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Hypocholesterolemic Agents. 8.l Synthesis of 
25-ilzadihydrolanosterol and Derivatives' 
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Continued interest in azasteroids as inhibitors of cholesterogenesis prompted the synthesis of 25-azadihydro- 
lanosterol (3d) and derivatives. This was achieved by ozonolysis of lanosterol acetate Fc-hich afforded the tris- 
iioracid 2a n-hich upon treatment with SOC1, follosed by (CH,),NH and subsequent reduction of the amide 
2d gave 3d in good yield. Compound 3d could also be obtained directly by the action of DMF and formic acid 
on the trisnoraldehyde 5. Compounds 3a and 3c were also prepared for biological testing. Compound 3d 
ihowed a marked inhibitory effect on the growth and development of tobacco hornworms. 

Cholesterol synthesis in the liver of men and mammals 
is known to be inhibited by exogenous cholesterol in ;L 
feedback mechanism. I'revious papers in t,his series 
describe a variet'y of synthet,ic aza- and diazacholesterol 
analogs3 n-hich were prepared in an effort to  simulate 
cholesterol in  this feedback mechanism. I n  addition 
to the desired inhibit'ion of 3-hydroxy-3-methylglu- 
taryl-coenzyme A reductase* with concomitant decrease 
in plasma total sterol levels, these azasteroids also 
inhibited desmosterol reductase.5 Since lanosterol is 
the init,ial steroid product resulting from tlie cyclization 
of squalene, it \vas of interest to examine aza analogs 
of lanosterol not only as possible feedback inhibitors, 
but also as inhibitors of squalene oxidocyclase. This 
paper represents a continuation in part of our structure- 
act'ivity relationship studies and describes the synthesis 
and biological activities of a number of modified 
nzalanosterol analogs. 

The most' direct approach to 25azadihydrol:tno- 
sterol (3d) appeared to  be ozonolysis of lanosterol ace- 
ta te  (1) n-ith formation of a t'risnoracid (2a) which is 
suitably functionalized for furt'her transformations. 
The ozonolysis of lanosterol acetate rixs first reported 
by Ruzicka.6 The isolation of 2a, liowever, was quite 
tedious since the product could not be isolated directly 
from the reaction mixture. ConscquentlF, these work- 
er> resortcd to c1ironi:atograpliy of methyl ester 2b and 
P u bse que 11 t h ydrol? I n  oui' 
limcls, however, 2a \\-as obtained directly in 857; yield 
bj- performing the ozonolysis of 1:mosterol acetate it1 

to the free alcohol of 2a. 

* T o  ii-lion1 currespondence should be addresxd .  
(1) Par t  7 .  V. V, Ranade, F. Iiolien, and  R .  E.  Counsell, J .  .Urd .  

C h c m . ,  14, 38 .  
(2)  This Ivork vas  supported by Grants  HE-11274 from the  Sa t iona l  

Insti tutes of Health and  PR.1-18 from the American Cancer Societs.  
( 3 )  (a) I-'. 11. I i l imstra,  It. E.  Rannoy, and  R. E. Counsell, J .  M e d .  Chem., 

9, 7 2 3  11066). ( I ) )  R .  E.  Counsell. P .  D. l i l imstra,  L .  h-, :<yrted, a n d  R .  
E.  Rannel-,  i b i d . ,  8, 4 5  (1065). (ci R .  E. Coiinsell, P. I). Klimstra,  R .  E.  
Rannc:, and D. L. Cook, J .  M e d .  I'karm. C h e m . ,  5, 720 (19Ci2). (d) R .  E .  
C'ounscll, 1'. 11. I i l imstra,  and  R .  E.  Rannei. ,  zhzd . ,  5 ,  1221 (1962). 

t - l i  (a) Professor 1.. Rodwell, Department of Biologicrd Chemistry, 
Purdiie rniI-ersity,  private communication. (1,) R. E. Ranney and  R .  E .  
Coiinscll, I ' roc .  SOC.  E I J ) .  Bioi. N e d . ,  109, 820 (1962). (c)  R .  E. Ranney,  
L). I.. C o o k ,  TV, E.  I-Iambourger. a n d  R .  E .  Counsell, J .  Pharmncol. E x p .  
T'hw., 142, I32  (1963;. 

(a) R ,  IC. Ranne i -  a n d  E, 0 .  Daskalakas, I'roc. Soc. E z p .  Bioi. .)fed., 
1 6 ,  !J9!1 (1BC i i r .  (1,j I Thompson, .J. I lupont ,  a n d  TV. E. Rolibins, 

: I). Dvornik, n1. Kraml,  and  .J. I )ubuc,  ibid., 
I In r t t  ani1 C .  R, Talbert .  Circul!itiort, 28, 763 
Talhert ,  anrl G .  1:. Lee, .Inn. I n t e r n n l .  . l f e r l . ,  

61,  870 :1!161): I{. .I 1.5 and  I,. IVoIfnian, ilrcii. In!ermil 7 I e d . .  116, 
33f i  ( 196.5 , 

( 6 )  I.. Iliizicka, l i d ,  Ita:. and  .i. C .  AIulir, Hcii,. Ch in i .  .4r:, i ,  27, .472 
( IC144 j .  

( 5 )  

S!rr"id\, 2,  08 (1!363), I). Dvornik and AI, Kraml, I 'roc.  S a c .  E x p .  

CHzCl, and pyridine :it - 70" and subsequently decom- 
posing the ozonide a t  0" x-ith Jones reagent. Treat- 
ment of 2a with SOC1, followed by AIe21TH gave amide 
2d in good yield. Reduction of 2d with LAH afforded 
the desired 25-azadihydrolanosterol(3d). 

25-Azadihydrolanosterol 3-acetate obtained by acet- 
ylation of 3d could also be prepared by the Leuckart 
reductive amination of the trisnoraldehyde 5.' Due 
to  the presence of dihydrolanosterol,8 which was present 
up t o  60% in commercially available lanost'erol, it  was 
necessary to develop a new procedure for the synthesis 
of 5 .  Addition of HOBr to  1 in aq dioxane gave a mix- 
ture of bromohydrin 4a and dihydrolanosterol acetate. 
Chromatography on alumina (activity 11) gave dihy- 
drolanosterol acetate and epoxide 4b. Epoxide 4b was 
t,lien cleaved wit,h dil HCIO, in dioxane to the corre- 
sponding 24,25-diol 4c in SO% yield. Treatment of 
diol 4c with Pb(Ohc)i in THF solution gave trisnor- 
aldehyde 5 in 85% yield. Leuckart reductive amina- 
tiori of 5 with formic acid and DIIF gave 25-azadihy- 
drolanosterol ?-acetate. 

For biological reasons, nor derivatives 3a and 3c were 
also prepared from trisnoracid 2a. Treatment of acid 
chloride 2c with KHa gave t>he corresponding amide 2e 
n-hich \vas reduced with LAH to the corresponding 
amine 3a. 25-hz:i-26-nordihydrolanosterol ( 3 ~ )  \vas 
obtained by treatmmerit' of 3a with ethyl chloroformate 
followed by reduction of the corresponding ethyl car- 
bamate with LAH. 

Preliminary biological studies have shoivn that  3d 
is 3uperior to  20,25-diazacholesterol as an inhibit,or of 
tobacco hornworm g r o ~ v t h . ~  Moreover, 3d was found 
to  be a t  least as active as 20,25-diazacholesterol as :t 
liypocholesterolemic agent in rats. lo Further studies 
with this conigound are in progress and will be re- 
ported elsewhere. 

( 7 )  First reported b y  Akhtar,  e t  ul., a n d  prepared directly from lanosterol 
acetate by  selective epoxidation. The  resulting 2~,25-epoxylanost-8-en- 
38-01 acetate mas cleaved to  the  corresponding 24-ol-25-methoxy derivative 
and  photolyzed t o  give the  desired aldehyde 5.  [See M .  Akhtar,  P. F. H u n t ,  
and  11. :I, Parvez,  Biochem. J . ,  103, (316 (1967).] I n  our hands. however, 
we could not obtain selectivity in  monoepoxide formation. 

(8) The  usua! Tray of separating dihydrolanosterol from lanosterol con- 
sists of bromination of t he  mixture and  subsequent isolation of the less sol 
24,25-Ianosterol dihromide which is then acetylated and  dehydrobrominated 
\ri th Zn t o  give 1. I n  our present work, however, we found tha t  this pro- 
cedure )vas only partially successful i s  separating lanosterol from dihydro- 
lanosterol since tlie latter cocrystallizes with lanosterol dibromide and  is 
c,arried through as  a n  impurity (up to  307') in all subsequent reactions. 

f!)) l y e  are grateful t o  Dr. James Svoboda, Department of .igriculture for  
informing us of this preliminary data.  

(10) JVe are  grar,eful t o  Drs. R.  E. Ranney and  P. D. Klimstra of G .  U. 
Searle SI Co.,  for providing us  with this information. 
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2a, R =OH 

c,R=C1 
d, R = N( Me), 
e, R = NHi 

b, R OCH, 

A C Q W  H 

4a, R' = Br; R" = OH 
b,R'+R''= 0 
c,R'=OH;R''=OH 

Experimental Section" 
3p-Acetoxy-25,26,27-trisnorlanost-8-en-24-oic Acid (2a).- 

Lanosterol acetate's (10.0 g, 21.3 mmoles) in CHnC12 (300 ml) 
and dry CsHsN (3 ml) was ozonized at  Dry Ice-MetCO temp 
in the usual manner.13 The solvent was removed in vacuo under 
Nz to give the crude ozonide, which was taken up in MetCO 
(300 ml). This was cooled to -10' and Jones reagent added 
dropwise with cooling and stirring until a brown color persisted 
(15 ml). The reaction mixture was further stirred for 30 min at  
0' and for 10 min at  room temp. The entire mixture was then 
poured into ice-HI0 (100 ml) and the product taken up in Eta0 
( 5  X 400 ml). The combined EtzO exts were separated into 
acidic and neutral parts by treatment with NaOH (597,). The 
product isolated from the acidic fraction (4.0 g, 82.5(ro,14 mp 
196-200") was recrystd from CHC13-MeOH to give analytically 
pure 2a: mp 201.5"-202.5'; [ a ] ~  + 54.8'; nmr as expected. 
Anal. (C~BHIEO~) C, H. 

A soln of 2a (200 mg, 0.43 mmole) in Et20 was treated with 
CH2Nz-EtzO to yield the corresponding Me ester. Recrystn 
from CHC13-MeOH gave pure hfe ester 2b (158.7 mg, 777,), 
mp 168'-169.5' (lit.6 mp 168'-170'). 

Rlethanolic KOH (50%) hydrolysis of 2a (250 mg, 0.54 mmole) 
yielded, after recrystn (CHClrhfeOH), pure tp-hydroxytrisnor- 
lanost-8-en-24-oic acid (160.1 mg, 70.5%), mp 255-256" ( l k 6  mp 

3p-Acetoxy-25,26,27-trisnorlanost-8-en-24-oic Acid N , N -  
Dimethylamide (2d).-SOC12 (6 ml) and C5HjN (0.3 ml) were 
added to a soln of acid 2a (3.0 g, 6.5 mmoles) in dry c~H.5  (50 ml). 
The mixt was stirred a t  room temp for 3 hr, moisture being ex- 
cluded. The soln was evapd below 30" under reduced pressure. 
More C6H6 was again added and removed similarly to remove un- 
reacted S0Cl2. Crude acid chloride 2c was then dissolved in 10% 
~ e s N H - C s &  (100 ml), and the mixture was kept overnight in a 
pressure bottle a t  room temp. The mixture was then diluted 
with CHZC12 (200 ml) and washed successively with H20 (3 
X 100 ml), 10% HCl (100 ml), .5% NaHC03 (2 X 100 ml), and 

257.5'-259.5'). 

(11) Mass spectra were carried out  by  Dr. R. L. Folta a t  the High Resolu- 
tion Mass Spectrometry Center of the Battelle Memorial Insti tute,  Colum- 
bus. Ohio. The nmr spectra were obtained with a Varian A-60.4 spectrom- 
eter in CDClr using T M S  a s  a n  internal s tandard.  The  optical rotations 
were obtained in CHCls. T h e  melting points were obtained on a Fisher- 
Johns apparatus  and  are corrected. Where analyses are indicated by  symbols 
of the  elements, analytical results obtained for those elements were within 
& 0.4% of the theoretical values. 

(12) Lanosterol acetate was prepared from lanosterol in the  usual manner. 
The  lanosterol was purchased from Aldrich Chemicals Co., Milwaukee, 
Wis., which contains u p  t o  60% dihydrolanosterol as an impurity. 

(13) The  ozonization was carried out in a Welsbach Ozonator a t  a ra te  of 
3.4 g of ozone per hour. 

(14) The yield was calcd based on the  50% puri ty  of the starting lanosterol. 

3a, R' = H  R" = H 

c, R'-H;R"=Me 
d, R' = Me; R" = Me 

b, R' = H; R '  = COOEt 

t 

A &po 
5 

with HzO ( 2  X 100 ml). The CH2C12-C& soln was dried (Naz- 
SO4), filtered, and evapd to yield crude amide 2d (2.4 g, 77.4%). 
Recrystn from hexane afforded pure anal. sample: mp 137- 
139'; [ a ] ~  +5l . l ' ;  nmr 6 2.96 and 3.04 [6 HI  CON(CHa)z] 
Anal. (C31HSlN03) C, H. 

25-Azadihydrolanosterol (3d).-A s o h  of crude 2d (2.4 g, 5 
mmoles) in purified dioxane (20 ml) was added with stirring to a 
refluxing slurry of LAH (1.90 g) in purified dioxane (60 ml). The 
mixture was refluxed for 20 hr and the excess reagent decompd by 
successive dropwise addition of 80% aq dioxane (10 ml), 20% 
NeOH soln (2ml), and HzO (10 ml). The insol saltswere removed 
by filtration of the hot reaction mixture. The salts were washed 
with i-PrOH, and the filtrate was concd to dryness under reduced 
pressure. The solid residue was recrystd from dioxane-MetCO 
affording pure 3d (1.95 g, 90.6%): mp 162-164'; [a]D +60.4'; 
nmr 6 2.32 [s, 6 H, N(CH&]. Anal. 

Acetylation of 3d with CjHjN and Act0 gave the corresponding 
36-acetoxy derivative in quantitative yield: mp 120-121° 
(hexane); [ a ] ~  $52.0'. Anal. (C31H53NOZ) c, H. 
3p-Acetoxy-25,26,27-trisnorlanost-8-en-24-oic Acid Amide 

(2e).-A soln of acid 2a (2.0 g, 4.4 mmoles) in dry C6H.5 (20 ml) 
was treated with SOClt (4.0 ml) and pyridine (0.2 ml) in the usual 
manner. The crude acid chloride obtained was taken up in dry 
C6H6 and treated with gaseous S H 3  for 2 hr at On, and then for 20 
hr a t  room temp. The mixture was diluted with CHzClz (200 
ml) and washed successively with H20 (3 X 100 ml), 10% HC1 
(100 ml), 5% NaHC03 soln (2 X 100 ml), and with H t 0  (2 X 
100 ml). The CH&12-C&6 soln was dried (NazS04), filtered, 
and evapd under reduced pressure to give crude amide 2e (1.60 
g, 80%). Recrystn from CHC13-hexane gave 2e as needles, mp 
230-232': [ ~ I D  +56.0'; nmr 6 6.37 (broad, 2 H, NHz). And. 

( C Z ~ H ~ I N O )  C, H. 

(CzeHa.iNO8) C, H. 
25-Aza-26,27-bisnorlanost-8-en-3B-o1 (3a).-LAH reduction of 

amide 2e in dioxane in the usual manner gave 82.0% yield of pure 
3a: mp 178-180" (as MeZCO); [CU]D +57.6'; nmr a8 expected; 
m/e 401. Anal. (Ct7HJN0.0.5H20) C, H. 

Methylation of 3a.-A soln of 3a (218 mg, 0.54 "ole), 
HC02H (0.22 ml), and formalin (0.2 ml) was heated on a steam 
bath for 20 hr. The resulting semisolid was dissolved in MeOH, 
and the soln was made basic with 25Yc NaOH soln (2 ml). The 
mixture was refluxed for 5 min and poured into ice-HsO (15 ml). 
The mixture was extd with CHC13, and the ext was washed with 
HzO. The CHC13 soln was dried (NatSOa), filtered, and evapd 
under reduced pressure. The solid residue was recrystd from 
CH30H-ille2C0 to give pure 3d (140 mg, 60%) identical in all 
respects with that obtained by reduction of 2d. 
25-Aza-26-norlanost-8-en-3p-ol (3c).-A soln of 3a (204 mg, 

0.51 mmole) in dry xylene (20 ml), ethyl chloroformate (0.4 ml), 
and Et3N (0.1 ml) was refluxed for 4 days. The mixture was 
then diluted with CHCla (50 ml) and washed with HzO (2 X 50 
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ml). The CHC1, layer mas dried ( S a p S 0 4 ) ,  filtered, and evapd 
nnder reduced pressure to give crude carbamate (253.1 ing, 
91.7yi); the nmr showed peaks at 6 1.24 and 4.13 for the E t  
group of the ethyl carbamate, v::: (em-') 3500 (OII,NH) and 
1700 (C=O). This product was used for the subsecquent re- 
duction without further piirification. 

LhII reduction of crude 3b in dioxane gave 92.0Sc yield of 
25-aza-26-norlanost-8-en-38-01 (3c) : mp 164-166" (SIepCO) j 
[ a ] ~  +34.7"; v::: ( c n - l )  3615 (OH) and 3345 (NH);  iimr 6 
1.67 (OH,NH) and 2.49 (s, 3 H, NC'H,!. A n a l .  (CZSH49NO) 
c, 11. 

24~-BromoIanost-8-ene-3P,25-diol 3-Acetate (4a).--h soin of 
S B S  1 3  g) in H20 and HClOa acid (70yc, 3 ml) n-as added to  a so111 
of laiiost~erol acetaiel* (7 g )  in dioxane (300 ml), and the mixture 
w a s  stirred for 1 hr, poured into H20,  arid filtered. The produrt 
was extd into CHC13, and the organic layer was vashed succei- 
sively with Xa2S?O3 mlnl HpO, dried, and evapd. The residue w:ts 
composed of isomeric bromahydrin.; and dihydrolanosterol ace- 
tate. A portiori of this mixture ( 2  g) was chromatographed oii 

silica gel. Elution with hexane-CHClr (8: 2 )  gave dihydrolaiios- 
terul acetate (0.8 g).  Further elution with CHCla afforded 
bromohydrin 4a (0.8 g) :  mp 168---169'; iimr 6 1.33 ( ,e,  6 H, C-26, 
and C-27 ;\le protuiiaj. Anal. (Ca2Hj3Br03) C, E€. 

24,25-Epoxylanost-8-en-3p-o1 3-Acetate (4b).--A4 poi tion ol 
the inixttire of bromohydrins and dihydrolanosterol acetate (2 g) 
obtaiiieti above nas  chromatographed on Woelm neutral alumina 
(hctivity IIj. Elution with heuaiie-CHCla 19: 1 ) gave dihydro- 
lano~terol acetate (0.8 g j .  Fiirtlier eliition with hexane-CHCl3 

(8:2) gave the desired rnoiioepoxide 4b 10.6 gj;  nip 188-189"; 
[a]D s.53" (lit? mp 181-182"; [ a ] D  + 5 > ' ) :  nmr 6 1.25 and 1.30 
(C-26 and C-27 hle protons). 
Lanost-8-ene-3p,245,25-triol 3-Acetate (4c).--HC104 (0,28 .\., 

10 ml) was added to a 3oln of the monoeposide 4b (1 g )  i l l  iliosaire 
(100 nil), and the mistiire was stirred a t  room temp for 1 1lr prior 
t o  poiiring into I 1 2 0 .  The ppt wa3 filtered, dried, 
from hexaiie-CII~Cl? tu give diol 4c (800 mg): I 

[alu S43'; 6 1.l.i niid 1.20 (C-26 rtird C-27 ;\le pro 
iCazHaiOr) C ,  €1. 
3~-Acetoxg-25,26,27-trisnorlanost-8-en-24-al (5).---l'b(Ohcja 

(h00 mg) WRS added to a soln of diol 4c (1 g )  in TfIF ( 2 5  mlj, : ~ n d  
the mixture xi-. stirred at room temp for 1 hr, filtered, and evapd, 
The residiie was then extd irii o CHC13. The org layer was washed 
with Sa2S20r wln aiid R,O, dried, aiid evapd. The residue a a s  
chroniaiographed oii K w l m  neutral AI& (.\ctivity 11). 
with hexane-Et20 (1:l)  gave the desired aldehyde 5 ( 
which was crystd from hexane: mi, 144-14*5'; [ a ] ~  +.5,3" (lit.7 
mp 144-146'; [ n ] ~  +38' ) ;  6 9.72 (t,  111, J = 2 cps, CHO). 

Leuckart Reductive Amination of 5.--A .mlii of aldehyde 5 (200 
mg) in IIMF i l  ml) and  IICOlH (90 , 1 ml) \vas heated at 140" 
for 2 hi.  The mixture \+-:is thcii 1'0 ed, poured into 1120, anti 
estd i i i to  CHCII. The org layer s-as then washed with SaIICO3 
and H20,  dried i31gS04) ,  and evapd. The iesidiie 
graphed on h120,, and elutioii wiih hexane--I':tpO 
desired aznlanosterol derivative (120 mg). llecrystil from hex- 
ane gave n p r d u c t  identical In si1 rcyec t<  with thii t  uhtniiied by 
xcetylatioii of 3d. 

Centrally Acting Cyclic Urea, Thiourea, and Their 
K,N'-Dialkyl Derivatives. Structure-Activity Correlations1" 

A \ I ~ ~ ~ ~  H. HUSSAIN'~ AND ERIC J. LIEN" 

Sciiool of Pharmacy, L'nzverszty of Southein Calzfornzn, Los dngtles, Calzfornza 90007 

Received July 27, 1970 

Sixteen cyclic urea and thiourea derivatives were synthesized, 12 of which were new compounds and had not 
been reported previously. Six of the compounds showed potent convulsant activity, 3 showed potent CNS 
depressant activity, and 7 of them were found to possess potent respiratory stimulation activity. For these 
compoiinds the respiratory stimulation effect was tested in pentobarbital-depressed mice. The pharmacological 
activities, LDw, HDa, and CD,, xere correlated with the partition coefficient (log P )  and the dipole moment 
( g )  by multiple regresbion analysis using an IBM 360/6.? computer. The correlations obtained indicate that 
there is a parabolic relationship between the pharmacological activity and the partition coefficient of the con- 
generic cyclic ureas and thioureas. Inclusion of dipole moment further improves the correlations at the 99 
percentile level. 

,\Ian;\. of the CXS-acting drugs have amide or t'hio- 
amide linkage :is the conimon niolecular structural 
unit's. * '  Cyclic urea and t,liiourea derivatives, ~vhicl i  
:tlso have the same st'ructural features, may be expect,ed 
to  possess CSS activities, although urea and thiourea 
molecules themselves do not have significant pharma- 
cological activity. 

It appears that' the pharniacological inertness of urea 
and thiourea can be attributed to their very high solu- 
bility in water and poor solubility in lipid. If appro- 
priate molecular modificat'ions are made on the parent 
urea and thiourea molecules to raise their lipophilic 
character, ph:irmacologically active compounds may 
result. Relationship between biological activity of 

To  ivliom correspondence shoiild be addressed. 
11) (a)  Taken in  pa r t  from the  dissertation presented IJY 3Iehdi H .  

Hussain, .June 1970, t o  the Graduate  School, IJniversity of Southern Cali- 
fornia, in  partial fulfillment of the requirements for the Doctor of Philosophy 
Degree. 

(2) .I. Ilurger, "I\Iedicinal Chemistry." 2nd ed,  Interscience Publislier.;, 
Inc. ,  S e n  York, N.  1., 1960. 

1 3 )  C.  0. \\'ikon, 0.  Gisvold. arid li. E .  Lloerge. "Texthook of Organic 
Medicinal and  Pharmaceutical Chemistry," 5 th  ed, J .  K Ligpincott Co.. 
I'liiladelpliia, Pa . ,  1966. 

(11) R .  A I ,  and J. L.  Converse Fund  Fellon.. 

different classej of compounds aiid their lipid solubility 
has been demonstrated in many  case^.^-^ JIeyer and 
Overton's classical work has been extended by Hansch 
:ind his co~vorkers.~- In T h q  have shown that in geri- 
era1 a parabolic relationship exists between the biological 
activity and partition coefficient of a n-ide variety of 
compounds. Linear relationship lins been considered 
only as a special case. 

Lien and 1iumler1l have reported the CSS xtivit ies 
of 3- ,  G - ,  and :-membered cyclic ured', thioureas, and 
their N,N'-dimethyl derivatives. The methylated 
compounds 11 ere reported to be significantly more po- 
tent than the unmethylated ones. Also, they showed a 

(4) 1%. l l eye r ,  Arch .  Exp. Pathol. Pharmakol., 44, 109 (1899). 
( 5 )  E. Overton, V z e r t e l i a h ~ e s s c h r .  .?iatur/orsck. G e s .  Zuerich, 44, 88 (1899;. 
(6) A .  Alhert, "Selective Toxicity," 4th ed, Methuen B C o . ,  London. 

1968. 
(7) T. F u j i t a ,  .J. Iii-asa. and C .  Hanscii, J .  Amer.  Ciiern. Suc..  86, 5157 

(1964). 
(8) J. Ill-asa, T.  Fujita, and C. Iiansch, J .  .Wed. Chem.,  8 ,  160 (1!165), 
(9) C:. Hansch and T. Fujita, J .  Amer. Chem. Sac., 86, 1616 (1961). 
fl0) E. .J. Lien, C. Hansch, and S. Anderson, J .  .?fed. C h e m . ,  11, ,430 
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