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The der ivat ives  of 2-Ar-c inchoninic  acid (D descr ibed  are  biologically active substances.  Thus 
atophan [1] has analgesic p roper t i e s  and is used in gout. The ni t rofuran analog of atophan [2] is a known 
ant ibacter ia l  agent against mic roorgan i sms  such as E. coli, Salmonella. typhosa, P ro teus  vulgaris ,  Staphyl- 
ococcus aureus,  Streptococcus pyogenes, and Streptococcus agalactial .  A pyr ro le  analog of atophan has 
been descr ibed  [3] which s t imulates  plant growth. 

We obtained the bithiophene analog of atophan (IID according to the method descr ibed  in [4] by con- 
densation of isat in with 5-aee ty l -2 ,2 ' -d i th ienyl  (ID. The es te r i f i ca t ion  of III yielded its methyl  (IV)and 
ethyl (V) e s t e r .  The reac t ions  proceeded by e lec t rophyl ic  substitution of II, VI, and V (nitration [5], ace ty l -  
ation [6], formylat ion according to V i l sme ie r  [7], and reac t ions  of the acid chlor ides  of III, VI, and VII, 
yielding the N-subst i tuted amides XIII-XXIV(Table 1). 

O O  R C O ~  I 

~': 1~ =OH ; l~r:R = OH,  X=SkCH0 
/I r: 1~, =OOH~ /~: I~ = OGzHs, X=5"MOz 
F: H ~OOzH5 ; X: R = OOzily, x=3"yroz 
I~':I~=OH, X=5'-NO,zl .~:H =00H~,  X=SLGH0 
~':IR =OI--I, X=a'-NDZ; 2~:R=OOH)I X=5'-OOCH) 

The s t ruc tu re  of VI and VII and of the i r  ethyl e s t e r s  IX and X were  de termined by back synthesis  
according to Doebner-Mil le r  f rom the ea r l i e r  descr ibed  [8] 5 - f o r m y l - 5 ' - n i t r o -  and 5 - f o r m y l - 3 ' - n i t r o - 2 , 2 ' -  
dithienyls via the in termediate  Schiff bases  with aniline (XXV and XXVD. 

X=3'-d'~O~ 

The absence of an mp reduct ion in samples  of a mixture  of the n i t ro  compounds obtained by d i rec t  
and back synthesis  and the identi ty of the i r  IR spec t ra  showed that in the compounds VI and IX the n i t r o -  
group is located at position 5', and in VII and X at 3' of the bithiophene par t  of the molecule .  The s t ruc ture  
of XII was de termined by using it for  the synthesis  of the compound descr ibed  in [4], 5 ,5 ' -d i - (4 -ea rbo -  
methoxy-2-quinolyl}-2,2 ' -di thienyl  (XXVI1D, according to Pf i ts inger:  

COOCH5 

" 8 "S  N ~ , 

2T COl~ C00CH~ 

22~' P~=OH 
2XI~" t~*OOH~ 
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TABLE 1. N-Substituted Amides  

Com- 
pound x 

XIII H 

XIV H 

XV H 

XV! H 

XVII 3'=NO~ 

XVIII 3'~NOe 
XIX 3'=NOe 
XX 3'=NO~ 

XXI [5'=NQ 

XXII 15'=NO 

XXIII  5'=NO~ 

XXIV 5'=NO~ 

~. :~ ~ Calculated 
= ~ (in 9o) 

C H S 

CoH~NH !84, 1 

n=CHaCoH4NH 69,2 

;~=CHnC~H4NH 76, I 

o=CH~C~HtNH 40,5 

CoH~NH [49,1 

n=CHaC~H~NH/77,5 
za=CHaC~H~NHI51,5] 
o=CHaC6HiNH 143,0 

C~H~NH [86,7 

n=CHaC~H~N H t75,3 

m=CH~C~HtNH 80,5 

o=CHaC~H4NH 48,3 

Empirical 
formula 

~09- 
310 
!6~ - 
58- 

~3 i -  
1243- 
313 
310 
'.67- 

:943- 
'998- 
~82- 
3~4 

69,8813,91 15,54C.24HloN2OS ~ 70,01 

70,394,2515,03C2~HIsN2OS. 2 71,04 

70, 39 4,25 15,03 C25HlsN~OS 2 70,35 

70,39 4,25 15,03 C25HIsN2OS2 70, I5 

63,04 3,32'14,01 C.~H1~303S 2 62,90 

63,67)3,63 13,59[C2~H~TNaOzS2 63,4 
63,67]3,63113,59]C25 H 17 NaO3 S 2163 , 42 
63,67t3,63113,59IC25H,.TN30,S2163, 58 

63,04[3,32 14,01 C2~HxsN303S~[63,89 

63,6713,63 13,59 C25HI~N~O ~ S~ ]63,17 
63,67]3,63 13,59 Cz~Hr~N~O~S~/63,89 

63. 6713.63113.591C~Hi,NaOa S.. 163,9~ 

Found ~n~o) 

4, 14 16,02 

4,04 15,26 

4,53 15,02 

4,25 I5,43 

3,66 13,6i 
3,90113,28 
3,81113,8t 
3,49 13,81 

3, 17 13,91 

3,43 13,38 

3,87 I3,69 

3,59 13,24 

Note .  The compounds  XIII-XXVI w e r e  crys ta l l i z ed  from a 
mixture  of  dimethyl  f o r m a m i d e - w a t e r ;  X'VIII-XXIV were  c r y s t a l -  
l i zed  f rom an a l c o h o l - a c e t o n e  mixture .  

I I I I ~ I 

1700 1500 1800 lfO0 300  700 CM -z 

Fig.  1. IR spec tra  of  a known s a m -  
ple of  compound XXVIII (a) and the 
s p e c i m e n  obtained f r o m  XII (b). ~,~ 

The absence  of a d e p r e s s i o n  of  the mp in a sample  of  a m i x -  
ture of  our compound XXVII'I with the same  known compound and 
their  ident ical  IR spec tra  {see  Fig.  1) led us to as s ign  to  XII the 
s tructure  of 5 - ( 4 - c a r b o m e t h y o x y - 2 - q u i n o l y l ) - 5 ' - a c e t y l - 2 , 2 ' -  
dithienyl.  

The s tructures  of  VIII and XI were  determined from the 
identity of  the corresponding  acids  and the ir  e s t e r s  obtainedby mild  
oxidation of XI and XII and subsequent e s ter i f i ea t ion .  

The identity of the two sample s  of  the acid (XII) obtained 
f rom XI and XII, r e spec t ive ly ,  and that of the two sample s  of 

C OOOH3 C OOCH5 

~ . . ~ . . . , - % > - - < . ~ 0 .  R ooK 

27: IR=H, 2Zg:l~= OH, 

the e s ter  (XXX) obtained f rom the s a m e  start ing mater ia l s  w e r e  shown in each c a s e  by mixed melt ing  
points  and the s imi lar i ty  of the IR spectra ,  permit t ing  VIII and XI to be ass igned  the s tructures  of 5 - (4 -  
c a r b o x y - 2 - q u i n o l y l ) - 5 ' - f o r m y l - 2 , 2 ' - d i t h i e n y l  and 5 - ( 4 - c a r b o m e t h o x y - 2 - q u i n o l y l ) - 5 ' - f o r m y l - 2 , 2 ' - d i t h i e n y l .  
The compounds XI and XII w e r e  c h a r a c t e r i z e d  by their  s e m i c a r b a z o n e s  and t h i o s e m i c a r b a z o n e s  (XXXI- 
xxx[v ) .  

The ant imierobia l  act ivi ty  of  the compounds  was  te s ted  in a dense  nutrient med ium with a standard 
concentrat ion  of  400 ~ g / m l  in agar .  As  te s t  bacter ia  we used  g r a m - p o s i t i v e  (St. aureus  and the potato 
baci l lus)  and also  g r a m - n e g a t i v e  s p e c i e s  (E. colt ,  Sa lmonel la  typhi, Shigel la f lexneri  and sonnet  and P s .  
pyocyanea) .  In Table 2, we present  the ant ibacterial  spec trum of  the compounds  which showed antiseptic  
p r o p e r t i e s .  In none of  the other  compounds  subjected to microb io log i ca l  s creen ing  did we detect  any 
ant imicrobia l  act ivity.  
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TABLE 2. The Spectrum of the Antimicrobial 
Action of Biologically Active Compounds 

Test bacteria 
Com- 
pound 

VI 
VII 

XXXIII 

1 2 3 4 5 

Z - + 

6 7 

Legend: 1) Staphylococcus; 2) potato bacillus 
(,B. mesenterieus); 3) E. coli; 4) Salmonella 
typhosa; 5) Shigella flexneri; 7) Pseudomonas 
pyocyanea:+ fullbactericidal action; �9 bacter io-  
static effect; - no effect. 

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

5-Acetyl-2,2'-dithienyl (ID was obtained according to the method in r9]. 

5-(4-Carboxy-2-quinolyl)-2,2'-dithienyl (I1D was obtained according to the method in [4]. 

5-(4-Carbethoxy-2-quinoIyl)-2,2'-dithienyl (V). To 0.85 g of III in 26 ml absolute alcohol, 3.4 ml of 
concentrated sulfuric acid was added under cooling and stirring. The mixture is heated in a water bath for 
6.5 h, then neutralized with a 10% solution of sodium carbonate. Yield: 96%, mp 96-97~ (from a mixture 
of alcohol and acetone); Found, %: S 17.53. C20HlsNO~S ~. Calculated, %: S 17.80. 

IV was obtained in the same way. Yield 97%, mp 96~ (from an alcohol-acetone mixture). Found, %: 
C 65.68: H 4.11; S 18.14. CIgHl~NO2S 2. Calculated, %: C 65.73; H 4.14: S 18.24. 

Nitration of 5-(4-Carboxy-2-quinolyl)-2,2'-dithienyl (IID. To 3.37 g of Ill in 85 ml acetic anhydride 
was added, under mixing at 5~ a solution of diacetylorthonitrie acid obtained by mixing 1.95 gof Cu(NO3) 2 �9 3H20 

and 10 ml acetic anhydride and fi l teringoffthe copper salts. After introduction of the whole nitrating mix- 
ture, the reaction mass was left to stand for 2 h at 8~ and then for 2 h at room temperature.  The crysta l -  
line precipitate was filtered off, washed with water and dried. Yield 64.6%, mp 278-279~ (from dioxane). 
Found, %: C 56.49; H 2.57; S 16.42. C18H10N204S2. Calculated, %: C 56.53; H 2.63; S 16.79. The fil trate 
was poured into ice water (with ice); after hydrolysis of the acetic anhydride, the precipitate was fi l tered 
off, washed with water and dried. Yield, 23,6%; mp 249.5-251~ (from acetic acid). Found, %: C 56.45; H 
2.61; S 16.62. CIsH10N20r Calculated, %: C 56.53; H 2.63; S 16.79. 

5-(4-Carbomethoxy-2-quinolyl)-5'-formyl-2,2'-dithtenyl (XI). To 10 ml of phosphorus oxychloride, 
25 ml of freshly distilled dimethylformamide was added under cooling in ice water and stirring. After 10 
min, 5 g of finely ground IV was added in small portions. The mixture gradually acquired a red hue, 
turned darker and thicker.  The reaction mixture was gradually heated to 70-80~ continuing the st irr ing 
for another 3 h. When the mixture had considerably thickened 3-5 ml dimethylformamide was added. Then 
the reaction mixture was poured into cold water, thereby precipitating a dark brown sediment. The mix- 
ture was neutralized under cooling with a 10% solution of sodium carbonate. The now yellowish precipitate 
was fil tered off audair-dr ied.  Yield, 92.5%, mp 187-188~ (from an alcohol-acetone mixture). Found, %: 
C 63.19; H 3.47; S 16.98. C20H13NO3S2. Calculated, %: C 63.30: H 3.45; S 16.90. Semicarbazone (xxxD: 
rap 250-251~ (from an alcohol-acetone mixture). Found, %: C 57.71; H 3.65; S 14.26. C2tH16N403S 2. 
Calculated, %: C 57.78; 14 3.69; S 14.66. Thiosemicarbazone (XXXID: mp 224-225~ (from an alcohol-  
acetone mixture). Found, %: C 56.49; H 3.88; S 20.76. C21H16N402S 3. Calculated, %: C 56.63; H 3.891 
S 2O.53. 

5-(4-Carboxy-2-quinolyl)-5'-formyl-2,2'-dithienyl (VIII) was obtained like XI. Yield 50.2%, mp 302~ 
(from an alcohol-acetone mixture). Found, %: C 62.31; H 2.97; S 17.32. CisHiiNO~S 2. Calculated, %: 
C 62.45; H 3.04; S 17.55. 

5-(4-Carbomethoxy-2-quinolyl)-5'-acetyl-2,2'-dithienyl (XID. 9.5 g of phosphorus pentoxide was 
mixed with 5.5 ml of 90% orthophosphoric acid under cooling in ice water, gradually heated to 80-85~ 
and st irr ing was continued for another 1-1.5 h at the sametemperature .  The prepared polyphosphoric 
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acid was cooled to 20~ and I ml acetic anhydride was added. The next addition under stirring was 2 g 
of powdered IV. This addition raised the temperature to 34~ -When the mixture had considerably thick- 
ened 2-3 ml of glacial acetic acid was added. The reaction flask was heated to 50~ and this temperature 
was maintained under continuous stirring for another 3.5 h. The hot mixture was then poured on ice, neu- 
tralized with a 10% solution of sodium carbonate until the medium turned weakly acid, and left to stand 
overnight. The brown sediment was filtered off and air-dried. Yield 50%, mp 210~ (from an alcohol-ace- 
tone mixture) .  Found, %: C 63.95; H 3.75; S 16.37. C21HI~NO3S ~. Calculated,  %: C 64.08; H 3.82: S 16.30. 
Semicarbazone  (XXXIID: mp 253-254~ (f rom an a l c o h o l - a c e t o n e  mixture) .  Found, %: C 58.48; H 3.98. 
S 14.32. C22H18N403S 2, Calculated, %: C 58.65; H 4.03; S 14.23. Th iosemica rbazone  (XXXIV): mp 237- 
238~ ( f rom an a l c o h o l - a c e t o n e  mixture) .  Found, %: C 56.61; H 3.87; S 20.55. C22HIsN402S 3. Calculated,  
%: C 56.63; H 3.89; S 20.58. 

The Schiff Base  XXV. To a solution of 1.2 g of 5 - f o r m y l - 5 ' - n i t r o - 2 , 2 ' - d i t h i e n y l  in 200 m l  alcohol, 
0.46 g of f r e sh ly  dist i l led aniline was added. The mix ture  was boi led for  3 h in a wa te r  bath.  The sed i -  
ment  was f i l t e red  off, washed with alcohol and dried.  Yield 60.6%, mp 153-154~ ( f rom alcohol).  Found, 
%: C 54~ H 3~ S 19.22. Cl~H10N203S2. Calculated,  %: C 54~ H 3.05; S 19.41. 

The Schiff Base  XXVI. This  is  obtained in the s ame  way as XXV. Yield 74.4%, mp 161-162~ ( f rom 
alcohol).  Found, %: C 54.37; H 2.98; S 19.31. C15H10N203S2 o Calculated,  %: C 54.53; H 3.05; S 19=41. 

5 - (4 -Ca rboxy-2 -qu ino ly l ) -5 ' - n i t ro -2 ,2 -d i t h i eny l  (VD~ A por t ion of XXV (1 g) was dissolved in 35 ml  
of g lac ia l  acet ic  acid; 0.3 g pyruvic  acid was added by drops under  cooling and then 3 drops  of concen-  
t r a t e d  sulfur ic  acid.  The m i x t u r e  was heated in a wa te r  bath  for  1 h, then cooled and diluted with water .  
The p rec ip i t a te  was f i l te red  off and dissolved in ammonia .  The ammoniaca l  solution was neu t ra l i zed  with 
10% hydroch lor ic  acid, the p rec ip i ta te  was f i l t e red  off, washed with wa te r  and dried.  Yield 16.3%, mp 
278~ (f rom dioxane). 

5 - (Ca rboxy-2 -qu ino ly l ) -3 ' - n i t r o -2 ,2 ' - d i t h i eny l  (VID. Obtained like VI. Yield 18.8%, mp 249~ ( f rom 
glac ia l  ace t ic  acid). 

5 - (4 -Ca rbe t hoxy -2 -qu i no l y l ) -5 ' - n i t r o -2 , 2 ' - d i t h i eny l  (IX). A port ion of VI (0.21 g) was e s t e r i f i ed  by  
the s ame  method as for  V. Yield 80.0%, mp 187~ ( f rom benzene) .  Found, %: C 58.27; H 3.44; S 15.17. 
C20H14N204S2. Calculated,  %: C 58.52; I I 3.43; S 15.62. 

5 - (4 -Ca rbe thoxy -2 -qu ino ly l ) -3 ' - n i t r o -2 ,2 ' - d i t h i eny l  (X). This  was obtained in the s ame  way as IX. 
Yield 75%, mp 159-160~ ( f rom alcohol).  

5- (4-C arbomethoxy-2-quinolyl )  -5 ' - (4 -ca rboxy-2 -qu ino ly l )  - 2 ,2"d i th i eny l  (XXVID. A mix tu re  of 0.5 
g XII, 0.6 g isat in,  2.3 m l  of a 28% aqueous po tass ium hydroxide solution, and 60 ml  alcohol was heated  
under  re f lux  and f i l t e red .  The cooled f i l t ra te  was acidified with dilute acet ic  acid.  The amorphous ,  c l a r e t  
r ed  sediment  was f reed  by hot wa te r  of the excess  isat in .  Yield 73.5%, mp 297-305 ~ ( f rom dioxane). 

5 ,5 ' -D i - (4 -ca rbomethoxy-2 -qu ino ly l ) -2 ,2 ' -d i th i eny l  (XXVIII). This  was obtained by the method used 
for  V. The r eac t ion  continued for  12 h. Yield 10%, nap 269-271~ ( f rom a 1 : 1 mix tu re  of d i o x a n e - a c e -  
tone).  

5- (Ca rbomethoxy-2 -qu ino ly l ) -5 ' - ca rboxy-2 ,2 ' -d i t h i eny l  (X:XIX). A 15% aqueous potas  s lum hydroxide 
solution (20 ml) and 10 drops  of b rom i ne  were  mixed  under  cooling by ice water;  then 0.5 g f inely pow- 
dered  XII was added. The reac t ion  mix tu re  was gradual ly  heated  to 70-80~ under  s t i r r ing  and the l a t t e r  
was continued at the s a m e  t e m p e r a t u r e  for  4-5 h until a homogeneous  br ight  yel low suspension had been 
formed;  this  was diluted with wa te r  until full dissolut ion and acidif ied with 10% hydrochlor ic  acid. The 
p rec ip i t a te  cons is ted  of r ed  f lakes,  mp 250 ~ (decomposit ion).  The methyl  e s t e r  (XXX) was obtained as 
for  V; mp 143-145~ ( f rom an a l c o h o l - a c e t o n e  mixture) .  Found, %: C 60.03: H 3.64; S 15.94. C21HtsNO4S2. 
Calculated,  %: C 60.16; H 3.69; S 15.66. 

The acid of XXIX was obtained like the e a r l i e r - d e s c r i b e d  acid of XI. It was used  for  the synthes is  
of the methyl  e s t e r  XXX in the way desc r ibed  for  V; mp 145-147~ ( f rom an a l c o h o l -  acetone mixture) .  
Found, %: C 59.89; H 3.59; S 15.82%. C2iH~sNO4S 2. Calculated,  %: C 60.03; H 3.64, S 15.66%. 

N-Subst i tuted Amides  (XIII-XXIV). Thionyl chlor ide (8 ml) is added to a suspension of, r e spec t ive ly ,  
0.005 moles  III, VI, and VII in d ry  benzene.  The mix tu re  is  boiled on a wa te r  bath for  1 h, and the excess  
of benzene and thionyl .chloride is  dis t i l led off to d rynes s .  The res idue  is washed with benzene,  50 ml  ben-  
zene is  then added, and the solution of the cor responding  amine (0.012 moles)  in 5 ml  benzene.  The mix tu re  
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is boiled over a water bath for 1 h, and the precipitate is filtered off, washed with water, and dried. The 
character is t ics  of the compounds XIII-XXIV obtained are presented in Table 1. 

IR spectra were measured by V. I. Pavskii on an IKS-14 speetrophotometer in the 1800-660 cm -i 
region in potassium bromide pellets. 
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