
1,8-BiS(methylamino)-4 ,5-d ibromoanthraquinone  (Vc). A 1.4-g (5.5 mmole)  sample  of 1 ,8-bis (methyl -  
amino)anthraquinone was dissolved in 20 ml  of CH3COOH, and 0.91 g (11 mmole)  of sodium ace ta te  and 0.57 ml  
(11 mmole)  of b romine  were  added. The mix tu re  was heated at 75 ~ for  5 h, a f te r  which the p rec ip i ta te  was 
removed by f i l t ra t ion  and washed with 90~ CH3COOH to give 1.32 g (55%) of a product  with mp 232-234 ~ (from 
toluene) [4]. 
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DIAZOTIZATION OF AMINONITROPYRAZOLES 

N. V. Latypov, V. A. Silev[ch, 
P. A. Ivan.v,  and M. S. Pevzner 

UDC 547.773 : 542.958.3 

3(5) -Diazon ia -4-n i t ropyrazo le  hydrochlor ide,  which readi ly  undergoes nucleophilic substitution, 
is fo rmed  by diazot izat ion of 3 (5 ) -amino-4-n i t ropyrazo le .  Depending on the conditions, in the 
diazot izat ion of 3 ,5 -d i amino-4 -n i t ropyrazo le  one o r  both amino groups  undergo react ion,  More -  
over ,  a ni t ro group is s imul taneous ly  replaced by a hydroxyl group, and the final product  is 3,5- 
b i sd iazo-  4-pyrazolone .  

The data on the diazot izat ion of aminopyrazo les  [1-3] deal with unsubsti tuted aminopyrazo les  and amino-  
py razo l e s  with e l ec t ron-donor  subst i tuents  in the r ing.  It might  be expected that the introduction of e lec t ron-  
accep to r  groups  would lead, on the one hand, to an inc rease  in the act ivi ty of the diazo group and, on the other,  
to an i nc r ea se  in the acidity of the imino group and the fo rmat ion  of zwit ter ion f o r m s  of the diazo compounds.  
With this in mind, we invest igated the diazot izat ion of 3 (5 ) -amino-4-n i t ropyrazo le  ([) and 3 ,5 -d iamino-4 -n i t ro -  
py razo le  (II). 

3 -Diazon ia -4 -n i t ropyrazo le  hydrochlor ide  {III) was obtained in good yield by the act ion of butyl ni t r i te  on 
a solution of py razo l e  I in methanol  in an acidic medium.  
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its IR spec t rum  contains the s t rong absorp t ion  band at 2310 cm -1 cha rac t e r i s t i c  of o rd ina ry  diazonium 
sa l t s  with an "ex te rna l"  anion. An inc rease  in the pH of an aqueous solution of III is accompanied by a shift  
of this band to 2230 cm -1. The absorp t ion  m a x i m u m  in the IV spec t rum is shifted f rom 325 to 310 nm. These  
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observa t ions  a r e  in good ag reemen t  with the data in [2] and conf i rm the p r e s e n c e  in aqueous solutions of III of 
an ac id -base  equi l ibr ium with the fo rma t ion  of zwit ter ion s t ruc tu re  IIIa.  

The act ivi ty of the diazo group in III is v e r y  high. Thus,  III r eac t s  with ~-naphthol to give product  IV and 
with sodium ni t r i te  o r  azide to give 3 ,4-din i t ro-  (V) and 3 -az ido -4 -n i t ropy razo le s  (VI), respec t ive ly .  A r e -  
fluxing solution in methanol  rapidly reduces  III to 4 -n i t ropyrazo le  (VII). 

A m o r e  complex  p ic ture  is observed  in the diazot izat ion of 3 ,5 -d iamino-4 -n i t ropyrazo le  (II), which we 
obtained via the following scheme:  

RO H ~ N a N 0 2 

H O0 C/~.~'~/.N H + R OOC/'~ '~N NH2HNOC. ~,~/, .  H "b 
H H H 

V I I I  IX X 

Xt Xl l  I I  

A subs tance  having, according to its spec t r a l  cha r ac t e r i s t i c s ,  zwi t ter ion s t ruc tu re  XIII (IR spec t rum:  
VN2 2150 era- i ;  UV spec t rum:  }'max 320 nm) was obtained by diazotizat ion of II with butyl n i t r i te  in methanol  
in the p r e s e n c e  of an equivalent amount of hydrogen chlor ide.  When the reac t ion  was c a r r i e d  out in the p r e s -  
ence of excess  hydrogen chloride,  a compound having the absorp t ion  band of a diazonium group at 2240 cm - i  
in its IR spec t rum  was isolated.  The absorp t ion  m a x i m u m  in its UV spec t rum is shifted to 305 urn; this con- 
s t i tutes  evidence in favor  of s t ruc tu re  XIIIa. When sodium bicarbonate  is added to an aqueous solution of XIIIa, 
the absorp t ion  m a x i m u m  in the UV spec t rum is shifted f rom 305 to 320 nm; this indicates the XIIIa - -X I I I  
t rans i t ion .  

Compounds XIII and XIIIa r eac t  with ~-naphthol to give the identical  diazo coupling product XIV. 
+ 

NO2"~-~N2 

, io.- N.S-,~:~N /f-'-~\ 

H 
X H !  a 

An at tempt  to rep lace  the diazo group in XIII and XIIIa by a ni t ro o r  azido group was unsuccessful  even 
when the Sandmeier  ca ta lys t  was used.  Compound XIIIa was isolated in all c a se s .  

A reac t ion  product ,  in the IR s pec t rum  of which absorpt ion bands of a ni t ro group a re  absent  but in which 
bands cor responding  to the s t re tching vibra t ions  of a carbonyl  group (v 1665 cm -1) and a diazo group, con- 
s t r u t t e d  in the  manner  of an ' )external )) sa l t  (v 2185 cm-~), a r e  presen t ,  was  isola ted in the  diazot izat ion of I Iwi th  
excess  n i t r i te  in acidic medium.  

The absence  of s ignals  of protons  in the PMR spec t rum and the exper imenta l ly  de te rmined  mo lecu l a r  
weight* make  it poss ib le  to a s s u m e  that XV, which has a 3 ,5 -b i sd iazo-4-pyrazo lone  s t ruc tu re ,  is fo rmed  in 
this case :  

.,~ ,-a / " - ~ ' , \  - 

§ N 

A product  involving diazo coupling at both diazo groups  (XVI) was isolated and identified in the reac t ion  
of XV with/~-naphthol;  this  conf i rms  s t ruc tu re  XV as that  of a bisdiazo der iva t ive .  

*The product  exploded when it was heated above its mel t ing point (113~ and we the re fo re  were  unable to d e t e r -  
mine  i ts  e l emen ta ry  composi t ion.  
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OH Oil 

X V !  

Compound XV was also obtained f rom XIII by the action of excess sodium nitrite on a solution of the la t ter  in 
an acidic medium. 

Thus, diazot izat ionof II with excess sodium nitri te in acidic media proceeds  at both amino groups.  The 
resulting e lec t ron-accep tor  diazonium groups increase  the sensitivity of the nitro group to the action of nucleo- 
philic agents to such an extent that it is replaced by a hydroxyl group even by the action of water .  

One absorpt ion maximum at ~250 nm is observed in the UV spect ra  of aqueous alkaline and acidic solu- 
tions of XV (up to 50~ sulfuric acid). When the sulfuric acid concentrat ion is increased to 90%, this maximum 
is shifted to ~230 n_m, which evidently corresponds  to the formation of monocation XVa or  XVb. 

+ _ + 

N 

H 

x v a  XV b 

EXPERIMENTAL 

3-Diazonia-4-n i t ropyrazole  Hydrochloride {III). A s t r eam of hydrogen cMoride was bubbled through a 
suspension of 2 g (15.6 mmole) of I [4] in 50 ml of methanol for  20-25 rain, and 3 ml of butyl nitrite was added 
dropwise to the result ing solution at 0 ~ af ter  which the mixture was cooled at 2-4 ~ for  1 h. It was then poured 
into 200 ml of ether, and the resulting precipi ta te  was removed by filtration, washed with ether, and a i r  dried 
to give 2.7 g (98~o) of a product  with mp 104-105% Found: a 180". C3H2N502C1. Calculated: ~ 175.5. IR spec-  
t rum,  cm- l :  2310 (diazo group); 1540, 1360 (nitro group). 

Diazo Coupling of III with fl-Naphthol. A hot solution of 2.5 g (16.7 mmole) of fl-naphthol in 50 ml of 4~ 
KOH was added with s t i r r ing  to a solution of 2 g (11.3 mmole) of III in 50 ml of 15% H2SO 4, and the result ing 
precipi ta te  was removed by filtration, washed with water  and ethanol (three 50-ml portions), and a i r  dried to 
give 2.8 g (90~v) of a product  with mp 308-310% Found: C 55.1; H 3.0; N 24.7~ Calculated: C 55.1; H 3.2; 
N 24.7%. 

3,4-Dinitropyrazole (V). A solution of 2.5 g (0.02 mole) of I in i0 ml of 20~o H2SO 4 was added to 80 ml of 
a 10~ aqueous solution of NaNO2, and the temperature was maintained at 50 ~ for 3 h. The solution was then 
cooled and extracted with ether (i0 times with 30-ml portions), and the ether solution was dried with MgSO 4. 
The ether was evaporated, and the residue was crystallized from benzene to give 0.6 g (36~0) of a product with 
mp 77-78 ~ Found: C 22.8; H 1.2; N 35.4~. C3H2N404. Calculated: C 22.8; H 1.3; N 35.5~0. IR spectrum, cm-i: 
1560 and 1540 (nitro groups). 

3-Azido-4-uitropyrazole (VI). A solution of 5.6 g (81 re_mole) of NaNO 2 in 20 ml of water was added drop- 
wise with vigorous stirring at 0-5 ~ to a solution of 10 g (78 mmole) of I in 160 ml of 10% H2SO4, after which a 
solution of 6 g (92.5 mmole) of sodium azide in 40 ml of water was added, and the mixture was heated at 50-55 ~ 
for 2.5 h. It was then cooled, and the resulting precipitate was removed by filtration and air dried to give9.5g 
(71%) of a product with mp 84 ~ (from water). Found: C 23.2; H 1.3; N 54.6~0; C3H2N602. Calculated: C 23.4; 
H 1.3; N 54.5%. IR spectrum, cm-l: 2120 (azide group); 1550 arid 1370 (nitro group). 

Reduction of Ill with Methanol. A 1-g (5.7 mmole) sample of Ill was dissolved in 30 ml of methanol, and 
the solution was heated at 50 ~ for 15 rain. The methanol was evaporated, and the residue was crystallized from 
ethanol to give 0.6 g (94%) of a product with mp 159-160 ~ (rap 158-160 ~ [5]). 

Dimethyl 4-Nitropyrazole-3,5-dicarboxylate (IX). A 50-g sample of the monopotassium salt of VIII [6] 
was added to a solution of 40 ml of 100% H2SO 4 in 600 ml of methanol, and the mixture was refluxed for 5 h. The 
resulting solution was cooled to room temperature ,  and the precipitated potass ium bisulfate was removed by 
fil tration. The excess sulfuric acid was neutral ized with a solution of 25 g of NaOH in 150 ml of methanol, and 
the precipi tated sodium bisulfate was removed by fil tration. The methanol was evaporated, and the residue was 
washed with cold water  (three 100-ml portions) to give 38-40 g (80-84~0) of a product  with mp 122-124 ~ {from 

*By potentiometryo 
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water) .  Found: C 36.8; H 3.1; N 17.9~0; M 226. C7HTN306 . Calculated:  C 36.6; H 3.1; N 18.3~; M 229. IR 
spec t rum,  c m - l :  1740 (es ter  groups);  1540 and 1350 (nitro group). The product  had pK a 5.62 (bypoten t iomet ry  
of an aqueous solution). 

4 -Ni t ropyrazo le -3 ,5 -d ica rboxy l i c  Acid +Dihydrazide (X). A 50-ml sample  [51.5 g (1.03 mole)] of hydrazine 
hydrate  was added with s t i r r ing  to a solution of 50 g (0.218 mole) of IX in 300 ml  of methanol ,  and the mix tu re  
was heated a t  52-55 ~ for  1.5-2 h. It was then cooled to room t empera tu r e ,  and the resul t ing prec ip i ta te  was 
removed  by f i l t ra t ion and washed with methanol  (two 40-ml  port ions)  to give 46-49 g (85-90~o) of a product  with 
mp 178 ~ (from 50~ aqueous ethanol). Found: C 23.1; H 4.1; N 47.9~0. CsHllNgO 4. Calculated:  C 23.0; H 4.2; 
N 48.3%. IR spec t rum,  c m - l :  3340 and 3160 (NHNH2); 1680 (carbonyl groups);  1550 and 1350 (nitro group). 

Diethyl 4 - N i t r e p y r a z o l e - 3 , 5 - d i c a r b a m a t e  (XTT). A) Nitrosat iou of X. Ether  (120 ml) was added to a solu- 
t ion of 25 g (0.109 mole)  of X in 100 ml  of 20% HC1, the mix tu re  was cooled to 0 ~ and a sa tura ted  aqueous solu-  
tion of 30 g (0.435 mole) of NaNO 2 was added dropwise at this  t e m p e r a t u r e .  At the end of the addition, the o r -  
ganic l aye r  was separa ted ,  and the aqueous l a y e r  was ext rac ted  additionally with e ther  (two 50-ml  port ions) .  
The combined e the r  ex t rac t s  were  dr ied at  0-5 ~ with MgSO 4 for  2 h. 

B) Rea r r ang em en t  of XT to XTT. Absolute  ethanol (300 ml) was added to a dry  e ther  solution of diazide XT 
obtained as descr ibed  above, and the mix tu re  was ref luxed for  2 h. It was then cooled to room t e m p e r a t u r e ,  and 
the resul t ing prec ip i ta te  was removed  by f i l t ra t ion  and washed with 50 ml of ethanol to give 16 g (60~o) of a 
product  with nap 226 ~ (from 50a/o aqueous DMF). Found: C 37.7; H 4.5; N 24.4~. C9I-I13N506. Calculated:  C 
37.6; H 4.6; N 24.4~. IR spec t rum,  c m - t :  3320 and 2900 (NH); 1730 and 1710 (carbonyl groups);  1580 and 1360 
(nitro group).  

3 ,5 -Diamino-4 -n i t ropyrazo le  (II). A 15-g (52.5 mmole)  sample  of XTI was added with vigorous s t i r r ing  
to a solution of 200 g of KOH in 135 ml  of water ,  and the mix tu re  was heated on a bo i l ing-water  bath for  2 h. 
The hot m ix tu r e  was then diluted with 165 ml  of water ,  and the mix tu re  was heated for  another  30 rain. The 
resul t ing hot solution was neutra l ized with 20% HC1 to pH 5-7, and the mix tu re  was evapora ted  to d ryness .  The 
dry res idue  was ex t rac ted  repeatedly  with hot methanol .  Evapora t ion  of the methanol  gave IT containing po ta s -  
s ium chlor ide .  Compound IT was pur i f ied by r ec rys t a l l i za t ion  f r o m  wa te r  to give 6.4-6.9 g (85-92%) of a p rod-  
uct with mp 259-261 ~ (br ight -orange needles f r o m  water) .  Found: C 25.1; H 3.4; N 48.6~o. C3HsN502. Calcu-  
la ted:  C 25.2; H 3.5; N 48.8~. IR spec t rum,  c m - t :  3530; 3480; 3200, 3120, and 2980 (NH2); 1580 and 1350 
(nitro group).  

3 - D i a z o - 4 - n i t r o - 5 - a m i n o p y r a z o l e  (XTII). A s t r e a m  of I-IC1 (750 ml) was bubbled with s t i r r ing  through a 
cooled (to 0-2 ~ suspens ion  of 2 g (13.6 mmole)  of II in 80 ml  of methanol ,  a f t e r  which 4 ml  of butyl n i t r i te  was 
added, and the mix tu re  was mainta ined at  2-4 ~ fo r  1 h. It was then diluted with 300 mt of e ther ,  and the r e su l t -  
ing p rec ip i t a te  was r emoved  by f i l t ra t ion to give 2.1 g (80%) of a product  with mp 124-125 ~ IR spec t rum,  c m - t :  
2150 (diazo group); 1550 and 1340 (nitre group).  UV spec t rum in water :  kma  x 320 mn (log s 4.11). 

3 -D iazon i a -4 -n i t r o -5 - am i nopy razo l e  Hydrochlor ide  (XIHa). Hydrogen chlor ide  (5 l i t e r s )  was bubbled 
through a cooled (to 0-2 ~ suspension of 7 g (47.6 mmole)  of II in 200 ml  of methanol ,  a f t e r  which 10-12 ml  of 
butyl n i t r i te  was added, and the mix tu re  was maintained at 3-5 ~ for  1 h. It was then diluted with 800 ml of e ther ,  
and the resul t ing p rec ip i t a te  was removed  by f i l t ra t ion  to give 8 g (85~) of  a product  with mp 136 ~ Found: M 
196. C3H3N602C1. Calculated:  M 190.5. IR spec t rum,  c m - t :  2240 (diazonium group); 1550 and 1340 (nitro 
group).  UV s p e c t r u m :  in 0.1 N2SO4; kma x 305 nm (log e4 .02) , in  5% NaHCO3; kma x 320 nm (log s 4.11). 

Diazo Coupling of XTIIa with fl-Naphthol. A solution of 2.6 g (18.0 mmole)  of fl-naphthol in 50 ml  of 5% 
KOH was added with s t i r r ing  to a solution of 2 g (10.5 mmole)  of XTITa in 100 ml  of 10~o H2SO 4, and the resu l t -  
ing p rec ip i t a te  was removed  by f i l t rat ion,  washed with ethanol (three 50-ml  port ions) ,  and a i r  dried to give 
2.2-2.4 g (70-77%) of a product  with mp 336-340 ~ Found: C 52.1; H 3.5; N 27.9~o. C13H10N603. Calculated:  
C 52.3; H 3.4; N 28.20/0. 

3,5-Bisdiazo-4-pyrazolone (XV). A suspension of 5 g (34,0 mmole) of H in 40 ml of 20~ H2SO 4 was added 
graduallywtth stirring at 0-3 ~ to a solution of 20 g (0.280 mole) of NaNO 2 in 50 ml of water, after which the 
mixtu re  was heated to 50-55 ~ and mainta ined at  this  t e m p e r a t u r e  for  30 min.  The resul t ing solution was sep-  
a ra ted  f r o m  the l ibe ra ted  impur i t i e s  by f i l t rat ion,  and the f i l t ra te  was ex t rac ted  with ethyl ace ta te .  The so l -  
vent was evapora ted  f rom the f i l t ra te ,  and the res idue  was c rys t a l l i zed  f rom methanol  to give 2.5 g (53~ of a 
product  with mp 112-113 ~ Found: M 134. C2N60. Calculated:  M 136. TR spec t rum,  c m - l :  2185 (diazogroup); 
1665 (carbonyl group).  UV spec t rum:  in wa t e r  and in up to 50~o H2SO 4 solutions:  kma  x 250 mn (log s 4.75); in 
90~ H2SO4: kma x 230 nm (log ~ 4.65). 
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Diazo Coupling of XV with fl-Naphthol. A 4 -ml  sample  of 96% H2SO 4 was added dropwise  at room t e m -  
p e r a t u r e  to a solution of 0.6 g (4.4 mmole)  of XV in 50 ml  of water ,  a f t e r  which a solution of 1.3 g (9.1mmole) 
of  fl-naphtho! in 50 ml  of 2% KOH was added. The resul t ing p rec ip i t a te  was removed by f i l t ra t ion and washed 
success ive ly  with wa te r  and ethanol to give 1.2 g (63~ of a product  with mp 192-194 ~ Found: N 19.8%. 

C23H16N603. Calculated:  N 19.9%. 

L I T E R A T U R E  C I T E D  

1. 
2. 
3. 
4. 
5. 
6. 

L. Knor r ,  Ber . ,  3..~7, 3520 (1904). 
H. Reiml inger ,  Ber . ,  94, 1036 (1961). 
D. G. Fa rnum and P. Ja tes ,  J .  Am.  Chem.  Soc., 8_.~4, 1399 (1962). 
H. Dorn and H. Dichler,  Ann., 707, 141 (1967). 
E. Buchner and M. Fr i t sch ,  Ann., 27__~3, 265 (1893). 
L. Musante,  Gazz.  China. Ital . ,  7_~2, 537 (1942). 

SYNTHESIS AND PROPERTIES OF AZOLES 

AND THEIR DERIVATIVES 

XXX. * SYNTHESIS OF HETEROCYCLIC COMPOUNDS 

FROM 1, 3-DICYA NOADAMA NTANE 

G. A. Shvekhgeimer and Lo K. Kuz'micheva UDC 547.785.1.07 

The cor responding  mono-  and b i she te rocyc l ic  der iva t ives  of adamantane were  obtained by 
reac t ion  of the dini t r i le  o r  diimino e s t e r  of adaman tane - l , 3 -d i ca rboxy l i c  acid with e thylene-  
diamine and re la ted  compounds.  

The l i t e r a tu re  does not contain informat ion regarding  the synthesis  of compounds s imul taneously  con- 
taining an adamantyl  group and two azole res idues .  Feeling that compounds of this so r t  may  be of in te res t  
as potential  biologically act ive substances ,  we studied some methods for  the i r  synthes is .  

React ions of functional der iva t ives  of adamantane-1 ,3 -d ica rboxyl ic  acid with ethylenediamine,  o-phenylene-  
diamine,  and o-aminophenol  were  used to cons t ruc t  the he terocycl ic  ring. Starting dini tr i le  I was obtained 
f rom a d a m a n t a n e - l , 3 - d i c a r b o x a m i d e  {II) and was used for  the synthesis  of the diethyl diimino e s t e r  o fada -  
m a n t a n e - l , 3 - d i c a r b o x y l i c  acid (III). The s t ruc tu re  of III was conf i rmed by convers ion  to the known adamantane-  
1 ,3-d icarboxamide  [2]. 

The reac t ion  of diimino e s t e r  III with ethylenediamine under the conditions usual ly employed for  the 
p r e p a r a t i o n  of imidazol ines  leads to an inseparab le  mix tu re  of two compounds,  the [R spec t rum of which con- 
tain absorp t ion  bands at 1600 and 1670 cm -1, which we assigned,  respect ive ly ,  to the s t re tching vibrat ions of 
the C =N bond in the imidazoline ring and the C =O bond in the amide grouping. Analysis  of the m a s s  spec t rum 
showed that the reac t ion  product  contains two compounds with molecu la r  weights of 272 and 247; these  values 
a r e  in ag reemen t  with empi r i ca l  fo rmulas  CI6H24N 3 and Ci4H21N30. We evidently obtained a mix tu re  of 1,3- 
Ibis (2- imidazol inyl)]adamantane (IV) and 3- (2 - imidazo l iny l )adamantane - l - ca rboxamide .  Compound IV was 
synthes ized by condensat ion of diimino e s t e r  III with fivefold excess  of e thylenediamine at room t e m p e r a t u r e  
and also by refluxing dini tr i le  I with e thylenediamine in acidified cumene.  

*See [1] for  communica t ion  XXIX. 

I. M. Gubkin Moscow Insti tute of the Pe t rochemica l  and Gas Industry.  Trans la ted  f rom Khimiya 
Getero ts ik l icheskikh  Soedinenii, No. 12, pp. 1654-1657, December ,  1976. Original a r t i c le  submit ted July 22, 
1975; rev is ion  submit ted May 18, 1976. 

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part [ 
of this publication may be reproduced, stored in a retn'eval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission of  the publisher. A copy of this article is available from the publisher for $ 7. 50. l 

1359 


