
SYNTHESIS OF 2-FURYLCYCLOPROPANES 

NEW MODIFICATION OF THE KISHNER SYNTHESIS OF CYCLOPROPANES 

V. A. Zefirova and R. A. Karakhanov UDC 547.512'722.2:542.958 

A new one-s tep  modification of the syn thes i s  of cyclopropane--r iug-subst i tuted 2 - fu ry lcyc lopro -  
panes by the Kishner  method f rom ~,f l -unsatura ted ketones of the furan se r i e s  is proposed.  Di-  
substi tuted cyclopropanes  a re  obtained in the fo rm of mix tures  of the cis and t rans  i somers ,  as 
proved by the PMR and g a s - l i q u i d  chromatography data. 

One of the widely used methods for  the prepara t ion  of cyclopropanes  is decomposit ion of pyrazol ines ,  
usually obtained f rom ~, f l -unsatura ted  ketones,  by the Kishner  method [1]. This react ion is s imi la r  [2] to the 
well-known method for  the reduct ion of carbonyl  compounds by decomposit ion of hydrazones by the Wolff-  Kish- 
ne r  method, fo r  which the modified Huang-Minlon method [3], which makes it poss ible  to obtain hydrocarbons 
in higher  yields  without isolat ion of the hydrazones ,  is p resent ly  widely used. 

F o r  the f i r s t  t ime we have applied this var ian t  fo r  the synthesis  of cyclopropanes  f rom ~, f i -unsatura ted  
carbonyl  compounds. We selected 2- fury lcyc lopropane  der ivat ives  as the subjects of this study. This choice 
was based on the following c i rcumstances .  F i r s t ,  l i t t le study has been devoted to furylcyclopropane der iva-  
t ives,  despite the fact  that they may be of definite in te res t  fo r  the study of the conjugation of a t h r e e - m e m b e r e d  
ring with an a romat ic  sys tem.  Second, the synthesis  of these compounds and especial ly  the paren t  compound 
(2-furylcyclopropane) has been fraught with considerable  difficulties.  Thus, for  example,  2 - fury lcyc lopropane  
was obtained in two steps by the c lass ica l  method in 25% yield [4]. It was subsequently demonst ra ted  [5] that 
the 2- fury lcyc lopropane  obtained by this method contains a considerable  amount of 2-propenylfuran.  It was 
found that pure  2- fury leye lopropane  could be obtained by using 1- (2 - fury l ) -3 -d imethy lamino- l -p ropanone  hy- 
drochlor ide  (I) as the s tar t ing compound. However, the subsequent decomposit ion of the in termedia te  py razo -  
line with lithium hydroxide was effective only in the case  of less  than 4-g samples  of the pyrazol ine,  which 
made the synthetic operat ion laborious.  

We have found that ~ , f i -unsatura ted  carbonyl  compounds of the furan se r i e s  (II) a re  smoothly conver ted  
to the corresponding cyclopropanes  (IIIa-f) (Table 1) in one step when they a re  heated with hydrazine  hydrate 
and alkali in the p resence  of di- or  t r ie thylene glycol:  

Ina-f IIla-f 

II, Ilia R=CH3; b R=C+H+; c R=C6Hs; d R= fray1; �9 e R=5-m~hylfuryl; f R=cyclo- 
propyl 

The yields of fury lcyclopropanes  (80-85%), which a re  not r e s t r i c t ed  by the sample size of the s tar t ing 
ketone and the ease  of ca r ry ing  out the react ion,  make it possible to r ecommend  it as a p repara t ive  method 
for  the synthesis  of compounds of this se r ies .  This method has also been found to be applicable fo r  the synthe-  
sis of 2- fury leye lopropane  (IV) if hydrochlor ide  I is used as the s tar t ing compound. 

The PMH spec t ra  of 1II and IV (Table 2) contain signals at strong field at 0.5-1.0 ppm, which a re  cha rac -  
t e r i s t i c  for  the protons of a t h r e e - m e m b e r e d  ring. However, it should be noted that the signals of the cyclo-  
propane protons may undergo a substantial  change in their  posi t ion as a function of the substi tuents.  Thus when 
there  a re  two aromat ic  substi tuents present ,  two groups of m u l t i p l e t s - l - H  (0.02-1.4 ppm) and 2-H and 3-H (at 
weaker  field at  1.8-2.4 ppm) - a re  c lea r ly  distinguished in the PMR spect rum.  The cha rac t e r i s t i c  absorpt ion of 
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6,~ 6',u s:gs 5,~3 ppm 

Fig.  1. AMX por t ion  of the PMR 
s p e c t r u m  of the protons  of the  fu-  
r an  ring in ]If. 

the protons  of a subst i tuted furan  ring (AMX sys tem)  is obse rved  a t  5.5-7.2 ppm. The s p i n - s p i n  coupling con- 
s tants  (SSCC) of the pro tons  of the furan r ing coincide with the l i t e r a tu re  data [7]: J23 = 1.5-2.0,  J24 = 0.0-1.0,  
and J34 = 3.1-3.8 Hz. We note that the signal  of the X por t ion  appea r s  as a doublet of t r ip le ts  with an additional 
J constant  of 0.8 Hz; this is due to coupling of the al lyl  type with the methylidyne proton of the cyc lopropane  
ring. 

A pecul ia r i ty  of the s pec t r a  of the disubst i tuted cyc lopropanes  is doubling of the se t  of s ignals  f r o m  the 
furan  ring protons  (Fig. 1). This doubling indicates the p r e s e n c e  of a mix ture  of cis and t rans  i s o m e r s  re la t ive  
to the cyc lopropane  ring. As seen  f r o m  Table 2, the AMX por t ion  of the spec t rum of the furan  protons  has 
s i m i l a r  SSCC for  both i s o m e r s .  All of the disubst i tuted compounds (except l:IIc) had two peaks  on the i r  c h r o m a t -  
ograms;  the absence  of admix tu res  of the i s o mer i c  (with r e s p e c t  to the cyclopropanes)  olefins was demon-  
s t r a t ed  by means  of s tandards .  

Thus the synthes is  of 2 - fu ry lcyc lopropanes  by the Kishner  method p roceeds  nons te reospec i f i ca l ly  and 
leads to a mix tu re  of g e o m e t r i c a l  i somers~  

The UV absorpt ion  may quali tat ively c h a r a c t e r i z e  the phenomenon of the so -ca l l ed  conjugation of a t h r ee -  
m e m b e r e d  ring with unsa tura ted  groupings.  The band of the ~r-~r* t rans i t ion  in the s p e c t r u m  of 2 -n -p ro p y l fu -  
ran  has k max 206 nm (log e 4.08), as c o m p a r e d  with 260 nm (log e 4.23) in the s p e c t r u m  of 2 - (2-propenyl ) furan .  
As seen  f r o m  Table 1, a ba thochromic  shift  as compared  with 2 -n -p ropy l fu r an  is also obse rved  fo r  all of the 
2 - fu ry lcyc lopropane  der iva t ives .  The introduction of a methyl  subst i tuent  in the cyc lopropane  ring changes the 
posi t ion of k m a  x only slightly.  It is in teres t ing  that the introduction of a second cyclopropane  ring also does 
not substant ia l ly  affect  the posi t ion of k m a x .  On pass ing  to cyc lopropane  der iva t ives  with two a r o m a t i c  sub- 
s t i tuents  the band undergoes  a ba thochromic  shift  of 7-13 nm as compared  with the monosubst i tu ted  compounds,  
and a cor responding  inc rea se  in log c is observed .  These data can be in te rp re ted  as a mani fes ta t ion  of conju- 
gat ion of the t h r e e - m e m b e r e d  ring with the a roma t i c  subst i tuents .  

Severa l  absol,ption bands of s t re tching v ibra t ions  of the C -  H bonds of furan  and cyclopropane  r ings  at 
3000-3150 cm -1 a r e  obse rved  in the IR s pec t r a  of all  of the 2 - fu ry lcyc lopropane  de r iva t ives  obtained. In addi- 
tion, they contain a s t rong absorpt ion band at 1017-1025 cm - i ,  which is c h a r a c t e r i s t i c  fo r  cyc lopropane  de r iva -  
t ives [6]. The absorpt ion  bands at 1600 and 1520 cm -1 can be ass igned to the absorpt ion of the furan ring. 

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

The PMR spec t r a  of CCI 4 solutions of the compounds were  obtained with a Var ian  C-60-H s p e c t r o m e t e r  
(60 MHz) with hexamethyldis i loxane as the internal  s tandard.  The IR spec t r a  of thin l aye r s  of the compounds 
w e r e  r eco rded  with an IKS-22 s p e c t r o m e t e r .  The UV spec t r a  of heptane solutions of the compounds were  r e -  
corded  with an SF-4 spec t ropho tomete r .  Analysis  of the products  by g a s - l i q u i d  ch romatography  (GLC) was 
c a r r i e d  out with an LKhM-8MD chromatograph  with a 200- by 0.4-era  column fil led with PEG 6000 (10%) on 
Chromoso rb  W or  FS (15%) on C h r o m o s o r b  G with hel ium as the c a r r i e r  gas .  

Disubst i tuted Fu ry l cyc lop ropanes  (IIIa-f).: A 0 .75-mole  sample  of hydrazine hydrate  was added with 
shaking to a mix ture  of 0.25 mole  of the appropr i a t e  furfuryl idene  ketone I Ia - f  and 200 ml  of diethylene glycol,  
a f t e r  which the mix tu re  was allowed to stand for  1 h. It was  then t r ea t ed  with 0.25 mole  of granula ted  KOH, 
and the mix tu re  was ref luxed for  1 h. The ref lux condenser  was then rep laced  by a condenser  fo r  disti l lation, 
and heating was continued on an oil bath at 230-260 ~ until n i t rogen evolution ceased  (~2.5 h). The w a t e r  and 
excess  hydrazine hydrate  we re  r emoved  during the dist i l lat ion p rocedure .  The reac t ion  mix tu re  was cooled 
and diluted with water ,  and the aqueous l aye r  was ex t rac ted  s e v e r a l  t imes  with e ther .  The e ther  ex t r ac t s  we re  

tWe note that cyc lopropanes  IIIa ,e , f  have been prev ious ly  r ega rded  [8, 9] as individual compounds without 
al lowance fo r  c i s - t r a n s  i s o m e r i s m .  

830 



washed succes s ive ly  with wate r ,  2 0% HC1, and w a t e r  and dr ied  succes s ive ly  with K2CO 3 and sodium meta l .  The 
e the r  was  r e m o v e d  by dist i l lat ion,  and the produc t  was vacuum dist i l led.  In the p repa ra t ion  of low-boil ing 2-  
fu ry lcyc lopropane  de r iva t ives  the l a t t e r  we re  r emoved  toge ther  with the wa te r  and excess  hydraz ine hydrate  by 
dis t i l la t ion and were  then ex t rac ted  f r o m  the dis t i l la te  by means  of e the r  and obtained f r o m  the ex t r ac t s  as in 
the method desc r ibed  above. 

2 - F u r y l c y c l o p r o p a n e  (IV). A 42-g (0.2 mole) sample  of 1 - { 2 - f u r y l ) - 3 - d i m e t h y l a m i n o - l - p r o p a n o n e  was 
added with shaking to a mix tu re  of 150 ml  of diethylene glycol ,  11.2 g (0.2 mole) of KOH, and 33 ml  (0.6 mole) 
of hydrazine  hydrate ,  a f t e r  which per iod ic  shaking was continued fo r  ano ther  30-40 rain. The mix tu re  was then 
heated on an oil bath  at  140 ~ for  4 h, a f t e r  which it was  al lowed to stand fo r  1 h without heating. Another  11.2 g 
of KOH was added, and the mix tu re  was heated to 230 ~ (bath t empera tu re )  a f t e r  the condenser  was  adjusted fo r  
dist i l lat ion,  during which ni t rogen was evolved, and the 2 - fu ry lcyc lopropane  dis t i l led f r o m  the mix tu re  along 
with the w a t e r  and excess  hydrazine  hydra te .  The organic  l aye r  was s epa ra t ed  f r o m  the aqueous l ayer  and 
washed  succes s ive ly  with water ,  rapidly  with 2.5% HC1 and 20% KOH, and water ,  a f t e r  which it was  dr ied  suc-  
c e s s i v e l y  with KzCO 3 and sodium metal .  Dist i l lat ion o v e r  Na in a s t r e a m  of ni t rogen gave 11.2 g (50%) of 2-  
fu ry lcyc lopropane .  

1. 
2. 

3. 
4. 
5. 
6. 
7. 

8. 

9. 

L I T E R A T U R E  C I T E D  

N. M. Kizhner  (Kishner),  Zh. Russk.  Fiz.  Khim. Obshehestva,  61, 781 (1929). 
D. J .  C r a m ,  Fundamenta l s  of the C h e m i s t r y  of Carbanions  [Russian t ransla t ion] ,  Mir ,  Moscow (1967), 
p. 176 [Fundamenta ls  of Carbanion Chemistry~ Academic  P r e s s  (1965)]. 
Huang-Minlon, J .  Am. Chem. S .c . ,  68, 2487 (1946). 
N. I. Shuikin and V. V. Daiber ,  Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 121 (1941). 
Yu. K. Yur, ev and D. Eckhardt ,  Zh. Obshch. Khim. ,  31, 3274 (1961). 
V. A. Slabey, J .  Am. Chem.  S .c . ,  76, 3604 (1954). 
A. R. Ka t r i t zky  (editor), Phys ica l  Methods in the C h e m i s t r y  of Heterocycl ic  Compounds,  Academic  P r e s s  
(1963). 
A. P. Meshcheryakov,  V. G. Glukhovtsev,  and N. N. Lyamin,  Izv. Akad. Nauk SSSR, Otd. Khim.  Nauk, No. 
10, 1901 (1961). 
V. G. Glukhovtsev,  S. V. Zakharova ,  and G. K. Vas i levskaya ,  Izv. Akad. Nauk SSSR, Ser. Khim.,  No. 7, 
1330 (1964). 

S Y N T H E S I S  O F  2 - P H E N Y L - 4 - H Y D R O X Y B E N Z O F U R A N  

D E R I V A T I V E S  

A.  N. G r i n e v ,  V.  M. L y u b c h a n s k a y a ,  
G .  Y a .  U r e t s k a y a ,  a n d  T .  F .  V l a s o v a  

UDC 547.728.1.07 : 543.422.25 

2- Pheny l -4 -  hydroxybenz ofuran was obtained by dehydrogenat ion of 2 -pheny l -4 -oxo-  4, 5,6,7- 
t e t rahydrobenzofuran  under  the influence of sulfur .  The t r ans fo rma t ions  of 2 - p h e n y l - 4 - h y -  
droxybenzofuran  and its de r iva t ives  w e r e  studied.  

In con t ra s t  to 5- and 6-hydroxybenzofuran  der iva t ives ,  4 -hydroxybenzofuran  der iva t ives  a r e  re la t ive ly  
inaccess ib le  and have not been  studied in detail .  However,  they a r e  of p a r t i c u l a r  in te res t  as  he teroanalogs  of 
biological ly act ive  4-hydroxyindole  de r iva t ives  [1]. 

The p r e s e n t  r e s e a r c h  is a continuation of ou r  s tudies of 4-hydroxybenzofuran  de r iva t ives  [2]. We found 
that 2 -pheny l -4 -hydroxybenzofu ran  (Ia) is f o r m e d  in high y ie ld  in the dehydrogenat ion of 2 -pheny l -4 -oxo-  
4 ,5 ,6 ,7 - te t rahydrobenzofuran  [3] with sulfur .  Compound Ia was p rev ious ly  isolated in ve ry  low yie ld  in the r e -  
act ion of r e so rc ino l  and w-diazoacetophenone [4]. 
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