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Der iva t ives  (IVa-f) of the he r e to fo re  unknown 1 ,2 ,3 ,4- te t rahydrobenzofuro[3 ,2-c]pyr id ine  
he t e roeyc l i e  s y s t em  were  synthes ized  by the cycl izat ion of a ry l  e thers  of the oximes  of 
p iper idones  (IIIa-f) under  acid conditions.  

Despi te  the fact  that 1 , 2 ,3 ,4 - t e t r ahyd ro - , / - e a rbo l i ne  and its de r iva t ives  a r e  widely known and a re  
t radi t ional  objects  in the search  for  pharmaco log ica l ly  act ive subs tances  [1-5], the cor responding  oxygen 
a n a i o g s -  1 ,2 ,3 ,4- te t rahydrobenzofuro  [3,2-c]pyridines - have not yet been synthesized.  

Compara t ive ly  recent ly  a new method fo r  the c rea t ion  of the benzofuran sy s t em by the cycl izat ion of 
a ry l  e thers  of ke toximes  was d i scovered  [6-8]. We used  this route success fu l ly  to obtain the t h r e e - r i n g  
th iopyrano[4,3-b]benzofuran s y s t e m  [9]. 

In this paper ,  we p ropose  the synthes is  of 1 ,2 ,3 ,4- te t rahydrobenzofuro[3 ,2-c]pyr id ine  der iva t ives  
(IVa-f): 
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l a .  III a,d,Iva:,d: R2=R3=R4=RS=R 6 =H, RI =CH3; 
Ib, [ l ib ,d,  IVb, c R2=RS=R~=H, RI=R2=R4= CH3; 
IC: , l l lc ,  f ,  IVc,  f: R I = R 4 = H ,  R2=R3=R~=R6=  CH 3. 
I la :  R;'=NO 2, X=CI; l ib:  R';=COOC2H 5, X = F ;  
HI a-C, Va.c. RT=NO2; I I Id - f ,  I ~ l - f  ~ R "r =COOC~H~ 

The s ta r t ing  a ry l  e thers  of the oximes  (IIIa-f) were  obtained in 50-70% yields by the react ion  of 
piper idone oximes  (Ia-e) in the sodium sal t  f o rm in dimethyl  sulfoxide (DMSO) with 4-n i t rochlorobenzene  
(IIa) o r  4-e thoxycarbonyl f luorobenzene  (IIb). The IR s p e c t r a  of III (in the case  of IIIa,  b) a r e  c h a r a c t e r i z e d  
by a compara t ive ly  weak absorp t ion  band of a C =N group at 1646-1655 cm -1. The re  is an absorpt ion m a x i -  
mum at ~306 nm (log e 4.2) in the UV s p e c t r a  of III. 

Compounds I I Ia - I I Id  were  cycl ized by refluxing t~em br ie f ly  with a mix tu re  of sulfur ic  and acet ic  
acids (1 �9 9). The yields  of IV range f rom 10 to 85%. 

Absorpt ion  at two wavelengths [Xma x 248 nm (log e 4.55) and 286 nm (3.85)] is cha r ac t e r i s t i c  for  the 
UV Spectra  of ni t ro compounds IVa-c .  The IR spec t r a  of IVa, c (in oil) contain a number  of bands of high 
intensi ty at 1588-1653 cm -1 in addition to those  typica l  for  a roma t i c  ni tro groups at 1526-1530 and 1340- 
1343 cm -1. The PMR s pec t rum  of IVa (in CDC13) contained the following signals-  2.5 ppm (3H, singlet ,  
N -  CH3), 2.8 ppm [4H, broad s y m m e t r i c  signal of an A2B 2 sys t em,  C(3)H 2 - C(4)H2], 3.4 ppm [2H, b road  s y m m e t -  
r i c  signal,  C(1)H2]. The C t t 2 -C H 2 signal  in the spec t rum of a pyr idine solution of IVa becomes  u n s y m m e t -  
r i e .  If the spec t rum of a t r i f luoroace t i c  acid solution is recorded ,  the s ignals  of the protons of the p ipe r i -  
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TABLE 1. Ethers of the Oximes (Ilia-f) 

Compound 

IIIa 
Ilia .HC1 
llIb 
IIlb-HCI 
Illc 
l l lc  .HCI 
IIId 
IIIe 
IIIf 

rap, ~ 
Empirical 
formula 

93--94* 
171,5--172 (dec.)  

97--98 
196--197 (dec.)  
78--79* 

186--187 (dec.)  
60--61~ ~ 
75--76~ 
56--585 

Cl:HlsNsOs 
C,2HI~NaOa �9 HC1 
C14HIgN3Oa 
C14HIgNaO3 - HCI 
C,sH21NaO3 
C~sH2~NaOa �9 HCI 
C~sH20N2Oa 
C~rH24N2Oa 
C 18H26N=Oa 

Found % 

C H N CI 
I 

16,9 12,3 
15,4' 
14,7 11,3 

10,8 
lO,11 
9,5 I 
9,o I 

Calc. % I~ 

C ' H N C1 ~ 

* From heptane. 
From petroleum either. 

:~The compound is hygroscopic .  

58,1 6,1 

61,4 7,1 
i 

6i'9 7'34 

65,0 
67,4 ', 

57'8 6,l 16,9t12, 4 

61,5 7,01 15,4/11, 3 

61,8 7,3[ 14,4 / 10,8 

652]73' 

49 

55 

70 

70 
53 
71 

TABLE 2. 

Compound * 

IVa 
IVa �9 HCI 

IVb 
IVC 
IVd 
IVe 
ivf 

mp, ~ 

1,2,3,4-Tetrahydrobenzofuro [3,2-c]pyridines (IVa-f) 

Empirical Found, % 
formula c [ H I  N I cl 

145--146 
281--282 

(dec.) 
111--111,5 
I95--i95,5 
56--57 

236--237 
>300 

(dec.)  

C,~H,2N2Oa 
CI2HI2N2Oa - HCI 

Ci4H~6N2Oa 
C~aH2oN2Oa �9 HCI 
CI~HIvNOa 
C~7H21NOa �9 HCI 
C~8H2aNOa �9 HCl 

51,9 5,3 1t2:~ 13,0 

64,61 6,4 11,0[ 
54,8 6.4 8,51 107,8 
59,4] 6,7] 5,7] 
630 69 45 10.8 
6316 712 414 10.5 

Calc.,  % Yield, 

62,0 5,2 10'41 K2 78 

8,5 10,8 10 

43 71 
411 85 

*In the preparation of IVa, IVd, and IVb,c, the materials  were 
refluxed for 15 rain, 10 rain, and 5 rain, respectively.  
tThe  recrystal l izat ion solvents were: absolute alcohol for IVc,f, 
alcohol for IVa, dilute alcohol for IVb, petroleum ether for IVd, 
and isopropyl alcohol for IVe. 
SThe yield was 43% in the cycl ization with BF a etherate in acetic 
acid. 

CH 3 
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CH 3 N-CH 

CO}-CH 3 
C(~, -OH= 

C(t}H 

�89 i ppm 

Fig. i. PMR spectrum (in CCI 4) of 1,2,3,- 
4-trim ethyl- 8-nitro- i, 2,3,4-tetrahydro- 
benzofuro [3,2-c]pyridine (IVb). 

dine ring and the CH 3 group are shifted to weaker field (N-  
CH 3 at 2.9 ppm) as a consequence of protonation of the nitro-  
gen atom, and the signals of the protons of this ring assume 
a complex form (at 3 .1-4.8  ppm). Since a structure corre -  
sponding not only to formula IVb but also to formula A can 
be ass igned to the product of the cycl ization of ether IIIb, 
the PMR spectrum of this compound was also recorded. 
The spectral  data (Fig. 1) unambiguously confirm structure 
IVb. Of the characterist ic  signals of the spectrum, one 
should note two doublets from C(4)-CH 3 and C(1)-CH 3 (5 

1.15 and 1.35 ppm), JC(t)-CHa; C(4) H 7 Hz, JC(Q-CH~; C(l)I=t 
6.4 Hz, respect ively  (the constants were determined aI op- 
erating frequencies of 100 and 60 MHz), as well as an octet 
at 3.4 ppm from C ( 9 - H  [J1c(t)--H; C(4)-CH 3 6.4 Hz and 

J2C(D-H; C0)-H 2 Hz]. 
Thus the direction of cycl ization of aryl ethers of the 

oxime of unsymmetrieal ly  constructed piperidone IB differs 
from the orientation during closing of the indole ring via the 
F ischer  reaction of arylhydrazones of this ketone, for which 
intramolecular condensation proceeds exclusively  with the 
participation of the c~-methylidyne group with the initial 
formation of idolenines (wMch spontaneously undergo sub- 
sequent rearrangement) [10]. 
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Compound IVd was conver ted  to the corresponding f i -dimethylaminoethyl  e s t e r  (V) by t r an se s t e r i f i -  
cation with f l -dimethylaminoethanol .  

EXPERIMENTAL 

The PMR spectra (in the 5 scale) for IVa,b were obtained with an RS-60 spectrometer with an opera- 
ting frequency of 60 MHz, while the spectrum of IVb was also recorded with a Varian-HA-100 spectrome- 
ter with an operating frequency of I00 MHz. The IR spectra were recorded with a UR-10 spectrometer, 
while the UV spectra were recorded with an SF-4 spectrophotometer. 

4-Nitrophenyl Ether of l-Methyl-4-piperidone Oxime (IIIa). A solution of 8 g (0.062 mole) of 1-methyl- 
4-piperidone oxime in 45 ml of DMSO was added in 20 min to a suspension of 2 g (0.06 mole) of 75% (with 
respect to active hydrogen) sodium hydride in 15 ml of DMSO, and the mixture was stirred at 20 ~ for 1 h. 
A solution of 9.8 g (0.062 mole) of IIa in 20 ml of DMSO was then added, and the reaction mixture was stirred 
for another hour and poured into water. The resulting precipitate was removed by filtration, washed with 
water, and dried to give 7.6 g of ether IIIa. 

The remaining ethers (IIIb-f) were similarly obtained. The data on IIIa-f are presented in Table I. 

8-Nitro-l,2,3,4-tetrahydrobenzofuro[3,2-e]pyridines (IVa-f). A solution of 0.012 mole of IIIa-f in 30 
ml of a mixture of glacial acetic acid and concentrated sulfuric acid (9 : 1 with respect to volume) was re- 
fluxed for 5-15 rain, poured into water, and made alkaline. The resulting precipitate was removed by fil- 
tration (or extracted with ether in the case of the isolation of the hydroehlorides). The optimum conditions 
for the preparation of IVe,f are as follows. Compounds IIIe,f were refluxed for 45 min with a 25-30% solu- 
tion of hydrogen chloride in alcohol, the solvent was evaporated, and the residue was heated with a mixture 
of glacial acetic and concentrated sulfuric acids, as indicated above. 

The physical constants and yields of IVa-f are presented in Table 2. 

fl -Dimethylaminoethyl 2-Methyl- I, 2,3,4-tetrahydrobenzofuro [3,2-c]pyridine-8-earboxylate (V). fi- 
Dimethylaminoethanol (5 ml) and 2-3 mg of sodium were added to 2 g (0.007 mole) of IIId in 20 ml of abso- 
lute toluene, and the mixture was refluxed for 1 h with removal of 70% of the toluene by distillation. Another 
80 ml of absolute toluene and 4 ml of the amino alcohol were added, and the distillation was repeated. Ben- 
zene was added to the residue, the mixture was washed with water, and the benzene was removed by distil- 
lation. The residual oil crystallized on standing to give 2.3 g (91%) of amino ester V with mp 83-84 ~ (from 
heptane). Found: C 67.5; H 7.5; N 9.3%. CI?H22N20 3. Calculated: C 67.5; H 7.3; N 9.3%. The di~ydrochlo- 
ride had mp 285-287 ~ (from alcohol). Found: C1 18.7; N 7.4%. Ct?H22N20 3. 21ICI. Calculated: Cl 18.9; 

N 7.5%. 
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