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Abstract - The reaction of nitrile oxides with hydrazones is 
found to constitute a convenient synthetic route to W e  

hitherto unknown 4.5-dihydro-6g-l,2,4,5-oxatriazines. Elemental 

analysis and spectral data conform with the present oxatriazine 

ring system and disprove the 1,2,4-triazole structure previously 

assigned for such reaction products. 

INTRODUCTION 

The oxatriazine ring system has received limited attention in the literature. To 

Our knowledge, the only member of this class of heterocycles known so far is the 

2g-1,3,4,5-cxatriazine system reported recently by Gainsford and 'Woolhouse'. 

This prompted us to develop a convenient synthetic route for the hitherto 

undescribed 1,2,4,5-oxatriazines. Our successful synthesis of oxadiazines from 
4 nitrile oxides (I) and selected e-nucleophiles , led us to expect that oxatria- 

zines could be accessible via interaction of 2 with suitably functionalized 
diaza-substrates. In the present work, we find that nitrile oxides (I) do react 
with hydrazones (I) to give directly the expected 6g-1,2,4,5-oxatriazine deriva- 

tives (2) as quite stable crystalline solids (Scheme 1, Table 1). 

RESULTS AND DISCUSSION 

A. Mechanism 

The addition of nucleophiles to nitrile oxides (I) is well knwm to proceed in a 
stereospecific manner and results exclusively in the initial formation of the 

corresponding (~)-adducts~-~ in ,which the entering nucleophile and the forming 

lone pair at the nitrogen atom are mutually trans. Accordinely, the formation of 

compounds 2 in the above reaction could also be assumed to inmlve a stereo- 



specif ic  sy-?,:-addition of g onto 2 which leads  t o  t he  i n i t i a l  formation of t h e  

(Z)-hydrazoximes (g) a s  t h e  k i n e t i c a l l y  con t ro l led ,  nonisolable  adducts. I n  

tnese l a t t e r  a cyc l i c  intermediates  t h e  r e ac t i ve  te rmin i  ( t h e  oximino oxygen and 

the  azonethine carbon) a r e  su i t ab ly  l oca t ed  i'or intramolecular  cyc l i z a t i on  i n  an 

allowed "6-endo-trig" process8 t o  y i e l d  t h e  corresponding 1,2,4,5-oxatriazines 

(2). Related intramolecular  cyc l iza t ions ,  following t h e  i n i t i a l  nuc leophi l i c  

addi t ion s tep ,  have been reported f o r  t he  reac t ion  of n i t r i l e  oxides (I) with 

nucleophi l ic  subs t r a t e s  incorporat ing su i t ab ly  loca ted  e l e c t r o p h i l i c  

The nucleophi l ic  add i t ion ,  displayed i n  Scheme 1 ,  t ake s  precedence over a  I,?- 

dipolar  cycloaddition a t  t h e  azomethine-linkage i n  conpounds g. This  i s  because 

the  l a t t e r  n-bond is normally unreac t ive  dipolarophi le ,  except f o r  i t s  ac t i va t ed  

9 types , towards n i t r i l e  oxides. 

Scheme 1 
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3. Spectral  Data 

Structure  (IJ) i s  elucidated from s p e c t r a l  da ta  and elemental ana lys i s .  The ir 

spectra of compounds 3 - 2  exh ib i t  a  sharp N-H s t r e t ch ing  band i n  t h e  range 

3240-5280 cm-I and a n  absorpt ion band around 1640 cm-I a t t r i b u t e d  t o  C j  = N 
1 s t re tching.  The H-nmr da t a  a r e  a l s o  cons i s ten t  with t h e  assigned s t ruc ture .  Thus, 

i n  compounds IV&g,j,G t he  I\'-H and t h e  neighboring C6- H protons a r e  mutually 

coupled and appear a s  two doublets  a t  about 6 4.3 and 5.4 (J = 5 Hz) respec t ive ly ;  

upon addi t ion  of deuterium oxide, t h e  N-H s i gna l  disappears ,  and t h e  C6-H doublet 



Table 1. Physical and Analytical Data of Compounds 2. 
Analyses 

Calcd. Found 
No A r  R R' R" MP(OC) Formula C H N C H N 

Iva - 'sH5 CH3 -CH2( CH2)3CH2- 76-77a CI4H1 9N30 68.54 7.81 17.13 68.88 7.45 17.40 

I V C  - C6H5 - CH3 Q-AOC6H4 H 134-135" CI5Hl5N3O2 66.90 5.61 15.60 66.70 5.69 15.30 

IVd p-C1C6Hq CHJ - - 'sH5 H 142-145' CI5Hl4C1M3O 62.61 4.90 14.60 62.73 5.07 14.40 

Ive p-C1C6H4 CH3 2-CH30C6H4 H - - 132-134' Cl6HI6ClNjO2 60.48 5.08 1 . 3 2  60.45 5.11 73.20 

I V f  p-C1C6H4 CH3 - - - 0-CH50C6H4 H 145-146~ C1 6C1N302 60.48 5.08 13.22 60.20 4.95 13.10 

I I V i  o-C1C6H4 H - - 'gH5 C 6 H ~  168-16gb CZOHl6C1N3O 68.67 4.61 12.01 68.64 4.67 11.90 

IVm m-N02C6H4 CH3 CH(CH?)~ H 126-$27' CI2IIl6N4O3 54.54 6.10 21.20 54.72 6.10 21.30 = - rn 

I V ~  ~ - N O ~ C ~ H ~  C H ~  ~ - C H ~ O C ~ H ~  H 143-145' Cl6HI6N4O4 58.53 4.90 17.06 58.49 5.02 16.90 
8 - 2 
2 

IVO m-N02C6H4 CHJ - - (CHY)~CH~- 133-7 34' C, 4H1 8NLh03 57.92 6.25 19.30 57.82 6.28 19.20 -' 5 
U c. 

a ~ r y s t a l l i z e d  from petroleum ether (40-60'12). b ~ o m  dichloronethane/petroleum ether. C1?rom diethyl  ether/ z 
P 

petroleum ether. OD - 
-2 
V 



col lapses  t o  a sharp s i ng l e t .  The cyclohexyl methylene protons i n  1va .h .k .~  

appear a s  one broadened s i gna l  centered a t  61.7 (10 H); i n  con t r a s t ,  t h e se  protons 

appear i n  t h e  acyc l i c  form (E)-IIIh (v ide  i n f r a )  a s  two d i s t i n c t  s i gna l s  a t  

6 2.2 ( 4  H) and 1.6 ( 6  H) of which t h e  lour-field s i gna l  belongs t o  t h e  

a-rnethylene protons a s  influenced by t h e  an iso t rop ic  e f f e c t  of t h e  neighbouring 

azomethine 7-system. The isopropyl  ne thy l  protons i n  appear a s  two d i s t i n c t  

doublets i nd i ca t i ng  them t o  be d ias te reo top ic ;  t h i s  p a t t e r n  conforms ,with t h e  

cycl ic  s t r uc tu r e  (IJ), but not  v i t n  t h e  acyc l i c  form (E)-IIIm (vide i n f r a )  i n  which 

the  isopropyl  methyls appear a s  one doublet  a t  61.4. M e m o r e ,  t h e  C6-H 

proton i n  appears  a s  two doublets  a t  64.18 and 3.92 due t o  coupling with t h e  

v i c ina l  NH ( J  = 5 Hz) and CH(J = 7 Hz). This s i g n a l  co l lapses  t o  one doublet  upon 

addi t ion  of deuterium oxide. 

" c - N ~  spectra  of compounds 2 exh ib i t  two s i gna l s  c h a r a c t e r i s t i c  of t h e  C6- and 

C.+- carbons of t h e  oxa t r iaz ine  r ing.  The s i gna l  i n  t h e  range 680-90 i s  assigned - 
z 

t o  the  s3'-hybridized C6-carbon; t h i s  assignment i s  i n  good agreement with 

reported data  f o r  an sp3-carbon f lanked by two e lec t ronega t ive  a tons  (n i t rogen  and 

10 oxygen) i n  r e l a t e d  heterocycles  . The lowest f i e l d  s i g n a l  a t  153-157 ppm i s  

2 a s s i - ~ e d  t o  t h e  sp -hybridized C3-carbon, by analogy with severa l  r e l a t e d  
11 azonethine systems . The observed chemical s h i f t  of e i t h e r  s i gna l  conforms with 

s t r uc tu r e  IV, but  no t  with t he  a c y c l i c  f o m  (g) -E.  The l a t t e r  conpounds exh ib i t  

two azomethine s i gna l s  i n  t he  range 6 116-157, but  l ack  t he  1 2 ~ - s i g n a l  a t  6 80-90. - 
In  addi t ion  t o  t he  molecular ion peaks [ M I +  , t h e  mass spec t ra  of compounds 2 
a r e  dominated by i n t ense  peaks corresponding t o  [IT-17]+ fragment i ons  f o r  ,which 

a s t ab l e  t r i a z o l e  s t r u c t u r e  i s  suggested (Scheme 2).  Two o ther  s i g n i f i c a n t  frag- 

ments [ AI + and [ B]+ a r e  a l s o  observed i n  a l l  cases. Ion [A]+ i s  probably 

formed e i t 2 e r  by expulsion of A r C N  from [ :P I7  f , o r  a l t e r n a t i v e l y ,  v i a  

elimination of ArCNO and H' form [ M I+ i n  a retro 1 ,+dipolar  add i t i on  

process. Ion [ B1+ o r ig ina t e s  from [ Ei f by ring-opening, v i a  bond rup ture  a t  

C6-0, followed by el iminat ion of R'RnC=NH and N=O. 
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Scheme 2 

In the present work, compounds were also obtained, though in low yields, by 

condensation of hydrazidoximes (I), accessible from the reaction of nitrile oxides 
(I) and methylhydrazine12, ,with the appropriate carbonyl compounds (Scheme 3) .  

The major products isolated from this condensation were the isomeric acyclic 

adducts (3)-=. By analogy to literature on the stereochemistry 

of the closely related amidoximes, the starting hydrazidoximes (x) are expected 
to exist as mixtures of both (2 ) -  and @)-forms, in which the latter form pre- 

dominates, being thermcdynanically more stable. The stereochenistry of 1 is 
retained in the hydrazoximes (=) derived thereof. This explains the fornation 

of both (produced by spontaneous cyclization of (Z)-x) and (E-)-x from 

the condensation of hydrazidoxines (I) With carbonyl compounds. Conpounds ( E ) -  

=,g are quite stable and are recovered unchanged after prolonged reflw (24 h) 

in ether or ethanol. This behaviour lends support to the (E)-configuration 

assigned for these compounds. Cyclization of these acyclic adducts to the corres- 

ponding triazole derivatives V I , z  is unlikely (scheme 3), as such step would 
8 involve a disfawured "5-endo-trig." process . 



Scheme 3 

I + RNH-NH d 2 
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C. Conclusion 

Our present findings a r e  contrary t o  t he  r e s u l t s  reported by Risitano and . 
coworkers1' who iden t i f i ed  the  reac t ion  products, they obtained from the  in ter -  

action of benzonitr i le  oxide with methylhydrazones, a s  1,2,4-tr iazoles (3). 

Reinvestigation of t he  react ion mixture revealed, i n  a l l  cases, t h a t  -the only 

by-products formed i n  the  present study were furoxans (dimerization products of 

the n i t r i l e  0-xides). Under t he  experimental conditions employed i n  the  present 

study, t r i azo le s  were nei ther  i so l a t ed  nor detected. 

E X P E R r n T A L  

Melting points  were determined on a Gallenkagp melting point apparatus and a r e  

uncorrected. The ir spectra were recorded on a Perkin Elmer nodel 577 spectro- 

photometer, using potassium bronide pe l l e t s .  A Varian T-60 A spectrometer was 
1 used f o r  obtaining H-nmr spectra i n  CDC1, with TMS a s  in t e rna l  reference. 

2 

1 : C-Nmr spectra (FP-mode) were recorded on a Bruker WM-250 spectrometer a t  26.97 

ItHz using CDC1, a s  t he  solvent and TMS a s  i n t e r n a l  reference. Nass spectra 
2 

were deterained on a Finnigan MAT 112 spectroxeter using the d i r e c t  i n l e t  
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technique (70 eV). Microanalysis ,was perfoned a t  the Mikroanalytisches Labor- 

Pascher (Bonn). 

Hydroxanoyl Chlorides (Precursors of N i t r i l e  Oxides I). Benzhydroxanoyl chloride, 

2-chlorobenzhydroxanoyl chloride, 2-chlorobenzhydroxamoyl chloride and m-nitro- 

benzhydroxamoyl chloride, used i n  tinis study, were prepared by d i r e c t  chlorina- 
1 4 t i o n  of the  respective aldoximes following previously published procedures . 

Monomethylhydrazones (g). Methylhydrazones employed i n  t h i s  work, were obtained 

by d i rec t  in terac t ion  bebreen mononethylhydrazine and the  corresponding corbonyl 

compound follovring l i t e r a t i r e   procedure^'^. 

Isobutyraldehyde Methylhydrazone. This compound was obtained i n  SOL/& yield,  

bp 148-150~~/680 mmHg. s. calch. fo r  C5HI2N2: C,59.95; ~,12.00;  ~ ~ 2 7 . 9 7 .  

Found: C,59.78; H,11.95; N,27.70. 

General Procedure for  the  Preparation of 6E-1,2,4,5-Oxatriazines (*-2). A S O ~ U -  

t ion  of the  appropriate hydro~amoyl chloride (0.01 mol) i n  chloroform (10 ml) was 

added dropwise t o  a s t i r r e d  solution of the  respective hydrazone (0.01 mol) 

and triethylamine (0.03 mol) i n  chloroform (40 ml) a t  -20'~. The temperature of 

the  reaction mixture was then allowed to  r i s e  slowly t o  room tenperature follow- 

ing the  addition, and s t i r r i n g  was continued for 1 h. The solvent was f ina l ly  

removed i n  vacuo, and the  residue washed with water ( 2  x 20 nl), dried and 

t rea ted  with absolute ethanol (20 n l ) .  The insoluble furoxan by-product was 

removed by f i l t r a t i o n  and the alcoholic f i l t r a t e  was evaporated i n  vacuo. The 

remaining sol id  product was recrys ta l l ized  from the  appropriate solvent. Yields 

were i n  the  range of 45-635. 

Hydrazidoximes (I). These compounds were prepared from the  reaction of hydrazine 

hydrate or  methylhydrazine (0.1 mol) w i t i i  the appropriate hydroxanoyl cnloride 

(0.1 iaol) i n  chloroform, i n  the presence of triethylamine a t  zero t o  -5'~. 

pChloroPheny1-N-methylhydrazidoxime @I). This compound was obtained i n  40016 

yield,  mp 98-10oOc (decomp. ), recrys ta l l ized  from ether/petroleun e ther  



(bp  40-60'~). E. Calcd. f o r  CSHTCC1N30: C,48.13; H,5.05; N.21.05. Found: 

C,45.15; H,5.19; N,20.90. 

m-Nitrophenyl-N-methylhydrazidoxime (E) . This  compound was obtained i n  4% - 
yield,  mp 113-1 1 5 ' ~  (decomp.), r e c r y s t a l l i z e d  from dichloronethane/petroleum 

ether. w. Calcd. f o r  CaH,,0N403: C,45.70; H,4.80; 11.26.66. Found: C.45.77; 

H,4.88; N,26.50. 

Condensation of Hydrazidoximes (1) with Carbonyl Compounds. Cyclohexanone (0.01 

mol) and t he  hydrazidoxime (E, 0.01 mol) :rere ref luxed i n  abso lu te  etiner (100 ml) 

fo r  1 h. The solvent  was then  evaporated leav ing  a s o l i d  res idue  composed of 

co~ipounds and s. Separation of t h i s  mixture on prepara t ive  s i l i c a  g e l  

p l a t e s  (us ing  chloroform a s  t h e  developing solvent)  gave compounds (2Vh) and 

( E ) - s  (7596). Conpound ( E ) - a :  mp 1 2 5 - 1 2 6 ~ ~ ,  c r y s t a l l i z e d  from e ther /  

petroleum ether.  m. Calcd. f o r  CI4Hl8ClN30: C.60.11; H.6.49; N.15.02. ~ o u n d :  

C,59.94; H,6.41; NJ5.03. Cornpounds (12%) and ( E ) - W  (8096) were s im i l a r l y  

obtained from t h e  r eac t i on  between isobutyraldehyde (0.01) and t h e  hydrazidoxime 

(E) (0.01 301). Compound (El-IIIm: np 136 -1?8~~ ,  c r y s t a l l i z e d  from e ther /  

Petroleum ether.  m. Calcd. f o r  CI2Hl6N4O3: C,54.54; ~ , 6 . 1 0 ;  N,21.20. Found: 

C,54.40; H,6.08; N,21.14. 
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