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In a number  of s tudies that we published ea r l i e r ,  it was shown that a lkyl -2- th ienyl  ketones and 2- 
thiophene aldehyde in the fo rm of complexes  with a luminum chloride under the action of ce r t a in  e l e c t r o -  
philic agents a re  subst i tu ted a lmos t  exc lus ive ly  in the 4-posi t ion of the thiophene ring [1]. The rat io  of 
the i s o m e r s  was de te rmined  for  the products  of brominat ion of 2-acetothienone [2] and 2-thiophene aldehyde 
[3], as  well as the acetylat ion products  of 2-acetothienone [4]. As for  the i somer i c  composi t ion o f  the 
products  of ch loromethyla t ion  of 2-acetothienone and 2-thiophene aldehyde, the data obtained e a r l i e r  [3, 5] 
do not pe rmi t  a suff ic ient ly  accura te  judgment of  the content of each of the i somer s ,  s ince not the mixture  
fo rmed  d i rec t ly ,  but products  of its fu r ther  convers ion  were  subjected to investigation.  

The purpose  of this work  was to de te rmine  the rat io  of 4- and 5-subst i tu ted  der iva t ives  d i rec t ly  in the 
products  of chloromethyla t ion  of 2-acetothienone and 2-thiophene aldehyde by monochloromethyl  e ther  in the 
p r e sence  of an excess  of anhydrous a luminum chlor ide* without a solvent,  i . e . ,  under the conditions de-  
sc r ibed  e a r l i e r  [3, 5]. Having tes ted  var ious  s t a t ionary  phases  (polyethylene glycol,  polyethylene glycol 
adipate,  Apiezon, n i t r i l e -  s i l icone rubber) ,  applied on Chromosorb  W, we were  unable to se l ec t  the condi- 
t ions of gas ch romatograph ic  separa t ion  of the mix tu res  of ch loromethyl  de r iva t ives  formed in this case.  
An a t tempt  to use po la rograph ic  reduction for  the analysis  also did not lead to success .  The p rob lem was 
solved by NMR spec t roscopy .  

The NMR s p e c t r u m  of the product  of chloromethyla t ion  of 2-acetothienone (Fig. 1) contains intense 
s ignals  with 5 2.43 (CH3CO group), 4.55 (CH2C1 group), 7.63 and 7.70 ppm (protons of the thiophene ring); 
in addition, a weak signal  with 6 4.73 ppm appears .  The p r e sence  of two unsplit  s i g n a l s  in a weak field is 
evidence that the bas ic  component  of the  mix ture  is 4 -ch lo romethy l -2 -ace to th ienone  (I), in which s p i n - s p i n  
in te rac t ion  of the protons  in the 3- and 5-pos i t ions  of the r ing does not appear .  The weak signal (4.73 ppm) 
can be ass igned  to a smal l  admix ture  of 5 -ch lo romethy l -2 -ace to th ienone  (II) 

CIHzC <S ~C0cH~~ CIH~C<s~--COCH3 
CI) (n) 

s ince the p rox imi ty  of the e lec t rophi l ic  su l fur  a tom should lead to a shift  of the signal  of the protons of the 
CH 2 groups in the weak field d i rec t ion  in compar i son  with the i s o m e r  I (cf. [6]). 

To conf i rm such an in te rpre ta t ion ,  we took the NMR s p e c t r u m  of a sample  of ch lo rome thy l -2 - ace to -  
thienone, produced by the act ion of p a r a f o r m  and hydrogen chloride in ch lo ro fo rm [7], which the authors  
cons idered  as individual 5 -ch lo romethy l -2 -aee to th ienone  (II). However,  on the bas i s  of the data of [8, 9], 
it may  be a s sume d  that this sample  contains a m o r e  or  l ess  substant ia l  impur i ty  of compound (I). The 
s p e c t r u m  of this product  (Fig. 2) contains s ignals  with 5 2.43, 4.55, 4.71 ppm and a group of s ignals  in a 

*Jus t  as in [3, 5], technical  a luminum chloride containing ~90% of the basic  subs tance  was used; in con- 
ve t t ing  to 100% A1C13, we used 2.2 moles  of a luminum chloride p e r  mole of the carbonyl  compound. 
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Fig. 1. NMR s pec t ru m of the products  of ch loromethy la -  
tion of 2-aeetothienone by monochloroethyl  e ther  in the 
p r e s ence  of excess  A1C13. 
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Fig. 2. NMR s pec t rum of the products  of ch lo romethy la -  
tion of 2-aeetothienone by the act ion of p a r a f o r m  and 
HC1 in ch loroform.  

weak field (7.0-7.6 ppm). If the ass ignment  of the s ignals  cited above is co r r ec t ,  then the s p e c t r u m  de- 
picted in Fig. 2 should belong to a mix ture  of the i s o m e r s  II and I in a rat io  close to equimolar .  For  a 
definit ive elucidation of this question, we synthes ized the individual compounds (I) and (II) by independent 
pathways.  The NMR spec t ra  of s tandard  samples  I and II, ci ted in Figs.  3 and 4, en t i re ly  conf i rmed  the 
in te rpre ta t ion  that we gave above and pe rmi t  an evaluation of the composi t ion of the mix tu r e s  of in te res t  to 
us. Caclulat ion according  to the a r ea s  of the s ignals  for  the products  of chloromethyla t ion  of 2 - ace to -  
thienone in the p resence  of 2.2 M aluminum chloride (according to [5]) leads to the conclusion that the con- 
tent  of 4 -ch lo romethy l -2 -ace to th ienoue  (I) in it is ~ 98%, and that of 5 -ch lo romethy l -2 -ace to th ienone  (II) 
~2%. On the o ther  hand, the sample  obtained according  to the method of [7] by the action of p a r a f o r m  and 
hydrogen chloride on 2-acetothienone in ch loroform,  contained ~43% (I) and ~57% (II).* 

Judging by the NMR s pec t rum  (Fig. 5), the i s o m e r  with the ch loromethyl  group in the 4-pos i t ion  (III) 
a lso c o m p r i s e s  the bulk (~93%) of the products  of ch loromethyla t ion  of 2-thiophene aldehyde in the p r e sen ce  
of 2.2 M aluminum chloride (according to [3]) 

CIH2C 
\ 
~ --~--CH0 

S/ 

(HI) 

CIH2C--,~,--CHO 
\S j 

(iv) 

* The data cited on the composition of the mixtures agree with the IR spectra and the results of gas - liquid 
chromatography on a capillary glass column 40 m long, 0.45 mm in diameter, 190 ~ phase nitrile -silicone 
rubber NSKT-33. 
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Fig, 3. NMR spec t rum of 4-ehloromethyl -2-ace to th ienone  
(I). 
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NMtt spec t rum of 5-chloromethyl -2-ace to th ienone  
(II). 

Standard samples  of 4- and 5-eh loromethyl -2-aee to th ienones  (I) and (II) were  produced by the action 
of thionyl chloride on 4- and 5-hydroxymethyl -2-ace to th ienone (V) and (VI). 4 -Hydroxymethy l -2-ace to-  
thienone (V) was produced in two ways: from the diethylketal  of 4-formyl-2-aeetothienone (VII/ [10J and 
according to a scheme s imi l a r  to that descr ibed  for the synthesis  of p-ehloromethylacetophenone [i1] 

Br 
\ 

N a ~ .I } ~j CO,; 3) tlC1 
CH3 

HsC~OOC 
\ 

..~ / /  \x._C_(0C2Hs)2 ~ 
\ s  / [ 

CH8 

,co. 
~7--~,--C GHs)2 
\ S  `/ f 

CHa 
(VrI) 

HOOC H~C~OOC 
\ \ 

s 
(VIII) (IX) 

H OH~C 
\ 
,P--~--COCHs s~ (D 
\ s  / 

(v) 

LiA 1H~ I 

We synthesized 5-ch loromethyt -2-aee to th ienone  (II) on the basis of 5-acetyl-2-thiopheneearboxylic 
acid (X), produced according to the well-known method [12] 

(X) (XI) 

HOOC--.~---%--COCH,--. HsC~O OC--.-~-~.--C OCH~-. ~ C LiAiH,~ HOH~C- - - \ ~ / - - C O C H s  sOC,~___ (If) \ s  / " s  ~ " ~ ' c ' ~ 1 7 6  " s "  - ' - ( ~  
ctt~ S (VII 

Attempts to produce the i somer  [[ by sh o r t e r  pathways (acetylation of 2-thenyl chloride and 2-theayl 
acetate ,  the action of hydrogen chloride,  thionyl chloride or  acetyl  chloride oa 5 -methoxymethy l -2 -ace to -  
thienone) proved unsuccessful .  The individuality of samples  I and II was confi rmed by the NMR spect ra  
(see Figs. 3 and 4) and the IR spectra .  

880 



L. I [ I I 

7o ~o ~o ~o 4o ~g 
t I . . . . . .  

#0 ~ '  5, ppm 

Fig. 5. NMR spec t rum of the product  of ch loro-  
methyla t ion of 2-thiophene aldehyde by mono-  
ch loromethyl  e ther  in the p r e sence  of excess  
A1C13. 

The data that we obtained show that when carbonyl  compounds of the thiophene s e r i e s  a r e  bound in a 
complex  with a luminum chloride,  chloromethylat ion,  analogously to a number  of reac t ions  of e lee t rophi l ic  
substi tution,  p roceeds  a lmos t  exc lus ive ly  in the 4-pos i t ion  of the thiophene ring. On the con t ra ry ,  in the 
chloromethyla t ion  of 2-aeetothienone according to the method of Lukes,  Yanda, and Kefurt  [7], subst i tut ion 
p roceeds  nonselect ively ,  s imi l a r ly  to the chloromethyla t ion  of 2-propionyl thiophene [8]. It is a lso  im-  
por tan t  to note that a sample  produced by ehloromethyla t ion  of 2-acetothienone by fo rmal in  and hydro-  
chlor ic  acid under the conditions desc r ibed  in [7] contains only ~20% of a mix ture  of ch loromethyl  d e r i v a -  
t ives ,  while the bulk of the product  is c o m p r i s e d  of subs tances  that  we did not identify. 

EXPERIMENTAL 

The NMIR spectra were taken in CCIa on an N-60 spectrometer with a working frequency of 60 MHz, 

using hexamethyldisiloxane as an internal standard. The fIR spectra were taken on a UR-20 spectrophoto- 

meter for solutions in CCI 4 with a concentration of 2-3% by weight. The spectra contained bands charac- 

teristic of the conjugated C = O group (1675 em -I for I and 1670 cm -* for If), C -- C bond (1550 and 1538 

cm -], respectively}, C-CI bonds (715 and 720 era-*), as well as the deformational vibrations of the CH 2 
and CH 3 groups (1430, 1460, and 1360 cm -i for I and 1460 and 1360 em -I for II). 

Chloromethylation of 2-Aeetothienone in the Presence of Excess Aluminum Chloride (cf. [5J). To 32 

g anhydrous aluminum chloride, placed in a flask with a reflux condenser, thermometer, dropping funnel, 

and effective mixer, 12.6 g 2-acetothienone was added at a temperature no higher than 40-45 ~ Over a 

period of 1 h, I0 g of monochloromethyl ether was added to the complex obtained, cooled to 2-5 ~ The re- 

action mixture was mixed for 4 h at 5 ~ and left for 15 h at 20 ~ The dense black mass formed was poured 

out onto ice, extracted with ether, the extract washed with water, with a solution of NaHCO a, again with 

water, and dried over MgSO 4. After the solvent was distilled off, the residue was redistilled under vacu- 

um. The following fractions were isolated: I) bp 36-40 ~ (0.2 mm); 2.4 g; n~ 1.5670 - initial 2-acetothienone, 

19% recovery; II) bp 96-98 ~ (0.2 mm); 7.09 g; mp 17.5-22 ~ - mixture of 4-(I) and 5-chloromethyl-2-aceto- 

thienone (IlL yield 41g0 of the initial 2-acetothienone and 47% of the reacted  2-aeetothienone,  content of I 
(according to NMR data) ~ 98%. Recrys ta l l i za t ion  f rom pe t ro l eum e ther  yielded a sample  with rap 22-23.5 ~ 
Found: 48.57; 48.64; H 4.29; 4.19; C1 20.38; 20.19; S 18.45; 18.24%. CTHTC1OS. Calculated:  C 48.13; H 4.04; 
C1 20.31; S 18.36%. 

A phthal imide der iva t ive  with mp 132-132.5 ~ (from alcohol} was obtained f rom frac t ion  H. Found: 
C 63.26; 63.06; H 4.02; 3.99; N4.98;  4.98; S 11.36; 11.12%. ClsH~NOaS. Calculated: C 63.14; H3.89;  N 
4.91; S 11.24%. 

Chloromethyla t ion  of 2-Acetothienone by the Action of P a r a f o r m  and HC1 in the P re sence  of ZnC12 
(cf. [7]). Hydrogen chlor ide was pas sed  into a mix tu re  of 12.6 g 2-acetothienone,  4.5 g p a r a f o r m ,  and 3.4 g 
zinc chlor ide in 50 ml d ry  ch lo ro form with mixing for  3 h at 30% a f t e r  which the reac t ion  mix tu re  was de-  
composed  with 100 ml  Of cold wa te r  and ex t rac ted  with ch loroform.  The ex t rac t  was washed with water ,  
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with a solution of NaHCO~, with water,  and dried over MgSQ. After  the solvent was distilled off, the 
residue was redist i l led.  The following fractions were isolated: I) bp 45-47 ~ (0.25 ram); 7.5 g; n~ 1.5664 
- initial 2-acetothienone, r ecove ry  60%; II) bp 97-99~ (0.25 mm); 3 g; n~ 1.5820 - mixture of I and II in a 
rat io of ~ 1 : 1 . 3 ,  yield 43% of the reacted 2-acetothienone and 17% of the 2-acetothienone taken in the r e -  
action. Found: C 48.30; H 4.05; C1 19.75; S 17.86%. CTHTC1OS. Calculated: C 48.13; H 4.04; C1 20.31; S 
18.36%. 

Chloromethylation of 2-Thiophene Aldehyde in the Presence  of Excess Aluminum Chloride (cf. [3]). 
To the complex obtained f rom 16.6 g anhydrous A1CI a and 5.6 g 2-thiophene aldehyde, we added 4.8 g mono- 
chloromethyl  e ther  with vigorous mixing at a t empera tu re  of 40 ~ The mass  was mixed at 60-70 ~ for 4 h, 
af ter  which it was poured out onto ice and extracted with ether.  The extract  was washed with water,  with 
a solution of NaHCO3, and dried over  MgSO 4. The residue was redist i l led af ter  the ether  was distilled off. 
We isolated 1.4 g (25% recovery)  of the initial 2-thiophene aldehyde, bp 32-36 ~ (0.5 mm); n~ 1.5962, and 
2.2 g (28% of the amount taken and 37% of the 2-thiophene aldehyde used) of a mixture of 4-(III) and 5- 
chlor0methyl-2- thiophene aldehyde (IV), containing, a c c o r d i n g  to the NMR data, .~ 93% (III); bp 94-95 ~ 
(0.5 mm); n~ 1.6062. Found: C 45.38; 45.35; H 3.25; 3.21; C1 21.95; 21.74; S 19.83; 19.67%. C~HsCIOS. 
Calculated: C 44.86; H 3.14; C1 22.09; S 19.97%. 

Ethyl Es te r  of 5-Acetyl-2- thiophene Carboxytic Acid (XI). A solution of 3.4 g (X), produced accord-  
ing to [12] (rap 203-204~ in 40 ml abs. alcohol in the presence  of 0.3 ml conc. H2SO ~ was boiled for 46 h. 
The excess  alcohol was distil led off, the residue dissolved in ether,  washed with water, with a saturated 
solution of Na2CO 3, again with water ,  and dried over  MgSO 4. After  the solvent was distilled off, the ethyl 
e s t e r  of 5-acetyl -2- th iophene carboxylic acid (XI), yield 2.9 g (74%) mp 53.5-54.5 ~ (from hexane), was ob- 
tained in the residue. According to the data of [13]: mp 49-51 ~ Found: C 54.56; 54.79; H 4.94; 5.16; S 
16.28; 16.15%. CgH100~S. Calculated: C 54.52; H 5.04; S 16.18%. 

5-Hydroxymethyl-2-acetothienone (VI). A solution of 2.5 g (XI) in 5 ml abs. alcohol and 5 ml or tho-  
formic e s t e r  was boiled for 7 h in the presence  of two drops of conc. hydrochlor ic  acid. After  cooling the 
mixture was neutral ized with an alcohol solution of sodium ethylate and filtered off. The residue was re -  
distilled af ter  the alcohol was distilled off. The yield of the diethylketal (XD was 2.7 g (80%), bp 124-125 ~ 
(0.7 ram); n~ 1.4960. Calculated: C 58.05; 57.79; H7.55; 7.87; S 11.46; 11.67%. C13H2004S. Calculated: 
C 57.33; H 7.40; S 11.77%. The ketal obtained in 30 ml of abs. ether  was added without additional purif ica-  
tion to a suspension of 0.5 g LiAIH 4 in 20 ml abs. e ther  with mixing at a tempera ture  of 0-2 ~ Then the 
mixture was mixed [or 1.5 h at ~20 ~ The excess  LiA1H 4 was decomposed by adding 1.5 mI of water  at 
6-8 ~ . The precipi tate  formed was fil tered off and repeatedly boiled with ether.  The combined ether  ex- 
t rac t s  were dried over  MgSO 4. After  the solvent was distilled off, 5-hydroxymethyl-2-acetothienone (VI) 
was obtained in the residue,  yield 1.39 g (89%), mp 39-40.5 ~ (from hexane). Found: C 53.45; 53.32; H 5.03; 
5.00; S 20.39; 20.34%. C7H802S. Calculated: C 53.83; H 5.16; S 20.53%. 

5-Chloromethyl-2-aceto th ienone (II). A solution of 1 g (VD and 1 g thionyl chloride in 20 ml abs. ben- 
zene was gradually heated to 80 ~ , until the evolution of gas ceased. After the benzene was distilled off, the 
residue was redist i l led.  We isolated 0.7 g (62.5%) 5-chloromethyl-2-acetothie~one (II), bp 110-I12 ~ (0.25 
ram); mp 30-31 ~ (from petroleum ether). Found: C 48-54; 48.30; tt 4.21; 4.24; C1 20.40; 20.24; S 18.46; 
18.29%. CTHTC1OS. Calculated: C 48.13; H 4.04; C1 20.31; S 18.36%. According to the data of [9]: mp 33- 
34 ~ Phthalimide derivative,  mp 164-165 ~ (from alcohol). According to the data of [9]: mp 162-163 ~ Found: 
C 63.05; 63.27; H 3.83; 4.06; N 5.48; 5.18; S 11.10; 11.09%. C15HlINO3S. Calculated: C 63.14; H 3.89; N 

4.91; S 11.24%. 

5-Acetyl -3- th iophenecarboxy! ic  Acid (VIII). To 5.5 g n-butylli thium in 100 ml abs. ether in a s t r eam 
of nitrogen at a t empera tu re  no higher than -70 ~ 23.8 g of the diethylketa[ of 4 -bromo-2-ace to th ienoae  [10] 
in 30 ml abs. e ther  was added with mixing over  a period of 30 rain. Then the solution was mixed for 5 rain, 
af ter  which it was poured out onto dry  ice in ether. After t rea tment  analogous to the production of the .acid 
(X) [12], we obtained 9.45 g (yield 65%) of 5-acetyl -3- th iophenecarboxyl ie  acid (VIII), mp 200-201 ~ A 
mixed sample with the acid synthesized in our labora tory  by A. P. Yakubov by oxidation of 4 - fo rmy l -2 -  
acetothienone with s i lver  oxide gives no depress ion of the melting point. A mixture of the acid (VIII) and 

(X) melts at 170-175 ~ 

Ethyl Es te r  of 5-Acetyl -3- th iophenecarboxyl ic  Acid (IX). This was synthesized aaa[ogouslyto (XI) f rom 
6 g of 5-acetyl -3- th iophenecarboxyl ic  acid, 60 ml abs. ethanol, and 0.5 ml cOnCo H2SO 4. Yield of (IX) 6.35 
g (91%), mp 69-70 ~ (from hexane). Found: C 54.56; 54.79; H 4.94; 5.16; S 16.28; 16.15%. C9H1003S. Cal- 

culated: C 54.52; H 5.04; S 16.18%. 
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4-Hydroxymethy l -2 -ace to th ienone  (V). F r o m  the reac t ion  products  of 1.2 g LiA1H 4 and 6.1 g of the 
diethylketal  of the ethyl e s t e r  of 4 -ace ty l -2 - th iopheneea rboxy l i c  acid [obtained with a yield of 75%, bp 98- 
100 ~ (0.2 ram)] in 45 ml  abs.  e ther ,  was isola ted 3.28 g (yield 92%) (V), mp 43-44.5 ~ (from hexane). Found: 
C 53.95; 53.87; H 5.29; 5.38; S20.29%. C7H802S. Calculated: C 53 .83;H 5.16; S20.53%. 

(V) was also produced in the reduct ion of 3 g of the diethy[ketal  of 4 - fo rmyl -2 -ace to th ienone  [10] 
with 0.45 g LiA1H 4 in abs.  e ther .  Yield 1.4 g (68%), mp 42-43.5 ~ (from hexane). A mixture  with a sanaple 
obtained according to the f i r s t  method has mp 42.5-44.5 ~ 

4 -Chloromethy l -2 -ace to th ienone  (I) was produced f rom 1.5 g 4 -hydroxymethy l -2 -ace to th ienone  (V) 
by the action of 1.5 g thionyl chloride in 30 ml  abs. benzene analogously to the synthes is  of (II). Yield of 
(I) 1.04 g (62%); bp 98-102 ~ (0.25 ram); mp 21-23 ~ (from pe t ro leum ether) .  Found: C 48.42; 48.41; H 4.04; 
4.24; C1 20.15; 19.99; S 18.25; 18.06%. CTHTC1OS. Calculated: C 48.13; H 4.04; C1 20.31; S 18.36~. 

Phthal imide der ivat ive ,  mp 139.5-140.5 ~ (from alcohol). Found: C 63.14; 63.07; H 4.06; 4.07; N 4.62; 
4.72; S 11.29; 11.04%. C15HjlNO3S. Calculated: C 63.14; H 3.89; N 4,91; S 11.24%. 

We should like to exp re s s  our  deep grat i tude to N. A. Sysoeva for  taking the NMR spec t ra  and aiding 
in the i r  in te rpre ta t ion .  The authors  would like to exp res s  the i r  s incere  grat i tude to E. D. Lubuzh for 
taking the IR spec t r a ,  as well as to ~. A. Mistryukov and ~. L. I i 'kova for pe r fo rming  the analyses  on the 
ch romatograph  with a cap i l l a ry  column. 

CONCLUSIONS 

i. The ehloromethylation of 2-acetothienone and 2-thiophene aldehyde by monoehloromethyl ether in 
the presence of 2.2 M anhydrous aluminum chloride without a solvent is directed almost exclusively in the 
4-position of the thiophene ring: the products of chloromethylation contain ~98 and 93~ 4-chleromethyl 
derivatives, respectively. 

2. The product of chloromethylation of 2-acetothienone by paraform and HCI in chloroform, described 
in the l i t e r a tu r e  as 5 -ch lo romethy l -2 -ace to th ienone ,  is actual ly  an a lmos t  equ imola r  mix ture  of the 4- and 
5- ch loromethyl  der iva t ives .  

3. Samples  of individual 4- and 5 -ch lo romethy l -2 -ace to th ienones  were  synthesized,  and the i r  N~IR 
and IR spec t r a  were  studied. 
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