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solved in methanol and decolorized with Norit. After filtration 
and concentration of the filtrate, 3.95 g. (33.4%) of the yellow 
crystalline acetate, m.p. 111-114', was obtained. Repeated 
recrystallization from methanol produced an analytical sample 
in the form of yellow, blunt prisms, m.p. 120-120.5"; infrared 
absorption a t  5.66, 5.95, and 8.32 p ;  ultraviolet Amax 325 mp 
(log e 4.22), shoulder 280 mp (log e 3.88). 

Anal.  Calcd. for C1RH2n0,S: C, 68.30: H. 6.40. Found: 

SOTES 113 

C, 68.12; H, 6.22. 
The vellow oil obtained from the filtrate. which remained after 

removil of the crystalline acetate, was evaporatively distilled 
between 120 and 140' (0.05 mm.). Nine fractions were collected 
which exhibited identical absorption in the infrared region, 
mnsistent with the acetoxS.-ol,p-unsaturated thiolactone structure; 
the combined fractions weighed 5.86 g. (49.5%); a center frac- 
tion was chosen for analysis. 

Anal .  Calcd. for CIRH&S: C, 68.30; H, 6.40. Found: 
C, 68.15; H, 6.28. 

The benzoate of the phenolic thiolactone (IIc) was prepared by 
dissolving 200 mg. (0.634 mmole) of the crystalline acetoxy- 
phenyl thiolactone ( I Id)  in tetrahydrofuran, followed by the 
simultaneous addition of 11.64 ml. of 0.1089 S sodium hydroxide 
(1.27 mmole) and 0.089 g. (0.634 mmole) of benzoyl chloride. 
The mixture was allowed to shake overnight, followed by evapo- 
ration of the tetrahydrofuran. The product was taken up in 
ether, washed with water, and dried. Evaporation of the ether 
left a brown oil which was dissolved in benzene and decolorized 
with Korit. The benzoate crystallized from benzene-petroleum 
ether in the form of pale yellow prisms, m.p. 90-96". Further 
recrystallization produced an analytical sample, n1.p. 98-98.5'; 
infrared absorption a t  5.77, 5.98, 7.95, and 8.32 p ;  ultraviolet 
A,,, 232 mp (log e 4.33), 280 mp (log e 4.00), and 326 mp (log e 
4.22). 

Anal .  Calcd. for C23H2203S: C, 72.99; H, 5.86. Found: 
C, 73.01; H, 5.79. 
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In  a search for compounds showing tranquilizing 
properties, a,a-diphenyl-&(4-pyridyl)ethanol (20) was 

I--\ 

prepared by the action of benzophenone on 4-picolyl 
sodium.' This material when examined by our phar- 
macologists showed a marked activity in reducing serum 
cholesterol levels in the normal mouse. This observa- 
tion stimulated our interest in the preparation and test- 
ing of other pyridyl carbinols. We were also interested 
in determining, if possible, what portions of the mole- 
cule were necessary for this observed diminution of the 
serum cholesterol content. The structure of the initial 
compound was divided into three portions with the 

A B C 

thought that a revamping of each portion would help 
to determine the site of activity. These variations 
were prepared by methods A and B in the Experi- 
mental. 

Initially, we prepared and tested l,l,%-triphenyl- 
ethanol2 and 1,2,2-triphenylethanol, two nonnitroge- 
nous congeners. They showed little or no activity in our 
test and indicated the necessity for a basic ending in the 
molecule. Two compounds were prepared with a 
reduced hetero ring connected in the 1-position (1, 
2, Table I and 11). Seither of these compounds had 
any activity. The substitution of 2-niethylpyrazine 
for y-picoline resulted in a product (3) that had no 
activity. 

In our examination of the B portion of the molecule, 
branched chain condensation products were obtained 
by using 4-n-propylpyridine or 4-ethylpyridine) al- 
though the yields were poor. These products (4, 5) 
showed some effectiveness at  an intermediate dose, but 
a t  the lower dosage no activity was observed. 

Other variations prepared involved the pyridyl 
grouping (a ,  p, or y) adjacent to the hydroxyl and the 
phenyl substituent or the p-chloro derivative on the 
methylene carbon. Xone of these variations (12, 
13, 14, 15, 19) conferred any cholesterol-lowering 
properties on the compounds except 15. This material 
showed activity at  a high dose level, but when the dos- 
age was lowered. all activity disappeared. 

When a substitution in portion C was made by 2- 
pyridyl, 3-pyridyl, methyl, and, or 4-pyridyl, the coni- 
pound 16 was inactive, 8 was moderately active, while 
17 and 18 showed activity only at  a high dose level. 

However, when one of the phenyl rings was replaced 
with a p-tolyl group, a very high dose of the compound 
(6) was active in the screening procedure. If the dos- 
age was reduced, the activity disappeared. 

If the methyl group was substituted only in the py- 
ridyl portion of the molecule, some activity was ob- 
served. When the methyl substituent was present in 
both of the phenyl rings and not in the pyridyl, the 
compound was again inactive. Finally, if a methyl 
group was introduced into the para position of one of 
the phenyl rings and another methyl group ortho in the 
pyridyl nucleus, activity was present when the com- 
pound was examined at  a high and an intermediate 
dosage (see 11, 10). 

Method of Screening.-The compounds M ere mixed intimately 
with ground mouse diet at the concentrations shown By calcu- 
lation using a typical mouse weight a t  20 g. and the average 
daily food consumption per mouse 3 g. diet (found in previous 
experiments), the approximate daily dose in mg./kg./day can be 
determined. (For example a concentration of 0.067% in the diet 
equal? approximately 100 mg./kg./day). The mice were housed 
in groups of six, weighed once as a group a t  the beginning of the 
experiment and once a t  the end. Control groups (usually a t  
least 2)  were given plain ground diet, and treated groups got 
ground diet containing drug. Access to diet and Rater was un- 

(1) A .  W. Weston and  R .  \V, Deh'et, personal communication. ( 2 )  C .  Hel land  Fr. Keigandt,  B e y .  37, 1429 (1904), 
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Compound 

20 

1 
2 
4 

5 
6 
S 
10 

11 
15 

16 
17 

18 

22 

Triparanol 

TABLE I1 
Calculated 

dose, 
mg./kg./day 

400 
100 
40 
20 
1 0 

5 
2 3 

312 
156 
100 
10 

100 
.io0 
230 
500 
100 
100 
312 
100 

219 
10 

100 
10 

500 
250 
100 
100 
10 

-_ 
43 

Concentration. 
% in  diet 

0.267 
,067 
,027 
,013 
,007 
,0033 
,0017 
208 
104 

. 067 
,007 
. 067 
,333 
,167 
,333 
,067 
,067 
,208 
,067 
,050 
,146 
,007 
,067 
,007 
,333 
,167 
,067 
,067 
,007 

Response,a 
% 

reduction 

36 
38 
36 
36 
29 
11 
4 
6 
4 

27 
0 

36 
48 
31 
6 5 
22 
30 
34 
0 
6 

57 
0 

46 
5 
0 

17 
49 
49 
27 

a %reduction = 100 

limited. At the end of treatment (1 or 2 weeks) the mice were 
bled by heart puncture, the bloods were centrifuged, and the 
plasma separated. Cholesterol determination was done on the 
plasma for each mouse. 

Experimental3 

Preparation of Carbinols. Sodamide (Method A).-Sodamide 
was added portionwise to an excess of 7-picoline stirred and 
cooled in ice-water. This mixture frequently became very dark 
as the picolyl sodium formed. The appropriate ketone dissolved 
in additional ?-picoline was added very rapidly and the resulting 
mixture was stirred overnight. This mixture was then poured 
into a large excess of water and allowed to crystallize. After 
filtering, the products could then be recrystallized from a suitable 
solvent. 

General Grignard Procedure (Method B).-To the Grignard 
solution prepared from 0.2 g.-atom of magnesium and 0.2 mole of 
p-chlorobenzyl chloride in 100 ml. of ether was slowlv added a 
suspension of 0.19 mole of the pyridyl ketone in 300 ml. of ether 
with stirring. The mixture was then heated to reflux for 4 hr. 
with continued stirring. The reartion mixture was then decom- 
posed by the addition of an equivalent of ammonium chloride in 
saturated aqueous solution. The salts were filtered and washed 
with more ether which was then concentrated to an oil by dis- 
tilling the ether. The residual oil was distilled an uacuo and the 
product rwrystallized from a suitable solvent. 
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In  a recent publication, the synthesis of a number of 
1,2,3,-substituted hexaliydropyrimidines as potential 
antitumor agents was reported.’ It was suggested 
that these compounds I may be thought of as potential 
aldehydes, since they can hydrolyze under mild acid 
conditions to liberate the free aldehyde 11. 

n H’, H 2 0  Ar‘CHO 
I1 ArCH2NyKCHzAr A 

-H20 

CH 
I 

Ar ’ 
I 

+ 
ArCHZNH(CHz)3NHCHzAr 

I11 

The available test data for those hexahydropyrim- 
jdines indicated no significant activity when screened 
in the carcinoma 755,  sarcoma 180, and leukemia 1210 
systems. However, the 2-substituted l13-bis(p-meth- 
oxybenzy1)hexahydropyrimidines prepared from benz- 
aldehyde, 2,4-dichlorobenza1dehydel and o-ethoxybenz- 
aldehyde displayed reproducible activity in a tissue 
culture screen. These results suggest that possibly 
a more potent cytotoxic aldehyde is necessary for 
in vivo antitumor activity. To this end, hexahydro- 
pyrimidines have been prepared from benzaldehyde 
nitrogen mustard IT’ and o-tolualdehyde nitrogen 
mustard Y. 

CHO CHO (yH3 
N(CH2CH,C1)2 
V 

Due to the potential alkylating action of the nitrogen 
mustard grouping, the derivatives of these aldehydes 
might show selective antitumor activity if they are re- 
leased preferentially a t  the tumor site, unless, of course, 
the nitrogen mustard grouping is capable of more rapid 
alkylation from the hexahydropyrimidine transport 
molecule. 

The hexahydropyrimidines reported in Table I were 
synthesized by condensing the aldehydes IT.’ or 1 ni th  
secondary 1,3-diamines of the general structure I11 in a 
refluxing solution of ethanol or acetonitrile. The latter 
solvent was found to be much preferred in two of the 
syntheses. The diamines I11 mere prepared by reduc- 
tion of the corresponding di-Schiff base VI. 

(1) J H 13illman and  J L lleisenheimer part 111 J Ired Chem , 6 

(2) This in5estigation u a s  supported b y  a Public Health S e n i c e  Fellow 
682 (1963) 

ship (GF-13.650) from the Dir ision of General Medical Sclences, National 
Insti tutes of Health, Public Health S e n i c e  

(3) National Insti tutes of Health Fellow, 1961-1963 Taken from the 
Ph  D thesis of J. L. ?,I., Indiana University, 1963. 

(3) ?,felting points were taken on a Hoover capillary melting point ap- 
para tus  n i t h  the thermometer calibrated against melting point standards. 


