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The condensation with saturated aliphatic carbonyl compounds of furan 
acids and esters having a functional group not conjugated with the 
furan nucleus has been carried out. Symmetrical bffunctional deriva- 
tives of the difurylmethane series have been synthesized. 

The reaction of furan or its alkyl derivatives with 

aliphatic aldehydes or ketones in the presence of cata- 

lytic amounts of mineral acid is a convenient method 

for the synthesis of compounds containing two furan 

n u c l e i  i n  t h e  m o l e c u l e  [1, 2]. In t h e  c o n d e n s a t i o n  of 

f u r a n  n u c l e i  w i t h  t he  c a r b o n y l  g r o u p  of  an  a l i p h a t i e  

c o m p o u n d ,  on ly  t h e  a - h y d r o g e n  a t o m s  of t h e  f u r a n  n u -  

e l e i  a r e  i n v o l v e d  [3, 4]. A s  a r u l e ,  an  e l e c t r o n - d o n a t -  

i ng  s u b s t i t u e n t  in  t h e  f u r a n  r i n g  f a v o r s  and  an  e l e c t r o n -  

a c c e p t i n g  s u b s t i t u e n t  i n h i b i t s  t h i s  r e a c t i o n  [4 -6 ] .  W h e n  

t h e  w e a k l y  e l e c t r o n - a c c e p t i n g  a l k o x y e a r b o n y l  g r o u p  i s  

p r e s e n t  in t h e  f u r a n  n u c l e u s ,  i t s  c o n d e n s a t i o n  w i t h  t h e  

e a r b o n y l  g r o u p  of an a l i p h a t i e  a l d e h y d e  t a k e s  p l a c e  

on ly  u n d e r  s e v e r e  c o n d i t i o n s  w i th  l a r g e  a m o u n t s  of  m i n -  

e r a l  ac id  [5, 6]. The  d i e s t e r s  of  t he  d i f u r y l m e t h a n e  

s e r i e s  o b t a i n e d  in  t h i s  way ,  and a l s o  t h e  p r o d u c t s  of 

t h e i r  h y d r o g e n a t i o n ,  a r e  of  i n t e r e s t  a s  s t a r t i n g  m a t e -  

r i a l s  f o r  t h e  p r o d u c t i o n  of  p o l y a m i d e  f i b e r s ,  p l a s t i -  

c i z e r s  f o r  p o l y ( v i w 1  c h l o r i d e ) s  and f o r  o t h e r  p u r p o s e s  

[7]. 
In  t h e  p r e s e n t  i n v e s t i g a t i o n  i t  w a s  found  t h a t  f u r a n  

a c i d s  and  e s t e r s  in w h i c h  the  e l e c t r o n - a c c e p t i n g  

g r o u p s  a r e  no t  c o n j u g a t e d  w i t h  t h e  f u r a n  n u c l e u s  r e a c t  

e v e n  in  t he  p r e s e n c e  of  a c a t a l y t i c  a m o u n t  of s u l f u r i c  

a c i d  b o t h  w i t h  a l i p h a t i c  a l d e h y d e s  and wi th  k e t o n e s ,  

f o r m i n g  t h e  c o r r e s p o n d i n g  d i c a r b o x y l i c  a c i d s  and all- 

e s t e r s  w i th  a y i e l d  of  5 0 - 6 0 % .  

O 

| - | Y  0 

I X = C O O H ;  I I  X = C O O C H 3 :  I l l  X =COOC~Hs; IV  X=CH,2OCCH a 

R, R'-= H, H; H, CH3; CH 3 , CH 3 

If t h e  n u c l e i  a r e  s e p a r a t e d  by  a m e t h y l e n e  g r o u p ,  

t h e y  c a n  be  h y d r o g e n a t e d  on a R a n e y  n i c k e l  c a t a l y s t  to  

c o m p o u n d s  of t he  t e t r a h y d r o f u r a n  s e r i e s  e v e n  at  a 

t e m p e r a t u r e  of  1 0 0 - 1 1 0  ~ C. K R and  R'  a r e  a l k y l s ,  

m o r e  s e v e r e  c o n d i t i o n s  a r e  n e c e s s a r y  f o r  t h e  h y d r o -  

g e n a t i o n  of  t he  f u r a n  n u c l e i .  

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

1,1-Bis[2'-(~-ethoxycarbonylethyl)-5'-furyl]ethane. With stirring, 
11 g (0.25 mole) of acetaldehyde was added over 1 hour to 16 g (0.095 
mole) of III, 0ol g of hydroquinone, and 0.07 ml of 50% sulfuric acid. 
The reaction mixture was stirred for another 2 hr at 25 ~ C and was 
then treated with water; the aqueous layer was extracted with ether 
and the ethereal extracts were neutralized with NaHCO 3 solution, 

washed with water, and distilled. Yield 10.5 g (61%o). Bp 182-183 ~ C 
(3 ram); n}~ 1.4905; d 2~ 1.1073. Found, %0: C 65.82, 65.65; H 7.43, 
7.20; MR D 94.71. Calculated for C20H/606, %0: C 66.27; H 7.23; MRD 94.83. 

I, 1-Bis[2'-(S-methoxycarbonylethyl)-5'-furyl]ethane. This was ob- 
tained similarly from 113 g (0.73 mole) of II and 46 g (1.05 mole) of 
acetaldehyde in the presence of 0.2 g of hydroquinone and 0.7 ml of 50% 
sulfuric acid. Yield 74 g (60%). Bp 170-171 ~ C (2 ram); n~ 1.4968; 
d~ ~ 1.1486. Found, %0: C 64.34, 64.25; H 6.65, 6.71; N~D 85,44 g. 

Calculated for C18H2206, %: C 64.65; H 6.63; MR D 85.65. 
2,2-Bis[2'-B-methoxycarbonylethyl)-5'-furyl]propane. A mixture 

of 25 g (0.16 mole) of II, 0.2 g of hydroquinone, 0.4 ml of 50@0 sul- 
furic acid, and 22 g (0.38 mole) of acetone was stirred for 3 hr at 
65 ~ C. After the usual working up, 17 g (60%) of reaction product was 

obtained. Bp 170-172 ~ C (3 ram); n~ 1.4964; d~ ~ 1.1293. Found, %: 
C 66.82, 66.39; H 7.05, 7.12; MR D 90.17. Calculated for C16H2406, %: 
C 65.49; H 6.94; MR D 90.12. 

2,2-Bis[2'-(13-ethoxycarbonylethyl)-5'-furyl]propane. With stirring, 
20 g (0.34 mole) of acetone was added to 25 g (0.15 mole) of III, 0.1 g 
of hydroquinone, and 0.4 ml of 50% sulfuric acid. After the working- 
up procedure described above, 16.7 g (60%) of reaction product was 
obtained. Bp 171-172 ~ C (2 mm); n~ 1.4893; d~ ~ 1.0953. Found, %: 
C 66.40, 66.41; H 7.37, 7.31; MR D 99.23, Calculated for CslHssOs, %: 
C 67.00; H 7.49; MR D 99.50. 

Bis[2'-(B-methoxycarbonytethyl)-g'-furyl]methane. To 143 g 
(0.93 mole) of II, 0.2 g of hydroquiuone, and 2 ml of 50~ sulfuric 
acid was added 45 g (0.6 mole) of a 409 formalin solution. After 
stirring at 50 ~ C for 3 hr and the usual working-up procedure, 63.5 g 
(42%) of product was obtained. Bp 175-176 ~ C (4 mm); mp 36.5-3? ~ C. 
Found, %: C 63.71, 63.83; H 6,25, 6.28. Calculated for C17Hs0Os, %: 
C 63.73; H 6.29. 

1,1-Bis[i'-fS-carboxyethyl)-5'-furyI]ethane. With stirring, 11 g 
(0.25 mole) of acetaldehyde was added over an hour to 21 g (0.15 
mole) of I, 20 ml of CHaCOOH and 0.2 ml of 50~ sulfuric acid. After 
being stirred for 2 hr at a temperature not exceeding 30 ~ C, the reac- 
tion mixture was poured into water. The precipitate that deposited 
was twice recrystallized from water, giving 11.5 g (50~/.) of a product 
with mp 127.5-128 ~ C. The same acid was obtained in quantitative 
yield by the saponification with 20% aqueous alcoholic alkali of 1,1- 
bis[2'-carboxyethyl)-5'-furyl]ethane or 1,1-bis[2'-(B-methoxycarbonyl- 
ethyl)-5'-furyl]ethane. Found, %: C 62.41, 62.62; H 593, 5.83; acid 
number 296. Calculated for CtoHlsO 6, %: C 62.73; H 5.92; acid num- 
ber 295. 

1,1-Bis[a'-(y-acetoxypropyl)-5'-fttryl]ethane. With stirring, 22 g 
(0.5 mole) of acetaldehyde was added to 67 g (0.4 mole) of IV, 0.15 
ml of 50% sulfuric acid, and 0.1 g of hydroquinone. After the usual 
working up, 43 g (60%) of product was obtained with bp 196 = C (3 ram); 
n}~ 1.4938; d 2~ 1.1076. Found, %: C 66.00, 66.02; H "/.25, 7.29; 
MR D 95.05. Calculated for C20H2606, %0: C 66.27; H 2.23%; MRD 94.89. 

Bis[2'-(B-carboxyethyl)-5'-furyl]methane was obtained by saponi- 
fying bis[2'-(B-methoxycarbonylethyl)-5'-furyl]methane with 8% 
NaOH solution. Mp 141~ ~ C. Found, %: C 61.71, 61.69; H ~.48, 
5.47; acid number 270, 282. Calculated for ClsH1606, %: C 61.63; 
H 5,52; acid number 276. 

2,2-Bis[2'-(B-carboxyethyl)-5'-furyl]propane was obtained by sa- 
ponifying 2,2-bis[2'-(g-methoxycarbonylethyl)-5'-furyl]propane with 
9% NaOH solution. Mp 117.5-118 o C. Found, %: C 63.52, 63,69; 
H 6.38, 6.28; acid number 250, 260. Calculated for CtTHs0Os; acid 
number 252. 
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Bis[2'-(methoxycarbonylethyl)-5'-tetrahydrofuryl]methane was ob- 
tained by the hydrogenation of bis[2'-(B-methoxycarbonylethyl)-5'- 
furyl]methane over Raney nickel a[ 100-11O ~ C and an initial pressure 
of hydrogen of 200 arm with a yield of 70%. Bp 164-165 ~ C (3 ram); 

zo d2O n D 1.4737; 1.1119. Found, %: C 62.06, 62.30; H 8.48, 8.23; 
hiRD 82.95. Calculated for C17H2806, %: C 62.17; H 8.59~ MR D 82.90. 

REFERENCES 

i. Dinelli and G. B. Marini, Gazz. chim, ital., 
67, 312, 1937. 

2. R. C. Ackman, W. H. Brown, and G. F. Wright, 
J. Org. Chem., 20, 1147, 1955. 

3. L. L. J. Fauque, U. S. Patent 2681917, 1954; 
C. A., 49, 7600, 1955. 

4. W. H. Brown and H. Sawatzky, Can. J. Chem. ,  

34, 1147, 1956. 
5. O. Moldenhauer ,  W. I r ion,  and O. H. Marwitz ,  

G e r m a n  F e d e r a l  Republic  Pa ten t  941062, 1956; RZhKh, 
2157P, 1957. 

6. L. Decsei ,  B. Zsadon,  and G. Re ichmann ,  Mag- 
ya r .  Kern. folyoizat ,  69, 328, 1964. 

7. Y. Yahama and I. Hayshi ,  J apanese  Pa ten t  3696, 
1956; C. A. 51, 13930, 1957. 

28 May 1966 Zelinskii Institute of Organic Chemis- 
try, AS USSR, Moscow 

NITROGEN-CONTAINING ORGANOSILICON COMPOUNDS 

XIV. N-Morpholyl-, N-Thiamorpholyl-, N-Methylpiperazinyl-, and N-Perhydro- 

az epinylalkylsilane s* 
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By the reaction of trialkylsilanes and dialkoxy- or di(chloroalkyl)al- 
kylsilanes with morpholine, thiamorpholine, N-methylpiperazine, 
and hexarnethyleneiraine, 14 new organosilicon derivatives of these 
heterocycles have been synthesized. The addition of perhydroazepine 
to diethylmethylvinylsilaue has been performed. 

The usual method for obtaining morpholylsilanes 
[2] and piperazinylsilanes [3-7] containing the SiN 
bond is the reaction of organylchlorosilanes with mor- 
pholine and piperazine, respectively. Their triphenyl- 
silyl derivatives have been obtained by the reaction of 
the heterocycles mentioned with triphenylsilyl-lithium 
[8], 

N-Piperazinylsilanes are also formed by the trans- 
amination of piperazine with alkylaminosilanes [9], 
dehydrocondensation with triorganylsilanes in the pres- 
ence of potassium [I0], and the thermal rearrangement 
of N-aziridinylsilanes [ii]. N-Morpholinylmethylsi- 
lanes have been synthesized by the reaction of trior- 
ganylchloromethylsilanes with morpholine [12]. N-Pi- 
perazinylalkylsilanes containing the Si--Cn--N grouping 
have been obtained by the addition of piperazine to tri- 
alksdvinylsilanes in the presence of alkali metals [13] 
and also by tne thermal rearrangement of aziridinyl- 
alkylsilanes [13, 14]. Triphenoxy-N-perhydroazepinyl- 

*For partXIII, see [i]. 

silane is formed by the reaction of chlorotriphenoxysi- 
lane with hexamethylenediamine. Di-n-butoxy(methyl)- 
(N-perhydroazepinylrnethyl)silane has been obtained by 
the reaction of hexamethyleneimine with di-n-butoxy- 
(chloromethyl)methylsilane [16]. Organosilicon deriva- 
tives of thiamorpholine were not previously known. 

By heating trialkylsilanes, dialkoxyalkyl- and 
di(chloromethyl)alkylsilanes, and (3-chloropropyl)si- 
lanes with morpholine, thiamorpholine, N-methylpi- 
perazine, and hexamethyleneimine (perhydroazepine) 
in toluene in the presence of triethylamine for 15-20 
hr, we have obtained the corresponding alkyl-N-het- 
erylsilanes with yields of 40-60%: 

/--R /--k 
RR~Si(CH~)nCI HN ,_.._z \ ~ - - - -  HCI R~2Si(CH2)~ N x ~ / x '  

R - CH~, C2H 5, C3H7, C2H50; R'= C2H ~ 3H7, C~HsO , I-C4H~O; 
X ~ O.S, NCHa, CH~CH2; n - l . 3  

By the addition of hexamethyleneimine to diethyl- 
methylvinylsilane in the presence of lithium, we have 
obtained diethylmethyl(2-N-perhydroazepinylethyl) 
silane: 

CH3{C~Hs)~Si CH = CH 2 + H N ( C H ~ )  6 ~ CH2(C~H~)~S iCH2CH2N(CH~)~  

The method of performing the syntheses was simi- 
lar to that described previously [17]. The physicochem- 
ical constants, the analytical data, and the yields of 
the compounds synthesized are given in the table. A 


