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TABLE V (Continued) 
Test Dose, Wt change Tumor a t c  EDSD, 

No. systema m g / k  Survivors (T - C),5 g (T/CI5 70 T/C5 r d m l  Slope 

17 AA 10 3/3 22 
3 3/3 17 

WA 50 6/6 - 80 2.9/8.1 35 
a Screening was performed under the auspices of the Cancer Chemotherapy National Service Center according to its protocol.B The 

test systems included: WA, Walker 256 (subcutaneous) in rats, p 11 of protocol; KB, cell culture, p 22; SA, Sarcoma 180 in mice, p 
5;  FV, solid Friend virus leukemia, p 6; AA, toxicity test. b T stands for test animals, C for controls. c Tumor weight is in milli- 
grams for SA, FV, and LL, and grams for WA and LE. 

30-ml portions of acetonitrile provided an analytical sample, mp 
103-1 04”. 
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173-diaminopropane used in this research. 

Anal. Calcd for C30H37C18304: N, 7.31. Found: N,  7.27. 
2-Substituted 1,3-Bis( 3,4-dimethoxybenzyl)hexahydropyrimi- 

dines (Table 11) were prepared by the procedure as described in 
the previous section, from aldehydes and N,N’-bis(3,4-dimethoxy- 
benzyl)-1,3-diaminopropane (VI11 b). 
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A number of 3-substituted 2-thiohydrouracils were synthesized by cyclization of the appropriate l-carbosy- 
ethyl-3-substituted 2-thioureas using polyphosphoric acid. Infrared spectral characteristics of the -TiC=S 
containing molecules are discussed and compared. The thioureas and resulting thiohydrouracils were tested for 
their in vitro antitubercular activity with minimum inhibitory concentrations ranging from 1.3-2.5 mg for 
the thioureas, and from 1.3-5.0 mg for the thiohydrouracils. Several of the compounds were submitted to 
the Cancer Chemotherapy National Service Center for screening; the results of this screening are also reported. 

A wide variety of chemical structures have been 
shown to be effective in the inhibition of the growth of 
M .  tuberculosis through in vitro testing. These com- 
pounds range in complexity of structure from such 
molecules as the antibiotic streptomycin to the rela- 
tively simple substituted thiourea molecule. Numerous 
investigators have reported upon the synthesis and 
antitubercular activity of various molecules containing 
the elements of -NC=S such as thioamides,’ thioureas12 
and thiosemicarbazones. Recently we have reported 
on the activity of some thioureas incorporating hetero- 
cyclic N-substitution along with p-alkoxyphenyl N- 
sub~t i tu t ion .~  The present series of compounds was 
synthesized and examined for the effect of incorporating 
-KC=S into a cyclic structure such as thiohydrouracil 
while maintaining certain other features such as the 
substituents of the previously reported series for com- 
parison. 

Chemistry.-The intermediate 1-carboxyethyl-3-sub- 
stituted 2-thioureas (I) were formed in good yields by 
treating 3-aminopropionic acid and the appropriately 
substituted isothiocyanates in aqueous sodium hy- 
droxide a t  room temperature and subsequent treatment 
with hydrochloric acid. The substituted carboxyethyl- 

(1) T. S. Gardner, E. Wenis, and J. Lee, J .  Org.  Chem., 19, 753 (1954). 
( 2 )  L. Doub, L. M. Richardson, D. R. Herbst, M. L. Black, 0. L. Steven- 

son, L. G. Bambas, G. P. Youmans, and A. S. Youmans, J .  A m .  Chem. Soe., 
80, 2205 (1958). 

(3) G. Domagk, Am. Rev. Tuberc., 61, 8 (1950). 
(4) (a) A. C. Glasser and R. M. Doughty, J .  Pharm. Sci., 51, 1031 (1962); 

(b) ibid. ,  63, 40 (1964). 
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thioureas mere then cyclized with hot polyphosphoric 
acid to form the 3-substituted 2-thiohydrouracils (11). 

Derzaj-Bizjak and co-workers5 reported that the 
condensation of 3-aminopropionic acid with isothio- 
cyanates as reported by Ghosh6 does not take place 
except in the case of o-tolyl isothiocyanate. These 
authors used the corresponding ethyl 3-aniinopro- 
pionate, and, following the condensation with an iso- 
thiocyanate, the ester function was hydrolyzed to 
free the desired 1-carboxyethyl-3-substituted ‘7- 
thioureas. We have found that the condensation of 
the sodium salt of 3-aminopropionic acid with alkyl, 
cycloalkyl, and aryl isothiocyanates in water pro- 

( 5 )  31. Derzaj-Bizjak, S. Oblak, and hl.  Tisler, J .  01.g. Chem.,  27, 1343 
(1962). 

( 6 )  T. S. Ghosh, J .  Indzan Chem. SOC., 11, 23 (1934). 
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TABLE I1 
3-SUBSTITUTED 2-THIOHYDROURlCILS 

H 

CYS NR 

0 
Yield, 7 %  NC--- JIIC, 

It hip, "C" RSb % Formula Calcd Found mg % 

n - C J h  78-79 E-W 86 CizHzzNzOS 11.56 11.49 5 . 0  
CsHii 206-207 E 76 CioHi6NzOS 13.20 13.09 2 . 5  
C& 233-234h h 65 CIOHIOX~OS 13.58 13.70 1 .3  
p-CHaOCsH4 234-235i A 76 C11Hi,N,OS 11.86 11.89 1 . 3  
p-CzHjOCsHa 229-230 -2 86 CizHi4NzOS 11.09 11.19 5 . 0  
p-(n-C3H;O)Ce,H4 208-209 A 75 C13H16NZOS 10.60 10.67 L O  
p-(i-CaHiO)C6H, 233-234 A 64 C ~ ~ H I ~ X ~ O S  10.60 10.70 2 . 5  

p-(s-CaHsO)CsHa 236-237 A 45 Cl4HI8N2OS 10.07 10.20 5 . 0  
p-(n-CaHgO)CsH4 213-214 A 86 Ci4Hi,X,OS 10.07 10.17 2 . 5  

p-(%-C$HiiO)C6H4 209-210 A 85 C ~ S H ~ O X ~ O S  9.58 9 .57  5 . 0  
p-( s-C5Hl~O)C6H, 171-1 7 2  E 38 CiSHIoN20S 9.58 9.86 5,O 
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a See footnote a,  Table I. See footnote b, Table I. e See footnote c, Table I. d Reaults of standard KB in vztro, tumor-cell in-  

hibition test as carried o u t  by the Cancer Chemotherapy Xational Service Center representing that dose inhibiting the growth of the 
KB cell cnlture to 50% of control growth. e Survival time In days in treated and controls reported as % T / C  using L1210 lymphoid 
leukemia as tested by the Cancer Chemotherapy National Service Center. f Compounds 5 and 8 showed % T / C  values against Sar- 
coma 180 as tested by CCSSC of 62 and 63, respectively. i Dose 
level 500 mg/ml. 

0 Dose level 400 mg/ml. h Lit.9 mp 228-229". a Lit.6 mp 236". 

involving those substituents seen to be most active froni 
previous work. 

I n  addition to the tuberculostatic testing, compounds 
from Table I1 mere submitted to the Cancer Chemo- 
therapy National Service Center for screening under 
the program established for this purpose. The results 
of their screening are reported in Table I1 along with 
the other data. 

Experimental Section 
1sothiocyanates.-The phenyl isothiocyanate used was a com- 

mercial product from Eastman Kodak. The following p-alkoxy- 
phenyl isothiocyanates were prepared by the action of sodium 
chloroacetate upon the appropriate dithiocarbamate with the 
decomposition of the resulting salt by zinc chloride:17 p-me- 
thoxy, p-ethoxy, p-propoxy, p-isopropoxy, p-butoxy, p-(sec- 
butoxy), p-amoxy, and p-(sec-amoxy). The alkyl and cycloalkyl 
isothiocyanates were prepared by the method of 1\Ioore.18 

(17) G. J. Vander Kirk, C. W. Pluggers, and G. deyries, Rec.  Tiav. Chim. ,  

(18) 31. L. Moore and F. S. Crossley, "Organic Syntheses," Coll. Val. 111, 
74,  1262 (1955). 

John Wiley and Sons, Inc. ,  S e w  l o r k ,  N. Y., 1955, p 599. 

1-Carboxyethyl-3-p-(n-propoxy)phenyl-2-thiourea.-A solu- 
tion of 4.83 g (0.025 mole) of p-propoxyphenyl isothiocyanate and 
2.23 g (0.025 mole) of @-alanine in 50 ml of 1 S NaOH in a 125-ml 
extraction flask was st,irred at  room t,emperature with a magnetic 
stirrer until t,he reactants were in solution. This required 4 
days. The solution was filtered and made acid with 10% HCI, 
and the resultant oil was scratched with chilling in an ice bath to 
induce crystallization. After standing overnight the solid was 
filtered, washed twice with cold water, and recrystallized from 
alcohol and water to yield, after drying, 4.9 g (707,) of white 
crystalline solid, mp 125-126'. 

Anal. Calcd for CI3Hi8X2O2S: N, 9.92. Found: N, 9.99. 
3-p-(n-Propoxy)phenyl-2-thiohydrouracil.-One gram (0.0035 

mole) of l-carboxyethyl-3-p-(n-propoxy)phenyl-2-thiourea was 
added to 0.150 g of polyphosphoric acid which was previously 
heated to 125-140' in a 50-ml beaker on a hot plate. While the 
resulting melt was stirred, the temperature was maintained for 
about 2 min until a yellow-brown color had developed. The 
beaker was removed from the hot plate, allowed to cool slightly, 
and 10 ml of water was added with stirring. The resulting solid 
was filtered, washed tn-ice with cold water, and dried in a desic- 
cator overnight. A buff-colored solid resulted; mp 185-190'. 
This was recrystallized twice from acetone to yield 7.1 g ( 7 5 7 , )  of 
white needles melting a t  208-209'. 

Anal. Calcd for C13HlsS20S: N, 10.60. Found: N, 10.67. 


