
R E S E A R C H  ON F U R A N  A C E T A L  C O M P O U N D S  

X.* HYDROGENATION OF 2-FURYL-1,3-DIOXANES 
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The poss ib i l i ty  of the reduct ion of the furan  ring to a t e t rahydrofuran  ring under  the conditions 
of l iqUid-phase hydrogenat ion of 2 - f u r y l - l , 3 - d i o x a n e s  on Raney nickel at a tmosphe r i c  p r e s s u r e  
is demons t ra t ed .  2 - F u r y l  o r  t e t r a h y d r o - 2 - f u r y l  amino der iva t ives  of 1,3-dioxane a r e  f o rmed  
in the ca se  of 5 - n i t r o - 2 - f u r y l - l , 3 - d i o x a n e s  as a function of the s t ruc tu re  of the s ta r t ing  ace ta l s .  
Data f r o m  the UV and IR s p e c t r a  a r e  p resen ted .  

Under the conditions of l iquid-phase  hydrogenat ion on nickel ca ta lys t s ,  furan  compounds are ,  as a rule,  
reduced  to t e t r ahydrofu ran  compounds;  a p r e s s u r e  on the o r d e r  of 150 a tm and a high t e m p e r a t u r e  (above 150~ 
a re  r equ i red  fo r  this [2, 3]. Les s  study has been devoted to the behav ior  of subst i tu ted 1,3-dioxanes during hy- 
drogenat ion on nickel  ca ta lys t s ;  the only thing that is known is that e i the r  reduct ion of the subst i tuents  [4] o r  
hydrogenolys is  of the dioxane ring [5] occu r s  at  110-180 a tm.  

In the p r e s e n t  r e s e a r c h  we invest igated the poss ib i l i ty  of hydrogenat ion of 2 - f u r y l - l , 3 - d i o x a n e s  under 
mi ld  conditions; f r o m  the point of view of the appara tus  required,  this may  s impl i fy  the p r o c e s s  design and 
make  it poss ib le  to obtain t e t r ahydro fu ran  de r iva t ives  that a re  of p r o m i s e  as physiological ly  act ive  c o m -  
pounds [6]. 

]?he following t r an s fo rm a t i ons  occu r  in the case  of hydrogenat ion of 5-subs t i tu ted  2 - ( 2 - f u r y l ) - l , 3 - d i -  
oxanes  in a catalyt ic  hydrogenat ing f lask  at a tmosphe r i c  p r e s s u r e  on Raney nickel  in ethanol: 

' Raney Ni 
la-d 

I l a - c  

I11 a,b 

la R=R'=H;  Ib R=R'=CHs; Ic R=CH3, R'=N02; Id R=C2Hs, R'=N02; IIa R = R ' = H ;  
IIb R=R'=CH~; IIc, IIIb R=C2Hs, R"=NH2; I l ia  R=CH3, R'=NIIs 

The hydrogenat ion of 2 - f u r y l - l , 3 - d i o x a n e s  without subst i tuents  o r  those containing only alkyl subst i tuents  
(Ia,b) leads to single t r an s fo rm a t i on  p r o d u c t s -  the cor responding  t e t rahydrofuran  de r iva t ives  (IIa,b) (Table 1). 
The r e su l t s  of ch romatograph ic  analys is  [ g a s - l i q u i d  ch roma tog raphy  (GLC) and th in - l aye r  ch roma tog raphy  
(TLC}] p rov ide  evidence fo r  the high se lec t iv i ty  of the hydrogenation of dioxanes Ia,b on Raney nickel.  The de-  
g r e e  of pur i ty  of t e t r ahydro fu ran  ace ta l s  IIa,b ranged f r o m  98.5 to 99.2%. 

The hydrogenat ion of 5 - a l k y l - 5 - n i t r o - 2 - ( 2 - f u r y l ) - l , 3 - d i o x a n e s  (Ic,d) p roceeds  in two d i r e c t i o n s -  r educ-  
tion of the ni t ro  group and reduction of the furan  double bonds. Mainly 5 -e thy l -5 -amino- -2 - ( t e t r ahydro -2 - fu ry l ) -  
1 ,3-dioxan e (IIc) is  fo rmed  in a lmos t  99% yield in the hydrogenat ion of Id. Aminofuran dioxane IIIb is  p r e sen t  
in sma l l  amounts  as an impur i ty .  

* See [1] fo r  communica t ion  IX. 
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Under the s a m e  conditions,  5 - m e t h y l - 5 - n i t r o - 2 - ~ - f u r y l ) - l , 3 - d i o x a n e  Ic is conver ted  quanti tat ively to 
amino der iva t ive  Ilia. This d i f fe rence  in the r e su l t s  is evidently due to the d i f ference  in the adsorpt ion of the 
m o l e c u l e s  of the reac t ing  subs tances  on the ca t a lys t  su r face  because  of the i r  s t r uc tu r e s .  

1,3-Dioxane ex is t s  in two energe t ica l ly  equivalent  cha i r  conformat ions  that a r e  rapidly in te rconver ted  
(Eac t = 10.1 k c a l / m o l e ) .  The mobil i ty  of the dioxane ring is reduced in 5 ,5-dimethyldioxane (Eac t = 11.2 
k c a l / m o l e )  [7]. Compounds Id and Ic, which contain alkyl and nitro groups  in the 5 posi t ion and a con fo rma-  
t ion-fixing group in the 2 posit ion,  should have cons iderab ly  lower  mobil i ty  and should exis t  in one of two p r i -  
m a r y  cha i r  o r  somewhat  d is tor ted  cha i r  conformat ions .  

]?he ring is m o r e  convex fo r  5 ,5-disubs t i tu ted  1,3-dioxanes,  s ince in the case  of a qua te rna ry  carbon 
a tom in the 5 posi t ion the angle in the ring changes f r o m  111 to 109.5 ~ This convexity i n c r e a s e s  the c o m -  
p r e s s i o n  of the axial  subst i tuent ,  and the resul t ing i nc r ea se  in the effect ive conformat iona l  energy  of the sub-  
s t i tuent  is m o r e  impor tan t  fo r  a l a r g e r  group,  which the re fo re  has  less  l ikelihood of being found in an axial  
o r ien ta t ion  [8]. We have p rev ious ly  shown by PMR spec t roscopy  [9] that 5 - e t h y l - 5 - n i t r o - 2 - ( 5 - X - f u r - 2 - y l ) -  
1 ,3-dioxanes  have a p r i m a r y  cha i r  conformat ion  with a cis or ienta t ion  of the equator ia l  furyl  group and an 
axial  n i t ro  group re la t ive  to the dioxane ring. However,  whe reas  Td has ethyl and nitro groups  of comparab l e  
volume,  in the case  of Ic the volume of the ni t ro group  cons iderably  exceeds  the volume of the methyl  group. 
It  is the re fo re  na tura l  that a p r i m a r y  cha i r  conformat ion  with a t r ans  or ienta t ion  of the ni t ro  group is rea l ized  
fo r  Ic. The ex is tence  of Id and Ic in the cis and t rans  f o rms ,  r espec t ive ly ,  also explains the d i f ference  in 
the i r  behav io r  during hydrogenation.  

Even in t h e  s ta r t ing  molecule  of Ic the conformat ion  ensu re s  an or ien ta t ion  on the ca t a lys t  fo r  which the 
furan  ring is inaccess ib le  to hydrogenation,  in con t r a s t  to Id (al > a2). This effect  is r e in forced  even m o r e  by 
deformat ion  of the molecule ,  which leads to its compress ion ,  during sorp t ion  on the act ive  cen te r s  of the 
ca ta lys t .  

H 

a .  I I 0 "~0  
�9 I i t L 

I I I I 
, , I  I I I , 

0 H 

I t I*I.C , - - , ^  
a II ~ 0 u 
I I I I 

I I 
! I I , I 

Catalyst 

It is poss ib le  that it is p r e c i s e l y  the p r e s e n c e  of a sma l l  amount  of the t rans  i s o m e r  in s ta r t ing  Id that 
is r e spons ib le  fo r  the admix ture  of aminodioxane lIIb in the ca ta lysa te .  

A pecu l ia r i ty  of the IR s p e c t r a  of these compounds is the p r e s e n c e  of a band of medium intensi ty at 
918-920 cm -1, which is c h a r a c t e r i s t i c  fo r  the t e t r ahydro fu ran  ring [10]. The remaining  absorpt ion  bands of 
the t e t r ahydrofu ran  ring a r e  m as ked  by the aceta l  bands.  

The UV s p e c t r a  of the reac t ion  products  we re  r eco rded  a f t e r  separa t ion  of the ca t a lysa t e s  by p r e p a r a t i v e  
th in - l aye r  ch roma tog raphy  (TLC). The UV s p e c t r a  of I I a -c  a re  descending curves  with k max at 200 nm, i.e.,  
the absorp t ion  m a x i m a  a re  found in the vacuum UV region (180-190 nm). The dioxanes of the aminofuran  
s e r i e s  (IIIa,b) have dis t inct  m a x i m a  in the UV region with a s l ight  ba thochromic  shift  with r e s p e c t  to the s t a r t -  
ing compounds Ic,d (Table 1). 

A c o m p a r i s o n  of the IR s p e c t r a  of ace ta l s  Ic,d and IIc, I l ia showed that  the ni t ro group in the 5 posi t ion 
of the dioxane ring is comple te ly  reduced during hydrogenation. The s p e c t r a  of IIc and Ilia do not contain the 
c h a r a c t e r i s t i c  VNO 2 bands at 1540-1550 and 1350-1380 cm -1. Broad  absorpt ion  bands of an amino group appea r  
at  3370, 3300, and 1600 cm - i .  The furan  Vc= C bands a r e  dist inct ly v i s ib le  in the s p e c t r a  of the s ta r t ing  diox- 
aries and Ilia, and this indicates that they contain an unhydrogenated furan  ring. The p r e s e n c e  in I Ia -c  of a 
t e t r ahydro fu ran  ring is conf i rmed  by the band at 918-920 cm -1 and the absence  of a vC=C band at 1560 cm -1. 
Aceta l  bands at  1010-1200 cm -1 a re  obs e rved  in the s p e c t r a  of both the s ta r t ing  compounds and the hydrogena-  
tion products .  

Thus the s p e c t r a  and ch romatograph ic  data conf i rm the p r e s e n c e  of t e t rahydrofuran  and amino der iva -  
t ives and the absence  of hydrogenolys is  p roducts  under  the indicated conditions. 

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

The gas- - l iqu id  c h r o m a t o g r a m s  were  obtained with an LKhM-7A chromatograph  with a f l ame- ion iza t ion  
de tec to r  and a 2 - m  by 4 - ram column with ~5% Apiezon L on Chromaton  N-AW as the s ta t ionary  phase .  The 
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IR spectra of the compounds were obtained with Specord and UR-20 spectrometers .  The UV spectra of aqueous 
ethanol solutions of the compounds were recorded with a Specord spectrophotometer. 

The 2-furyl- l ,3-dioxanes (Ia-d) were synthesized by the method in [11]. The Raney nickel catalyst was 
prepared by the method in [12]. 

.Hydrogenation. A catalytic hydrogenating flask was charged with 1-2 g of the catalyst, 0.01 mole of the 
starting dioxane, and 40 ml of ethanol, and the reaction was carr ied out at 60 ~ in a s tream of hydrogen with 
vigorous stirring for 5-8 h .  Electrolytic hydrogen was used without additional purification. 

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

1. V.G.  Kul'nevich, Z. I. Zelikman, and V. G. Kalashnikova, Izv. Vyssh. Uchebn. Zaved., Khim. Khim. 
Tekhnol., (1977, in press) .  

2. A.A. Ponomarev, V. A. Sedavkina, and Z. V. Gil', Zh. Obshch. Khim., 33, 1303 (1963). 
3. I . F .  Bel 'skii  and V. M. Shostakovskii, Catalysis in the Chemistry of Furan [in Russian], Nauka, Moscow 

(1972), p. 210. 
4. A. Ming, Y. Meyer, and I. Schiicking, Ber. ,  76, 676 (1943). 
5. West German Patent No. 877601; Chem. Abstr., 10154 (1958). 
6. S.A. Giller, N. K. Venter, and R. Yu. Kalberga, in: The Utilization of Pentosan-Containing Raw Material 

[in Russian], Zinatne, Riga (1976), p. 104. 
7. H. Friebolin, Tetrahedron Lett., No. 16, 683 (1962). 
8. E . L .  Eliel and R. M. Enanoza, J: Am. Chem. Soc., 94, 8072 (1972). 
9. Yu. Yu. Samitov, Z. I. Zelikman, and V. G. Kul'nevich, Zh. Strukt. Khim., 10, 234 (1969). 

10. A . P .  Klimov, M. A. Svechnikova, V. I. Shevchenko, V. V. Smirnov, F. V. Kvasyuk-Mudryi, and S. B. 
Zotev, Khim. Geterotsikl. Soedin., No. 4, 579 (1967). 

11. V.G.  Kul'nevich and Z. I. Zelikman, InventorTs Certificate No. 235044; Byull. Izobr., No. 5, 17 (1969). 
12. Organic Syntheses [Russian translation], Collected Vol. 3, Inostr. Lit., Moscow (1952), p. 338. 

RING O P E N I N G  IN 5 - A R Y L - 2 , 3 - F U R A N D I O N E S  

SYNTHESIS OF AROYLPYRUVIC ACID ESTERS* 

Yu.  S. A n d r e i c h i k o . v ,  S. P .  T e n d r y a k o v a ,  
Yu.  A. N a l i m o v a ,  a n d  G. D. P l a k h i n a  

UDC 547.724 : 542.92 

Aroylpyruvic acid esters  are  formed by the action of alcohols and phenol on 5-aryl-2 ,3-  
furandiones. 

5-Aryl-2,3-furandiones (I) are unusually easily decyelized under the influence of nucleophilic reagents 
[2]. The rings of I are  also opened by alcohols to give aroylpyruvic acid es ters  (II) (Table 1). 

0 
+ R ' O I t  ~ RCOEH~COCOOR' 

I~ 0 

I! 
I 

I a R:C~II~; b R=p-CH:~C~II4; C R=p-CIi~OC~Ji4:d R=p-BrCslI4; II ~ R~CslI~, R'=CH~,; b R -p-ClI,= 
=Csli4, R'=CII~; C R=p-CII:~OC6iI4, R'=CHa; d R~p-BrC61h, R'=Clis; (~ R=(:~IIB, R'=C..Hz; tR=Cails, 

R'=CII(CIh).~; g R=C~[I~, R'=n-C4Hg; h R =C~Iis, R'=CI.I2C~CII; i R=C~lls, R'=CsIE 

Of the aroylpyruvio acid es ters ,  only the methyl and ethyl es ters ,  obtained by Claisen reaction [3] in 
methanol or  ethanol, have been accessible, regardless of the character  of the alkyl group in the oxalic acid 

* Communication IlI from the ser ies  "Chemistry of Oxalyl Derivatives of Methyl Ketones." See [1] for  commu- 
nication II. 
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