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XIII.* NITRATION OF ACEPERIMIDINE AND ITS DERIVATIVES 

V. N. Koroleva and A. F. Pozharskii UDC 547.856.7 : 542.958.1 

Aceper imid ine  and i ts  1- and 2-subs t i tu ted  de r iva t ives  a r e  n i t ra ted  in the 4 and 9 posi t ions  to 
give mono-  or  dinitro der iva t ives ,  depending on the amount of ni t r ic  acid. 

Very  l i t t le  study has been devoted to e lec t rophi l ic  subst i tut ion in the pe r imid ine  s e r i e s  [2, 3]. The 
r e su l t s  of quan tum-mechanica l  calculat ions show that  the reac t iv i t i e s  of the 6 and 7 and 4 and 9 posi t ions  in 
pe r imid ine  with r e s p e c t  to e lec t rophi l ic  pa r t i c l e s  should be c lose  [4, 5]. In o rde r  to s impl i fy  the analysis  
of the s t r u c t u r e s  of the subs tances  f o rm ed  and to se lec t  a method, we the re fo re  began an invest igat ion of 
e lec t rophf l ic  substi tut ion reac t ions  with aeeper imid ine  (Ia). in which the 6 and 7 posi t ions  a r e  blocked. In 
the p r e s e n t  study we have examined the ni t ra t ion of  aceper imid ine  and i ts  1- and 2-a lky l - subs t i tu ted  
de r iva t ives .  

I a - d  II a - d  I|1 a - c  

l" l l |  a R = R ' = H ;  b R=CH3, b R ' = H ; c  R=H,R '=CH3;  I,II d R=R'=Cffy  

The action of ni t r ic  acid at r o o m  t e m p e r a t u r e  on an acet ic  acid solution of Ia p rec ip i t a t ed  a c e p e r i m i -  
dine n i t ra te ,  which was conver ted  to n i t ro  compound IIa when it was introduced into concent ra ted  sulfur ic  
acid at -8~  The yield of IIa, however,  does not exceed 40% under these  conditions. In addition, expe r i -  
men t s  in sulfur ic  acid a r e  difficult  to reproduce,  apparen t ly  because  of the fact  that concentra ted  sulfur ic  
acid, as we will point  out in one of our following communicat ions ,  p ro tona tes  pe r imid ine  in the 4 (9) and 
6 (7) posi t ions,  and in the p r e s e n c e  of an oxidizing agent  (HNO3) a cons iderable  por t ion  of the s t a r t ing  com-  
pound undergoes  profound t r a n s f o r m a t i o n s  with the disrupted (as a r e su l t  of protonation) a roma t i c  s t ruc tu re .  
This p robab ly  explains the fact  that  n i t ro  compound IIa could not be obtained by d i rec t  n i t ra t ion of a e e p e r -  
imidine with n i t r ic  acid o r  p o t a s s i u m  ni t ra te .  

It  is cons iderably  m o r e  convenient  to use  glacia l  acet ic  acid instead of sulfur ic  acid in the ni t ra t ion 
of aceper imid ines .  Up to 50% of mononi t ro  compound II and a sma l l  amount (7-17%) of dini t ro  der iva t ive  
III  a r e  obtained for  an equ imolar  reagent  ra t io .  Mononitrat ion p roceeds  only in v e r y  dilute solutions (less 
than 0.5-1%) because  of the low solubil i ty of the n i t ra te  of the s ta r t ing  aceper imid ine .  Thus if  Ia is p r e s e n t  
as 7% of the total  amount of acet ic  acid used. p r a c t i c a l l y  no ni t ra t ion occurs  even at 100 ~ fo r  6 h. 

Resinff ieat ion of the pe r imid ines  during ni t ra t ion is undoubtedly a consequence of the i r  high sens i t iv i ty  
to oxidizing agents  [2]. Inasmuch  as the ni t ro group i n c r e a s e s  the r e s i s t a n c e  of the compounds to the action 
of oxidizing agents,  the introduction of a second ni t ro  group into the aceper imid ines  occurs  without r es in i f i -  
cat ion and in cons iderab ly  h igher  yield.  Fo r  example ,  the yield of 1 -me thy l -4 ,9 -d in i t roacepe r imid ine  in 
the n i t ra t ion  of 1 - m e t h y l - 4 - n i t r o a c e p e r i m i d i n e  is 80%. 

* See [1] fo r  communica t ion  XII. 
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The se lec t ion  of the s t r u c t u r e  of the monon i t roacepe r imid ines  as  4(9) i s o m e r s  r a t h e r  t h a n  5(8) i so -  
m e r s  was made  on the bas i s  of the following data: 1) all  of the quan tum-mechanica l  indexes of the reac t iv i ty  
a r e  cons iderab ly  m o r e  favorab le  with r e s p e c t  to e lect rophfl ic  subst i tut ion fo r  the ortho r a t h e r  than for  the 
m e t a  pos i t ions  of the naphthalene r ing:  2) n i t rope r imid ines  a r e  deeply co lored  or  c r i m s o n  colored,  which 
indicates  the p r e s e n c e  of d i rec t  conjugation between the donor 7r s y s t e m  of the he te ror ing  and the n i t ro  
group [the l a t t e r  is poss ib le  in the 4(9) i s o m e r  but not in the 5(8) i somer ] :  3) the band of the NH group in the 
IR s p e c t r a  of dilute c h l o r o f o r m  solut ions of n i t roper imid ines  IIa ,b and IIIa,b is b roadened  and is obse rved  
at 3325-3335 e m  -1, which is m o r e  than 100 c m  -1 lower  than the VNH band in the s p e c t r a  of I. This is  m o s t  
l ike ly  assoc ia ted  with the fo rmat ion  of a weak in t r amolecu la r  hydrogen bond, which is poss ib le  only in the 
4(9) i s o m e r .  

--N~! 

0 
ua,b 

Both of the r ing pro tons  in the PMR s pec t rum of d in i t roaceper imid ine  HIa give one signal: this  a t tes t s  
to the i r  equivalence and, consequently,  to  the identical  c h a r a c t e r  of the two n i t ro  groups,  which a r e  thus 
s i tuated in the 4 and 9 posi t ions .  

In the ni t ra t ion of 1 -me thy lacepe r imid ine  {Ic) with an equ imolar  amount of n i t r ic  acid the n i t ro  group 
en te r s  exc lus ive ly  the s t e r i e a l l y  l e s s  hindered 4 posi t ion.  This is evidenced both by the ve ry  fact  of the 
fo rma t ion  of only one i s o m e r ,  despi te  the c lose  values  of the v - e l e c t r o n  densi ty in the 4 and 9 posi t ions  of 
1 -me thy lpe r imid ines  [4, 5], and by the fo rmat ion  of exc lus ive ly  the s a m e  i s o m e r  during methylat ion of 
n i t ro  compound I Ia  in alkal ine media .  In the l a t t e r  case ,  the n i t ro  group should in t e r f e re  with methylat ion 
at the n e a r e s t  n i t rogen a tom not only due to s t e r i c  h indrance but a lso  due to its own s t rong  inductive effect.  
We obtained a smal l  amount of 1 - m e t h y l - 9 - n i t r o a c e p e r i m i d i n e  (8%) and n i t ro  compound IIIc, toge ther  with 
t r a c e s  of 1 -me thy l -4 ,9 -d in i t roaeepe r imid ine ,  in the ni t ra t ion of aceper imid ine  Ic under the conditions used  
fo r  the p r e p a r a t i o n  of dini t ro  der iva t ive  IIIa  f r o m  aceper imid ine  Ia.  However,  when the amount of acet ic  
acid and the n i t ra t ion t i m e  were  increased ,  we were  able to obtain 1 -me thy l -4 ,9 -d in i t roacepe r imid ine  in 
66% yield. 

The compounds synthes ized  in tMs r e s e a r c h  a r e  the f i r s t  r ep r e sen t a t i ve s  of the p rev ious ly  unknown 
n i t rope r imid ines .  We will r epo r t  the p r o p e r t i e s  of the l a t t e r  in a future  pape r .  

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

The UV s p e c t r a  of methanol  solutions were  obtained with an SF-4A spec t rophotomete r .  The PMR 
s p e c t r a  of t r i f luoroace t i c  acid solutions were  r eco rded  with a Tes l a  s p e c t r o m e t e r  (80 MHz) with hexameth-  
yldis i loxane (HMDS) as the in te rna l  s tandard .  

Aceper imid ine  Ni t ra te .  A solution of 0.22 mI  (5 mmole )  of n i t r i c  acid (sp. gr .  1.4) in 3 ml  of glacial  
~tcetic acid was added to a suspens ion  of 0.97 g (5 mmole)  of acepe r imid ine  in 10 ml  of glacia l  acet ic  acid. 
Af te r  30 rain. the aceper imid ine  n i t r a te  was r e m o v e d  by f i l t ra t ion  and washed success ive ly  with glacia l  
ace t ic  acid and e the r  to give yellow p la te s  with mp 282-283 ~ (from ethanol). The yield was 0.92 g (72%). 
Found %: C 61.0, H 4.3, N 16.3. C13HIoN 2- HNO 3. Calculated %~ C 60.7~ H 4.3: N 16.3. 

4 -Ni t roacepe r imid ine  (Ha). A) A 0.55-g sample  of aceper imid ine  n i t r a te  was added in smal l  por t ions  
in the cou r se  of 45 rain to cooled (to - 8  ~ concent ra ted  sulfur ic  acid (5 ml), a f t e r  which the mix tu re  was 
s t i r r e d  at this  t e m p e r a t u r e  for  15 rain. It was then poured  over  ice, and the mix tu re  was neut ra l ized  with 
ammonia .  The p rec ip i t a t e  was r emoved  by f i l t rat ion,  washed with water ,  dried, and chromatographed  with 

to 0.2 g (40%) of 4 -n i t roacepe r imid ine  as c r i m s o n  needles  with m p >  350 ~ a column (A120 a and CHC13) jgive 
(from DMF). YN--H 3335 cm -1. Xma x 486 rim, log a 4.04. PMR spec t rum.  ~, ppm:  3.00 (s. CH2CH2), 6.76 
(d. ~-H), 7.14 (d. 5-H). 7.40 (s. 8-H). 8.04 (d, 2-H). 11.5 (broad s. NH).* Found %: C 65.4; H 4.0. N 17.0. 
CI3HaN302. Calculated %: C 65.3: H 3.8: N 17.5. 

B) A 0.105-ml (2.5 mmole )  s ample  of n i t r ic  acid (sp. gr .  1.5) was added dropwise  to a solution of 
0.48 g (2.5 mmole)  of acepe r imid ine  in 100 ml  of glacia l  ace t ic  acid, and the resul t ing  yel low p rec ip i t a t e  

* The abbrevia t ions  used  h e r e  and subsequent ly  a r e  s fo r  s inglet  and d for  doublet. 
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of aceper imid ine  n i t ra te  d issolved when the m i x t u r e  was heated to 80 ~ to give a d a r k - r e d  solution. The mix-  
tu re  was s t i r r e d  at 40- 50 ~ for  2 h, a f te r  which it was cooled and poured  into cold water .  The p rec ip i t a te  
was r emoved  by f i l t rat ion,  washed with water ,  dried, and chromatographed  (with a column filled with A120 ~ 
and elution with CHC13) to give, initially, 0.28 g (47%) of monon i t roaceper imid ine  and then 0.12 g (17%) of 
dini t r  oacep er imidine .  

4 ,9 -Din i t roaceper imid ine  {IIIa). A solution of 0.21 ml  (5 mmole)  of n i t r ic  acid (sp. gr .  1.5) in 3 ml  of 
acet ic  acid was added dropwise  to a solution of 0.48 g (2.5 mmole)  of aceper imid ine  in 25 ml  of glacial  
ace t ic  acid, and the mix tu re  was s t i r r ed  at 60-70 ~ fo r  3 h. It was then cooled, and the p rec ip i t a t e  was r e -  
moved  by  f i l t rat ion,  washed with water ,  and dr ied to give 0.5 g (70%) of a red  subs tance  that  darkened and 
c h a r r e d  without mel t ing  at 280-305 ~ (from dioxane). VN_ H 3330 cm - l .  ~max 475 urn, log ~ 4.23. PMR 
spec t rum,  5, ppm:  3.16 (s, CH2CH2), 3.61 (s. NH), 7.85 (s, 5- and 8-H). 8.48 (s, 2-H). Found %.. C 55.2: 
H 3.2: N 19.5. C13HsN404. Calculated %: C 54.9: H 2.8: N 19.7. 

1 -Methy laceper imid ine  Ni t ra te .  TMs compound was obtained by the method used to p r e p a r e  a c e p e r -  
imidine n i t ra te .  The yel low p la tes  had mp 257-258 ~ (from ethanol). The yield was 70%. Found %: C 61.8: 
H 4.9: N 15.6. Ct4HI2N 2 �9 HNO 3. Calculated %: C 62.0: H 4.8: N 15.5. 

1 -Methy l -4 -n i t roaeepe r imid ine  (IIc). A) The expe r imen t  was c a r r i e d  out under  conditions s i m i l a r  to 
those  in the syn thes i s  of I Ia  in sulfur ic  acid.  The red needles  had mp 268-269 ~ {from DMF). The yield was 
54%. kma x 470 nm. log e 3.99. PMR spec t rum,  6, ppm:  3.0 (s, CH2CH2) , 3.42 (s, N-CH3), 6.75 (d. 9-H), 
7.2 (d, 8-H), 7.4 (s, 5-H), 8.1 (d. 2-H), 10.05 (broad s, NH). Found %: C 66.3: H 4.4: N 16.5. C14H~tN303. 
Calcula ted %: C 66.4: H 4.3: N 16.6. 

B) The method used to p r e p a r e  IIa  in glacia l  ace t ic  acid was used  to obtain IIc in 58% yield. 

C) A solution of 0.148 g (1.87 mmole )  of KOH in 20 ml  of alcohol was added to a suspens ion of 0.3 g 
(1.25 mmole)  of n i t roacepe r imid ine  in 30 ml  of ethanol, a f te r  which 0.355 g (2.5 mmole)  of methyl  iodide 
was  added, and the mix tu re  was s t i r r e d  for  3 h while the t e m p e r a t u r e  was gradual ly  r a i s ed  to 100 ~ The 
alcohol was then r emoved  by disti l lation, and the res idue  was t r e a t ed  with water ,  and the s ta r t ing  n i t ro -  
acepe r imid ine  was then washed out with alkal i  (with moni tor ing  by chromatography) .  The res idue  was 
washed with wa te r  and dried to give 0.15 g (47%) of product .  

1 -Methy l -4 ,9 -d in i t roacepe r imid ine  (IIIc). A) A 0 .21-ml  (5 mmole)  s ample  of HNO3 (sp. gr .  1.5) was 
added drcpwise  to a solution of 0.52 g (2.5 mmole)  of aceper imid ine  Ic in 60 ml  of g lac ia l  ace t ic  acid. and 
the mix tu re  was s t i r r e d  at 70-80 ~ for  4 h. It  was then cooled and poured  into cold water .  The prec ip i ta te  
was r emoved  by f i l t rat ion,  washed with water ,  dried, and ch romatographed  (with a column fil led with A1203 
and elution with CHC13) to give 0.49 g (66%) of dini t ro  der iva t ive  IIIc as an orange powder  with 261-262 ~ 
(dec., f r o m  dioxane). ~'max 450 nm, log e 4.17. Found %: C 56.4: H 3.4- N 19.1. Ct4HIoN404. Calculated %: 
C 56.4: H 3.4: N 18.8. 

B) A 0.05-ml  (1.2 mmole)  s ample  of HNO 3 (sp. gr .  1.5) was added dropwise  to a solution of 0.3 g (1.2 
mmole)  of n i t roacepe r imid ine  IIc in 50 ml  of g lac ia l  acet ic  acid, and the mix tu re  was s t i r r e d  at 60-70 ~ for  
2 h, a f t e r  which was cooled and poured  into cold water .  The p rec ip i t a t e  was r emoved  by fi l trat ion,  washed 
with water ,  dried,  and c rys t a l l i zed  f r o m  dioxane to give 0.28 g (80%) of product .  

Ni t ra t ion of 2 -Methy laceper imid ine .  A solution of 0.21 ml  (5 mmole)  of HNO 3 (sp. gr .  1.5) in 3 ml  of 
acet ic  acid was added dropwise  to a solution of 1.04 g (5 mmole)  of aceper imid ine  Ib in 100 ml  of glacial  
ace t ic  acid. When the mix tu re  was heated to 80 ~ , the p rec ip i t a t e  that  had fo rmed  dissolved.  The mix ture  
was heated at 70-80 ~ fo r  3 h. a f te r  which it was cooled and neut ra l ized  with ammonia .  The p rec ip i t a t e  was 
r e m o v e d  by f i l t rat ion,  washed with water ,  and dr ied.  The mix tu re  of n i t ro  compounds was ex t rac ted  with 
ch lo ro fo rm and sepa ra t ed  with a ch romatograph ic  column (filled with A1203, elution with CHC13) to give 0.45 
g (36%) of 4 -n i t ro - -2 -methy laceper imid ine  (lib) with mp 265-266 ~ {from dioxane). VN_ H 3325 cm -1. kma x 
480 nm, log e 4.4. PMR spec t rum.  6, ppm: 2.38 (s. CH3) , 3.02 (s. CH2CH2) , 6.71 (d, 4-H), 7.14 (d, 5-H), 7.4 
(s. 8-H). Found %: C 66.0: H 4.5: N 16.6. C14H~lN302. Calculated %: C 66.4: H 4.3: N 16.6. The second 
reac t ion  produc t  was 4 ,9 -d in i t r o -2 -me thy l acepe r imid ine  (IIlb) [0.1 g (7%)]. which darkened and c h a r r e d  
f r o m  245 to 260 ~ {from DMF). YN--H 3325 cm - t .  ~max 485 nm. log e 3.75. Found %: C 56.2: H 3.7: N 18.5. 
C14H10NaO4. Calcula ted %: C 56.4: H 3.4: N 18.8. 

Ni t ra t ion of 1 .2 -Dimethy laceper imid ine .  A solution of 0.3 ml  (7 mmole)  of HNO 3 (sp. gr .  1.5) in 3 ml  
of acet ic  acid was added dropwise  to a solution of 0.78 g (3.5 mmole)  of acepe r imid ine  Id in 12 ml  of glacial  
ace t ic  acid. When the m i x t u r e  was heated to 70 ~ the p rec ip i t a t ed  n i t ra te  gradual ly  d isso lved  to give a da rk-  
red  solution. The solution was s t i r r e d  at  70-80 ~ for  3 h. a f t e r  which it  was  cooled and neut ra l ized  with 
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ammonia. The precipitate was removed by filtration, washed with water, and dried. Separation with a 
chromatograpMc column gave, initially. 0.07 g (8%) of 1,2-dimethyl-9-nitroaeeperimidine (IId) with mp 169- 
170 ~ (from ethanol) (Found %: C 66.8: H 4.9: N 15.6. C15H13N302. Calculated %. C 67.4. H 4.9: N 15.7) and 
then 0.42 g of 1,2-dimethyl-4-nitroaceperimidine with mp 220-222 ~ (from dioxane). Xmax 465 nm, log 
3.98. Found %: C 67.2: H 4.6: N 16.0. C15Hi3N302. Calculated %: C 67.4: H 4.9$ N 15.7. 
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