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carboxamide (21).—Propionyl isocyanate (2.2 g, 0.024 mole) in 
5 ml of T H F was added dropwise to a suspension of 4.3 g (0.02 
mole) of l-(5-nitro-2-thiazolyl)piperazine9 in 50 ml of THF, and 
the mixture was stirred at room temperature for 45 min. The 
solid was collected and recrystallized from EtOH to give the 
product. 

l-(Chloroacetyl)-4-(5-nitro-2-thiazolyl)piperazine (13). 
Chloroacetyl chloride (1.13 g, 0.01 mole) in 5 ml of T H F was 
added dropwise to a mixture of l-(5-nitro-2-thiazolvl)piperazine9 

(2.14 g, 0.01 mole) and Et3X (1.38 ml, 0.01 mole') in 45 ml of 
T H F at 0°. The mixture was stirred for 3 hr at room tempera­
ture, and the solid was collected, washed with H>0, and recrystal­
lized from EtOH. 

{o-[(5-Nitro-2-thiazolyl)amino]phenyljacetic Acid (17).—To a 
solution of 6.3 g (0.03 mole) of 2-bromo-5-nitrothiazole in 250 ml 
of MeOH was added 3.0 g (0.03 mole) of Et3X and 80 ml (1 equiv) 
of a HaO solution of sodium o-aminophenylacetate. The reaction 
was exothermic. The mixture was allowed to stir for 4 hr, 
poured into about 3 1. of iced H20, and acidified with concentrated 
HC1. The pale green solid which formed was removed by filtration 
and dried. This material (3.6 g) had a broad melting point and 
could not be purified. The filtrate upon standing deposited a 
yellow solid. This material was dried (1.7 g) and recrystallized 
from j'-PrOH to give l.Og (V2C'C) of the product, mp 166-168° dec. 

Sodium o-Aminophenylacetate.- To 1 1. of H 2 0 vigorously 
stirred was added 38 g (0.306 mole) of XaaCXVHoO. o-Xitro-
phenylacetic acid (100 g, 0.56 mole), was added portionwise 
(4 drops of 2-octanol was added to suppress foam). The solution 
was hydrogenated over 1 g of 20 r ; Pd-C at 24° for 16 hr. The 
mixture was filtered through Supercel, the yellow solution was 
diluted to 1475 ml, and aliquots were used as needed. 

l-(5-Nitro-2-thiazolyl)-4-(piperidinoacetyl)piperazine (28).— 
Piperidine (1.63 g, 0.0192 mole) was added dropwise to 2.9 g 
(0.01 mole) of l-(chloroacetyl)-4-(5-nitro-2-thiazolyl)piperazine 
in 45 ml of T H F at 0°, and the mixture was stirred for 1 hr at 
room temperature. The mixture was filtered, and the filtrate was 
evaporated to dryness. The residue was recrystallized from EtOH. 

Benzyl (([4-(5-Nitro-2-thiazolyl)-l-piperazinyl]carbonyIj-
methyl)carbamate (31).—-A solution of 2.1 g (0.01 mole) of 
dicyclohexylcarbodiimide in 5 ml of T H F was added to a solution 
of 2.14 g (0.01 mole) of l-(5-nitro-2-thiazolyl)piperazine9 and 
2.1 g (0.01 mole) of benzyloxycarbonylglycine in 30 ml of THF, 
and the mixture was stirred for 1 hr at room temperature. The 
solid was collected, washed with EtoO, and recrystallized from 
EtOH. 

1,1'-(Sulfonyldiethylene )bis [4-( 5-nitro-2- thiazolyl )piperazine ] 
(32).-—A solution of 1.22 g (0.0103 mole) of divinyl sulfone in 
12 ml of EtOH was added dropwise to a suspension of 4.4 g 
(0.0206 mole) of l-(5-nitro-2-thiazolyl)piperazine in 25 ml of 
EtOH, and the mixture was stirred for 4 hr at room temperature. 
The mixture was allowed to remain at room temperature overnight 
and then heated under reflux for 1 hr. The product was removed 
by filtration and recrystallized from DMF. 
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Quinuclidine is an important moiety of cinchona 
alkaloids. The recent availability of quinuelidinone 
(Aldrich) and the facile preparation of 2-methylene-3-

quinuclidinone, reported earlier from our laboratories,1 

put at our disposal the suitable starting materials. 
These were used to incorporate this important feature 
of quinine as a side-chain amine in the ring systems of 
two well-known antimalarial drugs, chloroquine and 
primaquine. 

Pharmacology.- The compounds were tested for 
their antimalarial activity against Plasmodium bertjhei. in 
mice. The screening was carried out by Dr. L. Kane of 
the University of Miami. Miami, Fla., by the screening 
procedure described previously.- Two compounds, 
1 and 2, were found to lie curative. Compound 1 cured 
two mice at 160 mg kg and all five in the test at 040 
mg kg. Compound 2 showed slight activity at 1(30 and 
320 mg kg and cured all five mice at 640 mg kg. All 
other compounds were inactive and toxic. 

Experimental Section 

All melting points were determined in open capillary tubes in 
a Thomas-Hoover Unimelt and are uncorrected. Reference 
should be made to Table I for relevant information. 

7-Chloro-4-(3-ketoquinuclidinyl-2-methyleneamino)quinoline 
(1).—A mixture of 7-chloro-4-aminoquinoline3 (2.0 g, 0.011 mol) 
and 2-methylene-3-quinuclidinone1 (3.0 g, 0.022 mol) was heated 
at 80° with stirring for 1 hr. The reaction was cooled and 
diluted with 200 ml of .MeOH when a white solid (1.0 g) precip­
itated. 

7-Chloro-4-(3-hydroxyquinuclidinyl-2-methyleneamino)quino-
Iine (2).-—The quinuclidinone derivative 1 (2.0 g, 0.006 mol) was 
dissolved in 60 ml of .MeOH at 0° and to this was added XaBIL 
(5.0 g) in small portions. The mixture was allowed to stand at 
room temperature for a few hours, and then worked up as usual 
to give 1.3 g of the product. 

7-Chloro-4-(3-quinuclidinylamino)quinoline (3).- -A mixture 
of 4,7-dichloroquinoline (25.0 g, 0.125 mol), 3-aminoquinuclidine 
dihydrochloride (25.0 g, 0.125 mol), XaO.Me (12.0 g, 0.233 mol), 
and 100 ml of phenol was heated at 140° for 3 hr. Excess phenol 
was removed in vacuo and the residue was cooled, triturated with 
30% XaOH, and extracted with CHC13. The CHC13 extract was 
dried (X*a2S04) and filtered and the product was converted to the 
hydrochloride with dry HC1; yield 5.5S g. It was crystallized 
several times from a large volume of EtOH until it melted at 
330-335° dee. The HC1 salt was extremely difficult to purify. 
The content of H20 appeared to depend on the degree of drying. 
This sample was dried at 100° (0.03 mm) for 20 hr. 

7-Chloro-4-[l-methyl-4-N-methyl-(3-hydroxyquinuclidinyl-2-
methyIene)aminobutylamino]quinoline (4).—A solution of 7-
chloro-4-(l-methyl-4-methylaminobuty]amino)quinoline4 (12.5 g, 
0.045 mol) and 2-methylene-3-quinuclidinone in 300 ml of MeOH 
was stirred at room temperature for 14 hr. The reaction was 
cooled in an ice bath, treated with XaBH4 (15.0 g) in small por­
tions over a period of 1 hr, and allowed to stand at room tempera­
ture for 2 hr. MeOH was evaporated off in vacuo, and the residue 
was treated with 300 ml of H 2 0 and extracted with C6H6. The 
C6H6 extract was dried (K2CO3) and evaporated to give a glass 
which was passed through a basic alumina column (30 g of alumina 
to 1.0 g of material) in C6H6 solution. After eluting with 3 1. of 
C6H6 to wash off impurities, the product (1.2.5 g) was eluted with 
Me0H-C 6H 6 (1:19). It was still a glasslike material and melted 
over a wide range. 

7-C"hloro-4- [l-methyi-4-N-ethyl-( 3-hydroxyquinuclidinyl-2-
methylene)aminobutylamino]quinoline (5) was prepared from 
the corresponding X-ethyl compound4 and purified in the same 
way as 4. 

7-Chloro-4-[N'-(3-quinuclidinyl)hydrazino]quinoline (6).—A 
solution of 7-chloro-4-hydrazinoquinoline6 (3.86 g, 0.02 mol), 
3-quinuclidinone (2.5 g, 0.02 mol), and 0.1 g of p-toluenesulfonic 
acid hydrate in 100 ml of MeOH was refiuxed for 12 hr. The 

(1) A. R. Hansen and H . Bader , J. Uelerocycl. Chem., 3, 109 (I960) . 
•,2) T . S. Osdene, P . B . Russell, and L. Ranc , / . Med. Chem., 10, 431 (1967). 
'3) R. C. Elderfield. W. J . Gensler. O. Birstein, F. J . Kreysa , J . T. M a y n a r d , 

and J . Ga lbra i th . J. Arner. Chem. Soc. 68, 1250 (1946). 
i4) M. Carmack . O. H. Buli t t . Jr. , G. R. Hendrk-k, L. W. Kissinger, and 

I. Von, ibid., 68, 122(1 (1946). 
,._it A. R. Surrey and it . A. Cutler , ibid., 68, 257(1 (1946). 
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TABLE I 

No. 

10 

11 

12 

13 

0. 

NHCH2 N--

HO. 

NHCH 

NH. 

V N ^ 

2HC1-0.5H.O 

CH3 V£j 
NHCH(CH2)3NCH2

 N 

CH; 

HO. 

CH3 

NHCH(CH2)3NCH, 

C2H: 

N H N H . 

& 

l£) 2HC1 

Yield, 
% 

Mp or bp 
(mm), °C Crystn solvent 

R 

29.0 225-227 

38.0 240.5-242 CeHe 

12.0 330-335 dec EtOH 

60.0 65-110 

85.0 66-75 

55.0 263.5-265 dec MeOH-Et 2 0 

CH30. 

75.0 120-122 
NHCH, N ' 

NHCHr->r 

NHCH, N 

H 2 N N \ -

N H C H r ^ 

" ^ 
NHCH(CH2)3NV^ 

CH3 %) 

NHCH(CH 2 ) 3 HN.^ 

CH3 I r j 

55. 

17 

77 

80. 

0 

.7 

.0 

.0 

196-197 

196-198 

98-102 

150 (0.001) 

210-222 (0.005) 

210-220 (0.002) 

Analyses 

CnHuClNsO 

CHsoClNsO 

H, X, CI; C-

C, H, N 

Ci6H20Cl3Nv0.5H2O C, H, N, Cl(total), 
C1-, H 2 0 

C23H33ClNiO 

C24H35C1N40 

C11H21CI3K4 

C, H, N 

H, N ; C 6 

H, N; C 

C1SH21N3O2 

C18H23N3O2 

CH2Cl-petr ether Ci8H22N402 

Et 2 0-pet r ether Ci5H23N60 

Ci7H2iNsO 

C22HSoN40 

C22H32N40 

C, H, N 

C, H, N 

H, N ; C 

C, H; N« 

C, H, N 

C, H, N 

C, H, N 

" C: calcd, 64.66; found, 64.21. b C: calcd, 66.88; found, 66.43. c C: calcd, 51.15; found, 51.65. d C: calcd, 66.23; found, 
65.78. e N : calcd, 21.52; found, 21.01. 

solvent was evaporated off in vacuo and the hydrazone was dis­
solved in 100 ml of T H F and added slowly to a mixture of LAH 
(5.7 g, 0.15 mol) in 250 ml of T H F . After refluxing for 12 hr, 
the reaction mixture was cooled in an ice bath and carefully 
decomposed with 5.4 ml of H 2 0 followed by 5.4 ml of a 15.0% 
NaOH solution and 16.2 ml of H 2 0 . After stirring for 3 hr, the 
inorganic salts were removed by filtration and washed with T H F 
and the filtrate was concentrated to a green oil. I t was converted 
to the dihydrochloride and crystallized to give 2.3 g of the salt. 

6-Methoxy-8-(3-ketoquinuclidinyl-2-metliyleneamino)quirto-
line (7).—A solution of 6-methoxy-8-aminoquinoline (34.8 g, 
0.20 mol) and 2-methylene-3-quinuclidinone in 50 ml of MeOH 
was stirred and refluxed for 0.5 hr. On cooling the mixture to 

room temperature, 46.5 g of the product crystallized; it was filtered 
off and washed with MeOH. 

6-Methoxy-8-(3-hydroxyquinuclidinyl-2-methyleneamino)-
quinoline (8).—The ketone derivative 7 (10.0 g, 0.033 mol) was 
dissolved in EtOAc and hydrogenated at room temperature and 
atmospheric pressure using a P t 0 2 catalyst. After the absorption 
of a little over 1 equiv of H2, the catalyst was removed by filtra­
tion, and the filtrate was concentrated and allowed to crystallize 
to give 5.5 g of 8. 

6-Methoxy-8-(3-quinuclidineamino)quinoline (11).'—A mixture 
of 6-methoxy-8-aminoquinoline (17.40 g, 0.01 mol), 3-quinuclidi-
none (12.50 g, 0.01 mol), p-toluenesulfonic acid (0.40 g), and 
400 ml of C6H6 was refluxed for 18 hr using a Dean-Stark H»0 
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separator. The reaction mixture Was cooled to room temperature, 
stirred with anhydrous K2CO3 (15.0 g) for 0.5 hr, and filtered and 
the filtrate was evaporated to dryness. The crude Schiff base 
was reduced with XaBH4 and distilled to give 5.0 g of 11. 

6-Methoxy-8-[l-methyl-4-(3-quinuclidineimino)butylamino]-
quinoline (12).—A mixture of primaquine6 (7.77 g, 0.03 mol), 
3-quinuelidinone (3.75 g, 0.03 mol), p-toluenesulfonic acid (0.1 
g), and 200 ml of PhMe was refluxed for 12 hr when 0.6 mol of 
H 2 0 collected in the Dean-Stark separator. The clear solution 
was concentrated to a viscous oil and distilled to give 7.4 g of a 
yellow7 glasslike material. 

6-Methoxy-8- [1 -methyl-4-( 3-quinuclidineamino )butylamino ]-
quinoline (13).—The Schiff base 12(7.8 g, 0.021 mol) was dis­
solved in f-PrOH, cooled in an ice-HsO bath, and treated with 
S.O g of .\aBH4. The mixture was worked up as usual to give 
6.5 g of a glasslike product. 
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Several types of compounds containing the thiocar-
bonyl group have been shown to possess fungistatic 
properties. For example, thiosemicarbazones2 and 
dithiosemicarbazones3 have been shown to be effective 
against the cellulolytic microorganism Chaetomium 
globosum. In addition, it has been found4 that 4-isothio-
cyanatobenzenesulfonpiperidide (I) has considerable 
value as a fungicide. 

SCN SO,X O 
In the present work, three series of new compounds 

have been synthesized from I, their structures have 
been deduced from elemental analysis and ir absorption 
ineasurements, and the antifungal effectiveness of them 
has been evaluated against two microorganisms, 
Chaetomium globosum and Aspergillus niger. I reacts 
readily with hydrazine hydrate, substituted hydrazines, 
and amines to form the desired substituted thiosemi­
carbazides (II, III) and substituted thioureas (IV), 

1 + YNE, Y N H C S N H — / V - S O . N \ 

II. Y = H,N 
III, Y = R!R,N 
IV. Y = R 

(1) Issued as N R C C No . 10726. 
(2) B . G. Benns, B. A. Gingras , and O. H . Bayley, Appl. Microbiol., 8, 353 

(1960). 
(3) D . M . Wiles, B. A. Gingras, and T . Suprunchuk , Can. J. Chem., 45, 

1735 (1967). 
(4) H . A. Stevenson, J . R. Marshal l , and A. F . H a m s , Bri t ish P a t e n t 840,122 

(July 6, 1960). 

respectively. Thiosemicarbazones V were prepared by 
treating a series of aliphatic and aromatic aldehydes 

II + R,R,a> 

R,R,C==Ni\H('SNH- SOX 

V 

and aliphatic ketones with II. The yield, melting point, 
and formula for each of the new compounds of the 
types II1-V are listed in Tables I—III. 

TABLE I 

SOME I-SCBSTITL'TED 

4-(4-BENZE.\ESUI,FOXI'IPERIUIUE)TIIIOSEMICAHBAZIDES 

RI. 

, / • 
:NNHCSNH -s0=O 

N o 

1 
R» 

.Me 
II 
H 
H 
H 

Yield, 

% 
S4" 
6l'J 

566 

75" 
N't6 

M]>, °C 

172 
165 
169 
105 
201 

Formula c 

C1H0.2X4O0S.. 

C„H2,X103S ;, 
C18H22X4O2S2 

Ci8H22X404S3 
CMHMXIC^S:! 

Me 
> CHoCHaOH 
I C6H6 

I C6H5SO.. 
j 3-Hydroxy-

2-naphthoyl 
" Recrystallized from Me2CO. b Recrystallized from EtOH. 
Analyzed for C, H, X, S.5 

TABLE II 

ALDEHYDE OR KETONE 

4 - ( 4 - B E . N Z E N E S U L F O N " P I P E R I D I D E ) T H I O S E M I ( . ' A R B A Z O N E S 

R»s 

R ; 

k3^C=NNHCSNH—<^V-S02N \ 

No. 

0 
7 

8 

9 

10 
11 
12 

13 
14 

1.") 

16 
17 
IS 

Aldehyde 
or ketone 

Benz a ldehyde 
p-Cb\oroheiiz-

a ldehyde 
2,4-Dichloro-

benza ldehyde 
p-Hydroxy-

benza ldehyde 
C innamaldehyde 
Anisaldehyde 
o-Hydroxy-

benzaldehvde 
1-Naphthaldehyde 
2 - H y d r o x y - l -

naph tha ldehyde 
Ferrocenecarbox-

a ldehyde 
Acetone 
2-Butanone 
2 -Heptadeeanone 

a Recrystallized 
IX! vlF-H20. cRecrj 

Yield 

/c 

03" 
75" 

79" 

7 1 " 

73" 
78" 
(H6 

79" 
8 1 " 

89" 

75" 
65" 
90' ' 

from 

M p , °C Formula 

228 C i .H M N.OsS . 
23 J CJHwN.OsSsCl 

244 C H i . N . O i S i C h 

210 C I I H K N . O & 

202 C n H s . N . O A 
195 C H s . N . O . S j 
217 C . H ^ N . O i S j 

217 Cs.HuN.OiB. 
201 C . , H „ N , 0 , S ; 

216 CsjHitN.OsSil'V 

169 CisH^N.O.Ss 
165 Ci ,H. ,N,0 .S? 
74 C.HU.N.O.S* 

Me2CO-H20. b Recrys 
,-stalIized from dioxane-H-jO. d 

Analyses 

C, H , N , S 
C, H , N , S. CI 

C, H, X, S, CI 

C, H, K, S 

C, H, N, S 
C, H , N , S 
C, H , N , S 

C, H, N . S 
C, H , N , S 

C, II, N , K, I-'e 

C, I I , N, S 
C, H, N, S 
("'. H. N , S 

tallized from 
Recrystallized 

from EtOH-H 2 0. 

It is necessary to obtain some direct evidence, in ad­
dition to the analytical data,5 in support of the struc­
tures proposed for the new compounds reported here. 
In each case, the observation of particular ir absorption 
bands, characteristic of particular structural entities, 
verifies the structures shown in the tables. 

The substituted thiosemicarbazides, the thiosemi­
carbazones, and the substituted thioureas were screened 
as potential fungicides by the tube dilution method.2 

The results of the effectiveness against Chaetomium 
globosum may be summarized as follows: (a) coin-

to) Where analyses are indicated only by symbols of t i e e lements , analytical 

results obta ined for those elements were within ± 0 . 4 % of the theoret ical values. 
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