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Abstract- 1.1'-Methylenebisdiazoles Az -CH -Az2, Azl and Az2 being two diffe- 
1 2  

rent didzoles, can be prepared selectively in three steps, through l-hydroxy- 

methyl- and 1-chlaromethyldiazoles. by solid-liquid (S-L) phase transfer cata- 

lysis. 

1-5 Symmetrical 1.1'-methylenebisdiazoles are useful ligands in organometallic chemistry. Surprisingly 

enough, unsymmetrical 1.1'-methylenebisdiazoles are almost unknown compounds. So far, the only possi- 

ble way to obtain these products is represented in eq. 1 (L-L means liquid-liquid). 

Unsymmetrical 

Following this procedure, the unique representative of unspmetrical 1.1'-methylenebisdiazoles. na- 

mely 1-pyrazolyl-1'-imidazolylmethane 6, was ~ynthesized.~   he obvious problem is that 6 w a s  obtai- 

ned mixed with the two symmetrical 1.1'-methylenebisdiazoles, the yield on crude product being low 

132%) and compound 6 difficult to isolate and purify. 

We report here a selective synthesis of unsymmetrical 1.1'-methylenebisdiazoles, summarized in eq. 2 

and 3. 
HCHO SW12 

AZ -H -- 
1 

Az -CH OH Azl-CH2C1 
1 2  121 

From the following diazoles lAzl-HI, pyrazole la, 3.5-dimethylpyrazole lb, benzimidazole lc, 2-methyl- 

benzimidazole id, and indazole le, the corresponding 1-hydroxymethyl derivatives 2 were prepared 

(Table 11 and transformed into the hydrochlorides of I-chloromethyldiazoles 3 (Table 21. These last 

compounds were hygroscopic; the corresponding free bases were unstable. 

la, R=H lb, R=H lc, R=H Id, R=H le, R=H 

Za, R=CH20H 2b. R=CH OH 2c. R-CH OH 2d. R=CH 2 OH 2e. R=CH20H 2 2 

3a. R=CH2C1, 3b. R=CH2C1, 3c. R=CH2C1, 3d. R=CH2C1, 3e, R=CH2Cl. 

HC1 HC1 HC 1 HC 1 HC1 



Table 1. 1-Hydroxymethyldiazoles 2 oremred 

Yield [ %  m [OC: 1 I . R .  ( m r )  
1 v rcm- I 

U.V. (C2H50H 

lmaX(109~ I 

210 (3.57) 

214 (3.691 

244 (3.741 

272 (3.72) 

279 (3.76) 

243 (3.65) 

274 (3.67) 

280 (3.721 

251 (3.611 

287 13.611 

5.4 ( s ,  2H. CH21i 6.2 (t, 1H. H4)i 7.3 ( s ,  lH, OH 

7.45 (d, 2". H3, H 1 ;  J =J = 2 HZ 
5 35 45 

2.2 ( s ,  3H. CH 1 ;  2.3 ( s ,  3H. CH I: 5.35 ( s ,  2H. 
3 3 

CH21 i 5.8 (s, 1H. H ; 7.0-7.5 (bs. 1H. OH1 
4 

5.45 ( 5 ,  2H. CH I; 6.5-7.0 (bs. 1H. OH); 7.0-7.8 
2 

(m, 4H arOm): 7.9 ( s ,  18. HZ) 
b 

5.8 ( s ,  2H. CH I; 7.0-7.8 lm, 4H + OH); 
2 a r m  

8.0 ( 8 .  1 ~ .  n.1 

atisfactory microanalysis obtained: C ? 0.23, H -C 0.15. N C 0.02; b ~ ~ s o - d  ; 'CD COCD 
6 3 3  

Table 2. l-Chlaromethyldiaeoles 3 prepared (isolated as hydrochlorides1 

90 oil 

98 100-105 

99 174-17ie 

98 

b 
a ~ h e  100% intensity peak always correspond to M+-35 (M+-371, the reported peaks have intensities belaw 30%; b he hydrochloride of 3a was 

10 
described by Finar and Utting (yield, 80% )without physical characteristics or analysis; Cme hydrochloride of 3b was described by 

a 9 
~Gfenacht (yield 99%") ~ithout mp or analysis; %it. mp 173-174°~12; f ~ ~ ~ ~ - d 6 ;  %ee base; h~it. mp (free base) 45-47 c . 
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solid-liquid phase-transfer catalysis was used to carry out the second step (eq. 3) using KOH/K co 
2 3 

as a base.  able 3 contains the results we obtained. In addition to the above 5-unsubstituted dia- 

zoles 1 (used now as Az - H ) ,  imidazole 4 and 3(5)-phenyl-4-methylpyrazole 5 were employed in this 
2 

Second step 

In this way, the following 1.1'-methylenebisazales were prepared and characterized (Table 3): 

  he structure of the pair of isomers 9 and 10 was determined by nuclear magnetic resonance spectros- 
1 

copy.  he chemical shifts (both H and l3 CI l3'I4 and the 'H-~H coupling constants15 are similar to 

those of the corresponding 5-methyl pyrazoles. 

Symmetrical derivatives. 7 and 11, were prepared to check the method. Compound 8 is an unsymmetrical 
6 

derivative; no traces (TLC) of the symmetrical compounds, 1.1'-methylenebispyrazo1e and 7, were 

found in the crude mixture. The reaction between 3b and 5 yields two isomers, 28% 9 and 35% 10 (the 

methylation of 5 also gives a major proportion of the 3-phenyl-4-methyl isomerl. 
13 

Compound 6 obtained previously in low yield and mixed with the two symmetrical isomers, was now iso- 

lated in pure form in 65% yield (Table 3). To check if the method here described is the best one to 

prepare unsymmetrical 1.1'-methylenebisdiazoles, compound 6 was prepared from l-hydrorpethylpyrazo- 

le 2a and 5.N'-sulfonyldiimidazole 12 or N.5'-carbonyldiimidazole 13 following a procedure described 

by ogata and ~atsumoto'~ for benzylic alcohols (eq. 4 and 5). 

THF 
2a + 12 --4 6 (46%) (4)  

This method avoids the preparation of the unstable I-chloramethyldiazoles 3, but the yields are lower 

and both reagents, 12  and 13, delicate to handle. Moreover, eq. 4 and 5 are only known far imidazole 

derivatives. 

In conclusion, the method via 1-chloromethyldiazoles is the best procedure available to obtain unsy- 

metrically substituted 1,l'-methylenebisdiazoles. 



Tat 

'lolec . formula 
r   it. m p [OC 

776 

105~ 

9812N41176.2) 

3. 1.1'-1 

I.R. (Xgr 

v [&ll 

hylenebisdiazoles 6-11 prepared 

max 

2.07 ( 5 ,  3H. CH3-3); 
2.16 (d, 3H. CH3-4', 
Jqg= 0.8 Hz); 2.42 
(d, 3H. CH3-5; Jag= 
0.7 Hz); 5.83 (m, 
1H. H4); 6.20 (s, 
2H. CH2); 7.25-7.65 
(m, 511,,,)i 7.70 
(m, 1H. H5) 

13c N.M.R. 

s rppm I 

9.8 (CH3-4') ; 10.6 
lCH3-5); 13.2 (CH -3) 

3 
61.8 (CH2); 105.9 ICd 
113.7 IC4,); 126.8, 
127.2, 128.4, 133.7 
(Aromatic) ; 130.8 
lC3*); 139.9 lC5); 
147.4 1C3); 149.2 

a ~ a t i ~ f a c t ~ r y  microanalysis obtained: C t 0.31, H -C 0.21, N f 0.12; b~urified as in reference 6; 'purified by column chromatoqraphy over . . .  
Kieselqel using ether-benzene (1:l) as eluent (TIC, Rf = 0.40); dCDc13; e ~ o t h  isomers were separated by column chromatography over ~iesel- 

gel using ether-benzene (1:l) as eluent, followed by crystallization in - n-hexane (TLC, 9, R = 0.84, 10, R = 0.70); f ~ ~ ~ ~ - d  
f f 6' 
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EXPERIMENTAL 

I-Hydroqmethyldiazotes ( 2 )  ; GeneraZ Procedme. The s u i t a b l e  d i azo l e  l a - l e  (0.04 moll i n  20 m l  o f  

e thanol  and 5 m l  of  408 formalin was r e f l uxed  dur ing  1 h with s t i r r i n g .  The s t i r r i n g  was continued 

a t  r m m t e m p e r a t u r e  f a r  12 h .  The p r e c i p i t a t e  ( i n  t h e  case of pyrazoles  2a  and Zb it was necessary 

t o  add 40 ml of co ld  water)  was f i l t e r e d  o f f  and p u r i f i e d  by c r y s t a l l i z a t i o n  from ethanol-water. 

m e  y i e l d s  i n  Table 1 are ones i s o l a t e d  as pure  compounds. 

I-ChZoromethyZdiazoh 13); Genera2 Procedure.  I n  a 100 m l  round bottom f l a s k ,  provided wi th  a mag- 

n e t i c  s t i r r e r ,  a condenser, and a calcium ch lo r i de  s t oppe r ,  0.02 mole o f  t h e  corresponding l-hydroxy- 

methyldiazole 2a-2e i n  50 m l  of chloroform were placed.  Af ter  s o l u t i o n ,  6.5 m l  of t h iony l  ch lor ide  

were added a t  room temperature.  Af ter  s t i r r i n g  f o r  3 h a t  room tempera ture ,  the s o l u t i o n  is evapora- 

t e d  t o  dryness i n  vacuo. The r e s idue  is t h e  hydrochloride of I-chloromethyldiazole which can be used  

without f u r t h e r  p u r i f i c a t i o n .  The hydrochlor ide  s o l i d i f i e s  i n  some cases (3b. 3") .  

MethyZenebisdiazoZes 16-11): Genera2 Procedure.  I n  a round bottom f l a s k ,  provided wi th  a magnetic 

s t i r r e r ,  a condenser, and a calcium ch lo r i de  s t oppe r ,  were p laced  0.01 mole of 1-chloromethyldiazole 

hydrochlor ide  3, 0.01 mole of x - ~ ~ s u b s t i t ~ t e d  d i a z o l e ,  0.03 mole of powdered potassium hydroxide, 

0.01 mole of anhydrous potassium carbonate ,  0.0005 mole of tetrabutylanrmonium hydrogensulfate in 50 

m l  of anhydrous benzene. Af t e r  r e f l u x  fo r  8 h and 16 h a t  room t empera ture ,  both with vigorous s t i -  

r r i n g ,  t h e  s o l i d  was f i l t e r e d  and washed c a r e f u l l y  with bo i l i ng  benzene (2  x 25 ml l .  The so lvent  was 

evaporated under reduced pressure  and t h e  r e s idue  p u r i f i e d .  The y i e l d s  i n  Table 3 are i n  pure com- 

pounds . 
I-PyrazoZyZ-1'-imidazozyzrnethane ( 6 ) .  The syn the s i s  according t o  eq. 4 and 5 fa l lows  e x a c t l y  the pro- 

cedure  of oga t a  and Matsumoto.16 The p u r i f i c a t i o n  was c a r r i e d  out  according t o  r e f e r ence  6 .  
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