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The cyclization of hydrazones obtained by coupling of diazonium salts with ethyl a -ace ty l -  
6-phthalimidovalerate gives ethyl 5-substituted-3-(2-phthalimidoethyl} indole-2-carboxylates, 
the successive hydrolysis and decarboxylation of which make it possible to obtain 5-sub- 
stituted tryptamines.  The synthesized hydroxyethyl es te r  of serotonin was found to have 
pronounced antiradiation action. 

In the synthesis of tryptamines,  an aminoethyl group is most often introduced into the prepared indole 
rings, and this is fraught with a number of difficulties [2]. In order  to obtain 5-substituted, tryptamines 
we used hydrazones obtained by coupling p-substituted benzenediazonium salts with ethyl ~-ace ty l -8-  
phthalimidovalerate (I) [3]. 

In order  to synthesize I we used the readily accessible 1,3-chlorobromopropane (II). However, we 
were unable to alkylate the acetoacetic es ter  of 7-chloropropylphthalimide (TIT) obtained by the Gabriel syn- 
thesis from chlorobromopropane II. We obtained I in 96% yield [6] only by replacement of the chlorine by 
iodine by FinkelsteIn substitution: 

We easily obtained the hydroxyethyl ether of p-nitrophenol (V) by synthesis of the starting hydroxy- 
ethyl ether of p-aminophenol (IV) from p-nitrophenol, but the described method for its reduction [5] proved 
to be unsuitable. Much better  resu l t s  were obtained by reduction of the nitrophenol (V) with hydrazine hy- 
drate in the presence of Raney nickel. 

Coupling of diazonium salts with es te r  I in an acetate buffer leads to the corresponding hydrazones 
(Via-f) (see Table 1) in grea ter  than 90% yields. It should be noted that the cyclization of the purified 
phenylhydrazones ra ther  than of the crude hydrazones, as was done in [3], insures considerably higher 
yields (89% instead of 52% for p-chloro-substituted compounds) and facilitates isolation of the products. 
We were also able to isolate hydrazones VIa-d,f in analytically pure form. We were also able to isolate 
the syn and anti forms of the p-nitrophenylhydrazone of ethyl ~-keto-6-phthalimidovalerate {VIf). We 
assigned the s tructure of a chelate compound with an intramolecular hydrogen bond to the syn isomer. 
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* See [1] for communication C. 
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Two absorp t ion  bonds of an  NH group - the f i r s t  a t  3327 c m  ~1 and the second l e s s - i n t e n s e  band a t  
3255 e m  -1 - a r e  obs e rved  in the IR s p e c t r u m  of-the ant i  i somer .  The s p e c t r u m  of the syn i s o m e r  has only 
one NH band a t  3240 cm-1; this is in a g r e e m e n t  with the data in [7]. However ,  it is difficult to isolate  the 
pure  hydrazones ,  and we t h e r e f o r e  used the crude  products  fo r  the cycl izat ion in mos t  c a se s .  

We se lec ted  a s a tu ra t ed  alcohol  solution of hydrogen chlor ide  a s  the cyclizing agent,  inasmuch as  the 
use of alcohol solutions of su l fur ic  acid,  su l fosa l icyc l ic  acid,  fo rmic  acid,  and boron t r i f luor ide  e the ra te  
gave poore r  yie lds  of the des i r ed  produc t .  In the case  of hydrazone VIf, we c a r r i e d  out the cycl izat ion in 
polyphosphoric  acid  (PPA) [8]. 

Hydrolys is  with aqueous alcohol ic  a lkal i  p roceeds  smoothly,  and the cor responding  d icarboxyl ic  acids  
(VIIa-f) w e r e  obtained in quanti tat ive yields .  The pur i f ica t ion of these  acids p resen t s  cons iderab le  difficul-  
t ies  [3]; pa r t i a l  dehydrat ion occurs  during c rys t a l l i za t ion  f r o m  g lac ia l  ace t ic  acid.  We w e r e  able :to obtain 
ana ly t ica l ly  pure  s a m p l e s  of 5 -me thoxy-3 - [2 - (o -ca rboxybenzamido)e thy l ] indo le -2 -ca rboxy l i c  acid  VIIa and 
5 -me thoxy-3 - (2 -ph tha l imido) indo le -2 -ea rboxy l i c  acid  VIII. Never the le s s ,  it s e emed  point less  to us to c a r r y  
out the labor ious  pur i f icat ion of a l l  of the hydro lys i s  products ,  in al l  of the remain ing  c a s e s  we heated the 
crude  ac ids  at 2 80-320 ~ in a s t r e a m  of a rgon  and obtained 5-subs t i tu ted  3-  (2' -phthal imidoethyl)  indoles 
(IXa-f) (see Table  3) in 70-87% yields .  

This  method of decarboxyla t ion  proved to be unsuitable in the ca se  of 5 - n i t r o - 3 - [ 2 - ( o - c a r b o x y l b e n z a - "  
midoe thy l ) indo le -2-carboxyl ic  acid  (VIIf), which we were  able to decarboxyla te  by heating this acid  with its 
coppe r  sa l t  in d imethy lace tamide  [9]. 

Heating IXa-f  with hydrazine  hydrate  in methanol  g ives  a l m o s t  quanti tat ive yields  of 5 -subs t i tu ted  
t r yp t amines  (Xa-f) (see Table  4). 
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V ~  VII a-f 
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H H 
IXa-f " Xa-f 

The ant i radia t ion  e f fec t iveness  of the p repa ra t ion  was tes ted  on mongre l  mice  weighing 20-24 g under 
conditions of Co 6~ 7 - i r r a d i a t i o n  at dose r a t e s  of 43.4-44.0 R / m i n .  The subs tances  we re  dissolved in d i s -  
t i l led wa te r  and injected into the mice  in t raper i tonea l ly  or  admin i s t e r ed  o ra l ly  5-10 rain p r io r  to i r radia t ion.  
The r ad ia t ion -p ro tec t ion  p rope r t i e s  we re  evaluated f r o m  the su rv iva l  r a t e  in the cour se  of 30 days a f te r  
i r r ad ia t ion  and the a v e r a g e  l i fe t ime of the an ima l s  that  died. Compound Xe has pronounced an t i rad ia t ion  
p r o p e r t i e s  when it is introduced pa ren t e r a l l y .  The p r e p a r a t i o n  proved  to be ineffective when it was ad-  
m i n i s t e r e d  ora l ly .  Ant i radia t ion  p rope r t i e s  we re  not found for  Xf. 

EXPERIMENTAL 

The IR spectra of suspensions of the compounds in mineral oil were recorded with a UR-20 
spectrometer. 

P-aminophenol Hydroxyethyl Ether Hydroehloride (IV).: A l-g sample of Raney nickel was added to a 
solution of 18.3 g (0.i mole) of p-nitrophenol hydroxyethyl ether (V) in 250 ml of methanol, and 30 ml (0.6 
mole) of hydrazine hydrate was added to the heated mixture in the course of 2 h. The mixture was then 
stirred at the same temperature for another hour, after which it was cooled and filtered. The filtrate was 

vacuum evaporated to give 15 g (98%7 of the amine. Theamine was dissolved by heating in 40 ml of alcohol, 
and the solution was added slowly to 15 ml of a saturated alcohol solution of hydrogen chloride. The mix- 
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T A B L E  1. p - S u b s t i t u t e d  P h e n y l h y d r a z o n e s  of  a - K e t o - 5 - p h t h a l i -  
i m i d o v a l e r i c  A c i d  

C0m.~Substitu.~.t in [rfip, I Empirical Found, % Calc., qo J l'a spectrum, "~ '  
o ~para position "- . . . . . . . . .  I c T ~ N 

P tm%fpheny l r~g_JC  i formula c HI :N i !cm =~ 

76--77 CmH~3N~Os 164,3 V i a  -OCH3 

vIb -CH3 91--92!CmH~N3Oi ' [67,4 

167  " "VIc H i_6~,5 

' } i 
VId CI 14"7~ C=IH~oC1NaO41 61 1 

--148 " ' 

VI~ -OCHtCHeOH An analytically 
s y n  . 

v" I (pert. i 
Iothe~) i 

anti" / -NO~ }CmH~oN406 

5,5: 
5,8 10,8 67,2 

pt~e product could not be isolated 
59,3 4 8 13,21 i 3240(NH) 1775 

f [(co), 1716(co) 
: I ~ ': ~ 16~5(CO) ' 

: i } 
I ', 59,5' 4.7 13 2, i 

59,5 46 ! 13 I', i3327(NH) 3265 1 
i ' ! (NH), 17}'5(C0) 

', ', i ! 1730(CO) 1 

5,6 I0,33480(NH), 1776 i98 
(CO), 1755(CO), 

!1,720,(co) I 
5,8 10,7 3~5(NH), 1770 ] 95 

(CO), 1.75~ (CO), [171,5(co) ] 
34,70(NH), 1770 I98 
1 (CO), 1760(CO),I 
I 1'7,12 (CO) ] 

4,8 10,2133~0(NH), 1765 ] 96 
C1 (CO), 1725(CO),I 
8,6 171o(co) 

94 

93 

* A c c o r d i n g  to  [4], t h i s  c o m p o u n d  h a s  m p  146 ~ 

T A B L E  2.  
c a r b o x y l a t e s  

. 

Corn-! 
R 

pound 

XIa -OCH3 

XIb -CH~ 

XIc H 

XId CI 

XIe 

X l f  --NO~ 

E t h y l  5 - R - 3 -  (2-  P h t h a l i m i d o e t h y l )  i n d o l e - 2 -  

rap, 
~C 

c,,.,0N,o, h677�84 
240 i ' ' 

. i i 
223-- C22H2oNeO4 1 70,2 5,61 

i i 
265-- C2 HI7CI.N~O4 63,4! 4,?. 
266 I 

-OcH2CH,oE 187-- C2~He~N206 65,51 5,2 i 
- 188  " i ! 

anol) 
316-- :2 H rN306 61,6! 4,11 
317 i 

! ~#Y- 
cerol-  ' I 
~netha. �9 / 
[ nod 

7,2 63,6! 4,3 
Cl I i 
821 I 
6,4165,4:~ 5,2 

(CO), 1715(CO), 
1685(CO) . 
3330 (NH), 1775 
(CO), 1715(CO), 
1695(CO) 

7,0i3330 (NH), 1765 
C1 (CO), 1710(CO), 
8,9 1675(CO) 
6,6 3330(NH), 1774 

(CO), 1715(CO), 
1687(CO) 

10,3 3310(NH), 1.778 
(co),  171o(co) 
1695(CO), 1550 / 
(NO2), 1330 (NO2) 

m 

Empirical i Found, % i Calc., % iRsi~ctrum, I ~  ~ 
formula ;-C~-H [ - N  i T[-H-  i --N cm -1 i . ~  

�9 } ] ! 
7,1 67,4i5,1 [ 7,1 3328(NH), 1775 54 

i J (CO), 1723 (CO), 
i ~, i I~5(CO) 

8,0170,2 i 5,3 i 7,5 3330(NH), 1775 57 

45,8 

52 

6O 

51 

* T h e  y i e l d  w a s  c a l c u l a t e d  on  t h e  b a s i s  of  t h e  s t a r t i n g  a m i n e .  
t A c c o r d i n g  to  [4], t h i s  c o m p o u n d  h a s  m p  195 ~ 

t u r e  w a s  c o o l e d ,  a n d  t h e  r e s u l t i n g  p r e c i p i t a t e  w a s  r e m o v e d  b y  f i l t r a t i o n  a n d  w a s h e d  w i t h  a l c o h o l  to  g i v e  
15 .95  g (85%) of  h y d r o c h l o r i d e  IV w i t h  m p  203 -205o .  * 

E t h y l  ~ - K e t o - 8 - p h t h a l i m i d o v a l e r a t e  P h e n y l h y d r a z o n e s  ( V i a - f ) .  A s o l u t i o n  of  7 g (0.1 m o l e )  of  s o d i u m  
n i t r i t e  in  20 m l  of  w a t e r  w a s  �9  to  a c o o l e d  (205 ~ s o l u t i o n  of  0.1 m o l e  of  t h e  a m i n e  in  100 m l  of w a t e r ,  
100 m l  of  m e t h a n o l ,  a n d  40 m l  of  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  in  s u c h  a w a y  t h a t  t he  t e m p e r a t u r e  d i d  no t  
r i s e  a b o v e  5 ~ The  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a t  0-5 ~ f o r  20 r a i n ,  and  the  c o m p l e t i o n  of the  r e a c t i o n  
w a s  m o n i t o r e d  w i th  s t a r c h - i o d i d e  p a p e r .  A t  the  end  of the  d i a z o t i z a t i o n ,  the  m i x t u r e  w a s  f i l t e r e d ,  

* A c c o r d i n g  to  [5], t h i s  c o m p o u n d  h a s  m p  2 0 4 - 2 0 5  ~ 
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/and a Solution of 34 g (0.25 mole) of sodium acetate trihydrate 
in 100 ml of methanol was added to the filtrate. The mixture 
was then poured rapidly into a solution of I prepared as follows: 
32 g (0.1 mole) of ester I was dissolved by heating in 200 ml of 
methanol, the solution was filtered, and the filtrate was cooled 
to 5~ immediately prior to coupling, a solution of 6.6 g (0.i 
mole) of potassium hydroxide in 100 ml of methanol was added 
to it with stirring and cooling. The pH must be strictly 
maintained at 5. The reaction mixture was stirred at the same 
temperature for 1 h, after which it was allowed to warm to 
room temperature. The oily layer was separated by decanta- 
tion, and the mother liquor was diluted to twice its volume with 
water and extracted with benzene (three 500=ml portions). The 
benzene extracts were combined with the previously isolated 
product, the mixture was filtered, and the benzene was re- 
moved from the filtrate by distillation to give the correspond- 
ing hydrazone. The hydrazones were recrystallized from 
methanol for analysis. The physical constants of the sub- 
stances obtained are presented in Table 1. 

Ethyl 5- substituted-3- (2- Phthalinimidoethyl) indole-2- 
carboxylates  (XIa-f). 1) Cyclization with an alcohol solution 
of hydrogen chloride.  The hydrazone obtained from 0.1 mole 
of amine was added to 100 ml of a saturated alcohol solution 
of hydrogen chloride heated to 60-70 ~ After the addition of 
the hydrazone,  the reaction mixture was st irred and refluxed 
for 2 h. It was then cooled to room temperature,  and the re -  
suiting precipitate was separated and washed thoroughly and 
s u c c e s s i v e l y  with methanol,  water,  and methanol and dried. 
The product was recrysta l l i zed  for analys is  from the acetic  
acid, and the precipitate was washed on the f i l ter with hot 

methanol .  Ethyl e s ters  XIa-e were  obtained in this way. 

2) Cycl izat ion with polyphosphorie acid. A total of 108 g 
of phosphorus pentoxide was added with stirring at a tempera-  
ture no higher than 30 ~ to 164 ml (sp. gr. 1.73 g / c m  3) of phos-  
phoric acid, the mixture was cooled to 10 ~ and 42.4 g (0.1 
mole) of hydrazone VIf (recrystal l ized from methanol) was 
added. The reaction mixture was heated and st irred to 70-80 ~ , 
during which the temperature rose to 120 ~ . Stirring was con- 

tinued at this temperature, after which the mixture was 

cooled and poured over ice. The resulting precipitate was 

separated, washed with water, and dried. Ester Xlf was ob- 

tained in quantitative yield. 

5-subs t i tu ted-3 -  [2-O-Carboxybenzamido) ethyl] indole-2-  
carboxylic Acids (VIIa-t). A total of 75 ml of a 2 N solution of 
sodium hydroxide was added to a suspension of 3.92 g (0.01 
mole) of es ter  XIa in 20 ml  of methanol,  and the mixture was 
refluxed for 3 h until the solid had dissolved completely .  The 
solution was cooled to 10 ~ and fi ltered, and the filtrate was 
poured over . ice .  The aqueous mixture was acidified with 4 N 
hydrochloric acid solution until it gave an acid reaction with 
respect  to Congo red. The resulting precipitate was separated, 
washed with water,  and vacuum dried at 80-100 ~ to give 3.7 g 
(97%) of acid VIIa with mp 240-241 ~ (after recrysta l l izat ion  
from acetic  acid, methyl ethyl ketone, and methanol).  IR spec -  
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T A B L E  4. 5-R-Tryp tamine  Hydrochloride 

Com- Literature 
pound �9 R , mp. ~ Yield, % citation 

99 13. Xa 

Xb 

Xc 

Xd 

Xe 

x f  

-OCH~ 
Hydrochloride 

-- CH3 
Hydrochloride 

~ 18--120 (benzene) 
241--242 

92--95 (cyclohexane) 
284--286 

97 

H 
Hydroehloride 

CI 
Hydroch~ride 

- OCH2CH~OH 
Hydrocbloride 

-NO2 
Hydrochlodde 

114--116 (benzene) 
248--250 

287--289 

157--158,5 
136--138 (bemzene) 

2~4--2~6 

94 

99 
93.5 
75 

91 

li: 

13: 

13 

i - 
i 

1 2  ~ 

I 

trum: 3415 (NH), 3355 (NH), 2625 (OH), 1710 (CO), 1675 (CO), and 1615 cm -i (CO). Found, %: C 62.4; H 4.6; 
N 7.6. C20HIsN206. Calculated, %: C 62.8; H 4.7; N 7.3. 

In the reerystallization of dibasic acid VIIa, acid VIII, with mp 253-253.5 ~ was obtained as a result 
of dehydration. IR spectrum: 3335 (NH), 1770 (CO), 1710 (CO), and 1670 em -I (CO). Found, %: C 66.0; 
H 4.4; N 8.2. C20HIsN205. Calculated, %: C 66.0; H 4.4; N 7.7. 

The remaining acids (VIlb-f), which were deearboxylated without additional purification, were sim- 
ilarly obtained in quantitative yield. . 

5-substituted 3-(2-Phthalimidoethyl)indoles (IXa-f)(Table 3). Compounds VIIa-e were heated at 280- 
320 ~ in a stream of argon for 1 h. The mixture was cooled to 80 ~ and extracted with 250 ml of methyl ethyl 
ketone, after which it was filtered, and the filtrate was ref!uxed with activated charcoal. The methyl ethyl 
ketone was removed by distillation to give IXa-e. A suspension of acid VIii and 1 g of its copper salt was 
refluxed in dimethylaeetamide for 2 h, after which it was cooled and poured over ice. The resulting pre- 
cipitate was separated and washed successively with water, ammonium hydroxide, and water. The solid 
was dissolved in acetone, the solution was filtered, and the acetone was removed from the filtrate by dis- 
tillation to give IXf. 

Tryptamines Xa-f (Table 4). A suspension of 0.02 mole of phthalimidoethylindoles IXa-f in 50 ml of 
methanol was heated to the boiling point, and a solution of 1.5 ml (0.03 mole) of hydrazine hydrate in 5 ml 
of methanol was added. The mixture was refluxed for 2 h, the methanol was removed by vacuum distillation 
to dryness, and i00 ml of 2 N sodium hydroxide solution was added to the residue. The mixture was ex- 
tracted with methylene chloride (three 350-mi portions), and the extract was filtered. The methylene chlo- 
ride was removed by distillation, dry benzene was added to the residue, and the mixture was again evapo- 
rated to dryness to give tryptamines Xa-f. For purification, the tryptamines were converted to hydroehlo- 
rides, and aqueous solutions of them were refluxed with activated charcoal. The solutions were made al- 
kaline with 2 N sodium hydroxide solution and extracted with methylene chloride. Tryptamine Xe was 
characterized as the hydrochloride with mp 157.5-158 ~ Found, %: C 56.0; H 6.7; CI 13.6; N 11.1. 
CI2HI~N202. HCI. Calculated, %: C 56.1; H 6.6; CI 13.9; N 10.9. 
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