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The r eac t i on  of 5 - b r o m o f u r f u r a l  with po t a s s ium alkoxides in an alcohol medium was studied, 
and 5 -a lkoxyfu r fu ra l s  and the products  of t he i r  condensat ion with m-ni t roace tophenone  were  
obtained.  A m e c h a n i s m  for  the alkoxylat ion is proposed on the bas i s  of the kinet ic  data.  

The r eac t i on  of a ldehydes of the furan  s e r i e s  with nucleophilic r eagen t s  has been studied quite s a t i s -  
f ac to r i ly .  The p r e s e n c e  of a ha logen a tom in the 5 posi t ion of the r ing  makes  possible  its r e p l a c e m e n t  by 
nucleophil ic groupings ,  owing to which a number  of p r e p a r a t i v e  methods for  obtaining e s t e r s ,  sulf ides,  and 
amines  of the furan  s e r i e s  have been developed.  Thus the r eac t ion  of 5 -b romofur fu ra l  (I) with sodium sulfide 
or  th iosulfa te  in an aqueous or aqueous alcohol med ium leads to b i s (5 - fo rmy l -2 - fu ry l )  sulfide [1, 2]. Sodium 
thiophenoxide and its de r iva t i ve s  r e a c t  in a lcohol ic  media  with the aldehyde to give the cor responding  sulf ides 
in high yie lds  [3], while subst i tu ted benzene sulf inates  in ethylene glycol monomethyl  e ther  give sulfones [4]. 
The r eac t i on  of sodium phenoxides with the aldehyde in d imethyl  sulfoxide (DMSO), which leads to the co r -  
responding  e the r s ,  has also been  studied [4, 5]. However ,  the l i t e r a tu r e  does not contain informat ion r ega rd ing  
the synthes is  of 5 -a lkoxyfu r fu ra l s  by this  method.  It is known that  a halogen atom in furans  (Schiff bases  [6] 
and f u r a n - 2 - c a r b o x y l i c  acid e s t e r s  [7, 8]) can be rep laced  by an alkoxy group under conditions that  a re  normal  
for  this  reac t ion ,  v iz .  by the act ion of alkal i  me ta l  alkoxides in a medium of the cor responding  absolute a lco-  
hol ;  however ,  this r e ac t i on  has  not yet  been  studied in the case  of aldehydes.  In one of the e a r l i e r  s tudies  of 
a r o m a t i c  nucleophil ic subst i tu t ion [9] it  was  pointed out that a roma t i c  aldehydes r eac t  with metal  alkoxides 
under the conditions of an SN2Ar r eac t ion  p r i m a r i l y  at the carbonyl  group. I twil l  be shown below that  this 
r eac t i on  a lso  occu r s  in the case  of a ldehydes of the furan  s e r i e s  but that  it is r e v e r s i b l e  and does not prevent  
r e p l a c e m e n t  of a halogen a tom in the r ing  by an alkoxy group. 

In the p resen t  r e s e a r c h  we studied the r eac t ion  of aldehyde I with po tass ium alkoxides in the c o r r e s p o n d -  
ing alcohol (methanol,  ethanol,  and propyl  alcohol).  S imul taneously  with the development  of a method for  the 
p r e p a r a t i v e  i sola t ion of the 5 -a lkoxyfu r fu ra l s  we studied the k inet ics  of this  react ion;  this made it poss ib le  
to work  out the op t imum conditions for  c a r ry i ng  out the reac t ion .  With this  in mind, we analyzed the reac t ion  
mix tu re s  for  the pe rcen tages  of s t a r t ing  and final a ldehydes by a spec t ropho tomet r i c  method, as well  as for  
the pe rcen tage  of ionic halogen by po ten t iomet r i c  t i t ra t ion .  The kinet ic  curves  (in "product  yield vs t ime"  
coordinates)  a re  p resen ted  in Fig .  1 in the case  of the r eac t i on  with po tass ium methoxide.  The yield was ca l -  
culated in pe rcen t  of the theo re t i ca l  value by s e v e r a l  methods - f r o m  the percen tage  of a lkoxyfurfura l  in the 
s p e c t r o p h o t o m e t r i c  solution (curve 3), f r o m  the consumption of aldehyde I (curve 1), and f r o m  the accumulat ion 
of ionic halogen (curve 2). It follows f r o m  the da ta  p resen ted  above that the reac t ion  is complex in c h a r a c t e r .  
It p roceeds  init ial ly with inductive acce le ra t ion ,  which, as is well  known, may consti tute evidence for  the f o r m a -  
t ion of an in t e rmed ia te .  Its pe rcen tage  can be de te rmined  f r o m  the d i f ference  between the theore t ica l  yield 
of the product  calculated f r o m  the consumpt ion of aldehyde I and the accumulat ion of ionic halogen. The con- 
jugated " a l d e h y d e - f t t r a n  r ing"  s y s t e m  in this  product ,  which contains covalently bonded halogen, is d is rupted ,  
s ince it does not absorb  light in the r eg ion  c h a r a c t e r i s t i c  for  furan  aldehydes.  We ass ign to it s t r uc tu re  [II, 
which is s i m i l a r  to that  of M e i s e n h e i m e r  c o m p l e x e s -  i n t e rmed ia t e s  in SN2Ar reac t ions .  The dynamics  of 
the accumula t ion  of this  product  (shown by curve  4) a re  d i f ferent  for  the var ious  alkoxides.  When R =CH3, 
the yield of in t e rmed ia te  III does  not exceed s e v e r a l  percent ;  in the initial  period of the reac t ion  its pe rcen tage  
in the mix tu re  p a s s e s  through a weakly e x p r e s s e d  m a x i m u m  and then r e m a i n s  at an approximate ly  s t eady - s t a t e  
level .  A different  pa t t e rn  is obse rved  for  the o ther  alkoxides.  F o r  example ,  when R =C3H7, the overa l l  pe r -  
centage of r eac t i on  product  III constant ly  i n c r e a s e s  dur ing the r eac t ion  and r eaches  30%. This  apparen t ly  
const i tu tes  evidence that  complex III is a r e l a t ive ly  s table  compound and that  the r a t e  of its convers ion  to 
aldehyde IV d e c r e a s e s  as R b e c o m e s  l a r g e r .  
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Fig. i. Kinetics of the reaction of 5-b romo-  
furfural with potassium methoxide in meth- 
anol: i) theoretical yield of the reaction 
product calculated from the consumption of 
5-bromofurfural; 2) yield of the reaction 
product calculated from the accumulation of 
ionic bromine; 3) spectrally determined yield 
of 5-methoxyfurfural; 4) difference in the or- 
dinates of curves i and 2 (kinetics of accumu- 
lation of complex Ill); 5) difference in the 
ordinates of curves 2 and 3 (kinetics of ac- 
cumulation of complex V). 
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Another peculiar i ty of the kinetic curves presented above is the deviation between the spect ra l ly  de t e r -  
mined yield of alkoxyfurfural  IV and the accumulat ion of ionic halogen. This deviation (shown by curve 5) is 
minimal only when R =CH 3 and can be virtually d is regarded.  Fo r  the other 1~ the percentage of aldehyde IV 
in the mixture passes  through a maximum and then begins to decrease ,  although ionic halogen continues to 
accumulate.  We suppose that this is associated with the format ion of yet another react ion product, viz. complex 
V, f rom the aldehyde by the addition of alkoxide to it. Pathway I I I ~  V also is not excluded, since the halogen 
in intermediate  III can be replaced by an alkoxy group via a mechanism involving aliphatie nucleophilic sub- 
stitution. 

It is also important  to note that the curves  shown in Fig.  1 do not take into account side reac t ion  of the 
aldehyde with alkoxide ions at the carbonyl group, since the analysis of the mixture was car r ied  out in an 
aqueous medium, in which a complex of the II type is hydrolyzed.  In separate  experiments  we showed that 
equil ibrium I ~  II is established instantaneously in an alcohol solution of the alkoxide that contains aldehyde I. 
The constant of this equil ibrium determined at 25~ (for R = CH3) by spec t rophotometry  (as descr ibed for  the 
react ion of aldehyde I with secondary  amines [10]) is 2.35 l i t e r s -mole  - t .  However, this process  is r eve r s ib le  
and does not lead to any profound changes in the aldehyde, and it therefore  does not prevent i r r eve r s ib le  r e -  
placement  of the halogen atom in the r ing  by an alkoxy group. 

The kinetic data obtained made it possible to more  purposefully select  the optimum conditions for  the 
prepara t ive  isolation of the 5-alkoxyfurfurals .  It should only be stipulated that the real  yields of the aldehydes 
(see the experimental  section) are depressed  as compared with the yields determined f rom the kinetic data  as 
a consequence of losses  during isolation, par t icular ly  during vacuum distil lation of the preparat ions  because 
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T A B L E  1. E l e c t ron i c ,  IR, and PMR S p e c t r a  of the Aldehydes  

x / ~ C B O  

H 
CHa 
CI 
Br 
I 
CHsO 
C=HsO 
CaH70 

"(CHa)~N 
Morpholino 
Piperidino 
O2N 

Electronic!IR spectra. 
~peetra v, em-1 PMR spectra (6, ppm; J, Hz) 

d~4 i 

1 
273 4,19 1682 1574 9,65 7,3816,68 3,8 
284 4,26 1678 158s 9,4317,2316,2813,7 
280 4,04 1686 157~ 9,50[7,4516,65j 4,5 
283 4,28 1685 157 c 9,5017,3816,75[4,2 
294 4,26 1684 1571 9,4517,28]6,9314,0 
304 I 4,31 1668 158g] 9,2317,32J5,611 3,8 

1672 927  36 5 3L38 307 / 1666 188~ 19,2o 7,31}5,6313,s 
362 14,5l 1655 160C 8,93 7,20 5,25 2,7 
355 I 4,52 1609115821 9,0517,2315,41 [ 4,5 
364 /4,60 1650115791 8,9917,2715,4(} 3,8 
3o514,oo 1706115531 9,86/7,6417,64 - -  

Other signals 

6 5-H7,9; J~= 1,9 
6 CH, 2,33 

6x 3,95 
6 cr 6t~-H 1,40; J~r 
5 c~-H 4,lt; 613-H 1,73; 6V-H 0,90; 
J ~.~=6,0, J~=7,2 
5x 2,93 
6 a-H 3,64; 5~-It 3,25; ]~=4,9 
6x 1,83 

T A B L E  2. Condi t ions  of :P repara t ion  and P r o p e r t i e s  of Aldehydes  

IV and Cha leones  ~o~-~c .~c . -co~ j~ ,N%-m 
Vl 

Aldehydes IV o v  

calc.,% ~ P found, % lempirical calc., 

CHa [ 2 

C2H8 1 
CaH7 0,75 

112--22155,414,7 C6H60~ 55,4 4,81351127165,4 [4,2 5,4]C~4LIuNQI65,4 4,3 54,1 

[15 59 60A 5,6 C7HaO3 60,0 5,7 25 i0q66,414,7~5,1 CIsHj3NQ 66,414,8 5 9 
109-- 17 61,4 6,5 CeH100~62,3 5,5 20 79 67,5 5,2 5,0 C1GHIsNO~ 67.4 5,3 
ll0 

of t h e i r  tow s tab i l i t i e s .  The p roduc t s  of condensa t ion  of the a ldehydes  with m - n i t r o a c e t o p h e n o n e  w e r e  obta ined 
and c h a r a c t e r i z e d .  

D a t a  on the s p e c t r a l  p r o p e r t i e s  of the syn thes i zed  a ldehydes  a re  p r e s e n t e d i n  Tab le  1. F o r  c o m p a r i s o n ,  
the s p e c t r a l  c h a r a c t e r i s t i c s  of a number  of 5 - N , N - d i a l k y l a m i n o f u r f u r a l s  obtained by the methods  in [11, 12] 
and of s o m e  o the r  widely  known and we l l - s t ud i ed  a ldehydes  a re  a lso p r e s e n t e d  in Tab le  1. With r e s p e c t  to 
all of the  p a r a m e t e r s  5 - a l k o x y f u r f u r a l s  occupy  an i n t e r m e d i a t e  pos i t ion  h e r e ,  as  fol lows f r o m  the c h a r a c t e r  
of the e l e c t r o n i c  effect  of the alkoxy g roup  on the fu ran  r ing .  

EXPERIMENTAL 

The e l e c t r o n i c  s p e c t r a  of so lu t ions  of the  compounds  in methanol  w e r e  r e c o r d e d  with an SF-4A s p e c -  
t r o p h o t o m e t e r .  The IR s p e c t r a  of so lu t ions  in c h l o r o f o r m  w e r e  obtained with a UR-20  s p e c t r o m e t e r .  The 
PMR s p e c t r a  of so lu t ions  in de -ace tone  w e r e  r e c o r d e d  with a T e s l a  BS-467 s p e c t r o m e t e r  (60 MHz) with hexa -  
me thy ld i s i l oxane  as the in te rna l  s t andard .  

5 - A l k o x y f u r f u r a l s  (Table 2). A 7 - g  (0.04 mole)  s a m p l e  of 5 - b r o m o f u r f u r a l  was  added to ZOO mt  of ab-  
so lu te  a lcohol  conta in ing  0.06 mole  of p o t a s s i u m  alkoxide (p r epa red  by d i s so lv ing  p o t a s s i u m  in the c o r r e s p o n d -  
ing alcohol) ,  and the  mix tu re  was  main ta ined  in a t h e r m o s t a t  at 50~ (see Tab le  2 for  the r e a c t i o n  t ime s ) .  The 
p rec ip i t a t ed  p o t a s s i u m  b r o m i d e  was  s e p a r a t e d ,  and the alcohol  was  then  r e m o v e d  at r educed  p r e s s u r e .  The 
r e s i d u e  was  t r e a t e d  with hot  benzene ,  and the  benzene  solut ion was  washed  wi th  w a t e r  and d r i ed  with sod ium 
su l fa te .  The benzene  was  r e m o v e d ,  and the  r e s i d u e  was  d is t i l l ed  in vacuo (when R =CH3, C3H7) o r  r e c r y s t a l l i z e d  
twice  f r o m  hexane  (when R = C2H5). 

Method of the Kinet ic  M e a s u r e m e n t s .  A 1 0 - m l  so lu t ion  conta in ing  2.3 m m o l e  of aldehyde I and 4 m m o l e  
of  the p o t a s s i u m  alkoxide in the absolute  a lcohol  was  p r e p a r e d .  I m m e d i a t e l y  af ter  mixing,  the r e a c t i o n  mix tu re  
was  d ivided into 1 - m l  por t ions ,  which  w e r e  p laced  in t e s t  tubes  wi th  ground g la s s  s t o p p e r s .  The s a m p l e s  w e r e  
ma in ta ined  at 50~ in a t h e r m o s t a t .  The r e a c t i o n  was  i n t e r rup t ed  by adding 9 ml of w a t e r  to  the t e s t  tube.  A 
0 . 5 - m l  s a m p l e  of the r e s u l t i n g  so lu t ion  was  di luted f u r t h e r  with w a t e r  up to the s p e c t r a l  concen t r a t i on  (by a 
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f ac to r  of 1000), while 9.5 ml,  af ter  dilution with wa te r  and acidification with ni t r ic  acid, was t i t r a ted  by the 
method in [13]. The percen tages  of the s ta r t ing  and final aldehydes in the spee t ropho tome t r i c  solution were  
de te rmined  f r o m  F i r o r d t ' s  f o rmu la s  [14]. 
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SYNTHESIS OF THIIRANE OXIMES FROM 3,4-DIBROMO- 

3-METHYL-2-BUTANONE OXIME 

V.  P .  T a s h c h i ,  T .  I .  R u k a s o v ,  
Y u .  G.  O r l o v a ,  Y u .  A .  P u t s y k i n ,  
a n d  Y u .  A .  B a s k a k o v  

UDC 547.712'238 : 542.924.5'945. 
27'951 : 543.422 

2 - ( a -Ox iminoe thy l ) -2 -me thy l th i i r ane  was obtained by the reac t ion  of 3 , 4 - d i b r o m o - 3 - m e t h y l - 2 -  
butanone oxime with sodium sulfide. At the s ame  t ime,  the O - c a r b a m o y l  de r iva t ive  of the ~ , f l -  
d ib romo oxime was converted to the cor responding  subst i tuted a , f i - u n s a t u r a t e d  oxime under the 
s a m e  conditions. Thi i rane  oxime,  like its O - c a r b a m o y l  de r iva t ive ,  underwent the desul fura t ion  
that  is c h a r a c t e r i s t i c  for  t h i r r a n e s  under the influence of t r ibutylphosphine .  

It is known [1] that the reac t ion  of vicinal d ihaloalkanes  with sodium or po t a s s ium sulfide does not lead 
to the expected th i i ranes .  

By the reac t ion  of 3 , 4 -d i b rom o-3 -m e t hy l -2 -bu t anone  oxime (I) with excess  sodium sulfide in acetone at 
20~ we obtained II, which, according  to the r e su l t s  of e l e m e n t a r y  analys is ,  co r r e sponds  to the product  of 
r e p l a c e m e n t  of the b romine  a toms in oxime I by a sulfur  a tom.  The p r e sence  in the PMR s p e c t r u m  of II of 
s ingle ts  at 1.68 and 1.76 ppm (CH3C and CHsC----N groups,  r e spec t ive ly ) ,  two doublets  with J = 1 . 9  Hz at 2.51 
and 2.88 ppm (CH 2 group) [the chemical  shifts  and the s p i n - s p i n  coupling constants  (SSCC) of the methylene 
group a re  c h a r a c t e r i s t i c  f o r t h e  th t i rane  r ing  [1]], and a broad  s inglet  of an = N - O H  group at 9.9 ppm and the 
IR spec t ro scop ic  data  made it poss ib le  to ass ign  the 2 - ( a - o x i m i n o e t h y l ) - 2 - m e t h y l t h i i r a n e  s t ruc tu re  to it. 

To conf i rm the s t ruc tu re  of th i i rane  oxime II we ca r r i ed  out the desu l fura t ion  of the th i i rane  under the 
influence of t r i a lky l (a ry l )phosphines  [1]. In fact ,  t r e a t m e n t  of oxime II with t r ibutylphosphine in ch lo ro fo rm 
led to c~ , f i -unsa tura ted  oxime III. 
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