mixture was stirred for 2 11. During this 
time, the precipitate of compound 2 dissolved, and product 4 
precipitated partially. It was filtered off (0.54 g, m.p. 
81--84 ~ and the mother liquor was concentrated; reerys- 
tallization of the residue from CCI 4 gave an additional quantity 
(0.14 g) of product 4, overall yield 70%, m.p. 83.5--87 ~ 
(from CCI4). Found  (%): C, 29.54; H, 3.16; S, 7.51. 
CIoH,2Br2N204S. Calculated (%): C, 28.84; H, 2.88; S, 7.69. 
tH NMR, 6:2.38 (s, 3 H, CH3); 3.90 (m, 2 H, CH2Br); 4.20 
(d, 1 H, CHBr, J = 6.5 Hz); 4.70 (m~ 2 H, CH?N); 7.30-- 
7.90 (m, 4 H, atom.). 

3- Phenyl- 5-( N" -tosyloxydiazene- N-o xido- N-methyl) - 2- 
isoxazoline (5). A solution of Et3N (0.11 g, 0.001 tool) in 
3 mL ether was added at 20 ~ with stirring to a solution of 
chlorobenzaldoxime (0.18 g, 0.001 tool) in 10 mL anhydrous 
ether; after 5 rain, a solution of compound 2 (0.3 g, 0.001 moo 
in 5 mL anhydrous ether was added. The reaction mixture was 
stirred for 2 days, the precipitate was separated, ether was 
evaporated, and the residue was washed with water to give 
0.28 g (63%) of  compound 5, m.p. 142.5--144.5 ~ (from 
acetone). Found (%): C, 54.14; H, 4.78; N, 11.22; S, 8.42. 
ClTHITN3OsS. Calculated (%): C, 54.40; H, 4.53; N, 11.20; 
S, 8.53. IR, v/era-l :  1510, 1.300 (N202), 1190, 1385 (SO3), 
1600 (arom.). 'H NMR, 8:2.40 (s, 3 H, CH3); 3.40 (m, 2 H, 
CCH2C); 4.40 (m, 2 H, CH2N); 5.08 (m, 1 H, CH); 7.33-- 
7.88 (m, 9 H, arom.). 

2-Methoxy-3,3-dinitro-5-(N" -tosyloxydiazene- N-oxido -N- 
methyl)isoxazolidine (6). A small excess of diazomethane in 
12 mL of a benzene--toluene mixture (2:1) was added at 0 ~ 
to a solution of trinitromethane (0.37 g, 0.01)26 too0 in 5 mL 
of a benzene--toluene mixture, and then compound 2 (0.32 g, 
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(0.0012 tool) was added. The reaction mixture was stirred for 
3 h at 0 ~ and kept for 12 h at ~20 ~ The solvents were 
evaporated in vacuo, and the residue was redissolved in ben- 
zene, washed with a NaHCO 3 solution and water, dried with 
MgSO4, and the solvent was evaporated. The remaining oil 
(0.38 g) was washed with a small amount of hexane and ether 
to obtain a crystalline precipitate 6, re.p_ 120--121 ~ (from 
an acetone--hexane mixture). Found (%): C, 34.31; H, 3.50; 
S, 7.45. CI2HIsN5OIoS. Calculated (%): C, 34.20; H, 3.56; 
S, 7.60. IR, v /cm-I :  1600, 1320 (NO2), 1510, 1290 (N202), 
1390, 1200 (SO3). 

N-Prop-l-enyl-N'-melhoxydiazene N-oxide (7). A solu- 
tion of compound 1 (1.76 g, 0.015 tool) in 5 mL dry MeOH 
containing a small granule of Na was kept at -20 ~ for 
t0 days, then CO 2 was passed through it, anhydrous ether was 
added, the precipitate was separated, and the solvents were 
evaporated in vacuo to give 1.4 g (80%) of compound 7, b.p. 
47 ~ (I Tort), nl) 22 1.4892. Found (%): C, 41.87; H, 7.64; 
N, 23.78. C4H8N20 > Calculated (%): C, 41.37; H, 6.89; 

N, 24.13. IH N M R ( 8 : 1 . 8 0  (d, 3 H, CH3C, J = 6  Hz); 3.93 
(s, 3 H, CH30);  6.38--7.16 (m, 2 H, CH=CH) .  

This  s tudy was f inancia l ly  s u p p o r t e d  by the  Russian 
Founda t ion  for Basic R e s e a r c h  (P ro j ec t  No.  9 6 - t 5 -  
97332).  
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