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XXXIV.* O-PHENYLHYDROXYLAMINE AS THE O-ANALOG 

OF PHENYLHYDRAZINE IN THE FISCHER REACTION 

I .  I .  G r a n d b e r g  a n d  V.  I .  S o r o k i n  UDC 547.728.1 

Under the conditions of the F i s che r  react ion,  O-phenylhydroxylamine f o r m s  mix tu res  of i so -  
m e r i c  (with r e spec t  to substitution in the 2 and 3 positions) benzofurans  with methyl  ketones.  
Only 3-subs t i tu ted  2-methylbenzofurans  were  isola ted when methyl  ketone s with a "s t rongly  
act ivated" methylene group were  used  as the carbonyl  component.  

In an a t tempt  to use O-phenylhydroxylamine (I) as the O-analog of phenylhydrazine in the synthes is  of 
t ryp tamine  [2], we encountered an unusual course  of the F i sche r  react ion,  even for  the s imples t  ketones;  
this  was also the subject of study in the p resen t  paper .  

The cycl izat ion of phenylhydrazones  of unbranched methyl  ketones under  the usual  conditions gives 
only 3-subs t i tu ted  2-methyl indoles  [3]. However,  it was  recent ly  shown that  mix tures  of i somer i c  indoles 
a re  fo rmed  in v e r y  s t rongly acid media  (H 0 > - 4 . 6 ) ,  i .e.,  cycl izat ion is r ea l i zed  at the c~-CH 2 and ~ -CH 3 
groups [4]. 

There  are  a l imi ted  number  of studies [5-10] per ta in ing to the use of I in the F i s che r  react ion,  and 
the O-phenyl e the r  of the oxime of an u n s y m m e t r i c a l  ketone (2-butanone) was cyel ized only in one of them 
[9]; in this  case ,  it was  qual i ta t ively noted that the react ion  p roceeded  ambiguously.  

We have invest igated the cycl izat ion of I with ketones of  the CH3COCH2R type (IIa-e);  a) R=CH3; b) 
R=C2Hs; c) R=C6Hs; d) R=CH2C6Hs; e) R=CH2CH2OHo On the ba s i s  of the UV, IR, and PMR spec t r a  and 
the resu l t s  of gas- l iquid  ch romatography  (GLC) of the compounds obtained, it was  es tab l i shed  that a mix-  
ture  of two i somer i c  (A and B) benzofurans  (W-VIII) is fo rmed  as a resu l t  of the react ion,  while in the 
case  of the analogous react ion  of I with carbonyl  compounds with a " s t rongly  act ivated" methylene group 
(IIf, g) (f R = COOC2tts; g R =COCH 3) or  CH3C (=NH) CH2CN (IIh), only 3-subs t i tu ted  2 -methy lbenzofurans  
A (IX-XI) a re  formed.  
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iv R=CH3; v R~C2HS; vl  p,=C6H5; v| l  R=CH2C61t%; 

vIII R=CH2CH2OH; IX R=COOC2HS; X R=COCH3; XI R~CONH 2 

~ R 

CH~ 

|u 
IX, X, XI 

IvB-v i [ IB 

The reac t ion  of the hydrochlor ide  of I with the hydroehlor ide  of diacetonftr i le  (IIh) yielded 2 - m e t h y l -  
benzo fu ran -3 -ca rbamide  (X1), which is apparent ly  f o rmed  as a resu l t  of pa r t i a l  hydro lys i s  of ni t r i le  XIL 

*See [1] for  communicat ion XXXIII. 
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TABLE 1. 
Be nz o fu ra ns  (1V-XD 

" r a p ,  ~  

IV CHa 
V C~H5 

VI C6H~ 
VH CH2C6Hs 

VIII I CH~CHzOH 
IX [ COOC2Hs 
X / COCH~ 
XI t CONH2 

P h y s i c a l  Constants  and Ana lys i s  of the Synthes ized  

35-3z 1 
28--30 

173--175 

bp, ~ (ram) 'Empirical! Found, 
el* formula -/o 

89--90 (10) 
110--112 (16) 
125--127 (1) 
143--145 (1) 
128--130 (2) 
108--110 (2) 
98--100 (1) 

0,86 
0,85 
0,80 
0,78 
0,86t 
0.845 
0,75:1: 
0,26 

/ 
CloHioO 80.8 ] 7,0 
CnHI~O 81,9 t 7.7 
C,sHI20 85,3 5,7 
C,6H140 85,9 6,5 
C.H120~ [ 74,4 1 7,1 
C12H12Os ~ 70,0 [ 5,8 
CI~HmO~ / 75,0 [ 6,1 
CIoHgNO~ / 68,7 ] 5.3 

Calc., I ~" 

clHl  
81,6 6,9 65 
82,4 7,61 70 
86,015,8/59 
86,4 I 6,4t 61 
75,0 6,9 68 
70,6 [ 5,9179 
75,9 5,81 48 
68,6 l 5,2 48 

* C h r o m a t o g r a p h y  in a thin l a y e r  of ac t iv i ty  lI A1203 [ c h l o r o f o r m -  
benzene  (1:1)] and deve lopment  with iodine. 

B e n z e n e - i s o p r o p y l  a lcohol  (9:1). 
$ B e n z e n e -  i sopropy l  a lcohol  (14:1). 

~ CJl. (:N /'~-. ...... ..cn 

ONH 2 CII 3 " ' -~ . , ' \O- -  N "~ CII a 411 + >~':/ I~C It3 

I II 12 x l l  

Benzofurans  IV-XI (Table 1) w e r e  obtained by heat ing I and I Ia -h  in i sopropyl  a lcohol  with an equ i -  
m o l a r  amount  of h y d r o c h l o r i c  acid. 

The s t r u c t u r e s  and compos i t ions  of the mix tu res  of  IV-XI  w e r e  d e t e r m i n e d  f r o m  the UV, IR, and PMR 
s p e c t r a  and GLC data. The UV s p e c t r a  (Table 2) have t h r ee  absorp t ion  bands c h a r a c t e r i s t i c  fo r  benzofu ran  
at 2 4 7 , 2 7 5 ,  and 282 nm. The abso rp t ion  bands  of benzofu ran  [11] are  p r e s e n t  in the IR s p e c t r a  (Table 3). 
The PMR s p e c t r a  of IV-VIII  have s ignals  that  a re  aff i l ia ted with i s o m e r s  A and B, while the PMR s p e c t r a  
of IX-XI  c o r r e s p o n d  only to  i s o m e r  A (Table 4). The ra t io  of i s o m e r s  A and B was  d e t e r m i n e d  by i n t e g r a -  
t ion  of  the PMR s p e c t r a  of IV-VIII .  The s ignal  of  the 3-H pro ton  of i s o m e r  B, which is found at 6.20 • 0.05 
ppm, and the s ingle t  at 2,32 ppm of i s o m e r  A, which c o r r e s p o n d s  to  the methyl  group in the 2 posi t ion,  w e r e  
used  fo r  the ca lcula t ions .  The shift  of this  s ingle t  to  weak  field for  VI and IX-XI  is due to  the magne t i c  
an i so t ropy  of the benzene  r ing  and the C = O double bond in the 3 posi t ion.  The ra t io  of  r eac t i on  p roduc t s  
found was  c o n f i r m e d  by ana lys i s  of the mix tu re s  of i s o m e r s  by means  of GLC (Tables  5 and 6). 

Since t h e r e  is no bas i s  fo r  doubting that  the p roduc t ion  of  benzofu rans  f r o m  I is a p r o c e s s  s i m i l a r  
to  the F i s c h e r  syn thes i s  of indoles ,  we will  examine  the  m e c h a n i s m  of this  r eac t i on  f r o m  the point  of v iew 
of  the gene ra l  concept  of th is  syn thes i s .  

L•-/\O_N•C•cII3 
III 

tt i - i  

L XIII  J L XV J 

Usual seeps of ,Usual steps of 
the Fischer reac- the Fischer reac- 
tion tion 

IVA-VIIIA IVB-VIII B 

It is well  known [1, 12] tha t  the s lowes t  s tep of the F i s c h e r  r eac t i on  is t a u t o m e r i z a t i o n  of  the h y d r a -  
zone molecule  (in our  case ,  oxime e t h e r  III). The f o r m a t i o n  of two i s o m e r i c  benzofu rans  (A and B) as  a 
r e su l t  of the r eac t ion  is appa ren t ly  a s s o c i a t e d  with two poss ib le  d i rec t ions  of "mig ra t i on"  of the double 
bond in the III molecu le ,  which a r e  due to the d i f ferent  m e c h a n i s m s ;  as we see it, these  m e c h a n i s m s  a re  
s i m i l a r  to the E 1 and E2 e l imina t ion  m e c h a n i s m s .  
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TABLE 2. UV s p e c t r a  of Benzo fu rans  IV-XI 

B e n z o f u r a n  ~'max" nm l~ e 

IV 
V 

VI 
VII 
VIII 

lX 

X 
XI 

247; 275; 282 
247; 276; 282 
251; 275; 283 
247; 276; 283 
246; 275; 281 
216; 220; 245; 
255; 274; 282'; 
310 
228; 256; 271 
213; 233; 261; 
204; 306 

4,02; 3,46,; 3,40 
3,94; 3,40; 3,36 
4,04; 3,73; 3,60 
4,11; 3,54; 3,48 
4,10; 3,45; 3,36 
4,11; 4,11; 3,80; 
3,81; 3,67; 3,62; 
3,03 
4d8; 3,94; 4,04 
4,18; 4,00; 4,06; 
4,01; 3,98 

Let  us  c o n s i d e r  the f r a g m e n t  r e s p o n s i b l e  for  the 

d i r e c t i on  of the f i - e l i m i n a t i o n  r eac t i on ,  which l eads  to 
the f o r m a t i o n  of s t r u c t u r e s  XIV and XV. 

The double bond  that  is  r u p t u r e d  du r ing  p r o t o n a -  

t ion  ~ c=~N- p lays  the ro le  of the sp l i t - o f f  group du r ing  

f l - e l i m i n a t i o n  in  the c a s e s  u n d e r  examina t i on ,  and the 
lower  the b a s i c i t y  of the n i t r oge n ,  the more  h i n d e r e d  is  
i ts  p ro tona t ion ;  th i s  in t u r n  c o m p l i c a t e s  c leavage  of the 
N = C bond. 

/CIt2R 
Y--N=(: 

",ella 
XVI 

. + /  
"-u + %-~. 

Y- - - / Y -  N --+C 
L H \CH 3 

XVII 

xx 

Y=CoHsO or ICsHs NH 

~CIIR --,,_I ,_~_\~.~ 

RoE 

El 

XVIII XIX 

r~/c.~ -]_R+o% /c%R 
u ''u" C . ] - Y--N--(~ E2 

H " ' ~  - R J  XXll 

H 
XXl 

In the u sua l  c leavage  r e a c t i o n s ,  th i s  is  ana logous  to h i nd r a nc e  of de t achmen t  of subs t i t uen t  X f r o m  the 

X - - C - - C - - H  grouping,  which u s u a l l y  l eads  to p r e d o m i n a n c e  of the E2 m e c h a n i s m  [13]. 

I E 

In the case  of the n o r m a l  F i s c h e r  r e a c t i o n  (Y= C6HsNH) , the f o r m a t i o n  of an e n e h y d r a z i n e  o c c u r s  v i a  
a n E 1  m e c h a n i s m .  S t ruc tu re  XVIII, which is s t a b i l i z e d  by sp l i t t ing  out of a p ro ton  with t r a n s f e r  to the t h e r -  

m o d y n a m i c a l l y  more  favorab le  s t r u c t u r e  XIX with a m a x i m u m  n u m b e r  of b r a n c h e s  a t tached  to the double 

bond, is  f o r m e d  a f t e r  p ro tona t ion  of the f i - N  a tom ,(XVID. In th i s  case ,  t he r e  is p r a c t i c a l l y  no p a r t i c i p a t i o n  
of the so lvent  in the sp l i t t ing  out of the pro ton .  

+ 
In s t rong ly  ac id  m e d i a  [4], due to the f o r m a t i o n  of a d ip ro tona ted  s t r u c t u r e  (Y = C6H5Ntt2) , a po r t i on  

of the ba s i c  f r a g m e n t  b e c o m e s  such a s t rong  accep to r  ( -1)  that  the hydrogen  a toms  in the s - p o s i t i o n s  b e -  

TABLE 3. P r i n c i p a l  Bands  (cm -t) in the IR Spec t ra  of B e nz o f u r a ns  

W - X I *  

IV V VI VII VIII IX X xI Possible assigment 

307O 
2840-- 
30O0 

1600, 
1500 
1460 
1475, 
1380 
1260 
755 

300O 

1605, 
1490 
1450 
1470, 
1385 
1250 
750 

3060 
2840- 
3000 

1600, 
1500 
1450 
1470, 
1390 
1255 

5060 

1605, 
1495 
1455 
1470, 
1385 
1250 
755 

3070 

1605, 
1590 
1455 
1480 

1255 
750 

3060 

1710 
1600, 
1450 
1450 
1480, 
1385 
1240 

306O 
2 ~ -  
1675 
1580, 
1450 

1480, 
1385 
1250 

3380 

308O 

1695 
1595, 
1500 
1455 
1375 

1240 1 
760 

u YNH 

~cH aromatic 
VCH s, VCH 

v (aromatic ring) 

0cH 3, ~c~ 2 

~C--O 
Four adjacent 
~protons 

*The s p e c t r a  of IV, IX, and X were  r e c o r d e d  with a J a s c o  IR-S s p e c -  
t r o m e t e r ,  while  those  of V-VIII  and XI were  r e c o r d e d  with a UR-20 
s p e c t r o m e t e r ,  f r o m t h i n  l a y e r s  (IV, V, VII, and VIID, f r o m  c h l o r o -  
f o r m  so lu t ions  (VI, IX, and X), and f r o m  a KBr  pe l l e t  (XD. 
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TABLE 4. PMR Spec t ra  of Be nz o f u r a ns  IV-XI* 

a 
o R 
tq 
ill 

IV CHa 
V C=Hs 

VI C6H~ 
VII CH~C~Hs 

VIII C2H4OH 

IX COOC~/t 

X COCHa 
XI CONH2 

I Isomer A 

pp~n 

8-R 
t Isomer B 

i _-IL  
/~HH~, ppml, Hz] 8, ppm 

3-H 

O,ppm ~. ppm 

2,32s 2,09 s 
2,32 s CHs 0,98t 

CH2 2,62 q 
2,41 s 6,65--7,55 m 
2,30 s CH~3,85 s 

Ar 6,65--7,40 r~ 
2,32 s CH2 2,73t 

OH 3,25 s 
i2,71 CH2 3,55t S CHa 1,42 t 
2,70s CH2 4,35 q 
2,52 s 2,50s 

6,0 

6.0 
6.8 
6,8 

!,77 q 
t,70 q 

3.94 s 
2,92 

.),78 t 

! 

7.5 1,30 t ] 7,5 
7,5 CHa 1,22 t ! 7,5 

CH2 1,75 sex 7,5 
6,65--7,55 m 
CH2 2,92 s 
Ar 6,65--7,40 r~ 

7,5 CH21,88 q 6,0 
OH 3,25 s 
CH~ 3,67 t 6,0 

6,23 $ 
6,20 s 

6,15s 
6,16s 

6,20 s 

Aromatic 
protons of 
Aand B, 6, 

: ppm 

6,95--7,45 m 
7,00-7,50 m 

6,65--7,55m 
6,65--7,40 m 

6,95--7,40m 

7,05--8,05 m 

7,00--7,50 m 

6,95--7,50 m 

* A b b r e v i a t i o n s :  s i s  s ingle t ,  t is t r i p l e t ,  q is quar t e t ,  sex  is sextet ,  
and m is  mul t ip le t .  

TABLE 5. G a s - L i q u i d  Chro-  
ma tog raph i c  A n a l y s i s  of Benzo -  
fu rans  IV-X 

Benzo- 

furan 

IV 
V 

V[ 
VII 

Vlli 
IX 
X 

�9 " t "  * R e l a t i v e  r e t e n t i o n  l m e  

column l't I column 2 $ 
A B A B 

0,i9 0.09 0,78 0,71 
9,11 0111 1,07 1,07 
1,38 1,87 7,14 7,85 
1,98 2,39 8,92 II,71 
1,66 2,13 3,07 3,57 
0,53 3,21 
0,57 2,28 

* D e t e r m i n e d  r e l a t i ve  to  indole.  
Column 1 was  10% polye thylene  

glycol  3000 on P o r o l i t e  c o n t a i n -  
ing 1% KOH. 

Column 2 was 5% SE-30 on 
Chezasorb .  

TABLE 6. Rat io  of I s o m e r s  A and 
B in Mix tu res  of Benzo fu rans  IV- 

VIII 

13enzo- R 
furan 

IV CH3 
V C~Hs 

VI C6Hs 
VII CH2C~H5 

V I I I  C2H4OH 

PM A R/8 ratio - ~ - l i qu i d"  
chrom at og- 
raphy _ t  

I 0,82 0,78 
0s 
1.46 1,62 
0,61 . 0,59 
0,43 0,39 

come c o n s i d e r a b l y  m o r e  acidic .  In th i s  case ,  the hydrogen ,  
u n d e r  the inf luence  of the nuc l eoph i l e s  p r e s e n t  in the r e a c t i o n  
me d i um,  wi l l  be sp l i t  out v i a  a sync h r onous  m e c h a n i s m  (E2) 
f r o m  the most  "ac id ic"  group (CH3) to fo rm e n e h y d r a z i n e  XXII. 

If Y is a su f f i c i en t ly  s t rong  accep to r  [in our  case  Y = 
C6H50 with a - I  effect ,  the p r e s e n c e  of which is p roved  by a 

c o m p a r i s o n  of the pK a va lues  (4.84 for  p h e n y l h y d r a z i n e ,  2.10 for  1)], that  a ccep to r  effect  f avors  the p o s s i -  
b i l i t y  of the o c c u r r e n c e  of the p r o c e s s  v ia  an E2 m e c h a n i s m ,  even  in weakly  ac id ic  media .  The e l e c t r o n i c  
and s t e r i e  f ac to r s  due to  subs t i t uen t  R should,  of c ou r se ,  affect the m e c h a n i s m  of the f o r m a t i o n  of the o l e -  
f in ic  bond. It is appa ren t  f r o m  the data in  Table  6 that  if R is  alkyl ,  i s o m e r  B p r e d o m i n a t e s  (E2). Th i s  is 
a s s o c i a t e d  with the h ighe r  ac id i ty  of the p ro tons  of the CH 3 group as c o m p a r e d  with the p ro tons  of the CI{ 2 
group because  of the + I effect  of the alkyl  g roups .  The f r ac t i on  of i s o m e r  A i n c r e a s e s  on p a s s i n g  f rom R = 
CH 3 to R = C6H 5. Th i s  r e a c t i o n  t r e n d  is  exp la ined  by the p o s s i b i l i t y  of the f o r ma t i on  of t h e r m o d y n a m i c a l l y  
more  favorab le  p roduc t  XXIII, in which conjuga t ion  of the r e s u l t i n g  double bond with the benzene  r i n g  of the 
subs t i t u t en t  and i n t e n s i f i c a t i o n  of the ac id i ty  of the CH 2 group due to the a c c e p t o r  effect  of the phenyl  r a d i -  
cal  a re  pos s ib l e .  

/~CHC61ts 
C6HsONHC \ 

\ C H 3  
X X I I I  

When the subs t i t uen t  is  a s t r o n g  e l e c t r o n - a c c e p t o r  group (R = COOC2H5, COCH3, CN), only i s o m e r  A 
is  f o r m e d  (Table  1), s ince  the f o r m a t i o n  of t h e r m o d y n a m i c a l l y  favorab le  i n t e r m e d i a t e  XIV Is a l so  k i n e t i -  
ca l ly  favorab le .  
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E X P E R I M E N T A L  

The IR spec t r a  of liquid f i lms,  CC14 and CHC13 solutions,  and KBr pel le ts  of the compounds were  r e -  
corded  w i t h J a s c o  IR-S (NaC1 pr i sm)  and UR-20 s p e c t r o m e t e r s .  The UV spec t r a  of ethanol solutions were  
r eco rded  with a Hitachi EPS-3T  spec t rome te r .  The PMR spec t r a  of CC14 solutions were  r eco rded  with a 
JNM-4H-60 s p e c t r o m e t e r  with hexamethyldls i loxane as the internal  s tandard.  The GLC analys is  was p e r -  
fo rmed  with a Yanaco G-800 chromatograph  with two 2 - m 4 o n g  columns with a d i ame te r  of 4 ram: the f i r s t  
column contained polyethylene glycol 3000 on Poro l i te  with 1% KOH, the second column contained 5% SE-30 
on C!aezasorb. The column t e m p e r a t u r e  was 170 ~ and the c a r r i e r  gas (H2) flow ra t e s  were  75 and 100 
m l / m i n ,  respec t ive ly .  The de tec tor  was  a ca tha romete r .  

O-PhenylhydroxylamIne (I). This  compound was obtaIned in 15% yield v ia  the method in [14], except  
that the reac t ion  was c a r r i e d  out in benzene r a the r  than in methylcyclohexane.  The product  had bp 80 ~ 
(10 ram), r ~  1.5550, and pK a 2.10 (de termined by t i t ra t ion  with 0.1 N hydrochlor ic  acid with a Janagimoto  
automat ic  t i t r a t o r  In 80% Methyl Cellosolve).  IR spec t rum (liquid film): 3250 cm -1 (~NH4). UV spec t rum 
(ethanol), k, nm (log ~): 220 (3.98), 270 (3.23), 277 (3.18). 

Method for  the Synthesis of Benzofurans IV-XI. A 50-ml  sample  of isopropyl  alcohol containing 5.2 
ml  of concentra ted  hydrochlor ic  acid was added to a solution of 5.4 g (0.05 mole) of O-phenylhydroxylamine 
and 0.05 mole of ketone I Ia -g  in 50 ml of isopropyl  alcohol, and the solution was ref luxed for  5 h. The a lco-  
hol was then r emoved  on a r o t a r y  evapora to r ,  and the res idue  was  t r e a t ed  with water .  The resul t ing  oil 
was  ex t r ac t ed  with th ree  30-ml  por t ions  of benzene.  The combined benzene ex t r ac t s  were  dr ied with m a g -  
nes ium sulfate,  the benzene was r emoved  by disti l lation, and the res idue was vacuum dist i l led in a s t r e a m  
of nitrogen.  The physical  constants  and yields of the synthes ized compounds are  p r e sen t ed  in Table 1. 

A double amount of hydrochlor ic  acid was used  in the case  of the reac t ion  with diacetoni t r i le  ( I~) .  
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