
S Y N T H E S I S  AND A N T I M I C R O B I A L  A C T I V I T Y  

2 - (  1 -  N A P H T H Y L ) - T H I O P H E  NE D E R I V A T I V E S  

N. V. S t u l i n ,  A. E .  L i p k i n ,  
D. A. K u l i k o v a ,  a n d  ~ .  A. R u d z i m  

OF C E R T A I N  

UDC 615.281:547.73 

It is known from the l i terature [1-4] that compounds containing thiophene rings frequently possess 
antimicrobial propert ies.  In the quest for new, highly effective bacterial  preparations in the thiophene 
ser ies  we synthesized for the f i rs t  time 5-formyl-2-(1-naphthyl)-thiophene (I)and 2-(1-naphthyl)-5-thio- 
phenecarboxylic acid (II) and studied their  antimicrobial effect. 

2-(1-Naphthyl)-thiophene, necessary  for the synthesis, was obtained by the method of [5]. Its formy- 
lation with dimethylforrnamide in the presence of phosphorus oxychloride gave aldehyde (I), the oxidation 
of which yielded acid (II), while Kizhner reduction gave 5-methyl-2-(1-naphthyl)-thiophene (HI). 

~-~6r~o 

To confirm the s tructure of the synthesized compounds their  IR spectra were measured. A band is ob- 
served in the IR spectrum of(I )  in the region of 1664 cm -1, which should be assigned to carbonyl s tretch-  
ing vibrations. The carboxyl in (]I) gives a band in the region of 1685 cm -1. The methyl group in (HI) 
appears in the regions of 1390, 1480, and 2900 cm -1. 

The position of the CHO group in (I) was established by its transformation to compound (HI), which 
is easily mercurated, going to the diacetoxymercury derivative having mp 214-217 deg (dec.). 

Substitution of two, and not three, hydrogen atoms by the HgOCOCH 3 group makes it possible for us 
to propose that formylation of 2-(1-naphthyl)-thiophene occurredin position 5 of the thiophene ring. 

The structure of (HI) was confirmed by its synthesis from 5-methyl-2-thienylmagnesium bromide 
and ~ -tetralone with subsequent dehydration and dehydrogenation of intermediate reaction products by the 
scheme: o 

OH.)OOOn 9 -]]--'~ngOCOOn5 
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TABLE 1. Minimum Concentra t ions  Depress ing  Growth of 
M i c r o o r g a n i s m s  (#g /ml )  

Compound 
St imula tor  

Staphylococcus 209-R 
St rep tococcus  295 
Pneumococcus  type I 
Diphther ia  bac i l lus  R-8 
Anthracoid  bac i l lus  1312 
E s c h e r i c h i a  coli  675 
Baci l lus  pyocyaneus  165 
Salmonel la  typhosa  1196 
Dysen te ry  baci l lus  2a-516 
P ro t eus  vu lgar i s  5-26-1II  
Candidias is  inducer  
Tr ichophytos i s  inducer  
M i c r o s c o r o s i s  inducer  
Tubercu los i s  baci l lus  in medium:  

without s e r u m  
with s e r u m  

I II 

12,5 
>I00 
31.5 
6,25 
6,25 
>i00 
>I00 
>i00 
>i00 
>I00 

20.9 
3.9 
7.8 

6.25 
100 

12.5 
>100 

31.5 
12,5 
6,25 
>100 
>100 
>100 
>100 
>100 

5OO 
7,8 
7,8 

11,5 
200 

Compound (KI t is ea s i ly  m e r c u r a t e d ,  giving 3 ,4 -d i ace toxymercu r i -5 -me thy l -2 - (1 -naph thy l ) - th iophene .  

The identi ty of  both s amples  of compound (KI) was conf i rmed  by e lementa l  ana lys is  data, IR spec t ra ,  
and the absence  of a mel t ing point depress ion  of a mixed sample  of  d i a c e t e x y m e r c u r y  de r iva t ives  obtained 
f r o m  these  s ample s .  

The an t imic rob ia l  ac t iv i ty  in a t e s t  tube was studied by the method of two consecut ive  cul tures  on a 
liquid cul ture  medium~ Tes t ing  was c a r r i e d  out on a s p e c t r u m  of 14 s t ra ins ,  including five f o r m s  of G r a m -  
posi t ive  b a c t e r i a  (s taphylococcus ,  s t rep tococcus ,  pneumococcus ,  d ip ther ia  baci l lus ,  an th raco id ) ,  five fo rms  
of G r a m - n e g a t i v e  baci l l i  (Esche r i ch i a  colt, Baci l lus  pyocyaneus,  Salmonel la  typhosa,  dysenter ic ,  proteus) ,  
th ree  f o r m s  of pathogenic fungi ( inducers  of candidiasis ,  t r ichophytos is  and m i c r o s c o r o s i s  t ,  and also tu-  
b e r c u l a r  baci l lus  of the human type (MAkademiya" s t ra in)  o Exper imen t s  were  c a r r i e d  out on a Sutton 
med ium with the l a t t e r  s t imulant  (without prote in  or  with addition of 10~/0 ho r se  s e r u m ) ,  on Hott inger  boui l -  
lon with o ther  bac te r i a ,  and on Subbarow medium with other  fungi. The r e p o r t  of methods p resen ted  in the 
handbook [6] was followed in detail .  

Resul ts  of  invest igat ions  a re  p r e sen t ed  in Table 1, f r o m  wllich it  is seen  that  p r epa ra t ions  (I) and 
(II) p o s s e s s  modera t e  (and app rox ima te ly  ident ical ly exp res sed )  act ivi ty  in re la t ion  to G r a m - p o s i t i v e  bac -  
t e r i a :  Minimum bac t e r io s t a t i c  concent ra t ions  va ry  in the range  of f r o m  6 to 30 # g / m l  for  four of the five 
studied s t r a ins  ( s t r ep tococcus  is insens i t ive  t .  Both compounds do not dep re s s  growth of G r a m - n e g a t i v e  
baci l l i  in concent ra t ions  of 100 # g / m i  and l e s s .  

Both m a t e r i a l s  a r e  highly act ive  in re la t ion  to dermatophyte  fungi: Minimal mycos ta t i c  concen t ra -  
t ions a r e  4 -8 /~g /ml .  The eandidias is  inducer  was found to be sens i t ive  to compound (I) but not to compound 
(1I). Moderate  tuberculos ta t ic  effect  of both compounds displayed i n a m e d i u m w i t h o u t p r o t e i n w a s  v i r tua l ly  
comple te ly  r e m o v e d  upon addition of serum~ 

The fu r the r  synthes is  of new der iva t ives  of  compounds( I )  and (II) is of  i n t e r e s t  for  the purpose  of 
sea rch ing  for  effect ive chemotherapeu t ic  p repa ra t ions .  

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

IR s p e c t r a  were  m e a s u r e d  on an IKS-14 spec t ropho tome te r  withanNaC1 p r i s m  in KBr pel le ts  in the 
region of 3000-690 e m  - i .  

5 - F o r m y l - 2 - ( 1 - n a p h t h y l  t - th iophene (It �9 To a mix tu re  of 12.6 g of 2-(1-naphthyl)- thiophene and 5.5 g 
of d ime thy l fo rmamide  gradual ly  was added 10.8 g of phosphorus  oxychloride;  the mix ture  was hea ted  on a 
w a t e r  bath until  l ibera t ion  of hydrogen  chlor ide  ceased  and was  neu t ra l i zed  with a sodium b icarbona te  
solution. Unreac ted  product  was s t eam-d i s t i l l ed .  Yield 85%, mp 72-73 deg ( f r o m  an e t h a n o l - b e n z e n e  
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mixture) .  Found, %: C 75.33; H 4.34. C15H10OS. Calc. ,  %: C 75.60; H 4.26. Semicarbazone:  mp 198-199 ~ 
( f r o m  ethanol) .  Found, %: C 65.07; H 4.60; N 13.96. C1GHt3N3OS. Calc. ,  %: C 65.06; H 4.43; N 14.22. 

5 -Methy l -2 - (1 -naph thy l ) - th iophene  (III) .  A mix tu re  of  3.5 g of  (I) and 4 ml of hydraz ine  hydrate  in 
15 ml of ethylene glycol was boiled for  10 min, 4 g of powdery po ta s s ium hydroxide was added, and the 
mix ture  was heated  until l ibera t ion  of ni t rogen ceased .  The oily l ayer  was ex t rac ted  with e ther  and dried 
with sodium sulfate.  The e ther  was dis t i l led and the res idue  was dist i l led in vacuum. Yield 33%, bp 171- 
175 ~ (4 ram) .  Found, %: C 80.01; H 5.40; S 14.32. C15H12S. Calc. ,  %: C 80.31; H 5.38; S 14.39. 

D i a c e t o x y m e r c u r y  Der iva t ive  of  ( I II) .  Compound (III) was obtained by heating a solution of 0.5 g of 
m e r c u r y  oxide in 5 ml of glacial  ace t ic  acid and 0.2 g of (III) for  1 h. Upon dilution with 25-30 ml of wa te r  
a white c rys ta l l ine  powder prec ip i ta ted .  It  was f i l tered,  washed with wa te r  and benzene,  and dried at  100- 
105 ~ Yield was quanti tat ive:  mp 214-217 ~ (dec.).  Found, %: C 31.97; H 2.31. C19Ht6Hg204. Calc. ,  %: 
C 32.21; H 2.20. 

2 - (1 -Naph thy l ) -4 - th iopheneca rboxy l i c  Acid (1I)o To 2 g o f ( I )  in I0 m ! of  pyridine was added in drops  
a solution of 1 g of po ta s s ium pe rmangana te  in a mix tu re  of 12 ml of pyridine and 6 ml of wa te r  at  a t e m -  
p e r a t u r e  of  50-60 ~ The manganese  dioxide was f i l te red  and the solvent  was dist i l led.  To the res idue  was 
added 10-15 ml  of wa t e r  and the mix ture  was acidif ied with hydrochlor ic  acid with cooling. The p rec ip i -  
ta ted c r y s t a l s  were  f i l tered,  washed with water ,  and dr ied  in a i r .  Yield 69%, mp 202-204 ~ ( f rom aqueous 
ethanol).  Found, %: C 71.30; H 4.26. C15H1002S. Calc . ,  %: C 70.84, H 3.96. 

5-  Methyl -2-  [1-(3,4-dihydronaphthyl)  ] - thiophene (IV).  The Gr ignard  r eagen t  was p r epa red  f r o m  10.5 
g of  2 -b romo-5 -me thy l th iophene ,  1.4 g of  magnes ium,  and 30 ml  of  e ther ,  to which a solution of 6.9 g of  
a - t e t r a l o n e  in 10 ml e the r  was added, maintaining boiling of the mixture .  The mixture  was heated for 30 
min on the wa te r  bath and cooled; the magnes ium complex  was decomposed  with ice.  The e ther  l aye r  was 
s e p a r a t e d  and the aqueous l aye r  was ex t rac ted  with e ther .  The e the r  ex t r ac t s  were  dr ied with magnes ium 
sulfate and the e the r  was dist i l led.  To the obtained oil was  added 3.5 ml of acet ic  anhydride and the mix-  
ture  was heated  for 30 min on a boiling wa te r  bath. Acet ic  anhydride was dis t i l led and the res idue  was 
f rae t iona ted  in vacuum. Yield of  pa le -ye l low oil was  4.1 g, bp 204-208 ~ (12 m m ) .  Found, %: C 79.73; 
H 6.40. C15H14S. Calc. ,  %: C 79.59; H 6.23. 

Dehydrat ion of  Compound (IV) .  A mix ture  of 15 g o f ( IV)  and 2.3 g of sulfur  powder was heated  a t  
220-2~0 ~ until l ibera t ion  of hydrogen  sulfide ceased.  The heavy  oil was  dis t i l led in vacuum. Yield of (HI) 
was 12.6 g (84%) ,  bp 172-175 ~ (4 m m ) .  Found, %: C 79.95; H 5.38; S 14.32; C15H12S. Calc. ,  %: C 80.31; 
H 5.38; S 14.29. 

3 , 4 -D iace toxymercu r -5 -me thy l -2 - (1 -naph thy l ) - t h iophene .  This compound was obtained as desc r ibed  
above.  Yield was quanti tat ive,  mp 214-217 ~ (dee . ) .  Found, %: C 31.83; H 2.38. C19H16Hg204. Calc. ,  %: 
C 32.21, H 2.20. 
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