
306 KHIM1YA GETEROTSIKLICHESKIKH SOEDINENII 

SYNTHESIS OF ESTERS OF 5-OXO-3-OXAPENTANECARBOXYLIC ACIDS AND 
THEIR CYCLIZATION TO GIVE HOMOLOGS OF DIOXANONE AND MORPHOLI-  
NONE 

S. N. Khar 'kov ,  V. M. Shostakovskii ,  and I. F .  B e l ' s k i i  

Kh imiya  Gete ro t s i ld ichesk ikh  Soedinenii ,  Vol. 4, No. 3, pp. 413--415, 1968 

UDC 542.97+547.84 

By hydrogenating methyl esters of 4-furyl-3-oxapropanecaxboxylic 
acids on Pt-C we have obtained the corresponding esters of 5-oxo-3- 
oxapeotanecasboxyIic acids and have converted these under the con- 
ditions of teductive amination into the cc~responding homologs of 
morpholin-3-one and by reduction in an alkaline medium into 
homologs of 1,4-dioxau-2-one. 

The v a p o r - p h a s e  hydrogena t ion  of fu ran  compounds 
conta in ing v a r i o u s  funct ional  groups  (C=~O, O[i, NH~, 
COO[I, COOR) in  the s ide  chain  enab les  v a r i o u s  c o m -  
pounds of the a l iphat ic ,  ca rbocyc l i e ,  and he t e rocyc l i c  
s e r i e s  to be obta ined,  m a n y  of which a r e  diff icult  to 
p r e p a r e  by other  methods .  Thus,  for  example ,  the 
hydrogenat ion  of the monofury l  e the rs  of 1 , 2 - g l y c o l s  
and t he i r  ace ta tes  has  g ivenhomologs  of 1 ,4 -d ioxene  [1] 
and 3 - o x a - 1 , 5 - k e t o a l c o h o l s  [2] which a re  o the rwise  
ob ta inable  only with diff icul ty.  

in  the p r e s e n t  work  we have s tudied  the h y d r o -  
genat ion of methyl  e s t e r s  of 4 - f u r y l - 3 - o x a p r o p a n e -  
carboxyl ic  acids on P t - C  with the a im  of ob ta in ing  
the co r r e spond ing  e s t e r s  of 5 - o x o - 3 - o x a p e n t a n e -  
carboxyl ic  acids and the syne thes i s  f r o m  them of 
homologs of d ioxanone and morpho l inone .  

We have shown p rev ious ly  tha t  e s t e r s  of f l - f u r y l a -  
c ry l i e  and B- fury lp rop ion ic  acids  a r e  r e ad i l y  c o n -  
v e r t e d  on hydrogena t ion  over  P t - C  by the flow method 
into e s t e r s  of T-exo-enan th ic  ac ids  f r o m  which the 
co r r e spond ing  p y r r o l i d o n e  homologs  have b e e n  ob-  
ta ined  by r educ t ive  amina t ion  [4]. 

The in i t i a l  e s t e r s  of 4 - f u r y l - 3 - o x a p r o p a n e c a r b o x y -  
l ic  acids  (I) w e r e  obtained by the r e a c t i o n  of alkoxides 
of fury l  c a rb ino l s  with methyl  ch lo roace ta te  in  y ie lds  
of 50 -60%.  The e s t e r s  syn thes ized  w e r e  hydrogena ted  
in  a flow s y s t e m  over  P t - C  at 180 -190  ~ C and n o r m a l  
p r e s s u r e .  

The r e a c t i o n s  tak ing  p lace  can  be r e p r e s e n t e d  by 
the fol lowing s cheme :  
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As was  to be  expected,  hydrogeno lys i s  of the  f u r a n  
r i n g  at the 1 ,5  C--O bond led  to the f o r m a t i o n  of 
methyl  e s t e r s  of the 5 -oxo-3 -oxahep taneca rboxy l i e  
acids  (V, 35-42%) and at the 1 ,2  C--O bond to the 
fo rma t ion  of methyl  e s t e r s  of 3 -oxahexanecarboxy l ic  
acids  (IV, 10-11%) .  A s ide  r e a c t i o n  taking  p lace  
under  t hese  condi t ions  is  the c leavage  of the e the r  

l inkage  in  the s ide  chain  lead ing  to the f o r ma t ion  of 
~ - a l k y l f u r a n s  (II, 7 -8%)  and the p roduc t s  of the i r  
hydrogeno lys i s ,  the a l iphat ic  ketones  (IT[, 28 -36%) .  

in  th is  case ,  a m a r k e d  in f luence  of the a lkoxy-  
ca rbony l  group on the degree  of hydrogeno lys i s  of 
the s i d e - c h a i n  e the r  bond (35%) is  obse rved .  The 
p r e s e n c e  of an alkyl r a d i c a l  ad jacent  to the e ther  
bond in  the s ide  chain  i n c r e a s e s  the hydrogeno lys i s  
of the  l a t t e r  to 44%. In c o n t r a s t  to th is ,  in  the h y d r o -  
genat ion  unde r  analogous condi t ions  of the ace ta tes  
of the f u r a n  e the r - a l coho l  [2], 

? 

the ace ta te  group and the p r e s e n c e  of an alkyl r a d i c a l  
have no app rec i ab l e  in f luence  on the hydrogeno lys i s  
of the s i d e - c h a i n  o ther  bond (12-15%). This  i s  ob -  
v ious ly  connected  with the fac t  that  in  the e s t e r s  of 
the 4 - f u r y l - 3 - o x a - p r o p a n e c a r b o x y l i c  acids  the c a r -  
bonyl  group is  conjugated with the f r ee  e l e c t r ons  
of the e ther  oxygen, whi le  such conjugat ion  cannot  
ex is t  in  the ace ta tes  of the f u r a n  e t he r - a l c oho l s .  

Under  the condi t ions  of r educ t ive  amina t ion  on 
Raney  Ni, the methyl  e s t e r s  of the 5 - o x o - 3 - o x a h e p -  
t aneca rboxy l i c  acids  (V) w e r e  conver t ed  into the 
c o r r e s p o n d i n g  homologs  of m o r p h o l i n - 3 - o n e  (VI, 
42 -50%), and by hydrogena t ion  on a Raney  Ni-A1 
ca t a lys t  in  an a lka l ine  m e d i u m  they w e r e  conver ted  
into the c o r r e s p o n d i n g  homologs  of 1 , 4 - d i o x a n o n e  
{VII, 65-68%).  
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EXPERIMENTAL 

Methyl 4-furyl-3-oxal~opanecarboxTlatv. With stirring and 
heating to 100 ~ C, 25 g (1.08 mole) of metallic sodium was gradualIy 
added to 250 ml of furfuryl alcohol in 250 ml of absolute toluene. 
To the alkoxidc so obtained was added 120 g (1.1 mole) of methyl 
cbloroacetate in 150 ml of absolute toluene. The reaction mixture 
was stirred at 50" C for 2 hr, and then 500 ml of aqueous sodium 
carbonate solution was added and the toluene layer was separated 
off. The aqueous layer was extracted with ether and the ethereal 
ex~acts were combined with the toluene layer. The ether and 
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toluene were driven off and the residue was distilled. Yield 60%. 
Bp 78*-79* C (2 mm) ,  n~  1.4q20, d z~ 1.1710. Found, %: C 56.51, 
56.5q; H 5.86, 5 .86 ,  MRD 40.69. Calculated for C~Hx004, %: C 56.46; 
H 5.92; MR D 40.95. 

Methyl 4-ethyl-4-foryl-3-oxapropanecarboxylate was obtained 
similarly from ethyl furyl carbinol. Yield 48%. Bp 87~ ~ C (2 ram), 
n~  1.4670, d24~ 1.0972. Found, %: C 60.37. 60.43; H 6.90, 6 .92;  
MR D 50.12. Calculated for CloH14Oa, %: C 60.59; H 7.11; MR D 
50.18. 

The hydrogenation of the methyl  estexs of the 4-furyl-3-oxapropa-  
necarboxylic acids was carried out in a continuous system on plati-  
nized carbon (5% Pt) at 180"-t90" C and atmospheric pressure. The 
starting mater ia l  was fed into the reaction tube at a space velocity 
of 0.1 hr -x. The catalyzates were distilled through an efficient 
column and the substances isolated were identified by determining 
their physical constants, and by their elementary,  spectral, and 
chromatographic analyses. A UR-10 double-beam 3peelxograph and 
LI<hM-5 chromatograph with a thermal  conductivity detector [column 
l = 2 m,  d i a . =  6 ram,  poly(ethylene glycol suecinate) (20~ on 
Chromosoth W with hel ium as the carrier gas] were used. 

In the hydrogenation of methyl  4-furyl-3-oxapropanecarboxylate,  
the products were sylvane (7%), 2-pentanone (28%), methyl  3-oxa-  
hexaneearboxylate (11~ 44~ C (3 ram), n ~  1.4125 [l i ter-  
ature data [5]: bp 1800-180.fi * C (766 Ilma), d~ 0.9675]--and methyl  
5-oxo-3-oxapepranecarboxylate (42%)--bp 100~ ~ C(3 ram), 
n ~  1.4425, d~ ~ 1.0742. Found, %: C 54.90, ~4.~5; H 8.20, 8.25; 
MRD 42.94. Calculated for CsHI404, ~o: C 5g.15; H 8.10: MR D 42.45. 
The ]R spectrum contained a strong absorption band in the  1740 cm -I  
region (liquid f i lm).  2, 4-Dinitrophenylhydrazone--mp 115"--i16 ~ C 
(fxom methanol) .  Found, %: N 15.94, 16.07. Calculated for CIaI-IltO/N~ 
%: N 15.81. 

Hydrogenation of methyl  4-ethyl-4-furyl~3-oxapropanecarboxy- 
late gave a-ptopylfuran (8%), 4-heptanone (36%), methyl  4-e thyl -  
3-oxahexaneearboxylate (lO~)--bp 60~ ~ C (4 ram), n ~  1 .4270-  
and methyl  4-e thyl -g-oxo-3-oxaheptanecarboxyla te  ( 3 ~ ) - - b p  
92~ " C (2 mm) ,  n~  1.4462.  d~ ~ 1.0370. Found, q~ C 59.06, 
58.98; H 9.10, 9.12; MR D 52.02. Calculated for CI0HlsO4, %: 
C 59.38; H 8.9; MRD gl.70o 2, 4-Dinitrophenylhydrazone--mp 
84*-85 ~ C (from methanol) .  Found, o]c: N 14.98, 15.06. Calculated 

for CI~H~OeN4. %: N 14.65.  
Hydrolysis of the  methyl esters of 3-oxahexaneearboxylic acids. 

A mixture of 10 g of the appropriate ester, 5 g of KOH, and 40 ml  
of water was boiled for 4 hr. The insoluble matter  was separated 
off and the aqueous layer was made  wealdy acid with dilute (1:2) 
hydrochloric acid. The reaction product was extracted with ether 
mud distilled in vacuum.  

3-Oxahexaneearboxylic acid --bp 108" C (5 ram), n ~  1.4270, 
d 2~ 1.0221. MR D 33.19.  Calculated for CvH~Oz: 33. 09. Literature 
data [6]: bp 113"-114 ~ C (9 -10  ram), n~  1.4263, dZ4 ~ 1.0213. 

4-Ethyl-3-oxahexanecazboxylie acid--bp 117 ~ C (5 mm) ,  
n~  1.4360, d z~ 0.9920. I~2 D 42.22.  Calculated for CsHmO3: 42.32.  

CONVERSION OF THE METHYL ESTERS OF THE g-OXO-3-OX- 
AHEPTAN~ECARBOXYLiC ACIDS INTO THE CORRESPONDING 
HOMOLOGS OF MORPHOLIN-3-OHE AND DIOXAN-2-ONE. 

1. An autoclave was charged with 0.08 mole of the ester of a 
5+oxo-3-oxa-heptaneearboxylic acid, 60 ml  of methanol  saturated 

with ammonia  at 0 ~ C, and 3 g of Raney Ni-A1 catalyst and was 
heated at 100. C for 10 hr at an initial pressure of hydrogen of 50 
atln. 

5-Propyltuorpholin-3-one--yield 50~ bp 115"- t19 ~ C (5 ram) ,  
mp 74~176 (from petroleum ether). Found, %: N 10.17,  10.28. 
Calculated for CTHmOzN, %: N 9.78.  The IR spectrttm had strong 
absorption bands in the  1640, 3440, and 3195 cm -1 regions (solid 
state, 0.7 mg[200 mg of KBr). 

6-Ethyl-5-propylmorpholin-3-one--yield 42~ bp 126e-130~ C 
(5 mm) ,  mp 590-60 ~ C (from petroleum ether). Found, %: N 8.70, 
8.74.  Calculatod for CsHj~DzN,%: N 8.18. 

2. An autoclave was charged with 0.08 mole  of an ester of a 
5-oxo-3-oxaheptanecarboxylic  acid, 0 .15 mole  of KOH, 60 m l  
of water, and 3 g of Raney Ni-A1 catalyst and was heated at 100. C 
for 2 hr at an initial pressure of hydrogen of 50 alan. After the 
separation of the  catalyst,  the  ca ta lyzate  was made  weakly acid 
with dilute hydrochloric acid (1:1) and was extracted with ether. 
After the ether had been driven off the reaction products were dis~ 
tilled in vacuum.  

6 -Pro l~y l - l , 4 -d iomu~ .o t~ - -y ie ld  68*/0. Bp 105"-106" C (5 ram) 
nz~ 1.4325, dZ4 ~ 1.0352. Found, %: C 57.98,  57.90; H 8.22, 8.31; 
MR D 36.15.  Calculated for C/H~O3, %: C 58.31; H 8.39; MR D 35.62. 
The IR spectrum had a strong absorption band in the  1750 cm -1 region 
{liquid film), which is characteristic for the C---~O vibrations of 
s ix-membered lactones. 

S-Eraayl-6-irtol)yl-.1,4-dioxau.,2-oim-yield 6 5 ~  bp 111"-112 ~ C 
(5 ram),  n ~  1.4490, dZ. ~ 1.0312. Found, %; C 62.46,  62.61; H 9.40,  
9 .40  /vlR D 44.79. Caleulared for C~-I1603, %: C 62.76; H 9.36; MRD 
44.86. 

R E F E R E N C E S  

1 .  I .  F .  B e l ' s k i i ,  S .  N .  K h a r ' k o v ,  a n d  N .  I .  S h u k i n ,  

D A N ,  1 6 5 ,  8 2 1 ,  1 9 6 5 .  

2 .  L F .  B e l ' s k i i ,  S .  N .  K h a r ' k o v ,  a n d  N .  I .  S h u k i n ,  

D A N ,  1 6 5 ,  1 0 7 1 ,  1 9 6 5 .  

3 .  I .  F .  B e l ' s k i i ,  N -  I .  S h u i k i n ,  V .  M .  S h o s t a k o -  

v s k i i ,  a n d  S.  N .  K h a r ' k o v ,  Z h O K h ,  3 2 ,  1 0 3 0 ,  1 9 6 2 .  

4 .  N .  I .  S h u i k i n ,  I .  F .  B e l ' s k i i ,  V .  M .  S h o s t a k o -  

v s k i i ,  S .  N .  K h a r ' k o v ,  a n d  G .  A .  G a i v o r o n s k a y a ,  

D A N ,  1 5 3 ,  6 2 8 ,  1 9 6 3 .  

5 .  M .  H .  P a l o m a a ,  A n n .  A e a d .  S c i .  F e n . ,  4 ,  1 0 4 ,  

1 9 1 2 .  

6 .  M .  H .  P a l o m a a ,  A n n .  A c a d .  S c i .  F e n . ,  3 ,  3 4 ,  

1 9 1 1 ,  C . ,  I I ,  5 9 6 ,  1 9 1 2 .  

25 April 1966 Z e l i n s k i i  I n s t i t u t e  o f  

O r g a n i c  C h e m i s t r y ,  

A S  U S S R  


