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mains obscure. Two theories receiving the most atten- 
tion have been the thyroxine release mechanism5>j and 
inhibition of cholesterol biosynthesis.8 

According to  the thyroxine release mechanism 1 may 
undergo rapid in vivo hydrolysis to  the free acid2 which 
exerts its effect, at  least in part, by displacement of 
thyroxine from its binding proteins in the plasma fol- 
lowed by redistribution of the hormone between the 
plasma and liver.5 The result is presumed to be in- 
creased lipid metabolismq with concomitant lowering of 
serum lipid levels because of the hyperthyroid effect in 
the liver.5c Although studies’O with euthyroid patients 
reveal that 1 produces no significant change in the gly- 
cine to taurine conjugate ratio with biliary bile acids 
as is the case with hypothyroid patients treated with 
thyroid hormones,11 the authors’O suggest that these 
observations are not conclusive negative evidence for 
the thyroxine release mechanism. Preliminary experi- 
ments indicated 1 resembles 2,4-dichlorophenoxyacetic 
acid which alters the physiological distribution of thy- 
roxine but leaves the concentration of free thyroxine in 
the plasma and output of pituitary thyrotropin essen- 
tially unchanged, producing these effects principally by 
an action on the liver.I2 

Alternatively, the maximum effect of 1 on rat serum 
cholesterol corresponds to periods of maximum thyroid 
and adrenocortical functiong and causes an increase in 
weight, protein concentration, and nonfasting glycogen 
levels of liver in the monkey, dog, and r a t . 5 ~  Serum and 
tissue esterases rapidly hydrolyze 1 in vitro and in 
vivo2 and the resulting acid has been shown to depress 
thyroxine binding to (1) prealbumin in human plasma, 
( 2 )  a-globulin and albumin in dog plasma, and ( 3 )  
albumin in rat p1arma.j Thyroidectomy also abolishes 
the effect of 1 on serum cholesterol.jb c 

Studies in humans demonstrate that 1 produces no 
significant decrease in urinary 17-keto or 17-ketogenic 
 steroid^.'^ I t  has been suggested that since most of the 
patients in these studies were hypercholesterolemic, 
steroid production is not dependent upon a reduction 
of the serum cholesterol from elevated to  normal 1 e ~ e l s . l ~  
However, when given to rats at  0.2Yc of the diet, 1 
significantly decreases the secretion of adrenal steroids 
and in vitro inhibition of steroidogenesis is dose related 
to  the reduction of adrenal steroids and the hypocho- 
lesterolemic effect.14 

In the ethyl a-phenoxy-a-methylpropionate series 
mechanism of action has been investigated only with 1 
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which is reported to be the most active analog.? l5 If, 
however, analogi were to be found having in vivo ac- 
tivity equal to 1, subsequent parallel in vitro studies 
may serve to  differentiate between possible mechanisms 
of action on a structural basis. This report relates our 
initial attempt to define structure-action relationships 
and to find other active compounds which may then be 
studied in vitro. 

Results 
A series of ethyl a-(4-substituted phenoxy)-a- 

methylpropionatei were prepared. Condensation of the 
appropriately pam-iubstituted phenol with acetone and 
chloroform in the presence of sodium hydroxide fol- 
lowed by esterification of the resulting acid afforded 
the desired esters in 30-35% over-all yield.lb In this 
series only the unsubstituted compound 4 exhibited 
significant hypocholesterolemic activity ( p  < 0.05) in 
normocholesterolemic rats. The activity of 4 compares 
reasonably well with that of 1 when the drug is adminis- 
tered orally, mixed with the diet (Table I). S o  signifi- 
cant hypocholesterolemic activity was observed at  0.15, 
0.20, and 0.50% drug in the diet for the p-CH30 (3), 
CH3 (2), arid C S  ( 5 )  analogs. 

1, R = c 1  4 , R  = H 
2, P, = CHS 
3, I? = CH,O 

5 ,  R = C N  

Compd 

1 
Control ( I )  

4 

Control (11) 
DL-7 

TABLE I 
BIOLOGICAL ACTIVITY 

JT’t, g, 
L/I drug after 
in diet Wt ,  ga 12 daysb 

. . .  536 522 
0.15 4.50 471 
0 .20  514 47 1 
0 .50  489 455 
0 .15  415 432 
0 .20  460 481 
0.50 460 481 
. . .  ,585 59 1 

0.20 600 607 
0.50 614 59 1 
0 .20  5s3 523 
0 .60  588 511 
0.20 627 595 
0.50 639 608 

Serum 
cholesterol, 

mn Rc 
104 zt jd 
74 A 4  
64 f 4 
i l  A5 
S4 f 6 
81 i 7 
60 i 4 

104 zt 7 
87 A 9 
s5 i 6 
os Z t  8 
83 zt 7 
T9 i 7 
’72 i S 

a Average weight of six rats at the beginning of the experiment. 
c Average b Average weight of six rats after 12 days 011 diet. 

value for six rats. d Standard error of the average value. 

Removal of one of the gem-dimethyl groups of 1 af- 
fords the desmethyl analog 6 which is readily synthe- 
sized by condensation of sodium p-chlorophenolate with 
ethyl a-bromopropionate.” Hydrolysis of the resulting 
ethyl ~-(4-~hlorophenoxy)propionate (6) followed by 
resolution of the resulting acid 7 with (-)-brucine af- 
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Discussion 
I t  th i i -  t:ir appear- that tlic minimum htructural 

requirement. for analogs of compound 1 having activity 
:ire (a) i i o  tuiictional group i n  the p a m  position of thP 
pheiij 1 ring, and (b) O I I I ~  otic methyl group 011 the 
LY c:u.boii b u t  it1 the correct configuration L-( -)-7. 
It iii:ij. be pohsible to obtain :i greater discrimination of 
:ictivitie.: \I ith li!.percholesteroleniir rats or other 
:Lriim:il~. ITiing riormocholeiterolcniic rats the com- 
pouiicis tehted could o ~ i l ~  be C I  ified as significantl) 

ge levels employed. 
es that an aryl ether oxygen may inter- 

act with :i protein iri a m:iiilicr riot unlike an amino 
group, then I,-( -)-cr-(l-chloropherioxy)propioiiic acid 
(7), the posaible metabolic product of L-6, i.; biologically 
most closely related bs configuration to L-thyroxine 
( 8 ) .  If one further assumcs that L-thyroxine is bound 
to  protein by means of its C'OLH, KHz, and Ar groups, 
otie esplaiiation for the greater activity of the L ester 6 
might be that the L acid, formed after 211 vivo hydrolysis, 
more readily competes with I,-thyroxitic for an asym- 
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(19) (a) AI. >Istell. drk io  Kemi, 7, 43T (1954); (1,) D. Osborne, R. I.. 
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Experimental Section 

Chemical.-~lelting piiints :we corrected nnd w c w  I ;ikrii ri-iiig 
a Thomas-Hoover melting poilit apparaliis:. ()pt ical uittiry 
dispersion and circular dichroiarn meahrlremrnt> were recordeil 
with R Diirrrim-Jam, ~pec.t,ri)polarimeter. Rotat ioi ih  :tt t h i s  

,sodium u line were taken with R Zeiss p i i l a  6 rimeter. ' 

Ethyl a-(4-substituted phenoxy)-a-methylpropionates a.(w 
prepared by the method of Hargelline*6'1 described hy J i i l i~ ,  
ct a/.'Sa 
Table 11. 

Ethyl u~-~-(4-~hlorophenoxy)propionate i 6 )  wti* -yilt hesizcsil 
in the risiial manner by refluxing eql1imolar parts of .sodiiini 4- 
chlorophenolate and ethyl a-hromopropionate in ethyl nietti.!.l 
ketone.I7 4-Chloropheriol (!M g, 0.7 mole) arid ethyl 2-bromo- 
propionate (122.5 y, O.T mole) were reflrixed for 48 hr with 276.1 
g of K&03 in 500 ml of MeCOEt. The reaction mixtiire was 
cooled arid poured into 500 nil of If&. The ketone layer was 
separated and the IJrO layer was fiirther extracted (EtZO), dried 
(Xa,SO,), and filtered, and the combined ether and ketone layers 
were concentrated under rediiced pressure affording 150 g ( 'Mr;  1 
of 6, bp 155-158' ('LO min J, lit.'* bp 130" (0.7 mm). 
n~-a-(4-Chlorophenoxy)propionic acid (7) was prepared from 

150 g of (0.65 mole) of 6 by refluxing in 10% aqueous NaOII with 
- t h i n g  for 2 hr affording 121.9 g ( 6 6 7 )  of DL acid. Recrystal- 

Both known and tinkiiown crimpi)iindh are  (1 
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T.\RLE I1 
7-- Up, OC (mm)----- 

Compd Formula Analyses" Obsd Lit. 

1 Ci?H15Od21 C, H 160-164 (30) 138 (10)"' 
2 C13H1303 Cj H 17.7-180 (30) 139 (4)lBa 
3 CiaHigOa C, H 150-154 (30) 140-142 (8)'" 
4 CiiHisOs C, H 138-142 (30) 160-165 ( T)leb 
Ti CI3Hli03?; C, H, N 134-156(4) . . .  

' I  Analyses were determined by Srhwarzkopf Llicroanalytical 
Laboratory, \\-oodside, S. Y., and by Clark Microanalytical 
Laboratory, Prhana ,  Ill., and were within i0.47 of the calcii- 
lated values. 

lization from petroleum ether (60-80") afforded white crystals, 
mp 113-114', lit.lgd nip 114.5-115.5'. 

L-( - )-a-(4-Chlorophenoxy)propionic Acid (7).-Finely pow- 
dered (-)-brucine (16.T g, 0.042 mole) was suspended in 2 1. of 
boiling 2 0 5  EtOH in H,O. T o  the stirred suspension was added 
20 g (0.1 mole) of DL-7 in 50 ml of 1 S S a O H  and 50 ml of EtOH. 
The mixture \vas htirred with boiling iintil a clear solution re- 
sulted. The solution wa5 filtered and on cooling the salt crys- 
tallized. Five additional recrystallizations from 20% EtOH-H20 
afforded 10.6 g (447) of brricine salt, [ 0 1 ] ~ 5 ~  -25.4" ( e  1.9720, 
LIeOII). Utilizing twelve times these amounts 122 g of optically 
pure salt was obtained. The acid was liberated from 122 g of 
salt by acidification with 55; H2S04 and extraction with ether. 
The ether was dried Cia2S0,), filtered, and removed under re- 
duced pressure affording after recrystallization from petroleum 
ether 160-80"), 28.8 g lTOcc) of ~ - ( - ) - 7 :  mp 104-105", lit.Iga 
mp 103.5-104.5'; [ c Y ] ~ ~ D  -34.95" ( e  5,0073, XIeOH), lit.1ga [ ~ d ] ~ ' l J  

-40.1' (E tOH) :  R D  ic  0.0242, hIeOH) (24-25'), [@]s25 -567", 
[@I310 -803", [@I300 -1320", ['#']290 -2650", [@]m -1800 (sh), 
['#'I277 o", ['#'I167 +1130', [ @ I 2 6 4  f1180,  [@I260 +990, ['#'I250 o", [@I245  

-710", [ 9 ] 1 ~ 0  -1460": CD ( c  0.2420, MeOH) (24-25'), [8]300 
00, [e]289 - m o o ,  [e]255 -1750", [e]2al -moo, [e]2i3 -23100, 
[e]2i4 -5000, [elnao -25000. 

D-( + )-01-(4-Chlorophenoxy)propionic acid (7) was obtained 
from DL-7 by the method of Smith, et U I . , ~ ~  for resolving similar 
compounds. Resolution was accomplished utilizing (+ )-yohim- 
bine obtained from the HC1 salt. Three recrystallizations of t,he 
yohimbine salt of o-(+)-7 from l\Ie&O afforded white crystals, 
[ ~ d ] ~ j  +64.8" i c  2.3220, 3IeOH). The D - ( + )  acid was liberated 
from the salt as in ~ - ( - ) - 7  above. Iiecryst,allization from pe- 
t,roleum ether (60-80") afforded white crystals: mp 104-105", 
lit.19a mp 103.5-104.7°; [(Y]*'D +34.1° (c  3.6720, MeOH), lit.19" 
[ a ] * j n  +39.S (EtOH):  I I D  (E 0.0261, I IeOH) i24-25"), 
[@]ti: +610", [$I310 +830", [ @ I 3 0 0  f1180"j [ @ I 2 9 0  +2580°j [$I283 

+1i0Oo (sh), [ @ I 2 7  O D J  ['#'I269 -660°, ['#'I264 -880", [$1230 o", [@I21 

+790", S1490"; CD (e  0.2610, XIeOH) (24-25'), [O]300 O", 
[ O I ~ M  +1850", [ O I B ~  +2600", [dlzio +156O0, [ e l 2 6 8  +1450°, [ e l 2 5 3  

$4600, [elzJo +2020°. 
Ethyl L-( - )-01-(4-Chlorophenoxy)propionate (6).-The L-( - ) 

acid 7 (12 g, 0.06 mole) was refluxed with 100 ml of EtOH con- 
t,aining 4 ml of H&O, for 24 hr. The solution was poured into 
200 ml of H,O and extracted (E t20) .  The ether was washed with 
57; NaHC03, dried (NasSO4), filtered, and removed under 
reduced pressure affording after distillation 8.8 g (657,) of L- 
(-)-6 ester: bp 150-152' (20 mm);  [ 0 1 ] ~ 5 ~  -46.2" ( c  5.0120, 
MeOH), lit.18a [Ly]''D -52.7" (EtOH); RD (e  0.0302, MeOH) 
(24-25"), [@]32; -680°, [@I301 -1020', [@I300 -1330", [@I289 

-2460", ['#'I284 -1740" (sh), [@I280 -830", [@I274 OD, [$I270 +680", 
[@I266 +720°, [@I261 +640", [@I253 o", [@12:0 -530'1 [@I240 -1480"; 
CD ( C  0.3020, MeOH) (24-25'1, [el3oo -300", [ e l 2 8 9  -2350", [el286 
-2o5oo, -2750, -22500, - 2 4 5 0 ~ ~  [ej254 -9000, 

Ethyl D-( + )-01-(4-Chlorophenoxy)propionate (6) was prepared 
in similar yields and by the same method used for t,he L( - )-6 
ester; bp 148-152" (20 mm);  [ a j Z 5 n  +46.5' (e  6.2328, MeOH), 
lit.188 [ ( Y I z 5 D  +53.5' (EtOH); RD (e  0.0296, MeOH) (24-25'), 
[@I325  +660", [ @ l s o o  +1270°, [@I289 f2510,  [$I284 +1890° (sh), 
[ @ 1 2 7 4 0 " ,  [ @ ] I S '  -770", [@I2e1 -770°, [@Ita O", [@]2ao +1780"; CD 
(c 0.2960, 1IeOH) (24-25'), [el300 +360", [e1288 +1890", [BI2s4 

+1730", +2550', [elaT4 +i990°, [elzj5 + M O O ,  [e]24o +2340". 
Biological.-Diets were prepared containing 0.15, 0.20, and 

0.50% ester. The compounds were dissolved in 500 ml of ether 
and the solution was thoroughly mixed with 2.5 kg of standard 
Purina rat chow so as to impregnate the pellets. The ether evapo- 
rated on standing for 12 hr. Six rats (Swiss Webster) were used 

[0]245 - 1600O. 

as a control and administered a diet free of drug. Another six 
rats were used for each drug a t  each dosage level. The rats 
were weighed daily. At the end of 12 days of feeding, the control 
as well as the experimental group consumed 2.5  kg of food per 
six rats. The rats were anesthetized with ether, the aorta was 
surgically exposed, and the blood was collected for analysis. 
Serum cholesterol was determined by the method of Abell, et a1.22 
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The potent antiinflammatory activity of 8-trifluoro- 
methylpheriothiazine-1-carboxylic acid3 and the marked 
antirheumatic effects of salicylic acid arid its deriva- 
tives prompted us to prepare 8-chloro- and 8-trifluoro- 
methyl-3-hydroxyphenothiazine-2-carboxylic acids. 

Although a wide variety of ring-substituted pheno- 
thiazines have been de~c r ibed ,~  no hydroxycarboxylic 
acids have been previously reported. In  the course of 
this study, the desired 3-hydroxyphenothiazine-2- 
carboxylic acids were readily accessible by two paths 
(Scheme I). Path A involved an extension of the facile 

SCHEME I 

QfU0" 
r R 
I 

H 
IIIa, R = C1 

b, R = CFJ 

Ia, R = C1 
b, R = CF, 

IIa, R = H 
b, R' = COIH 

\ 

I 
H 

IVa, R = C1 
b, R = CF3 

synthesis of hydroxyphenothiazines recently described 

(1) These compounds were prepared at the Research Institute of Temple 
University under a contract with Smith Kline and French Laboratories. 

(2) (a) Research Institute of Temple University: (b) Smith Kline and 
French Laboratories. 
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Birnie, B. M. Sutton, hf. Zuccarello, and J. 4. Rush, M e d .  Pharmaeol. E z p . ,  
17, 15 (1967). 

(4) A review of the phenothiazine literature is presented by E. Schenker 
and H. Herbst, Drug. Res., I, 269 (1963). 


