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An ana lys i s  of the e lec t ronic  s t ruc tu re  of diazoalkanes  [1, 2] has shown that the negat ive cha rge  on these  
compounds is local ized to a cons iderab le  degree  on the ca rbon  a tom at the diazo group (C-N2). Obviously, 
diazo a lkanes  can  for  this  r e a s o n  play the ro le  of nucleophilic agents  during azo coupling with 1,4-benzoquinone- 
diazides .  However ,  only one example  of such a r eac t ion  is known: the reac t ion  of diphenyldiazomethane with 
2 ,6 -d ib romo- l ,4 -benzoqu inone  diazide forming  a nonsymmet r i c a l  azine [3]. 

The azo coupling of 2 ,6 -d i - t e r t -bu ty l - l , 4 -benzoqu inone  diazide (1) wi thdiazoa lkanes  [CH2N2, CH3CHN2, 
C6HsCHN2, (C6Hs)2CN2] was invest igated in th is  p a p e r  and it was shown that  the composi t ion  of the products  is 
governed by the nucleophtlic ac t iv i ty  of the s ta r t ing  diazoalkanes  and the reac t iv i ty  of the az iues  formed.  Thus 
when {I) was r eac t ed  with CH2N2, N-aminoaz i r id ine  hydrazone Ilia) was obtained as the pr inc ipa l  reac t ion  p rod-  
uct with a 72 .4%yie ld , ins t eadof the  expected  azine (or its po lymer i za t ion  product) .  Besides  {IIa), indazoline 

(18.5%) and compound (IV) (4.6%) a r e  fo rmed :  
0 0 0 0 

CH2N2 ~.  

(I) (III) (IIa) (IV) 

R =C(CH~)s 

The yield of indazoline (HI) i n c r e a s e s  with an i nc rea se  in the durat ion of the r eac t i on  and amount  ofCH2N 2 
and a lso  when the reac t ion  is c a r r i e d  out in an e the r  medium.  These  facts  indicate that {III) is a secondary  
product  of the addit ion of Ctt2N 2 to the mul t ip le  bond of the cyclohexadiene ring of hydrazone (IIa). In fact ,  the 
t r e a t m e n t  of {IIa) with CFI2N 2 under  s i m i l a r  conditions leads to product  {III). The fo rmat ion  of compound (IV) 
is the r e su l t  of the cons t r i c t ion  of the pyrazo l ine  ring in indazoline {III). This  p r o c e s s ,  which is slow at room 
t e m p e r a t u r e  (the condit ions of the pr inc ipa l  react ion) ,  a c c e l e r a t e s  with heating. Thus when a solution of (III) 
was br ie f ly  heated in decane,  (IV) was a l m o s t  quanti tat ively fo rmed .  The s t ruc tu re  of compounds (III) and (IV) 
was conf i rmed  by spec t r a l  data and the r e su l t s  of the i r  e lementa l  ana lys i s .  

The s t r u c t u r e  of N-aminoaz i r id ine  (Ha) was conf i rmed by chemica l  convers ions  and spec t r a l  ana lys i s .  
Acid hydro lys i s  of (Ha) yields  2 ,6 -d t - t e r t -bu ty l - l , 4 -benzoqu inone ,  and hydrogenat ion o v e r  Pd is accompanied  
by the absorp t ion  of ~3 mo le s  of H 2 and the fo rma t ion  of 4 -amino-2 ,6 -d i - t e r t -bu ty lpheno l -  

OH O 
R ] R R TI R 

"0 "0 / ~-----[H] Ilia) H+, I-I,O 

NH~ O 

When quinone diaztde (I) was  r eac t ed  with diazoethane,  phenyldtazomethane,  and diphenyldlazomethane,  
the cor responding  az ines  IV) were  the only reac t ion  products :  

o 
R H R 

(I) R , R ~ N j  \ / '~ ~)/ R 1 

R x = H, R 2 = CHa (Va); t] / N--N=C R x = H, R ~ = C~H s (Vb); 
R x ---- C6H5, R z = C6Hs (Vc) IV) ~ R  z 

Insti tute of ChemicaLPhys ics ,  Academy of Sciences of the USSR, Moscow. Trans la t ed  f r o m  Izves t iya  A kademii  
Nauk SSSR, Ser iya  Khimicheskaya ,  No. 6, pp. 1355-1359, June, 1978. Original a r t i c l e  submit ted Februa ry  18, 1977. 

0568-5230/78/2706-1179507.50 �9 1978 Plenum Publishing Corpora t ion  1179 



The azines were isolated chromatographically; the yield was 60-70%. Their  s t ructure was demonstrated 
by spectral data and counter synthesis, using, for example, the reaction between 2,6-di- ter t -butyl- l ,4-benzo-  
quinone with benzophenone hydrazone. 

It follows from that discussed above that depending on the structure of the starting diazoalkane in the 
reaction with quinone diazide ([), either azines (V) or N-aminoaziridine hydrazoues (Ha) are  formed, It can 

b e  presumed that in the lat ter  case, the reaction proceeds in two steps through the intermediate formation of 
the active azine: 

[- n II R B l n 

X )  , 
" L I ' U N--N=CII2 N=NCH2CHI +j 

The following factors should be important for converting the initially formed azines: electrophil icactivity 
of the azines which govern the opportunity for the delocalization of the positive charge of the methylene unit 
with the participation of the substituents bonded to it, the shielding effects of the substituents, and the nucleo- 
philicity of the diazoalkane (in the ser ies  chosen it is greatest  for CH2N2). In fact, when CH2N ~ reacts with 
azine (Va), the corresponding N-aminoaziridine hydrazone (IIb) Is formed: 

o 
R II R 

cI.!,N, " \ ( ' , ~ /  (lib) 
(Va) 

--N, %,/" / C H .  

whereas azine (Vc) adds CH2N 2 with the formation of (VI) under analogous conditions. Compound (VI) was also 
obtained by condensing benzophenone hydrazone with the appropriate quinons of the indazoline ser ies :  

o o 
R il R R II R 

c~.~. \ ( ~ / - - - - N  ~.~=ccc,...~. "h,,/%, /----N (Vc) 

II II. 
N--N =C(C~H5)2 0 

(vi) 

In conclusion, the character is t ics  of the PMR spectra of some of the compounds obtained should be dwelt 
on. The investigation of the Change in shape of the PMR spectral signals of N-amiuoaziridine hydrazone (IIa) 
on temperature  showed that the singlet at 2.1 ppm from the protons of the methylene units is broadened with 
a decrease in temperature and is split into a doublet with its center at 2.1 ppm (T c =0~ AG #= 14.1 kcal/mole).  
Similar investigations carr ied out with the N-aminoaziridine sample (HI) yielded the following parameters :  
Tc =60~ AG #= 16.75 kcal/mole.  The observed phenomenon and values for T c and AG # agree well with the 
proposals concerning the pyramidal stability of the nitrogen atom in the N-aminoaziridine hydrazones [4]. 

An analysis of the PMR spectra of aztnes (V) showed there a re  geometrical  isomers in them which are  
characterist ic  for the azine ser ies .  One of the isomers for compound {Vb) was individually isolated. The 
splitting of the signals noted from the protons in the tert-butyl groups and the m protons of the quinoid ring 
Is explained by their  magnetic nonequivalency due to the steric configuration of the hydrazones (H) and azines (V). 

E X P E R I M E N T A L  

Reaction of 2,6,Di-tert-butyl-l ,4-benzoquinone Diazide with CH2N 2. To 1.16 g (0.005 mole) of (I) in 25 
ml of methanol was added 25 ml of an ethereal solution of CH2N 2 [from 2.06 g (0.02 mole) of nitrosomethylurea]. 
Within 1 day the solvent was distilled off in vacuo. Isolation was carr ied out by TLC on silica gel LL2s 4 5/40/z 
(benzene-ether ,  1 : 1). 

2~6-Di-tert-butyl-4-(1-aziridine)imino-2,5-cyclohexadien-l-one (Ha). The yield of (Ha) was 0.94g (72.4?0), 
mp 52-54~ (from hexane). Found: C 73.88; H 9.31; N 10.78%; mol.wt.  260 (mass spectroscopically). C16H24N20. 
Calculated: C 73,80; H 9.29; N 10.70%; tool. wt. 260. UV spectrum: X 295 ran, log s 3.24. IR spectrum (v, 

, c o  ,0 2 1 0  

(CH2); 6.69, 7.53 (Hm). 
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6 ,7a-Di - t e r t -bu ty l -4 - (1 -az i r id ine ) -7 -oxo-3a ,7a -d ihydro-3H- indazo l ine  (III). The yield of (III) was 0.28g 
(18.5%), mp 84-85~ (from hexane). Found: C 68.10; H 8.80~; tool.  wt. 302 (mass spect roscopical ly) .  CtTH26H40. 
Calculated: C 67.51; H 8.67%; tool. wt. 302. UV spec t rum:  k 272 nm, log e 3.68. IR spec t rum i v, era- i) :  

" ( I )   .oi (I)). 2950 [C(CH3)3], 1665 (C=O, C=N),  1230 N/ .  PMR spec t rum (5, ppra): 1.19, 1.09 [C(CH3)3]I ; 

3.64 (CH); 5.14 (CH2); 6.56 (=CH). 

1 ,3-Di- te r t -bu ty l -5- (1-az i r id ine) iminobicyc lo[4 .1 .0]hept -3-en-2-one  (IV). The yield of (IV) was 0.063 g 
(4.6~), mp 81-83~ (from hexane).  Found: C 74.27; H 9.29%; mol .wt .  274 (mass spect roscopical ly) .  C17H26N20. 
Calculated: C 74.41; H 9.55%; tool.  wt. 274. UV spec t rum:  k 272 nm, log ~ 3.88. IR spec t rum (v, c m ' l ) :  2950 

[C(CH3)a] , 1640 (C=O, C=N),  1230 ( ) ~ ) -  

Thermolys i s  of {III). A solution of 0.].5 g (0.0005 mole) of (III) in l0 ml of n-decane was heated to 150~ 
and maintained the re  for  5 rain. The isolat ion was ca r r i ed  out by the method descr ibed  above. The yield of 
(IV) was 0.12 g (88.1%). 

Hydrolysis  of (HaL To 0.30 g (0.0012 mole) of (IIa) in 15 ral of aqueous acetone was added severa l  drops 
of 20~ H2SO4; the mix tu re  was boiled for  3 h. A total  ~f 0.09 g (35.2%) of 2 ,6-d i - te r t -bu ty l - l ,4 -benzoquinoue ,  
rap 67-68~ [5] was isolated.  

Reduction of (IIa). A solution of 0.7 g (0.003 mole) of (IIa) in alcohol was hydrogenated with H 2 over  Pd 
black at ~25~ and a tmospher ic  p r e s s u r e .  A total  of 0.175 l i t e r  (0.007 mole) of H 2 was absorbed.  2 ,6 -Di - t e r t -  
butyl-4-aminophenol ,  0.57 g (0.0026 mole),  rap 106-107~ [6], was isolated.  

2 ,6 -Di - t e r t -bu ty l -4 -e thy l idenehydrazono-2 ,5 -cyc lohexad ien- l -one  (Va). Into a solution of 1.16 g (0.005 
raole) of (I) in 25 ral of e ther  was poured 25 ml of an e thereal  solution of diazoethane [from 2.34 g (0.02 mole) 
of n i t rosoethylurea] .  Within 2 days the solvent was evaporated in vacuo. The r ema inde r  was dissolved in 
hexane. When f rozen  (dry ice), yellow c rys t a l s  precipi ta ted  out. Yield (Va) 0.87 g (66.9%), rap 78-79~ (from 
hexane).  Found: C 74.03; H 9.27%; raol. wt. 260 (mass spect roscopical ly) .  C16H24N20. Calculated: C 73.81; 
H 9.29%; raol. wt. 260. UV spec t rum:  k 308 nm, log s 4.48. IR spec t rum (u, cra~l): 2950 [C(CH3)a], 1635 
(C=O, C=N).  PMR spec t rum (6, ppra): 1.28, 1.31 [C(CH3)3]; 1.94, 2.17 (CH3) , 6.90, 6.92, 7.23, 7.60 (Hra); 
7.23, 7.88 (CH). 

2 ,6 -Di - t e r t -bu ty l -4 -benzy l idenehydrazono-2 ,5 -cyc lohexad ien- l -one  (Vb). To a solution of 0.58 g (0.0025 
raole) of (I) in 10 ral of e ther  was added 12.5 ml of an e thereal  solution of phenyldiazomethane [from 2.0 g 
(0.011 mole) of n i t rosobenzylurea] .  Within 2 days the solvent was evaporated in vacuo. Unreacted (I) and the 
side products  of the reac t ion  were  separa ted  by TLC on si l ica gel LL254 5/40 p (benzene-hexane ,  1 : 1). Yield 
of (Vb) 0.56 g (70.0%), mp 102-103~ (from hexane). Found: C 78.30; H 8.12%; raol. wt. 322 (mass spec t ro -  
scopically) C21H26N20. Calculated: C 78.27; H 8.07%; tool. wt. 322. UV spec t rum:  X 356 am, log r 4.62. IR 
spec t rum (u, c ra-1) :  2950 [C(CH3)3] , 1630 (C=O, C=N).  PMR spec t rum (6, ppra): 1.18, 1.32 [C(CH3)3]; 7.02~ 
7.80 (Hm); 7.52, 7.65 (C6H5): 7.17, 8.47 (CH). 

2 ,6 -Di - te r t -bu ty l -4 -benzophenol idenehydrazono-2 ,5-cye lohexadien- l -one  (Vc). A) This compound was 
obtained s i ra i lar ly  f rom 0.58 g (0.0025 mole) of (I) and 1.9 g (0.01 mole) of diphenyldiazomethane. The yield 
of (Vc) was 0.51 g (61.0%), mp 127-128~ (from hexane). Found: C 81.34; H 7.21; N 6.90%. C27H30N20. Ca lcu-  
lated: C 81.33; H 7.58; N 7.03~c. UV spec t rum:  k 360 am, log ~ 4.43. IR spec t rum (u, cra-1): 2950[C(CH3)3] , 
1640 (C=O, C=N).  PMR spec t rum (6, ppm): 1.18, 1.21 [C(CH3)3]; 7.35 (C6H5), 6.78, ~7 ,  7.50, 7.66 (Hra). 

B) To a solution of 1.1 g (0.005 mole) of 2 ,6 -d i - t e r t -bu ty l - l ,4 -benzoquinone  in 50 ral of methanol was 
added 0.98 g (0.005 mole)  of a methanolic solution of benzophenone hydrazone.  Within 1 day the p r e c i p i t a t e d  
c rys ta l s  were  isolated. The yield of (Vc) was 1.52 g {76.5%), mp ~27-128~ 

6•7a-D•-tert-buty•-4-benz•phen••idenehydrazono-7-•x•-3a•7a-dihydr•-3H-indazo•ine (VI). A) To a solu-  
tion of 3.98 g (0.01 mole) of (Vc) in 25 ml of e ther  was added 25 ml of an e therea l  solution of CH2N 2. Within 
2 days the solvent was evaporated off in vacuo.  The yield of (VI) was 3.2 g (72.7%), rap 155-157~ (from hexane). 
Found: C 76.18; H 7.40; N 12.41%. C28H321~'40. Calculated: C 76.33; H 7.32; N 12.72%. UV spect rum:  k 325 
rim, log e 4.08. IR spec t rum (u, cra-1): 2950 [C(CH3)3] , 1.675 (C=O, C=N).  

B) To a solution of 1.3 g (0.005 mole) of 6 ,7a-d i - te r t -buty l -4 ,7-d ioxo-3a ,7a-d ihydro-3H-indazol ine  in 
50 ral of methanol was added 0.98 g (0.005 mole) of a raethanolic solution of benzophenone hydrazone. Within 
two days the c rys ta l l ine  precipi ta te  was separa ted  out. The yield of (VII) was 1.5 g (68:3%), mp 155-157~ 
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2 ,6 -Di - t e r t -bu ty l -4 -  (2 methyl - l -az i r id ine) imino-2 ,5-cYclohexadien- l -one  (IIb). To a solution of 0.52 g 
(0.002 mole) of CCa) in 10 ml of e ther  was added 12.5 ml of an e thereal  solution of CH2N 2. Within 2 days the 
solvent was evaporated in vacuo. Unreacted Wa) and the side products  w e r e  separated by TLC on si l ica gel 
LL254 5/40#,  CHCI.~. The yield of {IIb) w a s  0.18 g (32.7%), mp 44-46~ (from methanol).  Found: C 74.83; H 
9.49%. ClzH~6N20. Calculated: C74.41; H 9.55%. UV spect rum:  k 300 urn, log ~ 4.30. IR spec t rum (v, cm-1): 

2950 [C(CH3)3] , 1630 (C=O, C = N), 1230 / N  . 

C O N C L U S I O N S  

1. The reac t ion  of 2 ,6-d i - te r t -bu ty l - l ,4 -beuzoquinonediaz ide  with diazoalkanes leads to the co r r e spond-  
lng aztnes o r  N-aminoazir idiue hydrazones ,  the react ion products  of azines with diallmnes. 

2. The route  descr ibed  for  forming the N-aminoazir idine der iva t ives  can se rve  as a p repara t ive  method 
for  the i r  synthesis .  

1. 
2. 
3. 
4. 

5, 
6. 
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Compounds of type (I) in the p r e sence  of t e r t i a r y  amines form a sys tem in equil ibrium, which may be 
shifted in favor  of the various products  [ {I), (II), and (III)] depending on the nature of the res idue  X [1-3]: 

(CFsh CHX -4- N (CsH6)s @ (CFs)~C~=X HN(C~I'I6)s ~- CFz=C--X "t- F HN(C2Hs)s 
elF, 

(I) (II) (III) 
X = COF(a), CN, COOR~ CONRz, CFs 

Such sys tems  a r e  m o r e  o r  less  s table under  ord inary  conditions but undergo  fur ther  convers ion  upon heating 
o r  the act ion of a third component [1, 2]. 

The adduct (IIa) is mainly obtained f rom the acid f luoride of a -hydrohexaf luoroisobutyr ic  acid (Ia). It 
might be thought that the corresponding adducts (V) containing the m e s o m e r i c  f luorocarbanion would form in 

t h e  reac t ion  of anhydrides (IV) with t e r t i a r y  amines :  

CF3 0 O 

CH--C--O--C--R ~ N (C2Hs)s +-~ C +--Y-'C--O--C--R 

gv) (v) 
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