
I N D O L E  D E R I V A T I V E S  

LXXXVIII.*- SYNTHESIS OF SOME O-(7-ALKOXY-fl-HYDRO-XYPROPYL) 

DERIVATIVES OF SEROTONIN 

N .  N .  S u v o r o v ,  A .  B .  S h t e i n p r e s s ,  
V .  A.  G u l y a e v ,  M.  V .  V a s i n ,  
a n d  N .  P .  K o s t y u c h e n k o  

UDC 547.751.07 

The reac t ion  of N- t r i t y l se ro ton in  with epiohlorohydrin  has given O-(fl ,T -epoxypropy l ) -N-  
t r i ty l se ro tonin ,  the reac t ion  of which with sodium alkoxides in the cor responding  alcohols 
has given O-(~/ -a lkoxy-f i -hydroxypropyl )  de r iva t ives  of serotonin.  I t  has been found that 
they p o s s e s s  a definite radioprotee t ive  action. 

Serotonia p o s s e s s e s  a cons iderable  radioprotec t ive  act ivi ty [2]. Serotonirt de r iva t ives  with an e s t e r  
linkage (O-aeyl and O - c a r b a m o y l  compounds) do not differ  substant ia l ly  in re la t ion to the nature  and dura -  
tion of the radioprotec t ive  effect  f rom serotonin  i tself .  The length of the O-acy l  res idue has lit t le influence 
on the radioprotec t ive  p rope r t i e s  of these  compounds [3]. For  serotonin der iva t ives  with an e ther  linkage 
(a lkoxytryptamines) ,  in con t ras t  to the O-acy l  der iva t ives ,  lengthening the hydrocarbon chain in posit ion 
5 of the indole r ing of an a lkoxytryptamine leads to an inc rease  in the toxici ty  of the m a t e r i a l s  and to a 
loss  of protec t ive  p rope r t i e s  [4]. 

In view of the above facts ,  it appeared  of in te res t  to obtain some O-a lkyl  der iva t ives  of serotonin 
containing functional groups in the side chain with the genera l  fo rmula  
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The p resence  in the serotonin molecule  of two reac t ive  groups (NI-I z and Ott) compl ica ted  the p rob lem 
of introducing the appropr ia te  groupings in posit ion 5. Consequently,  we used t r iphenylmethyl  (trityl) p r o -  
tect ion of the amino group which, a f t e r  the synthesis  of the appropr ia te  compounds,  was r emoved  under  
conditions not affecting the groupings introduced into posit ion 5 of the indole r ing.  As the s ta r t ing  m a t e r i a l  
we se lec ted  5-benzyloxytryptamine ,  which is an in te rmedia te  in the synthes is  of serotonin.  After  the p r o -  
tect ion of the amino group of the 5-benzyloxyt ryptamine ,  the benzyl  res idue  was e l iminated  f rom the hydroxy 
group. The following route for  the synthesis  was selected:  
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* For  Communicat ion LX:~XVII, see [1]. 
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The synthesis  of O-(fl, ) , -epoxypropyl ) -N- t r i ty l sero tonin  (II) was per formed in isopropanol,  which 
is the best solvent for the preparat ion of a ry l  glycidyl e thers  [6]. When the react ion was per formed in 
the presence  of a fivefold mo la r  excess  of epichlorohydrin  and with the stepwise addition of concentrated 
aqueous NaOH it was possible to obtain (II) with a yield of more  than 60%. Compounds (IIIa-c) were ob- 
tained by the react ion of 0(/3 ,~/-epoxypropyl)-N-tr i ty lserotonin with the appropriate  a lkal i -metal  al- 
kox ides inanexces s  of the cor responding  alcohols with yields of more  than 80%. The analogous p r e p a r a -  
tion of O-(fi, ~ -d ihydroxypropyl ) -N- t r i ty l se ro tonin  (IIId) by the react ion of O-(fl, ~ / -epoxypropyl) -N-t r i ty l -  
serotonin with an  aqueous solution of alkali with the addition of dioxane to crea te  a homogeneous medium 
is complicated by the low yield and the difficulty of freeing the (Hid) f rom the byproducts of the reaction.  
A method of obtaining (IIId) from N- t r i ty l se ro tonin  (I) and glycerol  monochlorohydr in  according to Claisen 
[7] proved to be more  successful ,  although the use of catalytic amounts of sodium iodide did not lead to 
sa t i s fac tory  yields of O-(fl, ~ -d ihydroxypropyl ) -N- t r i ty l se ro ton in .  The use of an equimolar  amount of 
sodium iodide and of methyl  ethyl ketone as solvent enabled (IIId) to be obtained with a yield of more  than 
40%. 

The s t ruc tures  of compounds (II) and (IIIa-d) were conf i rmed by the i r  PMR and IR spect ra .  

R e s u l t s  of t h e  P h a r m a c o l o g i c a l  I n v e s t i g a t i o n  

The tes ts  of compounds (IVa-d) for antiradiation activity were per formed on random-bred  female 
white mice weighing 20-22 g. The animals were subjected to the action of 6~ ~ / r a d i a t i o n i n a d o s e o f S 0 0 r  
at a dose rate of 48.7-56.2 r /m in .  Solutions of the mate r i a l s  in distilled water  were adminis tered  to the 
mice intraperi toneal ly  or  per  os at the rate of 0.01 m l / g  weight of the animal 5-10 rain before i rradiat ion.  
The radioprotect ive proper t ies  of the compounds were evaluated from the survival  rate of the mice in the 
30 days af ter  i r radiat ion and from the mean lifetimes (MLTs) of the animals that died. The resul ts  of the 
investigations are  given in Table 1. It can be seen from this table that the addition of a glycerol  residue 
(a fl, 7-dihydroxypropoxy group) to t ryptamine in position 5 of the indole ring somewhat increases  the anti-  
radiation effect iveness of the compound. The prophylact ic  use of substance (IVd) in the doses mentioned 
led to a 60% survival  rate of the mice up to the 30th day af ter  i r radia t ion (with t ryptamine protect ion,  the 
survival  rate was 35-55%, and in a control  group the morta l i ty  was 91.9%after irradiation).  The activity 
of (IVd) is bet ter  than that of mexamine.  The alkylation by methyl  and ethyl groups of the alcohol group 
of glycerol  in the 3, position of substance (IVd) did not increase  the antiradiation proper t ies  of the c o m -  
pound. The addition of a hydroxyethyl  group in the same position (substance IVc) dest royed the rad iopro-  
tective effect.  

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

The PMR spec t ra  were taken on J~M-4H-100 and C-60-HL instruments  in deuterodimethyl  sulfoxide 
and deuteroacetone.  The PMR spec t ra  are  given in the 5 scale ,  ppm. The following abbreviat ions have been 
used: d - doublet; q - quartet ;  m - multiplet;  s - singlet; t - t r iplet .  The IR spec t ra  were taken on a UR- 
10 inst rument  in paraffin oil and in KBr. The alumina used was of activity grade II, and the eluent was 
ch loroform.  

O-(fl,  7 -Epoxypropy l ) -N- t r i ty l se ro ton in  (II). A mixture of 4.18 g (0.01 mole) of N- t r i ty lserotonin ,  
5.52 g (0.05 mole) of epichlorohydrin,  and 2.75 g of isopropanol was heated with s t i r r ing  to 70~ Then a 
38%aqueous solution of NaOH (0.011 mole) was added by drops to the solution over  10-15 min. The t e m -  
pera ture  was ra ised  to 80~ and the mixture was s t i r r ed  for another  1 h. Then it was cooled to room t e m -  
pera ture ,  the sodium chloride that had deposited was f i l tered off, and the solution was evaporated in vac -  
uum. The resul t ing viscous mass  was t rea ted  with 50 ml of isopropanol  and s t i r red .  After  some t ime,  
c rys ta l s  of O-(fl,  7 -epoxypropy l ) -N- t r i ty l se ro ton in  deposited. The react ion product was  purified on a 
column of alumina and was rec rys ta l l i zed  from isopropanol.  This gave 2.89 g (61%7 of (II), mp 135.5-137~ 
Found: C 81.3; H 6.3; N 6.0%. C32H30N202. Calculated: C 80.9; H 6.4; N 6.0%. PMR spect rum:  3.77 (q, 
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T A B L E  1. Ant i rad ia t ion  Ef f ic iency  of  the Ma te r i a l s  on P a r e n t e r a l  
A d m i n i s t r a t i o n  

C o r n  - 

pound 

C H 2 - - C H - - C H ~ - - O  ' CH - - C H 2 - - N H  2- HCI 
I I I. II II 2 
OR oH ~'~v2-.,.N...~ 

No. of Survival 
R mice ram, % 

H IVd 

IVa CHa 
IVb * C2H5 
IVc HOC~H4 

Tryptamine hydro- 
chloride 

5-Meth0xytryptamine 
(reexamine) hydrochloride 

Control group 

Dose, 
mmole/kg 

0,4 
0,15 
0,4 
0,4 
0,4 
0,4 
0,15 
0,4 
0,15 

20 60,0-+ 10,9 
. 10 60,0• 15,5 

10 30,0• 
10 50,0• 15,8 
10 0 
20 55,0 • ! 1,1 
30 36,6• 8,8 
30 53,0 • 9,1 
29 89,4- + 5,7 
34 8,9• 4,9 

MLT, 
days 

9,6• 
II,0• 
8,5• 
9,2• 
8,2• 

14,3• 
13,7• 
14,2• 
18,6• 
I0,6• 

* T e s t e d  in the f o r m  of the ace t a t e .  

T A B L E  2. Cons tan ts  and E l e m e n t a r y  Ana lyse s  of  the Compounds  
of  the G e n e r a l  F o r m u l a  

CH( 2 --CH--CHI 2 - - O - - ~ l  II II CtI2 -- CHa -- NH 2 �9 HX 
? o. %~N..~ 
R H 

Corn- Empirical 
pound R rap, ~ formula 

i i 

Found, % Calc., % iYietd, 
~o]o 

li  I C H N CI C H N CI 

IVa 

1vb 
IV c 
IVd 

CHa 192--194 C~4H21N203CII 56,0 7,09,2 11,7:55,9!7,0 9,3 ll.883 
(dec.) i i 

C2Hs 14137150! C,7Ho6N20s 60,2!7,8~83 --60,3j77 '83 85 
CH2OHCH2 C,sH~3N~O4CI, 54,2 72,8,4 10,6154,4 7;1 8,511~,7',80 
H 156--157 ~ C~3H~9N2OaCI~ 545{67 96]1251544 67i98 12,4i67 

~-CH2) , 4.18 (q, ~-CH2) , J ~ m  =11.1;  Jvic =6.2; Jvic=3.0; 3.28 (In, f l -CH);  2 .5-2 .9  (In, y-CH2),  Jgem=5.5, 
Jv ic  = 2.2, Jv ic  = 3.8. IR spe~ 918 cm -1 (epoxide r ing).  

O - ( f l - H y d r o x y - y - m e t h o x y p r o p y l ) - N - t r i t y l s e r o t o n i n  (IIIa). A mix tu r e  of  2.84 g (6 m m o l e s )  of (II) and 
a solut ion of  1.5 m m o l e  of  CH3ONa in 50 m l  of  absolute  me thano l  was boiled in a c u r r e n t  of n i t rogen  fo r  
10 h. Af t e r  the end of  the r eac t ion ,  the solut ion was e v a p o r a t e d  in vacuum.  On cool ing,  the res idue  de -  
pos i ted  c r y s t a l s  of  O - ( f i - h y d r o x y - y - m e t h o x y p r o p y l ) - N - t r i t y l s e r o t o n i n .  The r eac t i on  p roduc t  was pur i f ied  
on a co lumn of  a lumina  and was  r e e r y s t a l l i z e d  f r o m  methano l .  This  gave 2.68 (86%) of  O - ( f i - h y d r o x y - y -  
m e t h o x y p r o p y l ) - N - t r i t y l s e r o t o n i n  w i t h  mp 141-143~ Found: C 78.1; H 6.8; N 5.6%. C33H34N20 3. Ca l -  
culated:  C78.2;  H 6.8; N 5.5%. PMR s p e c t r u m :  3.25 (s, CH30); 5.08 (d, OH), J = 5 . 8  Hz. 

O - ( 7 - E t h o x y - f i - h y d r o x y p r o p y l ) - N - t r i t y l s e r o t o n i n  (IIIb). A mix tu r e  of  2.37 g (5 m m o l e s )  of (!I) and 
1.25 m m o l e  of  C2H5ONa in 20 ml  of  absolute  e thanol  was boiled in a c u r r e n t  of  n i t rogen  fo r  5 h. Af t e r  the 
end of  the r eac t ion  the solut ion was e v a p o r a t e d  and cooled .  The c r y s t a l s  of (IIIb) tha t  depos i ted  were  f i l -  
t e r e d  off. The r e a c t i o n  p roduc t  was pur i f i ed  on a co lumn of  a lumina  and was r e c r y s t a l l i z e d  f r o m  ethanol  
to give 2.2 g (84%) of  (llIb) with mp  69-70~ Found: C 78.4; H 7.0; N 5.4%. C34H36N203. Calcula ted:  C 78.5; 
H 7.0; N 5.4%. PMR s p e c t r u m :  3 .67-4.10 (m, ~ ,  f i - C H 2 - C I D ; 1 . 1 1 ( t ,  CH3); 5.03 (d, OH), J = 4 . 6  Hz. 

O - ( f l - H y d r o x y - y - h y d r o x y e t h o x y p r o p y l ) - N - t r i t y l s e r o t o n i n  (IIIc). A mix tu r e  of  3.32 g (7 m m o l e s )  of 
(K) and 1.75 m m o l e  of  sodium glycola te  in 30 ml  of  e thylene  g lyco l  was  s t i r r e d  in a c u r r e n t  of n i t rogen  at 
a bath t e m p e r a t u r e  of  120-125~ fo r  5 h. Af te r  the end of  the reac t ion ,  the solut ion was cooled,  and d i s -  
t i l led  wa te r  was  added.  The white f locculant  p rec ip i t a t e  of  (IIIc) that  depos i ted  was  f i l t e red  off, d r ied ,  and 
f r eed  f r o m  impur i t i e s  on a co lumn of a lumina .  A solut ion of  (IIIc) in ~h lo ro fo rm was  e v a p o r a t e d  to  d r y -  
nes s  in vacuum and the res idue  was r e c r y s t a l l i z e d  f r o m  me thano l  to  give 3.08 g (82%) of  p roduc t  with mp  
84-86~ Found: C 76.2; H 6.7; N 5.3%. C3r 4. Calcula ted:  C 76.1; H 6.8; N 5.2%. PMR s p e c t r u m :  
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3.88 (In, or, f i -CH2-CH) ;  4.56(t, OH on a p r i m a r y  ca rbon  atom),  J =5.2 Hz; 5.07 (d, OH on a secondary  
carbon atom),  J =4.7 Hz. 

O-( f l ,~ / -Dihydroxypropyl ) -N- t r i ty l se ro ton in  (IIId). A mix tu re  of 1.25 g (3 mmoles )  of N - t r i t y l s e r o -  
tonin, 0.28 ml  (3.35 m m ol e s )  of g lycero l  monochlorohydr in ,  0.42 g (3 mmoles )  of po ta s s ium carbonate ,  
0.45 g (3 mmoles )  of sodium iodide, and 6.5 m l  of me thy l  ethyl  ketone was boiled in a cu r r en t  of ni t rogen 
for  25 h. Af ter  the end of the reac t ion ,  the inorganic  sa l t s  were  f i l te red  off and the m o t h e r  solution was 
evapora t ed  to d ryness  in vacuum.  The reac t ion  product  was ch romatographed  on a column of a lumina with 
c h l o r o f o r m - m e t h a n o l  (10 : 1) as  the eluent.  The solution containing the (IIId) was evapora ted  to d ryness  
in vacuum, and the res idue  was c rys t a l l i zed  f rom ethanol.  This  gave 0.62 g (43%) of (IIId), mp 147-148~ 
Found: C 78.1; H 6.6; N 5.7%. C32H32N203. Calculated: C 78.0; H 6.5; N 5.6%. PMR spec t rum:  4.05 (m, 
~ ,  f i -CH2-CH) ;  3.71 (d, fl-CH); 4.61 (t, OH on a p r i m a r y  carbon atom),  J = 6 . 5  Hz; 4.87 (d, OH on a s e c o n -  
da ry  carbon atom),  J = 6.5 Hz. 

Remova l  of  the Tr i ty l  Pro tec t ion .  To conver t  the compound (IIIa-d) into the fo rm of sa l t s  (acetate 
or  hydrochlor ide) ,  1.25 g of one of these  subs tances  was suspended in 32 ml  of 50%acetic acid.  The s u s -  
pension was heated in a cu r r en t  of ni t rogen with s t i r r i ng  up to a bath t e m p e r a t u r e  of 140-150~ and was then 
s t i r r e d  at this  t e m p e r a t u r e  for  5 rain, a f t e r  which the solution was cooled and the c r y s t a l s  of t r ipheny l -  
m e t h a n o l w e r e  f i l t e red  off. The mothe r  solution was evapora ted  to d ryness  in vacuum and was dissolved in 
absolute methanol .  In the p r epa ra t i on  of the aceta te  of (IVb), dry  e the r  was added to a solution of this 
sal t  and the mix tu re  was cooled. The c r y s t a l s  of the aceta te  of (IVb) that  s epa ra t ed  out were  f i l te red  off 
and dr ied.  In the p repa ra t ions  of compounds (IVa, c, d) in the fo rm of the hydrochlor ides ,  an excess  of a 
t i t r a t ed  ethanolic solution of hydrogen chloride (1.1 mole  of HC1 p e r  mole  of substance)  was added to an 
ethanolic solution of the aceta te ,  and the solution was evapora ted  to d ryness  in vacuum.  The dry  res idue  
was d isso lved  in 2-3 m l  of absolute methanol ,  dry  e the r  was added until  the solution became  turbid ,  and 
the mix tu re  was cooled. The c r y s t a l s  that  deposi ted were  f i l te red  off and dried.  The constants  and e l e m e n -  
t a r y  ana lyses  of the compounds obtained are  given in Table 2. 
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