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r V r m T I A L  MTlCtWCEK AGENl3: PHARMACOLCGICUY ACTIVE BEX7Ofb)lRIO?HE!JE DFRIVATIVES 

Sayced Saraf*, Mustafa Edun,and M u h m d  &ram Khan 

Chrnisrry Department, Kuwait University, Kuwait 

- The synthesis of mrential antitmr cmpounds nimly, 5-bis12-fchlor.octhyl)- 

armn~f3-benro(b)thi~.nyl)I-01-aminopropionic acid and 5-bisII2-ch1oroethyl)munino-benio- 

(b)thiophene)]-3-propionic acid, using the key intermediate 5-n i t ro -3mthy lbenzo(b) ih io -  

phene, is described. 

Alkylating agents of various iypes probably constitute the largest single group of antit-r agents 

and of these nitrogen nnrstar'ds hare received most attention. One of the m s t  useful alkylating 
2 

agents i n  the clinic1 is chloroambucil, 41bisf2-c1iloroetlryl)mlnojphenylbutyrlc acid (1). Simi- 

larly, sarcolysin (11) is very active against the srmdard three-L-r systm as well as against 

Walker Sarcana 256. 3 

If one accepts the so-called "carrier" hyporhesls as it relates to mechanism of drug action, the 

observation of Cole and ~athews~ that labelled tryptophan is localized in a metasratic hum.?" t m r  

to a considerably greater extent than in certain n o m l  tissues, becanen of interest ,md suggests 

 hat the scheme m y  be used to direct the phamcdynamic mustard funcrion selectively to mlignant 

Cells. ~riggle' has suggested that the carrier portion of the molecule must fit s a x  part of the 

site of actmn of such drugs results frm an intially reversible adsorption of the carrier portinn 

of this site. C l l ; l p ~ n  et al.6'7 have observed considerable pharmacological activity in a nurnixr of 



benzo(b1thiophenfs particularly in 5-br--3-(N-2-chlorcrthyl-N-ethylaminoethyl)knzo(b)thiophene 

(111). This cnnpound proved significantly active as an m t i t m r  agent, which showed that benm(b)- 

thiophene nucleus acts as an effective carrier portion of the molecule. We decided therefore to 

syrlthesise the 5-substituted mustard (IVj of benzo(h)thiophene analog of tryptophan and 3-propionic 

acid derivative (Vj for. evaluation of their biolc%icnl activity. 

I V .  R = - C H - C O O H  

The key intermediate 5-nitro-3-methylbenro(b)thiophene fV1j was prepared according to the procedure 

of C h a p n  el al. 8 

Branination of fVIj with N-hrmsuccinimide i n  boiling c a r h n  tetrachloride r.esnlted in tile f o m -  

tion of 3-bromcmethyl compound fV1Ij which reacted mux~chly with diethyl acetamidanalonate in the 

presence of sodium ethonlde to give Lhe diethyl 5-nitro-3-benzo(bjth1eeyl acetnmidmlonate (VIII) 

in 80% yield. 

m e  nitro diester (VIII) w n s  reduced with Raney nickel and hydrazinc hydrate in ethanol to give the 

1 amino diester (1x1 :is a crystalline solid in 85% yield which was characterized by its i.r. and I1 - 

n.rn.r. spccl.ra. 

The amino diester (1% reacted with ethylene onde in methanol i n  the presence of catalytic mount 

of p-t~l~enes~lphoni~ acid over a perlod of 24 h yielding the bis-hydroxyethylated canpound (XI as 

a thicb viscous liquid which Crystallized frm ethanol as n colourless powder in 75% yield. Its 

infrared spcctrtm conveyed a strong hydronyl absorption at 3300 cm-' which distinctly blended with 

1 
the mino absorption of the acetmido group. The characteristic feature of its H -n.m.r. spectrum, 

recorded in deutei-ated chloroform, was the appearance of an eight-proton mltiplet having a chmical 

shift in the range 6 3.46-3.83,  which was allocated to the bis-hydrnxyethyl protons on the basis of 

1 the H -n.rn.r. spectnlm of thc precursor. (1x1. 
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Rllen (X) was allowed t o  r e a c t  with f r e s h l y  d i s t l l l d  thionyl c h l o r i d e  i n  chlor . r~fom, the  dnsircd 

blocked srustiird (XI) was o ta ined  as :i co lour less  s o l i d .  Hobever, due t o  the  e r r r e n r l y  hygroscopic 

n a t ~ ~ r e  of the  cmpound, i t  could nor he i so la ted  i n  pure form. In t h i s  rcaction no harmin iype 

canpound (X11) was i s o l a t e d .  

Hydr~nlgsis of the  blocking groups with concentrated hydrochloric a c i d  a r  r e f l u x  pr,ireeded very 

s m n t h l y  t o  afford t h e  mstarci (1Y) as a c r y s t a l l i n e  precipitate i n  low yield. The amino actd ms 

bes t  p rec ip l i a ted  by careful adjustment of t h e  hydrolysate  ro pH 5-6 with sa rura ted  sd im hydrogen 

c a r b n a t e  s o l u f m n .  

The preparar ion of t h e  propionic acid mustard ( Y  ) silarted f r a n  .5 -n i t ro -3-brmthylbcnzo(b) th io-  

phene (\TI). R c a c ~ i o n  of (V11) n t h  a l a r g e  excess of d i e t h y l  m l o n a t e  i n  a lcoho l ic  so lu t ion  of 

sodium ethoxide afforded the substituted mlonic aster (X111) as a c r y s t a l l i n e  s o l i d  of mp 95-96°C. 

m e  use of m l l e r  m u n t  of d i e r h y l  m l o n a t e  gave d i e t h y l  bis(5-benro(b)thiophene-3-y1mit~iyl)mlo- 

nate of mp. 198-199°C as a major product of the  reac t ion .  Saponi f i ca t ion  of XI11 followed by ac id i -  



COOEt 
I  

COOH 
I  

CHiCH-C00H 

V I I  X l l l  X I V  

CH,CH, COOMe CHr CH2COOMe 

X V l l  X V I  x v  

fication, afforded a solid ass-d to be the diacid KIV, whicll was decarboxylated at 180-190°C to 

the propionic a c ~ d  (XV).  The overall yield of (XV) fran (VII) was 57%. 

Convcntinnal esterlficntion followed by reduction with hydrazine nydriite in the presence of Raney 

nickel, yielded the ,mino ester (XVTI) as a light pik cdloured solld in 92% yield. 'The bis(2- 

hydroxyethy1)mine (XVIII) was obtained as a viscous oil wh~ch did not crystallize. Treatment of 

XVIII with thionyl chlonde in chloroform afforded the bis(2-chloroethy1)mne (XIX) as a crystal- 

line solid in low yield. Use of pyridine as a solvent gave only dark intraclable products. Hydru- 

IySis of XIX with concentrated hydrochloric acid fullowed by ad,]ustmnt to pH 5-6 with saturated 

s d ~ m  hydrogen carbonate solution gave the required canpound (V) as tan coloured crystals in 19.5% 

yield. 

Melting points were determined in capillary tubes (electro-themla1 melting point apparatus) and are 

uncorrected. Infrared (1R) spectra (KBr disc or thin film) were measured on Perkin Elmr 520B spec- 

1 
trophot-ter. The H -NMR spectra were obtained with a 60 hnlz Varian T60 A Spectr-ter in the 

indicated solvents. Chemical shifts and coupling constants were measured in ppn ( 6  ) and J (Hz) with 

respect to W S .  Microanalyses were p e r i o d  by Prof. Malissa and G. Reuter, Analytisches Labora- 

torim, BHD. 
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Renmyl peroxide (500 ql was added to a vigorously stirred solution of 3il~thyl-5-nitrobcnzo(b)thio- 

phene (VI) (20 g, 0.102 mle) in pure dry carbon tetrachloride (1200 mll. N-Brormsuccinimide (18.2 g, 

0.102 mlel was addM i n  -11 portions to the boiling mixture which was irradmted by two 200 W 

electric bulbs. The mixture was refluxed for 1.5 h, cooled and filtered. Concentration of the fil- 

trate m to ca. 50 ml caused mst of the product (V111 to precipitate out. Recrystallisation 

fr.m benzene gave (VlI), as yellow needles, mp 162-183T, yield 16 g (58%), IR (mr) ( "cm-'): 3100 

1 
(armtic C-H), 1340 (NO2); H-hm (CCCl31: 4.8 (2H, s, <ti - R r ) ,  7.2-8.4 (4H, m, armktic protons). 2 

Anal. Calcd. for C9H6BrNO2S: C, 39.72; H, 2.22; N, 5.14. Found: C, 39.38; H, 2.16; N, 4.95. 

Diethyl acetmido(5-nitro-3-knzo(bIthieny1methyllmalonate (YIII) 

To a solurion of sodiwn (2.3 g, 0.10 g. a r m )  in absolute ethyl alcohol (200 mll was added ethyl 

acetamid-lonate (21.7 g, 0.10 mole) followed by b r m  canpound (VII) (27.29 g, 0.10 mole1 in swll 

p r ~ i m s .  m e  mixture was refluxed with stirring for 3 h and then poured into cold water (1000 ml). 

The precipitate was filtered, washed with water. and dried. Recrystallisatmn frm benzene gave 

(VIII), yellow needles, mp 172-173"C, ylrld 34.6 g (65%); IR (KBr) ( vcm-'): 3350 (NH]. 1760 (ester 

C=O), 1670 (amide C=JJ); 'H-NXR (CDC13): 1.27 (6H, t, J 7, (g$H2-)21, 2.0 (3H, s, a3CONH), 3.97 

(2H, s ,  Ar<C2-), 4.23 (4H, q, J 7, (CH@2-)21, 7.03 (lH, bs, CH3CON1t), 7.3-8.3 (4H, m, armtic 

pr.otons1. Anal. Calcd for. C185120N207S: C, 52.91; H, 4.90; N, 6.86. Found: C, 52.78; H ,  4.93; N, 6.75. 

To a solution of tho nltro ester (1'111) (20 g, 0.05 m h )  in ethyl alcohol (150 ml) was add& 85% 

aqueous hydrarine hydrate (20 ml) followed by Raney nlckel catalyst ( 2g). men the initial iigo- 

~ O U S  reaction had subsided m r e  aatalyst (0.5 p) and hydrailne hydrate (5 ml) were added and the 

mixture was refluxed for 1 h. The catalyst was filtered off and the remainmg solution was treated 

With charcoal, heated and filtered. Rmual of the solvent yielded a viscous 011 which on scratchirlg 

solidified. Recrystallisation fi,m ethyl alcohol gave (1x1, colourless plares, mp 125-126"C, yield 

1 
17 g (17%); IR (KBr) ( ucnill, 3420, 3330 3250 (NH2, NH), 1740 (ester C=O), 1660 ( W d e  -1; H-NMR 

(m13); 1.26 (6H,  t, J 7 (CH2CH212), 1.93 (3H, s, g13!3CONH), 3.70 (2H, bs, i\r.NX2), 3.80 (2H, 5 ,  Ar-CH_Z), 

4.26 (4H, 1 ,  J 7 (CH CH ) ,  6.96 (lH, bs, CH3CO~l, 6.5-7.7 (4H, m, a r m t i c  protons], Anal. Calcd 
3 -2 

for Cl8HZ2N2O5S: C, 57.14; ti, 5.82; N, 7.40. Found: C, 57.00; H, 5.80; N, 7.36. 

TO an ice cold suspension of the amino diester (1x1 (15.0 g, 0.04 mle) in methyl alcohol (150 mll 

containing p-toluenesulphonic acid (150 !q) was ldded ethylenc oxide (30 ml) and the mixture was 

stirrni at 25'C for 24 h. A snturared solution of NatJC03(10 ml) was added. Evaporation to dryness 



in yielded a residue which was extracted with dichlor-thane (50 ml), the extract was washed 

with water (50 mi) and dried (MgSOq). Rmval of solvent gave a gumny residue which after evacuation 

on an oil pump for 2 h followed by scratching, solidified. Recrysta:lisation frm ethyl alcohol 

afforded (X), mp 129-13O0C, yield 17.3 g (57%); 1R (KBr) (vm-I), 3300 (NH, OH), 1740 (ester >Go), 

1650 (amide OW); 'H-NMR (ClX13): 1.06 (6H, t, J 7 lClJ3CH2)), 1.86 (3H, s, E3CONH), 3.0-4.0 (2H, 

br, (CH2CHg3, 3.46-3.83 (8H, m, li,g24H)2), 3.85 (2H. s ,  Ars2), 4.06 (4H, q ,  d 7, (CN~CX~)~), 

6.90 IIH, bs, CH3COm), 6.5-7.6 (4H, m, armtic protons). Anal. Calcd for C22H30R207S: C, 56.65; 

11, 6.43; N, 6.W. Found: C, 56.52; 11, 6.42; N, 5.86. 

TO a solution of the bishydronyethyl canpound (X) (13.98, 0.03 rule) in dry chloroform (150 ml) was 

add& freshly distilled thionyl chloride (10.7 g ,  0.09 mole). The mixture was r'efluxed for 2 h. 

Hmval of the solvent and excess thionyl chloride left a residue which solidified in dry ether. 

Recrystallisation fran ethyl alcohol gave (XI). The product was entrmly hygroscopic and could nor 

be isolated in pure form. The strong hydroxyl absorption apparent in the IR of precursor' (XI was 

absent in the iR s p e c t m  of the product (XI). IR (hZr.1 ( V  &'), 3400 (NH), 1740 (ester >C=O), 

1670 (amide >C=). The product was used directly fur. rhe next step. 

A soiution of the blcxked mustard (XI) (12.5 g) in concentrated hydrochloric ncid (125 ml) was heated 

under reflux for 5 h. The solution was cuoled and its pH adjusted Lo 5-6 with a saturated NaHm 
3 

sohitim. After overnight chilling the solid was filtered, rashed wl~h rater arld dried. The product 

(IV) was obtained as pink crystals, yield 4.9 g (50%), which had no definite mp. It shwed gradual 

decunposition above 190'C. 'KC analysis: single spt in solvent systm (isoprapyl alcohol 2-N, 

Hydrochloric acid) identified by ninhydrin spray. A typical Zwitterionic amino ncid infrariii spec- 

t r rm was obtained for. (1V). IR (KRr) ( vcm-'), 2500-2600 (N'H~), 1600 (CO2-). Anal. Calcd for  

C15H17C12N202S: C, 50.00; H, 4.75; N ,  7.77; C1, 19.68. Found: C, 50.40: H, 4.82; 3 ,  7.55; C1, 19.42. 

Tu a solution of s d i m  (2.3 g, 0.10 g.  atan) in absolute ethyl alcohol 1100 ml) was added diethyl 

mlonate 164.08 g, 0.4 rule) followed by 3-brmthyl-5-ni troOeoezo(b)thiophene IVII) (27.2 g, 0.10 

mle) in smll portions. The mixture was refluxed with stiming for 3 h and then poured into cold 

water. The precipitated solid was filtered, washed with water and dried. Recrystallisation fran 

ethyl alcohol afforded the diethyl ester (XITI) as yellw needles, mp 97-58°C. yield (85%); IR IKBr) 

( van-'), 1730 (ester >C=O), 1340 (NO 1; 'H-NDIR (CCC13): 1.26 (6H, t J 7, (Cf12Cli2)2), 3.23 (2H, d, 

J 7, Ar-@ CWO, 3.75 (lH, t, J 7, Ar-CH2-CHO, 7.2-8.4 (4H, m, arcmatic protons); Anal. Calcd. iur .  

CI6Hl7N 06S: C, 54.70; H, 4.84; N, 3.98. Found: C, 54.70; H, 4.73; N, 4.23. men the reaction was 
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pr.oduct i so la led  was a cmpound, rnp 198-199"C, postulated t o  be die thy l  his-(5-nitrobenro(b)thienyl- 

3-methyl)mlonate. .Anal. Calcd for C25H22ij208S: C. 55.30; H ,  4.05; N ,  5.16. Found: C, 55.11; 

H ,  4.05; N ,  5.14. 

A so lu t ion  of t h e  M l o n i c  ester ( W I )  (35.1 g ,  0.10 mmlel i n  ethyl  alcohol  (200 ml) and 10% sodium 

hydroxide s o l u r m n  (300 ml) ms refluxed for  3 h and the alcohol was evaporated _Invacuo. The 

aqueous residue was d i lu ted  with water (750 ml) t o  d i sso lve  the cr .ystal l ine s o d i m  s a l t  of t h e  pro- 

ducr. The resu l t ing  so lor ion  was made s t r o m l y  a c i d i c  witti conc. hydrocloric  ac id  and ex t rac ted  

with ethyl  a c e t a t e  ( 3  n 500 ml) and dr ied  lMgS04). Evaporation of the solvent  gave yellow c r y s r a l s  

preswmd to be d iac ld  (XIV). The m r e r i a l  was heated a t  180-lW°C for. 0.75 h after which the cvolu- 

l i o n  of CO pas ceased. Tnc melt was en t racred  r l t h  dichloroeihane severa l  rimes. The cnnbirled 
2 

e x t r a c t s  were left s tanding ovfrrnpht  affor.ding t h e  acid (XV) as  l i g h r  brown p l a t e s ,  mp 199-200'C, 
-1 

y ie ld  20 g (85%); IR ( m r )  I Vcm I :  3340 (broad (OH), 1710 (acid >Ca), 1340 (SO ) ;  Anal. Cnlcd 2 

for C H NO S. C ,  52.90; H ,  3.61; N ,  5.57. Found: C, 52.99; t i ,  3.69; N ,  5.39. 
1 1 9  4 '  

A so lu t ion  of t h e  acid ( X V )  (12.5 g ,  0.05 m l e )  i n  merhyl alcohol (250 ml) containing conc. H SO 2 4 

acid (1  ml) was rrf luned for 4 h and evaporated t o  dr.yncss m. The residue was  dissolved 

i n  d l c h l o r m r h o n c  (100 mi), washed with sa tura ted  NaHC03 so lu t lon  (20 rnl) and the orgnnlc l ayer  

dried (MgSOq). Evaporation yielded a dark colourcd residue n,hich was chmmtogmphed on a c o l m l  

of alumina. Elution with ether. afforded t h e  desired methyl esrer (XVI) whlch c r y s t a l l i s e d  from 

1 
e rhy l  n l c o ~ ~ o ~  as p u k  needles,  mp 1 1 0 - 1 l l " ~ ,  y ie ld  11 g (80.7%); IR ( m r )  ( v c m -  1; 1735 ( e s t e r  

1 
>C=o), 1340 (NO2); H-NMA (CCC13): 2.83 (2H, t ,  J 7 ,  Ar-LC 2 C O p ) ,  3.26 (2H, t ,  J 7 ,  hK_i!2CH2C02hle), 

3.66 (3H, s ,  CO w), 7.6-8.4 (4H, m, aromatic protons) .  Anal. Cnlcd for  C121111N04S: C, 54.30; 
Z 

H ,  4.18; N ,  5.18. Found: C ,  54.48; H ,  4.33; N ,  4.81. 

The preparat ion of t h i s  canpound was car.ried out  nccordinR t o  t h e  procedure described previously for 

canpound ( I X ) .  The m i n o  cmpound (W11) c r y s t a l l i s e d  f r m  ethyl  alcohol  as pi* p l a t e s ,  mp 126-127T, 

1 
y le ld  (80%); IR ( m r l  I Ucrn- ): 3440, 3460 (MI2), 1724 ( e s t e r  Z n ) ,  the re  was no W 2  hand near 1340; 

H ( 1  ) 2.76 (2H, t ,  J i ,  b m 2 - ~ 2 2 0 3 p ) ,  3.00 (ZH, t, J 7,  A I ~ ~ C H ~ ~ ~ ~ M ~ ) ,  2.7-3.3 (ZH, bs,  
3 ' 

NY21. 3.63 (3H, s ,  -CO&l, 6.6-7.8 (4H, m, a r m t i c  protons) .  Anal. Cnlcd for C12H13N02S: C. 65.73; 

H ,  5.97; N ,  6.38. Found: C, 65.61; H , 5 . 9 ; ;  N ,  6.25. 



Methyl [5-bis(2-hydroxyetbyl)aminobcnzo(b)thiophenel-3-~-propionate (XVIII) 

The preparation of this canpound followed the procedure described for cmpound (XI above. Canpoluid 

1 
(WIII) was obtained as a yellowish syrup, IR (thin film) ( v &  1: 3400 (OH), 1739 (ester > M ) .  

The oil could n o t  be crystallis& and was used as such for the next step. 

This cmpound was prepred according to the procedure described for canpound (XI). Recrystallisation 

frm ethyl alcohol afforded (XIX), colourless needles, mp 136-13i0C, yield (55%); 1R (KLir) ( ucm-'): 

1740 (ester >C=O). Anal. Calcd for Cl6Hl9Cl2NO2S: C, 53.33; It, 5.27; N, 3.66. l'ound: C, 53.01; 

H, 5.18; N, 3.68. 

A suspension of the ester (XIX) (20 g, 0.56 mle) ~n conc. l1Cl (100 ml) mias heated under reflnx 

with strr'ing for 5 h. The reactmn mixture was cwled overnight and its pH was adjusted to 5-6 

with B saturated NaHCO solution t.- give n precipitate u l ~ l c h  *:as filtered, washed uith rater and 3' 

dried. Recrystallisation frnn ethyl alcohol yielded the proiluct ( V )  as n li~ht brown powder, mp 

146-147T, yield 4 g (19.5%); 1R (ialr) ( ucm-'1: 3400 (broad OH), 1710 (acid > M ) ;  lll-m~ (DhlSO-d6): 

2.66 (2H, br ,  J 7, CH-CH2~2H), 3.05 (2H, bt, J 7, CH2CH2C02H1, 3.57-3.83 (8H, m, mared by EMSO 

signal, -NCH CH Cl)), 6.66-7.75 (4H, m, armtic protons). Anal. Calcd for. C15H17C12K02S: C, 52.02; 2 2 

H, 4.94; N, 4.04; C1, 20.50. Found: C, 51.91; H, 4.92; N, 4.10: C1, 20.20. 
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