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Arenediazonium Iones, M ethylolamine Intermediates

Modulation of the N-azo coupling between ring-substituted arenediazonium chlorides and 
premixed methylamine-formaldehyde leads not only to l-aryl-3-hydroxymethyl-3-methyltriazenes 
and their dimers, but also to unexpected cyclic and complex products. The syntheses comprise 
reactions with arenediazonium chlorides bearing both — M and +M  substituents at para  and ortho/ 
para  positions o f the phenyl ring. One of the major constituents isolated from a mixture of 
products is the U-acetate ot 3-hydroxymethyl-3-methyl-l-(Z,4,t>-trichlorophenyl)triazene. th is  
product was obtained from the reaction o f 2,4,6-trichlorobenzenediazonium chloride and m ethyl­
amine-formaldehyde mixture which was then stabilized by acetylation.

The structures of the isolated products could be derived from reactive m ethylolamines and 
electrophilic intermediates that possibly occur in vivo  and thereby offer a plausible mechanistic 
explanation for the carcinogenic and tumour-inhibitory activity associated with the open-chain 
triazene compounds in the living cell.

3-A lkyl-l-aryl-3-(l-hydroxyalkyl)triazenes (Fig. 1) 
are m etabolic in term ediates in the oxidative cyto­
chrom e P-450 m ediated  activation of l-aryl-3,3-di- 
m ethyltriazenes (Fig. 2) which have been know n as 
an im portant class of tum our-inhibitory  agents [1 , 2] 
and indirect carcinogens [3 ,4]. N -H ydroxym ethyl-N - 
m ethylnitrosam ine was proposed  by M agee and as­
sociates in mid fifties as an unstable in term ed iate  of 
d iazom ethane in the enzym atic activation of the 
hepatocarcinogenic d im ethylnitrosam ine [5, 6].

A lthough triazenyl alkylolam ines have been  re­
garded as transien t m olecular species, experim ental 
evidence for their stability has been gradually surfac-

Fig. 1. l-Aryl-3-hydroxymethyl-3-methyltriazene.

Fig. 2. l-Aryl-3,3-dim ethyltriazene.
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ing. M ore than a decade ago a hypothesis, im plicat­
ing both the phenyl and im idazole hydroxym ethyl- 
triazenes as cornerstone m etabolites, began to  
em erge. The initial concepts were developed from  
m etabolic [7—9], synthetic [9, 10], and therapeutic  
[1 1 , 12] studies.

Enzym atic dem ethylation of l-aryl-3,3-dim ethyl- 
triazenes was recognized as a reversible process and 
utilized for the synthesis of the corresponding 3-hy- 
droxym ethyl derivative: 3-M ethyl-l-phenyltriazene, 
ob ta ined  from  phenylazide by G rignard  reaction , 
readily added m ethanolic form aldehyde to  give a sin­
gle product of lower R f . The com pound was iden­
tified as 3-hydroxym ethyl-3-m ethyl-l-phenyltriazene 
(Fig. 1, A r =  phenyl) by mass spectrom etry [4], 
M ore im portantly , 5-(3-hydroxym ethyl-3-m ethyl-l- 
triazeno)im idazole-4-carboxam ide was isolated as a 
urinary m etabolite of 5-(3,3-dim ethyl-l-triazeno) 
im idazole-4-carboxam ide (D T IC , D IC , NSC-45388) 
which is a clinically useful cancer chem otherapeutic 
drug. 5-(3-H ydroxym ethyl-3-m ethyl-l-triazeno) 
im idazole-4-carboxam ide was also synthesized by a 
condensation of 5-(3-m ethyl-l-triazeno)im idazole-4- 
carboxam ide with m ethanolic form aldehyde [10],

A  fundam ental advance in hydroxym ethyltriazene 
synthesis was reported  by V aughan [9] who in tro ­
duced a one pot N -coupling reaction of p-m ethoxy- 
carbonylbenzenediazonium  chloride with prem ixed
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m ethylam ine-form aldehyde. The m ethod was m od­
ified by Julliard et al. [13] who used solid 4-X- 
arenediazonium  fluoroborates, instead of diazonium 
chloride solutions. Cheng et al. [14] critically ex­
am ined the products of this reaction by 'H  NM R 
spectroscopy and found that the described com ­
pounds w ere bis[(3-aryl-l-m ethyl-2-triazen-l-yl)- 
m ethyl]m ethylam ines, ra the r than  l-aryl-3-hy- 
droxym ethyl-3-m ethyltriazenes. The results were 
confirm ed by Lafrance et al. [15],

The structures and proportions of products de­
rived from  coupling of arenediazonium  ions with 
m ethylam ine-form aldehyde m ixtures depend mainly 
on substituents in the phenyl ring, ratio of reactants, 
tem peratu re , and pH . W e report the synthesis of sev­
eral classes novel com pounds, including 3,7-bis(4-X- 
ary l)-l,5 ,3 ,7-dioxadiazocanes and products derived 
from  2,4,6-trichlorobenzenediazonium  ion. We have 
identified N ,N -bis-{[3-(4-tolyl)-l-m ethyl-2-triazen-l- 
yl]m ethyl}m ethylam ine which we believe is the first 
dim eric com pound bearing an electron-releasing 
methyl substituent at the 4-position of the phenyl 
ring.

Materials and Methods

General

All arom atic am ines, reagents and o ther m aterials 
were of the purest grades available.

M elting points (m .p .): Tottoli capillary melting 
point apparatus (uncorrected).

E lem ental analyses were perform ed by the A nalyt­
ical L aborato ry  of the M ax-Planck-Institute of M edi­
cal R esearch , H eidelberg.

U V  spectra were m easured on a H itachi U-3200 
spectrom eter and IR  (v [cm-1]) on a Perkin E lm er 
580B instrum ent. 'H  and 13C N M R (6  [ppm] relative 
to internal TM S; in CDC13 unless otherw ise noted; 
J [Hz] =  apparen t coupling constant): H X 90, W H 90 
or B ruker A M 500 spectrom eter at 70 eV. Mass 
spectra were determ ined  at 100 eV  with a Finnigan 
M AT711 mass spectrom eter, B rem en, FRG .

All spectra were m easured at the Spectroscopic 
U nit, Institu te  of B iochem istry, G erm an Cancer R e­
search C en ter, H eidelberg, and may be retrieved 
from their data bank.

Reagents, thin-layer and colum n chromatography

N -E thyl-l-naphthylam ine (Fluka, Buchs, Switzer­
land) N EN  reagent was prepared  by dissolving

700 mg of N -ethyl-l-naphthylam ine hydrochloride in 
ethanol (285 ml) and m aking up the solution to 
350 ml with conc. hydrochloric acid.

P recoated  silica gel p lates F-254 (M erck A G . 
D arm stad t, F R G ) were used for thin-layer 
chrom atography in the following solvents: ( 1) 
to luene; (2) to luene/acetone (3:1 v/v).

Silica gel (0 .05—0.2 mm) and neutral or basic 
alum ina (M erck A G , D arm stad t) were used as solid 
supports.

Synthetic m ethods

3,7-B is(4-trifluorom ethylphenyl)-l,5 ,3 ,7-
dioxadiazocane

4-Trifluorom ethylaniline (4.03 g, 0.025 mol) in 
HC1 (37% , 10 ml) and w ater (20 ml) was diazotized 
with N a N 0 2 (2.76 g, 0.04 m ol) in w ater (6 ml) and 
the clarified diazonium  solution was coupled over 
20 min with a prem ixed solution of m ethylam ine 
(9 ml, 40% ) and form aldehyde (40 ml, 37% ), cooled 
to  —5 °C. A fter the addition had been com pleted, 
the reactan ts (pH  4 —5) w ere m echanically stirred for 
30 min and ad justed  to pH  1 with HC1; stirring was 
continued for ano ther 15 min after which the reac­
tion m ixture was placed in a refrigerator (4 °C) over­
night. The separated  solid was filtered , w ashed with 
w ater and the dried  product crystallized from  ben­
zene (m. p.  201; yield 0.9 g, 18% ).

3-H ydroxym ethyl-3-m ethyl-l-(2 ,4 ,6-trichlorophenyl)- 
triazene derivatives

2 ,4 ,6-Trichloroaniline (9.82 g, 0.05 mol) in HC1 
(37% , 20 ml) and H 20  (40 ml) was diazotized with 
N a N 0 2 (4.8 g, 0.07 m ol). The cooled 2,4,6-tri- 
chlorobenzenediazonium  solution was coupled 
(30 min) with a deeply cooled ( —10 °C) m ixture of 
form aldehyde (37% , 80 ml) and m ethylam ine (40% , 
18 ml). The reaction  m ixture was adjusted  to pH  7 
with sodium bicarbonate , and allowed to stand over­
night. The aqueous phase was decanted and the 
separated  viscous product was dissolved in ether 
(100  m l), the solution w ashed with w ater, and dried 
over sodium  su lphate. E vaporation  of the solvent left 
a yellow residue (5 g) which was chrom atographed 
on a silica gel colum n ( 2 . 5 x 2 5  cm ), elu ted  with 
diisopropyl e ther. A fter collecting 10 ml of blank 
effluent, the p roduct was elu ted  with 60 ml of the 
solvent; the residue was crystallized from  benzene: 
/7-hexane (1:3). The yield of 3 ,1 1-dim ethyl-l ,7 ,13-tris-
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(2 ,4 ,6-trichlorophenyl)-5,9-dioxa-l ,2,3,7,11,12,13- 
heptazatridecan-l,12-d iene, m. p.  132 °C, was 0.35 g 
(7% ); (C om pound A ).

A  portion  of the yellow product (2 g) was taken up 
in diethyl ether (8  ml) and the solution cooled to 
— 10 °C. Acetic anhydride (1.6 g, 0.015 mol) was d i­
luted with diethyl ether (7 ml) and added over 5 min. 
The reaction was stirred for an hour and allowed to 
stand overnight. The solvent was rem oved in vacuo  
and the residue chrom atographed on a 2 x  20 cm sili­
ca gel colum n, packed in diisopropyl ether. The d e­
velopm ent was continued with te trahydrofuran  
which eluted the product. E vaporation  of the solvent 
left a residue which was crystallized from  diisopropyl 
e ther : «-hexane (1:2); m .p. 81 °C (0.78 g; 39% ); 
(C om pound B).

A no ther portion of crude product (2 g) was taken  
up in pyridine (5 ml), cooled to 0 °C, and acetylated 
by a gradual addition of acetic anhydride ( 1.6  g,
0.015 mol). The reaction was stirred for 30 min with 
cooling and for an additional hour at room  tem pera­
ture; thereafte r the m ixture was poured  over ice 
(20  g), and the acetylated products w ere extracted  
with e ther ( 2 x 1 5  ml). The constituents w ere 
chrom atographed on a colum n of silica gel 
( 1 x 2 0  cm) in diisopropyl ether. A fter collecting 
40 ml of the blank effluent, {[3-(2,4,6-trichlorophe- 
nyl)-l-m ethyl-2-triazene-l-yl]m ethyl} acetate was 
eluted with 150 ml of the solvent. The residue was 
crystallized from «-hexane; m .p. 78 °C (0.54 g, 
28% ); (Com pound C).

F u rthe r elution of the column with te trahydrofu r­
an rem oved N -m ethyl-N -{[3-(2,4,6,-trichlorophe- 
nyl)-l-m ethyl-2-triazen-l-yI]m ethyl}acetam ide 
(C om pound B) which was purified as above; m .p. 
81 °C (0.70 g; 35% ).

N ,N -Bis{[3-(4-tolyl)-l-m ethyl-2-triazen-l-yl] 
methyl} m ethylam ine; [3,5,7-trim ethyl-l,9-bis(4- 
m ethylphenyl)-l,2 ,3 ,5 ,7 ,8 ,9-heptazanona-l,8 -d iene]

4-Toluidine (5.35 g, 0.05 mol) in HC1 (37% , 
15 ml) and w ater (15 ml) was diazotized with N a N 0 2 
(4.8 g, 0.07 m ol) in w ater (10 ml) with cooling in an 
ice bath . The clarified diazonium  solution (charcoal) 
was trea ted  with a pinch of u rea to destroy unreacted  
n itrite. T he diazonium  solution was slowly added 
(30 min) to  a m ixture of form aldehyde (37% , 90 ml) 
and m ethylam ine (40% , 20 ml) which was cooled to 
—5 °C. T he reaction m ixture was neutralized to  pH  7 
w ith solid bicarbonate and allowed to stand over­
night in a refrigerator (4 °C). The product was ex- 
trac ted  with chloroform  (3 x  30 ml), the washed or- 
ganic phase dried over natrium  sulphate, and the sol­
vent rem oved in a ro tary  film evaporator. The re­
sidue of N ,N -bis{[3-(4-tolyl)-l-m ethyl-2-triazen-l-yl] 
m ethyl}m ethylam ine was recrystallised from  diiso­
propyl e th er : «-hexane (2:3); m .p. 82 °C; yield 2.7 g 
(41% ).

Results and Discussion

N -A zo coupling of - M  and + M  substituted 
arenediazonium  ions with m ethylam ine-form alde- 
hyde prem ix leads to  a variety of com pounds the 
structu re of which is sensitive to a) the substituent in 
the phenyl ring, b) proportion  of reactants, c) tem ­
pera tu re , and d) pH  of the reaction.

3 ,7-B is-(4-X -aryl)-l,5 ,3 ,7 ,-dioxadiazocanes 
(Fig. 3) w ere isolated from  coupling of ben-

4-X -  C 6H 4 -  N (C H 2 -  O -  C H 2)2N -  C6H 4-  X -4.

Fig. 3.

Table. Physical data of 3,7-bis(4-X-aryl)-l,5,3,7-dioxadiazocanes.

Compound X Yield M .p. Arom. J [Hz] 6 ( ‘H NM R) in CDC13 M + IR
[%] [°C] (A A 'B B ')  

(8 H, 2 d)
CH2 X
(8 H , s)

m/z v [cm-1]

3a 4-F3C 18 201 6.92, 7.23 9 5.24 406 1030
(15%)

3b 4-CH300C 49 217 6.90, 7.70 9 5.22 3.83 (6H , s) 386 1035
(66%)

3c 4-NC 50 227 6.89, 7.25 8 .5 - 9 5.21 320 1040

5.28 1̂11 d6-D M SG j
(17%)

JU ‘+-1NV_72 J J Z,JO v . y j y  / . 0 1 y JUU
(17%)

1U JJ
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zenediazonium  ion, substituted with a powerful elec­
tron-w ithdraw ing group, in a reaction that was u lti­
m ately ad justed  to pH  1. The structure of 3,7-bis(4- 
trifluorom ethylphenyl)-l,5 ,3 ,7-dioxadiazocane (3a) 
and of rela ted  4-m ethoxycarbonyl- (3b), 4-cyano- 
(3c) and 4-nitrophenyl- (3d) analogues (Table) was 
elucidated  by spectroscopic and analytical m ethods.

The 'H  N M R  spectra in CDC13 and d6-DM SO re ­
vealed a typical A A 'B B ' pattern  of p-disubstitu ted  
benzenes (8 H , 2 d ), centered around 6 6.92 and ö 
7.23, and a b road singlet of the m ethylene protons 
( 8 H ) at 6 5 .2 1 -5 .2 8 , integrating to 1:1. N either sig­
nal showed any exchange after deuteriation . The re l­
atively broad  resonance of the m ethylene protons 
may be due to slow conform ational changes associ­
ated  with the dioxadiazocane ring. M oreover, no sig­
nal could be seen in the *H N M R  spectra at Ö 
3 .1 3 -3 .3 1 , characteristic for 3N  m ethyl protons in 
triazenes [4]. As expected, none of the dioxa- 
diazocanes — though sensitive to acid -  showed 
diazo C-coupling with the N EN reagent. Mass spec­
tra  revealed the following m olecular ions: (3a) 
C i8H 160 2N 2F6, m lz  406 (15% ); (3b) C 20H 22O 6N 2, m lz  
386 (6 6% ); (3c) C 18H 160 2N4, m lz  320 (17% ); (3d) 
C 16H 160 6N4, m lz  360 (17% ), in com plete agreem ent 
with the established structure.

The m echanism  of 3,7-bis(4-trifluorom ethyl- 
phenyl)-l,5 ,3 ,7-d ioxadiazocane form ation is p ro ­
posed in the Schem e.

The kinetically relevant interm ediate is 1-methyl-
3-(4-trifluorom ethylphenyl)triazene (4 a), the uncon­
jugated  tau tom er, favoured by the CF3 substituent at 
the 4-position of the phenyl ring [16]. Condensation 
of 4 a with form aldehyde would lead to 3-hy- 
droxym ethyl-l-m ethyl-3-(4-trifluorom ethylphenyl)- 
triazene (4 b) which w ould subsequently cleave at 
low pH  to m ethanediazonium  ion and N-hydroxy- 
m ethyl-4-trifluorom ethylaniline (4 c) which reacts 
with an o th er m olecule of form aldehyde to  give N,N- 
dihydroxym ethyl-4-trifluorom ethylaniline (4 d ). 
E lim ination  of w ater from  the pro tonated  form of 4e  
leads to N -hydroxym ethyl-N -m ethylene-4-trifluoro- 
m ethylanilinium  ions (4f) which condense across the 
—N = C H 2 double bond  to  afford 3,7-bis(4-trifluoro- 
m ethylphenyl)-l,5 ,3 ,7-dioxadiazocane. We became 
aware of previous publication reporting  the structure 
of l,5-bis(4-trifluorom ethylphenyl)-3,7-dioxa-l,5- 
diazacyclooctane (3 a) [18] first after our preliminary 
com m unication [17].

A  m ajo r in terest in our laboratory is that 3,3-di- 
m ethyl-l-(2 ,4 ,6-trich lorophenyl)triazene shows a 
p ronounced  tum our-inhibitory  action against m urine

Scheme

F,C

F,C

-H ,0

4a

+
,C H ,O H ,

'C H ?OH

4d

F,C

^ C H ?

+ C H iO H

H O C H ,^  + 
N

H-.C - 2 H +

CF,

C H j— O - C H ? ------ -

N----- ' C H , - 0 - C H ,  N----- '
■ - f X <

4f 3a

Fig. 4.
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TLX 5 lym phom a (IST 79% ) and A D J/P C 6 plasm o- 
cytoma (therapeutic index 25). By virtue of its chlori­
nation at the 2,4,6-positions of the phenyl ring and 
our previous m etabolic experience [8], the com ­
pound is well suited for m echanistic chemical studies. 
In this vein we thus coupled 2 ,4 ,6-trichlorobenzene- 
diazonium  chloride with m ethylam ine-form aldehyde 
m ixture but the reaction yielded no single product 
but left a yellow viscous residue. Colum n chrom atog­
raphy enabled the isolation of 3 ,ll-d im eth y l-l,7 ,1 3 - 
tris-(2 ,4 ,6-trich lorophenyl)-5 ,9-d ioxa-l,2 ,3 ,7 ,ll,12 , 
13-heptazatrideca-l,12-diene (Fig. 5).

C!

C l
CH,

Cl

Cl

/CH 2 
o  Cl

"C"n-// W
, c h 2

CH,

Cl

CH,

Fig. 5. 3 ,ll-D im ethyl-l,7,13-tris-(2,4,6-trichlorophenyl)- 
5 ,9-dioxa-1,2 ,3 ,7 ,11,12,13-heptazatrideca-1 ,12-diene.

The elution of the column with diisopropyl e ther 
rem oved the bulk of the products but an efficient 
fractionation of individual com ponents could not be 
effected. The m ixture was acetylated and fraction­
ated on a silica gel colum n in diisopropyl ether. A fter 
collecting 40 ml of effluent, N -m ethyl-N-{[3-(2,4,6- 
trichlorophenyl)-l-m ethyl-2-triazen-l-yl]m ethyl} 
acetam ide (Fig. 6) and [3-(2,4,6-trichlorophenyl)tria- 
zene-l-m ethyl-2-triazen-l-y l]m ethyl}acetate (Fig. 7) 
were isolated.

Cl
/ = <  , » S / CH,

^ c h 2
Cl HjC— N

\
c - c h 3

Fig. 6. N-M ethyl-N-{[3-(2,4,6-trichlorophenyl)-l-m ethyl-2- 
triazen-l-yl]methyl} acetamide.

Cl
, _ / = K  / CH>

N Nx  
' c , C H j - O - C - C H ,

Fig. 7. {[3-(2,4,6-trichlorophenyl)-l-m ethyl-2-triazen-l-yl] 
m ethyljacetate.

A t this point it cannot be ascertained w hether 
com pound B (Fig. 6) was already presen t in the reac­
tion m ixture, or arose by cleavage of a m ore com plex 
in term ediary  structure by acetylation. H ow ever, it 
appears that 3-acetoxym ethyl-3-m ethyl-l-(2,4,6-tri- 
chlorophenvO triazene (Fie. 7) could have arisen 
from  the dimeric N ,N -bis{[3-(2,4,6-trichlorophenyl)- 
l-m ethy l-2-triazenyl]m ethyl}m ethylam ine (not 
show n) by an attack of electrophilic acetyl at the 
central nucleophilic N -atom .

W e also report the isolation of dim eric triazenyl 
derivatives that were form ed by N -diazo coupling of 
arenediazonium  chlorides bearing electropositive 
(C H 3—) substituents. A n example of such a com ­
pound is N ,N -bis{[3-(4-tolyl)-l-m ethyl-2-triazen-l- 
yl]m ethyl}m ethylam ine (Fig. 8).

/ — s. »j CHj
h >c^ \ ^ N ^ u (

HjC - N

\ ICH,

CH,

Fig. 8. N,N-Bis{[3-(4-tolyl)-l-m ethyl-2-triazen-l-yl]m eth- 
yl}m ethylam ine.

T he structures of the isolated com pounds [19] were 
form ed from  in term ediary l-aryl-3-hydroxym ethyl-3- 
m ethyltriazenes by the following m echanisms:
1. Loss of form aldehyde to yield l-aryl-3-m ethyl- 
triazene, followed by a prototropic shift and sub­
sequent release of m ethanediazonium  ion, or 2 . by 
form aldehyde retention  and ionization of the m eth- 
ylolam ine to the corresponding triazenium  (iminium) 
ion. The released electrophilic species react with 
available nucleophilic N , O or C atom s present in the 
reaction  m ixture. It is conceivable that electrophilic 
in term ediates, generated  from l-aryl-3,3-dim ethyl-
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triazenes in vivo, react in a similar m anner with cru­
cial nucleophilic sites in cellular biopolym ers. These 
electrophiles may thus provide a m olecular basis for 
the differentiation  betw een the carcinogenic and/or 
tum our-inhibitory  activity that is associated with the 
open chain triazene com pounds [2 0 —2 1 ],

W e have began studies to characterize the biologi­
cal effects of several of these com pounds. Prelim i­
nary results with the 3,7-bis(4-X-aryl)-l,5,3,7-dioxa- 
diazocanes, tested  for m utagenic activity in the Am es 
test, suggest that com pounds 3a, 3b and 3d are

weakly m utagenic in strains T A 98 and TA 100. Sur­
prisingly, 3 ,7-bis(4-trifluorom ethylphenyl)-l,5 ,3 ,7- 
dioxadiazocane shows a pronounced and protracted  
m itogenic effect (over 9 days) in the lymphatic o r­
gans of rates [23]. These in vitro and in vivo  studies 
are being continued.
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