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2 -Per f luoroa lky lper imid ines ,  2 ,3-d ihydroper imidines ,  per imidones ,  and thioxoperimidines a r e  
acylated by anhydrides and chlor ides  of perf luor inated acids without catalysts .  It was es tab-  
lished that this reac t ion  proceeds  considerably  m o r e  readi ly  than in the case  of per imidine  and 
its a lkyl -subs t i tu ted  der iva t ives ,  since 2-per f luoroa lky lper imid ines ,  2 ,3-dihydroper imidines ,  
per imidones ,  and thioxoperimidines,  because  of thei r  low bas ic i t ies ,  a re  acylated in the form of 
neut ra l  molecules ,  whereas  s imple per imidines  form cations with low reac t iv i t i es  under the 
same conditions. 

We have establ ished [1] that the reac t ion  of N-methy l -  and N-phenyl- l ,8-naphthalenediamines  with t r i -  
f luoroacet ic  anhydride gives,  in addition to 2 - t r i f luoromethylper imid ines  I and II, which a re  the principal  r e -  
act ion products ,  the products  of their  t r i f luoroace ty la t ion  in the 7 posit ion (VI, VII). This fact  was somewhat 
unexpected,  since it  has been  previously  shown that the acylat ion of per imidines  with carboxyl ic  acids and 
thei r  der iva t ives  proceeds  only in the p resence  of such ca ta lys ts  as perch lor ic  or polyphosphoric acid [2]. It 
is apparent  that the possibi l i ty of t r i f luoreace ty la t ion  without cata lysts  in the case  of I and II is de termined by 
the increased  e lect rophf l ic i ty  of the t r i f luoroace ty l  ion. In the presen t  r e s e a r c h  we made a m o r e  detailed 
study of the t r i f luoroace ty la t ion  of per imidines ,  as  well  as 2 ,3-dihydroper imidine  der iva t ives  - per imidones ,  
th ioxoper imidines ,  and 2 ,3-dihydroper imidines  themselves .  

s )~-N 

I -V V I -Vn l  CF/ IX 

I R=CH3, R'=CF3; II R~C~Hs, R'=CF~; III R=H, R'=CF3; IV R=R'=H;  V R=CH3, 
R'=H; VI R=CH3; VII R=C~Hs; VIII R=H 

Compounds t and II a r e  t r i f luoroacety la ted  ex t r eme ly  slowly when they a re  ref luxed with excess  t r i -  
f luoroacet ic  anhydride in diehloroethane or without a solvent. The reac t ion  takes place considerably m ore  
rapidly when the compounds a re  heated with pure  t r i f luoreace t ic  anhydride in a sealed ampul at 100~ af ter  
2 h, t r i f luoroacety la t ion  products  VI and VII a re  obtained in 58 and 90% yields ,  respec t ive ly .  One's  at tention 
is d i rec ted  to the higher  select ivi ty  of the acylat ion of N-phenyl-subst i tuted II. This  is evidently explained by 
the somewhat lower reac t iv i ty  of II as compared  with I because  of the e lec t ron-accep to r  effect  of the N-phenyl 
group. In fact,  the t r i f luoreace ty la t ion  of per imidine I is accompanied by appreciable  res in i f ica t ion and the 
format ion  of a number of side products ,  which we were  unable to isolate  in pure form.  

2 -Tr i f luoromethy lper imid ine  (III) is t r i f luoroace ty la ted  m o re  easi ly  than I and II. However ,  the product  
of this reac t ion  is 9 - t r i f luoroaee ty l  der iva t ive  IX. It is obtained in 86% yield when HI is heated with t r i f l uo ro -  
acet ic  anhydride in a sealed ampul at 80~ af ter  1.5 h. In analogy with the o-acyla t ion of per imidines  [218 we 
explain the format ion of IX by means  of higher  thermodynamic  stabil i ty as compared  with i somer  VIII due to 
the p resence  in it  of a ve ry  strong in t ramolecular  hydrogen bond. Thus only a v e ry  weak bard  of a chelated 
NH group at  3100-3200 cm -1 (vNI-I 3200-3250 cm -1 in the case  of 9-ace ty lper imidine  [2]) is observed in the IR 

*See [1] for communicat ion 41. 
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TABLE 1. pK a Values  (in A c e -  
toni t r i le  at 25~ of Pe r imid ine  
Der iva t ives  

Perimidine 

Umubstltuted 
1-Methyl- 
1 -Methyl- 2- tfifluoromethyl- i 
1 -Phenyl- 2-trtfluoromethyl- 
1,3-Dimethyl-2, 3-dihydro- 

PKa 

13.58(see "[6]) 
13.70 

6.64 
5.95 
8.67 

s p e c t r u m  of a dilute solution of t r i f luo roace ty l  de r iva t ive  IX in ch loroform.  The signal  at  6 12.72 ppm, i .e . ,  
at  weake r  field (by 0.27 ppm) than the N - H  proton in 9 -ace ty lpe r imid ine  [2], in the PMR spec t rum of a so lu -  
t ion of IX in deu t e roch lo ro fo rm c o r r e s p o n d s  to the N - H  proton. As in the case  of the acyla t ion of pe r imid ine  
[2], the t r i f luoroace ty la t ion  of pe r imid ine  III under k ine t i c -con t ro l  conditions evidently takes  place in the 6 and 
7 posi t ions  with subsequent  r e a r r a n g e m e n t  of the 6(7)-subst i tu ted compound to the m o r e  s table  9 i somer .  
However ,  in con t r a s t  to pe r imid ines ,  we were  unable to c a r r y  out the t r i f luoroace ty la t ion  of IH in such a way 
as  to i so la te  p - subs t i tu ted  VIII. This  is undoubtedly explained by the higher  s tabi l i ty  of the in t r amolecu la r  h y -  
d rogen  bond in pe r imid ine  IX as com pa red  with 9 -ace ty lpe r imid ines  and the g r ea t e r  ease  of the VIII ~ IX r e -  
a r r a n g e m e n t .  

At tempts  to t r i f luoroace ty la te  pe r imid ine  IV and 1 -me thy lpe r imid ine  V w e r e  unexpectedly unsuccessful .  
Only the s ta r t ing  compounds were  isola ted f rom the reac t ion  mix tu re  even a f te r  heating them in t r i f l u o r o a e e -  
t ic  m ~ y d r i d e  in a sealed ampul  at  100-130~ for  many  hours .  This  r esu l t ,  the paradoxica l  c h a r a c t e r  of which 
cons i s t s  in the fact  that  the e l e c t r o n - a c c e p t o r  2 - C F  a group ac t iva tes ,  as  it we re ,  e lec t r0phi l ic  substi tution, 
can  be explained by the fact  that  I and II, b ecause  of thei r  reduced  bas ic i ty ,  undergo reac t ion  in the fo rm of 
neu t ra l  molecu les ,  while pe r imid ine  and 1 -me thy lpe r imid ine  fo rm cat ions with low reac t iv i t i e s  under the in-  
fluence of (CFaCO)zO. M e a s u r e m e n t s  of the bas i c i t i e s  in ace toni t r i le  (Table 1) showed that  I and II a r e  seven 
to eight o r d e r s  of magni tude less  bas ic  than pe r imid ines  IV and V. 

It is in te res t ing  that  we were  unable to accompl i sh  the t r i f luoroace ty la t ion  of IV and V even in polyphos-  
phor ic  acid (PPA),  which is evidently an insuff icient ly s t rong ca t a lys t  for the fo rmat ion  of the CF3CO + ion. 

Consider ing  the  reduced  bas i c i t i e s  of pe r imidones  (the bas i c i ty  of X could not be  m e a s u r e d  even in 
ace ton i t r i l e ,  i .e . ,  it is lower than 4-5 PKa units) and the i r  high act ivi ty  in e lec t rophi l ic  subst i tut ion reac t ions  
[3], one might  have  expected that,  like I and II, they would undergo t r i f luoroacety la t ion .  In fact ,  1 ,3 -d ime thy l -  
pe r imidone  (X) undergoes  quanti tat ive convers ion  to 6 - t r i f luo roace ty l  de r iva t ive  XIV when it is heated with 
t r i f l uo roace t i c  anhydr ide  for 12 h without a solvent  in a sealed ampul  for 2 h. 

CF3CO--~~ H$ ~cF~co)~o 

X-XIII XIV, XV 

X, XIV X=CO; XI X=GS; XlI X=CHe; XIlI, XV X=C(CHa)= 
The t r i f luoroace ty la t ion  of 1 ,3-d imethyl th ioxoper imidine  XI under the s ame  conditions a lso  led to the 

f o r m a t i o n  of 6 - t r i f l uo roace ty lpe r imidone  XIV. S-Acylat ion,  which has  been  prev ious ly  obse rved  for XI [4], 
evidently t akes  place  along with C-acy la t ion  in this  case ,  as  a r e su l t  of which the th iouronium sal t  r ead i ly  un- 
de rgoes  hydro lys i s  dur ing decompos i t ion  of the reac t ion  mix tu re  to give the perhnidone.  It should be  noted 
that  we w e r e  a lso  unable to m e a s u r e  the bas [c i ty  of 1 ,3-dimethyl thioxoperirnidine in ace toni t r i le ,  i .e . ,  i t  is 
lower  than 4-5 P K a  units.  

1 ,3 -Dime thy l -2 ,3 -d ihydrope r imid ine  (XII) r e a c t s  with t r i f luoroace t ic  anhydride in the cold. However ,  
the init ial  yel low colora t ion  of the reac t ion  mix tu re  deepens  rapidly  to da rk -b rown ,  and the reac t ion  product  
is a res inous  m a s s  consis t ing of a complex  mix tu re  of d i f f i cu l t - t o - sepa ra t e  substances .  However ,  according  
to the da ta  f rom th in - layer  ch romatography  (TLC),  the mix tu re  does  not contain a C- t r i f luoroaee ty la t ion  p rod -  
uct (the la t te r  is a lways eas i ly  identified f rom its ye l l ow-g reen  luminescence  in UV beams}.  It m a y  be a s -  
sumed that  t r i f luo roace t i c  anhydride accep t s  a hydr ide  ion f rom the CH 2 group of XII, and the resu l t ing  t r i -  
f luoroaceta ldehyde subsequent ly  r e a c t s  both with d ihydroper imid ine  XII and with the 1 ,3-d imethylper imid in ium 
ion to give a complex  mix tu re  of subs tances .  In pa r t i cu l a r ,  the fact  that  we were  able to accompl ish  the t r i -  

347 



f luoroacetyla t ion of 1 ,2 ,2 ,3 - te t ramethyl -2 ,3-d ihydroper imid ine  (XIII) under ex t remely  mild conditions (at 30- 
40~ for 6 h in dichloroethane) const i tutes evidence in favor of this assumption. Compound XV was obtained 
in 21% yield. The pr incipal  reac t ion  product  is a mix tu re  of substances with low Rf values;  we were  unable 
to separa te  this mixture .  Compound XIII undergoes res in i f iea t ion  under m o r e  seve re  t r i f luvroacety la t ion  
conditions (above 50-70~ 

The bas ic i t ies  of XII and XIII a re  four to five o rd e r s  of magnitude lower than the bas ic i ty  of per imidine ,  
and it is ex t r eme ly  l ikely that they undergo par t ia l  convers ion  to the cationic form under the influence of 
(CF3CO)20. However ,  it  has  been noted [5] that the cations of d ihydroper imidines  a re  more  reac t ive  in e l ee -  
t rophi l ic  substi tut ion reac t ions  than per imidinium cations. 

We have found that per imidines  and per imidones  a re  a lso acylated by anhydrides of per f luoro  carboxyl ic  
acids;  however ,  the la t ter  a re  considerably  more  iner t  than t r i f luoroaee t ic  anhydride.  Thus ,  for  ex2~-nple, II 
is aeylated by pe r f luo ro (2 - t e t r ahydro fu ry l ) ace ty l  chloride to give per imidine  XVI in 72% yield as a r e su l t  of 
heating at 120~ for 7 h. Under s imi la r  conditions (100~ for 10 h) 1,3-dimethylperirnidone is conver ted  to 
acylat ion product  XVII in 46% yield,  whereas  only t r a ce s  of an acylat ion product  a r e  formed in the case  of 
heating at 140~ with pentafluorobenzoyl  chlor ide in a sealed ampul. 

O ~ c _  = 0  . X  

cF/ X~-J L 
. L , n  3 

XVI| 

_ _ _  CF 3 
CF2COC: C 

C6H 5 

XV~ 

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

The IR spec t ra  of solutions of the compounds in CHC13 were  r eco rded  with a UR-20 spec t romete r .  The 
PMR spec t ra  of CF3COOH solutions were  r eco rd ed  with a Tes la  BS-467 spec t rome te r  (60 MHz) at room t e m -  
pe ra tu re  with hexamethyldis i loxane as  the internal  standard. Chromatography was ca r r i ed  out on activity IV 
(Broekmann classif ication) aluminum oxide with elution by benzene.  The PKa values  were  measu red  by the 
method in [7]. 

1 -Methy l -2 - t r i f luoromethy l -7 - t r i f luoroace ty lpe r imid ine  (VI). A 0.1-g (0..4 mmole) sample of per imidine  
I was heated with 1 ml of t r i f luoroace t ic  anhydride in a sealed ampul at 100~ for 2 h, af ter  which the mixture  
was cooled and poured over  5 g of finely crushed ice. The mix ture  was s t i r r ed ,  and VI was removed by f i l t r a -  
t ion and purified success ive ly  by  chromatography and ree rys ta l l i za t ion  f rom ethanol.  The yield of l ight-yellow 
c rys ta l s ,  with mp 204~ was 0.075 g (58%). IR spect rum:  1690 cm -1 (C=O). PMR spect rum,  5 : 3 . 4  (3HI, s, 
CI-I3) , 6.7 (d, J = 8.25 Hz,  9-H), 7.0 (d, J = 8.25 Hz, 4-H),  7.35 (t, 5-HI), 7.9 (d, J = 8.25 Hz, 8-H), and 8.3 ppm 
(d, J = 8.25 HIz, 6-H). Found: C 52.0; H 2.4; N 8.0%. C15HIsF6N20. Calculated: C 52.0; H 2.3; N 8.2%. 

1 -Pheny l -2 - t r i f luo romethy l -7 - t r i f luo roace ty lpe r imid ine  (VII}. This compound, was s imi la r ly  obtained 
in 90%yield in the fo rm of yellow crys ta l s  with mp 198~ (from ethanol).  IR spect rum:  1690 cm - t  (C=O}. 
PMR spec t rum,  6 : 5 . 5 5  (d, J = 8.25 Hz,  9-H), 7.2 (m, 8HI), and 8.25 ppm (d, J = 8.25 Hz, 6-H). Found: C 58.7; 
H 2.8; N 6.9%. C20H~0F6N~O. Calculated: C 58.7; H 2.7; N 6.8%. 

9 -Tr i f luoroace ty l -2 - t r i f luoromethy lpe r imid ine  (IX). A mixture  of 0.2 g (0.8 mmole) of per imidine  III and 
2 ml  of t r i f luoroace t ic  anhydride was heated in a sealed ampul at 80~ for 1.5 h, af ter  which it was cooled and 
poured over  10 g of finely crushed ice. The mixture  was s t i r r ed  thoroughly, and the precipi tate  was removed  
by f i l t ra t ion to give 0.24 g (86%) of orange-yel low crys ta l s  of IX with mp 161~ (from ethanol).  IR spect rum:  
3100-3200 (N-H)  and 1645 cm -1 (C-O) .  PMR spect rum (in CDC13), 5 : 7 . 2 5  (m, 5H) and 12.72 ppm is,  1H, 
N--H) (this band vanishes  when the compound is deutera ted) .  Found: C 50.5; I,i 1.8; N 8.3~. C14H6F6N20. Cal-  
culated: C 50.6; H 1.8; N 8.4%. 

6 -Tr i f luo roace ty l - l , 3 -d ime thy lpe r imidone  (XIV). A) Tr i f luoroacetyla t ion  in an ampul at 100~ for 2 h 
was ca r r i ed  out as in the synthesis of VI and VII. The product  was obtained in quantitative yield. 

B) A 0 .2-ml  (1.5 mmole) sample of t r i f luoroaee t ic  anhydride was added to a solution of 0.1 g (0.5 mmole) 
of perimidone X in 5 ml of d ry  dichloroethane,  and the mixture  was refluxed for 12 h. It was then cooled 
thoroughly,  and the resul t ing precipi tate  was dr ied  and rec rys ta l l i zed  f rom benzene to give l ight-green c r y s -  
ta ls  of XIV, with mp 258~ in quantitative yield (140 mg). PMR spectrum,  5 :2 .95  is ,  6I-], CHI3) , 6.05 (d, J = 
9 HIz, 9-H), 6.25 (d, J = 9 Hz, 4-H), 7.03 (m, 8-H), 7.65 (d, J = 9 Hz, 5-H), and 8.15 ppm (d, J = 10.5 Hz, 7-H). 
Found: C 58.4; H 3.6; N 9.0%. C15HIlIF~N202. Calculated: C 58.4; H 3.6; N 9.1%. 
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C) A mix tu re  of 50 mg (0.2 mmole)  of th ioxoper imidine  XI and 800 mg (4 mmole)  of t r i f luoroace t i c  an-  
hydr ide  was heated in a sealed ampul  at  100~ for 2 h, a f te r  which it was  cooled and t r ea t ed  with 5 ml  of cold 
water .  The y e l l o w - g r e e n  p rec ip i t a te  of pe r imidone  XIV was r emoved  by f i l t ra t ion,  washed with 50 m l  of 
wa te r ,  and dried at  90-100~ The yield was quanti tat ive.  The ye l low-g reen  c r y s t a l s  had mp  257-258~ ( f rom 
benzene) .  

6 - T r i f l u o r o a c e t y l - l , 2 , 2 , 3 , t e t r a m e t h y l - 2 , 3 - d i h y d r o p e r i m i d i n e  (XV). A 150-mg (0.7 mmole)  sample  of 
t r i f luo roace t i c  anhydride  was added to a solution of 100 mg (0.44 mmole)  of d ihydropermidine  XIII in 5 ml  of 
d ry  dichloroethane,  and the mix tu re  was heated at 30-40~ for 6 h. The dichloroethane was evapora ted  in 
vacuo (with a wa te r  a sp i r a to r ) ,  and the res idue  was d isso lved  in benzene and chromatographed  on a luminum 
oxide. Workup of the f i r s t  f rac t ion  gave 30 mg (21%) of yel low c r y s t a l s  with mp  219~ ( f rom b e n z e n e - p e t r o l -  
eum ether) .  IR spec t rum:  1675 cm -1 (C=O).  Found: C 63.4; H 5.3; N 8.8%. C1TH17F3N20. Calculated:  C 63.4; 
H 5.3; N 8.7%. 

General Method for the Acylation of Perfluorinated Acid Chlorides. A solution of 1 mmole of the perim- 
idine and 2 mmole of the corresponding acid chloride in 2 ml of dry dichloroethane was heated in a sealed 
ampul, after which it was cooled and diluted with 5 ml of benzene. The benzene solution was washed three 
times with 10 ml of 10% ammonium hydroxide and twice with 20 ml of water. The solvent was evaporated, 
and the product was recrystallized (where necessary, it was first purified by chromatography on aluminum 
oxide with elution with benzene). The yield of XVI was 72% ; the yellow crystals had mp 175-177~ (from etha- 
nol). Found: C 49.0; H 2.0; N 4.8%. C24I-IIoFI2N202. Calculated: C 49.1; H 1.7; N 4.8%. The yield of perimi- 
done XVII was 46%; the light-green crystals had mp 110-112~ (from octane). Found: C 46.8; H 2.3; N 5.8%. 
CIgHiIF~N203. Calculated: C 46.9; H 2.3; N 5.8%. 
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