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Some di f f icul t - to-obta in  2,4-disubsti tuted compounds of the thiophene s e r i e s  were  synthe-  
sized s ta r t ing  f r o m  4-ch loromethy l -2 -ace te th ienone  and 4 -ch lo rome thy l -2 - fo rmy l th io -  
phene.  

The use of complexes  of  ~ -ca rbony l  compounds of the thiophene se r i e s  with aluminum chloride in 
e lec t rophi l ic  substi tution react ions  opens up broad poss ib i l i t ies  for the synthesis  of di f f icul t - to-obtain  2,4- 
disubst i tuted thiophenes (see the review in [1]). We have recent ly  [2] shown the poss ibi l i ty  (in con t ras t  to 
what was descr ibed in [3-5]) of the p repa ra t ion  of individual 4-chloromethyl -2-ace to th ienone  (I) and 4- 
ch loromethy l -2 - fo rmyl th iophene  (II) by chloromethylat ion of the corresponding carbonyl  compounds,  if a , -  
o? -b i sch lo romethy l  e ther  r a t he r  than the monochloromethyl  e ther  is used as the chloromethylat ing 
agent  in the p re sence  of a luminum chlor ide.  Thanks to this p rocedure ,  conditions are  se t  up for the ex ten-  
sion of the number  of poss ible  t r ans format ions  of I and II by the action of nucleophilic agents; this makes  
it  possible  to obtain prev ious ly  di f f icul t - to-obtain  compounds by a s imple r  route .  Thus we synthesized 4- 
hydroxymethyl -2-ace to th ienone  (VII) f r o m  2-acetothienone through 4 -ch lo romethy l -  (I) and 4 -ace toxyme-  
thyl-2-acetothienone (V) in three s teps ,  whereas  in [4, 6] the same compound was obtained through 4- 
b romo-2-ace to th ienone  and its ketal  in four steps by one method and in six s teps by another .  

Star t ing f rom I and II, for the f i r s t  t ime we obtained some difunetional compounds containing, in addi-  
tion to acetyl  or fo rmyl  groups ,  nitri le (VIII), carboxyl  (IX, X), a lky lmercap to  (XI), and dialkylamino (XII, 
XIII) groups.  In addition to compounds of the thiophene s e r i e s ,  we obtained m-formylace tophenone  (XV) 
f rom m-chloromethylace tophenone  by means of the Sommele t  react ion.  

The synthesis  of 4 -methyl -2-ace to th ienone  (XIV) by reduct ion of chloromethylated I is e x t r e m e l y  
convenient ,  since the p repa ra t ion  of this ketone f rom 3-methylthiophene is complicated by the format ion 
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of a mixture of acylation products in each of the free q posit ions,  and the major  component in this mixture 
is the i somer ic  3-methyl-2-aeetothienone [7] ra ther  than XIV. 

E XPE RIME N TAL 

4-Formyl-2-aee to th ienone  (III). A mixture of 0.9 g (5 mmole) of 4-chloromethyl-2-aeetothienone 
and 0.7 g (5 mmole) of hexamethylenetetramine in 3 ml of ch loroform was refluxed for 45 min to give 
1.45 g of the quaternary  salt .  A solution of 0.4 g (1.3 mmole) of the salt  in 10 ml of 50~ CH3COOH was 
refluxed for 2 h, after which it was extracted with e ther .  The ext rac t  was washed success ive ly  with water,  
Na2CO 3 solution, and water  and dried with MgSO~. The ether  was removed by distillation to give 0.08 g 
(40%) of keto aldehyde III with mp 86.5-87.5% No melting-point depress ion was observed for a mixture of 
this product  with a sample (mp 86-86.5 ~ obtained previously in [6]. 

2,4-Diformylthiophene (IV). Refluxing of a mixture of 1.6 g (0.01 mole) of 4 -ch lo romethy l -2 - fo rmyt -  
thiophene and 1.4 g (0.01 mole) of hexamethylenetetramine in 4 mt of ch loroform gave 2.5 g of a sal t ,which 
was converted as descr ibed above to give 0.72 g (51%) 2,4-diformylthiophene (IV) with mp 80-81 ~ (benzene-  
hexane) (mp 78.8-79.5 ~ [4])~ 

m-Formylaeetophenone (XV). Refluxing of 5 g (0.03 mole) of m-(chloromethyl)acetophenone [3] 
with 4.2 g (0.03 mole) of hexamethylenetetramine in 10 ml of ch loroform gave 7.8 g of a salt,  f rom 7 g of 
which 0.85 g (19.4%) of m-formylacetophenone (XV) with mp 49.5-51 ~ (from hexane) was obtained as a r e -  
sult of refluxing for 30 min in 70 ml of 50% CH3COOH. Found: C 72.7; H 5.3~. C9H802. Calculated: 
C 73.0; H 5.4%. The dioxime had mp 124o5-126 ~ (from 20~ alcohol). Found: C 60,9; H 5.6~. CgH10N202. 
Calculated : C 60.7 ; H 5.6%o 

4-Acetoxymethyl-2-acetothtenone (V) (see [3]). A mixture of 2.2 g (8 mmole) of 4 -ch loromethyl -2-  
acetothienone, 1.25 g (15 mmole) of anhydrous sodium acetate ,  and 5 ml of glacial CH3COOH was refluxed 
with s t i r r ing  for 5 h and allowed to stand at 20 ~ for 15 h. The acetic acid was removed by vacuum dist i l -  
lation, and the residue was treated with water .  The mixture was extracted with e ther ,  and the ex t rac t  was 
washed success ively  with water ,  sodium carbonate solution, and water  and dried with MgSO~. Removal of 
the e ther  gave 1.8 g (76~:) of {-acetoxymethyl-2-acetothienone with bp 128-129 ~ (0.5 ram) and n~ 1.5433. 
Found: C 54.4; H 5.0; S 16.1~. CsH1003S. Calculated: C 54.5; H 5.1; S 16.1%. 

4-Acetoxymethyl-2-formylthiophene (VI). A mixture of 3.6 g (22 mmole) of 4 -ch loromethyl -2-  
formylthiophene,  2 g (24 mmole) of anhydrous sodium acetate,  and 9 ml of glacial  CH~COOH was refluxed 
with s t i r r ing  for 14 h and allowed to stand at 20 ~ for 15 h. The mixture was worked up as described above 
to give 1.9 g (46%) of VI with mp 35.5-36.5 ~ (from hexane). Found: C 52.1; H 4.4; S 17.5%. C8H803S. Cal-  
culated: C 52.2; H 4.4; S 17.4%. 

4-Hydroxymethyl-2-acetothienone (VII) (see [3]). A 3-g  (15 mmole) sample of 4-acetoxymethyl-2-  
acetothienone was added to a solution of sodium ethoxide, obtained f rom 18 ml of absolute alcohol and 0.08 
g (3.5 rag-atom) of Na, and the mixture was allowed to stand at 20 ~ for 48 h. The alcohol and result ing 
ethyl acetate were removed by vacuum distil lation, and 0.1 g of NH~C1 and 3 ml of absolute alcohol were 
added to the residue.  The mixture was shaken for a few minutes until the odor of ammonia vanished, af-  
te r  which the precipitated NaC1 was removed by filtration and washed with alcohol, and the fil trates were 
evaporated to give 2 g (85%) of a residue with mp 34-39 ~ Reprecipitat ion with petroleum ether  f rom 
CH2C12 gave a product  with mp 43-44.5 ~ No melting-point  depress ion was observed for a mixture of this 
product  with the 4-hydroxymethyl-2-acetothienone obtained previously in [5]. A mixture with 5-hydroxy-  
methyl-2-acetethienone [5 ] melted at room tempe ra ture .  

5-Acetyl th iophene-3-carboxyl ic  Acid (IX). A total of 8 ml of the Jones reagent  [8] (39 g of chromic 
anhydride in 117 ml of water  and 30 ml of concentrated H2SO 4) was added with s t i r r ing  at 10-12 ~ to a solu-  
tion of 0.5 g (3 mmole) of 4-hydroxymethyl-2-acetothienone in 10 ml of acetone,  during which themixture 
became red. St i r r ing was continued for another 1.5 h at room tempera ture ,  after which the solution was 
poured into ice water .  The aqueous mixture was extracted with e ther ,  and the ex t rac t  was dried with 
MgSO~. Removal of the solvent by distillation gave 0.52 g (96,5%) of 5-acetyl th iophene-3-carboxyl ic  acid 
with mp 199-200 ~ No melting-point  depress ion was observed for a mixture of this product  with a sample 
previously obtained in [5] (mp 200-201~ 

4-Cyanomethyl-2-acetothienone (VIII). A solution of 3.9 g (22 mmole) of 4 -ch lo romethyI -2 -ace to -  
thienone and 1.65 g (25 mmole) of KCN in 4 ml of acetone and 4 ml of water  was held at 70 ~ for 20 h, af ter  
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which i t  was poured into w a t e r .  The aqueous mixture  was ex t rac ted  with benzene,  and the e x t r a c t  was 
dr ied  with MgSO 4. The so lvent  was removed ,  and the res idue  was subl imed at  110-120 ~ (3 ram) to give 
2.65 g (71%) o f k e t o  n i t r i l e  VIII with mp 43-44~ ~ (from hexane).  Found: C 58.1; H 4.3; S 19.2~. CsHTNOS. 
Calcula ted:  C 58.2; H 4.3; S 19o4%. 

5 - A c e t y l - 3 - t h i e n y l a c e t i c  Acid (X). A solut ion of 0.5 g (3 mmole) of 4 -cyanomethy l -2 -ace to th ienone  
(VIII) in 5 ml of concent ra ted  HC1 was held at  room t empera tu r e  for  12 days ,  a f t e r  which i t  was diluted 
with w a t e r  and ex t r ac t ed  with e t h e r .  The e the r  solut ion was washed with a sa tu ra ted  solution of K2CO~, and 
the e x t r a c t  was acidif ied with concent ra ted  HC1. The ac id ic  mix ture  was ex t r ac t ed  with e t h e r ,  and the e x -  
t r a c t  was dr ied  with MgSO~. The e t h e r  was removed by d i s t i l l a t ion  to give 0.24 g (457c) of keto acid X with 
mp 110-111.5 ~ (subl imed at  115-120 ~ and 4 ram). Found: C 52.0; H 4.5; S 17.5%. CsHsO~S. Calcula ted:  
C 52~ H 4.4; S 17.4~. 

4 -Bu ty lmercap tome thy l -2 -ace to th i enone  (XI)~ A solut ion of 3.5 g (20 mmole) of 4 - c h l o r o m e t h y l - 2 -  
acetothienone in 40 ml of absolute benzene was added with s t i r r i n g  at  6-8 ~ in the course  of 1 h to a solution 
of  sod ium b u t y l m e r c a p t i d e ,  obtained f rom 2.25 g (25 mmole) of bu ty lmercap tan  and 0.55 g (25 rag-atom) of 
sod ium in 30 ml of absolute  methanol ,  dur ing  which NaCt p rec ip i t a t ed .  S t i r r i ng  was continued for another  
hour ,  a f te r  which the mixture  was allowed to stand at  20 ~ for 16 h and then refluxed for 2 h. The benzene 
and methanol  were  removed by d i s t i l l a t ion ,  wate r  was added to the r e s idue ,  and the mixture  was ex t rac ted  
with e the r .  The e x t r a c t  was dr ied with MgSO~ and evapora ted  to give 3 g (78.8~) of 4 - bu t y l m e r c a p tome thy l -  
2-acetoth ienone with bp 194-195 ~ (2 mm) and n~ 1.5651. Found: C 58.0; H 7.1; S 28.4~. Cl1H16OS2. Ca l -  
cula ted:  C 57.8; H 7.1; S 28.1~. 

4 -Die thy laminomethy l -2 -ace to th ienone  (XII). A mixture  of 1~ g (9 mmole) of 4 - c h l o r o m e t h y l - 2 -  
aceto th ienone,  4 g of d ie thylamine  (55 mmole) ,  and 0.8 g (6 mmole) of powdered po ta s s ium carbonate  was 
hea ted ,  a f t e r  t e rmina t ion  of the exo the rmic  reac t ion  that developed on mixing, at  50-55 ~ for 6 h with s t i r -  
r ing ,  af ter  which i t  was allowed to stand at  20 ~ for 16 h. I t w a s  then poured into cold wa te r ,  and the aque-  
ous mix ture  was ex t r ac t ed  with benzene .  The e x t r a c t  was washed with dilute (I : 10) HC1, and the acid e x -  
t r a c t  was ex t rac ted  with benzene .  The aqueous l a y e r  was sa tura ted  with po ta s s ium carbonate  and ex t rac ted  
with benzene,  and the e x t r a c t  was dr ied  with po t a s s ium carbona te .  Dis t i l la t ion  of the e x t r a c t  gave 1.4 g 
(77~) of amide XII with bp 132-133 ~ (0.3 mm) and n~ 1.5349. Found: C 62.8; H 8.4; N 7.2%. CIIHITNOS. 
Calcula ted:  C 62.5; H 8.1; N 6.6%. 

4 -Die thy laminomethy l -2 - fo rmyl th iophene  (XIII)~ This compound was obtained as above f rom 1.6 g 
(10 mmote) of 4 - c h l o r o m e t h y l - 2 - f o r m y l t h i o p h e n e ,  3.7 g (50 mmole) of d ie thy lamine ,  and 0.97 g (7 mmole) 
of p o t a s s i u m  ca rbona te ,  except  that  s t i r r i n g  at  50-55 ~ was continued for  12 h. The yield of XIII with bp 
108-109 ~ (0~ mm) and n~ 1.5440 was 1.5 g (76.5~). Found: C 61.4; H 7.5; N 7.2; S 16.3%. C10H15NOS. 

Calcula ted:  C 60.9; H 7.7; N 7.1; S 16.3%. 

4 -Methy l -2 -ace to th ienone  (XIV). A suspens ion  of 3.25 g (19 mmole) of 4-chloromethyl-~2-acetothie  - 
none and 1.5 g (23 rag-atom) of zinc dus t  in 20 ml of dioxane and 8 ml of wa te r  was s t i r r e d  and refluxed 
for  15 h, a f t e r  which 100 ml of ch lo ro fo rm was added,  and the p rec ip i t a t e  was removed by f i l t ra t ion .  The 
organic  l aye r  was s e p a r a t e d ,  washed with wa te r ,  and dr ied  with MgSO~. Dis t i l l a t ion  of the organic  l aye r  
gave 1~ g (61.5~c) of 4 -me thy l -2 -ace to th i enone  with bp 75-77 ~ (1.6 mm) and n~ 1.5596. Found: C 60.1; 
H 5~ S 22~ C7H8OS. Calcula ted:  C 60.0; H 5.8; S 22.97c. 

The authors  s i n c e r e l y  thank P r o f e s s o r  Ya, L. Gol 'dfarb for  his constant  i n t e r e s t  in this r e s e a r c h  
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