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Abstract - 6-Monosubstituted 5.6-dihydro-4H-1.2.4.5-oxatria- 

zines (3) undergo ring contraction, via elimination of HzO. 

to yield the respective 1H-1,2,4-triazoles ( 4 ) .  This trans- 

formation is envisaged to proceed via the ring-opened (E)-hy- 

drazonoxime (5) which then suffers dehydrative cyclization. 

The process is acid-catalyzed and is thermally induced. Appa- 

rently, the driving force for this transformation is linked 

to the aromaticity of the triazole product. 

Recently, we have reported2 on the synthesis of 5.6-dihydro-4H-1,2.4,5- 

oxatriazines (3) via direct interaction between methylhydrazones (2) and 

nitrile oxides, generated in situ from the appropriate arylhydroxamoyl 

chloride precursors (1) by the action of triethylamine. The chemistry of 

these heterocycles remains, however, unexplored. The present work aims at 

investigating the thermal stability of model dihydro-oxatriazines 13). For 

this purpose we have prepared an additional set of these heterocycles fol- 

lowing the above-mentioned route (Scheme 1). 
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Scheme I 

2 - 4  a b c d e/f g h/i 

R Me Et iPr Cyclohexyl 4-MeCs H4 4-MeOCs HI 2-MeOCs Ha 

Analytical and spectroscopic data for compounds (3) are consistent with 

the assigned dihydro-oxatriazine ring system (Tables 1, 2, and 3). Thus, 

the ir spectra exhibit a sharp N-H stretching band in the range 3280 - 

3300 cm-1 and an absorption at 1580 - 1610 cm-' attributed to C3=N 

stretching. The 'H nmr spectra show the exchangeable N'-H as a doublet at 

about 3.9 - 4.0 ppm (3a-d) and 4.2 - 5.0 ppm (3e-s) due to vicinal cou- 

pling with the C6-H (J . 11 Hz). The C6 -H in compounds (3e-s) appears as a 
doublet (at about 5.2 - 5.5 ppm) that collapses to a singlet upon addition 

of D2O. In compounds (3a-d) this Ce -H proton signal (4.0 - 4.3 ppm) shows 

Splitting patterns expected from additional coupling with the vicinal pro- 

ton(~) in R (at C6). Upon addition of DzO, the pattern is reduced to a 

quartet (3a: 4.3 ppm), a triplet (3b: 4.2 ppm), and a doublet (3c. 3d: 4.2 

Ppm). The singlet of the N'-CHI protons is observed in the range 2.6 - 2.9 

P P ~  . 
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The proton-decoupled I3C nmr spectra of 3 exhibit, besides other expected 

signals, two characteristic signals in the range 82 - 86 and 155 - 158 ppm 

ascribed, respectively, to the C6 and C3 oxatriazine rinq carbons. The 

former signal shows up as a doublet in the off-resonance spectra in accord 

with the 5.6-dihydro--4H--1.2.4.5-oxatriazine structure.2 The N* -CHz carbon 

resonates at about 43 - 44 ppm. The mass spectra of compounds (31 display 

peaks corresponding to the correct molecular ion as well as fragment ions 

in agreement with the ring-cracking pattern previously noted2 for the di- 

hydro-oxatriazine system. 

When heated above its melting point as solid (3a.b.g) or in boiling xylene 

(3e.3g1, each member of these dihydro-oxatriazines underwent ring contrac- 

tion, with elimination of H20, to yield the respective l-methyl-lH-1.2.4- 

triazoles (4a,b,e,g). The reaction took the same course when the appro- 

priate oxatriazine (31 was refluxed in acetic acid for 20 - 30 min. In 

this case, the yields of the resulting triazoles (41 (crude products) are, 

in several instances, almost quantitative. The structures of the products 

(41 were assigned on the basis of analytical (Table 11 and spectroscopic 

data (Tables 4 and 5). 

The mass spectra of 4 display prominent parent peaks (base peaks in seve- 

ral cases) that correspond to the correct molecular ions suggested by the 

molecular formulae. The ir spectra exhibit C=N bond stretching at ca. 1590 

- 1610 cm-' . The 'H nmr spectra of 4 show the signal of the N-CHJ protons 

at about 4.0 - 4.2 ppm indicating them to be deshielded compared to their 

signal position in the dihydro-oxatriazine precursors (31. This downfield 

shift is the result of the triazole ring current effect, absent in the pa- 

rent dihydro-oxatriazines. 

The I3C nmr spectra of 4 exhibit two signals in the lowest field region at 

ca. 153 - 162 ppm assigned to the C3 and C5 spz-hybridized carbons of the 
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Table 1. Physical and Analytical Data of Compounds I3 )a and I4 P. 

Nu. X Yieldb mp Mol . Formula [MI * requires/found ( % )  

1%) (OC) (m/z) C H N 
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NO. X Yield" rnp Mol. Formula [MI' requires/found ( % I  

( % I  ( " C )  (m/z) C H N 
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No. X Yieldb mp Mol. Formula [MI* requires/Eound ( % )  

( % )  t0C) (m/z) C H N 

41 p-C1 80 109-110 CI 3 HloN30C1 259/ 60.13 3.88 16.18 

261 60.30 4.00 16.23 

4s m-Br 85 107-108 C13 HI ON* BrS 319/ 48.76 3.15 13.12 

321 48.71 3.14 12.90 

a)Compounds 39 (X = pC1). 3i (X = m-NO*), 3j (X = H), 3k (X = pC1) . Z  and 

4h.j.l-o (X = H ) V a v e  been described previously. 

b)Yields refer to crystallized products; those of 4a-s are based on hea- 

ting 3a-s in AcOH, procedure (i). 

triazole ring. The N-CH, carbon resonates at about 36 - 38 ppm and is thus 

shielded compared to its position in the dihydro-oxatriazines (3). As 

would be expected from this "dihydro-oxatriazine -triazole" ring trans- 

formation, the I3C nmr spectra of 4 lack the signal at 80 - 90 ppm be-- 

longing to the sp3-C6-ring carbon present in the dihydro-oxatriazines.2 

Also, the N-H stretching and the exchangeable N-H signal, observed for 

compounds ( 3 ) ,  are absent in the respective ir and 'H nmr spectra of the 

corresponding conversion products (4). The ir and nmr spectral results are 

in agreement with reported data3 for known 1-methyl-1H-l,2,4-triazoles. 

As was noted previo~sly,~ the formation of 3 implies the intermediacy of 

the transient open-chain adduct ( Z ) - 5 ,  initially formed as the kinetically 

controlled adduct: the latter then intracyclizes spontaneously to 3 in an 

allowed "6-Endo-Trig" process.* 
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Table 2. 'H Nmr Chemical Shifts ( 6  values) of Ccmpounds ( 3 )  

Compd. 4-CH3 (s) 5-H(d) 6-Ha aromaticb 6-R 

4.38(dq, 7.35-7.51 

J= 6 and 11 Hz) 

4.20(dt, 7.30-8.40 

J= 6 and 11 Hz) 

4.00(dd, 7.38-7.55 

J =  6 and 11 Hz1 

4.00(dd, 7.38-7.54 

J= 6 and 11 Hz) 

5.22(d) 7.12-7.56 

CHa 

1.38 (d, J=6 Hz1 

-CH* CHa 

1.75(2H,dq. 

J=6 and 7.5HzI 

1.13(3H,trJ=7.5 Hz) 

-CH (CHR ) 2 

1.94(1H.m) 

1.07(6H,2drJ=7 Hz1 

-CH (CHz ) r CH2 

1.22-1.92(1LH.m) 

p-CH3 

2.33(3H.s1 

p-CH3 

2.33(3H.s) 

pOCHs 

3.8'1(3H.s) 

*)Compounds (3e - 6 )  Jcs-NU = 11 Hz. 

b)Represent the aromatic species at 3 and 6-positions. 
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T a b l e  3 .  1 3 C  N m r  Chemical  S h i f t s  ( 5  v a l u e s )  of Compounds ( 3 ) .  

Compd . C-3 C-6  H3 C-N4 a r o m a t i c a  6-R 
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Compd. C-3 C-6 H3 C-N4 aromatics 

a)Represent the aromatic species at 3- and 6-positions. 

The present results demonstrate that 4-methyl-5.6-dihydro-4~-L.2,1.5-oxa- 

triazines 131 are potential precursors for the preparation of I-methyl-1H- 

1.2.4--triazoles (4) . Mechanistically, the ring transformation 3 -+ 4 is 

assumed to proceed via ring opening of 3 to give initially the transient 

acyclic tautomer iZ)-5 which is prone to isomerize, under the reaction 

conditions, to the thermodynamically controlled intermediate iE1-5. The 

latter acyclic isomer is the actual species undergoing dehydrative cycli- 

zation to give 4 as depicted i n  Scheme 2. The overall process is acid-ca- 

talyzed and is thermally induced. 
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Table 4. 'H Nmr Chemical Shifts ( 6  values) of Compounds (4). 

Compd. 1-CHa (s) aromatice 3-R 

-CHa 

2.40(3H.s) 

-CH; CHa 

2.89(2Hrq.J=7.5Hz) 

l.35(3H,trJ=7.5Hz) 

-CH(CHs ) z  

3.32(1HSsep,J=7 Hz1 

1.52(6H,d.J=7 Hz) 

-CH (CHz ) a  

p-CHa 

2.40(3H.s1 

pCH9 

2.40(3H.s) 

p-OCH3 

3.58(3H.s) 

o-OCH3 

3.96(3H.s) 

W O H  

10.90(1H.s) 

OlRepresent the aromatic species at 3- and 5-positions. 



HETEROCYCLES, Vol. 36. No. 3.1993 465 

Table 5. I3C Nmr Chemical Shifts ( 6  values) of C o m p o u n d s  ( 4 1 .  

Compd.  C - 3  C - 5  H3 C-N1 aromaticB 3 - R  
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Compd. C-3 C-5 H3 C-N1 aromaticn 

-- - 

a'RepreSent the aromatic species at 3- and 5-positions. 

Scheme 2 

Evidence in support of this pathway comes from the following observation: 

The acyclic hydrazonoxime ((E)-5g) is prepared from the hydrazidoxime 

((E)-6g) by reaction with panisaldehyde (Scheme 3). Since this starting 

hydrazidoxime, as prepared, is assumed to exist predominantly in the ,(E)- 

f0rm.l the resulting hydrazonoxime (5g) would also be in the (E)-form. The 

absence, in the spectrum for 59, of a I3C nmr signal at 80-90 ppm (which 

is characteristie,for the spLC6 in cyclic 39) indicates the acyclic na- 

ture of the hydrazonoxime (557). A less stable (2)-form for 59 is excluded 

here since it is expected to cyclize immediately to the sole tautomer (39). 
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Scheme 3 

HO 
\N H ' & - ~ ~ e  

CHCI, 
IEI-6g + p-MeOCsHI-CHO 

* 
t ie  

l E 1-59 

In a separate run. (E)-5g underwent cyclization to the triazole 49 in re- 

fluxing acetic acid, a condition that also converts 39 into 49 (Scheme 3 ) .  

It is worth mentioning that Risitano and coworkers3 have obtained the 

triazoles (4n.o) directly from the appropriate monomethylhydrazone (2) and 

(1) in refluxing ether for 2 h. The authors also isolated the acyclic ad- 

ducts (5h. j.1) [corresponding to iE)-591, which were converted, in a sub- 

sequent step, into the respective triazoles (4h.j.l) upon treatment with 

ethanolic HC1 under ref1ux.l In the present work, the same triazoles 

(4h.j.l-o) are accessible from the respective 5.6-dihydro-4Y-1,2,4.5- 

oxatriazines I3h.j.l-0) which we isolated and characterized under, low-tem- 

perature reaction conditions involving 1 and 2. Consequently, it is reaso- 

nable to assume that here 4-meChyl-5,6-dihydro-4fl-1,2,4,5-oxatriazines (3) 

are first formed, which then suffer dehydration (via 5 )  to 4 under Risi- 
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tan0 reaction conditions. Collectively, the above results lend support to 

the mechanistic steps 

as postulated in Scheme 2 

EXPERIMENTAL 

Meltinq polnts were determined on an electrothermal Nel-Temp apparatus and 

are uncorrected. Ir spectra were recorded as KBr pellets on a Perkin Elmer 

5'77 spectrophotometer. ' H  and I3C nmr spectra were recorded on a Varian 

XL200 or a Bruker AMX300 instrument for solutions in CDClz (unless other- 

wise stated) at 21°C.  EI mass spectra were run on a Finnigan MAT731 

spectrometer at 70 eV. Elemental microanalyses were performed at M.H.W. 

Laboratories, Phoenix, Arizona, U.S.A. 

ArVlhVdroxamovl chlorides (1). These compounds were prepared by chlorina- 

tion (gaseous chlorine) of the respective aldoximes as previously descri- 

bed. 5 

Monomethylh~drazones (2a-5). These compounds were prepared via direct in-- 

teraction between methylhydrazine and the respective aldehyde as cited in 

the literature: 2a-d.' 2eZ7 29-0.8 2pe9 and ZS.~ 

Preparation of 5.6-dihvdro-4H-1.2.4.5-osatriazines (3a-e and 31-s: Table 

1). These heterocyclic derivatives were prepared followinq a procedure s4- 

milar to that reported for the closely related analogues (3g,irj,k).* 

Thus, a solution of the appropriate arylhydroxamoyl chloride (1. 0.01 mol) 

in chloroform (30 ml) was added, dropwise, to a stirred solution of the 

respective methylhydrazone (2, 0.02 moll and triethylamine (4.2 ml, 0.03 
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mol) in chloroform (30 ml) at -10oC. The reaction mixture was then stirred 

for 1 h at O0C to -5OC, and then at ambient temperature for 30 min. The 

resulting solution was washed with water (30 ml), and the organic layer 

was dried (MgSO,). The solvent was then removed in vacuo at 20°C, and the 

residue was recrystallized from chloroform/petroleum ether (bp 40 - 60°C). 

Preparation of 1H-1,2,4Ltriazole~ (4a-s: Table 1). 

(i) The respective 5,6-dihydro~-4~-1.2.4,5-oxatriazine (3, 0.01 moll was 

refluxed in glacial acetic acid (10 ml) for 20 - 30 min (compounds 3e-s), 

or for 1 h (compounds 3a-d). The resulting solution was diluted with water 

(100 ml) and cooled: the precipitated solid product was collected, dried, 

and recrystallized from chloroform/petroleum ether (bp 40-60°C). In a num- 

ber of cases, where no heavy precipitation of the product occurs, it was 

necessary to extract the aqueous layer with chloroform (2x10 ml). The cam- 

bined chloroform extracts were washed with water, dried (M~SOI), the sol- 

vent was removed, and the residue was recrystallized as above. 

(ii) Compound 39 (3.2 g, 0.01 moll, contained in an open vessel. was im- 

mersed in an oil bath preheated to 155-16O0C for 5-10 min. During this pe- 

riod a cloud of water vapor was extruded from the melt. The reaction ves- 

sel was then cooled, and the residue was triturated with petroleum ether. 

The resulting solid was then collected and recrystallized from ethanol. 

Yield: 2.3 g (80 %I. mp 143 - 1 3 ~ l ~ C ,  undepressed upon admixture with a 

sample of 49, prepared via procedure (il above. Triazoles (4a.b) were 

likewise obtained in yields of 70 % and 75 %. respectively, by thermal 

heating of the precursors (3a.b) at temperatures 5 - 1O0C above their mel- 

ting points. 

(iii) Compound 39 (3.2 g, 0.01 mol) in acetic anhydride (15 ml, 0.16 mol) 

was refluxed for 30-40 min. Water (100 ml) was then added to the resultinq 
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solution, and the precipitated solid product was collected and recrystal- 

lized from ethanol. Yield of 49: 2.24 g (75 % ) .  mp 143 - 14g°C, undepres- 

sed upon admixture with a sample of 49, prepared via procedure (i) above. 

(iv) Compound 3f (3.1 g .  0.01 mol) in xylene (15 ml.) was refluxed for 50 

- 60 min. The solvent was then removed in vacuo, and the residual solid 

product was collected and recrystallized from ethanol. Yield of 49: 1.7 g 

(57 % ) .  mp 143 - 1440C, undepressed upon admixture with a sample of 4f 

prepared via procedure (i) above. Compound (4e) was likewise converted 

into the respective triazole (3e) which was recrystallized from chloro- 

form/petroleum ether (bp 40 - 60°C). Yield: 60 %. 

(v) Compound 3g (3.2 g, 0.01 moll in concentrated hydrochloric acid (15 

ml) was refluxed for 1 h. The resulting solution was then diluted with wa- 

ter (100 ml), and the precipitated solid product was collected and recry- 

stallized from ethanol. Yield of 49: 1.2 g (40 % ) .  mp 143 - 144'C, unde- 

pressed upon admixture with a sample of 49, prepared via procedure (i) 

above. 

(vi) Compound 39 (3.2 g, 0.01 mol) in concentrated sulfuric acid (15 ml, 

98 % )  was stirred at room temperature for 2 h. The resulting homogeneous 

solution was cautiously poured into crushed ice (100 g), and the precipi- 

tated solid product was collected and recrystallized from ethanol. Yield 

of 4g: 1.34 g (45 % ) .  mp 143 - 1440C, undepressed upon admixture with a 

sample of 4g, prepared via procedure (i) above. 

Pre~aration of pchlorobenzohvdrazidoxime - 6  A solution of pchloro- 

benzohydroxamoyl chloride (1 : X = C1; 3.8 g ,  0.02 mol) in chloroform (30 

ml) was added, dropwise, to a stirred solution of methylhydrazine (1.3 ml. 

0.024 moll and triethylamine (5.6 ml, 0.04 mol) in chloroform (40 ml) at ' 

- 1O0C. The reaction mixture was then stirred at OOC for 30 min, and then at 
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ambient temperature for 30 min. The solvent was then removed in vacuo, and 

the semi-solid residue was extracted with ether (4 x 20 ml). Ether was 

then evaporated and the resulting solid product was recrystallized from 

chloroform/petroleum ether, and then from ether/petroleum ether. Yield: 

2.3 g (58 %I. mp 99 - 10O0C (lit.,l mp 98 - 100"). 

Pre~aration of Nz - (4-methoxvbenzvlidenel -N1 - 1  ~7-chlorobenzohvdroxamovll -N1 - 

methvlhvdrazine ((E)-59). A solution of 6 (2.0 g, 0.01 moll and panis- 

aldehyde (1.2 ml. 0.01 mol) in ether (70 ml), containing few drops of gla- 

cial acetic acid, was heated for 5 - 6 h. At this time, the reaction was 

completed as monitored by tlc (silica gel and CHC13 as the eluent). The 

solvent was then evaporated from the reaction mixture, and the residue was 

extracted with ether (4 x 20 ml). The combined ether extracts were dried 

(MgS011, and the solvent was then evaporated. The resulting residue was 

then triturated with ethanol (2 x 5 ml), and the insoluble solid was 

collected and recrystallized from ether/petroleum ether. Yield: 2.6 g (82 

%I. mp 153 - 15g°C. 

Anal. Calcd for C ~ ~ H I S N ~ O ~ C ~ :  C, 60.48: H ,  5.08; N, 13.22. Found: C ,  

60.26; H, 5.24; N, 13.22. 

Evaporation of the ethanol triturant (10 ml) gave the cyclic isomer (39) 

in Poor yield ( 5  %I. 

Transformation of 54 into l-Methvl-5-~~+-chloro~henvl)-3-~~~metho~y@henv1l- 

l&3,2,4-triazole (49). Compound (E)-5g (3.2 g, 0.01 mol) in glacial ace- 

tic acid (10 mll was refluxed for 30 min. The resulting solution was then 

diluted with water (100 ml) and cooled. The precipitated solid product was 

collected, dried, and recrystallized from chloroform/petroleum ether. 

Yield: 2.5 g (83 % ) .  mp 143 - 1440C. undepressed upon admixture with a 
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sample of 4 9 ,  prepared from 39 via a procedure similar to that described 

in (i) above. Both preparations show identical ir. 'H nmr, and ms spectra. 
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