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New 1 ,3 -d ioxanes ,  which  a re  de r iva t i ve s  of 2 - n i t r o - 2 - e t h y l p r o p a n e - l , 3 - d i o l  and a ldehydes  
of the furan  s e r i e s ,  w e r e  syn thes i zed .  The n i t rod ioxanes  w e r e  r educed  by  m e a n s  of s o d i -  
u m  a m a l g a m  to the c o r r e s p o n d i n g  a mines .  The k ine t ics  of  the fo rma t ion  of the n i t r o d i -  
oxanes  was  s tudied.  The acce l e r a t i ng  act ion of  the  e l e c t r o n - a c c e p t o r  diol  subs t i tuen t  on 
the r eac t i on  r a t e  was  es t ab l i shed .  The r a t e  cons tan t s  in the a ldehyde s e r i e s  i n c r e a s e  on 
pas s ing  f r o m  a ' - m e t h y l f u r f u r a l  to a ' - n i t r o f u r f u r a l ,  and they  c o r r e l a t e  s a t i s f a c t o r i l y  with 
B r o w n ' s  ff~ cons t an t s .  

N i t ro  de r iva t i ve s  of fu ran  compounds  a re  a t t r ac t ing  at tent ion because  of  the i r  ex tens ive  syn the t ic  p o s -  
s ib i l i t ies  and p r a c t i c a l  appl icat ion as phys io log ica l ly  ac t ive  p r e p a r a t i o n s  [2]. Amino  de r i va t i ve s  that  c b n -  
ta in  a dioxane r ing  in addition to a fu ran  r ing  a r e  equa l ly  valuable  [3,4]. 

We have syn t he s i z e d  5 - n i t r o - 2 - ( a - f u r y l } - 5 - e t h y l - l , 3 - d i o x a n e s  by condensa t ion  of  2 - n i t r o - 2 - e t h y l -  
p r o p a n e - l , 3 - d i o l  wi th  va r ious  a ldehydes  of  the furan  s e r i e s  (Table 1}. 

The c o r r e s p o n d i n g  a m i n o  de r iva t i ve s  (VI-X) w e r e  obta ined  by e l e c t r o c h e m i c a l  r educ t i on  of  I -V  an 
sod ium a m a l g a m  in aqueous  a lcohol .  

*See [1] fo r  communica t i on  IV.  
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Cm}tt3NO5 52,7 6,0 
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C uJ-IL2N~O7 43,8[ 4,61 
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CHI-IjTNO3 62,0j 8,31 
CloH,4BrNOa 43,51 5,31 
C,oHI4INO3 37,414,5t 
C,oHIsN203 58,81 8,0 t 
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Fig. i. Semilogarithmic anamorphoses of the 
kinetic curves of the reaction of a'-substituted 
furfurals with 2-nitro-2-ethylpropane-l,3-dioh 
I) CH3; 2) H; 3) Br; 4) I; 5) NO 2. 
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Fig.  2. Cor re la t ion  of the r a t e s  of format ion  
of 1 ,3-dioxanes with the ~ constants  of sub-  
s t i tuents  in the 5 posit ion of the furan ring: 1) 
CH3; 2) H; 3) Br;  4) I; 5) NO 2. 
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Fig. 3. Correlation of the rates of formation of 

1,3-dioxanes with the magnitude of the solvato- 

chromic effect of furan aldehydes with substitu- 

ents in the 5 posit ion of the r ing:  1) CH3; 2) H; 
3) Br;  4) I; 5) NO 2. 
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Fig.  4. Consumption of 5 -n i t ro fu r fu ra l  during 
i ts  reac t ion  with 2 -e thy l -2 - (hydroxymethy l ) -  
p r o p a n e - l , 3 - d i o l :  1) in the p re sence  of a c a t -  
a lys t ;  2) in the absence  of a ca ta lys t ;  1 ' ,  2') 
dependences of logc  on ~" and of 1 / c  on ~', 
r e spec t ive ly .  

In addition to the bands that  c h a r a c t e r i z e  the furan and dioxane r ings ,  the IR s p e c t r a  of I -V contain 
bands of a n i t r o  group (1534 and 1345 c m  -t) of ve ry  high intensity.  The absence of absorpt ion at 3300-3700 
c m  -I  (UOH) and at 1660-1720 cm -1 (UC=O) indicates  the proposed  s t ruc tu r e .  A less  intense band is ob- 
s e rved  at 1550 c m  -1 (6NH) in the IR s p e c t r a  of VI-X.  Broad bands that c h a r a c t e r i z e  the s t re tch ing  v i b r a -  
tions of a s soc ia ted  mud fre2e NH~ groups a r e  p r e sen t  at 3200-3700 cm -1. 

In o rde r  to e s t ab l i sh  the effect  of a subst i tuent  in the diol molecule  on its r eac t iv i ty  and to accura te ly  
spec i fy  the reac t ion  mechan i sm,  the kinet ics  of the fo rmat ion  of furyldioxanes during the condensat ion of 
subst i tu ted fu r fura l s  with 2 - n i t r o - 2 - e t h y l p r o p a n e - l , 3 - d i o l  were examined.  The reac t ion  is desc r ibed  by a 
f i r s t - o r d e r  kinetic equation, which is conf i rmed  by the c h a r a c t e r  of the cu rves ,  the r ec t i l i nea r i t y  of the i r  
s emi loga r i t hmic  anamorphoses  (Fig. 1), and by the fact  that the r a t e  constant  d~es not change under  the in-  
ves t iga ted  conditions as the concentra t ion of s t a r t ing  r eagen t s  is changed (Table 2). 

The dependence of the r a t e  constants  for  the fo rmat ion  of 1,3-dioxanes on the subst i tuents  in the a ,  
posit ion of the furan r ing and the 5 posit ion of the dioxane r ing is p resen ted  in Table  3. 

It  should be noted that  the reac t ion  r a t e  is desc r ibed  by a f i r s t - o r d e r  equation when the ra t io  of s t a r t -  
ing components  is s to ich iomet r i c  and the m e c h a n i s m  is  b imolecu la r .  This  is explained by the fact  that the 
aldehyde adsorp t ive ly  s a t u r a t e s  the ca ta lys t  sur face  during the reac t ion ,  and i ts  su r face  concentra t ion r e -  
mains  p rac t i ca l ly  constant ;  in this case ,  the adsorption step p roceeds  m o r e  rap id ly  than the diffusion and 
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TABLE 2. Rate Constants 
for the Condensation of 2- 
N i t ro -2 -e thy lp ropane - l , 3 -  
diol with Furfura l  

Conc., m o l e / l i m r  

furfural alcohol 

0,7 

0,5 

0,3 

k, mill -1 

0,5 0,0200 

0,5 0,0200 

0,5 0,0201 

TABLE 3. Rate Constants for 

\o/ ~o__/\R' 

CH3 
H 
Br 
I 

k, rain "1 

R'=CH2OH R'=NO2 

0,0t16 0,0200 
0,0127 02250 
0,0230 0,0345 
0,0250 0,0479 

and chemical  react ion steps,  while the limiting step of the process  
is nucleophilic attack by alcohol of the carbon of the protonated corn- 

+ 

plex > C ~ O . . .  H. It is considered that protonation occurs  at the 
carbonyl  group, but one cannot exclude the possibil i ty that the proton 
can also interact  with the alcohol. Two cations - the protonated fu r -  
fural molecule,  which acce lera tes  the formation of 1,3--dioxanes, and 

+ 
the H2OCH2CR (C2H5)CH2OH oxonium ion, which inhibits the condensa-  
tion of polyols with aldehydes - will be competi t ive.  

The introduction of a nitro group into the alcohol molecule r e -  
duces the electron density on the oxygen of the hydroxyl  group due 
to the - I  effect and diminishes the probabili ty of the formation of the 
oxoninm ion. In this case,  protonation proceeds p r imar i ly  at the 
carbonyl  group of the aldehyde. The lat ter  acce le ra tes  the nucleo-  
philic interaction, and the ra te  constant for condensation of the nitro 
alcohol increases  {Table 3). 

A change in the s t ruc ture  of the carbonyl  compounds is r e -  
flected appreciably in the rate of the p rocess .  The effects of sub-  
stituents in the furan ring on the magnitude of the rate  constant  of 
the react ion under considerat ion can be arranged in the following 
order  with respec t  to decreas ing react ivi ty:  N O  2 > I > Br > H > CH 3, 
which is in agreement  with the conclusions in [5]. The rate  constants NO2 0,0413 0,0716 + 
cor re la te  sa t i s fac tor i ly  with Brown's  ep  constants [6] (Fig. 2). The 

corre la t ion  coefficient (r) is 0.986, and the react ion constant (p), determined f rom the slope of the line, is 
+0.6. The positive p value for the formation of 1,3-dioxanes conf i rms our conclusion regarding the effect 
of e lec t ron-donor  and e lec t ron-accep tor  substituents,  as well as the nucleophilic cha rac t e r  of the p rocess .  
The low absolute value of p is evidence in favor of molecular  interactions and the formation of an in ter -  
mediate polarized complex.  

The Correlation with the solvatochromic effect (Fig. 3) is sa t i s fac tory .  The rate  constant can be ca l -  
culated f rom the equation k = -1.71 + 4.9 �9 10 -4 �9 Avi~. (r = 0.97). 

The accelerat ion that is observed when a ni t ro  group is introduced into the furan ring is associa ted 
not only with the action, in the same direction, of the inductive and mesomer i c  effects but also with the de-  
c r ease  in the interaction of the furan ring with the carbonyl  group, which additionally promotes  an increase  
in the magnitude of the fract ional  positive charge on the carbon atom. In this case ,  the increase  in the e lec -  
t ron deficit is so significant that the reaction proceeds without a cata lyst  (Fig. 4), although at a somewhat 
slower ra te .  However, ca r ry ing  out the react ion of furfural  with the ni tro alcohol in the absence of a 
cata lyst  does not lead to any changes whatsoever  in the initial concentrat ions of the aldehydes. The de-  
stabilization of the nucleophilic reagent  is so great  that even the introduction of a strong acceptor  into the 
furan ring does not promote the react ion in the absence of a cata lys t .  

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

2- (o l -Fury l ) -5 -e thy l -5 -n i t ro - l ,3 -d ioxane  (D. A 4.8-g (0.05 mole) sample of furfural  was added with 
s t i r r ing  and heating on a water  bath to 7.45 g (0.05 mole) of 2 -n i t ro -2 -e thy lp ropane- l ,3 -d io l  and 0.96 g of 
KU-2 (H form) cat ion-exchange res in  in 100 ml of absolute benzene. The end of the react ion was de te r -  
mined by spect rophotometry .  At the end of the reaction,  the exchange res in  was removed by filtration, and 
the dioxane crys ta l l ized  out f rom the benzene solution to give 7.5 g (66~ of co lor less  needles that were 
only slightly soluble in alcohol, benzene, and e ther .  Nitrodioxanes II-V were s imi la r ly  obtained. 

2 - (c~-Fury l ) -5-amino-5-e thyl - l ,3 -d ioxane  (VI). A solution Of 8 g (0.035 mole) of dioxane I in 150 ml 
of 70~ ethanol was added with continuous s t i r r ing  at the rate of 10 m l / m i n  to 250 ml of sodium amalgam 
(1.7 g-eq of Na in 1 l i ter of m e r c u r y ;  the m i r r o r  a rea  of the amalgam was 140 cm2). At the end of the r e -  
duction, the amines were extracted with 250 ml of ether .  The ether  extracts  were dried with sodium sul-  
fate, and the ether was removed  by distillation to give 3.9 g (56%) of yellow c rys ta l s  that were unstable in 
a i r .  Aminodioxanes VII-X were s imi la r ly  obtained. 
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2 - ( ~ - F u r y l ) - 5 - e t h y l - 5 - a c e t a m i d o - l , 3 - d i o x a n e  (XI). A 1.27-g (0.01 mole) sample of dioxane VI was 
mixed with 2.04 g (0.02 mole) of acetic anhydride at room t empera tu re .  Color less  c rys t a l s  [2.11 g (88~c)] 
prec ip i ta ted  immedia te ly .  Compound XII was Similar ly  obtained. 

The kinetic exper iments  were  c a r r i e d  out in a thermosta t ted  (80 -~ 0.1 ~ flask with a s to ichiometr ic  
ra t io  of components  (0.5 g - m o l e / l i t e r  of aldehyde and 0.5 g - m o l e / l i t e r  of alcohol) with KU-2 (20% of the 
weight of the aldehyde) in absolute benzene at a constant ra te  of s t i r r ing .  The mathemat ica l  analysis of the 
kinetic curves  was pe r fo rmed  graphical ly  and analyt ical ly.  The react ion was moni tored spect rophoto-  
me t r i ca l l y  via the method in [7]. 

The IR spec t ra  of minera l  oil suspensions of the compounds were  obtained with an IKS-14 spec t ro -  
photometer .  
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