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Abstract-Seven new amides of 5-me~oxy~p~ine were synthesized and tested for r~iopro~ctive activity in mice. One of them, 
the heptafluorobutyramide 4, is moderately active (57 8 survivors), the rest demonstrate little or no activity. Of twelve compounds that 
had been found to exhibit high radioprotective activity by ip injection, only two [p-aminopropiophenone (9) and its ethylene ketal g] 
retain that high activity (92-95 % survivors) when ~~is~~ orally. T&e are moderately active: ~-~ino~n~~~e (l&55 %), 5- 
methoxytryptamine ocranoic amide f II,50 %), and pamiuobenzophenone (12,48 %). 

Illtroductlon 

Protection from radiation damage by a variety of 
compounds has been the subject of excellent reviews.‘v2 
An extensive program sponsored by the U.S. Army 
Medical Research and Development Command produced a 
number of protective amino&o1 derivatives, most notably 
S-2-(3-aminopropylamimino)ethyl phosphorothioic acid 
~2~(~2~~(CH~S~~, WR2721].3 In vivo, 
WR2721 undergoes hydrolysis (dephospho~lation) to the 
free mercaptan, which is taken up by normal tissues more 
efficiently than by solid tumors. 4 It is currently undergoing 
clinical trials for use in both radiation therapy and 
chemotherapy.5 Minor side effects that are somewhat 
limiting include nausea, vomiting, sneezing, allergic 
reactions and h~tension.6 Thus, the search continues for 
effective radioprotectors for both civilian and military 
needs.7 Recent developments include significant 
radioprotection by ~-acyl~hy~o~~s~ zinc as~artate,~ 
neo-mercazole,lo leukotrienes ,7 dimethylaminodi- 
thiazines,” a mixture of five active agents,12 ammonium 
trichloro(dioxyethylene-0-0’-)tellurate,13 nitroxides,’ 4 
(l6R~-lS~eoxy-l6-hy~oxy-l~me~ylpros~gl~din E 1, 
methyl ester, l9 and hyperthermia. 16 

In the study of a series of homologs of melatonin, we 
observed that the simple expedient of extending the chain 
length of the side-chain amide group from two carbons to 
six or eight carbons, more than doubled the r~o~~ctive 
activity in mice irradiated with 6 mV photons produced by 
a linear accelerator.17 It seemed possible that other 
structural m~i~cations of the side-chain might also 
produce active compounds. Furthermore, there is a 
continuing search for oral activity among those compounds 
that demonstrate radioprotective activity by ip 
administration. 

Results and Diiion 

The new amides of 5-me~oxy~~ne were easily 
prepared by treating a pyridine solution of the amine with 
the requisite acid chloride. They were assayed for 
ra~oprote~tive activity by ip injection into male, Swiss 
Webster mice, which were then irradiated with 950 cGy of 
6 mV photons produced by a linear accelerator.18 Only the 
he~uorobut~~de 4 gave moderate protection, and the 
rest are unimpressive (see Table 1). These results may be 
compared with a similar experiment in which WR2721 
gave 100 % protection when injected in aqueous solution, 
and 50 ‘36 pro~ction when suspended in soybean o&l9 

In addition to the hexanoic and octanoic amides of 5- 
methoxytryptamine mentioned earlier, 1 7 excellent 
radioprotective activity had been observed with substituted 
anilines,20 and with an ethylene ketaL21 The activity by 
oral a~nistration of some of these compounds was 
determined, providing the results in Table 2. p- 
Aminopropiophenone (9) and its ethylene ketal 8 gave 
excellent protection (92-95 %); ~-~o~~o~~e (HI), 
5-methoxytryptamine octanoic amide (11). and p 
aminobenzophenone (12) exhibited moderate activity (48- 
55 %), and the rest (13-19) showed little or no activity. 
The ethylene ketal8 may be ~nctio~ng as a pro-drug, as it 
would be expected to hydrolyze to p-aminopropiophenone 
under acidic conditions. The latter did not evidence the 
degree of toxicity here that is found when it is usurp 
intraperitoneally at this high dosage (117 mg/kg). 22 It was 
tested for radioprotective activity by Fitzgerald et al. by ip 
injection at a much lower dosage, namely 30 mg/kg, where 
it gave 42 % survival.23 Storer and Coon tested it also by 
ip injection at 20, 30,40, and 50 mg/kg, and observed 45, 
50, 60 and 72.5 % survivals, respectively.U However, 
neither group tested it by oral administration. 

1057 



10.58 R. T. B LJCKENSTAFF et al. 

Table 1. Radioprotective activity of amides of 5-methoxytryptamine 

No. Name Dosage, ms& Survivors 

4 Heptafluo~bu~ram~e 436 12121, 57% 

2 Z,S-Dichloro~nzenesu~~amjde 412 8@1(38% 

7 p-To&amide 332 8/21,38% 

1 p-Trifiuoromethylbenzamide 390 408, 29% 

3 3,4-Dichlorobenzamide 392 4&O, 20% 

5 3,4+tethylenedioxybenzamide 365 3119, 14% 

6 p_Cyanobanzamide 344 i/21, 5% 

Control, soybean oil only 6/82, 7% 

Malt, Swiss Web&= mice were injected ip with solutions of suspensions of 1.076 mquivlkg of the test compounds in soybean oil 30 minutes before 
irradiation with 950 cGy of 6 mV photons. Thirty-day survivals are shown. 

Table 2 OraI &v&y of mdioprotectants 

NO. 

8 

@ 

10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

Name Dosage, mgM Survivors 

p-Aminopropiophenone ethylene ketal~~21 152 19120, 95% 

p_AminopropiophenonemZl 117 36/39,92% 

p-Aminobenzonitril@ 92.7 1 l/20, 55% 

5Methoxytryptamine octanoic amid817 341 101x), 50% 

~Amino~nzophenone2c.zi 154 19140, 48% 

~~orno~~line20 135 7/20,35% 

p-Nitroanilin~ 109 5120.26% 

1-(p-Aminophenyl)-l-propanolZ 118.6 5M2.23% 

p-Aminoacetophenone20 106 l/21, 5% 

2-Amino+chloropyridin@ 101 O/20 

5-Amino-2-chloropyridin@ 101 o/20 

5Methoxytryptamine hexanoic amide17 311 0120 

WR2721’9 167 O/20 

Control, soybean oil only 2B0, 2.5% 

h%aIe, Swiss Webster mice were injected by gavage with sdutions or suspensions of the test compounds in soybean oil (except for WR2721, which was 
dissolved in water) 30 minutes before h-radiation with 950 cGy of 6 mV photons. Tbhty-day survivals are shown. 

General 

Experimental performed by Galbraitb Laboratories, Inc., Knoxville, TN, 
and agreed to within 0.4 9% of theoretical for the elements 
listed. 

Chemicals were purchased from Aldrich Chemical Co., 
Milwaukee. ‘H NMR spectra were obtained on a Varian 
EM 390 Spectrophotometer. IR spectra were obtained on a 
Perk&Elmer 237 S~c~ophoto~ter. Melting points were 
taken on a Thomas-Hoover capillary melting point 
apparatus and are uncorrected. Chemical analyses were 

sy~~~s~s 

Method A. S-Methoxy-N -(4’-tti@oromethylbenzoyl)- 
t~~tarn~n~ (I). 4-T~~uoro~~yl~~zoyl chloride (1.00 g, 
4.79 mmot) was added dropwise to a stirred solution of 
829 mg (4.36 mmol) of 5-methoxytryptamine in 21 mL of 
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pyridine at room temperature. The solution was stirred for 
6 h, diluted with ice water to turbidity, and refrigerated 
overnight. Filtering gave the crude product in 78 % yield. 
Recrystallization in ethanol-water gave the analytical 
sample, mp 140-142 “C; IR 3410,3240,1630 cm-‘; anal. 
C1~Hl#$%?z C H, N). 

Method B. N-(2’,5’-Dichlorobenzenesulfonyl)-5-methoxy- 
t~pt~ine (2). 2,5-Dichloro~nzenesulfonyl chloride (270 
mg, 1.10 mmol) was added gradually to a stirred solution 
of 190 mg (1.00 mmol) of 5methoxytryptamine in 50 mL 
of pyridine at room temperature. The solution stood for 5 h 
and was then diluted with ice water, causing an oil to 
separate. The mixture was extracted 3 times with ether, and 
the ethereal solution was washed with 10 % HCl, and with 
aq. NaHCO3, then dried over NazSG4. Solvent evaporation 
left a liquid residue that was dissolved in CH2Cl2 and 
chromatographed on 18 g of Al2q. Elution with l-3 % 
ethanol in CH&‘l2 gave 257 mg (67 %) of crystalline 
product and recrystallization from acetone-water, and from 
Errol-wa~r gave the analytical sample, mp 107-108 “C; 
IR 3410,3330, 1620 (w), 1580 (w), 1165 (St) cm-*; anal. 
Ct7HlsN2SCl,~-H20 (C, H, N, Cl). 

N-(3’,4’-Dichlorobe&yl)-5-methoxytryptamine (3). 
Compound 3 was prepared by method A, 72 % and the 
analytical sample crystallized from CH30H+H20, mp 136- 
137 “C, IR 3300-3200,163O cm-l; anal. CtsHr&Cl2& 
(C, H, N, Cl). 

N-~~epta~uorobutunoyZ)-5-methoxyt~ptam~ne (4). 
Compound 4 was prepared by method A, 57 % and the 
analytical sample crystallized from e~~oi-water, mp 85- 
86 “C; IR 3350-3400,170O cm-l; anal. CtsHt&@F7 (C, 
H, N). 

5-Methoxy-N-(3~,4’-methylenedioxybenzoyl)tryptamine (5). 
Compound 5 was prepared by method B, 43 %, eluted 
from alumina by 2-3 % ethanol in CH$‘l2 and the 
analytical sample crystallized from acetone-water, mp 
104-106 “C; ‘H NMR (d-CC13) 3.00 (t, J = 6 Hz, 2H, 
=CC&$ZH2N), 3.68 (t, J = 6 Hz, 2H, CH++N), 3.75 (s, 
3H, CH30), 5.90 (s, 2H, OCH;?O), 6.20 (br s, lH, 
CH2NHc=O), 6.6-7.3 (m, 7H, aromatic plus C=CHNH), 
8.28 (s, lH, C=CHNH); anal. C ,gHtsN204 (N). 

N-~4f-Cya~be~oy~)-5-~t~~t~pt~ine (6). Compound 
6 was prepared by method A, 79 % and the analytical 
sample crystallized from ethanol-water, mp 176178 “C; 
‘H NMR (DMSO-4) 2.78 (t, 2H, =ccH2CH2N), 3.37 (t, 
2H, CH$Z$N), 3.58 (s, 3H, CH30), 6.52 (broad s, lH, 
CH2NHCO). 6.9-7.9 (m, 8H, aromatic plus CXHNH), 
8.71 (broad s, lH, C=CHNEI); IR 3270,3180,2230,1650 
cm-l; anal. ClgHt7N3Q (H, N).. 

5-Met~~-N-~4’-~thylbe~oy~)t~ptamine (7). Compound 
7 was prepared by method A, 90 % and the analytical 
sample crystallized from ethanol-water, mp 100-101 “C; 
IR 3200,163O cm-l; anal. CtpH2~~~*1/4H20 (H, N). 

Radiation-protective evaluation 

Male, Swiss Webster ND4 mice were obtained from 
Harlan Industries, Indianapolis, weighing 21-24 g, and 
housed five to a cage. Compounds that were soluble in 
soybean oil were dissolved; those that did not dissolve 
were suspended by rapid stirring. The mice were injected 
ip or by gavage, and 30 min later they were placed in a 
cloth holder (in groups of 19-22 mice) which was taped to 
the treatment table of the instrument so that they were 
confined in a 20 cm2 area 100 cm from the source. They 
were then irradiated over a period of appositely 5 min 
with 950 cGy of 6 mV photons produced by a Seimens 
Mevatron KD linear accelerator. Mice in the control group 
were injected with 0.2 mL of soybean oil. 
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