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As can be seen from Table VII several compounds (IVa-br,
IVb-vr, IVh-1, and IVe-L) have noteworthy activity. Compound
IVh-L is particularly interesting since it appears to be niore
potent than 1-Ts. A more detailed study of the activity in
several thyromimetic assay procedures of most of the compounds
listedt in Table VII will be described shortly,*

27y . M. Creenberg, B. Blank, F. R. Pfeiffer, and J. . Pauls,
J. Physiol., in press.
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Thyromimetics. II.

The Synthesis and Hypocholesteremic Activity

of Some g-Diethylaminoethyl Esters of lodinated Thyroalkanoic Acids

BexsaMin Braxk, 'raxcis R, Prreirrer, Cyrus M. GREENBERG, axd Javes 1M Kerwiy

Research and Development Division, Smith Kline and French Laboratories. Philadelphia 1, Pronsylvania

Freceived May 4, 1063

The synthesis of a number of g-diethylaminoethy! esters of iodinated thyroatkanaie acids is describel.  The
ability of these compounds to lower plasma chiolesterol levels in rats fed a cholesterol-cholic acid diet s also re-

ported.

A study of the hypocholesteremic activity of the compounds rested indicates that maximum activity

is found in those comnpounds with a two-carbon side chain and a 3'*-iodine atom or isopropyl group (VII, VIIT,

and XIII).

Although the relationship between serum cholesterol
levels and the oecurrence of atheroselerosis has not been
conclusively demonstrated, the implications are such
that the search for hypochloesteremic agents iz cur-
rently being carried out by many investigators. In the
search for a nseful cholesterol-lowering agent much
attention has been devoted to thyromimetic agents with
current interest centering on the v-isomers of thyroxine
and 3,3”.3-trifodothyrouine and iodinated thyroacetic,
-formic, and -propionic acids,'—*

While most of these compounds have some effect
on serum cholesterol levels in animals few have proved
satisfactory for use in man.

In an effort to obtain agents which have a specific
hypocholesteremnic action with few or no side effects a
saries of diethylaminoethyl esters of various iodinated
thyroalkanoic acids was prepared (Table I). Several
4’-methyl ethers were also prepared since it appears
that these derivatives often possess a large separation
hotween the minimum effective hypocholesteremic dose
and the dose which causes weight loss it animals.”  Since
it had been demonstrated in our laboratories that an iso-
propyl group can be substituted for iodine in the 3'-
position of 3,5-dilodothyronine without causing any
loss i1 hypocholesteremic netivity,!® the 3’-isopropyl
analog XIIT of the g-diethvlaminoethyl ester of 3.37,5-
trilodothyroacetic acid (VII) was prepared to see if this
relationship proved true in this series also.

To prepare the esters listed in Table T the requisite

(11 W, R. Ruegamer, M. L, Alperi, and I'. R. Silverwan, Endocrinology,
66, 160 (1U60).

2y W. I J. Cuthbertson, P. V. Elcoate, . M. Treland, D. €. 3. Mills,
aqd P. Shearley, J. Endocrinol., 21, 45 (1960).

(3) P. Starv, Chin. Phaemacol. T'herap., 1, 716 (1960).

t41 W. R. Ruegamer and F. R. Silverman, Endocrinology. 68, 564 (10613,

5y M. M. Best and €. H. Duncan. Circulation, 24, 538 (1961).

(6) (. M. Greenberg, C. A, Bocher, J. I. Kerwin, 8. M. Greenberg, «xml
T, H. Lin, Am. J. Physiol., 201, 732 (1961).

(7) R. G. Hermaa, C. C. Tee, and R. T'arker, streh. Intern. Phacmacodyn.,
133, 284 (1961).

(8) 1. R. Hoff, R. J. Sperber, 3. Fisch, and A, €. DeGraff, Angiology, 13,
w4 (1962),

(9) C. H. Dunean and M. M. Best, Awm. J. Clin. Nuir.,, 10, 297 (1662),

(10} B. Blank, F. R. Pfeiffer, C. M. Greenberg, and J. I'. Kerwin, ./, Wed.
Chem.. 6, 554 (1963),

acids woere treated with g-diethylaminorthyl chloride
in dry 2-propanol.?
-C5H,0H

X I
RO@O@(CHWCOOH
I
X I /
RO @—o@—<CHz>ﬂ—COOCH2CH2N(CQH.,\THm
I

R=Hor CH; X=1, 1L o/

(C2H:),NCH,C11,(1

~CuH o n=0,1,2

The 3’-izopropy! compound XIII was prepared using
the sequence of reactions shown in Chart I.

Ethyl 3,5-dilodo-4-(3-isopropyl-4-methoxyphenoxy -
phenylacetate (XVI) was first prepared using a pro-
cedure (XIV — XV — XVI) similar to that reported by
Wilkinson!* in the preparation of 3,5-diiodothyroacetic
acid. The iutermediate XVI was prepared subse-
quently without igolation more expediently from the
jodonium salt XVII as shown (XVII — XVI) using
the method of Ziegler and Marr.'*  Basic hydrolysis of
XVI yielded the methoxy acid XIX which in turn could
be converted to the hydroxy acid XVIII on treatment
with a mixture of acetic and hydriodic acids. The
acid XVIII, however, was usually prepared directly
from XVI as shown. Treatment of the acids XVIII
and XIX with g-diethylaminoethyl chloride as de-
scribed vielded the corresponding basic esters XIIT and
XX. Unfortunately, we were unable to purify XX to
the point where satisfactory analytical data could be
obtained.

Those 4’/-methoxy acids whose syntheses had not
been reported were readily prepared using dimethyl
sulfate and aqueous sodium hydroxide (Table II).

211) 1T, Hovenstein and H. DI'ihlicke, Chemn. Ber., T1, 1644 (1038},

12y J. H. Wilkinson, Biockem. J.. 68, 601 (1956).
(13) I Ziegho aql . Mavre, J. Org. Chem., 27, 3335 11962).
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TaBLe I
DIETHYLAMINOETHYL ESTERS
X 1
RO—<t:>—O (CHz),— COOCH:CH,N (C.Hs) - HCl
I
Source
of
start-  — —Anulyses, %
Com- M.p., Reecryst. ing Caled. Found.
pound R X n °C. solvent Formula matl. C H Ct C H Cl
I H H 0 220-222 CH;OH-(C.H;),0 CyoHooCILNO,  *%¢ 36.95 3.59 5.74 37.35 3.45 5.79
11 CH, H 0 185-187 CH;OH-(C.H;).0 CyH CII:NO, de 38.03 3.83 5.61 38.07 3.82 5.53
IIT H I 0 203-205 CH,OH-(C.H;).0 C1yHyCILNO, &7 30.69 2.85 4.77 30,97 2.95 4.79
v CH; I 0 171-173 CH,OH-(C.H;),0 CaoHaCH:NO, d 31.71 3.06 4.68 32.02 3.04 4.53
v H H 1 114-117 ¢-CH,0H~(C.H:)0 CoH,ClLNO, /¢ 38.03 3.83 5.61 38.30 4.18 5.37
VI CH; H 1 149-151 CH,OH-(C.H;).0 CyuHyCHLNO, ot 39.06 4.06 5.49 39.28 4.23 5.23
VII H I 1 192-194 CH;OH-petroleum CaoHaCH;NO, I 31.71 3.06 4.68 31.70 3.18 4,61
ether
VIII CH; 1 1 189-191 :-C;H,OH CoHy:ClI;NO, 7 32.69 3.27 33.01 3.56
N, 1.82 N, 2.09
IX H H 2 193-195 CH;OH-(C:H;).0 CaHaCHNO, % 39.06 4.06 5.49 39.14 4.22 5.78
k1
X CH; H 2 145-147 CH;0H—(C.H;)»0  CaHaClL.NO; 7 40.05 4.28 5.37 39.78 4.45 5.21
XI H I 2 208-210 CH,0H-(C.H;»0 CaHyCILNO,  ° 31.58 3.47 31.49 3.42
deec. 1.5H;0 N, 1.75 N, 1.74
XII CH; 1 2 194-195 CH;0OH-(C.H;%0 CoeHauCHNOQ, d 33.63 3.46 4.51 33.75 3.53 4
0.5H,80; I,36.98 1, 36.62

@ C. R. Harington and G. Barger, Biochem. J., 21, 169 (1927).

(1951).

A. Hems, J. Chem. Soc., S 185 (1949).

Rivers, Biochem. J., 50, 438 (1952).

* See ref, 12,

BYSN
¢ K. Tomita and H. A, Lardy, J. Biol. Chem., 219, 595 (1956).
9 Table II and Experimental.

t See ref. 13.

®J. C. Clayton, G. F. H. Green, and B. A. Hems, J. Chem. Soc., 2467
¢ R. I. Meltzer, D. M. Lustgarden, and A. Fishman, J. Org. Chem., 22, 1577 (19

¢ B, T. Borrows, J. C. Clayton, and B.

). 7 C. R. Harington and R. Pitt-
7 K. Tomita, H. A. Lardy, D. John-

son, and A. Kent, J. Biol. Chem., 236, 2981 (1961). *S. Wawzonek, S. C. Wang, and P. Lyons, J. Org. Chem., 15, 593 (1950). ! N.
Kharasch, 8. H. Kalfayan, and J. D. Arterberry, bid., 21, 925 (1956). ™ See Experimental.
Cuart I
CH(CHa;). NO. CH(CH;), NO,
CH,0 OH + HO CH.CO:Et TosCl  CH;0 0 CH.CO:Et
pyridine
X1V NO, NO,
XV
CH (CH;)»
Reduction,
Tetrazotization,
CH:0 e Tetaaion
2
XXVII
CH(CH,), I HO CH,C0Et CH(CHy), I
HO 0 CH,COOCH.CH:N (C:H;)»-HCl CH,0 0 CH.CO.Et
Et;N, Cu
U xm I
HI,HOAc XVI
(C2Hg)sNCH,CH,Cl
(CoHs)eNCH,CH,C! o7 NaOH
CH(CH,). I / 40% Na
HO«@-O CH,COOH CH(CHa), 1 CH(CHs): I
I CH;0 0 CH:COOCH.CH.N(C:H;);HC! CH50 0 CH,COOH
XVIII 1 i

XX

XIX
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X 1 benzene.  Fvapoeation of the fractions froar the cohan left
reddish oil which erystallized from agqueons eithanol ty give 42¢,
(CH;),804 of crude prodiet, nup. 65-74° Further reery stallizations frons

HO - ! : - - .

(0] (CH.),,COOH NaOH wethanol or aqueons ethanol gave material melting ol 55 767,
Jwat, Caled. for CaHsLdy O 41400 HL 220 b 10575

I Pound: 41470 LS L 430402

X I
C&o«@—o—@wcmmcoorx
I

N=Horl:n=10-2

TapLr 11
4'-MEeTHOXY ACiDR

X I
CHBO—Q— o@—@m)ncom
1

- —Analyseso -
Foand

AY ST Reerystal. Calod.
N » c(, solvent Forumla « I « 11
1 a 295-267  CodLOH-H.0  CelhOc 27,04 1,40 2788 1,40
11 2 170-I72  CJLOI0 CuHal:0: 36,57 260 36,47 2.84
2 d24-936 0 CHLOIL CuwllalO 20,560 a2 2071 217

Experimental '

Chemistry. Preparation of Esters (Table I).—The required
aeid in dry 2-propanol was refluxed for 4 hr. in the presence of o
slight molar excess of g-diethyliminoethyl chloride.'3% The
reaction mixture was cooled und the amino ester hydrochloride
was filtered nnd washed witli ether.  Insome cases it wus neces-
sury to dilute the reaction mixture with ether or petroleum ether
or to partially remove the solvent to ensure complete precipita-
tion of the product. Two recrvstallizations nsually provided
muterial of nnalyvtical purity.

Ethy! [4-(3-Isopropyl-4-methoxyphenoxy;-3,5-dinitrophenyl|-
acetate (XV),—A solution of equimolar amounts ol ethyl 4-
hydroxy-3,5-dinitrophenylacetate’ and p-toluenesulfonyl chlo-
ride in pyridine was heuated and stirred o a sten hath for 15 min.
The steant bath wag renoved and « slight excess of 3-isopropyvi-4-
nethoxyplienol (NIV)" was added.  The solution was stirred
under reflux for 2 lir. and the pyridine was then removed in vacuo.
The residue wns dissolved in benzene and the Denzene solution
wag washied in tarn with dilute hvdrochlorie acid, water, 10,
sodium hivdroxide, and again with water.  Alter drying over
sodiunt sulfuate, the benzene wus rcnoved and the oily residue was
crystallized and recrystallized from 9547 ethanol to give 53¢,
of proditet, nrp. 79-81°,

Anal. Cated. for CoHaNGOx: €L 05741 H, 5.30;
Found: C,57.596; H,5.87; N, 6.89.

Ethy! 3,5-Diiodo-4-(3-isopropyi-4-methoxyphenoxy )phenyl-
acetate (XVI).—The dinitro ester XV wus reduced cutalytically
in & Parrapparatus in the presence nf 100 palladium-on-charcoal.
T'he resulting diamino compound withont isolation wus tetra-
zotized with nitrosyl sulfuric acid, nud the tetrazoninn salt wus
indinated as described by Wilkinson.'* The crude diiodo ester
NVI was dissolved in benzene, and the bengene solution was
washed successively with 109 sodium bisulfite, water, »H¢/
sodium bicarbonate, and igain with water. livaporation of the
dried benzene sotution yielded n brown oil which was redissolved
in a small volume of benzene and wus passed through a column
of Woelnt neid—alumina (activity-1)7 using 109, niethanol in

N, 6.70.

14y All meltiag points were taken in a Thomnas-Hoover welting point
apparatius and arve corrected.

17 'This inaterial was conveniently prepared by grinding together witlca
wmrtar aad pestle one pact of coinmercial g-diethylaminoethyl ehloride hy-
‘rochloride and two parts of potassium hydroxide pellets in a suitable voluice
of benzene with cooling if necessary. The benzene solution was decanted e
filtered, the solvent was reraoved, and the resichoe was distilled at redacinl
pressuee,

c113) R. R Burtoee, J. Am. Chem. Soc., T1, 2787 (1949).

1171 Alaphaco Clhemicals, P, O, Box T35, New Orleaas. Laoaisizaa

The swme materinl was obtained from the reaction of di-i-
isopropylt-4-niethoxyphenyiodoninm iodide ¢ XV with erhyt
+-hydroxy-go-dilodophenyhiocetate’® in the presence of triethyl-
amine and capper powder.

3,5-Diiodo-4-{ 3-isopropyl-4-methoxyphenoxy ;phenylacetic Acid
(XIX L —A suspension of 3.0 g 5 nnmolest of NV in 50 wml ol
etlanol was diluted with 10 mb ol 409, sodinm hydroside and
stirred ar nom temperature for 2 ke The sadurian was cooled
and acidified witle dilute hydrochlorie acid, The previpitaned
achl was fittered, washed with water, and recevstallized frian
aquenns ethanol tecgive 2.0 g T4 of prodhnet. so.p. 16- 1As™
fanalvtical smuaple, nep. T42- 144°0,

Anal. Caled, tor CoHLO €00 1a: M, 2 1 4om7.
Found: 05047 H, 56500 1 4556,

i4-(4-Hydroxy-3-isopropy!phenoxy i-3,5-diiodophenylacetic
Acid (XVIIL.—A mixture ol 4.0 g. (6.9 mmoles® of XV1in 100 ml.
of a 11 mixture of acetic and hydrindie neids was refluxed for
A ohre The solition wax coneentrated to one-half its nriginal
vohime when solid began to separate. The mixture was dihited
with water and cooled. The filtered solid weighed 3.5 g, .
157-159° Tt was reervstallized from aqueons ethanal to give
3.2 (955 ol pradnet, mp. 1621647,

el Caled, b CeHGLO: O B7.040 HL So00; L A007.
Found: CUas10; H) 3,030 1, 46,58,

Preparation of 4’-Methoxy Acids (Table II:.—To 0 stirred
salution af .01 moele of the iodimated thyroalkansie acid in 70 ml.
of warer and 15 ml of 1G4, sodinm hydroxide was stowlhy added
at mom lemperature 0.005 mole of dimethyl sulfute.  Alrer
gtirring ir 15 min, au additivnal 0,003 mole of dimethyt sutfore
wag ndded to the eloudy gsohution Tollowed by the addition of 120
b of 1000 sodinm hydroxide.  The solntion was stirred for 2
hr. at ronm temperature during which time the sodinm salt pre-
cipitated. This mixture was dilated with 10G ml of 107, sodina
hydraxide and 135 mb of ethanat and stirred under refux for 2
hr. to hyvdrolyze any ester. The wdeohnl was remnceved and the
aqueonts rosichie was coaled 1o precipitate the sodinm salt, e
salt was filtered wnd digsolved in hot water. The aqueous suhi-
tion was lilterod it necessary, cooled, made sceid with dilute hyvdro-
chlarie acid, and fittered. The white solid after 1wo recrvstal-
Hzntions was nsuatly analvtically pure.

Biochemical Screening.—The compounds werny sereened (o
their ability to hower plasma chedesterof Tevels n rats fed o diet
containing 2¢, chulesterol and 19, chedie neid

L-Triladuthyronine $1.-TFe0 wr the test compounds were lo-
jected subentaneousty. ouce daily Tor T daye to groups of eight
adnlt male Spragne-Dawley rats having o fasting body weight
of 270-290 g, and fed o diet consisting of 2¢, cholesterol, 177
cholic acid, 470 Atphuceel, 4, vitaming and minerals, 2097 pree-
tein, 204 hvdrogenated Mt and 490 ¢ carbohivdeate.  Appropri-
ate controls were also run. The animuls were fasted for 18 hr.
on the Tth duay and swerificed by deeapitation v the sth day.
Blood collectinns and cholesterol determinations were made in o
manuer similar 1o thut reported previousty.®© The resalts wre
shown ia Table 1TT and are expressed in terms of L-T having «n
arbitary valae ol 1

dose ul Ty whieln decrensed plasma total cholesterol
at least 38 nig. /100 mib.we

duse of test conpound which Towers plasnra total ¢hice
lesterol ta o coniparable extent

activity

Discussion

Several of the compounds tested lowered plasma
cholesterol to some degree. However, there scems to
be no doubt that VII and XII1. the diethylaminoethyl
esters of 3,3/,5-trilodo- and 3,5-dilodo-3'-isopropyl-

1181 C. M. Greenberg, L. . Mansor, . A, Bochee, L. L. Raundecs, and
I, F. Kerwin, Endorrinology. T0, 365 {10623,

P10 It les been shown statistieally ustng pooted seumlos feowe thyconi-
mieth treated and vontrol aninals that @ plasiaa (otal cholesteral diffeceaces
wi 38 1z, 100 1l s vespuiced for significance (7 = 0.011.  See ref. 6. A
dose of 13240 4 ke day of LT enasistently eaases sach aslopeessina.
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thyroacetic acids, were the most potent compounds
tested. In the test system employed, VII and XIII
were as potent as L-T, one of the most active hypo-
cholesteremic thyromimetic agents reported in the
literature.

It can be seen that replacement of the 3’-lodine atom
in VII with an isopropyl group has had no effect on
hypocholesteremic activity (compare VII with XIII).
This finding is cousistent with previous observations
noted with compounds containing an alanine side
chain. ® Although the number of compounds screened
was quite small it appears that a structure-function
relationship does exist. Maximum activity resides
in those compounds with a two-carbon side chain and a
3’-lodine atom or isopropyl group (VII, VIII, and
XIII). Increasing or decreasing the length of the side
chain or replacing the 3’-iodine or isopropyl group with
liydrogen decreases cholesterol-lowering activity. For-
mation of the methyl ether in most cases also somewhat
lessens hypocholesteremic activity {(compare VII with
VIID).

A more comprehensive study of the thyromimetic
activities of VII and XIII has been reported re-
cently.?
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TasLe III
PrLasvia CHOLESTEROL VALUES
Compound no, Activity®
I 0.030
11 < .001
111 .030
v .040
A% 025
VI .006
VII 1.000
VIII 0.500
IN < .001
X < .001
XI .060
XII .030
NIII 1.000

@ Activity is expressed in terms of I-T; having an arbitrary
value of 1.
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A series of mninoacyladenines was prepared by a procedure involving the condensation of the carbobenzoxy
derivatives of glycine, alanine, valine, leucine, isolencine, and phenylalanine with adenine by the carbodiimide

method with dimethyl sulfoxide as the solvent.

Chemical, speetral, and chromatographic characteristics of the

above compounds are described. Neither rat organ homogenates nor a variety of proteolytic enzymes hydro-
lyzed the aminoacyladenines, with the exception of leucine aminopeptidase, which showed activity against L-

leucyladenine.

Interest in aminoacylamidopurines and specifically
aminoacyladenines stems from the observation that
ribonueleic acids (RNA) isolated by a variety of meth-
ods contain amino acids or peptides.>~® Aside from
the bindiug of amino acids by ester linkage to the ter-
minal ribose moiety of soluble RN A ¢ other binding sites
have not been definitely established. It is conceivable
that high molecular weight RNA may bind amino
acids as acid anhydrides similar to the amino acid
nucleotidates found in yeast” or as amides by combina-
tion of the carboxyl group of the amino acids with the
amino nitrogen of adenine, guanine, and the cytosines.

This paper describes the synthesis and properties of a
series of aminoacyladenines as a preliminary step in
establishing whether or not such compounds occur in

(1) This investigation was supported in part by the Office of Naval Re-
search and by Vermont Cancer Society Grant No. 6, 1960-1961.

(2) Stanford Research Institute, Menlo Park, California. This work was
taken in part from a doctoral dissertation presented to the Graduate College
of the University of Vermont, 1962.

(3) J. L. Potter and A. L. Dounce, J. dm. Ckem. Soc., T8, 3078 (1956).

(4) V. Haberinann, Biochim. Biophys. Acia, 32, 297 (1939).

(5) U. Z. Littauer and H. Eisenberg. ibid., 32, 320 (1959).

(6) M. Hoagland, ibid.. 16, 288 (1955).
(7} A. H. Cook and G. Harvis, Rev. Pure Appl. Chem., 10, 61 (1960).

nucleic acids or nucleoproteins.

Results and Discussion

The aminoacyladenines were prepared by condensing
a carbobenzoxyamino acid (Z-amino acid) and adenine
in dimethyl sulfoxide solution with N N’-dieyclo-
hexylcarbodiimide (DCC) and decarbobenzoxylating
the product with anhydrous HBr in glacial acetic acid.

HOCOCHRNHZ
+
HNH HNCOCHRNHZ HNCOCHRNH.
N N N
N~ DCC Nz HBr N=
K \> W\ \> foAc | | \>
N N N N
H H H
Adenine Z-Aminoacyladenine Aminoacyladeniue

The values for C, H, and N (Table I) of both carbo-
benzoxy- and aminoacyladenines support a structure
having an amino acid:adenine ratio of 1.

The physical properties and behavior on paper chro-
matograms of both carbobenzoxy- and aminoacylade-



