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The condensat ion of O-phenylhydroxylamine (Ia) with t e t r ahydro-4- th iopyrone ,  1 - m e t h y l - 4 -  
piper idone (IIb), 1 ,2 ,5 - t r ime thy l -4 -p ipe r idone ,  and 4 - th iochromanone  and of O- (4- to ly l ) -hy-  
droxylamine  with II-b was used  to synthes ize  the cor responding  benzofuran  der iva t ives  (IIIa-e), .  
f r o m  which IIIa and IIIb we re  obtained by deaminat ion of 8 - a m i n o - 3 , 4 - d i h y d r o - l H - t h i o p y r a n o -  
[4,3-b]benzofuran and 2 -me thy l -8 -amino- l , 2 ,3 ,4 - t e t r ahydrobenzofu ro [3 ,2 -c ]py r id ine .  

The cyclization of 4-nitrophenyl ethers of oximes of tetrahydro-4-thiopyrone and 4-piperidones, which 
leads to derivatives of new heterocyelic systems- 3,4-dihydro-iH-thiopyrano[4,3-b]benzofuran and 1,2,3,4- 
tetrahydrobenzofuro[3,2-c!pyridine - that eont~ain a nitro group in the benzene ring, has been described in 
previous communications [1-3]. In a staldy of the cyclization of 4-piperidones, the peculiarities of this re- 
action, which contribute to the elucidation of its mechanism, were established [4]. 

In a continuation of these investigations, we have studied the condensation of unsubstituted O-phenyl- 
hydroxylamine (la) with heterocyelic ketches - tetrahydro-4-thiopyrone (IIa), l-methyl-4-piperidone (I~o), 
1,2.~5-trimethyl-4-piperidone (lie), and 4-thioehromanone (lid). Several examples of the condensation of Ia 
with ketches to give the corresponding phenyl ethers of the oximes with subsequent cyclization of them to 
benzofurans are presented in [5-7]. We have obtained benzofuran derivatives (IIIa-d) as a result of the con- 
densation of Ia with IIa-d without isolation of the intermediate ethers. The condensation of la with IIa and 
IId was carried out in alcohol solutions of hydrogen chloride. Under similar conditions, the reaction with 
IIb and IIc leads to tlae formation of a mixture of several substances, from which the final products of the 
reaction (II~ and KIc) cannot be isolated. Compounds IIIb, c were obtained only on subsequent heating of the 
residue formed after evaporation of the reaction mass with a mixture (9 : I) of acetic and sulfuric acids. 

C~ H.0N H,~ + 6HsON ! 

Ja ,ta-e J ma-c r 

I| Ill a R :H, X=S: b R=H~X=NCHs; C R-CHa. X=NCH~ 

Consequently,  as  in the case  of the 4-n i t rophenyl  e the r s  of 4 -p ipe r idones  [1, 3], to complete  the ey-  
c l izat ion of phenyl e the r s  of 4 -p ipe r idones  it is expedient to use  a mixture  of the indicated acids ,  which is 
a m o r e  ac t ive  ca t a lys t  fo r  the convers ion  of the in te rmedia te  produets  of the condensat ion to the benzofuran 
s y s t e m  [4]. The use  of this mix tu re  of acids  f r o m  the ve ry  s t a r t  of the reac t ion  of O-phenylhydroxylamine 
with I!b, c g ives  somewhat  p o o r e r  resu l t s .  This  same  route was used  fo r  the reac t ion  of O-(4- to ly l )hydroxyl -  
amine  (Ib) with IIa to give 2 ,8 -d imethy l l ,2 ,3 ,4 - te t rahydrobenzofuro[3 ,2 -e ]pyr id ine  (IIIe). 

The mel t ing  point of the hydrochlor ide  of IlIb (265-266 ~ dif fers  cons iderab ly  f r o m  that of the c o m -  
pound (228 ~ obtained in low yield (6%) by Cattanach and Rees  [5] by the reac t ion  of Ia with IIb in alcohol with 
subsequent  heating in a l e o h d i c  hydrogen chlor ide  solution. In o rde r  to conf i rm the s t ruc tu re  of III (in the 
ease  of IIIa, b) and to s ea r ch  fo r  a d i f ferent  path for  the i r  p repara t ion ,  we  undertook the synthes is-of  IIIa, b 
f r o m  the p rev ious ly  desc r ibed  D] 8 -n i t ro -a ,4 -d ihydro - lH- th iopyrano[4 ,3 -b ]benzofu ran  (IVa) and 2 -me thy l -  
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8-n i t ro - l ,2 ,3 ,4 - t e t r ahydrobenzofuro[3 ,2 -c ]pyr id ine  (Va) by reduction to the cor responding  8-amino de r iva -  
t ives  (IVb and Vb) and deaminat ion of the l a t t e r  through the diazonium sal ts .  

o .  r,, J , . N  

I r a ,  Va Ivb, vb 
Iva ,  b x = s ;  v a,  bX=NCH a 

The reduct ion of the ni t ro compounds (IVa and Va) proceeds  e x t r e m e l y  smoothly by the act ion of hy- 
drazine hydrate  in the p re sence  of Raney nickel. In con t ra s t  to IVa [2], Va can a lso  be reduced in good yield 
with hydrogen over  Pd black.  The diazo group was replaced  by hydrogen by the action of hypophosphorous 
acid.  Both s amp le s  of the hydrochlor ide  of IIIb and both samples  of IIIa obtained by these two methods proved 
to be comple te ly  identical.  The PMR spectrxtm of IIIc (a solution of the base  in CD3OD , Var ian  T-60 spec t ro -  
photometer ,  5 scale),  as in the case  of the cor responding  8-ni t ro  der iva t ive  [3], is cha rac t e r i zed  by the p r e s -  
ence of two doublet s ignals  with J -  6.5 Hz at 1.53 and 1.26 ppm f r o m  the 1-CH 3 and 4-CH 3 groups,  r e s p e c -  
t ively,  and by the appearance  of a long- range  s p i n - s p i n  coupling (J~- 2 Hz) between the 1-H and 4-H protons ,  
the s ignals  of which a r e  at 3.0-3.7 and 2.0-2.7 ppm (overlapped, respec t ive ly ,  with the s ignals  of the 3-H 2 and 
2-CH 3 protons) .  The PMR spec t ra l  data exclude the assumpt ion  that the product  of the condensation of Ia 
with IIc is an i somer i c  compound that might have fo rmed  if the eycl izat ion had occu r r ed  at the 5 posit ion of 
piperidone IIc. 

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

2 -Methy l -8 -amino- l , 2 ,3 ,4 - t e t r ahydro [3 ,2 -c ]py r id ine  (Vb). A. A 10-g (42 mmole)  sample  of Va in 200 ml 
of ethanol was hydrogenated over  0.2 g of Pd black. Af te r  hydrogen absorp t ion  had ceased,  the ca ta lys t  was 
r emoved  by f i l t rat ion,  and the alcohol was vacuum-evapora ted .  The res idue  was dissolved in ether ,  and a l -  
coholic hydrogen chloride solution was added to prec ip i ta te  9.5 g (76%) of the monohydrate  of the dihydro-  
chloride of Vb with mp 271-273 ~ (dee., f r o m  aqueous isopropyl  alcohol). Found: C 49.1; H 6,3; C1 24.3; 
N 9.7%. Ci2Hi4N20" 2HCI" H20. Calculated: C 49.1; H 6.2; C1 24.2; N 9.6%. 

B._. A 1-1 .5-g  sample  of Raney nickel  was added to a solution of 3.8 g (16 mmole)  of Va in 130 ml  of 
methanol,  and 7 ml  of hydrazine  hydrate  was then added dropwise with s t i r r ing  in the course  of 30 min. The 
mix tu re  was s t i r r ed  for  1 h, the ca ta lys t  was removed  by f i l t rat ion,  and the methanol  was e v a p o r a t e d t o  give 
3.1 g (96%) of Vb with mp 131-131.5 ~ (from hep tane -benzene ) .  Found: C 71.2; H 7.0; N 13.5%. C12H14N20. 
Calculated: C 71.3; H 7.0; N 13.3%. 

8-AminoL3,4-d ihydro- lH- th iopyrano[4 ,3-b]benzofuran  (IVb). An 8-g (34 mmole)  sample  of IVa in 300 
ml  of methanol  was reduced over  Raney nickel  with 15 ml  of hydrazine hydrate  as  in the p repa ra t ion  of Vb 
to give 6.5 g (91%) of IVb with mp 153-154 ~ (from hep tane -benzene ) .  Found: C 64.4; H 5.3; N 6.9; S 15.4%. 
CllHIINOS. Calculated: C 64.4; H 5.4; N 6.9; S 15.6%. 

2 -Methy l - l ,2 ,3 ,4 - te t rahydrobenzofure [3 ,2 -c ]pyr id ine  {IIIb). A___.= A mix tu re  of 1.2 g (11 mmole)  of Ia 
and 1.3 g (11 mmole)  of IIb [8] was ref luxed in 15 ml  of 15% absolute alcoholic hydrogen chloride solution, 
and the mix tu re  was  poured into water .  The acid solution was made alkaline with ammonium hydroxide and 
ex t rac ted  with ether .  The ex t rac t  was  dried and evaporated,  and the res idue  was ref luxed fo r  5 rain with 
glacia l  acet ic  a c i d - c o n c e n t r a t e d  H2SO 4 (9 : 1). The mixture  was poured into water ,  and the acid solution was 
made alkal ine with ammonium hydroxide and ex t rac ted  with ether .  The ex t rac t  was  dried and t rea ted  with 
absolute  alcoholic hydrogen chlor ide  solution to prec ip i ta te  1.25 g (51%) of the hydrochlor ide of IIIb with mp 
265-266 ~ (from absolute alcohol). Found: C 64.3; H 6.3; C1 15.8; N 6.4%. CI2H13NO- HC1. Calculated: C 64.3; 
H 6.3; C1 15.8; N 6.3%. 

B.__:. A 3.5-g (11.9 mmole)  sample  of the dihydrochloride of Vb in 80 ml  of wa t e r  and 20 ml  of concen-  
t r a t ed  H2SO 4 was diazot ized at 0 ~ with 0.9 g (13 re_mole) of NaNO 2 in 10 ml  of water ,  and H~PO2, p r e p a r e d  
f r o m  22 g of Ba(H2I~O2) 2 and 12 ml  of concentra ted  H2SO 4 in 80 ml  of water ,  was added to the diazonium solu-  
tion. The mix tu re  was held at  0-5 ~ for  12 h and at 20 ~ fo r  36 h. I t  was  then made alkal ine with 10% KOH and 
ex t rac ted  with ether .  The e ther  solution was dried with MgSO 4 and t r ea t ed  with alcoholic hydrogen chlor ide 
solution to prec ip i ta te  7 g (64%) of the hydrochlor ide  of IIIb with mp 265-266 ~ (from absolute alcohol). Sam- 
ples  of IIIb obtained by these  two methods did not dep re s s  one ano the r ' s  mel t ing points, had identical  I R s p e e -  
t r a  (in mine ra l  oil) at 400-3600 cm -1, and gave identical Rf  values  during th in - l aye r  ch romatography  (TLC) 
on the alkaline f o r m  of A1203. 

1 ,2 ,4 -Tr ime thy l - l , 2 ,3 ,4 - t e t r ahydrobenzofu ro [3 ,2 -e ]pyr id ine  {IIIc). As in the synthesis  of IIIb, the r e -  
action of 2.7 g (19 mmole)  of the hydrochlor ide  of Ia with 2.6 g (19 mmole)  of IIe in 15 ml  of 20% absolute 
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alcoholic hydrogen chloride solution with subsequent treatment with 20 ml of glacial acetic acid-concen- 
trated sulfuric acid (9 : I) gave 3.6 g (77%) of the hydrochloride of IIIc with mp 276-277 ~ (dec., from absolute 
alcohol). Found: C 66.9; H 7.2; CI 14.1; N 5.7%. CI4HiTNO'HCI. Calculated: C 66.8; H 7.2; C1 14.1; N 5.6%. 

2,8-Dimethyl-l,2,3,4-tetrahydrobenzofuro[3,2-c]pyridine (IIIe). Similarly, 3.2 g (0.02 mole) of the hy- 
drochloride of Ib [9] and 2.25 g (20 mmole) of IIb gave 1.85 g (39%) of the hydrochloridc of IIIe with mp 257- 
258 ~ (from absolute alcohol). Found: C 65.8; H 6.7; C1 14.6; N 5.9%. C~3H~sNO.HCI. Calculated: C 65.7; 
H 6.8; C1 14.9; N 5.9~0. 

3,4-Dihydro-iH-thiopyrano[4,3-b]benzofuran (IIIa). A. A mixture of 1.2 g (11 mmole) of, la and 1.3 g 
(ii mmole) of IIa in i0 ml of 7.5% absolute alcoholic hydrogen chloride solution was refluxed for i0 rain and 
poured into water. The aqueous mixture was extracted with ether, the extract was dried and evaporated, and 
the residue was crystallized three times from hexane to give 0.4 g (18%) of IIIa with mp 71-72 ~ Found: 
C 69.2; H 5.2; S 16.8%. CIIHI00S. Calculated: C 69.4; H 5.3; S 16.9%. The UV spectrum (in alcohol, cl0-SM) 
was similar to the spectrum of the benzofuran reported in [I0]: there is a series of bands at 244-256 nm 
(log ~ ~ 4.11) in addition to kmax 248 nm (log ~ 4.15). 

B__. A 2-g (9.7 mmole) sample of IVb in 25 ml of water and 25 ml of concentrated HCI was diazotized 
at 0 ~ with a solution of 0.8 g of NaNO 2 in i0 ml of water and was then deaminated, as in the case of Vb, by 
means of H3PO2, prepared from ii g of Ba(H2PO2)2, 12 ml of concentrated H2SO4, and 80 ml of water, to give 
1 g (54%) of IIIa with mp 71-72 ~ (from hexane). The product did not depress the melting point of a sample of 
IIIa obtained as indicated above and was identical to it with respect to mobility during TLC on AI203. 

6H-Benzo[5,6]thiopyrano[4,3-b]benzofuran (IIId). As in the preparation of IIIa, 2.7 g (19 mmole) of the 
hydrochloride of Ia and 3.0 g (18 re_mole) of IId in 30 ml of 26% absolute alcoholic hydrogen chloride solution 
(refluxing for 30 rain) gave 1.5 g (34%) of Ir[d with mp 54-55 ~ (from hexane). Found: C 75.6; H 4.1; S 12.9%. 
CIsHIoOS. Calculated: C 75.6; H 4.2; S 13.4%. 
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