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An important  in termedia te  step in the synthesis  of keto lactones using compounds of the thiophene 
se r i e s  [1] is the prepara t ion  of the monothienylalkyl es te rs  of dicarboxylic  acids. For  reasons  that ensue 
f rom the chemical  nature of the alcohol and acid f ragments  of these compounds, not one of the methods 
existing up to now for the synthesis  of the monoes te rs  of dicarboxylic  acids can be applied for their  p r epa r -  
ation. The acidophobicity of  the thienylalkanols does not permit  the use of the widespread method of the 
"disproport ionation" of d ies te rs  under the influence of catalysts  with an acid cha rac te r  [2], while the meth-  
od using the cycl ic  anhydrides of aliphatic dicarboxylic acids is prac t ica l ly  l imited to the anhydrides of 
glutar ic  and succinic acids.  The select ive alkaline hydrolys is  of the d ies te rs  of dicarboxylic acids, which 
leads to the formation of monoes ters ,  is applicable only for  the lower alkyl es te rs  of malonic acid [3] and 
sebacic  acid [4], and for cer ta in  a - subs t i tu ted  C6--C s dicarboxylic acids [5]. All of these c i rcumstances  
caused us to develop another genera l  scheme for the synthesis  of the monothienylalkyl es ters ,  with an 
elimination of the steps that could have a negative effect on the acidophobic compounds that are  used in the 
synthesis  N~I CNCH2CO2Et 

C[(CH2)nCO~Et . I(CH2)nCO2E t ~ Et0~CCH(CH0nCO~Et 
(I) ~aethylemylketone (IV) ] 
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The es te rs  of aJ-haloalkanoie acids (I) se rved  as the s tar t ing compounds for the synthesis ,  a number 
of which (with an odd number  of carbon atoms) are  readily available due to the commerc ia l  util ization of 
the react ion for the te lomer iza t ion  of ethylene with CC1r The select ion of the f i rs t  step (cyanation or  con- 
densation with cyanoacet ic  ester)  is determined by the number  of carbon atoms (even or  odd) in the acid 
fragment  of the ha l f - e s t e r  of the dicarboxylic  acid that is the des i red  compound. The cyanation of the (I) 
es te rs  with NaCN in DMF gave us the es te rs  of ~-cyanoalkanoic  acids (II), the alkaline hydrolysis  of which 
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led to the ~-cyanoalkanoie acids (Ilia) with an oven number of C atoms. In order to obtain the ~-cyano- 
alkanoic acids with an odd number of C atoms (IIIb) the (I) esters were converted to the alkyl esters of co- 

iodoalkanoic acids (IV) by exchange with NaI; the condensation of the (IV) esters with eyanoaeetic ester 
gave the diesters of ~-cyanodiearboxylic acids (V), the hydrolysis of which led to the corresponding (~- 
cyanodicarboxylie acids (VI). The co-cyanoalkanoic acids (IIIb) were formed as a result of the decarboxy- 

lation of the c~-cyanodicarboxylic acids (VI) in quinoline in the presence of copper bronze. Reaction of the 
acid chlorides (VII) of the obtained w-cyanoalkanoic acids (III) with the appropriate thienylalkanols gave the 

thienylalkyl esters of the ~-cyanoalkanoic acids (VIH). 

2-(2-Thienyl)ethyl alcohol was obtained as described in [6]. 3-(2-Thienyl)propyl alcohol was syn- 

thesized by the reduction of thienylacrylic acid with aluminum lithium hydride in ether [7] or in THF (50- 
55% yields); the reduction of the esters of thienylacrylic acid proceeds more smoothly (in up to 80% yield). 
When compared with other thienylalkyl alcohols [8], 3-(2-thienyl)propyl alcohol is apparently less stable 

and undergoes noticeable decomposition during storage and distillation. 

Hydrolysis of the nitrile group of the nitrilo ester (VIII) under mild conditions with an equimolar 
amount of water gave the amido esters (IX). It should be mentioned that we were unable to synthesize the 

amido esters (IX) by the transesteriflcation of the ethyl esters of amic acids with thienylalkanols, while 
attempts to obtain the acid chlorides of amic acids for the subsequent acylation of thienylalkanols with 
them led to acid chlorides (VH). The needed monoesters (X) are formed by the treatment of amido esters 

(IX) with nitrosyl chloride at 0-10~ in CHCI 3. The use of isoamyl nitrite, N204, N203 and N203 .BF 3 as 
deamidation agents led to the formation of tars. When reacted with NH3, the acid chlorides of the mono- 
esters (X) gave amides that are identical with the (IX) amides. All of the steps were checked in advance 
on the examples of the preparation of the monoethyl and monooctyl esters of adipie acid. It should be men- 
tioned that in the case of the readily available dicarboxylic acids the acid chlorides (VII) can be obtained 

by the scheme: 

HOOC(CHz)nCOOH --~ HOOC(CH2)nCOOEt -* CICO(CH2)nCOOEt --, 
--~ H2NCO(CH2)nCOOEt ~ H~NCO(CH~)nCOOH ~ NC(CH~.)nCOCI -~ NC(CH2)nCOOCsHm 

(wl) 

This scheme was checked on the example of adipie acid. 

EXPERIMENTAL METHOD 

Compounds (I) and (If) and 3-(2-thienyl)propyl alcohol wore analyzed by GLC on an LKhM-7A chro- 

matograph, using a 2 m x 4 mm stainless steel column that was filled with poly(propylene glycol) (i0%) 
deposited on Chromos orb W, at 198-200 ~ while (IV), (V) and (VIIIa, b) were analyzed on a 0.5 m x 4 mm 
column that was filled with poly(ethylene glycol adipate) (15%) deposited on Chromosorb P, respectively at 
142, 168 and 221~ helium was the carrier gas, the flow rate was 43 ml/min, and a katharometer served 
as  t h e  d e t e c t o r .  The  n e u t r a l i z a t i o n  equ iva l e n t  was  d e t e r m i n e d  on a R a d i o m e t e r  a u t o m a t i c  t i t r i m e t e r ;  t he  
NMR s p e c t r a  w e r e  t a k e n  on a V a r i a n  DA 6 0 - I L  i n s t r u m e n t  u s i n g  HMDS as  t he  i n t e r n a l  s t a n d a r d .  

E thy l  E s t e r  of 5 - C y a n o v a l e r i c  A c i d  (II). Wi th  s t i r r i n g ,  to  a r e f l u x i n g  s o l u t i o n  of 89 g of NaCN in  
350 m l  of D M F  was  a d d e d  in d r o p s  200 g of t he  e thy l  e s t e r  of 6 - c h l o r o v a l e r i e  a c i d  (I) in  2.5 h, afLer which  
the  m i x t u r e  was  h e a t e d  fo r  1 h, f i l t e r e d ,  t h e  p r e c i p i t a t e  was  w a s h e d  with  a l i t t l e  D M F  and a b s o l u t e  a l c o -  
hol ,  t he  s o l v e n t  was  r e m o v e d ,  and the  r e s i d u e  was  t r e a t e d  with  0.5 l i t e r  of w a t e r  and  e x t r a c t e d  with  e t h e r .  
The  e x t r a c t  was  d r i e d  o v e r  MgSO 4, and the  s o l v e n t  was  d i s t i l l e d  off. V a c u u m - d i s t i l l a t i o n  of t he  r e s i d u e  
g a v e  143.4 g (76.2%) of  n i t r i l o  e s t e r  (II); bp 68-70 ~ (0.45 ram) ;  nD 2~ 1.4328 [9]. 

E thy l  E s t e r  of 5 - I o d o v a l e r i c  a c i d  (IV). E s t e r  (IV) was  o b t a i n e d  by  the  r e a c t i o n  of e s t e r  (I) with NaI  
a s  d e s c r i b e d  in  [10]; y i e l d  98.7%; bp 77 ~ ( i  r am) ;  nD 2~ 1.4960.  

Die thy l  E s t e r  of a - C y a n o p i m e l i c  A c i d  (V). E s t e r  (V) was  o b t a i n e d  by the  c o n d e n s a t i o n  of e s t e r  (IV) 
wi th  c y a n o a c e t i c  e s t e r ;  y i e l d  30.5%; bp 126-130 ~ (0.35 ram) [11]. 

5 - C y a n o v a l e r i c  A c i d  (IIIa).  To a s o l u t i o n  of 79 g of n i t r i l o  e s t e r  (II) in  80 m l  of MeOH at  0-4  ~ was  
a d d e d  in  d r o p s  an  e q u i m o l a r  amoun t  of 20% aqueous  NaOH s o l u t i o n  in  2 h.  The  m i x t u r e  was  a l l o w e d  to  
s t a n d  o v e r n i g h t  at  20 ~ Then  t h e  MeOH was  r e m o v e d ,  and  the  r e s i d u e  was  e x t r a c t e d  with  e t h e r ,  a c i d i f i e d  
to  pH 3.5, and  e x t r a c t e d  with CHC13 (5 • 25 ml ) .  The  s o l v e n t  was d i s t i l l e d  off, and  the  r e s i d u e  was  
v a c u u m - d i s t i l l e d  to  g ive  53.8 g (83.2%) of a c i d  (IHa); bp 133 ~ (0.85 ram) ;  nD 2~ 1.4482 [12]. 
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a -Cyanop imel i c  Acid (VI). Acid (VI) was obtained by the  hydrolysis  of d ies te r  (V) (2 moles of alkali 
per  mole of diester) ;  yield 64.4%; mp 114.5-115.5 ~ Found: C 51.74; H 5.83; N 7.62%. CsHllO4N. Cal- 
culated: C 51.88; H 5.99; N 7.56%. 

e-Cyanocaproic  Acid (IIIb). A mix tu reo f  109 g of a -cyanop ime l i c  acid (VI) and 1 g of copper bronze 
was heated at 165-172 ~ for 1 h. At the end of gas evolution the mixture  was heated for 10 rain at 180-185 ~ 
The mixture  was cooled and poured into 300 ml of water .  The organic l ayer  was separated,  and the aque- 
ous l ayer  was extracted with CHCI~ (4 x 75 ml). The combined extracts  and organic layer  were dried over 
MgSO4, and then the solvent was removed.  Vacuum-dist i l lat ion gave 47.5 g (57.2%) of acid (IIIb); bp 154 ~ 
(2 mm) [13]. 

Acid Chlorides of 5-Cyanovaler ic  and e-Cyanocaproic  Acids (VIIa, b). The acid chlorides were ob- 
tained by t rea t ing the acids (IIIa, b) with a 20% excess of SOC12. Compound (VIIa) was obtained in 83% 
yield, bp 111-114 ~ (4 mm),  and (VIIb) was obtained in 76% yield, bp 122-125 ~ (3.5 mm); nD 2~ 1.4570. 

3-(2-Thienyl)propyl  Alcohol. A. To a suspension of 19.6 g of LiA1H 4 in 250 ml of THF was added 
in drops a solution of 40 g of th ienylacryl ic  acid in 80 mt of THF in 1.5 h, and then the mixture  was s t i r red  
at 20 ~ for  2 h. The react ion mass  was decomposed with dilute H2SO 4 solution, the organic layer  was sep-  
arated,  and the aqueous layer  was extracted with ether.  The extracts  and organic l ayer  were dried, and 
the solvent was removed.  Vacuum-dist i l la t ion gave 20.54 g (55.5%) of 3-(2-thienyl)propyl alcohol. 

B. To  16.0 g of LiA1H 4 in 150 ml of ether  was added 43.4 g of ethyl thienylacrylate  [14] in 30 min, 
af ter  which the mix ture  was heated for another 1.5 h. After the usual workup we obtained 31.9 g (79.5%) 
of 3-(2-thienyl)propyl alcohol; bp 96 ~ (1 mm); nD 2~ 1.5410 [7]. NMR spect rum (CC14, 6 in ppm from TMS): 
1.81 (quintet 2H, J ~ 7 Hz, CH2) ; 2.82 (triplet, 2H, J ~ 7.5 Hz, Th*CH2) ; 3.52 (triplet, 2H, J ~ 6.5 Hz, 
CH20); 4.31 (singlet, 1H, OH); 6.6-7.0 (multiplet, 3H, Th); cf. different assignment  of signals in [7]. 

3-(2-Thienyl)propyl  Es ter  of 5-Cyanovaler ic  Acid (VIIIa). To a solution of 23.5 g of the thienylprop- 
anol and 18.4 g of Et3N in 50 ml of absolute ether at 0 ~ was added in drops a solution of 28.86 g of acid 
chloride (VIIa) in 30 ml of absolute ether in 3 h. The mixture  was s t i r red  for 1 h, fi l tered, the precipi ta te  
was washed with ether,  and the solution was washed with sa turated NaHCO 3 solution, then with water,  and 
dried.  The solvent was removed  and the res idue was vacuum-dis t i l led  to give 34.5 g (84.2%) of nitri lo 
es te r  (VIIIa); bp 161-162 ~ (0.11 mm)~ Found: C 62.08; H 6.86; S 12.82%. C13Hi702NS. Calculated: C 
62.12; H 6.82; S 12.76%. The 2- (2-thienyl) ethyl es te r  of e - cyanocap ro i c  acid (VIIIb) was obtained in a 
s imi la r  manner  f rom acid chloride (VIIb) and 2-(2-thienyl)ethyl alcohol in 86.4% yield; bp 170-171 ~ (0.2 
ram). Found: C 62.46; H 6.99; N 5.71%. C13H1702NS. Calculated: C 62.12; H 6.82; N 5.97%. 

3-(2-Thienyl)propyl  Es ter  of Adipamic Acid (IXa). A s t r eam of dry HC1 was passed into a mixture  
of 34.86 g of nitri lo es te r  (VIIIa), 80 ml of absolute ether,  and2.5 ml of water  at 0 ~ After 2 h the mixture  
became homogeneous,  and it was allowed to stand overnight at 4 ~ The ether was removed in vacuo at 
~20 ~ and the res idue was s t i r r ed  with sa turated NaHCO 3 solution for 4 h. The precipi ta te  was fil tered, 
while the aqueous solution was extracted with ethyl acetate (4 x 50 ml). The precipi ta te  was dissolved in 
ethyl acetate,  the solution was combined with the extracts ,  dr ied over  MgSO4, the solvent was removed,  
and the precipi ta te  was again dissolved in ethyl acetate and reprecipi ta ted  with hexene. We isolated 25.65 
g (68.6%) of amido es te r  (IXa), mp 54.5-55 ~ Found: C 58.11; H 6.90; S 12.10%. C13HI903NS. Calculated: 
C 57.97; H 7.11; S 11.90%. The 2-(2-thienyl)ethyl es te r  of p imelamic acid (IXb) was obtained in a s imi la r  
manner ;  yield 92%; mp 73-75 ~ Found: C 57.39; H 6.90%. Ci3H19OBNS. Calculated: C 57.97; H 7.11%. 

Mono-3-(2-thienyl)propyl  Es te r  of Adipic Acid (Xa). With s t i r r ing ,  to a solution of 7.39 g of amido 
es te r  (IXa) in 20 ml of absolute CHC13, cooled to 5 ~ was added in drops a solution of 2.3 g of ni t rosyl  
chloride in 20 ml of CHC13. The mixture  was s t i r r ed  at 5-10 ~ for 2 h, and then the t empera tu re  was ra ised  
to 20 ~ The excess ni t rosyl  chloride and solvent were removed in vacuo, the residue was dissolved in 
sa turated NaHCO 3 solution, extracted with ether,  and the aqueous solution was acidified with HC1 (1 : 1) to 
pH 3, and aga inex t r ac t ed  with ether.  The last  extracts  were dried, the ether  was removed,  while the 
res idue was chromatographed on a column containing si l ica gel (I activity), using a 1 : 10 ether--hexane 
mixture  as the eluant. The eluates that contained the pure monoes te r  (Xa) (TLC, 11 : 8 e ther--hexane mix-  
ture ,  Rf 0.61) were combined, the solvent was removed,  and the res idue was dried in a vacuum-des icca tor  
over  P205. The yield of (Xa) was 55.9%; neutral izat ion equivalent: found 267.4; calculated 270.3. The 
mono-(2-thienyl)ethyl  es ter  of pimelic acid (Xb) was obtained in a s imi la r  manner;  yield 45.8%; neutra l -  
izat ion equivalent: found 276.1; calculated 270.3. 

* Th = thienyl. 
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Ethyl Ester of Adipamic Acid. To a solution of 15 ml of liquid NH 3 in 200 ml of absolute ether at 
--60 ~ was added 50 g of the acid chloride of the monoethyl ester of adipie acid. The mixture was kept at 

--33 ~ for 30 rain, and then the temperature was raised to ~20 ~ The solvent was removed, while the resi- 

due was treated with benzene in a Soxhlet extractor for 4 h. We isolated 43.81 g (97.5%) of the ethyl ester 

of adipamic acid; mp 75-76 ~ 

Adipamic Acid. To a solution of 25 g of the ethyl ester of adipamic acid in 200 ml of water at 0 ~ Was 

added in drops a solution of 5.83 g of NaOH in 30 ml of water in 2 h. Then the temperature was raised to 

~20 ~ The solution was extracted with ethyl acetate, and the aqueous solution was acidified to pH 3 and 

kept in the refrigerator. The precipitate was filtered. We isolated 17.47 g (86.4%) of adipamic acid; mp 

160-162 ~ . 

Oetyl Ester of 6-Cyanovaleric Acid. A mixture of 2.5 g of adipamie acid and 6 ml of SOCI 2 was 

heated, the excess SOCl 2 was removed in vacuo, and the residue was dissolved in absolute ether. The ob- 

tained solution was added in drops to a mixture of 2.5 g of l-octanol and 2.77 ml ofpyridinein 20 ml of absolute 

ether. The reaction mass was kept in the refrigerator for 1.5 h and then treated with 50 ml of water. The 

organic layer was separated, washed in succession with dilute HCI solution, NaHCO 3 solution, andwater, 

and dried over MgSO 4. The solvent was removed and the residue was vacuum-distilled to ~ve 2.94 g (67%) 

of the octyl ester of 5-eyanovalerie acid; bp 165-167 ~ (4 ram). Found: C 69~ H 10.42%. CI4H2502N~ 
Calculated: C 70.24; H 10.52%. 

CONCLUSIONS 

i. A new method was developed for the synthesis of the half-esters of dicarboxylic acids. 

2. Some members of the acid esters of acidophobic alcohols were synthesized, and specifically the 

mono-3-(2-thienyl)propyl ester of adipie acid and the mono-2-(2-thienyl)ethyl ester of pimelie acid. 
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