
Reduction of 5 ' - fo rmyl -5- [2- (4-e thoxycarbonyl -2-qu ino ly l )v iny l ] -2 ,2 ' -b i th iophene  (XII) was car r ied  out 
by the method of [11], mp 206-208~ IR spec t rum:  1700 (amide CO), 2900 cm -1 (CH3). 

5 ' -  Methyl- 5- [2- (2-quinolyl)vinyl]-2,2 '-bithiophene (XIII) was prepared by the method of [5]. The yield 
was 43%,mp 118-119~ {from isopropanol).  IR spect rum:  2900 cm -1 (CH3). Found: C 72.0; H 4.5; N 4.2~. 
C20H15NS 2. Calculated: C 72.2; H4 .5 ;  N 4.2%. 

Reduction of 5 ' - fo rmyl -5- [2- (2-qu ino ly l )v iny l ] -2 ,2 ' -b i th iophene  (XI) was ca r r i ed  out by the method of 
[11], mp 118-119~ (from isopropanol).  IR spect rum:  2900 cm -1 (CH3). 
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S Y N T H E S I S  A N D  S T R U C T U R E  O F  N I T R O  D E R I V A T I V E S  

O F  4 -  ( 2 -  T H I E  N Y L ) -  3 -  B U T E N -  2 -  ONE 

L .  V. P a n f i l o v a ,  M. Y u .  A n t i p i n ,  Y u .  D. C h u r k i n ,  
a n d  Y u .  T .  S t r u c h k o v  

UDC 547.732:548.737 

Combes, Hebbelynck, and Zedrut  used concentrated nitr ic  acid in acetic anhydride [1] and Pappalardo 
ni t r ic  acid in concentrated sulfuric acid [2] for the nitration of 4(2- thienyl)-3-buten-2-one (I). They considered 
that only 4-(5-ni t ro-2-- thienyl)-3-buten-2-one was formed ra ther  than a mixture of the 4- and 5-ni t ro i somers ,  
which would have been expected on the basis  of the propert ies  of carbonyl derivatives of thiophene [3]. Pap- 
palardo [2] cited no evidence for his identification of the isolated compound with melting point 127~ as 4-(5- 
ni t ro-2. . th ienyl)-3-buten-2-one.  Combes et al. [1] verified the s t ruc ture  of the synthetic 4- (5-ni t ro-2- th ienyl ) -  
3-buten-2-one with mp 131-131.5~ by conversion to 5-ni t ro-2- th iophenecarboxyl ic  acid and deduced the t rans  
orientation of the olefinic hydrogens f rom a calculation of its UV spect rum,  

We have continued our work on the react ivi ty  of ~, f l-unsaturated ketones of the thiophene ser ies  with a 
study of the nitrat ion of 4- (2- thienyl)-3-buten-2-one (I) with potassium nitrate in concentrated sulfuric acid and 
with concentrated nitr ic  acid in 1,2-dichloroethane.  Nitration of compound (I) with potassium nitrate in con- 
centrated sulfuric acid gave a mixture of the 5- and 4-ni t ro  compounds in' the ratio 2.6:1 {from the PMR pa- 
r a m e t e r s  of the crude substance). Fract ional  recrys ta l l iza t ion  gave only one nitro ketone with melting point 
131.5-132.5~ We have so fa r  not been able to isolate the second i somer  i n the  pure form. Its PMR and IR 
pa ramete r s  identified the isolated nitro ketone as 4 - (5-n i t ro-2- th ienyl ) -3-buten-2-one  (II) with the t rans  orien- 
tation of the hydrogen atoms at the double bone. We ca r r i ed  out an x - r a y  s t ructure  analysis  of ketone (II) to 
find the bond angles and lengths and to decide between the O,S-cis or t rans conformations.  This revealed t h a t  
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the molecule  of (II) has the O,S- t rans  conformat ion and a p lanar  he te rocyc l ic  ring. The dihedral  angle between 
the plane of the thiophene r ing and the ni t ro group is 6.5 ~ The bond lengths di f fer  only sl ightly f r o m  their  s tan-  
dard values in thiophene compounds [4-6]. The C(2)-S and C(5)-S bonds have the s ame  length, 1.698(8) /~. 

Nit ra t ion of compound (I) with ni t r ic  acid (d 1.5) in 1 ,2-dichloroethane at  60-70~ gave compound (III) 
with mp 146-146.5~ I ts  PMR (double resonance)  and IR  spec t ra  did not unambiguously identify the position of 
the ni t ro group, indicating only that  it is not a t tached to the thiophene r ing.  For  a definit ive e s t ab l i shment  of 
the s t ruc tu re  and g e o m e t r y  of ketone (III) we c a r r i e d  out an x - r a y  s t ruc tu re  ana lys i s ,  which revea led  it to be 
3 -n i t r o -4 - (2 - th i eny l ) -3 -bu t en -2 -one ,  with a p lana r  thiophene r ing (the m a x i m u m  deviation of the a toms  f rom the 
mean plane is less  than 0.02 ~). The ni t ro group fo rms  a dihedral  angle of 93 .3~ of the he te ro -  
cycle,  which excludes the possibi l i ty  that  it is conjugated with the thiophene r ing.  The hydrogen a toms  were  
not located. The bond lengths a re  consis tent  with published f igures  for thiophene de r iva t ives  [4-6]. The s t ruc -  
ture  of compound (III) r e p r e s e n t s  an unusual course  of the ni t ra t ion reac t ion .  In the p re sence  of a s y s t e m  of 
conjugated C = O  and C = C  double bonds inketone (I) substi tut ion of a hydrogen a tom by the ni t ro  group in n i t r a -  
tion by ni t r ic  acid in 1 ,2-dichloroethane takes  place not in the he te rocyc le ,  as is normal ,  but in the a l iphat ic  
chain at the c~-carbon a tom of a conjugated s y s t e m  of double bonds: 

C HNO3 ~ - C  
�9 -CH~CIt--CO--CH 3 1,2- DCE II ~{~--CO--CH:~ 

I III NO~ 

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

Spectra  were  r eco rded  on: IR: a UR-20; and PMR; a Varian Char t  S-100A in DMSO with hexamethyl -  
disi loxane (HMDS) as ex te rna l  s tandard .  The pur i ty  of the synthetic compounds was moni tored by TLC of si l ica 
gel (Silufol UV-254 in h e p t a n e - a c e t o n e ,  4:1). X - r a y  s t ruc tu re  ana lyses  we re  c a r r i e d  out on a Syntex P21 auto- 
mat ic  f ou r - c i r c l e  d i f f r ac tome te r  (XMoK~, graphi te  monochromator ,  e/2e scan).  The s ta r t ing  ketone (I) was 
synthesized by the method of [7]. 

4 - (5 -Ni t ro -2 - th i eny l ) -3 -bu t en -2 -one  (II). To concent ra ted  H2SO 4 (d = 1.84; 25 ml) cooled to 0~ was 
added ketone (I) (3.04 g, 0.02 mole). Powdered po tass ium ni t ra te  (2.02 g, 0.02 mole) was added in smal l  por-  
tions with vigorous s t i r r i ng  while the t e m p e r a t u r e  was maintained at 0-5~ The mixture  was kept at this t em-  
pe ra tu re  for 2 h and then poured onto ice. The prec ip i ta te  was f i l tered off, ca re fu l ly  washed with water ,  and 
dried in a i r .  The yield of compound (II) as  a light brown prec ip i ta te  was 3.9 g (99%), mp 131.5-132.5~ (from 
heptane). IR spec t rum:  1705 (C----O), 1340 (NO2s), 1550 (NO2as), 1615 cm -1 (C--C). PMR spec t rum (in DMSO): 
8.03 (4 -H,d ) ;  7.59 (3-H, D); 7.8 (u-H,  d); 6.85 (f l -H,d) ;  2 .28ppm ( C O - C H  3, s); J3 ,4=4.4 Hz; J ~  =16.4 
Hz. Found: C 48.3; H 3.5; N 7.1; S 16.1%. CsH7NO3S. Calculated:  C 48.7; H 3.6; N 7.1; S 16.2%. 

3 -Ni t ro -4 - (2 - th i eny l ) -3 -bu t en -2 -one  (III). To a solution of ketone (I) (3.04 g, 0.02 mole) in 1 ,2-d ichloro-  
ethane (15 ml) heated to 45~ was slowly added HNO 3 (d 1.50; 1.57 g, 0.025 mole) in 1 .2-dichloroethane (5 ml) 
with vigorous  s t i r r ing .  The mixture  was kept at  60-70~ for  1 h 30 rain to 2 h and then poured into water  (300 
ml). The organic  layer  was separa ted  and carefu l ly  washed f ree  of t r a c e s  of acid with water .  The so lven twas  
dist i l led off under  vacuum. The yield of compound (III) as  light yellow c r y s t a l s  was 1.88 g (57.6%)+ mp 146.5~ 
(from alcohol).  IR spec t rum:  1682 (C--O), 1631 (C=C);  1368 (NO2s); 1542 cm -1 (NO2as). PMR s p e c t r u m ( i n  
DMSO): 8.23 (fi-H, s); 8.03 (3-H, d); 7.24 (4-H, t); 7.66 (5-H, d); 2.45 ppm (CO- CH 3, s); Js,fi = 0.6 Hz; 
J3,fi = 0.5 Hz; J5,3 = 1.2 Hz; J5,4 = 4.9 Hz; J4,3 = 4.5 Hz. Found: C 48.5; H 3.5; N 7.3; S 16.4%. 

TABLE 1. Crys ta l lograph ic  P a r a m e t e r s  of 4 - ( 5 - N i t r o - 2 -  
thienyl)-3-buten-2-one (If) and 3-Nitro-4-(2-thienyl)-3- 
buten- 2- one (Ill) at -120~ 

a, A 
b,A 
c, A 

z 
Space group 
dmeas, g/cm~ 
dca lc,.gYcm3 

V, /t ~ 

3,314(5 ) 
16,331 (S) 
13,79') 07) 
92,36 (I0) 
4 

P2,/c 

1,56 
843,0 (2) 

l i t  

6,354 (1) 
6,698 ( I ) 

10,401 (I) 
101.94 (I) 

2 
P2, or P2dm 

1,47 
1,51 

434,0 (I) 
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TABLE 2. Atomic Coordinates (x 104) of (II) and (III) 

Compound (II) Compound (III) 
A tom 

y Z 

S 
N 
O(I) 
O (2) 
0 (3) 
c (2) 
c (3) 
C (4) 
C (5) 
C (6) 
C (7) 
c (8) 
C(9) 
H(9.01 
H (9.1) 
H(9.2) 
It (3) 
I[ (4) 
H(6) 
H (7) 

7852 (8) 
606(I (20) 
4670 (2(I) 
6310 (2(/) 

978 
1529 
862 

2043 

(I) 359 (2) 
(4) -1463 (5) 
(4) -1569 (4) 
(4) -2094 (4) 

x g 

2057 (3) 0 
1872 (9) -80 (32) 
3945 (3) -97 (28) 
1039 (25) 1697 (20) 
890 (23) 

4673(10} 
6143 (10) 
5(}79 (11) 
2879 (11) 
5335 (11} 
4273 (9) 
5170 (10) 
7610 (11) 

]3580 (20) 941 (4) 
7770 (30) 1718 (5) 
9100 (30) 2437 (5) 

10420 (2(I) 2407 (4) 
9890 (30) 1632 (5) 

11(160 (30) 1382 (6) 
10680 (30) 675 (6) 
12030 (30) 459 (6) 
11420 (30) -405 (6) 
12802 -524 
9116 -468 

11813 --760 
9200 2927 

11500 2872 
12274 1804 
9418 248 

4058 (4) 
-505 (5) 
-233 (6) 

811 (t) 
1160 (6) 
2152 (7) 
2523 (7) 
3529 (6) 
3825 (7) 
4359 
3995 
3353 

--662 
1190 
2572 
2124 

--1538 (20) 
- 5  (35) 

6 (3) 
18 (33) 
58 (38) 
62 (33) 

-24 (34) 
-27 (38) 
112 (42) 

,1689 (2) 
7641 (5) 
1015 (5) 
7620 (11) 
7462 (ll) 
5577 (6) 
4732 (5) 
3400 (6) 
3222 (7) 
6976 (6) 
7954 (6) 
9364 (6) 
9316 (7) 

H(4) 

H (3) ~ C) H (6} 

- . 2 F  
9(91 

F i g .  1. S t r u c t u r e  of  4- (5-nitro- 2 - t h i e n y l ) -  3 - b u t e n -  2-  one  (II). 

1,526(1,01 
~ , ~ . . .  ~,~:~k~ -o~21,5(~,0 ) ~ 118,o(1 

lf372 ~ 0  

~ - " ~ , : z ~ . ~  "- - \2~4(1'~ ~ ~93~ 

F i g .  2. S t r u c t u r e  of  3 - n i t r o - 4 - ( 2 - t h i e n y l ) - 3 - 1 5 u t e n - 2 - o n e  (III). 

F o r  t h e  x - r a y  s t r u c t u r e  a n a l y s e s  we  p r e p a r e d  c r y s t a l s  o f  (II) f r o m  i s o p r o p y l  a l c o h o l - b e n z e n e  and c r y s -  

t a l s  of  (III) f r o m  p e t r o l e u m  e t h e r  (bp 3 5 - 4 5 ~  T a b l e  1 s u m m a r i z e s  t he  c r y s t a l l o g r a p h i c  p a r a m e t e r s  of  c o m -  
pounds  (II) and  (III). We c o l l e c t e d  1213 and 934 i n d e p e n d e n t  r e f l e c t i o n s  f r o m  c r y s t a l s  (II) and (III) r e s p e c t i v e l y ,  
u s i n g  868 and  834 w i t h  I > 2or f o r  s t r u c t u r e  s o l u t i o n  and  r e f i n e m e n t .  

We s o l v e d  the  s t r u c t u r e  of  (II) by  the  d i r e c t  m e t h o d  wi th  t he  M U L T A N  p r o g r a m  and  t h a t  o f  (III) by  P a t t e r -  

son  m e t h o d s .  C a l c u l a t i o n s  w e r e  c a r r i e d  ou t  on an  E c l i p s e  S / 2 0 0  m i n i c o m p u t e r  w i t h  the  E X T L  p r o g r a m .  L e a s t  
s q u a r e s  r e f i n e m e n t  in  t h e  a n i s o t r o p i c  f u l l - m a t r i x  a p p r o x i m a t i o n  g a v e  R = 0 .090 f o r  (II) and 0.059 f o r  (III). T h e  

h i g h e r  R f a c t o r  f o r  (II) i s  due  to  t h e  p o o r  q u a l i t y  of t h e  c r y s t a l .  D i f f e r e n c e  s y n t h e s i s  r e v e a l e d  the h y d r o g e n  
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atoms of (II), which were incorporated into the calculation of the R factor (with fixed positional pa ramete r s  
and Biso = 4.0/~2). We did not locate the hydrogen a toms in (III). The intensity stat is t ics  did not unambiguous- 
ly define the space group of (III). Since ref inement  in the P21/m space group led to unusually short  N -  O bond 
lengths we continued ref inement  in the 1)21 space group to R = 0.059, where all bond lengths had more  reason-  
able values. 

Table 2 summar i zes  the atomic coordinates .  The s t ruc tures  of (II) and (III) with bond lengths and angles 
are  shown in Figs.  1 and 2. 
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1,2,3- Benzodithiazolium salts (Ia)- (II) readily react  with water ,  forming 3H- 1,2,3-benzodithiazole 2- 
oxides (IIa)-IIl) [1, 2]. Alkali readily converts  (IIa)-(II1) to corresponding o-aminothiophenols (IIIa-(III1). 

, 

R IiCI $ 

l a - I  I l a - [  III a -  I 

I. I1 a R=5-CI;b R=6-CttaO; cR--6-Cl:d R=5-CtIaO: e R=4-CH~O; f R=7-CHaO; 
gR=6-COOCHa; h R=6-Br; j |{=6-tl; k R=6-F; 1 R=6-C~|IsO; lit a R=4-CI; 

bR=5-CHaO; c R=5-CI; d R=4-CItaO; e R=a-CtlaO:f R=6-CHaO; g R=5-COOCHa; 
h R=5-Br; jR=5-tt; k R=5-F; l R=5-C2HsO 

Thus sulfoxides (II) can be considered as cyclic products of the acylation of o-aminothiophenols (III) by 

sulfurous acid. 

Table 1 summar i zes  the 1)lVI_R pa ramete r s  of 5-chloro-  and 6-ehloro-3H-1,2,3-benzodi thiazole  2-oxides 
(IIa) and (IIc). Their  PMR spectra  plainly differ markedly from those of the cations (Ia) and (Ie). The signals 
of the a romat ic  protons a re  shifted upfield by 1-2 ppm in the sulfoxides relat ive to the cations. The 4-H and 6- 
H protons of sulfoxides (IIa) and (IIc) lie upfield of the 5-H and 7-H protons and of the protons of benzene i tself  
(by 0.14-0.26 ppm), which should logically be attributed to the e lectron-donat ing effect of the nonaromatic  hetero-  
ring. The sulfoxides lack the much higher downfield shift of the c~-protons (4.H and 7-H) which is typical of 
the cations, implying that there  is no r ing cur ren t  in the sulfoxide heteror ing.  

In addition to the splitting of the signals of the benzene ring protons in the synthetic sulfoxides by ortho, 
meta, and para coupling (Table 1) the 1)MR spect rum of compound (IIa) in methanol shows additional splitting of 
the signals of all the a romat ic  p r o t o n s -  0.4 Hz for the 4- and 6- protons and 0.2 Hz for the 7-proton (Fig. 1). 
This can be due only to the existence of the sulfoxides as  s t e r eo i somers  in which the N -  H and S=O bonds lie 
on the same and on different sides of the plane of the benzene ring. 
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