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Abstract - Selected series of &substituted 4-aryl-3- 

heteroaryl-l-methyl-l,Z,3,4-tetrahydro-r-tetrazines (I:%) 
were synthesized ula direct interaction between appropriate 

nitrile imine and model methylhydrazones. The extent of "ring- 

chain" tautomerism, as evidenced from nrnr spectral data of 

V, is dependent on the nature of substituents at N-4, C-3, - 
and C-6. The results reveal that: (i) The concentration of 

the cyclic tautomer tends to decrease as W e  basicity of the 

arylated N-4 decreases. (ii) For C-? substituents, the cyclic 

tautomer ratio decreases in the order: phenyl) pyridy1)furyl) 

thienyl. (iii) For C-6 substituents, the cyclic ratio 

decreases in the order: C6H5) C02Me) COMe. These trends are 

intergreted in terms of conjugative and electronic effects. 

Recently, we have reported the synthesis of l,2,3,4-tetrahydro-s-tetrazines 

uia the reaction of nitrile imines (1.3-dipoles) with a variety of alkanone/ 

cycloalkanone and alkanal monoliethylhydrazanes.l l Z  Tetrahydro-s-Tetrazines 

derived from benzaldehyde methylhydrazones exhibit, in solution, "ring- 

chain" tautomerism as evidenced from their nmr spectral data.' The ratio 

of the "ring" form, equilibrating with the "chain" tautomer, is dependent 
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on the nature of substituent at C-3, as indicated fraln fer sporadic '~-runr 

spectral results. 1 

The main objectives of the present work are to further investigate the 

dependence of "ring-chain" tautomeric ratio onto: (i) tile relative aroratic 

cheracter of groupings at 3-carbon, (ii) the relative basicity of the 4- 

nitrogen, and (iii) the nature of substituents at 6-carbon. 

Accordingly, we synthesized selected sets of 6-methoxycarbonyl-l,2,3,4- 

tetrahydro-s-tetrazines I(1-4) with varying heteroaryls at C-3, and server1 
p-substituted phenyls at N-4, as well as sets of the 6-acetyl (!:5-8), and 

6-phenyl analogues (I:?-2); their syntheses (Scheme 1) followed the 

aforementioned route invloving direct interaction between the corres- 

ponding hydrazonoyl chloride (I-=) and the partner nethylhydrazone (IJ). 
The appropriate nitrile imines were generated ~n s r r u  by the action of 

triethylamine onto the respective N-arylhydrazonoyl chlorides. The latter 

precursors (I),;) (g) ,35 and (E) ,6 used in this study (Scheme I), were 

prepared by the methods previously described. The monomethylhydrazones 

(IJ) of thiophene-2-carboxaldeh~de,~ Furan-2-carboxaldehyde,' pyridine- 

2-carboxaldeh~de,~ and benzaldehyde,' employed in the present work, were 

prepared according to reported methods. 

The EI mass spectra of compounds x(1-2) displayed the correct molecular 
ions suggested by the molecular formulae for which satisfactory analytical 

data were also obtained (Table 1). The ir spectra of compounds (x) 
exhibited absorption bands characteristic of the C=K-(1600-1630 cm-I), 

N-H(3200-3250 cm-I ) , the ester carbonyl (1720-1 750 cm-I ) in compounds (I-&), 
and the acetyl Carbonyl (1 690-1 710 cm-I ) in compounds (5-0). 
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'PI-Nmr Spectral  Data 

1 s igna l  doubling of t he  various protons i n  the  H-nmr spec t ra  of compounds 

(1) demonstrated t h a t  t he  these compounds e x i s t ,  i n  solut ion,  a s  "ring- 

chainu tautomers (E+VJ) (scheme 1 and Table 2 ) .  Ring tautomer ( E )  was 

character ized by t he  presence of two doublets a r i s i ng  from the  v ic ina l ,  

mutually coupled protons a t  N-2 (4.2-4.7 ppm) and C-5 (5.8-6.2 pprn) 

( Jc~-mr - 3  Hz); upon addi t ion  of D20, the  former doublet disappeared, while 

the  l a t t e r  collasped t o  a s ing le t .  The existence of t he  chain tautomer (E) 

was revealed by t he  presence of two s i ng l e t s  f o r  i ts two d i s t a n t ,  deshielded 

protons i n  t h e  range 9.1-11.6 ppm (exchangeable N-H) and 7.2-7.7 ppm 

(azomethine -N=CH-). Likewise, the  I-methyl protons showed up a s  two 

s i ng l e t s  a t  2.6-2.8 pprn (ring. tautomer 2 )  and 3.2-3.4 ppm (chain tautomer 

VB). Signal doubling was a l s o  observed f o r  t he  e s t e r  methyl protons a t  C-6 - 

1 2  3 4 C O Z M e  

5 6 7 8 C O M e  

9 10 1 1  12 '6"5 

a b c d e f 9 h i i k 

X H M e  O M e  F C l  B r  I CN COMe NO2 C 0 2 M e  
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Table 1. Physical and Analytical Data of Compounds (z-c) 

Compd yielda mp Molecular Calcd/Found ($1 
NO. (%) (OC) Formulae LM)' C H N 
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Cont. Table 1 

2e - 72 129-1 30 C1 5H1 5N403C1 3341 

336 
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Cont. Table I 

6c - 57 

I l a  40 - 

a~ased on recrystallized product. Compounds (b, 3, and 3) were 
recrystallized from chloroform/pet. ether (bp 40-60'~); all other compounds 

were recrystallized from ethanol (90  %). Comgound (s) was previously 

characterized. 
1  
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( )  t h e  a ce ty l  methyl protons a t  C-6 (5-8). and fo r  the  methyl protons 

i n  t he  X-portion of the  N-4 aromatic moiety. 

I3c-~mr Spec t ra l  Data 

The proton-decoupled "c-nmr spectra  of compounds (1) a l s o  displayed s ignal  

doubling of the  various carbons a s  a r e s u l t  of "ring-chain" tautomerism. 

3 Thus, t he  sp -hybridized C-3 r ing  carbon resonated a t  65-71 ppn, and was 

diagnost ic  of t he  existence of t he  cyc l ic  tautomer fi  a able 3) .  The 

l-methyl carbon showed up a s  two s i gna l s  a t  about 43 and 37 Ppm belonging 

t o  t he  cyc l ic  fi and acyc l ic  tautomers, respect ively.  Similarly,  each 

of t he  e s t e r  methyl carbon and t he  e s t e r  carbonyl carbon, positioned a t  C-6 

( )  showed s igna l  doubling around 52 and 161 ppm, respect ively.  Signal  

doubling was likewise observed f o r  t he  carbons comprising t he  X-portion o f  

the  aromatic moiety a t  N-4. 

Ring-Chain Tautomerisrn; Subst i tuent  Ef fec t s  

The "ring-chainn tautomeric r a t i o  [A]/[B] i n  these compounds c-2 was 

calculated d i r e c t l y  from the  in tegra ted  peak a reas  of t he  respect ive 

l-methyl protons'  s igna ls  (Table 2 ) .  

N-4 Subst i tuent  Effect  

The nature  of pa-a-substituents of t h e  4-phenyl group i s  expected t o  

inf luence t he  r e l a t i v e  ba s i c i t y  of t h e  4-nitrogen (and hence t he  tautomeric 

r a t i o ) .  I n  compound > ( X  = Olle), and t o  a l e s s e r  extent  3 (X = ~ e ) ,  

e lec t ron  re leas ing  subs t i tuen ts  tend t o  increase the  cyc l i c  r a t i o  a s  com- 

pared t o  t he  unsubstituted parent compound 2 (x=H). Conversely, e lectron-  

withdrawing groups, i n  con!pounds: '&-&, tend t o  bring about a decrease i n  

the  concentration of t he  cyc l ic  tautomer whose r a t i o  decreases i n  t h e  

following order: 

OMe ) Me ) g ) Halogen ) CN, COMe, C O ~ M ~ ) )  NO2 
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Table 2. 'H-nmr Data (s-values i n  ppm) of Compounds (E-2) 

% Tautomer b Ester-Me -I5e ( i n  X) 
N-Me N-H 

r a t i o  
C3-H 

a t  C-6(s) ( s )  
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Cont. Table 2  

2e (A) :  - 4 8  

(B) : 52 

2 f ( A ) :  - 4 8  

(B):  52 

%(A): 4 8  

(B):  52 

2h(A) : - 47  
( B ) :  53 

2 i ( A ) :  - 4 6  

(B) :  5 4  

a ( A ) :  2 0  

( B ) :  8 0  

2k(A): - 4 4  

(B):  56 

%(A): - 6 2  

(B) :  38 

c ( A )  : 6 6  

(B): 3 4  

3e (A) :  - 63 
( B ) :  37 

a ( A ) :  4 5  

( B ) :  55 

4 a ( ~ ) :  - 7 2  
( B ) :  2 8  

5a(A) : - 2 0  

( 8 ) :  0 0  

z ( A ) :  22 

(B) :  78 

5e(A) : - - 
(B) : 1 0 0  

& ( A ) :  - 37 

(B):  63 



Cont. Table 2 

a 
These t'vo s i n ~ l e t s ,  of a l l o s t  equal i n t ens i t y ,  prdbably belong t o  two 

d i f f e r e n t  stereoisomers of the  acyc l ic  tautorner (m). 
b 

JCH-NH Values fo r  t he  :autually coupled protons a t  2-nitrogen and 

:-carbon of t h e  r i n g  tautorner (z), i n  compounds (c-11) a r e  as follows: 

J - 2.5 Hz i n  con;nounds (2, 5, 9 ) ;  

,J - 3.0 Hz i n  co:.~?ounds (E, 6, 9); 
J - 3.3 Hz i n  conpounds (2, 1, 11 ) ;  

; - 2.0 Hz i n  can?ounds (Vt, 8). 

Coilpound (B) was regortedl t o  have the cycl ic /acycl ic  r a t i o :  80/20. 
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Except f o r  the  case of p-NO2 group, t he  increments were, however, ra ther  

small (few percent).  A cornparable t rend f o r  wra - subs t i t uen t  e lec t ron ic  

e f f ec t s  was a l so  observed i n  each of t he  re la ted  6-rnethoxycarbonyl s e t s :  

a s  well  a s  i n  t he  6-acetyl analogues: 2, 2 ,  5, and >a-k and 2, 2,  e, I ,  - - 
6a, 2 ,  e (Table 2 ) .  - 
In  t h i s  respect ,  it i s  worthnoting t h a t  the  4-methyl-1,2,3,4-tetrahydro-s- 

9 t e t r a z ine  (s), prepnrcd fro::: (2) a s  depicted i n  Scherae 2 ,  ex i s t s  

Scheme 2 

1 
exclusively i n  t he  cyc l i c  fori: (100 Eg). This was evidenced from i t s  H-nlnr 

spectrum which sho,.,,ed each of t he  ?-Me and &-Me protons a s  a  sharp s ing le t  

a t  2.6 ppm (3H) and 2.8 p!im (?H), respect ively.  On t he  o ther  hand, t he  

4-phenyl a n a l o y e  !,!as reported1 t o  display,  i n  so lu t ion ,  "ring-chain" 

tatomerisrn whereby t he  concentration of t he  cycl ic  tautoiler was 80 9 6 .  This 

l a rge  difference can be a t t r i b u t e d  t o  increased ba s i c i t y  of the  nethylated 

&-nitrogen conpared t o  t he  4-phecyl a n a l o y e .  

C-3 Subst i tuent  Effect  

The nature  of the  ke te roary l  subs t i tuen ts  a t  :-carbox was found t o  exer t  a  

profound e f f ec t  on the  "ring-chain" tautoincric r a t i o .  Tnus, i n  cor;!pounds 

Vla-V4a (X-H) the  r a t i o  of t he  cyc l ic  tautarorr decreased i n  the following -- 
order : 
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Table 3. 1 3 ~ - ~ h e r n i c a l  S h i f t s  (&-values, i n  ppm) for. Selected Carbons i n  
Compounds (fi-2) 

Cornpd N-Me C=O -0-Me C-3 X 
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Cont. Table 3 

2d(A): 42.85 

(B): 37.83 

This t rend was cons i s ten t ly  observed fo r  t h e  other  s e t s  of t he  6-methoxy- 

carbonyl s e r i e s  (&-2; 2-2; Q-a) having i den t i c a l  p-subst i tuents  of 

the  a r y l  groups a t  N-4. Comparable t rend a l s o  held f o r  t he  re la ted  6-acetyl 

a-8a) and, t o  l e s s e r  ex ten t  f o r  t he  6-phenyl ana lowes  (s-3) (Table 2 ) .  (r - 
These r e s u l t s  can be explained a s  follows: extended conjugation with t he  

aryl /heteroaryl  moiety a t  C-3 confers a degree of enhanced s t a b i l i t y  t o  the 

acyc l ic  tautomer. A s  t h e  aromatic character  of t he  C-3 subst i tuent  

increases ,  i t s  conjugative a b i l i t y  (with t he  neighboring C-N r-system i n  
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the acyclic tautomer) decreases, leading to a decreased stability of the 

acyclic tautomer, and hence to a decrease in its ratio. This explains the 

decreased ratio of tho acyclic tautomer in 5 compared to 2. 

Thiophene and furan are less aromatic than either benzene or pyridine. 

Accordingly, the tetrahydro-s-tetrazines (2 and 2) are expected to have, 
in solution, a higher concentration of the acyclic tautomer as compared to 

3a or &. In experi:nent, this expectation was found to be true. Based on - 
the above arguments, the acyclic concentration of 2 is expected to be less 
than that of &, since thiophene is more aromatic than furan (the latter 
has more of the diene-like character). However, the opposite was observed 

experimentally in all parallel sets of 1 and 2 as well as for 2, tg- and 
9a,10a (Table 2). This latter result indicated the presence of other - -- 
electronic factors besides conJugation. Possibly a stronger electron- 

withdrawing effect of the furan moiety compared to thiophene would enhance 

the electrophilicity of the neighbouring azomethine carbon, and hence 

leads to increased ratio of the cyclic tautomer ( A ) .  

C-6 Substituent Effect 

The extent of "ring-chain" tautomeric ratio in 1,2,3,4-tetrahydro-s- 

tetrazines (I: 1-z) was also dependent on the nature of substituents at 
C-6. It can be seen from the data, shown below for the C-3 fury1 set, 

that the ratio of the cyclic tautomer (A) decreased in the following order: 

0 
II 

0 
I I 

R : C, H, - ) M e  O C - )  M e - c  - /Ph 

No : 10a  - 2  a - 6 a - 
.qN--"m 

N-N 
I H 

ratio : ( 7 7 %  ( 5 2 % )  (37%) Me 
of ( A )  ( A )  

This trend was also observed for the 3-thienyl (2, 'h, z), 3-pyridyl 

(3, ja, E ) ,  and the 3-phenyl (2, &, &) sets. Comparable results 
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were also obtained for each of the following pairs whereby the cyclic 

ratio of the 6-methoxycarbonyl derivative was always higher than that of 

the corresponding 6-acetyl analogue (Table 2); 

( 2 ) ~ ;  ( 2 ) ~ ) ;  (&)&); (e)&) 
These results may be explained on the basis of the electron-withdrawing 

ability of the R-group at C-6. Apparently, the electran-iiithdrawing 

ability of the acetyl or the ester grou? is greater than that of the phenyl 

group. This effect is reflected on the basicity of the hydrazone nitrogen 

(4-nitrogen) which in turn affects the ratio of the cyclic tautomer (A) in 

the same above order. 

EXPERIMENTAL 

Melting points were measured on an electrothermal Mel-Temp apparatus and 

are uncorrected. Ir sgectra were recorded as KBr discs on a Perkin 3lmer 

577 spectrophatometer. 'H- and 13~-nmr spectra were recorded on a Bruker 

I:W 250 and AM 400 instruments, for solutions in CDC13. Electron impact mass 

spectra were run on a Finnigan ElAT 731 and MS 50 spectrometers at 70 eV. 

Elemental microanalyses irere aerformed at >,I. H. ?I. Laboratories, Phoenix, 

Arizona, U. S. A . ,  and at Butterworth Laboratories Ltd., Pliddlesex, England. 

Preparation of Monomethylhydrazones. The methylhydrazones of thiophene-2- 

carb~xaldeh~de,~ furan-2-carboxaldehyde,8 and bei~aldehyde,~ were prepared 

following literature procedure. Pyridine-2-carboxaldehyde methylhydrazone 

was prepared from pyridine-2-carboxaldehyde and methylhydrazine following 

the procedure reported for the isomeric pyridin-3-carboxaldehyde methyl- 

hydra~one.~ Yield 68 %; bp 104~~/0.1 mm Hg. Anal. Calcd for C7H9Nj: C, 

62.20;H, 6.71;N, 31.09.Found: C, 62.15; H, 6.60; N.31.02. 

Preparation of the Hydrazonoyl Chlorides (I-=). ?;ethyl 2-arylhydrazono- 
2-chlaroacetates (G-~)2 were ?re?ared as previously reported. Com2ound 

(g) was likewise prenared by reaction of methyl 2-chloroacetoacetate 
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with diazotized methyl p-aminobenzoate. The product was recrystallized 

from chloroforn/pet. ether (bp 40-60'~). Yield 85 $; mp 193-194~~. Anal. 

Calcd for C,1H11N204C1: C, 48.81; H, 4.10; N, 10.35. Found: C, 48.90; H, 

4.03; N, 10.32. 

I-Arylhydrazono-I-chloroacetones (II) were similarly prepred u r a  direct 

diazo-coupling reaction between 3-chloro-2,4-pentanedione and the parti- 

cular arenediazonium chloride. The physical properties of (E),3'4 

(a) ,3 (m) ,395 and (=) ,3 employed in this study, are in agreement 

with the reported data. N-phenylbenzenecarbohydrazoncyl chloride (3) 
was prepared according to literature procedure. 6 

Preparation of N-Methylbenzenecarbohydrazonoyl Bromide Hydrobromide (3). 
To a stirred and cooled solution ( B'C ) of benzaldehyde methylhydrazone 

(100 mmol) in glacial acetic acid (45 ml) was added bromine (100 mmol) in 

glacial acetic acid (40 ml) during 1 h. The reaction mixture was then 

allowed to warm up to room temperature. Stirring iras continued for 1-2 h 

and the resulting yellool precipitate was filtered, triturated with acetic 

acid (10 ml) and acetonitrile (5 sl), and recrystallized from acetonitrile. 

The title product was obtained as colaurless needles. Yield 60 $6; mp 

142-143'~ me it.' mp 1161-143':). 

Preparation of Compounds 1 (1-11). Triethylamine (100 mnol) was added to 
a stirred solution of the appropriate N-arylhydrazonoyl chloride (20 mol) 

and the partner methylhydrazone (22 m m o l )  in tetrahydrofuran (80 ml). The 

resulting reaction slixture was set aside at ambient terlperature for 1-2 

days and worked up. The precipitated triethylam2onium chloride was 

filtered off, and the organic solvent was removed from the filtrate under 

reduced pressure; the solid residue (or oily/gummy product in few cases) 

was then triturated with ethanol, collected, and recrystallized from the 

appropriate solvent. 



Alternatively, the above reaction was conducted at the reflwing tempera- 

ture, and was completed within 1-2 h. In either case, comparable yields 

of the title compounds were obtained. 

Preparation of l,lrDirnethyl-3,6-diphenyl-1,2,3,4-tetrahydro-s-tetrazine 

(2). To a stirred, ice-cooled solution of benzaldehyde methylhydrazone 

(20 mmol) and triethylamine (60 mmol) in chloroform (40 ml) was dropwise 

added a solution of N-methyl-benzenecarbohydrazonoyl chloride (20 mmol) in 

chloroform (20 ml). The resulting solution was then allowed to warm up 

slowly to room temperature (1-2 h); stirring was continued for 5-8 h. The 

reaction mixture was then washed with water (40 ml), the organic layer was 

separated, dried (MgS04), and chloroform was removed in vacua. The residue 

(product 3) was then recrystallized from acetonitrile. Yield 55 %; rnp 

112-113~~. Anal. Calcd for CI6Hl8N4: C, 72.15; H, 6.81; N, 21.04. Found: 

C, 72.01; H, 6.77; N, 21.02. 
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