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1 ,2 ,3 ,4 ,4a ,9b-Hexahydrobenzofuro[3 ,2-c]pyr id ines  (HFP) have not been examined in con t ras t  to the i r  
n i t rogen analogs ,  1 ,2 ,3 ,4 ,4a ,9b-hexahydro- - / -carbol ines ,  which include subs tances  with marked  pharmaco log i -  
cal  act ivi ty {e.g., 3 ,6 -d ime thy l - l , 2 ,3 ,4 ,4a ,9b -7 -ca rbo l ine  is a psychotropic  [1] and ant ia lcohol i sm [2] agent).  
The combinat ion of the 2 ,3-dihydrobenzofuran  and piperidine f r agmen t s  in H F P ' s  could r evea l  some s t ruc tu ra l  
analogy with morphine and with ana lges ics  of the aminoa lky l -2 ,3-d ihydrobenzofuran  s e r i e s  [3, 4]. Equally, 
there  a re  ce r ta in  s t ruc tu ra l  d i f fe rences  between H F P ' s  and known narco t ic  ana lges ics ,  which sugges ts  that  
new fea tu res  could appea r  in the pharmaco log ica l  s p e c t r u m  of H F P ' s ,  such as ant imorphine  act ivi ty .  In this  
context the synthes is  of H F P ' s  as  a new s y s t e m  and the examinat ion of var ious  p rope r t i e s  is of some  re l evance .  

For  the p repa ra t ion  of H F P ' s  we examined the reduct ion of 1 ,2 ,3 ,4 . . te t rahydrobenzofuran[3,2-c]pyr idines  
(ia)-{Id) [5, 6], which, we might mention,  a r e  t hemse lves  pharmaco log ica l ly  act ive  compounds [7]. An a t t empt  
to reduce  compounds (Ia)-(Id) with zinc a m a l g a m  in hydrochlor ic  acid under the conditions widely used for  the 
reduct ion of indoles and indolenines was unsuccessfu l .  Nor did the eff icient  method using a lka l i -me ta l  b o r c -  
hydr ides  for the reduct ion of indoles [8] and 1 ,2 ,3 ,4 - t e t r ahyd ro -y -ca rbo l i ne s  [9] give any be t t e r  r e su l t s .  In 
both ca se s  we r e c o v e r e d  the s t a r t ing  compounds (up to 90%) and detected sl ight res ini f icat ion.  

The ca ta ly t ic  hydrogenat ion of benzofurans  often p roceeds  nonspecif ica l ly  and i ts  r e su l t s  depend on the 
nature  of the subst i tuents  in the benzofuran  compound, the type of ca ta lys t ,  and the reac t ion  conditions (see,  
e .g . ,  the b r i e f  rev iew [10]). The s imp le s t  r e p r e s e n t a t i v e s  of the indole and benzofuran  s y s t e m s  a r e  known to 
be read i ly  conver ted  to indolines [11] and 2 ,3-dihydrobenzofurans  [10] by ionic hydrogenation.  Consequently,  we 
turned to this method and t r ied  s e v e r a l  s y s t e m s  fo r  the ionic hydrogenat ion of compounds (Ia)-(Id). 

We found the usual  s y s t e m  for  ionic hydrogenation,  (C2Hs)3SiH- CF3COOH , to be inactive in the s e r i e s  of 
compounds (Ia)-(Id). Nor did the m o r e  eff icient  (C2Hs)3SiH-CF3COOH-(C2H5)20. BF 3 s y s t e m  [12] br ing  suc-  
ces s .  The inc reased  s tabi l i ty  toward ionic hydrogenation of compounds of the type of (Ia)-(Id) is  obviously due 
to the e l e c t r o n - a c c e p t i n g  effect  of the protonated amino group. This  has a lso  been  detected in the ionic hydro-  
genation of 2- (~-d ie thylaminoalkyl ) th iophenes  by the CF3COOH-HSiEt  3 sys t em,  where  hydrogenat ion of the 
thiophene r ing takes  place only when the e l ec t ron -accep t ing  group is sepa ra ted  f r o m  the r ing by a t  l eas t  th ree  
methylene units [13]. The ionic hydrogenat ion s y s t e m s  C F3COOH-L2PtX 2- H2, C F3COOH-RuX 3-  H2, and 
CF3COOH--Pt /C- -H 2 [14, 15] were  a lso  inactive a t  40~ under a hydrogen p r e s s u r e  of 1-75 a tm.  However,  u se  
of the CF3COOH--PtO 2-  H 2 s y s t e m  at  r oom t e m p e r a t u r e  and no rma l  p r e s s u r e  resu l ted  in the hydrogenat ion of 
compounds (Ia)-(Id). The reac t ion  did not end at the s tage of reduct ion of the double bond; hydrogenat ion of the  
benzene r ing took place s imul taneously .  By se lec t ing  the opt imum reac t ion  t ime  we were  able to p r e p a r e  com-  
pounds (IIa)-(IId) in s a t i s f ac to ry  yield. We moni tored  the course  of hydrogenat ion by GLC. 

Thus we have developed a s imple  method for  the reduct ion of the double bond in compounds (Ia)-(Id) with 
the CF3COOH--PtO 2-  H 2 s y s t em ,  although in this case  the ionic mechan i sm cannot be cons idered  substant ia ted.  

~l h H ~  

(CFaCOOH) 

R~ H I~ 
la-d lla-d 

IIa RI~R2=R~=H; Ib, IIb RI=R3=H, R2=CH~; Ic~ l ie  Ri=R2=H, R3=CH~; 
Id, Ild RI~R:=R3=CH3 
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TABLE 1. 
2-c]pyridines (I!a)- (IId) 

Hydrochlori,des of 1,2,3,4,4a, 9b-Hexahydrobenzofuro[3,  

.~ rot. of Found, % 
�9 hydrogen [ 

Com- absoB~ed, rap, "C c ~ N c! 
pound mole 

IIa. HC~a] 0,02 184--186 [62,2[6,616,9]16,9 
0.023 

IIe.HClC[ 0,027 260-2263 161,317,516,3115,0 
0,015 lid. HcId I 247--247,5 t66~18,215,61 lS,8 

Calculated, % .~ 

c,.,3No .c1 10241071001108168 
C12HlsNO" HCI 163,917,1 [6,2 ~ 15,71 68 
C,,H,sNO.HCI.I  I I I I 

�9 0,5 H20 [61,4|7,316,0[ 15,1[ 30 
c, H, No-Hc, I  j8,015,5114,01 

aAnalysis by GLC revealed that crude (IIa) hydrochlor ide  was con- 
tarninated by the s tar t ing  compound. It was t rea ted  with the mini- 
mum amount of water ,  precipi tat ing compound (Ia} (0.15 g), which 
was separated.  The mother  liquor was made alkaline with potas- 
s ium hydroxide solution and ext rac ted  with e ther ;  the e therea l  ex- 
t r ac t  was dr ied over  magnesium sulfate and (Ha} was precipi ta ted 
with alcoholic hydrogen chlor ide,  bHydrochloride of (IIb) was pre-  
cipitated f rom e therea l  solution with alcoholic hydrogen chloride at 
pH 3 and r ec rys t a l l i zed  f rom isopropyl  alcohol. CHydrochloride of 
(IIc) was precipi ta ted f rom e therea l  solution by addition of alcoholic 
hydrogen chloride until the appearance of a precipi ta te ,  f i l tered off 
a f t e r  24 h (20~ and rec rys t a l l i zed  f rom isopropyl  alcohol,  dHy- 
drochlor ide  (lid) was der ived by addition to the ehthereal  solution 
of alcoholic hydrogen chloride at pH 3 followed by fract ional  c ry s -  
tal l izat ion f rom isopropyl  alcohol. 

We veri f ied the s t ruc tu res  of compounds (IIa}-(lid) by e lemental  analysis ,  PlVIR spect roscopy,  and molec-  
u la r  weight de terminat ion  [mass spec t rome t r i ca l l y  for  (IIa) and (IId} as  examples] .  Thus in the PMR spect ra  
(in CCI 4) bases  (IIa) and (IIb) have the 4a-H proton as a multiplet  at 4.5 and 4.7 ppm respec t ive ly ;  in compound 
(IId} it appears  as a t r ip le t  at 4.1 ppm with s imi la r  values of J44a and J4asb (8 Hz}. In CD3OD solution the hydro-  
chlorides of these compounds show a downfield shift of the 4a-H proton to 5 ppm. Compounds (IIa)-(IId} were  
isolated in the pure fo rm and were  s t e reochemica l ly  homogeneous (probably with the cis ring junction}, which 
we establ ished by GLC and PMR spect roscopy,  which revealed  that the single set  of proton signals for  each 
group (for example the 4a-H, NCH 3, or  C-CH3) pers i s t ed  when the solvent was var ied.  The t rans-conf igura t ion  
re la t ive  to the C(t ) and C(4 ) substi tuents has previously  been established for  the s tar t ing compound (Id} [16]. 

We sc reened  compounds (IIa)-(IId) as hydrochlor ides  for  analgesic activity.  Tes t s  were  ca r r i ed  out on 
ra t s ;  all compounds were  adminis te red  intravenously.  A painful react ion was induced by e lec t r ica l  st imulation 
of the skin of the tail .  Hydrochlor ide  of (Id) in a dose of 25 mg/kg doubled the pain sensi t ivi ty threshold;  the 
duration of the analgesic effect  was 40-60 min. Hydrochlor ide  of (IIc) in a dose of 25 mg/kg caused a c lea r  r e -  
duction in the pain sensi t ivi ty  threshold and shortened morphine- induced analgesia but was considerably  in- 
f e r io r  to nalorphine in ant imorphine act ivi ty.  

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

Molecular  weights were  measured  with an MAT-112 spec t romete r ,  ionizing energy  70 eV, ion source  tem- 
pera tu re  200~ GLC analysis  was ca r r i ed  out on a 1 KhM-8D chromatograph,  SE-30 column (1 = 25 m, d = 2 
ram}, c a r r i e r  gas ni trogen,  t empera tu re  150-180~ The PMR spectra  were  recorded  on a Varian T-60.  

Hydrochlor ides  of 1,2,3,4,4a,9b-Hexahydrobenzofuro[3,2-c]pyridines (IIa)-(IId). Hydrochlor ide of (I} 
(0.014 mole} was hydrogenated over  a Pt ca ta lys t  (from 0.3 g PtO 2} in t r i f luoroace t ic  acid (25 ml}. The catalyst  
was removed by f i l t rat ion and the solvent  was disti l led off. The res idue  was dissolved in water .  The solution 
was made alkaline with ~20% potassium hydroxide so lu t ionor  ~10% ammonia solution to pH 10 and the base was 
ext rac ted  with e ther .  The e therea l  solution was dr ied over  magnesium sulfate and hydrochlor ides  (IIa)-(IId) 
were precipi ta ted with hydrogen chloride.  The i r  p roper t ies  are  summar ized  in Table 1. 
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We have found that the in terac t ion  of sa l icyla ldehyde with ethyl cyanoaceta te  in the p re sence  of sodium 
ethoxide or po ta s s ium carbonate  at r oom t e m p e r a t u r e  for  40-48 h f o r m s  a mix tu re  of 3-e thoxycarbonylcou-  
m a r i n  (I) and 2 - imino -3 -e thoxyca rbony lcoumar in  (II) in 5 and 35~ yield (with sodium ethoxide) or 4 and 32~ 
yield (with po ta s s ium carbonate) ,  r e spec t ive ly .  

< . < .  < o o , ,  

CH(CHCNCOOC2Hs)~ ~ ' C H O  

|11 I, I I  

I r ~ o ;  u r = n .  

I n c r e a s e  in the amount  of ethyl cyanoaceta te  caused the yield of (II) to r i s e .  When a twofold excess  of 
ethyl cyanoaceta te  was used, we obtained only (II) in a l m o s t  quanti tat ive yield (~93gr). 

T r e a t m e n t  of the reac t ion  mixture  with dilute hydrochlor ic  acid (1:1) (25~ 18 h) gave a single reac t ion  
product,  3 -e thoxycarbony lcoumar in  in 80% yield. 

*Communicat ion 42; for  Communicat ion  41 see [1]. 
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