
Oxidation of IIa-c with Chloranil.  A solution of 0.01 mole of II and 0.01 mole of chloranil  in 30 ml of ab- 
solute toluene was ref luxed for  1 h, a f te r  which the solvent was removed by distillation, and the res idue  was 
dissolved by heating in 40-50 ml of 15% hydrochlor ic  acid. The acid solution was boiled with charcoal  twice 
and f i l tered.  The f i l t ra te  was cooled and f i l te red  to remove  the unchanged chloranil .  The f i l t ra te  was neut ra-  
l ized with ammonia, and the react ion product  was ext rac ted  with chloroform.  The extract  was washed with 
water  and dried, and the solvent was removed  by dist i l lat ion to give chromatographica l ly  pure  c rys ta l s  of 
2- substituted per imidine .  
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HETEROCYCLIC ANALOGS OF PLEIADIENE 

XX.* ACYLATION OF PERIMIDONES, THIOPERIMIDONES, AND 2,3-DIHYDROPERIMIDINES 

I. V. Borovlev and A. F. Pozharskii UDC 547.856.7.07:542.951.9 

Per imidones ,  thioperimidones,  and 2 ,3-dihydroper imidines  a re  aeylated by carboxylic  acids in 
polyphosphoric acid somewhat more  readi ly  than per imid ines  and give 6-acetyl  der ivat ives  when 
the re  are  substi tuents attached to the ni t rogen atom or  a mixture  of 4- and 6-acetyl  der ivat ives  
with predominance  of the l a t t e r  in the case  of N-unsubsti tuted compounds. 

In our  previous  paper  [2] we showed that per imidines  (I), like ~r-donor aromat ic  sys tems  (for example, 
phenols and the i r  alkyl e thers  [3]L a re  readi ly  acylated by earboxylic  acids in polyphosphorie acid (PPA) to 
give 6(7)-acylperimidines at 70-80~ and 4(9)-acylperimidines at 120-150 ~ Inasmuch as this is hardly the f i r s t  
case  of F r i e d e l - C r a f t s  acylation in he te rocyc les  containing a pyridine ni trogen atom, it was important  to as-  
ce r ta in  whether  it  is the resu l t  of the specific 7r-donor cha rac te r  of the per imidine  sys tem as a whole [4] or is 
a phenomenon pecul iar  to the ~r-donor 1.8-naphthalenediamine f ragment .  In the la t te r  case,  one might have ex- 
pec ted  that compounds such as 2 ,3-dihydroper imidines  (II). per imidones  (III), and thioperimidones (IV) would 
also underto acylation by carboxylic  acids in PPA. The p resen t  r e s e a r c h  was devoted to verif icat ion of this 
possibi l i ty .  [See s t ruc tu re  on top of next page.] 

We have found that 1 ,3-d imethyl -2 ,3-dihydroper imidine  (II) is acetylated by the CHgCOOH-PPA sys tem 
at 45-50 ~ to give V in 55% yield. The s t ruc tu re  of acylation product  V and of 6(7)-acylperimidines [2] a re  
read i ly  proved  by PMR spec t roscopy  owing to deshielding of the aromat ic  pe r i  proton of the unshared pa i r  of 
e lec t rons  of the oxygen atom of the CHgCO group. 

The acylation of per imidones  has a l ready  been repor ted .  It has been shown [5] that per imidone is aeylated 
by benzoyl chloride in the p r e sence  of A1C13 to give a monobenzoylperimidone of unestabl ished s t ruc ture .  

* See [1] fo r  communicat ion XIX. 

Rostov State University,  Rostov-on-Don.  Trans la ted  f rom Khimiya Geterots ikl icheskikh Soedinenii. 
No. 12, pp. 1688-1691, December ,  1975. Original a r t i c le  submitted Feb rua ry  7, 1975. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation 227 West 17th Street  N e w  York  N.Y.  10011. No  part l 
o f  this publication may  be reproduced, stored in a retrieval system or transmitted in any form' or by any means electronic mec'hanical photocopying, 

[microfilming, recording or otherwise wi thout  written permission o f  the publisher. A copy o f  this article is available from the publisher for  $ 7.50. I 
1427 



R R R 

0"  

I ll-lV V-IX X - X l l  

II X=H2, R=CH3, III X=O; a R=H; b R=CH3; IV X=S; a R=H; b R=CH3; V X=H~; 
R=CH3; VI X=O, R=H; VII X=O, R=CH3; VIII X=S,R=H; IXX=S,I~=CH3; XX=O, 

R=H; XI X=O, R=CH3; XII X=S, R=H 

Christ-mann [6] l a t e r  found that  per imidone  is acyla ted by aroyl  chlor ides  at high t e m p e r a t u r e s  without a ca ta -  
lys t  to give 4 -a roy lpe r imidones .  However,  he was unable to acylate  1 ,3-d imethylper imidone  {IIlb) under  these  
conditions [6]. 

Despite  Chr i s tmann ' s  findings, we have found that  IIIb is  acyla ted e x t r e m e l y  r ead i ly  in PPA: 6-Acety l  
der iva t ive  VII is fo rmed  in 60% yield at 50-55 ~ . However,  in addition to VII, we also i so la ted  another  compound 
in 30% yield to which we ass igned the 1 ,3 ,8 - t r imethy l -2 .3 -  dihydro- 6H-benzo [g,h]perimidine-  2,6-dione s t ruc tu re  
(Fig. 1) on the ba s i s  of the r e su l t s  of e l emen ta ry  analys is  and the IR and PMR spec t ra .  The fo rmat ion  of such 
p e r i - c y c l i c  c o m p o u n d s - p h e n a l e n o n e s -  is known in the c h e m i s t r y  of ~-acylnaphtha lenes  [7]. Unsubsti tuted 
pe r imidone  @iIa) is acetyla ted by  the CH3COOH-PPA s y s t e m  to give 4- and 6-ace ty lper imidones  (X and VI) in 
low yields at 50-55 ~ The amount of side p roduc t s  and the amount of res in i f ica t ion  p roduc t s  inc reased  sharp ly  
when the t e m p e r a t u r e  is  r a i s ed  to 75-80 ~ It is  difficult to sepa ra t e  i s o m e r i c  X and VI because  of the i r  low 
solubil i t ies in many  solvents .  To p rove  the i r  s t r uc tu r e s  we subjected them to exhaust ive methylat ion with ex-  
ce s s  methyl  iodide in alkal ine med ia  and obtained 6 -ace ty l - l .3 -d i rne thy lpe r imidone  (VII), which we have a l ready  
descr ibed,  f r o m  VI and 1 -me thy l -4 -ace ty lpe r imidone  (XI) f r o m  X. The IR spec t rum of XI contains a b road  
VNH band at 3230 era - i ,  which const i tu tes  evidence for  the p r e s e n c e  of a s t rong in t r amolecu la r  hydrogen bond 
that  i s  not c leaved in alkaline media .  Aceper imidone,  in which the 6 and 7 posi t ions,  a re  blocked f o r m s  only 
a 4-acetyl  der iva t ive  on acylation.  

Acetylat ion of 1 ,3-dimethyl th ioper imidone (IVb) at 50-55 ~ in PPA gives 6 .ace ty l  der iva t ive  IX, the s t ruc -  
tu re  of which was p roved  by a l te rna t ive  synthesis  by thiolation of V with e l e m e n t a r y  sulfur .  Thioper imidone 
IVa, l ike per imidone ,  is  acetyla ted under  the s a m e  conditions to give two i somer i c  ace ty i th ieper imidones  (VIII 
and XH), which we also  obtained by thiolation of, respec t ive ly ,  6(7)- and 4(9)-ace ty lper imidines .  Although the 
thiolat ion of the la t ter ,  in con t ras t  to the thiolation of V, p roceeds  with e x t r e m e l y  pronounced resinif icat ion,  it 
makes  it poss ib le  to conf i rm the s t ruc tu re s  of thiones VIII and XII. 

Our study showed that  e leotrephi l ic  C-acyla t ion  with carboxyl ic  acids in PPA is cha rac t e r i s t i c  not only 
fo r  pe r imid ines  but also for  2 .3-dihydroper imidines ,  per imidones ,  and th ioper imidones .  This conf i rms  an 
e a r l i e r  conclusion regard ing  the i so la ted  c h a r a c t e r  of the 1,8-naphthalenediamine v - e l e c t r o n  f ragment  in the I 
molecule,  which is  also respons ib le  for  the v -dono r  c h a r a c t e r  of pe r imid ines .  The m o r e  difficult acylat ion of 
I can be explained by  the fact  that  pe r imid ine  undergoes  reac t ion  in the cationic form,  whereas  the cons iderably  
l e s s  bas ic  I I - IV a re  acylated in the base  form.  

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

The PMR spe c t r a  of 0.4 M solutions of the compounds in CDC13 were  r eco rded  with a Tes la  s p e c t r o m e t e r  
(80 MHz) with hexamethyldis i loxane as the in ternal  s tandard.  The IR spec t r a  w e r e  r eco rded  with a UR-20 
s p e c t r o m e t e r .  The identical  c h a r a c t e r  of the subs tances  obtained by  a l te rnat ive  syntheses  was de te rmined  
f r o m  the absence  of mel t ing-point  depress ions  and f r o m  the IR spec t r a .  

Acetylat ion of 1 ,3-Dimethyl -2 ,3-d ihydroper imidine .  A mix tu re  of 1 g (5 mmole)  of II, 0.33 rnl (5.5mmole) 
of acet ic  acid, and 10 g of PPA was s t i r r ed  at 45-50 ~ for  5 h, a f te r  which it was poured  into 100 ml  of water ,  
and the aqueous mix tu re  was made alkaline to pH 8 with ammonia .  The resu l t ing  p rec ip i t a t e  was r emoved  by 
fi l trat ion,  washed with water ,  and chromatographed  with a column fil led with A1203 with elution of the f i r s t  f r a c -  
t ion by ch lo ro fo rm to give 0.66 g (55%) of l igh t -g reen  c ry s t a l s  of V with mp 143-144 ~ (from alcohol). PMR 
spec t rum.*  5. ppm: 2.56 (CHACO, s); 2.82 and 2.91 (N--CH 3 groups,  two s): 4.05 (/~CH2, s)~ 6.26 (aromatic  H~, 
d, J4-5 = 8 Hz): 6.48 @I9. d, J~-9 = 7.8 Hz): 7.38 @i8, m): 7.87 @i5, d, J5-4 = 8 Hz). 8.58 (HT, d. JT-s = 9 Hz). 
Found %: C 74.8. H 7.0. N 11.8. CIsHI6N20. Calculated %: C 75.0. H 6.7. N 11.7. 

* Here  and subsequently, s i s  singiet, d is doublet, and m is mnlt iplet .  
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Fig. 1. PMR spec t rum  of the side product  in 
the acetyla t ion of 1 ,3-d imethylper imidone  (in 
C F3COOH). 

Acetylat ion of 1 ,3-Dimethylper imidone~ A mix tu re  of 
1.05 g (5 mmole)  of IIIb. 0.36 ml  (6 mmole )  of acet ic  acid, and 
10 g of PPA was s t i r r e d  at 50-55 ~ for  3.5 h, a f t e r  which it  was 
poured  into 100 ml  of water ,  and the aqueous mixture  was 
made  alkaline to pH 8 with ammonia .  The resul t ing p rec ip i t a te  
was r emoved  by f i l t rat ion,  washed with water ,  dried, and 
ch romatographed  with a column fil led with ~ 200 g of A1203 
with elution of the f i r s t  and second zones with ch loroform.  
The f i r s t  f rac t ion  yielded 0.7 g (60%) of pa le -ye l low c r y s t a l s  
of 6 - a c e t y l - l , 3 - d i m e t h y l p e r i m i d o n e  with mp 210-211 ~ (from 
alcohol). PMR spec t rum,  6, ppm:  2.58 (CH3CO , s). 3.32 (two 
N - C H  3 groups,  s). 6.34 (aromat ic  H 4, d. J4-5 = 8.4 Hz): 6.54 
(Hg, d. J8-9 = 8.2 Hz): 7.4 (Hs, m): 7.85 (Hs. d, J5-4 = 8.4 Hz); 
8.9 (H~, d, J7-8 = 8.9 Hz). Found %: C 70.4: H 5.4: N 10.9. 
C15Hl~N202. Calculated %: C 70.8. H 5.6; N 11.0. The second 
f rac t ion  yielded 0.4 g (30%) of orange c ry s t a l s  of 1 ,3 ,8- t r i -  

me thy l -2 ,3 -d ihydro-6H-benzo[g ,h ]pe r imid ine -2 ,6 -d ione  with mp 314-315 ~ (dec., f r o m  xylene).  Found %, C 73.1: 
H 5.3: N 10.1. C17H~r Calculated %. C 73.4: H 5.1: N 10.0. 

Acetylat ion of 1 ,3-Dimethyl th ioper imidone.  A mix tu re  of 1.15 g (5 mmole)  of IVb, 0.45 ml  (7.5 mmole)  
of acet ic  acid, and 10 g of PPA was s t i r r e d  at 50-55 ~ for  7 h, a f te r  which it was poured  into 100 ml  of water .  
and the aqueous mix tu re  was made alkaline.  The resul t ing  yellow p rec ip i t a t e  was r emoved  by fil tration, washed 
with water ,  dried, and dissolved in the m i n i m um amount of ch loroform.  The ch lo ro fo rm solution was t r a n s -  
f e r r e d  to a chromatograph ic  column, and the f i r s t  and second zones were  eluted with benzene.*  The f i r s t  f r ac -  
t ion yielded 0.54 g (47%) of s t a r t ing  IVb, and the second f rac t ion  yielded 0.65 g (48%) of 6 - a c e t y l - l , 3 - d i m e t h y l -  
th ioper imidone  (IX), which was obtained as l ight -brown c r y s t a l s  with mp 240-241 ~ (from benzene).  Found %: 
N 10.2. C~sHI4N2OS. Calculated %: N 10.4. 

Acetylat ion of Pe r imidone .  A mix tu re  of 0.9 g (5 mmole)  of IIIa, 0.45 ml  (7.5 mmole)  of acetic acid, and 
10 g of PPA was s t i r r ed  at 50-55 ~ for  3 h, a f t e r  which it  was poured  into 100 ml  of water ,  and the aqueous mix-  
tu re  was made alkaline with ammonia .  The resul t ing  p rec ip i t a t e  was r emoved  by fi l trat ion,  washed with water ,  
dried,  pulver ized,  and t r e a t ed  twice with a hot c h l o r o f o r m - a l c o h o l  mix tu re  (20 : 1) (40 x 30 ml  [sic]).  The ex-  
t r a c t s  were  combined and t r a n s f e r r e d  to a chromatograph ic  column fil led with ~ 350 g of A1203. the  f i r s t  zone 
was eluted with the s ame  solvent  mix tu re  (it is convenient  to follow the movement  of the zones in UV light). 
The second zone was sepa ra ted  by ext rus ion of the A1203 f r o m  the column and elution with alcohol.  The f i r s t  
f rac t ion  yielded 0.11 g (10%) of 4 -ace ty lpe r imidone  (X) as l igh t -g reen  c ry s t a l s  with mp 279-281 ~ (dee., f r om 
ni t robenzene) .  Found %: C 68.6: H 4.4. N 12.6. Ci3H10N202. Calculated %: C 69.0: H 4.5: N 12.4. The second 
zone yielded 0.22 g (20%) of 6 -ace ty lpe r imidone  (VI) as yellow c r y s t a l s  with mp 313-315 ~ (dec., f r om aqueous 
acet ic  acid). Found ~: C 69.4: H 4.8: N 12.8. Ci3Hi0N202. Calculated ~: C 69.0: H 4.5: N 12.4. 

Acetylat ion of Aceper imidone .  The acetylat ion was c a r r i e d  out under the conditions used for  the ace ty la -  
t ion of pe r imidone  (for 3.5 h). The reac t ion  product  was pur i f ied  by  refluxing a solution of it in acet ic  acid with 
charcoa l :  dilution of the solution with wa te r  p rec ip i t a ted  4 -ace ty laceper imidone .  A 1.05-g sample  of a c e p e r i m -  
idone yielded 0~ g (48%) of ye l low-green  c r y s t a l s  of 4 -aee ty laceper imidone  with mp 340-341 ~ (dec., f r o m  
glacia l  acet ic  acid). Found %: C 70.9: H 5.1: N 10.8. C15HI2N202. Calculated %: C 71.4; H 4.8; N 11.1. 

Acetylat ion of Thioper imidone.  The acetyla t ion was c a r r i e d  out under the conditions used to ace ty la te  
pe r imidone  (for 3.5 h). The reac t ion  p roduc t  was pulver ized ,  heated with 20 ml  of ch loroform,  and the solution, 
toge ther  with the solid, was  t r a n s f e r r e d  to a ch romatograph ic  column filled with A1203 (~ 200 g): the contents 
we re  eluted succes s ive ly  with ch lo ro fo rm (first  fract ion) and ch lo ro fo rm-a l coho l  (10 : 1) (second fraction).  The 
f i r s t  f rac t ion  yielded 0.09 g (7%) of XII. and the second f rac t ion  yielded 0.5 g (41%) of VIII. 4 -Ace ty l t h iope r im-  
idone (XII) was  obtained as ye l low-green  c r y s t a l s  with mp 286-288 ~ (dec., f r o m  xylene).  Found %, N 11.7. 
Ct3Ht0N2OS. Calculated %: N 11.6. 6 -Aeety l th ieper imidone  (VIII) was obtained as ye l low-green  c r y s t a l s  with 
mp 300-302 ~ (dec., f r o m  aqueous alcohol).  Found %: N 11.7. CI3Hi0N2OS. Calcula ted %: N 11.6. 

Methylation of 4- and 6-Ace ty lper imidones .  A 0.68-g (3 mmole)  s ample  of VI or  X and 1.1 ml (18 mmole)  
of CH3I were  added to a solution of 1.2 g (18 mmole)  of KOH in 30 ml  of alcohol, a f te r  which the mix tu re  was 

*Af te r  evapora t ion  of the solvent, 0.1 g of brown c r y s t a l s  was obtained by  ext rus ion  of the A1203 f r o m  the 
column and elution of the subs tance  f r o m  the th i rd  zone, adjoining the s tar t :  however,  we were  unable to i so la te  
an individual compound f r o m  the c r y s t a l s .  
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ref luxed for  3 h. The alcohol was then r emoved  by distillation, and the res idue  was t r ea t ed  with 10 ml  of chlo- 
r o f o r m  and ehromatographed  with a column filled with A1203 (~ 150 g): the f i r s t  f rac t ion  was eluted with chloro-  
fo rm.  This p rocedu re  gave 0.21 g (28%) of VII, with mp 209-210 ~ (from alcohol), f r o m  VI. It a lso  gave 0.21 g 
(30%) of ye l low-green  c ry s t a l s  of 1 -methy l -4 -ace ty lpe r imidone ,  with mp 163-164 ~ (from aqueous alcohol), f r o m  
X. Found %: C 70.4: H 5.0: N 12.0. C14Hi2N202. Calculated %. C 70.0: H 5.0. N 11.7. 

Thiolation of 6 -Aee t y l - l , 3 -d i m e t hy l -2 ,3 -d ihyd rope r imid ine .  A thoroughly ground mix tu re  of 0.72 g (3 
mmole)  of V and 0.3 g (9 mmole)  of sulfur  was heated on an oil bath  to 145 ~ and held at this t e m p e r a t u r e  for  1 h, 
a f t e r  which it was cooled, and the solid was dissolved in ch lo ro form and chromatographed  with a column filled 
with A12Oa. The f i r s t  f rac t ion  was eluted with ch loroform.  The yield of thione IX was 0.8 g (close to quantitative).  

Thiolation of 4(9)- and 6(7)-Acetylper imidines .  A thoroughly ground mix tu re  of 0.63 g (3 mmole)  of 4(9)- 
or  6(7)-aeetylper imidine  and 0.3 g (9 mmole)  of sulfur  was heated on  a si l icone bath  to 205-215 ~ and held at this 
t e m p e r a t u r e  for  30 rain. The product  was pur i f ied  by  chromatography.  The yield of XII was 0.1 g (14%) (elu- 
t ion with chloroform) .  The yield of VIII was 0.07 g (10%) [elution with ch lo ro fo rm-e thano l  (10 : 1)]. 
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H E T E R O C Y C L I C  A N A L O G S  O F  P L E I A D I E N E  

XXI.* ELECTROPHILIC ACYLATION AND NITRATION 

OF THE PERIMIDINIUM CATION 

I .  V.  B o r o v l e v ,  A.  F .  P o z h a r s k i i ,  
a n d  V.  N. K o r o l e v a  

UDC 547.856.7.07 �9 542.951.9.958.1 

The 6 posi t ion of the 1 ,3-d imethylper imidin ium cation is read i ly  acylated by acet ic  acid in poly-  
phosphoric  acid and n i t ra ted  by ni t r ic  acid in acet ic  acid. 6-Acetyl-  and 6 - n i t r o - l , 3 - d i m e t h y l -  
pe r imid in ium sa l t s  a r e  conver ted  to a mix tu re  of 6-acetyl  and 6-ni t ro der iva t ives  of 1 .3-dimeth-  
y lper imidone  and 1,3- dimethyl-  2,3- d ihydroper imidine on t r ea tmen t  with aqueous alkali.  

It is known that aza  a romat ic  compounds such as azines and azoles  usual ly a re  not acylated by the 
F r i e d e l - C r a f t s  reac t ion  and also undergo other  e lectrophi l ic  substitution reac t ions  (for example,  nitration) 
with difficulty. This  is explained by  the format ion  in acidic media  of cations of the corresponding he terocycles ,  
which a r e  distinguished by  the i r  low reae t iv i t i es  with r e spec t  to e lec t rophi les .  However, even in ex t r eme ly  
acidic media  e lectrophi l ic  substi tut ion reac t ions  may, theoret ica l ly ,  p roceed  with the par t ic ipa t ion  of smal l  
equi l ibr ium amounts of the unprotouated f o r m  of the he te rocyc le  [2]. In connection with the exceptionally high 
reae t iv i t i e s  of pe r imid ines  (which we observed  in [3]), which a r e  acylated [3] and n i t ra ted  [4] in acidic media  

* See [1] for  communicat ion  XX. 
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