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A new one - s t ep  method was found for  the p repa ra t ion  of var ious  he te rocyc l ic  de r iva t ives  
of furans .  The method cons i s t s  in the reac t ion  of s i x - m e m b e r e d  ni t rogen he t e rocye le s  
with furans  in the p r e s e n c e  of acyl  ha l ides .  

In developing the method of d i r ec t  he ta ry la t ion  of act ivated a roma t i c  and he te rocyc l i c  r ings  by the ac -  
tion of s i x - m e m b e r e d  ni t rogen he t e rocyc l e s  in the p r e sence  of acyl hal ides [1-5], we have found that  this 
route  can a lso  be used  to obtain va r ious  he te rocyc l i c  furan de r iva t ives  in one s tep.  This reac t ion  p roceeds  
mos t  r ead i ly  with N-acy l  isoquinolinium sa l t s ,  and, depending on the e lec t ronic  na ture  of the acyl halide,  
mono-  (D or d ihe ta ry l fu rans  (ID a re  fo rmed:  

c r  - ,  - [I + 
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Thus in the reac t ion  of furan with isoquinoline in the p r e sence  of acetyl  chlor ide,  we were  able to obtain 
only II and t r a c e s  of I (R = CHa); a mix tu re  of mono-  and dihetarylfuran de r iva t ives  I and II is fo rmed  in 
the p re sence  of benzoyl  chlor ide ,  while we obtained only monohetary l furan  der iva t ive  I with d ipheny lca r -  
bamoyl  chlor ide,  evenwhen the reac t ion  t ime  was inc reased .  This  is probably  explained by the di f ferent  de-  
g r ee  of e lec t rophi l i c i ty  of the N-acyl isoquinol in ium cat ions that  a re  in t e rmed ia te ly  fo rmed  in these  r e a c -  
t ions and at tack the furan r ing with g r e a t e r  energy ,  the g r e a t e r  the e l e c t r o n - a c c e p t o r  c h a r a c t e r  of the acyl 
grouping at tached to the ni t rogen and, consequent ly ,  the g r e a t e r  the e lec t rophi l ic  p rope r t i e s  of the cat ion.  
We have a l ready  [6,7] in pr inciple  demons t r a t ed  the poss ib i l i ty  of t r a n s m i s s i o n  of the e lec t ronic  effects  of 
subst i tuents  at tached to the pos i t ive ly  charged  r ing ni t rogen atom through this a tom in pyr id inium sa l t s .  
Der iva t ives  of the tI type a r e  read i ly  fo rmed  f r o m  monohe te rocyc l ic  furan der iva t ive  I on react ion  with N-  
acyl  s a l t s .  Other a - s u b s t i t u t e d  furans ,  for  example ,  a - m e t h y l f u r a n ,  also r eac t  analogously with acyl sa l t s .  
When both a posi t ions  of the furan a re  occupied, the reac t ion  m a y  be d i rec ted  to the fl posit ion also,  and in 
these  ca se s  only one he te rocyc l ic  res idue  can be introduced:  
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* See [1] for  communica t ion  XVIII.  
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The alkaline hydrolysis  of IH gives 2-methyl=5= (1-isoquinolinyl)furan, the s t ruc ture  of which was 
conf i rmed by IR and mass  spec t ra .  The reaction with terephthalic acid dichloride gave macrocyc l i c  s y s -  
tem V, the hydrolys is  of which gave 2,5=di(I-isoquinolinyl)furan (VI). We also obtained the same compound 
(VI) f rom the alkaline hydrolysis  of dihetarylfuran II, which confi rms the s t ruc ture  of these compounds: 

VI 

N-Acylquinolinium and N-acylpyrid 'mium salts  are  somewhat less react ive  in react ions with furan, 
but we were also able to obtain mouo-  and diheterocyclic  furan derivat ives in these ca se s :  

I I 
COR COR COR ~OR 

VII VIII IX 

X 

In the react ion of acridine With furans in the presence  of acyl halides we obtained 9-substi tuted 
acridines and N=acylacridans ra ther  than 9-substi tuted N-acylacr idans  (XII). The hydride shift that we 
have previously descr ibed [8] apparently occurs  in this case :  

CI- + ~O-o-~CH~ ~ CO-- __  ~ - C f {  3 

L OR .J 

XI. XII 

XIV X|II 

The heterocycl ic  furan derivat ives  obtained readily add maleic anhydride or  maleic  acid, which is 
cha rac te r i s t i c  for many furan derivatives [9]: 

n3 c ~ c  i oH3 c,o ~cooH 

XV XVI XVII 

The charac te r i s t i c  bands of the stretching vibrations of the carbonyl  group of amides at 1655-1660 
cm -1, of the C ~ C  bond of the dihydroquinoline and isoquinoline r ings at 1610-1620 cm -~, and of the s t r e t ch -  
ing vibrations of the 2-substi tuted furan ring at 1560-1570 cm -i can be noted in the IR spec t ra  of all of the 
synthesized compounds (except for the acridinylfurans).  The bands that are charac te r i s t i c  f o r  the s t re tch-  
ing vibrations of the carbonyl  group at 1660-1690 cm -1 are absent in the spec t rum of acridinylfuran XIV, 
and a ve ry  strong band at 1695 cm -~ and three weak bands at 1520, 1560, and 1585 cm -l,  which are apparent-  
ly related to the vibrations of the furan and acridine r ings ,  were observed.  
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In o rde r  to con f i rm  the  s t r u c t u r e s  of the synthes ized  compounds,  we used a m a s s - s p e c t r o m e t r i c  
method of ana lys i s .  To es t ab l i sh  the molecu la r  weights of the s ample s ,  the i r  m a s s  s p e c t r a  we re  r eco rded  
at d i f ferent  ion iz ing-e lec t ron  vo l tages .  By examining the different  f r agmen t  ions in the spec t r a ,  one can 
es t ab l i sh  the i r  r e la t ionsh ip  to the p roposed  s t ruc tu r e .  The posi t ive  cha rge  in the exci ted m o l e c u l a r  ions of 
the invest igated compounds can be local ized on any of the th ree  a toms  that  have an unshared  pa i r  of e l e c -  
t rons  ( s t ruc tures  A, B, and C), as a consequence of which, peaks  of the f r agmen t  ions, which c h a r a c t e r i z e  
definite f r agmen t s  of the molecule ,  should appear  in the s p e c t r u m .  Thus the dis integrat ion of the inves t i -  
gated compounds under  the influence of e lec t ron  impac t  can be r e p r e s e n t e d  by the following genera l  scheme:*  

4- 

--4-- +" 

R r R 

�9 p _ ~ , . / r  r ,  : " .-,~ ~ r ' .  

I~ =Ella, c6na: r ' = u ,  t i t  a 

I t  should be noted that  the charge  in the molecu la r  ion is local ized p r i m a r i l y  on the ni t rogen a tom of 
the isoquinoline r ing (s t ructure  A) and on the oxygen a tom of the carbonyl  group (s t ructure  B). This a s -  
sumption is based  on the following fact :  the overa l l  contr ibution of d is in tegra t ion p r o c e s s e s  due to s t r u c -  
t u re s  A and B during d i ssoc ia t ive  ionization of the invest igated compounds is >-50-70% of the total  ion c u r -  
r en t .  This  value should be cons idered  to be suff icient ly high, cons ider ing  the r a the r  low se lec t iv i ty  in the 
inves t iga ted  s e r i e s  of compounds ~/2 = 6-9).  

The dis in tegra t ion of mo lecu l a r  ion A gives  a peak of the {M-RCO) + f r agmen t  ion, the intensi ty  of 
which is genera l ly  a m a x i m u m .  St ruc ture  D, which is fo rmed  as a r e su l t  of this p r o c e s s , d i s i n t e g r a t e s  via  
two d i rec t ions :  de tachment  of a CtH3OR' rad ica l  leads to the fo rmat ion  of a pseudomolecu la r  ion with an 
isoquinoline s t r u c t u r e  and m a s s  129, the fu r the r  d is in tegra t ion of which causes  the appearance  of peaks  of 
f r agmen t  ions with m a s s e s  128 and 102 [10];or hydrogen,  init ial ly f r o m  the ~ position of the isoquinoline 
r ing,  is s u c c e s s i v e l y  e l iminated ,  as a r e s u l t  of which a s y s t e m  consis t ing of two he te ro r ings  connected by 
a C - C  bond is f o rm ed .  The dis in tegra t ion of s i m i l a r  s y s t e m s  was p rev ious ly  studied in [11, 12]. Secon- 
dary  e l iminat ion of hydrogen f r o m  the a posit ion of the furan r ing leads to the fo rmat ion  of a s table  s y s t e m  
with condensed r ings .  

The d is in tegra t ion  of m o l e c u l a r  ion B p roceeds  via a path s i m i l a r  to the d is in tegra t ion of ketones 
[10, 13], where  the p redominan t  act  is a c leavage  re la t ive  to the carbonyl  group.  This  p roce s s  gives an 
intense (M-C~3HgNOR,) + f r agm en t  ion with subsequent  spl i t t ing out of a CO molecu le ,  

When the cha rge  is loca l ized  on the oxygen a tom of the furan r ing (s t ructure  C), the C - C  bond con-  
nect ing the two he te ro r ings  is c leaved  with s imul taneous  migra t ion  of a hydrogen a tom f r o m  the a position 
of the isoquinoline r ing;  this p r o c e s s  is  r eco rded  in the s p e c t r u m  by the p r e s e n c e  of the peak of the 
(M-C10H6NCOR) + pseudomolecu la r  ion and a number  of cor responding  peaks  of f r agmen t  ions that c h a r a c -  
t e r i z e  the furan ring [10, 14]. The r a t h e r  low intensi t ies  of the f r agmen t  ions of this p r o c e s s  (1.5-30/0 of 
the total  ion current )  a r e  due to the ene rge t i cun favorab i l i t y  of c leavage  of the C - C  bond between the r ings  
[11, 12, 15, 16]. 

Thus the p r e s e n c e  of a m o l e c u l a r  ion peak in the s p e c t r a  of the inves t igated compounds and the r a the r  
intense peaks  of the f r agmen t  ions of the mo lecu l a r  f r agmen t s  conf i rm the s t r u c t u r e s  of the synthes ized 
c ompounds.  

*In mos t  c a se s ,  the d i rec t ion of the d is in tegra t ion is conf i rmed  by the p r e sence  of the cor responding  
me ta s t ab l e  t rans i t ion  in the s p e c t r u m .  
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TABLE 1. Substituted N-Acyl- l ,4-dihydropyridine.s ,  N - A c y l - l , 2 -  
Dihydroquinolines, and N-Acyl- l ,2-dihydroisoquinol ines  (formulas 
in the text) 

:omp. R 

I& 
Ibl 
Ic 

I l l  
IIa 
IIb 
I f (  
V 

VI I  
IX 

VI I I  
• 

2-iuryl 
2-Thzenyl 
�9 N(C6Hs)~ 
C6Hs 
CH3 

2-Fdi~l 
2 -Th~enyl 

C~H~ 
C~Hs 
C~H~ 
C~H~ 

mp,'C 
I 

98--99a 
76--77 a , 

134,5--135,5 r 
87--88~ 

189--190 b 
145--146 e 
192--193 .e 

n~ formula 
Empirical ! Found, % i Calc., % 

I 

I i C H N C H N 

74714 ~ 4,5 74;2 4,2 4, 31 
70:2 4',~14,5 70,3 4,2 4, 41 
79,515,4 7,1 79,6 5,1 7, 43 
79,8 5,6 't,6 80,0 5,4 4, 41 
75,8 5,7 7,0 76,115,4 6, 33 
74,4 4,115,2!74,714,315: 3l 
70,0 4,5 5,0170,314.015, 23 
78,314,2 5.8 78,714,416, 50 
79,315,2 4,9 793 5,0,4, 22 
79,915,5!4,2180,015,414, 35 
80,914,9 55180914,915 45 
76,91 ,t,9 617 i 77,415,11615148 

160--161~ 
153--154 
115--116@ 
180--18l g' 
185--186 h 

CIsHI3NO3 
C~sH~3NO~S c 
C26H2oN2,02 
C2zH~2N02 
C~6H22N203 
Ca2H22,N205 f 
C~2H22N~O~S2 
C30H2aN203 

0,80 
0,90 
0,50 
0,48 
0,20 
0,20 
0,10 
0,20 
0,65 C20HI~NO2 
0,70 C21H,TNO2 
0,10 C~H2~N202 
0,20 i C28H22N203 

Yield, 
% 

a F r o m  methanol,  b F r o m  ethanol. CFound: S 10.7%, Calculated: 
S 10A%. d F r o m  butyl alcohol, e F r o m  benzene -hexane  (1:1).  
fFound: S 11.3%. Calculated: S 11.7%. g F r o m  cyclohexane.  
h F r o m  e ther ,  iIn c h l o r o f o r m - b e n z e n e - h e x a n e - m e t h a n o l  (30 : 6 : 
I:I). 

EXPERIMENTAL 

The UV spec t ra  of ethanol solutions were recorded  with an SF-4A spect rophotometer .  The IR spec t ra  
of CC14 solutions were recorded  with a UR-20 spect rophotometer .  The mass  spec t ra  were r ecorded  with 
an MKh-1303 spec t romete r  at an ionizing electron voltage of 50 eV, a cathode emission cur ren t  of 1 . 5  mA, 
an accelera t ing voltage of 2 kV, and an ion source  and input sys tem tempera ture  of 250 ~ A b e n z e n e -  
h e x a n e - c h l o r o f o r m  sys tem (6 : 1 : 30) was used as the eluent for chromatography in a thin layer  of activity 
II aluminum oxide, and the spots were developed with iodine vapors  and in UV light. 

2 -Benzoyl -1 -  (2-furyl)- l ,2-dihydroisoquinol ine (I, R = CCH~) and 2,5-Di (2-benzoyl - l ,2 -d ihydro-1-  
isoquinolinyl)furan (II, R = C6H5). A mixture of 25.8 g (0.2 mole) of isoquinoline, 14.0 g (0.1 mole) of 
benzoyl chloride,  and 6.8 g (0.1 mole) of furan in 25 ml  of absolute benzene was held at room tempera ture  
for 24 h, after  which the unchanged components were  removed by s team distillation, and the residue in the 
f lask was separated and dried to give 29.5 g of a mixture of I and II (R = C6H5). Compound I (R = C6H 5) was 
isolated by repeated extraction with boiling ether  to give 21.9 g (73%) of a product with mp 98-99 ~ (from 
ether),  R f  0.46, and Xma x 300 nm {loge 4.06). Found: C 79.5; H 5.0; N 4.7~c; mol,  wt. 301. C20HIsNO 2. 
Calculated:  C 79.7; H 5.0; N 4.7~c; mol .  wt. 301. The substance remaining after the extraction was r e -  
c rys ta l l i zed  f rom cyclohexane to give 4.7 g (20%) of II (R = CsH s) with Rf  0.16, mp 135-136 ~ and Xmax 
295 nm {logs 4.34). Found: C 81.1; H 5,0; N 5.3%; tool. wt. 535. C36H26NzO 3. Calculated: C 80.9; H 4.9; 
N 5.2%; tool.  wt. 535. 

Compound II (R = Cell 5) was also obtained by the react ion of isoquinoline, benzoyl chloride,  and I (R = 
C6H5) in absolute benzene at 100 ~ for 23 h. The substance was identical to that descr ibed above, as con-  
f i rmed by the absence of a melting-point depression,  the resul ts  of th in- layer  chromatography {TLC), and 
the coincidence of their  IR spect ra .  

The other heterocycl ic  furan der ivat ives  {Table 1) were s imi la r ly  obtained. 

2-Benzoyl -1- (2 ,5-d imethyl -3- fury l ) - l ,2 -d ihydroisoquinol ine  (IV). This compound was obtained in 
70% yield by the react ion of isoquinoline, benzoyl chloride,  and 2,5-dimethylfuran at 50 ~ for 7 h and had mp 
137-1380 (from aqueous ethanol) and R f  0.42. Found: C 80,0; H 5.8; N 4.6%. C22HIgNO 2. Calculated: C 
80.2; H 5.8; N 4.3%. 

2,5-Di (1-isoquinolinyl)furan (VI). A 2.9-g sample of sodium hydroxide was added to 0.8 g of 2 ,5-di-  
(2-benzoyl- l ,2-dihydro- l - i soquinol inyl ) furan in 11 ml of 70% ethanol, and the mixture was allowed to stand 
on a boil ing-water  bath for 5 h. Water (11 ml) was added, the alcohol was removed by distillation, and the 
precipi tated mater ia l  was separated,  dried, and rec rys ta l l i zed  f rom ethanol to give 0.4 g (83%) of a product 
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w i t h R f  0.2 and mp 125-126 ~ . Found: C 81.9; H 4.2; N 8.77c. C22Hi4N20. Calculated: C 82.0; H 4.4; N 
8.7%. The p icra te  had mp 146-147" (from ethanol).  Found: N 13.9%. C22HI4N20 �9 2C6H3N307. Calculated: 
N 14.2%. 

2,5-Di (1-isoquinolinyl}furan was also obtained in 62% yield via a similar method by refluxing a solu- 
tion of furan V and sodium hydroxide in ethanol. 

2-Methyl-5-(1-isoquinolinyl)furan: This compound was obtained in 35% yield as described above by 
refluxing a solution of 2-benzoyl-l-(2-methyl-5-furyl)-l,2-dihydroisoquinoline and sodium hydroxide in 
ethanol and had mp 115-116 ~ (from aqueous ethanol) and Rf 0.75. Found: C 80.6; H 5.2; N 6.9%. Ci4HiINO. 
Calculated: C 80.4; H 5.3; N 6.7~c. The picrate had mp 148-149 ~ (from ethanol). Found: N 12.5%. 
ClaHiINO .C6H3N307. Calculated: N 12.8~c. 

2-Methyl -5- (9-acr id inyl ) furan  (XIV). A solution of 3.58 g (0.02 mole) of acr idine,  1.4 g (0.01 mole) 
of benzoyl  chlor ide ,  and 0.81 g (0.01 mole) of a -me thy l fu ran  in 15 ml of anhydrous benzene was heated at 
90-95 ~ for 25-27 h, af ter  which the benzene was removed  by disti l lation, and the res idue was t rea ted  with 
hot water  and dr ied to give 0.7 g (19%) of XIV with mp 104-105 ~ (from pe t ro leum ether)  and R f  0.6. Found: 
C 83.1; H 5.3; N 5.4%. ClsHt3NO. Calculated: C 83.4; H 5.1; N 5.4%. 

Adduct of Maleic Anhydride and 2 -Methy l -5 - (2 -benzoy l - l ,2 -d ihydro- l - i soqu ino l iny l ) fu ran  (XV). This 
adduct was obtained in 49~c yield by heating a solution of maleic  anhydride and 2 -m e th y l -5 - (2 -b en zoy l - l , 2 -  
d ihydro- l - i soquinol inyl ) furan  in absolute e ther  and had mp 109-110 ~ Found: N 3.7%. C25H19NO 5. Calcu-  
lated: N 3.4%. 

Adduct of Maleic Anhydride and 2-Methyl -5- (9-acr id inyl ) furan  (XVI). This compound was s imi l a r ly  
obtained in 29% yield and had mp 155-156 ~ Found: N 4.47c. C22Hi5NO 4. Calculated: N 4.17c. 

Adduct of Maleic Acid and 2-Methyl -5- (9-acr id inyl ) furan  (XVII). This adduct was s imi la r ly  obtained 
in 69% yield and had mp 150-151 ~ Found: N 3.6%. C22H17NO 5. Calculated: N 3.8%. 

LITERATURE CITED 

1. A . K .  Sheinkman, A. P .  Kucherenko,  and S. N. Baranov,  Khim. Geterots ikl .  Soedin., 669 (1972). 
2. A . K .  Sheinkman, A. K. Tokarev,  and S. N. Baranov,  Khim. Geterots ik l .  Soedin., 82 (1971). 
3. A . K .  Sheinkman, A. N. Pr i lepskaya ,  and A. N. Kost, Khim. Geterots ik l .  Soedin., 1515 (1970). 
4. A . K .  Sheinkman, A. A. Deikalo, T.  V. Stupnikova, and S. N. Baranov,  Khim. Geterots ik l .  Soedin., 

284 (1972). 
5. A . K .  Sheinkman and A. A. Deikalo, Khim. Geterots ik l .  Soedin., 126 (1970). 
6. A . K .  Sheinkman, L. M. Kapkan, L. G. Gakh, E. V. Titov, S. N. Baranov,  and A. N. Kost,  Dokl. Akad. 

Nauk SSSR, 193, 366 (1970). 
7. V . E .  Kononenko, A. K. Sheinkman, T.  N. Kashtanova, and S. N. Baranov,  Reakts .  Sposobn. Organ. 

Soedin., No. 1, 185 (1971). 
8. A . K .  Sheinkman, S. G. Potashnikova,  and S. N. Baranov,  Zh. Organ. Khim., 6, 614 (1970). 
9. P.  Bosshard  and C. H. Eugs te r ,  Adv. Heterocyc l .  Chem.,  7, 377 (1966). 

10. H. Budzikiewicz,  C. Dje rass i ,  and D. Williams, Interpreta t ion of the Mass Spectra  of Organic Com-  
pounds [Russian t ranslat ion] ,  Mir,  Moscow (1966). 

11. R . A .  Khmel 'ni tski i ,  N. A. Klyuev, K. K. Zhigulev, and A. K. Sheinkman, Izv. Moskovsk. Sel 'skokhoz.  
Akad. Imeni K. A. T imi ryazeva ,  No. 6, 200 (1970). 

12. R . A .  Khmel 'ni tski i ,  N. A. Klyuev, and P .  B. Teren t ' ev ,  Zh. Organ. Khim., 7, 395 (1971). 
13. F . W .  McLaffer ty ,  Anal. Chem.,  31, 477 (1959). 
14. A . M .  Duffield, R. Beugelmans,  H. Budzikiewicz,  D. A. Lightner ,  D. Will iams,  and C. Djerass i ,  

J .  Chem. Soc., 1949 (1964). 
15. I . I .  Grandberg,  S. B. Nikitina, A. N. Kost,  and G. K. Faizova,  Izv. Moskovsk. Sel 'skokhoz.  Akad. 

Imeni K. A. T imi ryazeva ,  No. 6, 219 (1968). 
16. O . S .  Ostroshehenko,  Disser ta t ion [in Russian],  Tashkent  (1965). 

997 


