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In continuation of the sea rch  for  an t i tumor  drugs  [1], with the a im of elucidat ing s t r uc tu r e - ac t i v i t y  r e -  
la t ionships ,  compounds have been obtained which c a r r y  ~ -ch lo ro - f l -hydroxypropy l  groups  on the ni t rogen a t -  
o m s  of d iamines .  These  groups  a r e  p r e s en t  in the home-produced  drug prospidine (N1N4-di-(T-chloro-fi-hy- 
droxypropyl ) -N2N3-disp i ro t r ip iperaz in ium dichloride)  [2]. A study has  been made of the reac t ions  of  e thylene-  
diamine (I), t e t rahydrobenzd iazep ine  ([I), hexahydrodiazepine  (II[), and o-phenylenediamine  (IV)with ep ich loro-  
hydr in  iV). 
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I t  is known f r o m  the l i t a ra tu re  [3-5] that  amines  r e a c t  with u n s y m m e t r i c a l  s - o x i d e s  to fo rm a complex 
of products ,  cons is t ing  of  secondary  and p r i m a r y  alcohols  and epoxides.  It  has been shown [6-8] that  when 
these  r eac t ions  a r e  c a r r i e d  out in aqueous alcohol ,  the pr incipal  products  a r e  the secondary  a lcohols  A, but 
depending on the pH of  the med ium,  these  may  be conver ted  during the cour se  of  the reac t ion  into the epoxides 
B, p r i m a r y  alcohols  C, and diols D. Fo r  this r ea son ,  we reac ted  (I-IV) with (V) in aqueous a lcohol ,  with the 
objec t  of  obtaining the secondary  alcohols  A. However ,  it would be expected f rom [6-8] that under these  con-  
ditions a complex mix tu re  of  products  might  be fo rmed ,  containing in addition to the compounds A the epoxides 
B and i somer i c  p r i m a r y  alcohols  F. Fu r the r ,  in aqueous solutions compounds of type A may  be conver ted  via 
the epoxides B into the alcohols  C, and these ,  like the i r  i s o m e r s  F, could give r i s e  to e thylene immonium 
sa l t s  (E) [7-8]. 
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I t  has been found that  reac t ion  of (I) with iV) in aqueous ethanol at  28-30~ in fact  a f fords  a diff icult ly-  
s epa rab le  mix tu re  of  products ,  f rom which by repea ted  r ec rys t a l l i za t ion  f rom benzene was obtained (VI) in 50~ 
yield.  T r e a t m e n t  of  (VI) with hydrochlor ic  acid gave the dihydrochloride (VII). When (VI) and (VII) were  
ch romatographed  on thin l aye r s  of  bound ce l lu lose ,  the ch romatDgrams  showed a single spot,  which was indica-  
t ive of the i r  puri ty.  Under conditions s i m i l a r  to those used for  the synthes is  of  (VI), compounds (VIII), (IX) 
and (X) were  obtained in yields of 45, 40, and 30~ respec t ive ly .  The e lementa l  composi t ions  of  (VI) and (VIII-X) 
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cor re sponded  to the s t ruc tu re s  A, C, and F. These  compounds contained no ionic chlor ine ,  nor  was this 
found when aqueous solutions of (VI) and (VIII-X) were  kept for  3-4 h a t  18-20~ These  findings cas t  doubt 
upon the poss ibi l i ty  of  the exis tence  of  these  compounds in fo rm E. The choice b e ~ e e n  f o r m s  A, C, and F 
was decided in favor  of fo rm A in the ca se  of (VI) and (VIII) f rom the i r  m a s s  and PMR spec t ra .  The p r e sen ce  
of the CH2C1 group in these  compounds ( i somers  A and E) should r e su l t  in the eject ion of the .CH2C1 f r ag men t  
(49 m / e )  following e lec t ron  impact .  If (VI) and (VIII) contained a p r i m a r y  OH group ( fo rms  C and F), the i r  
m a s s  spec t r a  would be expected to show f r a g m e n t s  a r i s i ng  f rom the e l iminat ion f rom the mo lecu l a r  ion of the 
f r a g m e n t s  "CH2OH and -CH20 (31 and 30 m / e  respec t ive ly) ,  in addition, r e m o v a l  of  the "CH2OH group ( i somers  
C and F) should give r i s e  to daughter  ions containing two a toms  of chlor ine  (ratio of isotopic ions 9 : 6 : 1). I t  
is also impor tan t  to r e m e m b e r  that in the case  of s t r u c t u r e  F, the e l iminat ion of t he .  CH2OH and "CH 2 CI groups  is in 
p rac t i ce  equally l ikely,  since these  p r o c e s s e s  would give r i s e  to imin ium-s tab i l i zed  ions. However ,  ex amin a -  
tion of the m a s s  spec t r a  of  (VI) and (VIII) shows that  only the rad ica l  f r agmen t  "CH2C1 is e l iminated.  In addi -  
tion, the spec t r a  do not  contain ions with two chlor ine a toms ,  except  for  f r agmen t s  fo rmed  by the loss  of a 
wa te r  molecule ,  which can be e i ther  p r i m a r y  o r  secondary  a lcohols .  These  obse rva t ions  show that  (VI) and 
(VII) contain the CH2CI4.OHCI~2C1 group in the side chains ,  and c o r r e s p o n d  to s t ruc tu re  A. 

The NMR spec{ra of (VI) and i ts  hydrochlor ide  a lso  suppor t  this  s t ruc tu re .  The IH NMR spec t rum of 
(VI) (dissolved in deuteropyridine)  contains s ignals  for  two methylene groups si tuated between ni t rogen a to ms ,  
in the fo rm of a s ingtet  a t  6 = 2.72 ppm. A doublet  a t  6 = 2.85 ppm is ass igned  to the protons of  the a - C H  2 
groups.  The s ignal  for  the protons of  the CH2C1 group is seen  a t  6 = 3 .75ppm (doublet), and of the CHOH group 
at  4.12 (quintet). The nature  of  the spec t rum the re fo re  excludes s t ruc tu re  F, for  which signals would be ex-  
pected for  the protons in the a -pos i t i on  to the ni t rogen a tom,  a t  h igher  field than those for  the CHOH group in 
s t ruc tu re  A. A choice between s t ruc tu r e s  A and C for  (VI) was made on the basis  of  the 13C NMR spec t rum of 
i ts  hydrochlor ide .  In the spec t rum of this compound,  obtained with par t ia l  decoupling f rom the protons,  the re  
a r e  seen four  s ignals :  a doublet a t  5 = 67.3 ppm, a t r ip le t  a t  6 = 51.5 ppm, a t r ip le t  at 6 = 47,0 ppm, and a 
t r ip le t  a t  6 = 44.3 ppm, ass igned  r e spec t ive ly  to Cfl, the C a toms  of the f r agmen t  > NiCH2CH2N <,  C~/, and Ca .  
This a s s ignment  is  conf i rmed  by the ~3C NMR spec t ra  of prospidine  d ihydrochlor ide ,  which contains T - c h l o r o -  
~-hydroxypropyl  groups  [9], and NN3-di-(fl, T-d ihydroxypropyl -N1N2-disp i ro t r ip iperaz in ium dihydrochlor ide  
[10], which contains f l ,~-dihydroxypropyl  groups.  In the spec t rum of prospidine dihydrochlor ide ,  the signal 
for  Cfi is  seen a t  6 = 65.3 ppm (doublet), and that for  C a t  6 = 46.8 ppm (tr iplet) ,  and in the spec t rum of NN 3- 
di(f l ,~/-dihydroxypropyl)-N2N2-dispirotr ipiperazinium dihydrochlor ide ,  the s ignals  for  Cfl and Cy occur  a t  66.1 
(doublet) and 63.1 ppm (triplet) ,  r e spec t ive ly .  The p r e sence  in the 13C NMR spec t rum of (VI) dihydrochloride of 
a doublet  a t  6 = 67.3 ppm and a t r ip le t  a t  47.0 ppm con f i rms  s t ruc tu re  A. 

I t  has  thus been shown by m a s s  and NMR spec t roscopy  that  in the ca se s  of  compounds (VI-VIII), r e a c -  
tion of d iaminoalkanes  (I-IV) with epichlorohydr in  a f fords  compounds with " / -chloro-f l -hydroxypropyl  groups 
a t tached to ni t rogen.  

Biological study of  (VI-X) showed (VI-VIII) and (X) to pos se s s  low toxici ty,  and to have low act ivi ty  
aga ins t  t ransplan ted  J ensen ' s  t umor  (see Table  1). Compound (IX) was modera t e ly  ac t ive  aga ins t  the tumor ,  
i ts  inhibition index being 1~. 

On compar ing  these  findings with the an t i tumor  act ivi ty  and toxici ty of prospidine,  it is seen that  (IX) is 
m o r e  toxic (the LDs0 of (IX) is 65 m g / k g ,  and of prospidine  1200 mg/kg) ,  and i ts  an t i tumor  ac t iv i ty  is lower.  

E X P E R I M E N T A L  C H E M I C A L  S E C T I O N  

NMR spec t ra  were  obtained on JM 4/4-100 (Japan) and Var ian  XL-100 (USA) ins t ruments ,  in ternal  s t an-  
dard  t e t r amethy l s i t ane .  Mass  spec t r a  were 'ob ta ined  on a MAT-12 m a s s  s p e c t r o m e t e r  a t  70 eV, emiss ion  c u r -  
ren t  1.5 mA. 

1 ,5-Bis(~-c .h loro- f i -hydroxypropylamin0)e thane  (VI). A mix tu re  of  2 g (0.03 mole) o f  (I) and 7.07 g (0.07 
mole) of  (V) in 4 ml  of  80o/~ aqueous ethanol was s t i r r ed  for  3 h a t  28-30~ The solid which separa ted  was 
f i l te red  off, washed with a t e r ,  and dr ied to give 5.7 g of  a white powder, repeated  c rys ta l l i za t ion  of which f rom 
benzene gave c r y s t a l s ,  mp 122-124~ (yield 509). Chromatography  on thin l aye r s  of cel lulose with binder in 
the sy s t em b u t a n o l - p y r i d i n e - a c e t i c  a c i d - ~ t e r  (4:1:1:2) showed a single spot,  Rf 89 (developed with Dragen-  
do r f f ' s  reagent) .  Found, 9:  C 38.93; H 7.47; C1 28.6; N 11.42. ~CsHIsO2N2C12. Calculated,  V~: C 39.18; H 7.35; 
C1 28.29; N 11.42. 
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TABLE 1. Toxici ty and Ant i tumor  Act ivi ty  
( Jensen ' s  s a r coma)  of Der iva t ives  of Di-  
azepine ,  Ethylenediamine,  and o - P h e n y l e n e -  
d iamine  when Admin i s t e red  per  os  

Compound 

VI 

VII 
VIII 

IX 

X 
Pfospidine 

LD ~, I Dose, .~ 
mg/k~ mg/ 

t000 I 150 5 
I 87 7 

1000 I 81 6 
750 ] 13o 7 
65* t 5 7 7 7 

900 I 125 6 
1200"] 15060 109 

Change in 
body wt. of 

o= h e antfnals~g 

+38 +9 
+38 --10 
+32 --5 --5 
+7i +8 +2o 
+32 +7 --8 
§ § --7 
+94 0 
+51 +l  

* In t raper i tonea l  adminis t ra t ion .  

1,2- Bis-  (7 -ch loro- f l -hydroxypropyla ra ino)e thane  Dihydroehloride (VII) .  This was obtained by dissolving (VI) 
in hydrochlor ic  acid with heating,  followed by cooling, isolation of the resu l t ing  solid,  and washing of the la t ter  
with e ther .  MP 180-182"C. Chromatography  a s  above gave a single spot.  Found, 0/,: C 30.26; I-I 6.17; N 8.34; 
Clto t 44.85; C1- 21.29. C8I~18C2N202" 2HCt. Calculated,  ~: C 30.18; H 6.28; N 8.81; Cltot 44.65; CI- 22.33. 

N1NS-Bis - (7 -ch loro- f l -hydroxypropyl - l ,2 ,4 ,5 - te t rahydro- .1 ,5 -benzd iazep ine  (VIII). A mix tu r e  of  1 g 
(0.0067 mole} of (II), 3 g (0.032 mole) of  IV), and 5 ml  of  80% of aqueous ethanol was s t i r r ed  for  5 h a t  28-30~ 
The solvent  was ex t rac ted  with boiling light pe t ro leum,  and the ex t r ac t  was f i l tered and cooled. T h e o i l y  p rod-  
uct which sepa ra ted  was s epa ra t ed  f rom the light pe t ro leum,  and the thick oi l  was again ex t rac ted  with boiling 
light pe t ro leum,  and the solution t r ea t ed  a s  above.  Ext rac t ion  of the oily product  was repeated  s e v e r a l  t imes  
to give 0.99 g i45%) of  (VIII} as  an oil .  Found, ~:  C 54.23; H 6.94; C1 21.03; N 8.28. C15H22N2CI202. Ca lcu-  
lated,  %: C 54.05; H 6.60; C1 21.32; N 8.40. 

N1N 4_ Bis - (7 -ch lo ro- f l -hydroxypropy l )hexahydro-1 ,4 -d iazep ine  (IX). A mix tu re  of 0.8 g (0.008 mole) of 
(Ill), 4.45 g (0.048 mole} of iV), and 1 ml  of  ethanol was s t i r r ed  for  5 h a t  28-30C. The solvent was removed  
in vacuo,  and the res idue  r e c r y s t a l l i z e d  repea ted ly  f r o m  anhydrous alcohol togive 0.91 g (400/r) of  (IX), mp 
45-50~ Found, %: C 45.79; H 7.60; C1 24.99. C11H22N202C12. Calculated,  ~:  C 46.31; H 7.72; C1 24.91. 

N1N2-Bis - (7 -ch lo ro- f l -hydroxypropy l ) - l ,2 -pheny lened tamine  (X). A mix tu re  of  5.4 g (0.05 mole) of (IV), 
28.3 g (0.3 mole) of  (V), and 20 ml  of  a lcohol  was s t i r r ed  for  5 h a t  78+C. The solvent  was r emoved  in vacuo, 
and the r e su l t ing  oi l  was purif ied by repea ted  reprec ip i t a t ion  f rom benzene with light pe t ro leum to give 4.29 g 
i30o/.) of  (X). Found, %: C 49.38; H 6.04; C1 24.55. C12H18N202C12. Calculated,  %: C 49.14; H 6.14; C1 24.23. 

E X P E R I M E N T A L  B I O L O G I ' C A L  S E C T I O N  

The compounds were  tes ted  on r a t s  with t ransplan ted  J ensen ' s  t umor s .  Compounds (VI-VIII) and (X) 
were  admin i s t e r ed  pe r  os  on the fifth day following t ransplanta t ion  of the t u m o r s ,  once daily for  6-7 days.  
Prosp id ine  and (IX) were  admin i s t e r ed  in t raper i tonea l ly .  The an ima l s  were  killed on the day following the 
l as t  dose ,  and the index of inhibition of t umor  growth de te rmined ,  The effects  of the compounds on the an imals  
were  m e a s u r e d  by ca lcula t ing  the i r  LD~0 values.  Resul ts  were  t r ea ted  s ta t i s t i ca l ly  (see Table 1). 
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In continuation of studies [1] on the synthesis and examination of new pharmacological ly  active quinoline 
der ivat ives ,  we have synthesized and investigated the ant imicrobial  proper t ies  of some new substituted 2 - [4 ' -  
(5 "-ni tro f u r - 2 " - y l ) - I  ' ,3 ' -butadienyl]quinolines.  

~z 

I .R=RI=R~=H;  I I : R : H ,  RI~CH3 O, Re:C1; I I I :R=R2:CI ,  R I : H ;  
IV:R=R1--H, R2=COOH; V:R~CI, RI=H,  R2=COOH; 

VI:R=CI, RI=H, R~=COOEHa; VII :R=RI=H,  R2=COOC2Hs; 
VIII:R~C1, R l z H ,  R2:COOC~Hs. 

In the present  investigation, we have studied known methods for  the synthesis of compounds (I-VIII). 
When 2-methylquinoline was eondensed with p - (5 -n i t ro fur -2-y l )ac ro le in  by heating in acet ic  acid for 3 h [2], 
resinif icat ion of the reaetion mixture occu r red ,  and when the reactants  were heated in acetic anhydride for 1 h 
at  100~ [3] o r  for 20-30 min at 130-135~ [4], (I) was isolated in low yield. It was found that the condensation 
of 2-methylquinoline and its substituted derivat ives with ~- (5-n i t ro-2- fury l )acro le in  could be sueeessfully ef-  
fected by brief  heating of the reactants  at  130-135~ in acetic anhydride,  followed by keeping the react ion mix-  
ture at  room tempera ture .  From its IR spectra  and melting point, the ([) obtained was identical with that de-  
scribed in the l i terature  [3]. This method enabled (I-VIII) to be obtained in 30-75~ yields (Table 1). Under 
our  conditions, the reaet ion also proceeded in mixtures  of acet ic  anhydride and acetie acid,  but slight r e s in -  
ifieation occur red .  

It has previously been shown that in the ease of 2- and 4-[2 ' - (5"-ni t ro-2"-furyl)vinyl]quinol ine  [4] the 
use of anhydrous zinc chloride as condensing agent increased the yields of the desired products.  This effect 
was also noted in the preparat ion of  (I-III) and (VI-VIII) (Table 1). The reaction was successful  only when the 
substituted 2-methyl-quinoline melted below 130~ otherwise res in i f ica t ionof  the f l - (5-n i t ro-2- fury l -aero le in  
occur red .  

The IR spectra  of (I-VIII) showed strong absorption bands. Bands at 1612-1646 cm -1 were assigned to 
- C  ~= C -  stretching vibrations,  in ag reement  with the l i terature values [5]. Table 1 shows the frequencies of 
the symmet r i ca l  and ant isymmetr ioal  vibrations of the ni t ro-group.  

The compounds obtained (I-VIII) were light to dark-orange  crysta l l ine  solids which were soluble in DMF, 
sparingly soluble in alcohol, and insoluble in water.  

E X P E R I M E N T A L  B I O L O G I C A L  S E C T I O N  

The ant imicrobial  activity of (I) and ([II-V) was studied by twofold ser ia l  dilution in a liquid nutrient me -  
dium on a spectrum of eight s t rains  of mic roorgan i sms .  
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