
Antiradiation Agents Journal ofMedicina1 Chemistry, 1973, Vol. 16, No. 4 319 

The height of the reduction wave is proportional to the concen- 
tration of the nitrofuran compound. The logarithm of the heights 
was plotted against the time in a diagram of the type presented in 
Figure 1, from which per cent reduced compound after 1 hr re- 
action could be calculated. The values in Table I1 are the mean 
values with calculated 95% confidence limits assuming the same 
variation in measurements with all compounds. 
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Antiradiation Agents. Substituted 2-Pyridyloxy and 2-Quinolyloxy Derivatives of 
S-24 A1kylamino)ethyl Hydrogen Thiosulfates and 3-Alkylthiazolidines and 
Substituted 2-Pyridyloxy Derivatives of 24 A1kylamino)ethanethiols and 
Corresponding Disulfides? 
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Substituted 2-pyridyloxy and 2-quinolyloxy derivatives of S-2-(alkylamino)ethyl hydrogen thiosulfates 
(Table II), 3-alkylthiazolidines (Table V), and substituted 2-pyridyloxy derivatives of 24alkylamino)- 
ethanethiols (Table 111) and corresponding disulfides (Table IV) were synthesized as antiradiation agents 
by the appropriate aziridine ring-opening reactions of substituted 2-( [( 1-aziridiny1)alkylloxy)pyridines 
and -quinolines. 5-Substituted 2-chloropyridines and substituted 2-chloroquinolines were prepared for 
heterocyclic ether-forming reactions by treatment with the Na salts of 1-aziridinealkanols to give the 
aziridinylalkyloxy derivatives. 5-Halo-2-pyridyl ethers resulted in the highest antiradiation activity re- 
gardless of route of administration or type of sulfur-covering group. S-2-(( 5-[ (5-Chloro-2-pyridyl)oxy]- 
penty1)amino)ethyl hydrogen thiosulfate (1 5) and S-2-((5-[ (3,5-dichloro-2-pyridyl)oxy]pentyl]amino)- 
ethyl hydrogen thiosulfate (1 1) afforded 87% survival of mice in the 30-day test at 19 (1/12 of LD50 dose) 
and 12.5 mg/kg ip (l/14 of LD50 dose), respectively. In view of the dearth of agents effective perorally, 
remarkable good radioprotection was found on oral administration of thiazolidines substituted in the 3 
position with 5-halo-2-pyridyloxypentyl or -hexyl groups; 5-chloro- (102) and 5-iodo-2-( [ 643-thiazol- 
idiny1)hexylloxy)pyridine (103) hydrochlorides resulted in survival rates of 73% at 150 mg/kg PO (0.25 
of LD50 dose) and 93% at 300 mg/kg PO (0.5 of LD50 dose), respectively. 

Expansion of several series of antiradiation agentsl-j of 
the substituted 2-aminoethanethiol type led to derivatives 
of 2-pyridyl and 2-quinolyl ethers as highly effective anti- 
radiation compounds. Thiols, disulfides, thiazolidines, and 
Bunte salts were compared to determine which sulfur- 
covering group would result in optimum activity. An ob- 
jective of the antiradiation program has been to produce a 
drug which is effective wherl administered orally. Extensive 
development of the present series was undertaken because 
several compounds, thiazolidines in particular, showed re- 
markably good activity in the peroral test. 

leading to Bunte salts 1-54 (Table 11) by  reaction'^^ with 

?This investigation w a s  supported by the U. S. Army Medical Re- 
search and Development Command, Contract No. DA-49-193-MD- 
2306. 

N-Substituted aziridines (Table I) were key intermediates 

(NH4)2SZ03 and to thiols 55-69 (Table 111) by r e a c t i o r ~ ~ , ~  
with H2S. Thiols were oxidized3 to disulfides 70-80 (Table 
IV) and treated3$6 with sodium formaldehyde bisulfite to 
give thiazolidines 81-1 34 (Table V). The required 1-aziridine- 
alkanols [HO(CH2)nN(CH2),] were conveniently prepared 
from polymethylene chlorohydrins using the displacement 
reaction previously described3 for simpler 1 -alkylaziridines. 
Substituted 2-chloro- or 2-bromopyridines and -quinolines 
were treated with the Na salt of 1-aziridinealkanols in re- 
fluxing THF to synthesize the heterocyclic ethers 
Het-O-(CH2XN(CH2)2. No attempt was made to  rigorously 
purify the new 1-substituted aziridines given in Table I. 

Several novel 2-chloropyridines were prepared, although 
not all were used successfully in the displacement reaction. 
Reductive methylation of 3,3'-(methylenediimino)bis(6- 
chloropyridine) gave 2-chloro-5(dimethylamino)pyridine; 
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Table I. 1-Substituted Aziridines 

Intermediate for 
compd no. A 

98 
12,75,91 
4 
10,59,73, 89 
18,99 
11.60,74,90 
1,55,70,81 
3,56,71,83 
8,57,86 
13,61,62,76,92,93 
22,65,78,100 
24,106 
110 
26,69,80,111 
14,94 
2,82 
5,72,84 
9,58,87 
15,63,77,95,96 
23,66,79, 102 
107 
85 
88 
16,64,97 
103 
25,108 
21 
19,67 
20,68,104 
109 
105 
6 
7 
28 
115 
29 
113 
27 
112 

30, 116 
31,117 
32,118 
33,119 
34,120 
35,122 
36 
37,121 
38,123 
39,126 
40,124 
41, 125 
42,127 
43,128 
44,129 
45,130 
46,131 
47 
48,132 
49,134 
50,133 
5 1  
52 
53 
54 

H 
3-BI 
3C1 
3,5-Br 
3,5-Br2 
3,5€1, 
5-Br 
5-BI 
5-BI 
5-BI 
5-Br 

5-Br 

6-Br 
5C1 
5 c 1  
5C1 
5C1 
5 c 1  
5C1 
5 -I 
5 -I 
5-1 
5 -I 
5-1 
5CN 
4CH, 
SCH, 
SCH,  
SCH,S 

5-BI 

5-BI 

3-NO, 
5-NO, 
a 
b 

d 
e 
f 

C 

4-w 
H 
4-CF , 
6C1,4CH3 
8C1,4CH3 
4CH, 
6CH,O, 4CH, 
4CH 
4C1 
H 
4 9 64CH 3 12 
4CH, 
6CH,O, 4CH, 
4CF, 
6C1,4CH3 
8C1,4CH3 
4CH, 
4-(CH2 ),CH 
4CH , 
4CH , 
4,6-(CH3), 
4-(CH, ),CH3 
7Clg 
Hh 
Hi 

5 
5 
3 
5 
6 
5 
2 
3 
4 
5 
6 
7 
8 

10 
5 
2 
3 
4 
5 
6 
7 
3 
4 
5 
6 
7 
5 
5 
5 
6 
5 
3 
3 
5 

5 
5 
5 
3 

62 
72 
76 
60 
50 
66 
5 5  
65 
67 
72  
60 
76 
48 
45 
75 
80 
72 
68 
83 
71 
73 
40 
44 
32 
30 
68 
43 
48 
58  
19 
48 
21 
31 
67 
62 

7 
38 
50 
25 

2 65 
3 63 
3 31 
3 60 
3 65 
3 81 
2 42 
3 58 
5 46 
5 64 
3 57 
4 67 
3 43 
5 57 
5 66 
5 62 
5 85 
3 44 
5 45 
6 47 
5 65 
5 57 
5 
3 45 
5 80 

68-84 (0.001) 
106-108 (0.1) 
86-89 (0.3) 

150-160 (0.2) 
144-155 (0.05) 
118-132 (0.1) 
95-97 (0.2) 
91-102 (0.01) 

100-105 (0.08) 
109-1 18 (0.01) 
120-1 33 (0.5) 
125-130 (0.1) 
157-162 (0.3) 
167-169 (0.1) 
118-119 (0.01) 
95-100 (0.2) 
92-97 (0.3) 
97 (0.1) 

114-117 (0.1) 
114-1 17 (0.05) 
122-125 (0.2) 
105-110 (0.05) 
115-1 20 (0.06) 
135-140 (0.2) 
157-160 (0.05) 

133-143 (0.1) 
11 3-1 18 (0.2) 
112-122 (0.3) 

126-1 32 (0.3) 
122-1 24 (0.2) 
122-126 (0.2) 
132-1 35 (0.7) 
98-100 (0.1) 

164-174 (0.01) 
103-108 (0.1) 
140-150 (0.1) 
94-100 (0.1) 

41-45 

104 (0.02) 

138-148 (0.2) 
130-134 (0.3) 
104-107 (0.05) 
100-134 (0.2) 
149-159 (0.3) 
128-134 (0.01) 

154-174 (0.05) 
165-174 (0.1) 

140-150 (0.05) 
139-145 (0.2) 
178-194 (0.1) 
135-147 (0.2) 

56-62 

136-143 (0.2) 

66-68 
52-54 

126-142 (0.01) 
156-163 (0.2) 
165-186 (0.05) 
163-168 (0.05) 

145-157 (0.2) 

110-114 (0.1) 

150-165 (0.05) 

~~ 144-150 (0.1) 
a5-Br-2-pyridyl-O(CH,),-N [CH,CH(CH,)] . b5€1-2-pyridyl-O(CH, ),C(CH,)H(CH, ),-N(CH,),. '6-[(CH2 )aN~CH,),-Ol-2-p~rid~l-O(CH,),- 

N(CH,) 2. d4-Pyridyl-O(CH 2)6-N(CH2), . e3-Br-4-pyridyl-O(CHz),-N(CH, l2 . f3-Pyridyl.O(CH, ),-N(CH,), . ~7€1-4quino1y1-O~CH2~,-N~CH,), ; 
crude material was used. hl-Isoqu~nolyl-O(CH,),-N(CH,), . il-Isoquinolyl-O(CH,),-N(CH,), . 

99 
99 
94 
97 
82 
99 

96 
98 
98 
91 
99 

94 
99 
96 
95 
98 
99 
94 
93 
99 
91 
94 

100 
7 5  
99 
93 
75 
94 
99 
99 
97 
89 
95 
88 
75 

100 

92 
100 

83 
92 

60 

85 

100 
92 
92 

88 

96 
92 
97 
99 
94 
97 

94 
85 
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the bis compound, [(6-C1-3-Py)NHI2CH2, was precipitated 
immediately on mixing 5-amino-2-chloropyridine with 
formalin. Nitrosation of 5-amino-2-chloropyridine using a 
variety of conditions resulted in new derivatives potentially 
useful for 2 4  1 -aziridinylalkoxy)pyridines. However, well- 
established Schiemann reaction procedures failed to yield 
2-chloro-5-fluoropyridine. In one case decomposition of 2- 
chloro-5-pyridinediazonium tetrafluoroborate in (Me2N)jP0 
gave in low yield only 2-chloro-5-(3,3-dimethyl-l-triazeno)- 
pyridine [5-(2-C1-Py)N=NNMe2], indicating either reaction 
with the solvent or with Me2" contained in the solvent. 
This appears to be the first reported example of a diazo- 
amino derivative of pyridine. 2-Chloro-5-hydroxypyridine 
was formed by decomposing 2-chloro-5-pyridinediazonium 
sulfate in the presence of Cuz+, and 5-azido-2-chloropyridine 
was prepared by nitrosating 2-chloro-5-hydrazinopyridine. 
A synthetic method' for thioanisole was extended to 2- 
chloro-5-pyridyl thiocyanate to give 2-chloro-5-(methyl- 
thio)pyridine (Scheme I). Reaction of the thiocyanate with 
only 1 molar equiv of NaOEt in C&16 gave a disulfide rather 
than a thioether (Scheme I). Diphenyl disulfide was pre- 
pared similarly by Ross.' 
Scheme I 

NaOMe, MeOH 
c1 mSCN 

I I 1 NaOEt, C6H, 

[ cl@s-ll C1 JD N SCH3 

5 2% 36% 

Compounds were tested' for antiradiation activity in 
mice. In this study Bunte salts substituted with pyridine 
and quinoline ethers (Table 11) resulted in no compound 
active in the PO test, but potential drugs for parenteral use 
were found. In the pyridine series 5-halo-2-pyridyl ethers 
were most active. The effect of chain length and halogen 
substitution on antiradiation activity of Bunte salts is 
shown in Figure 1. Activities given in Figures 1 and 2 are 
protective index$ values, and ratings shown in Tables 11-V 
are based on these values. Dose-response and therapeutic 
index factors are incorporated in the protective index. 
Pentyl ethers resulted in maximum activity. The 5-chloro- 
2-pyridyl ether 15 afforded 87% survival of mice in the 
30-day test at 19 mg/kg (l/n of LDso dose) ip, and the same 
survival rate was obtained from the corresponding 3,5-di- 
chloro derivative 11 at 12.5 mg/kg (l/i4 of LDS0 dose) ip. 
Propyl ethers 31,35, ar  4 40 were most active in the analo- 
gous quinoline series (Table 11). 

Compounds representing different structural types have 
been selected for PO administration in the antiradiation test, 
but few examples have been r e p ~ r t e d l - ~ ' ~  to be highly active 
when given orally. No relationship correlating high ip activity 

*''Protective index" is a term used by the Division of Medicinal 
Chemistry, Walter Reed Army Institute of Research. Protective 
index = (protection factor) X (LD,,/min effective dose), where doses 
are in mg/kg and the protection factor is 1.4 for 40% survival, 1.5 
for 50% survival, etc. Antiradiation results can be compared with 
the activity of 2-aminoethanethiol (MEA). At 150 mg/kg ip (LD,, 
ca. 2 5 0  mg/kg ip) of MEA 87% survival of mice in the 30-day test 
can be obtained. It is rated ++ in the ip test. The po LD,, for MEA 
is ca. 625 mg/kg. At 300 mg/kg 73% survival can be obtained in the 
PO test, giving MEA a rating of ++. Ratings in Tables 11-IV are 
based on the following ranges of protective indices: 0, 0-1; +, 2-5; 
++, 6-10; +++, 11-14; ++++, 15-26. 

Figure 1. Effect of halogen substitution and chain length on anti- 
radiation activity (expressed as protective index values$) of S-2- 
( {  [ (5-halo-2-pyridyl)oxyl alky1)amino)ethyl hydrogen thiosulfates 
given intraperitoneally: (0 -0 )  X = C1; (ALA) X = Br; (m-m) X = I. 

I 
12 p 

N O ' ( C H , ) < N l  .HCI 

10 

8 

h 

v a06 

> 

> 
F 
0 
4 2  

t 4  
- 

0 
I , I I I I 

n = 2  3 4 5 6 7 8 
Figure 2. Effect of halogen substitution and chain length on anti- 
radiation activity (expressed as protective index values*) of 5-halo- 
2-[(3-thiazolidinylalkyl)oxy]pyridines given perorally: (0-0) X = C1; 
(A-A) X = Br; (m-m) X = I. 

with even slight PO activity is apparent from published data. 
Furthermore, generalizations correlating ip and PO data for a 
given sulfur-covering group may not apply to other groups. 
Thiazolidines (Table V) corresponding to the Bunte salts sub- 
stituted with 2-pyridyl ethers were only moderately active 
when given ip, based on standards established for the ip test. 
However, in the PO test 79-90% survival rates were obtained 
with some of these compounds at 150-300 mg/kg (0.25-0.5 
of LDS0 dose). Again, 5-halo-2-pyridyl ethers were most 
active, and in this case hexyl ethers rather than pentyl 
ethers resulted in maximum activity perorally (Figure 2). 
The 5-iodo-2-pyridyl ethers 97 and 103 compared favorably 
with the 5-C1 compounds (e.g., 102). Also, within this 
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series of thiazolidines, 90,107, and 109 were active when 
given orally but inactive parenterally. Inactivity in the ip 
test for compounds active in the PO test is very unusual. 

The thiols and disulfides listed in Tables 111 and IV were 
only moderately active when given ip and even less active in 
the PO test. Quinoline ethers as thiazolidines 11 6-1 34 
(Table V) showed some activity in the PO test but were 
more active generally when given intraperitoneally. 

5-Chloro-2-( [5-(3-thiazolidinyl)pentyl] 0xy)pyridine 
hydrochloride (95) was administered iv to anesthetized dogs 
to check for activity on the autonomic nervous and cardio- 
vascular systems.§ A cumulative dose of 63 mg/kg (iv) re- 
sulted in no adrenergic or ganglionic blockade, no anti- 
cholinergic or antibradykinin effects, and no major respira- 
tory effects. Only a slight hypotensive effect was observed. 

N-Substituted [(5-halo-2-pyridyl)oxyJ alkyl derivatives of 
S-2-aminoethyl hydrogen thiosulfate are potential anti- 
radiation agents for parenteral use. The corresponding N- 
substituted thiazolidines are effective perorally. A long- 
sought goal to increase the number of radioprotective com- 
pounds effective by oral administration has been realized. 

Experimental Section* 

compounds were obtained from Aldrich Chemical Co.: 2-bromo-4- 
methylpyridine, 2-chloro-3-nitropyridine, 2-chloro-5-nitropyridine, 
4-chloropyridine, 2,5dibromopyridine, 2,6dibromopyridine, and 
2,3-dichloropyridine. 2,5-Dichloropyridine was obtained from Olin 
Corp. The following compounds were prepared according to pub- 
lished methods: 3-bromo-2-chloropyridine,10 2-bromo-3,5dichloro- 
pyridine," 2-bromo-5-iodopyridine,1z 2-brom0-5-methylpyridine,~' 
2-chloro-5-cyanopyridine,') 3,4-dibr0mopyridine,'~ and 2,3,5-tri- 
br~mopyridine. '~ 

5-Amino-2-chloropyridine. The catalytic method described here 
is an improvement over knownI6 methods. A solution of 168 g (1.04 
mol) of 2-chloro-5-nitropyridine in 1.6 1. of MeOH containing 5 g of 
Raney Ni was treated with H, at 50 psi for 13.5 hr at room tempera- 
ture. The catalyst was removed, the filtrate was concentrated under 
reduced pressure, and the solid residue was recrystallized from H,O 
(charcoal) to give 117 g (87%) of 5-amino-2-chloropyridine, mp 78- 
81" (lit.I6 mp 83"). The benzylidene derivative [5-(benzylidene- 
amino)-2-chloropyridine] had mp 69-70'. Anal. (C,,H,ClN,) C, H, N. 

2-ChloroJ-(3,3-dimethyl- 1-triazen0)pyridine. Nitrosation of 
5-amino-2-chloropyridine in 95% EtOH40% HBF, was effected 
using EtON0.I' A suspension of 12 g of the brilliant yellow solid 
diazonium tetrafluoroborate in 100 ml of Et,O and 10 ml of 
(Me,N)QO was stirred at room temperature for 2 days (deep red 
coloration and gas evolution). The supernatant was decanted and 
the insoluble solid complex was decomposed with 1 .O N NaOH 
and extracted with Et,O. The extract was dried (MgSO,) and con- 
centrated giving acid-soluble solid. Recrystallization from H,O and 
then 50% EtOH gave 200 mg of the title compound, mp 54-56', 
and characteristic nmr and mass spectra. Anal. (C,H,ClN,) C, H, C1, 
N. 

3,3'-(Methylenediimino)bis(6-~hloropyridine). A mixture of 
25 g (0.2 mol) of 5-amino-2-chloropyridine, 31 g of 37% formalin, 
and 250 ml of EtOH was stirred for 1 hr at room temperature giving 
20 g of a precipitated solid, mp 206-208" . Recrystallization from 
1.5 1. of MeCN gave 11.4 g (32%) of the bis derivative, mp 208-210", 
characterized by ir and nmr spectra. Anal. (CIIH10ClzN4) C, H, N. 

3,3'-(Methylenediimino)bis(6-chloropyridine) in alcoholic dry 
HCl for 1 hr at 25" gave 5-amino-2-chloropyridine~HC1, mp 184-187" 
dec, identical with an authentic sample. 

2Chloro-5-(dimethylino)pyridine. Reductive methylation 
of 100 g (0.8 mol) of 5-amino-2-chloropyridine was effected in 1 1. 
of absolute EtOH using 138 g of 37% formalin (immediate precipita- 

§We are grateful to Dr. Duncan A. McCarthy of Parke-Davis for 
this study. 

#Melting points (uncorrected) were determined using a Thomas- 
Hoover melting point apparatus. Where analyses are indicated only 
by symbols of the elements or functions, analytical results obtained 
for those elements or functions are within i0.4% of the theoretical 
values. Nmr and/or ir spectra were used in making structural assign- 
ments of new compounds. 

Substituted 2-Bromo- and 2Chloropyridines. The following 

tion of the bis derivative), 2 X 10 g of 10% Pt/C, and Hz pressure of 
50 psi. Concentration of the filtered mixture and distillation of the 
residue gave 90.4 g (72%) of the dimethylamino derivative, bp 100- 
110" (0.5 mm), mp 4546.5", and characteristic nmr spectrum. 
Anal. (Cp,ClN,) C, H, N. 

mol) of 2-ch1oro-5-hydrazinopyridine1' (prepared here in 43% yield 
by SnC1,-HCl reduction of 2-chloro-5-pyridinediazonium chloride) 
gave 6.2 g (42%) of 5-azido-2-chloropyridine, bp 54" (0.3 mm) and 
mp (2,2,3-trimethylpentane) 34-35". Anal. (CSH3ClN4) C, H. N. 

2-Chloro-5-pyridyl thiocyanate was prepared from 5-amino-2- 
chloropyridine using conditions reportedt9 for 2-chloro-3-pyridyl 
thiocyanate. Crystallization from cyclohexane gave 72% of the thio- 
cyanate product, mp 75-77", Anal. (C6H3ClNzS) C, H, N. 

2-Chloro-5-(methylthio)pyridine. A solution of 25 g (0.15 mol) 
of 2-chloro-5-pyridyl thiocyanate in 450 ml of absolute MeOH was 
added rapidly to cold NaOMe in MeOH (from 6 g, 0.15 mol, of 57% 
NaH and 150 ml of MeOH). The mixture was stirred for 24 hr at 
room temperature and then concentrated under reduced pressure. 
The residue was extracted with several portions of Et,O, totaling cu. 
1 1. The combined extracts were filtered and concentrated to give 
13.3 g of oily product. Distillation resulted in a 36% yield, bp 56- 
58" (0.05 mm). Anal. (C6H6ClNS) C, H, C1, N. 

taining NaOEt (from 6.4 g, 0.27 mol, of 57% NaH and 15.7 ml, 0.27 
mol, of absolute EtOH) was slowly added below 10" a solution of 
46.1 g (0.27 mol) of 2-chloro-5-pyridyl thiocyanate in 300 ml of 
C&i6. The mixture was stirred without cooling for 1 hr; filtration 
through Celite, concentration under reduced pressure, and recrystal- 
lization from Et,O gave 20.3 g (52%) of crystalline disulfide, mp 

2-Chloro-5-hydroxypyridine. A suspension of 2-chloro-5- 
pyridinediazonium sulfate (from 5 g, 0.039 mol, of 5-amino-2- 
chloropyridine in 125 ml of 2 N H,SO,) was added over 20 min to 
a vigorously stirred solution at 85-98' of 9.7 g (0.039 mol) of 
CuS0,.5H2O in 125 ml of 2 N H,SO,. The mixture was made nearly 
neutral with cold 50% NaOH and then slightly basic by the addition 
of solid K2C03. The slurry was continuously extracted for 16 hr 
with Et,O, and the nearly colorless extract was dried (MgS04) and 
concentrated to give 2.8 g of pale yellow solid. Recrystallization 
from C6H6 resulted in 1 g (20%) of product: mp 152-159' dec; 
uv max (MeOH) 289 nm ( E  3930), 226 (9900); uv max (MeOH- 
KOH) 31 3 nm ( E  4000), 247 (13,950). Anal. (C&,ClNO) C, H, N. 

Substituted 2-chloroquinolines: 2,4-dichloroquinoline,z0 2,6- 
dichlorolepidine [68%, mp 150-151" .Anal. (CtoH,C1, N) C ,  HI from 
6-chloro-2-hydroxylepidinez1 using the general procedure of Buch- 
mann and Hamilton f0  2,8-dichlorolepidine;zz 2-chloro-6-methoxy- 
lepidine;23 2-chloro-4-methoxyquinoline [55%, mp 75-76'. Anal. 
(CJI&lNO) C, H, N] from 4-methoxyquinoline l-oxidez4 using the 
general method of Bachman and Cooper;" 2-chloro-4,6-dimethyl- 
quinoline [80%, mp 97-98'. Anal. (CIIH,,ClN) C, H, N] from Poc13 
and 4,6-dimethyl-2-hydroxyquinoline; 2-chloro-4-propylquinoline 
(80% crude yield, mp 74-75") from POC13 and 2-hydroxy-4-propyl- 
quinoline; 2-chloro-4-(trifluoromethyl)quinoline [ 74%, mp 3941" 
Anal. (C,&IHCIF~)  C, H, N] from POC1,and 2-hydroxy-4-(trifluoro- 
methy1)quinoline; 1-chloroi~oquinoline.'~ 

The three carbostyrils immediately preceding were prepared from 
the requiredo-keto ester (see ref 23) and substituted aniline. These 
two reactants were heated together at 220-240' for 3 4  min, cooled, 
and mixed with 40 ml of concentrated H,SO, for each 0.1-mol run; 
the resulting mixture was heated for 1 hr at 95": 4,6dimethyl-2- 
hydroxyquinoline [30%, mp 254-255". Anal. (C,,H,,NO) C, H, N ] ;  
2-hydroxy-4-propylquinoline [ 30%, mp 172-1 74". Anal, (C,&I,,NO) 
C, H, N] ; 2-hydroxy4-(trifluoromethyl)quinoline [ 11%, mp 244- 
246". Anal. (C,,H,F,NO) C, H, N]. 

1-Aziridinealkanols were prepared as previously described3 in re- 
fluxing EtOH from chlorohydrins, ethylenimine, and powdered an- 
hydrous K,CO, , Crude products were distilled through Vigreux 
columns (10-25 cm) to give 2-3 fractions which were subjected to 
nmr and glc analysis to determine purity: 1-aziridinepropanol, 70% 
yield, bp 70-82" (8 mm), glc 99%; 1-aziridinebutanol, 27%, bp 87- 
95" (8 mm), glc 62%; 1-aziridinepentanol, 52%, bp 130-140' (22 
mm), glc 97%; 1-aziridinehexanol, 90%, bp 125-136" (14 mm), glc 
96%; 1-aziridineheptanol, 60%, bp 82-85' (0.2 mm), glc 95%; 
1-aziridineoctanol, 69%, bp 91-97" (0.4 mm), glc 97%; l-aziridine- 
decanol, 80%, bp 117-122" (0.5 mm), glc 93%; 2-methyl-1-aziridine- 
pentanol (from 2-methylaziridine), 8176, bp 124-1 30' (18 mm), glc 
92%; and 7-methyl-1-aziridinepentanol, 5576, bp 120-1 23" (12 mm), 
glc 100%. 

Substituted 2-[(1-AziridinylPUryl)oxy]pyridines. 2-{ [S-(l-Azk- 

5-Azido-2-chloropyridine. HNO, diazotization of 13.8 g (0.096 

3,3'-Dithiobis(6-~hIoropyridine). To a cold oily emulsion con- 

118-12Oo.Anal. (C~&C~,NZS~)  C, H, N .  
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idinyl)pentyl]oxy} -5-chloropyridine. To a durry containing 18.5 g 
(0.46 mol) of 60% NaH dispersion in 560 ml of THF was added 
slowly at reflux temperature 59.8 g (0.46 mol) of 1-aziridinepentanol. 
The mixture was stirred and heated under reflux for 2 hr, cooled, and 
then treated with 68.5 g (0.46 mol) of 2,S-dichloropyridine. The re- 
sulting mixture was heated under reflux for 4 hr and stirred overnight 
at room temperature. The mixture was cooled, diluted with Et,O, 
and filtered through Celite. The filtrate was concentrated to give 
117 g of residue; distillation gave 92.6 g (83%) of liquid product, bp 
114-117" (0.01 mm) and glc 98%. 

The reflux period was different for some of the other substituted 
pyridines: 3,4dibromopyridine, 18 hr; 2,3,5-tribromopyridine, 9 hr; 
2,6dibromopyridine, stirred at 25" for 18 hr before being refluxed 
for 3 hr; 2,3-dichloropyridine, 8 hr; 2-chloro-5-methylpyridine, 18- 
64 hr; 2-chloro-4-methylpyridine, 40 hr; 2-chloro-5-(methylthio)- 
pyridine, 11 hr; and 2-chloro-3- and -5-nitropyridines, reaction 
started in Dry Ice-Me,CO bath and allowed to warm to  room tem- 
perature over several hours. 

Substituted 2-[( l-Aziridinylalkyl)oxy]quinolines. Substituted 
2-chloroquinolines and 1-aziridinealkoxides were heated in refluxing 
THF for 16-24 hr, except for the following: 2-chlorolepidine, 4 hr; 
4,7-dichloroquinoline, 3 hr ; and 2-chloro-4-(trifluoromethyl)quino- 
line was ailowed to react only at room temperature for 16 hr. 

3-[3-(l-AziridinyI)propxy]pyridine. A mixture of 39 g (0.41 
mol) of 3-hydroxypyridine, 128 g (0.82 mol) of l-bIOm0-3-chlOrO- 
propane, 69 g (0.50 mol) of anhydrous KzCO', and 500 ml of 
MezCO was heated under reflux for 2.5 hr. The dark mixture was 
filtered and the filtrate was concentrated under reduced pressure. 
Tars were separated by treatment with HzO and extraction with 
several portions of EtzO. The combined light brown extracts were 
dried (MgS04) and concentrated to give 36 g of crude 3-(3-chloro- 
propoxy)pyridine which was used promptly to prepare 3-[3-(1-azi- 
ridiny1)propoxyl pyridine by reaction' with ethylenimine. 

S-24( [(Substituted 2-pyridyl- and 2quinolyI)oxy]allryl}amino)- 
ethyl hydrogen thioeulfates were ~ r e p a r e d ~ 9 ~  in MeOH from 
(NH4)zSz03 and the 1-substituted aziridines. 

241 [(Substituted 2-pyridyl)oxy] alkyl} mino)ethanethiols were 
 prepared'^^ in EtOH from H2S and the 1-substituted aziridines. 

2,2'- [Dithbbis(ethyleneiminodkyleneaxy)] bis(substituted 
pyridines) were prepared' in MeOH by I2 oxidation of the corre- 
sponding aziridines. 

2- [( 3-Thiazolidinylalkyl)oxy] substituted pyridines and quino- 
lines were p r e p a ~ e d ~ , ~  from the corresponding thiols and 
HOCH2SOda. 

3-( 5- [(5-Bromo-2-pyridyl)oxy j pentyl} -3-methylthiazolidinium 
Chloride (91). A mixture of 20 g (0.06 mol) of 5-bIOm0-2-( [5-(3- 
thiazolidinyl)pentyl]oxy} pyridine (free base) and 8.6 ml(0.14 mol) 
of Me1 was heated under reflux for 2 hr. The excess Me1 was re- 
moved under reduced pressure, and the residue was crystallized 
from EtOH-EtOAc (50:12) to give 18.5 g of the quaternary salt. R e  
crystallization from the same solvent gave 14.8 g, mp 157-159", 
which was dissolved in MeOH and passed through a column (diam- 
eter, 2 cm) packed with 300 ml of Dowex-1 resin (chloride form) in 
MeOH. The effluent (450 ml) was concentrated and the 15 g of 
residue was recrystallized twice from CHC13-EtOH to give 3.2 g (14%) 
of the thiazolidinium chloride (91), mp 167-170'. 

Acknowledgments. We are grateful to Dr. John R. Dice, 
Dr. E. A. Steck, and Dr. D. L. Klayman for encouragement 
and many helpful discussions. We are indebted to  Mr. C. E. 
Childs and coworkers for microanalytical data, to Dr. J. M. 
Vandenbelt and associates for spectral studies, and to Mr. W. 
M. Pearlman for the catalytic hydrogenations. 

References 
R. D. Westland, J. L. Holmes, M. L. Mouk, D. D. Marsh, R. A. 
Cooley, Jr., and J. R. Dice, J. Med. Chem, 11, 1190 (1968). 
K. D. Westland and J. L. Holmes, ibid., 15,976 (1972). 
R. D. Westland, M. L. Mouk, J. L. Holmes, R. A. Cooley, Jr., 
J. S. Hong, and M. M. Grenan, ibid., 15,968 (1972). 
D. L. Klavman, W. F. Gilmore, and T. R. Sweeney, Chem. Ind. 
(London), 1632 (1965). 
D. Rosenthal. G. Brandruu. K. H. Davis, Jr., and M. E. Wall, J. 
Org. Chem., 30,3689 (1969). 
T. Takatori, M. Kojima, and T. Taguchi, Yakugaku Zasshi, 88, 
360 (1968). 
J. Ross, J. Amer. Chem. SOC., 56,727 (1934). 
D. L. Klayman, M. M. Grenan, and D. P. Jacobus, J. Med. 
Chem., 12,723 (1969). 
J .  R. Piper, C. R. Stringfellow, Jr., and T. P. Johnston, ibld., 
i4, 356(197i). 
H. J. den Hertoe and N. A. I. M. Boelriik, Recl. Trav. Chim. _ .  
Pays-Bas, 70,5?8 (1950). 
F. H. Case, J. Amer. Chem. Soc., 685 2574 (1946). 
J .  P. Wibaut and G. La Bastide, Kon. Ned. Akad. Wetensch. 
Versh. Gerwone Vergad. Afd. Natuurk., 36,514 (1927); Chem. 
Abstr., 21, 3619 (1927). 

Abstr., 58,5627 (1963). 

(13) H. S. Forrest and J .  Walker,J. Chem Soc., 1939 (1948). 
(14) Z. Talik and T. Talik, Rocz. Chem., 36,417 (1962); Chem 

(15) H. J .  den Hertog, Recl. Trm. Chim. Pays-Bas, 64,85 (1945). 
(16) A. Binz and 0. von Schickh, Chem. Ber., 68, 315 (1935). 
(17) W. L. Semon and V. R. Damerell, "Organic Syntheses," 

Collect. Vol. 11, Wiley, New York, N. Y., 1943, p 204. 
(18) A. Pieroni, Atti. Acwd.  Naz. Lincei, CL Sci Fis., Mat. Natur., 

Rend., 2,125 (1925); Chem. Abstr., 20, 764 (1926). 
(19) F. Friedrich and R. Pohloudek-Fabini, Arch. Phcmrm. (Wein- 

heim), 298,162 (1965); Chem. Abstr., 63,6972 (1965). 
(20) F. J. Buchmann and C. S .  Hamilton, J. Amer. Chem. Soc,, 

64, 1357 (1942). 
(21) L. Monti and V. Cirelli, Gazz. Chim. Ital., 66,723 (1936); 

Chem Abstr., 31, 3487 (1937). 
(22) 0. H. Johnson and C. S .  Hamilton,J. Amer. Chem. Soc., 63, 

2867 (1941). 
(23) K. N. Campbell, R. S. Tipson, R. C. Elderfield, B. K. Campbell, 

M. A. Clapp, W. J. Gender, D. Morrison, and W. J. Moran, J. 
Org. Chem., 11, 803 (1946). 

(24) Y. Tanaka, Bull Chem. SOC. Jap., 29,44 (1956). 
( 2 5 )  G. B. Bachman and D. E. Cooper, J. Org. Chem., 9,302 

(1 944). 
(26) N. I. Fisher and F. M. Hamer,J. Chem. Soc., 1905 (1934). 


