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Dealkylation of the methoxy group and format ion  of N-subst i tuted 5 - a l k y l - 3 - a m i n o m e t h y l e n e -  
4 - th io l en -2 -ones  occur  during the action of subst i tuted f o r m a m i d e s  and phosphorus oxychloride 
on 5 -methc~y-2-a lky l th iophenes  on heating at 50-70 deg C. At 20 deg the ma jo r  react ion  p rod-  
ucts a re  5 - a l k y l - 2 - m e t h o x y - 3 - f o r m y l t h i e p h e n e s .  

In developing our s tudies  of the synthes is  of complex - fo rming  compounds of the thiophene s e r i e s ,  
p a r t i c u l a r l y  mercap to th ieny l iden imines  [1], it was of in te res t  to obtain oxygen-containing thiophene d e r i v a -  
t ives ,  the s t r u c t u r e s  of which can be r ep re sen t ed  as t an tomer ic  f o r m s  Ia-c .  
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Compounds of this type are,  in a ce r t a in  sense ,  analogs of the azomethines  of sal ieylaldehyde,  but 
the l i t e r a tu r e  da ta  on them are  e x t r e m e l y  limited~ Two Schiff b a s e s  obtained f rom 3 - f o r m y l - 2 - h y d r o x y t h i o -  
phone a r e  only ment ioned in [2], but nei ther  e l e m e n t a r y  analytical  data  nor any other informat ion confirming 
the i r  nature  is p resen ted .  

The f i r s t  step of our p ro jec ted  route  for  the synthes is  of I consis ted in the action of N,N-disubst i tu ted 
f o r m a m i d e s  on 5 -a lkoxy-2-a lky l th iophenes  in the p r e sence  of phosphorus  oxychloride with heating. A number  
of 5 -a ikoxy-2 - fo rmyl th iophenes  were  obtained by p r e c i s e l y  this method [3]. One of the impor tan t  advantages ~ 
of this method of fo rmyla t ion  of alkoxybenzenes,  according to [4], is the absence  of dealkylat ion of the alkoxy 
group dur ing the action of the V i l sme ie r  complex.  

The da ta  that we obtained indicate,  however ,  that this a s s e r t i o n  has l imi ted  signif icance,  at l eas t  with 
r e spec t  to some of the cor responding  thiophene de r iva t ives .  Thus, a yellow, c rys ta l l ine ,  n i t rogen-conta in ing 
subs tance  r a the r  than the expected 2 -me thoxy-5 -e thy l -3 - fo rmy l th iophene  was isola ted in yields of up to 80% 
by  the act ion of N-methy l fo rmanf l ide  (MFA) and phosphorus  oxychlor ide on 5-methoxy-2-e thy l th iophene  (ID* 
at  50-60 deg under  the conditions for formyla t ion  of alkyl thienyl sulf ides and 2-alkoxythiophenes .  According 
to the da ta  of e l e m e n t a r y  analys is  and the m a s s  spec t ra ,  in which the p r e sence  of a mo lecu l a r  ion peak of 

+ .  

M + 245 and a CH3NC~H ~ f r agmen t  with m / e  106 was es tabl ished (Fig. 1), it is  5 - e t h y l - 3 - ( N - m e t h y l - N - p h e n y l -  
aminomethy lene ) -4 - th io l en -2 -one  (VI) (see scheme) .  The pa t te rn  of its absorpt ion  in the UV region [~ max,  
nm (g): 267 (11,400), 383 (14,535)]$ and in the IR reg ion  (Fig. 2) is a lso  in a g r e e m e n t  with s t ruc tu re  VL 

* We obtained the 5 -a ikoxy-2-a lky l th iophenes  (H-IV) via the method in [5] f rom the cor responding  iodoalkyl-  
thiophenes (Va, b). 
According to the data in [6, 7], the bands at 265 and 268 nm are characteristic for thiolactone str{~ctures. 
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Fig. 1. Mass spectrum of 5-ethyl-3-(N-methyl- 
N-phenylaminomethy lene-4- th io len-2-  one (V1). 
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Fig. 2. IR s p e c t r u m  of 5 -e thy l -3 -{N-methy l -N-pheny lamino-  
me thy lene ) -4 - tb io len -2 -one  {VI) (KBr pellet) .  

The intense bands  at  1560 and 1660 cm -1 a re  due to the sys t em of conjugated mul t ip le  bonds,  and the high- 
f requency  band at 1660 cm -1 is due to the p r e s e n c e  of a - S - C =  O f ragment .  

A homolog of VI, viz.,  VII, was obtained, like, VI, f rom 5-methexy-2-methy l th iophene  (II1), while di-  
methy laminomethy iene  de r iva t ives  VIII along with 2 -me thoxy-5 -me thy l -3 - fo rmy t th iophene  (IX), which was 
isola ted as the 2 ,4-dini t rophenylhydrazone,  were  obtained in somewhat  lower  yields  by  the action of d imeth-  
y l fo rmamide  (DMF) and phosphorus  oxychloride.  

Thus, heating N,N-disubst i tuted fo rmamides ,  pa r t i cu la r ly  MFA, with POOl s and 5 -me thoxy -2 -a lk y l -  
thiophenes resu l t s  in demethylat ion of the methoxy group, and a subst i tuted aminomethylene  res idue  en ters  
the 3-posi t ion of the thiophene r ing.  The spli t t ing off of a methyl  group f rom the methoxy group is conf i rmed  

+. 
by  the fact  that, as a l r eady  indicated, a peak  for  the CH3NC6H ~ f r agmen t  is obse rved  in the m a s s  spec t ru m 
of VI. Finally,  the fo rmat ion  of hydroxyaldehyde X during the alkaline hydro lys i s  of d imethylaminomethylene  
der iva t ive  VIII is e x t r e m e l y  indicative s ince this pe r ta ins  to the p r o b l e m  of the s t ruc tu re  of VI-VIII.  The 
p r o c e s s  of the development  of a h e t e r o a r o m a t i c  thiophene sy s t em apparent ly  p r eva i l s  h e r e  over  the other 
poss ib le  p r o c e s s ,  viz. ,  c leavage of a thiolactone r ing.  

~CH--N/R" 

NaOH " ~ S / \ O H  W--i  ~ R"~c-c-~OPx ' o  viii ~ .~c/~SY\OC. ~ 
X IX, xl l  

II R=C2HS, R'~CH3; I l l  R=R'=CHo; IV R=R'=C2HS; y l  R=C2H 5, R"=CH s, 
R"'= C6H5; VII R=W,= CH3, R"t= C6H5; VIII R=R"=R"'~CH3; x l l l  R=C2H6, 
P.":-H,  R"' C~Ho; XIV R = C H 3 ,  R " =  H, R ' = C 6 H s ;  IX R = R ' = C H 3 ~  

Xll R = Cfl:l, R ' =  C2H 0 

A smal l  amount of an orange crys ta l l ine  substance,  for which s t ruc tu re  XI  can be p roposed  on the 
ba s i s  of e l emen ta ry  analysis  and the NMR and IR s p e c t r a  (VC= O 1720 cm- i ) ,  was  isola ted along with VI in 
expe r imen t s  involving the reac t ion  of 5-methoxy-2-e thyl th iophene  (I1) with excess  MFA. A signal for  an 
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aldehyde p ro ton  at 6 9.92 ppm (relat ive to t e t ramethyls i lane)  appea r s  in the NMR spec t rum of XI, obtained 
in N-me thy l -2 -py r ro l idone ,  and the p ro ton  signal of the thiophene r ing at 6 5.88 ppm, which is p r e sen t  in 
the s p e c t r u m  of VI, d i sappear s .  

OHC\ ~CH--N(/CH3 
\ / /  \C6H 5 

~ % / ~ 0  
XI 

OI - I c \  ~ c H - - N H  2 
XV R ~ C2H 5 

R / "~'0 XVl R~. Ctl 3 

XV':XVI 

Ins tances  of such double fo rmyla t ion  were  obse rved  for 1-dimethylaminobutadiene [8] and cyclopentadiene 
[9]. 

An i n c r e a s e  in the t e m p e r a t u r e  is an essen t i a l  condition in the demethyla t ion and assoc ia ted  f o r m a -  
tion of thiolactone s t r u c t u r e s  of the VI type. In fact ,  if the reagents  a r e  mixed  at 0-5 deg and the mix tu re  
is then held at 20 deg or  below, the cor responding  alkoxyaldehyde of IX, viz. ,  X ~  is obtained as the m a j o r  
reac t ion  product  with MFA and DMF. The s t ruc tu re  of one of them - 2 - m e t h o x y - 5 - m e t h y l - 3 - f o r m y l t h i o -  
phene - was conf i rmed by its oxidation with s i l ve r  oxide to the known 2 - m e t h o x y - 5 - m e t h y l - 3 - t h i o p h e n e c a r -  
boxylic acid [5]. We note he re  that  the dealkylat ion of an alkoxy group under the conditions indicated above 
occurs  to a suff ic ient  extent only with methoxy de r iva t ives ;  the yield of dealkylat ion product  VI beco mes  
insignif icant  in the case  of 5 -e thoxy-2-e thy l th iophene  (IV). 

In the light of what has been set  forth,  it was of in te res t  to follow the action of the Vi l sme ie r  complex,  
fo rmed  with monosubst i tu ted  and unsubst i tuted fo rmamide ,  on 5-a lkoxy-2-a lky l th iophenes .  Exper iments  se t  
up for  this purpose  indicate in p a r t i c u l a r  that, for  example ,  5 -methoxy-2-a lky l th iophenes  II  and III  and f o r -  
mani l ide  give ,~ 40% yields  of compounds which co r r e spond  in s t r u c t u r e  to 5 - a lky l -3 - (N-pheny laminome th -  
y l ene ) -4 - th io l en -2 -ones  (XIII, XIV). This again conf i rms  the fact  of the spl i t t ing off of a methyl  group f r o m  
the methoxyl  group. 

We hope to examine the p rob l em  of t a n t o m e r i s m  of these  compounds in g r e a t e r  detail  in one of our 
subsequent  communicat ions .  We note, however ,  that f o r m s  of the Ia  and Ib type s e e m  m o r e  l ikely  to us s ince 
in these cases  the re  is the poss ib i l i ty  of s tabi l izat ion of the molecu le  due to the development  of an in t r a -  
m o l e c u l a r  hydrogen bond. 

The p ic tu re  of the  in te rac t ion  of 5 -a lkoxy-2-a lky l th iophenes  with unsubsti tuted f o r m a m i d e  is m o r e  
complex  and l e s s  definite~ In this case ,  in expe r imen t s  wiLh II and III we were  able to isola te  compounds 
which in e l e m e n t a r y  compos i t ion  co r r e spond  to comple te ly  subst i tuted thiophenes XV and XVI, but the quan- 
t i t ies  obtained were  so smal l  that it was imposs ib le  to inves t igate  them in sufficient  detail .  Included in the 
products  of  the reac t ion  with HI was 5 -m e t hy l -2 -me thoxy -3 - fo rmy l th iophene  (IX) but, as in the expe r imen t s  
with II, the chief m a s s  was composed  of yellow, amorphous  powders  which contain nitrogen and sulfur ,  do 
not have s h a r p  mel t ing  points,  and a re  s l ight ly soluble in the usual organic solvents ;  it is poss ib le  that they 
a r e  fo rmed  as a r e s u l t  of the polycondensat ion of XV and XVI. 

The format ion,  under  the conditions of the Vi l sme ie r  reac t ion ,  of enamines ,  to which VI-VIII  and, p r o b -  
ably, XIV and XIII  a re  re la ted,  is c h a r a c t e r i s t i c  for  compounds with an act ive methylene  group - malonic  
[10] and cyanoacet ic  [11] e s t e r s ,  cyclopentadiene de r iva t ives  [9], and, as was recen t ly  shown, for pyr ro le ,  
1 -pheny l -3 -me thy lpy razo lone  [12], and hydroxyindole  [13]. The m e c h a n i s m  of the p r o c e s s  p roposed  in [12] 
can essen t i a l ly  be  a s s um ed  for our case  of the fo rmat ion  of 3 - aminome thy l ene -4 - th io l en -2 -ones ;  however,  
the m e c h a n i s m  of the spl i t t ing out of the methyl  group st i l l  r ema ins  hidden, and one can only s ta te  that  the 
s t e r i c  p rox imi ty  of the methoxy group to the newly fo rmed  grouping in the 3-posi t ion of the thiophene r ing 
apparen t ly  plays a substant ia l  ro le  here .  In fact ,  as a l ready  mentioned,  only the "no rma l  "~ react ion  products  - 
the cor responding  alkoxyaldehydes - were  isola ted [3] in expe r imen t s  involving the fo rmyla t ion  of 2 -a lkoxy-  
thiophenes.  

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

5-Iodo-2-e thyl th iophene  (Va). This compound was obtained in 75To yield according to the method in [14] 
f r o m  100 g (0.89 mole) of 2-ethyl thiophene,  230 g (0.90 mole) of iodine, and 163 g (0.75 mole) of red m e r c u r i c  
oxide and had bp 95-96 deg (9 ram),  n ~  1.6083, and d 2~ 1.7521. Found % : C 30.3, 30.4; H 2.9, 2.9; I 53.3, 
53.7; S 13.3, 13.5; MR D 47.01. C6HTIS. Calc. %: C 30.3; H 3.0; I 53.3; S 13.5; MR D 46.85. 

5 - Iodo-2-methy l th iophene  (Vb)... This compound was obtained in the same  way as Va in 78% yield 
f rom 87 g (0.88 mole) of 2-methyl th iophene,  226 g (0.89 mole) of iodine, and 144 g (0.67 mole) of red m e r c u r -  
ic oxide and had bp 95-96 deg (16 ram) and n~ 1.6258 (bp 94 deg (16 ram), n~  1.6230 [15]). 
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5-Methoxy-2-ethyl thiophene (I1). 5-Iodo-2-ethylthiophene [149.5 g (0.63 mole)] and 28 g of powdered 
cupric  oxide were  added to a solution of sodium methoxide obtained f rom 43.4 g (1.88 g-atom) of sodium 
and 450 ml of absolute methanol.  The mix ture  was refluxed for 36 h and f i l tered.  The f i l t ra te  was diluted 
with an equal volume of cold water,  ex t rac ted  with e the r ,  and the ex t rac t  was dr ied  with MgSO 4 and dist i l led 
to give 68.2 g (7470) of II with bp 112 deg (65 mm),  80 deg (14 mm), n~ 1.5127, and d 2~ 1.0560. Found 7o : 
C 59.1, 59.4; H 7.0, 6.9; S 22.7, 22.4; MR D 40.47. C~H10OS. Calc. %: C 59.1; H 7.1; S 22.5; MR D 40.30. 

5-Methoxy-2-methyl th iephene (IID. This was obtained in 67% yield by the method descr ibed  for  the 
p repara t ion  of II and had bp 73-75 deg (20 mm) and n~ 1.5220 {bp 51-52 deg (10 mm), n~ 1.5126 [5]). 

5-Ethoxy-2-ethyl th iophene (IV). This was obtained in 39% yield in the same way as II. After refluxing 
for  36 h, the reac t ion  product  contained a halothiophene impuri ty and was t rea ted  with magnesium in abso- 
lute e ther  according to the method in [3] to give a product  with bp 110 deg (40 mm), n~ 1.5070, and d 2~ 1.0288. 
Found%: C 61.2, 61.4; H 7.7, 7.7; S 20.8, 20.7; MRD 44.78. CsHi2OS. Calc. 7O: C 61.5; H 7.7; S 20.5; MR D 
44.91. 

2 -Methoxy-5-e thy l -3- formyl th iophene  (X1D: A) 5-Methoxy-2-ethylthiophene (II) [3.6 g (0.025 mole)] 
was added gradually with s t i r r ing  to 3.4 g (0.025 mole) of N-methylformani l ide and 3.9 g (0.026 mole) of 
POC13 at 0-5 deg in 40 min. The mixture  was maintained at 20 deg for 2 h, allowed to stand overnight, and 
hydrolyzed with water  while cooling. The l ibera ted  oil was ex t rac ted  with e ther ,  and the ex t rac t  was washed 
with dilute hydrochlor ic  acid (1:10) and wate r  and dried with MgSO 4. The ether  was removed  by dist i l lat ion 
to give 3.0 g (7070) of a red oil, f rom which 2.1 g (47%) of 2 -methoxy-5-e thy l -3- formyl th iophene  with bp 110- 
115 deg (3 mm) and n~ 1.5620 was isolated by dist i l lat ion (with decomposit ion).  The semicarbazone  had 
mp 198-200 deg (dec., f rom alcohol). Found 7O : C 47.5, 47.9; H 5.8,5.9; S 14.2, 14.0. CgHi3N302S. Calc. 7O : 
C 47.6; H 5.8; S 14.1. 

B) Phosphorus  oxychloride [4.3 g (0.028 mole)] was added gradually to 3.6 g (0.025 mole) of 5-methoxy-  
2-ethylthiophene (II) in 3 ml of d imethyl formamide  at 0-5 deg. The mixture  was allowed to stand at 20 deg 
for  2 days and was cooled and t rea ted  with saturated sodium acetate solution * and ext rac ted  with ether .  
The ex t rac t  was washed with water  and dried with MgSO 4. The e ther  was removed by disti l lation to give 
3.8 g of a red oil, f rom which 2.7 g (6370) of aldehyde XII with bp 120-130 deg (5 mm) and n~ 1.5610 was 
isolated by distil lation. The 2,4-dini t rophenylhydrazone had rap 213.5-214.5 deg (from ethyl acetate).  Found 
70 : C 47.7, 47.8; H 4.0, 3.9; S 8.9, 9.1. C14H14N40~S. Calc. 7O: C 48.1; H 4.0; S 9.1. 

2 -Methoxy-5-e thy l -3- formyl th iophene  Diethylacetal~ A mixture  of 5 g (0.03 mole) of aldehyde XII, 
5 ml of or thoformic  es te r ,  15 ml of absolute alcohol, and one drop of concentrated hydrochlor ic  acid was 
refiuxed for  6 h. The dark  solution was neutral ized with 1070 methanolic KOH, the solvent was removed  by 
disti l lation, and the res idue  was diluted with an equal volume of water.  The mixture  was thoroughly ext rac ted  
with ether ,  and the e ther  ex t rac t  was washed with water  and dr ied  with MgSO 4. The ether  was removed by 
dist i l lat ion to give 5 g of a red  oil (which vacuum-dis t i l led with decomposition) f rom which 3.4 g (47%) of 
2 -methoxy-5-e thy l -3- formyl th iophene  diethylacetal  with bp 126-127 deg (6 mm) and n~ 1.4950 was isolated. 
Found70: C 59.8; H 8.3; S 13.13. C12H200~S. Calc. 7O: C 59.0; H 8.2; S 13.7. The insufficiently sa t i s fac tory  
analytical  data can apparently be explained by decomposition of the acetal  during distil lation. 

2 -Methoxy-5-methyl -3- formyl th iophene  (IX). This was obtained in 5070 yield, as descr ibed  above, f rom 
3 g of III, 2 ml  of DMF, and 2 ml of POC13 and had bp 98-100 deg [3 mm (dec.)] and n~ 1.5693. The 2,4- 
dini t rophenylhydrazone had mp 201-202 deg (from ethyl acetate and f rom CHC13). Found 70 : C 46.7, 46.6; 
H 3.9, 3.7; S 9.4, 9.5. Ci3Hi2N40~S. Calc. 7O : C 46.4; H 3.6; S 9.5. 

2 -Methoxy-5-methyl -3- th iophenecarboxyl ic  Acid. Aldehyde IX [1 g (0.006 mole)] was added to a sus-  
pension of f resh ly  prec ip i ta ted  Ag20 [from 2.2 g (0o013 mole) of AgNO 3 and 0.6 g (0.015 mole) of NaOH] in 
the minimum amount of water,  and the mass  was s t i r r ed  for 3 h and allowed to stand overnight.  The p r e c i -  
pi tate was removed by f i l t rat ion and washed with 107o NaOH and water.  The f i l t ra te  was ext rac ted  with 
ether ,  acidified with HC1 (1:1), and the acid was ext rac ted  with ether .  The e ther  ex t rac t  was washed with 
water  and dr ied  with MgSO 4. Removal of the e ther  by dist i l lat ion gave 0.3 g of 2 -me thoxy-5 -methy l -3 - th io -  
phenecarboxyl ic  acid with rap 147-148.8. deg (from water  and f rom e thy lace ta te -hep tane) (mp 147-149 deg 
[5]). Found 70 : C 48.6, 48.9; H 4.7, 4.7. C7H803S 2. Calc. 7O : C 48.8; H 4.7. 

;~ If the mixture  is allowed to stand for a long t ime (overnight) after  hydrolys is ,  the aldehyde can be isolated 
in higher  yields.  (The oil separa tes  bet ter . )  
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5 -E thy l -3 - (N-m e t hy l -N-pheny l am i nome thy l ene ) -4 - t h io l en -2 -one  (VI). 5-Methoxy-2-ethyl th iophene 
(ID [5 g (0.035 mole)]  was added dropwise  in 40 rain to 4.75 g (0.035 mole) of MFA and 5.4 g (0.036 mole) 
of POC13 at such a r a t e  that  the t e m p e r a t u r e  did not exceed 50-60 deg (water cooling). The react ion  m a s s  
was s t i r r e d  at 50-60 deg for  2 h. The thickened mix tu re  was allowed to stand overnight,  d issolved with 
heating (,~ 40 deg) in benzene;  and the solution was s t i r r e d  for  30-40 min with 10-15 ml  of water .  The o r -  
ganic l aye r  was separa ted ,  the aqueous l a y e r  was ex t rac ted  with benzene;  and the ex t rac t  and organic l aye r  
we re  combined, washed with water ,  and dr ied  with MgSO 4. Removal  of the benzene by  dis t i l la t ion yielded 
7 g (81%) of a solid,* yellow subs tance  with mp 70 deg which mel ted  at  77-78 deg a f te r  two r e c r y s t a l l i z a -  
tions f rom heptane (the yield of pure  VI was 53%). Found %: C 68.2, 68.2; H 6.0, 6.2; N 5.7, 5.7; S 12.5, 
12.5; tool. wt. 245.t  C14H15NOS. Calc. % : C 68.5; H 6.2; N 5.7; S 13.1; tool. wt. 245. Compound VI was 
soluble in benzene,  alcohol, ethyl aceta te ,  CHC13, and CC14 and l e s s  soluble in e ther  and heptane. The p e r -  
ch lora te  was obtained by  the addition of 70% HC104 to a solution of VI in acetic acid and had mp 164-165 deg 
(from acet ic  a c i d - e t h e r ) .  Found%:  C 49.0, 49.0; H 4.7, 4.8; C1 10.3, 10.6; N 4 . 2 , 4 . 2 ; $ 9 . 3 , 9 . 5 .  Ct4HtsNOS. 
HC104. Ca l c .% :  C 48.6; H4 .7 ;  C1 10.3; N 4 . 0 ; S  9.3. 

A smal l  amount of orange c ry s t a l s  of 5 - e t h y l - 4 - f o r m y l - 3 - ( N - m e t h y l - N - p h e n y l a m i n o m e t h y l e n e ) - 4 -  
th io len-2-one  ~(I) with mp 175-176 deg (from ethyl aceta te  and f rom CC14) was isolated (in exper imen t s  
with a twofold excess  of MFA) f r o m  the solution obtained during the washing of VI. Found %: C 66.2, 66.4; 
H 5.6, 5.7; S 11.9, 11.9. C15H15NO2S. Calc. %: C 65.9; H 5.4; S 11.7. 

5 -Me thy l -3 - (N-me thy l -N-pheny laminome thy l ene ) -4 - th io l en -2 -one  (VII). This  was obtained in the 
s a m e  way as VI f r o m  3 g (0.023 mole) of III, 3.28 g (0.024 mole) of MFA, and 3.6 g (0.024 mole)  of POC13. 
Workup and r emova l  of the solvent  by dist i l lat ion yielded 4.13 g of a solid, yel low res idue  f r o m  which 2 g 
(37%) of pure  VII with mp 105-106 deg was isola ted by  r ec rys t a l l i za t ion  f r o m  heptane.  Found %: C 67.7, 
67.8; H 5.6, 5.7; S 13.5, 13.8. C13HI3NOS. Calc. % : C 67.5; H 5.7; S 13.9. The heptane- insoluble ,  dark,  
amorphous  powder  did not have a s h a r p  mel t ing  point and is apparent ly  a polycondensat ion product .  

Action (with heating) of DMF and POC13 on 5 -Methoxy-2-methy l - th iophene  (riD. Phosphorus  oxychlo-  
r ide  [3.6 g (0.024 mole)] was  added gradual ly  to a solution of 3 g (0.023 mole) of III in 2 ml  of DMF, and the 
mix tu re  was heated at 60-70 deg for  2 h and allowed to stand overnight.  The next day the v iscous ,  red oil 
was s t i r r e d  with a solution of 4 g of sodium aceta te  in 10 ml  of wa te r  until comple te  decomposi t ion  of the 
complex,  and the mix tu re  was ex t rac ted  with benzene.  The ex t rac t  was washed with water  and dr ied with 
MgSOe and the benzene  was r emoved  by dist i l lat ion to give 1.6 g of a yellow, c rys ta l l ine  subs tance  mixed 
with an oil. The c ry s t a l s  were  washed with e ther  and r e c r y s t a l l i z e d  f rom heptane to give 0.54 g (16%) of 
5 -me thy l - (N ,N-d ime thy laminomethy lene ) -4 - th io l en -2 -one  (VII1) with mp  131-132 deg. Found %: C 56.5, 
56.7; H 6.5, 6.4; S 18.8, 18.6; CsHIlNOS. Calc. %: C 56.7; H 6.5; S 18.9 The f i l t ra te  f rom washing VIII 
was evaporated,  an alcohol solution of 2 ,4-din i t rophenylhydrazine  sulfate  was added to the residue,  and the 
resu l t ing  red  p rec ip i t a t e  was f i l te red  to give 0.45 g of the 2 ,4-dini t rophenylhydrazone of aldehyde IX with 
mp  199-200 deg (from ethyl acetate) .  A sample  of this product  did not depress  the mel t ing  point of a sample  
of the hydrazone  p rev ious ly  obtained (see above). 

Action (with heating) of MFA and POC13 on 5-Ethyoxy-2-e thyl th iophene  (IV). A total  of 3.7 g of a dark  
oil, which pa r t i a l l y  c rys t a l l i zed  on standing in a r e f r i g e r a t o r ,  was  obtained f r o m  3 g (0.019 mole) of IV, 
2.6 g (0.019 mole) of MFA, and 3 g (0.02 mole) of POC13 a f te r  heating for  2 h at 60-70 deg and the usual  
workup. A port ion of the c r y s t a l s  was squeezed on a porous  pla te  to give a p roduc t  with mp 76-77 deg (from 
heptane);  this product  did not d e p r e s s  the mel t ing  point of a s ample  of the thiolenone (VI) p rev ious ly  obtained. 
The oil (0.3 g) yielded 0.3 g (43%) of the 2 ,4-din i t rophenylhydrazone of 2 -e thoxy-5 -e thy l -3 - fo rmyl th iophene  
with mp 177-178 deg (from ethyl acetate) .  Found %: C 49.6, 49.3; H 4.5, 4.4; S 8.9, 8.9. C15H16N4OsS. Calc. 
%: C 49.4; H 4.4; S 8.8. A sma l l  amount  of 5 - e t h y l - 4 - f o r m y l - 3 - { N - m e t h y l - N - p h e n y l a m i n o m e t h y l e n e ) - 4 -  
th io len-2-one (XI) with mp 174-176 deg (from ethyl acetate)  was a lso  isola ted in expe r imen t s  with a 1 .5-2-  
fold excess  of MFA. Found%:  C 65.6, 65.5; H 5.7; 5.7; S 11.4, 11.3. C~sHisNO2S. Calc. %: C 65.9; H5 .4 ;  
S 11.7. A sample  of this product  did not dep re s s  the mel t ing point of a s amp le  obtained by  the action of MFA 
and POC13 on II (see above). 

5- Ethyl -3-  (N-phenylaminomethy iene) -4- th io len-2-one  (XIII). Phosphorus  oxychloride [ 3.7 g (0.024 
mole)] was added gradua l ly  to a suspension of 3 g (0.025 mole) of formaldehyde  in 3.4 g (0.024 mole) of 

* In s o m e  ca se s  the res idue  was a v iscous  oil which c rys t a l l i zed  on cooling or t r i tura t ion  with heptane. 
Determined by m a s s  spec t roscopy .  
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5-methoxy-2-e thyl th iophene (the t empera tu re  rose  to 90-100 deg). The thickened mixture  was heated at 
60-70 deg for 2 h, allowed to stand overnight, and worked up as descr ibed  above for  VL Removal of the 
benzene by distil lation yielded 3.25 g (72%) of an oily res idue which crys ta l l ized  on cooling. The precipi ta te  
was f i l te red  and washed with cold a l c o h o l - e t h e r  and dr ied in vacuo to give 2.4 g (43%) of XIII with mp 99- 
100 deg (after two rec rys ta l l i za t ions  f rom alcohol). Found%: C 67.5, 67.7; H 5.6, 5.6; S 13.7, 13.8. 
C13H~NO3S. Calc. %: C 67.5; H 5.7; S 13.9. 

5- Methyl-3-  (N-phenylaminomethylene)-4- thiolen-2-  one ~X IV). This compound was obtained, l ike XIII, 
f rom 3 g (0.025 mole) of formaldehyde,  3 g  {0.023 mole) of 5-methoxy-2-methyl thiophene,  and 3.6 g (0.024 
mole) of POC13 and had mp 159-160 deg (from alcohol and from heptane) (rap 165 deg (from alcohol) [2]). 
.~ccording to gas-l iquid and th in- layer  chromatography [on A12G3, h e x a n e - e t h e r  (4:1)] it was a pure  com- 
pound. Found%: C 66.6, 66.4; H 5.1, 5.1; S 14.4, 14.7. C12HllNOS. Calc .%:  C 66.3; H 5.1; S 14.8. 

Action of Alkali on 5-Methyl-3-(N,N-dimethylaminomethylene)-4- th io len-2-one  (VIII). Compound VIII 
(0.48 g) was ref luxed with 5 ml of 5% NaOH until it dissolved complete ly  and the odor of dimethylamine van- 
ished. The dark  solution was cooled and acidified with HC1 (1:10); and the resul t ing precipi ta te  was f i l tered,  
washed with Water, and dr ied  to give 0.32 g (80%) of 5 -methyl -2-hydroxy-3- formyl th iophene  {X), which mel -  
ted at 98-100 deg (rap 112 deg (from benzene)J2]) af ter  reprecipi ta t ion f rom 10% NaOH with dilute HC1 (1:1) 
and two rec rys ta l l i za t ions  f rom heptane and f rom benzene. Found % : C 50.4, 50.4; H 4.3, 4.1; S 22.4, 22.2. 
C6H602S 2. Calc. %: C 50.7; H4.2 ;  S 22.5. Aldehyde X (0.1 g) was heated with 0.1 g of aniline in alcohol 
until it dissolved completely.  Cooling of  this solution precipi ta ted yellow crys ta l s  of a Schiff base  with mp 
157-158 deg (from alcohol) .  A sample of this product  did not depress  the melting point of a sample of 5- 
methyl -3- (N-phenylaminomethylene) -4- th io len-2-one  (XIV) (see above). 

Action of Formamide  and POC13 on 5-Methoxy-2-ethylthiophene (ID. Phosphorus  oxyehloride (2.3 ml) 
was added dropwise to 3.6 g of II and 2.2 ml (twofold excess) of f resh ly  disti l led, d ry  formamide  (exothermic 
reaction),  and the mass  was s t i r r ed  at 60 deg for 2 h and allowed to stand overnight.  After the usual workup 
1.7 g of an oil was isolated f rom the benzene ex t rac t  and was conver ted by t rea tment  with heptane to an 
amorphous powder with mp 126-145 deg (dec.) containing nitrogen and sulfur,  the s t ruc tu re  of which was 
not established.  A total of 0.8 g of a mobile,  red oil~ f rom which 0.7 g of the 2,4-dini t rophenylhydrazone of 
2 -methoxy-5-e thy l -3- formyl th iophene  with mp 213-214 deg (from ethyl acetate) was obtained, was isolated 
f rom the aqueous l aye r  af ter  standing overnight. ~ sample of this product  d id  not depress  the melt ing point 
of a sample of the hydrazone obtained previously  (see above). 

A small  amount of a yellow, c rys ta l l ine  substance with mp 119-121 deg (from ethyl acetate),  which 
cor responds  in composi t ion to 5 -e thy l -4 - fo rmyl -3 -aminomethy lene -4 - th io len -2 -one  (XV), was isolated by 
extract ion with hot heptane when the exper iments  were ca r r i ed  out with threefold  to fourfold excesses  of 
formamide .  Found%: C 52.5, 52.6; H 5.0, 5.0; N 7.8; S 17.6, 17.5. CsHgNO2S. Calc. %: C 52.4; H4.9 ;  N 
7.7; S 17.5. 

Action of Formamide  and POC13 on 5-Methoxy-2-methyl thiophene (I1D. Workup of the react ion mix-  
ture,  obtained as descr ibed  above f rom 2 g (0.016 mole) of HI, 2 ml of formamide,  and 1.5 ml of POC13, 
yielded (from the benzene extract) 0.4 g of a yellow oil which was t rea ted  with heptane. Cooling of the hep-  
tane solution l ibera ted  an oil and a small  amount of yellow crys ta l s  of 5 -me thy l -4 - fo rmy l -3 -aminome th -  
y lene-4- th io len-2-one  (XV]) with mp 175-176 deg (from heptane). Found %: C 49.7; H 4.1; S 19.1. CTHTNO2S. 
Calc. %: C 4D.7; H 4.2; S 18.9. The 2,4-dini t rophenylhydrazone of 2 -methoxy-5-methy l -3- formyl th iophene  
with mp 200-201 deg (from ethyl acetate) was obtained f rom the oil remaining af ter  separat ion of XVI and did 
not depress  the melt ing point of a sample of the hydrazone previously  descr ibed  (see above). 
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