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Condensing a-alkyl(aryl)-8-bromo-S-nitroerhylenes with dimedon 
and dihydroresorcinol gives a number of derivatives of nitrohexahydro- 
benzofuran, reduced using Raney nickel catalyst, to substituted hexa- 
hydroindolones, boiling with the same catalyst in ethanol giving tetra- 
hydroindolones. Acid hydrolysis of derivatives of nitrnhexahydrobenzo- 
furan gives monocarboxylic acids (only the furan ring being opened), 
or dicarboxylic keto-acids (both rings opened). Reaction of nitrohexa o 
hydrobenzofurans with p-nitrophenylhydrazine gives monohydrazones. 
2-Nitro-S-(m-nitrophenyl)hexahydrobenzofurans, when boiled with 
excess triethylamine, lose nitrous acid to give 3-(m-nitrophenyl)tetra- 
hydrobenzofurans. 

In previous papers it was shown that reaction of 1- 
n i t ro -p rop- l - ene ,  f i -b romo-3-n i t ros ty rene ,  and oz- 
(p-n i t rophenyl) -3-bromo-3-ni t roe thylene  with dime- 
don and dihydroresorcinol ,  in the presence of basic 
reagents  (triethylamine, sodium methoxide), involves 
dehydrohalogenation, and leads to the formation of 
nitro derivatives of hexahydrobenzofuran [1-4].  The 
present  work aimed to extend this reaction to a ser ies  
of other oz-alkyi(aryl) -3-bromo-p-ni t roethylenes ,  
and to study the chemical behaviors of the resultant  
products.  

l -Bromo- l -n i t roe thy lene  and dimedon initially 
give the product of a Michael reaction, 2 - (3 -b romo-  

-ni troethyl)-  5, 5-dimethylcycIo-  hexa- 1, 3-dione (I) 
[5], converted to 2-ni t ro-4-oxo-6,  6-dimethyl-2, 3, 4 , -  
5, 6, 7-hexahydrobenzofuran (II). 1 - B r o m o - l - n i t r o -  
ethylene reacts  with dimedon to give immediately a 
cyclization product, 2-n i t ro-propyl-4-oxo-6 ,  6-di- 
methyl-2,  3, 4, 5, 6, 7-hexahydrobenzofuran (IV). 
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Condensation of a - ( m - n i t r o p h e n y l ) - 3 - b r o m o - 3 -  
nitroethylene with dihydroresorcinol  or dimedon in 
benzene, in the presence of an equimolecular amount 
of tr iethylamine, is accompanied by dehydrohalogen- 
ation, and gives respect ively 2 -n i t ro -3 - (m-n i t ro -  
phenyl-4-oxo-2,  3, 4, 5, 6, 7-hexahydrobenzofuran (VII), 

and 2-ni t ro-3-(m-ni t rophenyl)-4-oxo-6,  6-dimethyl- 
2, 3, 4, 5, 6, 7-hexahydrobenzofuran (VIII). With excess 
triethylamine, dehydrohalogenation is accompanied 
by denitration, and the end products are, respectively,  
3-(m-nitrophenyl)-4-oxo-4,  5, 6, 7- tetrahydrobenzo- 
furan (IX), and 3-(m-nitrophenyl)-4-oxo-6,  6-di- 
methyl-4, 5, 6, 7-tetrahydrobenzofuran (X). The s t ruc-  
tures of products I I-VIII  checked by their IR spectra,* 
which had absorption bands at 3430-3456 cm-1 and 
3140-3230 cm-1, corresponding to asymmetr ic  and 
symmetr ic  vibrations of the nitro group, and the 
frequencies, character is t ic  of the immobilized enol 
form of 1, 3-cyclohexanedione, 1640-1670 cm-116, 7]. 
The latter were also found in the IR spectra  of IX 
and X. Fur thermore  compounds IX and X show ab- 
sorptions corresponding to the nitro group in the 
benzene ring, at 1525-1530 and 1348-1350 cm -1, 
as weU as absorptions in the 1550-1555 cm -1 region, 
corresponding to vibrations of C==C in the furan or 
benzofuran ring [8, 9]. 

When 2-ni t ro-3-phenyt-4-oxo-6,  6-dimethyl-2,  3 , -  
4, 5, 6, 7-hexahydrobenzofuran (V) [1, 2] is reduced 
over Raney nickel in methanol under ordinary condi- 
tions, nitro group reduction is accompanied by re -  
heterocyclization, and conversion of V to 3-phenyl- 
6, 6-dimethyl-2,  3, 4, 5, 6, 7-hexahydroindol-4-one (XI), 
previously synthesized from 2-(c~-phenyl-fi-nitro- 
ethyl)-5, 5-dimethylcyclohexane- 1, 3-dione (XXI) [ 10]. 
Compound XI is also obtained by reducing 4-phenyl-  
5-oxo-7, 7-dimethyl-5, 6, 7, 8-tetrahydro(1, 2, 4)benzo- 
xazine-N-oxide (XIX). The latter is obtained from 
XXI by boiling in ethanol, or by treating an ethanol 
solution with a catalytic quantity of sodium methoxide, 
as well as by condensing f l -ni t ros tyrene with dimedon, 

�9 using the same catalyst.  The IR spectra of XIX and 
4-phenyl-5-oxo-5,  6, 7, 8-tetrahydro(1, 2, 4)benzoxa- 
zinc-N-oxide (XX) [11] are the same, and they exhibit 
intense absorption bands, character is t ic  of benzoxa- 
zinc-N-oxides [12]. Hydrogenation of 2-ni t ro-3-phenyl-  
4-oxo-2,  3, 4, 5, 6, 7-hexahydrobenzofuran (VI) [4] and 
XX over Raney nickel, gives 3-phenyl-2, 3, 4, 5, 6, 7- 
hexahydroindol-4-one (XII). Under s imilar  conditions, 
compound IV was converted to 3-propyl-6,  6-dimethyl-  
2, 3, 4, 5, 6, 7-hexahydroindol-4-one (XIII), also ob- 
tained as the hydrochloride XIV. Reduction of 2-ni t ro-  
3-methyl-4-oxo-6,  6-dimethyl-2,  3, 4, 5, 6, 7-hexa- 
hydrobenzofuran (III) [3], followed by t reatment  of a 

*The authors wish to express their great  thanks to 
T. Ya. Paperno for determining the IR spectra .  
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T a b l e  1 

D e r i v a t i v e s  of H e x a - a n d  T e t r a h y d r o b e n z o f u r a n *  

Com- 
Mp, ~ C 

pound 

II 98--99** 

IV 81--82 
(MeOH) 

VII 196--197 
(MeOH) 

VIII 177--177.5 
(MeOH) 

IX*** 94--95**** 

X*** 106--107 
(MeOH) 

IR spec t rum,  cm -I 

C=O 

1653 

1670 

1645 

1670 

1670 

1680 

C--~C 
NO2 b e n z o -  

furan 

1365, 1570 -- 

1371,1555 

1563,1370 
1530,1330 

15751 1365 
1538,1355 

1525,1350 1550 

1530,1348 1555 

Formula  

CIoHI3NO4 

CIaHI9NO4 

C14H2N206 

CI6HI6N206 

CI4HHNO4 

C16HI5NO4 

* The synthesis of I, III, V, and VI have previously been described [1-4]. 
** Compound II was recrystallized from petrol ether containing a few drops of benzene. 

*** Compounds IX and X formed brown crystals; all the other compounds were white. 
**'** Product IX was recrystallized from MeOH plus a few drops of dry CHC1 a. 

Yield, 

9 

90 

37.6 

71 

6O 

6O 

62 

Compound  

XI 

XII* 

XIII  

XIV** 

XV**** 

Mp, ~ C 

235 
(MeOH) 

194--195 
(Dioxaney 

155 
(H20-MeOH 

i:i) 

183--184"** 

229--230*** 

T a b l e  2 
D e r i v a t i v e s  of  H e x a h y d r o i n d o l - 4 - o n e  

IR 
s_pee - 
t l J t l  , 

NH 

31( 

343 
317 

345 
323 

Formula  

CmHloNO 

C~4HIsNO 

ClsH21NO 

CmH~INO �9 HC1 

CuHI7NO �9 HCI 

c 

79.75 
79.86 

79.01 
78.90 

75.65 
75.28 

64.02 
64.08 

61.07 
60,91 

Found, % .  

8.21 6,11 
7.74 6.17 

6.95 6.40 
6.90 6.68 

0.48 7.05 
0.21 6.99 

9.21 5.95 
9.08 6.05 

8.56 6.75 
8.63 6.58 

Ca lcu la t ed ,  % 

C H N 

79.61 7.94 5.81 

78.87 7.05 6.57 

75.36 0.14 6.76 

64.07 9.03 5.75 

61.21 8.35 6.50 

I 

* Mixed mp shows it to be identical with the known compound [11]. 
# Found: C1 15.00; 14.80%. Calculated: C1 14,88%. 

*** XIV and XV were recrystallized from dry ether + a few drops of MeOH. 
****Found: C1 16.86; 16.31%. Calculated: C1 16.47%. 

Yield,  
% 

80 

29 

73 

88 

84 
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Compound Mp, ~ C Formula  

XVI* CI6HITNO 

XVII** C14H1~NO 

XVI I [ CI3HI9NO 

243--244 
(MeOH) 

234--235 
(MeOH) 

I43--I44"** 

T a b l e  3 

D e r i v a t i v e s  of T e t r a h y d r o i n d o l - 4 - o n e  

m . 

Found, ~ 
- 

c 

80.32 7.32 
80.43 7.40 

79.77 6.46 
79.91 6.49 

76.44 9.32 
76.41 9.22 

Ca lcu l a t ed  

N C 

5.81 80,33 1 
5.87 

6.55 79.62 6 
6.71 

6.96 76,09 ~7 
6,92 

N 

5.86 

6.65 

6.83 

Yield,  

66 

3O 

24 

*lRspectmm of XVI, cm -t : 3200 wide (NH), t680 (C==O), 1603 (C~:C pyrrole). 
Compound identical with authentic XVII [11], judging by mixed rap. 

~* XVIII was recrystallized from aqueous EtOF1 1:1. 
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methanol  so lu t ion  of the r e s u l t a n t  ba se  with h y d r o -  
ch lo r i c  ac id ,  r e s u l t s  in the syn thes i s  of the h y d r o -  
ch lo r ide  of 3, 6, 6 - t r i m e t h y l - 2 ,  3, 4, 5, 6, 7 - h e x a h y -  
d r o i n o l - 4 - o n e  (XV). 

When compound XI is  bo i l ed  with Raney  n icke l  in 
ethanol ,  it  u n d e r g o e s  dehydrogena t ion ,  g iv ing 3- 
phenyl -6 ,  6 - d i m e t h y l - 4 ,  5, 6, 7 - t e t r a h y d r o i n d o l - 4 - o n e  
(XVI), which is  s i m i l a r l y  ob ta ined  f r o m  V o r  XXI. 
In the s a m e  way VI is  conve r t ed  to 3 -pheny l -4 ,  5, 6, 7-  
t e t r a h y d r o i n d o l o n e  (XVII), whi le  XIII g ives  3 - p r o p y l -  
6, 6 - d i m e t h y l - 4 ,  5, 6, 7 - t e t r a h y d r o i n d o l - 4 - o n e  (XVIII). 
The IR s p e c t r a  of compounds  X I - X I I I  a r e  found to 
conta in  abso rp t i on  bands  c h a r a c t e r i s t i c  of p y r r o l e  
[13] (free NH 3430-3456 c m  - I  and a s s o c i a t e d  NH 
3140-3230 cm-1) .  H y d r o l y s i s  of V with 36% h y d r o -  
ch lo r i c  ac id  is  a c c o m p a n i e d  by opening of the d i h y d r o -  
furan r ing,  to give c~-(5, 5 - d i m e t h y l - 1 ,  3 - c y c l o h e x a n -  
e d i o n - 2 - y l ) - ~ - p h e n y l a c e t i c  acid,  a l so  obta ined  by 
hyd ro lyz ing  XIX. Acid  h y d r o l y s i s  of VI is  a c c o m p a n i e d  
by opening of both r i ngs ,  and l eads  to syn thes i s  of 

0 
R II 

0 0 0 
R f! R \  II R~ 1 ~  

R' * R' - - *  R' 

H 
HC{ XI- XIII ~.. .~ / ~ f  XVI-XVIII 

XIV, XV 
R I- o R { 0 
I i O~N --CH2--CH ~ I II 

0 ~ ,  R' O" N'Ofl~R ' 

X X I  XIX, XX 

~'~ XI XII XIII XIV XV 

R C~Hs C~Hs n C,Hr n-Cdb CH3 

R" CHa H CH:~ CH3 CH3 

XVI XVII XVIII XIX XX XXI 

C,H: C~Hs n-C~H7 C~IIs Cslls Cslls 

CII3 II CFh CH~ H CF|z 

ce - pheny l -T -ke to -  s u b e r i c  ac id  (XXIII). Obvious ly  th is  
d i f f e r e n c e  in the b e h a v i o r s  of V and VI is  due to the 
g r e a t e r  l ab i l i t y  of the  d i h y d r o r e s o r c i n o l  as  c o m p a r e d  
with the  d imedon  [14]. 

CJt~ 0 XIX 
O ~ c _ c l . _ ~  ~ c .  o 0 l o 5 Ii ~0 

. o -  o;,L..~c. ~ ~ v v, ~ o>C-C.-C.2-c-tc"p~-C\o . 

s a \ / XXH ~ X X l l l  

R " I ' ~  ~:~-R" \ ~ X X I V  R ~ C~H 5, R' = CH 3 , 
O,:N/~'O/ V ~ ,  XXV R = C6H ~, R '  = H 

X X I V ,  X X V  

Condensa t ion  of V and VI with one o r  two m o l e c u l e s  
of p - n i t r o p h e n y l - h y d r a z i n e  l eads  to the i s o l a t i o n  of the 
r e s p e c t i v e  m o n o h y d r a z o n e s :  4 - ( p - n i t r o p h e n y l h y d r a -  
z o n e ) - 2 - n i t r o - 3 - p h e n y l - 6  , 6 - d i m e t h y l - 2 ,  3, 4, 5, 6, 7-  
h e x a h y d r o b e n z o f u r a n  (XXIV) and 4 - ( p - n i t r o p h e n y l -  
h y d r a z o n e ) - 2 - n i t r o - 3 - p h e n y l - 2 ,  3, 4, 5, 6, 7 - h e x a -  
h y d r o b e n z o f u r a n  (XXV). 

EXPERIMENTAL 

2-Nitro-4-oxo-6, 6-dimethyl-2, 3, 4, 5, 6, 7-hexa- 
hydrobenzofu ran  (II). A so lu t ion  of 0.2 g (0.0008 mole)  
I, 110 ml  dry  benzene ,  3 ml MeOH, and 0.14 ml 
(0.001 mole)  Et3N was re f luxed  for  10 hr ,  then the 
MeOH d i s t i l l e d  off. The Et3N" HBr  was  s e p a r a t e d  off, 
the benzene  evapora t ed ,  to give 0.13 g (90%) II. 

2-Nitro-3-propyl-4-oxo-6, 6-dimethyl-2, 3, 4, 5, 6, - 
7-hexahydrobenzofuran (IV). A so lu t ion  of 4.6 8 g 
(0.024 mole)  1 - b r o m o - l - n i t r o p e n t - l - e n e  in 10 ml  
d ry  methanol  was p r e p a r e d ,  cooled  to 0 ~ C, s t i r r e d ,  
and a so lu t ion  of 2.8 g (0.020 mole)  d imedon in 25 
ml  MeOH and 0.46 g (0.020 g at) Na added.  A f t e r  
holding at 0 ~ for  1 hr ,  the p roduc t s  w e r e  poured  into 
300 ml  cold  w a t e r .  The r e s u l t a n t  oi l  quickly  so l i d i f -  
ied .  Yie ld  1.9 g (37.6%) IV. 

2 - N i t r o - 3 - ( m - n i t r o p h e n y l ) - 4 - o x o - 2 ,  3, 4, 5, 6, 7- 
hexahydrobenzo fu ran  (VII). A hot so lu t ion  was  p r e -  
p a r e d  c ons i s t i ng  of 0.27 g (0. 001 mole)  d i h y d r o -  
r e s o r c i n o l  in 15 ml  d ry  benzene,  and 0.14 g (0.001 
mole)  added,  then the whole r e f luxed  for  1 hr .  The 
p roduc t  was  i so l a t ed  as  d e s c r i b e d  for  II, y i e ld  0.2 
g (71%) VII. 

Compounds  V I I I - X  w e r e  s y n t h e s i z e d  s i m i l a r l y  to 
VII (in p r e p a r i n g  IX and X, a 4 - fo ld  e x c e s s  of EtaN 
was  used ,  and the r e a c t i o n  m i x t u r e  r e f luxed  for  10 
hr) .  X was  ob ta ined  in the s a m e  way, f rom VIII (36% 
yie ld) ,  by boi l ing with a 2 - fo ld  e x c e s s  Et~N in d r y  
benzene  for  20 h r .  

3 - P h e n y l - 6  t 6-dimethyl-2, 3, 4, 5, 6, 7-hexahydroin- 
dol-4-one (XI). A so lu t ion  of 1.22 g (0.0042 mole)  V 
in 70 m l  MeOH and 1 g Raney  Ni was  hydrogena ted  
with v igo rous  shaking,  under  o r d i n a r y  cond i t ions .  The 
c a l c u l a t e d  amount  of hydrogen  was  taken  up in 2 h r  
(4 mo le  H 2 p e r  mo le  V ca lcu la t ed ) .  The c a t a l y s t  was  
f i l t e r e d  off, washed  with MeOH, and the f i l t r a t e  
e v a p o r a t e d  at  18~ ~ C to g ive  0.8 g (80%) XI. A 
m i x e d  m p  and i ts  IR s p e c t r u m  showed it  to be i den t i ca l  
with authent ic  XI [10]. S i m i l a r l y  XI was  ob ta ined  in 
34% y i e l d  f rom XIX. 

The  s y n t h e s e s  of X I I - X V  w e r e  c a r r i e d  out s i m i l a r l y  
to that  of XI (with XII and XIII hydrogena t ion  was  ef -  
f ec ted  in EtOH). H y d r o c h l o r i d e s  of XIV and XV w e r e  
p r e p a r e d  by t r e a t i n g  with conc.  HC1 the so lu t ions  of 
the b a s e s  ob ta ined  by reduc t ion ,  then keep ing  the 
reaction mixtures for 5-10 hr, and lastly evaporating 

on a water-bath (Table 2). 
3 - P h e n y l - 6 ,  6 - d t m e t h y l - 4 ,  5, 6, 7-tetrahydroindol- 

4-one (XVI). 2 g Raney Ni was  added to a hot so lu t ion  
of 0.9 g (0.004 mole)  XI in 45 ml  96% EtOH, and the 
whole r e f luxed  for  5 h r .  A f t e r  f i l t e r i n g  off the  c a t a l y s t  
the  EtOH was  e v a p o r a t e d  off at  18~ ~ and 0.6 g 
(66%) XVI obta ined .  In the s a m e  way XVI was  ob ta ined  
in 48% y ie ld  f r o m  V, and in 31% y ie ld  (18 h r  boi l ing)  
f rom XXI. XVII and XVIII w e r e  p r e p a r e d  r e s p e c t i v e l y  
f rom VI and XIII, s i m i l a r l y  to XVI. T e t r a h y d r o i n d o l -  
4 - o n e s  (XVI-XVIII)  gave the E r l i c h  qua l i t a t i ve  r e a c -  
t ion for  p y r r o l e  [15] (Table  3). 

4- Phenyl-5-oxo- 7, 7-dimethyl-5, 6, 7, 8-tetrahydro- 
(1, 2, 4 ) b e n z o x a z i n e - N - o x i d e  (XIX). A so lu t ion  of 0.42 
g (0.003 mole)  d imedon ,  0.45 g (0.003 mole)  f l - n i t r o -  
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styrene, in 30 ml dry MeOH containing 0.2 ml 6% 
NaOMe, was kept for 22-25 hr. The MeOH was 
removed at 16~ ~ to give 0.5 g (62%) XIX, white 
plates, mp 159~ ~ C (ex MeOH-H20 2:1). Found: 
C 71.05, 70.90; H 6.36, 6.55; N 4.85, 5.22%. Calcula- 
ted for C16HIINO3: C 70.85; H 6.27; N 5.16%. IR 
spectrum, cm-i: ]646, 1390, 1161, 1030, 945. Com- 

pound XX: IR spectrum, cm-l: 1646, 1388, 1164, 
1000, 947 [11, 12]. Similarly, in the presence of 6% 
NaOMe, XXI gave a 39% yield of XIX. XIX was also 
synthesized by refluxing for 2 hr 0.22 g (0.0008 

mole) XVI in 8 ml EtOH after which the solvent was 
removed at room temperature, yield 0.07 g (38%) 
XIX. 

~-(5, 5-Dimethylcyclohexane- I, 3-dion-2-yl)-~- 
phenylacetic acid (XXII). A suspension of 1 g (0.0035 
mole) in 14 ml 36% HCI was refluxed for 3 hr, and 

the tar filtered off from the hot solution. 0.1 g (11%) 
XXII separated from the filtrate, white crystals mp 
196~ ~ C (ex benzene plus a few drops of MeOH). 
Found: C 70.27; 70.08; H 6.80; 6.84%. Calculated for 

C16H1804: C 70.07; H 6.57%. XXII was obtained simi- 
larly from XIX, yield 13%, mp 196~ ~ 

c~-Phenyl-v-ketosuberie acid (XXIII). This was 
synthesized by the method used for preparing XXIII, 
yield 23%, mp 146~ ~ (ex water). Mixed mp showed 
it to be identical with authentic material  [11]. 

Hydrazone (XXIV). Equimolecular amounts of V 
and p-nitrophenylhydrazine in EtOIt containing a few 
drops of AcOH were boiled for 3 rain, then the prod- 
ucts allowed to stand for a few days .  Yield of XXIV 
18%, mp 202~ ~ (ex EtOH). Found: N 13.43; 13.55. 
Calculated for C22H22N4Os: N 13.27%. The hydrazone 
XXV was prepared s imilar ly to XXIV, yield 39%, mp 
190~ ~ Found: N 14.02; 14.15%. Calculated for 
C20H18N~Os: N 14.21%. 

The IR spectra  were determined with a double 
beam IKS-]4 spectrophotometer,  in CHC13 solution 
(except VII, XI, and XII, for which vaseline mulls 
were used). The spect ra  of II, IV, VII-X, XIII, XVI, 
XIX, and XX were observed over the range 1800-660 
cm-l ,  using a NaC1 prism, while XI, XII, XIII, and 
XVI were observed over the 4000-1700 cm -1 range, 
using a LiF pr ism.  
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