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Abstract- 1,1'-Methylenebisdiazoles AZ1_CH2_A22’ Azl and Azz being two diffe-
rent diazoles, can be prepared selectively in three steps, through l-hydroxy=-
methyl- and l-chlorcmethyldiazoles, by solid-liquid (8-1) phase transfer cata-

lysis.

Symmetrical 1,1'-methylenebisdiazoles are useful ligands in organometallic chemistry.l_s Surprisingly
enough, unsymmetrical 1,i'-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-ligquid).
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Following this procedure, the unique representative of unsymmetrical 1,1'-methylenebisdiazoles, na-
mely l-pyrazeolyl-l1'-imidazolylmethane &, was synchesized.6 The obvious problem is that & was obtai-
ned mixed with the two symmetrical 1,1'-methylensbhisdiazoles, the yield on cruda product being low
(22%) and compound & difficult to iseclate and purify.

We report here a selective synthesis of unsymmetrical 1,1'-methylenebisdiazoles, summarized in eg. 2

and 3. HCHO socl,
- - _—
Azl H Azl CH20H Azl—CH2Cl {2)
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Az —CH Cl + Az -H ———— & Az, -CH_-AZ (3
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From the following diazoles (Azl—H}. pyrazole la, 3,5-dimethylpyrazole 1b, benzimidazole lc, 2-methyl-
benzimidazocle 1d, and indazole le, the corresponding l1-hydroxymethyl derivatives 2 were prepared
(Table 1} and transformed intc the hydrochlorides of l-chloromethyldiazoles 3 (Table 2). These last
compounds were hygroscopic; the corresponding free bases were unstable.
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3a, R=CH2C1, 3b, R=CH,Cl, 3c, R=c1-z2c1, 34, R=CHZC]., 3e, R=CH2C1,
HCl HC1 HCL HC1 HC1

— 2233 —




—rEee

Table 1. 1-Hydroxymethyldiazoles 2 prepared
a 1
Product vield [§ m p [Oc] Molecular formgla I.R. (f?r) U.v. (CZHSOH) H-N.M.R. [CDClB) MS
or Lit. mp [ C]J ¥ fem 7] lmax(logs ) 4 [ppm] m/z (70 ev)
2a 74 89-90 887 3400-27Q0, 210 (3.57) 5.4 (s, 2H, CHZ); 6.2 (t, 1H, H4); 7.3 {s, 14, OH)| 98 (M+)
, 1525 7.45 (&, 2H, H3, Hs); J35=J45= 2 Hz (2.5%1
b 81 109 109 3500-27¢0, 214 (3.69) 2.2 (s, 3H, CH3); 2.3 (s, 3H, CH3); 5.35 (s, 2H, 126 (M)
1550 CHz); 5.8 (s, 1H, H4); 7.0-7.5 (bs, 1H, OH) {35%)
2¢ 90 142-143 141—1438 3500-2700, 244 (3.74) 5.45 (s, 2H, CHZ); 6.5-7.0 (bs, 1H, OH}; 7.0-7.8 117 (Mf—31
b
1610 272 (3.72) {m, 4Har0m): 7.9 (s, 18, Hz) {100%)
279 (3.76)
2d a7 152-153 C9H10N20 3500-2700, 243 (3.65) 2.55 (s, 3H, CHB); 3.0-3.5 (s, 1H, OH); 5.5 (s, 131 (M+—31
(162.2) 1610 274 (3.67) 2H, CH,}; 7.0-7.8 (m, 4H )c {100%)
2 arom
280 (3.72)
2e 75 113-114 1159 3500-3000 251 (3.61) 5.8 (s, 2H, CH2): 7.0-7.8 (m, 4Harom + OH) ; 148 (M+)
1610 287 (3.61) 8.0 (s, 1Hu, H3) (20%)
aSatisfactory microanalysis obtained: ¢ * 0.23, H £ 0.15, N £ 0.02; bDMSO—d H CCDBCOCD3
Table 2. 1-Chlorcmethyldiazoles 3 prepared {isolated as hydrochlorides)
. 1
Product | vield [3] mp [°d| TI-®- (fil’") H-N.M.R. (CDCL,) M5
Viem ] S [ppm] m/z (70 V)
1 90 oil 2700-2000, 1515 | 5.9 (s, 2H, CH,); 6.3 (t, 1H, H): 7.6 (4, 28, Hy, H.), J =J,.= 2 Hz [ 116, 118 )
° 98 100-105 2900-2000, 1620%| 2.55 (s, 31, CHy}: 2.6 (s, 3H, CRy); 6.3 (s, 3H, CH, + H) 144, 146 mh
3¢ 99 174-175°% 2800-2500, 1610 6.7 (s, 2H, CHZ); 7.5-8.2 (m, SHarom)f 166, 168 (M+)
3a a8 oil 3000-2400, 1615 3.1 (s, 3H, CHB); 6.3 (s, 2H, CHZ]; 7.2-7.8 (m, 4Harom) 180, 182 (M*)
3e 85 43—44g'h 2BC0-2000, 1610 6.3 (s, 2H, CHZ): 7.0-7.9 (m, 4Har0m): 8.1 (s, 1H, H3) 166, 168 (M+)

+ +
BThe 100% intensity peak always correspond te M -35 (M -37),

described by Finar and Utting (yield, BO%IO}without physical
. d .
Rifenacht (yield 99%11} without mp or analysis; KBr; Eth. mp 173-174

the reported peaks have intensities below 30%;

bThe hydrochleoride of 3a was

characteristics or analysis; Srhe hydrochloride of 3b was described by

512 £

DMSO-d_; gFree base; hLit. mp e

6

9

(free base) 45-47 C7.
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S50lid-liquid phase-transfer catalysis was used to carry out the second step (eq. 3) using KOH/K2C03

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

zoles 1 (used now as Azz—H), imidazecle 4 and 3(5) -phenyl-4-methylpyrazole 5 were employed in this

second step. " HSC H3C
0 .
v HSCé
H
4 5a 5b

In this way, the follewing l,1'-methylenebisazoles were prepared and characterized (Table 3):

Ll 7 R ST S
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& 7 8 9 10 i1

The structure of the pair of igsomers 9 and 10 was determined by nuclear magnetic resonance spectros-

13,14

1 1
copy. The chemical shifts (both 1H and 13C} and the 1H— H coupling constants 5 are gimilar to

those of the corresponding N-methyl pyrazoles.

Symmetrical derivatives, 7 and 11, were prepared to check the method. Compound 8 is an unsymmetrical
derivative; no traces (TLC) of the symmetrical compounds, 1,1'-methylenebispyrazole6 and 7, were
found in the crude mixture. The reaction between 3b and 5 yields two isomers, 28% 9 and 25% 10 {the

methylation of 5 also gives a major proportion of the 3-phenyl-4-methyl isomerl.l3

Compeund 6 obtained previously in low yield and mixed with the two symmetrical iscmers, 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 & was prepared from l-hydroxymethylpyrazo-
le 2a and N,N'-sulfonyldiimidazole 12 or N,N'-carbonyl@iimidazole 13 following a procedure described

by Ogata and Matsumoto16 for benzylic alcohols (eg. 4 and 5).

THF

2a + 12 ——» § (46%) (4)
THF

2m + 13— ¢ {40%) (5)

This methed aveids the preparaticn of the unstable l-chlorcmethyldiazoles 3, but the yields are lower
and both reagents, 12 and 13, delicate to handle. Moreover, eg. 4 and 5 are only known for imidazole

derivatives.

In conclusion, the method wvia l-chloromethyldiazoles is the best procedure availakle to cbtain unsy-

mmetrically substituted 1,1'-methylenebisdiazoles.
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Table 3. 1,1'-Methylenebisdiazoles 6-~11 prepared
Yield|starting mp | Molec. formula |I.R. (KBr)| U.V. (C,H.OH) 1n N.M.R. 3¢ N.M.R Ms
-1
Product! r4] |matersals | (%) |or Lit. mp [%e]| Vien ] | A (log &) | 5 [ppm] ¢ [ppm] m/z (70 ev)
6 | 65 | 3a +a 77 > O L e R
85 3b + 1b 1c5 105° | e | e | e— el ———-
€ 55 3a + 1b 85-86 |C.H N, (176.2) 2.15 (s, 3H, CH,); 11.0 (CH,-5");
2.35 {s, 3H, CH}): 13.4 (CHI-3"); .
1550 922 5.75 (s, 1H, H,i); 62.7 (CH]); 106.8 176 (M) (37%)
1200, (4.09) l6.15 (s, 2H, cd ) (C4.Cqn)% 129.2 (Cgl; (108 (M -68)
. 6.20 {t, 1H, H4f; 140.0 (C3); 140.3 o |(100%)
7.45 {4, 18, Hj)i, (Cg)7 149.2 (C3%)
R 7.55 (4, 1E, H));
a 65 b+ la 85-86 |C H N, (176.2) (T34~ T4e= 2 Hz
1.93 (s, 3H, CH,=4');| 8.6 (CH3-4'); 10.6
2.63 (s, 3H, CH3-3): (CH,-5); 13.2 (CH4-3);
1030 2.32 (d, 38, CH3-5; 59.3 (CHp}; 105.4 .
R 3020, J45= 0.7 Hz); 5.78 {Cq); 114.2 (C4"); 266 (M)} (72%)
9 28 3 + 5 105-107| ¢, H, N/ (266.4) |§ | o <210 (m, 1B, Hg}; 6.00 128.5, 128.6, 129.3, |108 (M -158)
1380' {s, 2H, CHy); 7.40 130.1 (Aromatic); (100%)
{(s. 1H, Hy\); 7.45- 140.2 (C51); 140.4
7.65 (m, SHayom) £ {C3v); 140.5 (Cg);
147.2 (canf
2.07 (s, 3H, CH,-3}; | 9.8 (CH3-4'); 10.6
2.16 (4, 3H, CH3~4', | (CH3-5); 13.2 (CH,-3);
. Jgs= 0.8 Hz); 2.42 61.8 (CHp); 105.97{Cak; .
o 3020, 251 {d, 38, CH3-5; Jy5= 113.7 (Cqv); 126.8, 266 (M) (68%)
10 35 | 3+ 5 131-133| ¢, H N, (266.4) |¢ 1560, (2.04) 0.7 Hz}; 5.83 (m, 127.2, 128.4, 133.7 108 (M -158)
1380 ) iH, Bg);7 6.20 (s, (Aromatic); 130.8 (100%)}
2H, CHg}; 7.25-7.65 tC3e); 139.9 (C5)5
(z, SHarem) g 7.70 147.4_(C3) ; 149.2
. {m, 1H, H,) (g,
117 | 95 | 3a+1a 249 249° — N

aSatisfactory microanalysis obtained: ¢ % 0.31, H £ 0.21, N % 0.12; bPurified as in reference 6; Cpurified by column chromatography over
Kieselgel using ether-benzene (1:1) as eluent (TLC, Ry = 0.40} ; dCDCl3; ®Both isomers were separated by column chromatography over Kiesel-

gel using ether-benzene (1:1) as eluent, followed by crystallization in n-hexane (TLC, 9, Rf = 0.84, 10, Rf = 0.70); fDMSO—dG.
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EXPERIMENTAL

1-tiydrozymethy ldiazoles (2); General Procedure. The suitable diazole la-le (0.04 mel) in 20 ml of

ethancl and 5 ml of 40% formalin was refluxed during 1 h with stirring, The stirring was continuced
at room temperature for 12 h. The precipitate (in the case of pyrazoles 2a and 2b it was necessary
to add 40 ml of cold water) was filtered off and purified by crystallization from ethanocl-water.

The yields in Table 1 are ones isclated as pure compounds.

I-Chloromethyldiazcles (3); General Procedure. In a 100 ml round bottom flask, provided with a mag-

netic stirrer, a condenser, and a calcium chloride stopper, 0.02 mole of the corresponding l-hydroxy-
methyldiazole 2a-2e in 30 ml of chloroform were placed. After solution, 6.5 ml of thionyl chloride

were added at room temperature. After stirring for 3 h at room temperature, the solution is evapora-
tad to dryness in wvacuo. The residue is the hydrochloride of 1-chloromethyldiazole which can be used

without further purification. The hydrochloride solidifies in some cases (3b, 3c).

Methylenebisdiazoles (6-11): General Procedure. In a round bettom flask, provided with a magnetic
stirrer, a condenser, and a calcium chloride stopper, were placed 0.01 mole of l-chloromethyldiazole
hydrochloride 3, 0.01 mole of N-unsubstituted diazole, 0.03 mole of powdered potassium hydroxide,
0.01 mole of anhydrous potassium carbonate, 0.0005 mole of tetrabutylammonium hydrogensulfate in 50
ml of anhydrous benzene. After reflux for 8 h and 16 h at room temperature, both with vigorous sti-
rring, the solid was filtered and washed carefully with boiling benzene (2 x 25 ml). The sclvent was
evapcrated under reduced pressure and the residue purified. The yields in Table 3 are in pure com-

pounds.

I-Pyrazolyl-1'-tmidazolylmethane (6). The synthesis according to eg. 4 and 5 follows exactly the pro=-

16 ; :
cedure of Ogata and Matsumoto. The purification was carried out according to reference 6.
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