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After drying (NaxS0y), the solvents were evaporated under
reduced pressure. The gummy residue (5.14 g), which showed a
=trong OH ir band, was dixsolved in 30 ml of anhydrous pyridine,
the solution was chilled in ice, and 3.0 ml of POCly was added
cautiously.  After standing for 20 hr at room temperature, the
<olution was poured on 250 g of crushed ice and the mixture was
extracted (IEt;0). The extract was washed (dilute HCI, H,O
and the ether wax evaporated. The residue (4.45 g) gave from
EtOH 2.09 g of 4, mp 108-110°; the melting point did not change
on recrystallization; nmr, 46.4 (t, 3, CHCH.CH;), 106.5 (m, 2,
CHCH.CH;), 280.6 (t, 1, CHCH.CH;), 342.8 (%, 1, vinylic Hy,
345.7 eps (3, 1, vinylic H).  Anal. (CxHy) C, H.

After treating the mother liquors of 4 with HCI, 0.75 g of 7-
methyl-12-ethylbenz[a]anthracene (5),'2 mp 76-78°, could bhe
i=olated (lit.”2 mp 76-77°). Pure 4 was isomerized to its aromatic
i=omer 5 in quantitative yield by allowing it= acetone =olution to
stand overnight with catalytic amounts of p-toluenesulfonic
acid.

7-Hydroxymethyl-12-ethylbenz [« |anthracene (5a ).—The ~olu-
tion of 6.40 g of 5 in 225 ml of glacial AcOH was stirred at 53° in
an oil bath. Maintaining the temperature, a solution of 11.10 g
( 1.05 mole equiv) of Pb(OAc)s in 350 ml of AcOH was added over
a period of 75 min,  After stirring 30 min more, the warm =olu-
tion was poured into 5 1. of ice water. The amorphous precipitate
(7.78 g) wax collected by filtration, dried, and chromatographed
over 200 g of neutral alumina. Ether eluted 5.40 g of a partly
erystalline material which was refluxed in 250 ml of a 1¢¢ metha-
nolic KOH solution for 13 min. The warm =olution was filtered
from a small amount of resinous material, 2.5 ml of AcOH wax
added, and the solution was boiled down to about 40 ml. On
cooling, 3.36 g of 5a, mp 144-147°, cry=tallized.  Afrer two re-
erystallizations from MeOH, the componud melted at 146.5-
148°: nmr, 103.0 (t, 3, CH.CHy), 115.9 (s, 1, OH), 2256 (4, 2,
(H,CHy), 325.3 eps (¢, 2, CHOH). Anal. (CaH,O) €, H.

7-Formyl-12-ethylbenz|z]anthracene (5b).—One gram of 3a
was oxidized in 16 ml of anhydrous dioxane with 1.00 g (1.2 mcle
equiv) of DDQ for 17 hr at room temperature. The reaction
mixtire was worked vp as for 2a.  The material obtained after
filtration through alumina weighed 0.7 g and gave 0.84 g of
5b when crystallized from hexane. The analytical sample melted
at 92-94°; nmr, 100.9 (t, 3. CHCH,), 230.1 (q. 2, CH.CHy,
G802 eps (3, 1, CHO). Anal. (CoHO) € HL

7-Ethyl-12-hydroxymethylbenz{a|anthracene (6a,,—To the
<tirred =olution of .36 g of 7-ethyl-12-methyvlbenz[a!anthracene
in 14 ml of AcOH 0.62 g (1.05 mole equivi of Ph{OAc) in 20 ml
of AcOTH was added in the course of 80 min. A temperature of
58° was maintained throughout the addition and 30 min after.
The warm solution wasx poured into 350 ml of ice water. The
amorphous precipitate was filtered off, dried, and dissolved in
ether. The solution wax filtered through a column of 10 g of
alumina.  The residue from the evaporation of the filtrate wax
heated under reflux in 30 ml of a 14 methanolic KOH solution
for 153 min. The solution was neutralized { AcOH) and the =olvent
was evaporated in vacvo.  The vily residie (0.20 g crystallized
from a ~mall amount of MeOH; vield 0.15 g of 6a: mp 151
153°; nmr, 83.8 04, 3, CHLCHy), 1374 (5, 1, OH), 2135 (q, 2,
CHLCHy), 3298 eps (5, 2, CHOH ) nad. (CyHO) €, H.

7-Isobuty!-12-methylbenz[«'anthracene ( 1g ).—-12-NMethylbenz-
lirlanthe=7-one® (5 g) wax added 1o a stirred solution of --BudgBr
prepared from 24 g of ~BuBr in 45 ml of Et0O and 85 ml of CeH.
The =olution was =tirred at room temperature for 19 hr and then
heated under reflux for 1 hr. The reaction mixture was worked
up as for 4, The ir spectrum of the rexidue (5.830 g) obtained from
the evaporated solvents showed an OH band. To dehydrate the
intermediate carbinol, the material was dis=olved in 100 ml of
CsHs and the solution was refluxed with 1.0 g of p-toluenesulfonic
acid for 1 hr. The cooled solution was washed (dilute Na.CO;,
H.O).  After drying, the solvent was removed. The residue
(5.71 g) was chromatographed over 150 g of alumina. Petroleum
ether eluted 2.78 g of a faintly vellow oil which crystallized
from EtOH and gave 1.96 g of 1g, mp 77-80°; after two re-
crystallizations from EtOH, mp 80-81°. Anal. (CyHa) C, H.

Crystalline material (1.5 g) was eluted with a mixtwe of
petroleum ether (bp 30-60°)—ether (9:1). Recry=tallization from
hexane gave 1.18 g of pure 12-methylbenz[a]anthracene, mp
137-139° (lit.1 mp 138-139°).

7-Acetoxy-12-methylbenz/a]anthracene (1h).—A solution of
6.0 g of 12-methylbenz[a]anthr-7-one® in 30 ml of AcOH and
30 ml of Ac;O was heated under reflux with 1.2 g of anhyvdrous
ZnCls for 2 hr. To the warm solution H.O was added cautiously
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nntil ervstallization =et in.  After cooling. crvstals were
collected, washed with MeOH, and dried: id 54T g of 1h,
mp 193.5-195°., The melting point remained qnchanged on ves
rrvstallization from EtOH.  Anal. (CyHa00 O T

7-Methoxy-12-methylbenz[z]anthracene -1i.--To a =olhition
of 12,60 g of n-BulMgBrin 45 ml of Et,0} and 19 ml o CyHg 6.00
g of 1h was added wirh stirring.  The resulting ~olntion was
refluxed for 1 hr. A =olution of 22.00 g «0 MeXO, in 150 ml of
toluene wax then added. The mixtire was wiurmed 1o 934947
in an oil bath for 4 hr. H.O (100 ml) wax added and the muxture
was stirred at 90° for 1 hr more.  After conling. the orgame layer
wis washed (H.OQ) and dried (Na.SO,h  Remaval of the solvents
feft 5.94 g of an oil.  Thix was dissolved in CoH e and the solution
was filtered through a column of 100 g o aluming. The column
was washed with additional quanrities of C.He The residue
(5.02 g) obtained on evaporation of the solvert. crvstallized from

"""" The twice recrvstallized

material melted at 76-77.5%. . Anal. - Cud 00 COHL

7-Ethoxy-12-methylbenz|a]anthracene 1j: wu~ prepured tyom
1h in exactly the same fashion ax the T-methoxy dervivative, suh-
stitnting EteSO; for Me,mO,. Six grams of Th yielded 2,49 g of
the ethyl ether 1j, mp H17-119°  For wnelvsiso the material
was recrystallized from hexane and roeited ar TIN5 119.5°
Arnal. (CHyHLO0 C, HL
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In 1962 Thorp? reported that « combination of ethyl
a-(4-chlorophenoxy)-a-methylpropionate (1)* and an-
drosterone reduces serum lipid levels in experimental
animals. Later, comparative studies on the mixture and
1 alone showed both to be equally effective in Iowering
elevated serum cholesterol levels and probably also in
reducing elevated triglycerides.t  Following these re-
ports the hypocholesterolemic and hypolipidemic effects
of 1 have been the subjects of numerous publications”*
but the mechani=m of action of the compound still re-

‘1 wa) To whom reprint requests and inguiries concerning this work
should be directed. it American Foundation for Pharmacentical Eduea-
tion Fellow.

12y J. M. Thorp, Lancet, 1, 1323 {1962},

i3) Clofibrate, Chlorpenisate, 1CI-28257, CPIB. Atromid-s, Regelan.

¢4} M. F. Oliver, JJ. Atherosclerosis Res., 8, 427 /19631,

'3) (a) Symposiumn on Atromid, ibid., 8, 341 11963} (b M. M. Best
and C. H. Dunecan, J. Lah. Clin, Med., 64, 634 :1064); <1 D. 5. Platt and
J. M. Thorp, Biochem. Pharmacol,, 18, 915 (1966).

6) (a) J. Engstrom, dcte Med. Scand., 180, 51¢ 11y66): 1) L. V. Bara-
nova, Kardiologiya, 8, 85 (1963): (¢) V. Kallioand L. B. sourander, Gerontol,
Clin., 8, 349 (1966): (d) R. G. Gould, E. A. Swyryd. B. J. Coan, and ID. R.
Avoy, J. Atherosclerosix Res., 8, 555 (1966); 1e) E. D. Hocking, R. Chakra-
barti, J. Evans, and C. R. Fearnley. thid.. 7, 121 11867): .D V. 8. Zadivn-
chenko, Sov. Med., 80, 77 (1867): (z) E. S. Argain. M. D. Bogdonoff, and
C. Cain, Arch. Internal Med., 118, 80 (1967); «h) R. W. Robinson and
R. J. LeBeau, Amer. .J. Med. Sci.. 263, 106 (1967); i) J. W. Davis, 8. J.
Wilson, and J. R. McField, ibid., 282, 697 (1966); (j) J. R. O'Brien and
J. B. Hevwood, Thromb. Diuth., Haemorrhag., 16, 768 {1966): k) A, Her-
rernan, N, J. Hickey, R. Mulcahy, and R. MacFarlane, Irish J. Med. Sct.,
490, 423 (1966); (1) G. Frandoli, A. Gibelli, and P. Giarola, Clin. Terap.,
38, 27 (1966): (m) E. Giety. Med, Klin, (Munich), 62, 336 (1967).
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mains obscure. Two theories receiving the most atten-
tion have been the thyroxine release mechanism®7? and
inhibition of cholesterol biosynthesis.®

According to the thyroxine release mechanism 1 may
undergo rapid n vivo hydrolysis to the free acid? 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.> The result is presumed to be in-
creased lipid metabolism® with eoncomitant lowering of
serum lipid levels because of the hyperthyroid effect in
the liver.’® Although studies'® 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,'' the authors®® 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.!?

Alternatively, the maximum effect of 1 on rat serum
cholesterol corresponds to periods of maximum thyroid
and adrenocortical function® and causes an increase in
weight, protein concentration, and nonfasting glycogen
levels of liver in the monkey, dog, and rat.’¢ Serum and
tissue esterases rapidly hydrolyze 1 4n vitro and n
vivo® & and the resulting acid has been shown to depress
thyroxine binding to (1) prealbumin in human plasma,
(2) e-globulin and albumin in dog plasma, and (3)
albumin in rat plasma.” Thyroidectomy also abolishes
the effect of 1 on serum cholesterol.’ ¢

Studies in humans demonstrate that 1 produces no
significant decrease in urinary 17-keto or 17-ketogenic
steroids.!® It has been suggested that sinee most of the
patients in these studies were hypercholesterolemice,
steroid production is not dependent upon a reduction
of the serum cholesterol from elevated to normal levels.!4
However, when given to rats at 0.29; of the diet, 1
significantly decreases the secretion of adrenal steroids
and ¢n vitro inhibition of steroidogenesis is dose related
to the reduction of adrenal steroids and the hypocho-
lesterolemic effect.!*

In the ethyl a-phenoxy-e-methylpropionate series
mechanism of action has been investigated only with 1

(7) Y.-H. Chang, R. Pinson, Jr., and M. H. Malone, Biochem. Pharmacol.,
16, 2053 (1967).

(8) (a) J. M. Thorp and W. S. Waring, Nature, 194, 948 (1962); (b)
D. R. Avoy, E., A. Swyryd, and R. G. Gould, J. Lipid Res., 6, 369 (1965);
(¢) P. J. Nestel, E, Z. Hirsch, and E. A. Couzens, J. Clin, Invest., 44, 891
(1965); (d) D. L. Azarnoff, D, R. Tucker, and G. A. Barr, Metab, Clin.
Ezptl., 14, 959 (1965); (e) D, L. Azarnoff and D. R. Tucker, Fed. Proc., 23,
552 (1964); (f) S. W. Teal and W. Gamble, Biochem. Pharmacol., 14, 896
(1965).

(9) (a) J. M. Thorp, J. Atherosclerosis Res., 8, 351 (1963); (b) J. M.
Thorp in “The Control of Lipid Metabolism,” J. K. Grant, Ed., Biochemical
Society Symposia, Oxford, Academic Press Inec.,, New York, N. Y., 1963,
p 163.

(10) A. 8. Truswell, W. D. Mitchell, and 8. McVeigh, J. Atherosclerosis
Res., 6, 591 (1966).

(11) (a) K. Hellstrom and J. Sjovall, iid., 1, 205 (1961); (b) K. Hell-
strom and 8. Lindstedt, J. Lab. Clin. Med., 638, 666 (1964).

(12) C. Osorio, K. W. Walton, C. H. W. Browne, D. West, and P. Why-
stock, Biochem. Pharmacol., 14, 1479 (1965).

(13) C. Berry, A, Moxham, E, Smith, A. E. Kellie, and J. D. N, Nabarro,
J. Atherosclerosis Res., 8, 380 (1963).

(14} D. H. Huffman and D. L, Azarnoff, Steroids, 9, 41 (1967).
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which is reported to be the most active analog.>® If,
however, analogs 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 ¢n vitro.

Results

A series of ethyl o-(4-substituted phenoxy)-o-
methylpropionates were prepared. Condensation of the
appropriately para-substituted phenol with acetone and
chloroform in the presence of sodium hydroxide fol-
lowed by esterification of the resulting acid atforded
the desired esters in 30-359, over-all vield.'® 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). No signifi-
cant hypocholesterolemic activity was observed at 0.15,
0.20, and 0.509 drug in the diet for the p-CH,0 (3),
CH; (2), and CN (5) analogs.

p-l{CGH‘;OC (CHa )QCOQCZHs

1,R =l 4, R=H
2, R = CH, 5 R = CN
3, R = CH;O
TaBLE I
BiorocicaL Activity
Wt, g, Serum
Y% drug after cholesterol,
Compd in diet Wt, g% 12 days® mg ¢
Control (1) S 536 522 104 £ 54
1 0.15 450 471 74 £ 4
0.20 514 471 64 &= 4
0.50 489 455 715
4 0.15 415 432 84 +6
0.20 460 481 81 &7
0.50 460 481 60 =4
Control (II) Lo 383 591 104 =7
DL-7 0.20 600 607 87 =9
0.50 614 591 85+ 6
p-{ +)-7 0.20 583 523 08 =8
0.50 588 511 83 =7
L-(— )7 0.20 627 595 79+ 7
0.50 639 608 72 £ 8

a Average weight of six rats at the beginning of the experiment.
b Average weight of six rats after 12 days on diet. °¢ Average
value for six rats. ¢ 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 o-(4-chlorophenoxy)propionate (6) followed by
resolution of the resulting acid 7 with (—)-brucine af-

(15) (a) W. G. M. Jones, J. M. Thorp, and W. S. Waring, British Patent
860,303 (1961); (b) J. M. Thorp, British Patent 898,596 (1962).

(16) (a) M. Julia, M. Baillarge, and G. Tschernoff, Bull. Soc. Chim.
France, 776 (1956); (b) G. Bargellini, Gazz. Chim. Ital., 86, 334 (1906);
Chem. Zenir., 2, 326 (1908); C. A, Bishoff, Ber., 38, 933 (1900).

(17) A. A, Aroyan and V. V. Darbinyan Izv. Akad. Nauk Arm. SSR,
Khim. Nauk, 16, 59 (1963).
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fords the (—) acid™*?; resolution with (4 )-vohimbine
vields the (4) enantiomorph.?

n
p-CICILOCCOOR

CH.
pr-6, R = (11

pI-7, R = 1

Analysixof the optical rotatory dispersion (ORD) and
circular dichroism (CI) eurves for both the (4) and
(—) acids, liberated after three to five reerystallizations
of thelr respective salts to constant rotation at the
sodium o line, confirm the optical purity of the com-
pounds and reveal their absolute configurations to be
D-(R) and 1-(S), respectively.?’ The ethyl esters pre-
pared from the optieally pure ucids gave similar ORD
and CD curves (see Experimental Section).  Com-
pounds of the p-(4) configuration exhibit a positive
Cotton effect for the optically active aromatie chromo-
phore with a peak at 288-290 my (positive shoulder at
983-284 my), a trough at 264-265 mu, and a positive
plain dispersion curve for the optically active carbonyl
chromophore between 260 and 235 mu. These data are
in agreement with the work of Sjoberg? who observed
a positive plain dispersion curve in the region between
700 and 300 mu for a series of p-e-phenoxypropionic
acids and amides.  Instrumentation limitations did not
allow Sjoberg to observe the remaining spectrum at
shorter wavelengths than 300 mg.

Fithyl - —)-e-(4-chlorophenoxy)propionate (6) ex-
hibits xignifieant hypocholesterolemic activity {p <
0.05) in normocholesterolemic ratx.  While the apparent
hypocholesterolemie aetivity of the b and pL compounds
i= not signifieant, the activity of the 1 isomer compares
favorably with the hypocholesterolemic effect of 1 at
similar dosages.

Discussion

[t thus far appears that the minimum structural
requirements for analogs of compound 1 having activity
are (1) no funetional group in the para position of the
phenyl ring, and (b) only one methyl group on the
a earbon but in the correct configuration v-(—)-7.
It may be possible to obtain a greater discrimination of
activities  with hypercholesterolemic rats or other
animals.  Using normocholesterolemic rats the com-
pounds tested could only be classified as significantly
active or inactive at the three dosage levels employed.

If one assumes that an arvl ether oxygen may inter-
act with a protein in a manner not unlike an amino
group, then L-(—)-a-(4-chlorophenoxy)propionic acid
(7), the possible metabolic product of L-6, is biologically
most closely related by configuration to L-thyroxine
(8). 1If one further assumes that L-thyroxine is bound
to protein by means of its CO,H, NH,, and Ar groups,
one explanation for the greater activity of the L ester 6
might be that the L acid, formed after ¢n vivo hydrolysis,
more readily competes with rL-thyroxine for an asym-

(18) (a) M. Julia and G. Tschernofl, Bull. Soc. Chim. France, 934 (1957);
(1) L. Haskelberg, J. Org. Chem., 12, 426 (1947).

(19) (a) M. Matell, Arkiv Kemsi, T, 437 (1954); (L) D. Oshorne, R. L.
Wain, and R. Walker, .J. Hort. Sci., 27, 44 (1952).

(20) M. 8. Smith, R. L. Wain, and F. Wightman, Aan. Appl. Biol., 89,
205 (1952).

(21) B, Sjoberg, drkir Kemi, 18, 451 (1960).
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metrie binding site on a protein by means of the CO.H,
ether oxyvgen, and methyl groups. In the case of the
» aeid 7 the methyl group apparently has the wrong
configuration; with the gem-dimethyl acid 1, one of the
methyl groups must have the right configuration.

¢l
H \O\ CH
HgN/&{.‘()_,H o/&mﬂ
Ar CH

8. 1-thyroxine l.a-(4-chlorophenoxyi-a
Ar =(35-diiodo-4-hvdroxyphenoxy -

3.5-diiodopheny]

methylpropionicacid

C l
H Q CH.
O/kS‘CO:H ()/&fo_}{
CH. H
7.14—)-a-(4-chlorophenxoy - 7.0-(+)-a-(4-chlorophenoxy
propionic acid propionic acid

However, there are several alternative possibilities
why the p and L esters show differing hypocholestero-
lemic activity: (1) the p acid is formed less readily
from the ester i1 v2vo, and,/or (2) it is bound to a greater
exteut than the 1 or gem-dimethy! compound {o pro-
tein sites of loss, and/or (3) the » aeid is exereted more
readily, and/or (4) the 1 acid acts mainly as u stereo-
selective inhibitor of cholesterol biosvnthesis  not
related to t-thyroxine. We are currently attempting
to determine which of these proposals or combinations
of proposals represents a most likely explanation for
the differences observed for drug activity in voo.

Rats were weighed before and after the 12-day feeding
period as a measure of drug toxicity. All rats consumed
the entire diet.  No relationship exists between the loss
or gain of weight and the hypocholesteroleniic effect
(Table I). Conirol groups varied by about =10 g.
While the average weight loss for rats on a diet con-
taining 0.20 und 0.509; 1-(—)-7 or 1 was about the
same (30-35 g), rats on the p-(4)-7 diet lost an average
of 70 g. Rats feeding on 0.20 or 0.509% diets of the
deschloro compound 4 gained an average of 20 g.
indieating thix conipound may be less toxie than 1.

Experimental Section

Chemical.—Mlelting points are corrected and were {aken using
a Thomas-Hoover melting point apparatus. Optical retary
dispersion and circular dichroisin measurements were recorded
with a Durrum-Jasco spectropolarimeter. Rotations at the
sodium b line were taken with a Zeiss polarimeter.

Ethyl «-(4-substituted phenoxy)-«-methylpropionates were
prepared by the method of Bargelline®® described by Julia,
et al.%»  Both known and unknown compounds are deseribed in
Table 1I.

Ethyl pL-o~(4-chlorophenoxy )propionate (6) was synthesized
in the usual manner by refluxing equimolar parts of sodium 4-
chlorophenolate and ethyl a-bromopropionate in ethyl methyl
ketone.l” 4-Chlorophenol (94 g, 0.7 mole) and ethyl 2-bromo-
propionate (122.5 g, 0.7 mole) were refluxed for 48 hr with 276.4
g of X,COs in 500 ml of MeCOEt. The reaction mixture was
cooled and poured into 500 ml of H,0. The ketone layer was
separated and the H,O layer was further extracted (Et.0), dried
(Na,80,), and filtered, and the combined ether and ketone layers
were concentrated under reduced pressure affording 150 g (897%)
of 6, bp 155-158° (20 mm), lit.!8 bp 130° (0.7 mm).

DL-a=(4-Chlorophenoxy )propionic acid (7) was prepared from
150 g of (0.65 mole) of 6 by refluxing in 109} aqueous NaOH with
stirring for 2 hr affording 121.9 g (66%) of pr acid. Recrystal-
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Tasre I1I
————Bp, °C (mm)-————
Compd Formula Analyses® Obsd Lit.
1 CuHLO0Cl G H 160-164 (30) 138 (10)16s
2 CyHus0s C, H 175-180 (30) 139 (4)1s
3 CuHu0, C,H 150-154 (30) 140-142 (816
4 CuHuo, C H 138-142 (30)  160-165 (7)1
5 CuHuO:N G H, N 154-156(4)

* Analyses were determined by Schwarzkopf Microanalytical
Laboratory, Woodside, N. Y., and by Clark Microanalytical
Laboratory, Urbana, IIl., and were within £0.4% of the calcu-
lated values.

lization from petroleum ether (60-80°) atforded white erystals,
mp 113-114°, 1it.% mp 114.5-115.5°.

L=( — )=c=(4=-Chlorophenoxy jpropionic Acid (7).—Finely pow-
dered ( —)-brucine (16.7 g, 0.042 mole) was suspended in 2 1. of
boiling 209, EtOH in H:O. To the stirred suspension was added
20 g (0.1 mole) of pL-7 in 30 ml of 1 ¥ NaOH and 50 m! of EtOH.
The mixture was stirred with boiling until a clear solution re-
sulted. The solution was filtered and on cooling the salt crys-
tallized. Five additional recrystallizations from 209, EtOH~-H,0O
afforded 10.6 g (44¢%) of brucine salt, [«]%p —25.4° (¢ 1.9720,
MeOH). TUtilizing twelve times these amounts 122 g of optically
pure salt was obtained. The acid was liberated from 122 g of
salt by acidification with 397 H,SO, and extraction with ether.
The ether was dried (Na;SQy), filtered, and removed under re-
duced pressure affording after recrystallization from petroleum
ether (60-80°), 28.8 g (709) of L-(—)-7: mp 104-105°, lit.1%a
mp 103.5-104.5°; [a]%p —34.95° (¢ 5.0078, MeOH), lit.1%2 [o] %
—40.1° (EtOH): RD (c 0.0242, MeOH) (24-25°), [¢]wns —567°,
lolso —803°, [#lsos —1320°, [¢lase —2650°, [plass — 1800 (sh),
[plar 0°, [@]asr +1130°%, [@]a6s 1180, [¢]oso +990, [¢lazo 0°, [@]ass
—710°, (9]0 —1460°; CD (¢ 0.2420, MeOH) (24-25°), [8]s00
0°, [8ass —2620°, [8]ass —1750°, [Blas —2990°, [8]rs —2310°,
[8]25¢ —500°, {8240 —2500°.

D-( + )=a=-(4-Chlorophenoxy )propionic acid (7) was obtained
from pL-7 by the method of Smith, et al.,? for resolving similar
compounds. Resolution was accomplished utilizing (4 )-yohim-
bine obtained from the HCl salt. Three recrystallizations of the
yohimbine salt of p-(4)-7 from Me,CO afforded white crystals,
[@]® +64.8° (¢ 2.3220, MeOH). The p-{(+) acid was liberated
from the salt as in L-(—)-7 above. Recrystallization from pe-
troleum ether (60-80°) afforded white crystals: mp 104-105°,
lit.1% mp 103.5-104.7°; [«]%p +34.1° (¢ 3.6720, MeOH), lit.19
[e]®p +39.8 (EtOH); RD (¢ 0.0261, MeOH) (24-25°),
[p]ses +610°, [pluo +830° [dlaoe +1180°, [plagse +2380°, [@lass
-+ 1700° (sh), {¢]orr 0°, {¢]ass —660°, [b]ees —880°, [dlas0 0°, [¢]os
+790°, (¢l +1490°; CD (¢ 0.2610, MeOH) (24-25°), [8]300 0°,
[8)2ss +1850°, [8]2ss +2600°, [8]are +1560°, [8]2es +1450°, [8]ss
+460°, [8]210 +2020°.

Ethyl v-( —)-a-(4-Chlorophenoxy )propionate (6).—The 1-(—)
acid 7 (12 g, 0.06 mole) was refluxed with 100 ml of EtOH con-
taining 4 ml of H.SO0y for 24 hr. The solution was poured into
200 ml of H.O and extracted (Et;0). The ether was washed with
59 NaHCO,, dried (Na,SOy), filtered, and removed under
reduced pressure affording after distillation 8.8 g (65%) of L-
(—)-6 ester: bp 150-152° (20 mm); [«]%p —46.2° (¢ 5.0120,
MeOH), lit.1%a [¢]%p —52.7° (EtOH); RD (¢ 0.0302, MeOH)
(24-25°), [olss —680°, [¢plaos —1020°, [plse —1330°, [¢p]ass
—2460°, [¢]ass —1740° (sh), [@]as0 —830°, [¢]272 0°, [p]2r0 +680°,
plass +720°, {d]oer +640°, [@ass 0°, [@]ase —530°, [$lage —1480°;
CD (C 03020, .\IGOH) (24_250)’ [6]300 —3000, [0]239 —‘23500, [0]286
—2050°, [0]2s2 —2750, [0]zs —2250°, [8]ars —2450°, [6]::4 — 900°,
[8]245 —1600°,

Ethyl p-( + )-a-(4-Chiorophenoxy )propionate (6) was prepared
in similar yields and by the same method used for the 1~(—)-6
ester; bp 148-152° (20 mm); [a]®p +46.5° (c 6.2328, MeOH),
lit. 1% []%p +53.5° (EtOH); RD (¢ 0.0296, MeOH) (24-25°),
[plas +660°, [@]ae +1270°, [¢)ess +2510, [¢lss +-1890° (sh),
[$l21a 0°, [plass —T70°, [p]ass —770°, [¢]2s3 0°, [¢]200 +1780°; CD
(¢ 0.2960, MeOH) (24-25°), [8ls0e +360°, [flass +1890°, [8]2s
+1730°, [8]2s +2550°, [6]2ra +1990°, [8]2:5 +460°, [6]240 +2340°.

Biological.—Diets were prepared containing 0.15, 0.20, and
0.509; 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
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as a control and administered a diet free of drug. Another six
rats were used for each drug at 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 al.??
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The potent antiinflammatory activity of 8-trifluoro-~
methylphenothiazine-1-carboxylic acid® and the marked
antirheumatic effects of salicylic acid and 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 described,* no hydroxyecarboxylic
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 [
: S OH
=
H
B [lla, R=Cl
b, R = CF;
SZnY, Cl OH
ot e all®
R NH, HO R’ K00,
la,R=Cl Ila, R’"=H
b, R = CF, b, R"=CO,H
A\ : s OH
R lf CO,H
H
IVa,R=Cl
b, R = CF;

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.

(3) B. M. Sutton and J. H. Birnie, J. Med. Chem., 9, 835 (1966); J. H.
Birnie, B. M. Sutton, M. Zuccarello, and J. A. Rush, Med. Pharmacol. Ezp.,
17, 15 (1967).

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



