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5-a-Hydroxybenzyluracil (VI).—5-Bengzoyluracil (V) (0.075 g,
0.25 mole) was added to a solution of potassium borohydride
(0.037 g.) in 2 ml. of water. The mixture was stirred vigorously
for about 10 min. at room temperature and then for 4 further 5
min. at 100°.  On acidifying with 3 N hydrochloric acid and
cooling in ice there was obtained 0.03 g. (409%) of a white solid.
It was recrystallized from ethanol, in.p. 221-223°, R; 0.59.

Anal.  Caled. for C;iHoN:Os: C, 60.54; H, 4.63; N, [2.:84.
Found: €, 60.79; H, 4.84; N, 12.78. Ultraviolet absorption:
Apax 265 mu (e 7624), Agjn 235 mu (0.1 A HCL. A 288 1
(e 6235), Agin 250 mu (0.1 ¥ NaOH). Componnds X and X1
were synthesized in the same manner.

Paper Chromatography.—The pyrimidines reported here were
chromatographed on Whatman No. 1 paper by the descending
technique in the butanol-water (86:14 v./v.) solvent system of
Markham and Smith.®® The chronatogram was run 18-20 hr.

(18) R. Markham and J. D, Smith, Biwhem. J., 45, 494 (1440,
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at room temperature and air dried, and the spots were loented
by means of  Mineralight ultraviolet lamp.

Biological Data.—Compounds V and V1 along with 5-henzyl-
uracil and S-hydroxvmethyluracit were tested against o wibd
strain and also o uractl-requiring mutant of Escherichio coli at a
final coneentratinn of 25 and 100 +/ml. During the course of
an 8 hir, peried both the control and the analog containing cul-
tures showed the sane rate of growth, indicating no inhibition of
growth by these analogs.  With the nracil-requiring mutant, of
E. coli the experiments were carried out nnder growth-limiting
concentrations of nractl V1.0 mby.  All the compounds reported
ltere have been submitted to the Nationnl Cancer Testing Service
to test for antitumor activity.

Acknowledgment.—We wish to express our gratitude
to the U. S. Public Health Service (CY 3231) for finan-

clal assistaunee,
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I. The Synthesis and Hypocholesteremic Activity of
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The syntheses of u number of alkyl and aryl derivatives of 3,5-diiodothyronine are described.
intermediates required for these syntheses were prepared by one of two general procedures.

Diphenyl ether
The ability of the

final compounds (IVa-h and X1a, d) to lower plasma cholesterol levels in rats fed a cholesterol-cholic acid diet

is also reported.

The possibility that liigh serun: cholesterol levels may
i some way be involved in the etiology of atherosclero-
sis lias led many investigators to study agents which
cause a decrease in serum cliolesterol. Thyromimetic
compounds, as a class, have been among the most in-
tensively studied of these ageuts.

Therefore, a uumber of compounds related to thy-
roxine and trilodothyronine had been prepared i our
laboratories as part of a coutinuing program of chew-
ical synthesis to provide compounds for biological
evaluation as potential hiypocholesteremic agents.!—3
However, in light of the current interest in thyroxine-
like conipounds having alkyl groups, usually methyl
groups, in place of iodine atoms*—13 it seemed of interest
to extend this approach and to prepare other alkyl
derivatives of thyroxine and trilodothyronine. The
studies of Jorgensen and his coworkers®—%12-1¢ iy
tryiig to determine what structural features are im-

(1) C. M. Cireenberg, C. A, Bocher, 1. ¥, Ketwin, 3, M. Creenberg, nnd
T. H. Lin, dm. J. Physiol., 201, 732 (14961).

(2) C. M. Greenberg, L. I". Mansor, (. A. Bocher, . L. Sannders, and
1. ¥, Xerwin, Endocrinology, T0, 365 (19621,

(3) C. M. Greenberg, J. Y. Kerwin, W, L. Holmes, and B. Blank, /.
{'hacnacol. Exptl. Therap., submitted for publieation.

(4) H..J. Bielig and G. Liitzel, Ann., 608, 140 (1957).

15) N. Kharasch and N. N. Saha. Science, 127, 756 (19758).

{6) N. Zenker and E. C. Jorgensen, J. 4m. Chem. Soc., 81, 4643 (1939).

(7) E. C. Jorgensen and P, N. Kaul, J. dm. Pharm. Assoc.. Sci. Ed., 48,
GO (1959).

18) E. .. Jorgensen, N. Zenker, an.l . Greenberg, J. Biol. Chem., 235,
1732 (1960).

(9) E. Van Heyningen. J. Ocg. Chem., 26, 3850 (1961).

(10) C. 8. Pittiman, M. Shida, and 3. B. Barker, Endociiuology. 88, 4148
(19HG1).

{11y R, Gl Ilerman, C. Cl Lee, und B, Parker, deed. Indeon. Phacmacodyn.,
133, 284 (1901).

(12 B CL Jorgensen and R AL Wiley, J. Wed. [‘haime. Chew.. 8, 1407
(105270,

131 . Jorgensen, o AL Lehmann, €. CGreenherg, and N Zenker, /.
Bol. Chem., 23T, 3832 (1962).

portant for thiyromiuetic activity led us to prepare a
series of 37 and 3',5'-alkyl and aryl-3,5-dilodothyronines
for testing as cholesterol-lowering agents.

The compounds were prepared by two general routcs.
The first of these (xoute A) followed closely the method
of synthesis developed by Chalmers, et af,* for the
preparation of thyroxine.

Rouvre A

R NO.
CH,0 OH + HO CH,CHCOEt "=t
‘{THA pyridine
R NO. HHAc
R NO:
(:H.io<©-o—< >~CH2(i‘HCO._.Et sererlats
, NHAc
R’ NO.
1§
R I
;*\ 1t
(:}-{3O~H___>‘O CH2$HCOZEt ToaT
NHAc
R I HAc
Il

1
R I
}10@0 '—©~CH:('!}HCO()H
. 1 NH.
R I
IV

(14) () k. C. dorgensen el o AL Lelanan, J. Ovge Chene, 26, 894, 847
11861); (b)) I, €. Jorgensen and P, Slade, J. Maodo [haron Clhow, B, T20
F19G2).

a17) 4. Ro Chabieers, 0 T
Noe., 3424 110497,

Dickson, 0. Elks, and B AL llewas, J. Ohon
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TaBLE I
Compd. Recrystal. %% ——-—~Caled., % — Found, %————
no. R R/ M.p., °C. solvent yield Formula C H N C H N
Substituted p-Nitrophenols
OH
R R
NO.
VIa CgHs H 73—75 CCI;—pet. ether 58 CgHgl\ Os @
b +CH. H 84-85 CCli—pet. ether 67  CeHuNO; °
¢c +CHy H 88-89 Ligroin 84 CioH3NO;  61.533 6.71  7.18 61.88 6.74 7.12
d CeH_r, H 121-123 Aq HOAC 87 C12Hg_\—03 ¢
e CGHE C6H5 115 EtOH 72 ClsHlsNO;; d
f Cyclo- H 155-157° Toluene of CpH:NO;  65.14 6.83 6.33 65.47 6.71 6.26
CeHn
Substituted p-Nitroanisoles
OCH;
R R
NO.
Vila C.H; H B.p, 134-135 ...... 74 CHuNO; 359.66 6.12 7.73 59.34 6.08 7.81
(3 mm.)
b +CH, H B.p. 147-148 .. ..., 82 CioHisNO;  61.533 6.71  7.18 61.66 6.90 7.34
(8 mm.)
¢c +CHy, H B.p. 120 ... 84 CuH;NO; 63.14 7.23 6.69 63.32 7.27 6.83
(0.5 mm.)
d C¢Hs H 92-93 EtOH 77 CpHNO; ¢
e CeH, CeH, 152-154 EtOH-CHCL 690  CiHNO; ¢
Substituted p-Aminoanisoles
OCH,
R R
‘HCI
NH,

Villa C.H, H 196-198 Sublimed twice 72 CH,CINO 57.60 7.52 18.89" 57.63 7.63 18.74"
b +CH, H 210-212 EtOH-(C:H;):0 76  CuHiCINO 59.55 8.00 17.58" 59.26 7.94 17.71"
¢ +CHy, H 162-164 EtOH-(C:H;),0 97 CuHiCINO 61.24 8.41 16.44" 61.30 8.33 16.61"
d CgHs H 237-239 EtOH—(C;H;).0 89 Ci:HuCINO 66.24 5.99 15.04" 66.55 6.24 14.70"
e C¢H; CeH; 242-244 CHCl;—pet. ether 85 CuH,CINO 73.19 5.82 11.37" 72.85 5.94 11.35"

Substituted p-Methoxyphenols
OCH,
R R
OH
la C.H; H 126-130¢ 1-C;H-OH 43 CieH1sN:04¢ 55.49 4.08 8.09 55.74 4.16 8.05
b +CH; H B.p. 137-139 58
(8 mm.)
92-937 EtOH CirHieN:0/ 56.67 4.48 7.78 56.64 4.41 7.81
¢ «+CH, H B.p. 161-163 44
(16 mm.)
85-87° Skelly-L CisHisN:077 37.756 4.85 7.48 57.50 4.70 7.39
d C¢H; H b.p. 200203 26
(8 mm.)
149-150° C.H;OH CeoHu N0/ 60.92 3.58 7.10 60.43 3.69 6.83
e CeHs CeHs; 166-167 Toluene 45 C1eH140, 82.58 5.84 82.56 5.74

@ See ref. 18b and E. C. 8. Jones and J. Kenner, J. Chem. Soc., 1842 (1933). ? Fileti, Gazz. chim. ital., 16, 117 (1886). ° See ref.
18c. < Seeref. 18b. <¢J. F. Bartlett and C. E. Garland, J. Am. Chem. Soc., 55, 2064 (1933), describe the preparation of a mononitro-o-
cyclohexylphenol. It was reported to be a red oil, b.p. 144-146°. 7 During distillation most of the material decomposed, b.p. 205-210°
(4 mm.). ¢ For the 3 5-dinitrobenzoate. "Chlorine analyses.
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SuBsTITUTED Di-(p-aNtsyr) Topoxium lovipes
Compd, M., Reerystal. o Method o e Cpleda, e e meme=Faund, Gpree e
no. R R °C. solvent vield used Formala G H 1 C I I

Va CH; H 179-181 CH;0H 10 | CieHisl:0: 38.73 3.66 51.16 38.73 3.86 50.78

b C,H; H 155-157  Acetone 15 2 CisHelo0: 41,24 4.23 48.42 41.38 4.11 48.54

c -C;H, H 164-166  THF-(C.H;),0 86 2 CooHelo0: 43.50 4.75 45.96 43.32 4.62 46.03

d t-C;Hy H 177-178 DMF-H,0O 856 2 CooHyolO: 45.53 5.21 43.73 45.59 5.49 44.02

¢ Cyclo- H 167-168 CH;OH 83 2 CoeH3 10 49.38 5.42 40.14 49.28 5.55 40.02

CGHII

f -C;H; -C;H; 160~162 DMF-H.O 33 2 CoeHyloOp 49,07 6.02 39.88 49.33 5.94 40.05

The second route (route B) was based on a synthesis Conversion of la~¢ to 1la-e and thence to IVa-c

of thyroxine developed by Hillman.'* More recently
this approach has been extended by other workers, 1217

Rovute B
!
- Vst
FIYIE + HO —\/_/\;)—*CHZ(!‘HCOzEt
I NHAc
S base
N
I — IV

The clioice of routes was deterniined to a large extent
by the availability of the required intermediates. It
was our experieiice that III could usually be prepared
more conveniently by route A. However, in those
cases where the required p-methoxyphenols (I) could
be secured only by long and laborious procedures, route
B proved to be a useful and convenient alternative.

For the preparation of I a longer and more devious
route than is usually eniployed for such compounds was
chosen in order to fix unambiguously the position of the
alkyl groups in the final conipounds. The method
utilized was originally described by Hill and his as-
sociates'® and has recently been employed by Arm-
strong, et al.,* for the preparation of 2,6-di-n-octyl-
lrvdroquinone.

OH
) - Y _R
ROH,COCHZR' + |NO.C(CHO),} » Na® I
i
NO:
VI :
CHyl, Kt )Hi‘
OCH, OCH,
| Dady R: R 1, R R
He -HCI Pd,/C
NHQ NOZ
VI VII
(1) () L Mlithman, Z. Natucfoeseh., 110, 110 O9M5; (1) G, Hillban,

UL =0 Patent 2,886,400 1May 12, 10308

(17) (@) P, F. Bevilacoua, J. 1. Flati, and W, Weaner, Ul 30 Patend
2,805,927 (July 21, 1839); (b) A. Dibbe, L. Stephenson, T. Walker, and
IV, Warburtan, /. Cliem. Sa¢., 2617 (10015,

(18) (a) H. B. Hill and J. Torrey, Am. Chemw. J.. 22, 80 (1849):. () 1L It
1Lill, ibid., 24, 1 (1000): (¢) H. B. Hill and W, J. Hale, 721d., 83, & (1011,

0y L. ¢ Armstrong, R. L. Bent, Al Loria, J. R, Thirtle, and A, Wejss-
berger, J. dm. Chew. Soc., 82, 1928 (10¢0;.

proceeded in a straightforward manner.

The ethers (V) used in route B were prepared by the
procedure of Plati® (method 1) for di-(p-anisyDio-
donimm  bromide or that of Beringer and lhis co-
workers?! (method 2) for the preparation of di-(p-
amsyliodontum halides.  TUsing these methods the
iodomniun: iodides listed in Table 11 were prepared.

Conversion of V to ITI was acecomplished in methaiol
solution on treatment with N-acetyl-3,5-dilodotyrosine
ethyl ester in the presence of triethylamine and copper
powder.ti2 IV was then obtained as in route A by re-
moving the protecting groups witl a mixture of hydriodic
and acetic acids. In the case of the 3’-t-butyl deriva-
tive (ITIi) this acid treatment caused the loss of the
t-butyl group as evidenced by thie isolation of 3,5-di-
iodothyronine.  'The identity of the dilodothyroninc

C{CHzs 1

@—(H@—(tﬁg!ﬁ}lcog}zt "
{ NHAc HOAc

=i |
Ii()@—()@»(‘}-{;(!‘}i(,‘OOH
1 NHe
I I N0,
@—()11 — @-()—@»('H:(!:H(fo:m —

N0, NHA¢

CH40

INa, 1Y = 3 --butyl

T
@o@—cmcmom
; |
|

NHAc
Xa R II
@o@u&a:ncow
! N1l
Xlﬂ

a0 L Plat UL S0 Patent 2,839,583 (Jane 17, 19781
Jel AL Beringer, RoOAL Falk, M. Karniol, L. Litlien, €&, Marsallo. M.

Atausner, and B Scmeer, Jo Ao Chem. Sow., 81,3542 (10505,
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TapLe 111
SUBSTITUTED 3,5-DINITROTEYRONINE DERIVATIVES
R NO,
CH;0 0 CH2C|HC02Et
NHAc
R NO,
Coimpd. % Cated., % Found, %—
no. R R’ M.p., °C. yield Formula C H N C H N
{Ia-pL C.H; H 125-127 40 CyeHas N304 55.58 5.30 8.84 55.56 5.36 9.15
Ila-L C.H; H 109-110 57 CoHas N304 la]®p  +50.7° (¢0.5) 55.63 5.12  8.62
{Tb-pL 1-C3H; H 128-130 37 C2sHorN30s 56.44 5.56 8.59 56.28 5.61 8.73
1Ib-p 1-C;H; H 104-105 31 CoHar N304 [a]®D —42.3° (c0.8) 56.52 5.50 8.65
1Ib-L -CsH; H 107-109 55 CosHyr N300 [a]%D +41.6 (cl1.0) 56.62 5.61 8.62
[a]%D +43.9  (c0.7)
{1d-pL CeH; H 175-177 69 C2sHa: N300 59.65 4.81 8.03 59.55 4.92 §.00
ITe-pL CGHﬁ CGH5 175-178 75 C32H29N309 64.10 4.88 7.01 63.77 4.99 7.05

2 All compounds were recrystallized from ethanol, except I1b-p (aq. EtOH).

b All rotations were determined in chloroform.

TapLE IV
SUBSTITUTED 3,5-1DIIODOTHYRONINE DERIVATIVES

R
CH;0 0
R
Comld. Mo, Recrystal. A
no. R R’ e, solvent yield
I1Ta-pL C.H; H 129-131 Aq. C.H;OH 30
I1Ta-L C.H; H 114-116 C,H:OH 48
{1Ib-pL -C3H: H 119-121 Aq. C;H:OH 52
I1Tb-p i-C;H: H 119-120 Aq. C.H;,OH 73
111b-1. ’i-C3H7 H 129-131 C2H50H 72
I1Tc-n -CH, H 141-143 C.H;0H 45
I11d-pL CeHa H 128-130 CzHa()H 36
I1le-pL CeH; CeH; 182-184 Aq. GH,OH 44
I1If-pn CH;, H 118-120 C.H;OH 34
II1g-pL Cyclo- H 143-144  (C.H;):0- 45
CeHyy pet. ether
IIIh-p1 -CH: i-CyH; 147-148 Aq. C.H;OH 18
IIli-pL t-CsHy H 137-139  C.H,OH 48

@ All rotations were determined in chloroform.

was coufirmed by elemental analysis, paper chronatog-
raphy, and a comparison of its nielting point with that
of an authentic sample prepared in our laboratory.

To gain some further insight into the course of this
reaction the corresponding 4’-deoxy conipound (XlIa)
was prepared. In this case hydrolysis with hydriodie
and acetic acids occurred without dealkylation. This
implies that the loss of the #-butyl group in the 4’-
hydroxy series in some way involves the 4’-liydroxy
group. This reaction has not yet been investigated any
further.

Three other 4’-deoxy compounds (XIb, ¢, and d, where
R is 27, 3/, and 4’-phenyl, respectively) were also pre-
pared in a manner completely analogous to that used
in the preparation of XIa.

Experimental®?

Preparation of Substituted p-Nitrophenols (VI) (Table 1).—A
golution of the required ketone in alcohol was added to an aqueous
solution of an equimolar amount of the sodium salt of nitro-

(22) All melting points were taken in a Thomas-Hoover melting point ap-
paratus and are corrected.

I
CH2ClHC03Et
NHAc
Route Caled., 7 ———Found, %——
ased Formula § H I C H 1
A CoHylbNO; 41.46 3.95 39.83 41.46 3.96 39.16
B 022H2512N05 [oz) 2 +522 (C 0.5)a 41.57 3.75 39.62
A CosHloNOs 42 42 4.18 38.97 42,43 4.31 38.90
A 023H2712N05 [a]gal) —42 .4 (C 0. 7) 42.68 4.32 38.70
A C23H2:12N05 [a]zﬁD +47 3 (C 1 0) 42.56 4.30 38.98
A CoHo I N5 43.33 4.39 38.15 43.44 4.29 38.25
[e]®D +48.3 (¢ 1.1)
A CoeHo: 1N Oy 45.57 3.68 37.04 45.41 3.66 36.95
A CaHeloNO; 50,48 3.84 33.34 50.65 3.78 32.74
B CoHapsIoeNOs 40,47 3.72 40.73 40.53 3.82 40.48
B CeHaloNO; 45.17 4.52 36.71 45.18 4.47 36.46
B CoeHyloNQ; 45.04 4.80 36.61 45.29 4.91 36.68
B CasHyl,NO; 43.33 4.39 38.15 43.65 4.38 38.18

malondialdehyde.?®* A 1 M excess of dilute sodium hydroxide
was added and the mixture was stirred at room temperature for
24 hr. The alcohol was removed by heating the mixture on a
steam bath and the aqueous solution was cooled and acidified
with dilute hydrochloric acid. The products were either filtered
and recrystallized directly or were extracted into ether. The
ethereal solutions were washed with base to separate phenolic
material from other nonacidic material. Acidification of the
alkaline washes followed by recrystallization yielded VI.

Preparation of Substituted p-Nitroanisoles (VII) (Table I).—
To a stirred suspension of powdered potassium hydroxide in
ethanol (about 29, w./v.) was added an equimolar amount of
VI. The mixture was heated to reflux and an equimolar amount
of methyl iodide was added slowly. After heating for 2 hr. an
additional amount of methy!l iodide equal to one-half that orig-
inally added was introduced slowly into the reaction mixture and
stirring and heating were continued overnight. The alcohol
was removed and the residue was dissolved in a mixture of ether
and water. The layers were separated and the ethereal layer was
washed consecutively with water, 109, sodium bisulfite, water,
109%, sodium hydroxide, and again with water. After drying over
magnesium sulfate the ethereal solution was evaporated and the
residue was either recrystallized or distilled.

Preparation of Substituted p~-Aminoanisoles (VIII) (Table I).—
The substituted p-nitroanisoles (VII) dissolved in ethanol were

(23) P. E, Fanta, Org. Syn.. 32, 95 (1952).
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SUBSTITUTED 3,5-DI11ODOTHYRONINES

CH,CH- COOH

558 3. BLaxk, I
Tage V
R I
| 1
HC 0
R i
Cinogel. Mo Reeryatul, .

N I8 R e solveni® viebl Ay
I'Va-on C.H: H 232-234 C.H:OH-H.O 58 0.53
IVa-1 C.H; H 252-254  CLH.OH-H.O 67 a3
IVh-n -C:H; H 202-204 GGHLOH-H.O o 42 61
IVh-L -CsH; H 225-22¢ 0 C,H;OH-H.O =84 6l
VTen ~CyH: H 216-218y C.H:OH-H.O 10 65
Voo, -CyH. H 239-241  (LHOH-H.O S0 6]
IVid-n1. CeH, H 210-221  (WH,OH-H.0 8o 50
I'Ve-nt, (% H, CieH; 233-235  Aq. CH;COH »0
INT-00 (*Hy H 246248 CWHGOH-H.0 57 AT
'V Cyclo- H 203--205  (LHOH-H.O 20 61

CsH:,y
IVh-pL -CiH; o -CyHy o 235-236 0 C.HOH-H.O 65 D

© All compounds melted with decomposition.

NH,
—_— e ——————  —————} el
Fearmimiu ( Hi I [ 18 I
CrrHELNO 56,32 323 45 100 36,08 3.20 44 N3
CHislaN O, 36,91 3100 45 80 370100 3,22 45,20
fa)“n =05 0 1c 0.5y
CisHyp LN O 37 54 3500 1405 37.701 500
N, 243 N, 239
CHGLNOY "ai®ny 4232 (¢ 087 3752 356 4412
CuHLNO, 3512 338 L THO3R15 350 Gy
fad®n ~258.07 {¢ 0.4
CreHu LN O T 38 66 3,760 13,01 3800 3 U0 B3OS
led® =27 1 i 1.1
ColLNOS 73 3200 41,00 J0.RG 2088 113
CoHy LNOY 4617 351 3100 16Ty Tt s
CH.COLH
CLHGLNOS 35 .00 294 4631 3510 521 45 oS
CoHaLNO 014 BOND1R0 41030 397 12
CoHelaNOy 4140 10860 41660 11300 42 4208

" All componnds except 1Ve were recrystallized from hot ethanolic solntions containing
a few drops of coned. hivdrochlorie acid by the addition of hot water and it 2V sodinm aeetate solution to pH 5-06.
griaug were prepared in an isoamyl aleohol-t-amyt aleohol--6 N NHy svstem (1

¢ Paper chromnto-
:2) and were develaped by gprayving with ninbodrin:

I. B. Fisdorfer and W. C. Ellenbogen, p. 42B, Abstracts of the 131st National Meeting of the American Chenteal Sodety, Miami,

Tlorida, April, 1057,
Livdrate.

7 Hemihyvdrate.

© All rotations were determined in ethanol 1V hvdrochlorie actd <31 by volume .
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SUBSTITUTED -} '-DRoxY-3,
X

g

DINITRO AND 3,5-I110D0-DL-THYRONINE DY ERIVAYIVES

Conead. Mo Reerysta.
0. R R' N A 2, spleent
IXa 5%--C4He GH; NO. COCH; N80 Aq. C.H.OH

h o 2-CsH, CH, NO. COCH, 223-224 CH;CN
i 3-CeH, wH: NOg COCH; 140-142 /~CyH:0OH
4 1-CeH. C:H;,; NO. COCH; 114146 C.H.OH
Na 3-t-CHe CuH; I COCH;  91-93  Aq. C.H.OH
b 2-Cg¢H: CH; 1 COCH, 172175 Aq. GH:OH
¢ 3'-CeH, H, | COCHy  149-151  Aq. CH.OH
d 4-CgH; C.H. 1 COCH; 170172 509 aq.
C.H;0OH
Nla 3“-CH. H 1 H 225-227  CH,OH-H.0"*
Iy 2%-Ce¢H; H I H 205217 CyH:OH-H.0"
¢ 3-CeH: H 1 H 234236 C.H;OH-H.0"
d +'-CeH: H I H 239-240 C.H;0OH-H,O"
e 4'-CeH. H I COCH;  250-251 Aqg. CH,CO.H

CHZC]HCOOR
NHA
Yy SCmed., v - Fomned. 7,

Ciend bty o I3 N [ it N
120 CoyHa NGOG 5834 5,75 NUNS 5N.32 5 830 N9l
56 CoHuNiO, 6085 4.70  X.32 6083 4.00 847
64 Cou,HaN3O, 60,85 .70 852 61.07 4.80  ~N.5u
71 CLHLNO0 6085 1.T00 X052 G102 100 N6

[ It I [ J1 1

61 CyuHulNO; 43 48 4,28 30,05 43,76 1.35 40,00
23 CopHosleNO; 45,82 3.54 3873 4614 3.69 35.5)
23 CouHpLNO, 4582 354 3873 45.07 357 3%.47
27 CuHgleNO,; 45 82 354 38.73 45.81 375 38,98
T CHaLNOS 30981 3,86 44.21 30.68 4.00 44 12
20 CoHLLNOS 42,40 3,05 42,72 4254 3.30 1257
06H Cngng:\:( Yo 4310 )O3 4237 4325 3010 12 496G

CoHLNO" 182 308 42,05 41.83 3,04 #1.90
10 CuHWLNO 44,04 3,05 1047 44.26 3.37 4016

» These compounds were recrystallized from hot ethanolic solutions containing a few drops of voned. hydrochlorie acid by the addition

of hot water and hot 2 N sodium acetate solution to pH of 5-6.
hivdrate.

recuced in a Parr apparatus in the presence of 166, Pd/C (1.0
«./0.1 wole of nitro compound) under an initial pressure of 3-4
atnr. of hydrogen.  When the reduction had been completed, the
catalyst was removed, the solvent was evaporated, nnd the
residue was taken up in benzene and evaporated. This last
operation was repeated 2-3 times with fresh portions of benzene
to remove traces of water. The residue was taken up in a small
volume of ether and saturated with dry hydrogen chloride.
The precipitated hydrochloride was filtered, washed with ether,
and recrystallized.

Preparation of p-Methoxyphenols (I) (Table Ii.-—To a stirred

® Hemihydrate.

> Material wasg abtained by hydrolyzing XTe.  + Mana-

shurry of 40 mlb of concentrated sulfuric neid and ice was added
0.2 mole of VIII. T this stirred, conled mixtnre was added i
portions 15 g. of sodiinm nitrite dissolved in a smuall volhune of
water.  Stirring and cooling were continued for 15 min. after all
the sodium nitrite had been added.  The diazonium solution was
udded dropwise with stirring to n refluxing sohition of 340 ml of
sulfuric acid in 650 inl. of water. Stirring and heating weve con-
titted further for 15 min. after all the diazonium solution had
been added. The mixture was cooled and extracted several
times with benzeue. The benzene soliition was washed with 10¢,
sodium hydroxide and then with water until the agneons washes
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were neutral. The aqueous layers were combined and acidified
with dilute hydrochloric acid. The resulting phenol, if a solid,
was filtered and recrvstallized; if a liquid it was extracted into
benzene and the benzene solution was washed with water, dried
over magnesium sulfate, and evaporated. The residue was then
distilled in racuo.

Preparation of Substituted Di-(p-anisyl)iodonium lodides (V)
(Table 1I). Method 1.—A solution of iodyl sulfate® prepared
from 0.08 mole of iodine and 0.18 mole of iodine pentoxide in 500
ml. of acetic ucid was cooled with stirring to 15°, The requisite
anisole (0.2 mole) was added dropwise while the temperature
was maintained at 15° by intermittent cooling. Cooling was dis-
continued and the solution was allowed to warm to room tem-
perature as the indyl sulfate dissolved (about 2.5 hr.). The
mixture was filtered to remove a small amount of insoluble mate-
rinl and the filtrate was diluted with a large volume of water
containing excess potassium iodide and a little sodium bisulfite.
The solid which separated upon cooling was filtered, washed with
ether, and recrystallized.

Method 2.—To a solution of iodine trifluoroacetate?®! in 50 ml.
of acetic anhydride cooled to —10° was added a solution of the
required anisole (0.2 mole) in a mixture of 80 ml of acetic
anhydride, 15 ml. of trifluoroacetic acid, and 0.5 ml. of water
at such a rate that the temperature was kept below —5°. The
mixtire was stirred an additional 15 min. at —5° and then was
stored in a refrigerator overnight. The following day the dark
brown mixtire was stirred for 3 hr. at room teniperature before
the solvents were removed at 40° (1-2 mm.). After the residue
was dissolved in 350 ml. of methanol, the methanolic solution
was diluted with 75 ml. of 10¢¢ sodium bisulfite and 100 g. of
potassium iodide in 600 ml. of water. A precipitate which soon
appeared was filtered, washed with a 6:1 petroleum ether—ether
mixture, and recrystallized.

Preparation of Ila-e and IXa-d (Tables Il and VI).—A solution
of 0.045 mole of N-acetyl-3,3-dinitrotyrosine ethyl ester!®2¢ und
0.045 mole of p-toluenesulfonyl chloride in 100 ml. of pyridine
was heated on a steam hath for 10 min. with stirring. T or a
substituted phenol (for the preparation of IXa-d) (0.10 mole)
was added and the solution was stirred under reflux for 2 hr.
The pyridine was removed in vacuo and the residue was dissolved
in chloroform. The chloroform solution was washed successively
with dilute hydrochloric acid, water, 109; sodium hydroxide,
and again with water. The chloroform solution was dried, the
solvent was removed, and the residue was recrystallized.

Preparation of I1la-e and Xa-d (Tables IV and VI). Route A.
—A solution of 11 or IX (0.015 mole) in 150 ml. of acetic acid was
reduced in a Parr apparatus in the presence of 1.5 g. of 1097 Pd/C
under an initial pressuire of 3-4 atm. of hydrogen. When the
reduction was coniplete, the catalyst was removed by filtration
and the filtrate was added to a stirred, cooled nitrosyl sulfuric acid
solution (prepared by slowly adding 5.9 g. of sodium nitrite to a
mixture of 125 ml. of sulfuric acid and 50 ml. of acetic acid at
60-70°) at such a rate that the temperature was maintained at
0-5°. After all the amine had been added the tetrazonium
solution was stirred and cooled an additional hr. It was then
added rapidly to a stirring mixture of 13.2 g. of sodium iodide,
16.5 g. of iodine, and 3.0 g. of urea in 275 ml. of water and 275 ml.
of chloroform. Stirring was continued for 1-2 hr. at room tem-
perature and the layers were separated. The aqueous layer was
extracted several times with chloroform and the combined chloro-
form phases were washed in turn with water, 10¢7 sodium bi-
sulfite, water, 5%, sodium bicarbonate, and water. After drying
over caleium chloride the chloroform solution was distilled.
The residue was purified either by recrystallization or by elution
with chloroformi from a column packed with Woelm acid alumina
(anionotropic, grade 1). Ewvaporation of the chloroform effluents
vielded a material which was crystalline or which crystallized
upon the addition of solvent.

Preparation of IIla-L and IIIf-i (Table IV). Route B.—A
mixture of 0.018 mole of V, 0.01 mole of N-acetyl-3,5-diiodotyr-
osine ethyl ester,? 1.5 ml. of triethylamine, and 0.1 g. of copper
powder in 120 ml. of methanol was stirred vigorously at room
temperature for 24 hr. The mixture was filtered and the filtrate
was evaporated to a sirup. The sirup was dissolved in benzene
and the benzene solution was shaken for 5 min. with dilute hydro-
chloric acid. Precipitated triethylamine hydrochloride was re-

(24) J. C. Clayton, G. Y. H. (ireen, and B. A. Hems, J. Chem. Soc., 2467
(1951).

(25) J. H. Barnes, E. T. Burrows, J. Elks, B. A. Hems, and A, G. Long,
ibid., 2824 (1950).
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moved by filtration. The filtrate was placed in a separatory
funnel and the organic layer was separated. After washing with
water, 109 sodium hydroxide, and again with water the ben-
zene solution was dried over sodium sulfate and distilled. The
residue was crystallized by trituration with solvent or was chro-
matographed as described under route A.

Preparation of IVa-h and Xla-c¢ (Tables V and VI).—A mix-
ture of III or X in a solution made up of equal volumes of hy-
driodic (hydrochlorie for X) and acetic acids (20 ml./g. of IIT or
X) was heated under reflux for 4 hr., cooled, and poured into 4
volumes of ice—water. Aqueous sodium hydroxide was added to
pH 5-6 and the precipitated solid was cooled, filtered, washed
with water, and recrystallized.

Preparation of XId.—A suspension of 3 g. (4.6 mumoles) of Xd
in 35 ml of acetic acid and 35 ml. of hydrochloric acid was heated
and stirred under retlux for 2 hr.  During this time the solid dis-
solved and reprecipitated. The mixture was cooled, diluted with
water, and adjusted to pH § with 409, sodium hydroxide. The
solid was filtered, washed with water, and recrystallized from
aqueols acetic acid to give 1.2 g. of amide (XIe), m.p. 250-251°
dec.

A mixture of 700 mg. of XIe in 25 ml of acetic acid and 25 ml.
of hydrochloric acid was refluxed for 20 hr. (the solid never
completely dissolved). The mixture was cooled, and filtered to
give after drying 600 nmig. of material, m.p. 246° dec. The mate-
rial was purified by two isoelectric reprecipitations; yield 400
mg. of XId, m.p. 239-240° dec.

Hydrolysis of IIli.—A mixture of 750 mg. of IIIi in 10 ml. of
hydriodic and 20 ml of acetic acids was refluxed for 4 hr. The
product was isolated and purified as described for IVa-h; vield
400 mg. of 3,5-diiodo-pL-thyronine monohydrate, m.p. 259-261°
dec.

Anal. Caled. for Ci;Hi:ILNO,-HO: C, 33.17; H, 2.78; I,
46.74. Found: C,33.52; H, 2.94; I, 46.95.

Biochemical Screening.—The compounds were screened for
their ability to lower plasma cholesterol levels in rats fed a diet
containing 29 cholesterol and 19 cholic acid.

L-Triiodothyronine (1-T;) or the test compounds were injected
subcutaneously, once daily for 7 days to groups of 8 adult male
Sprague-Dawley rats having a fasting body weight of 270-290
g. and fed a diet consisting of 29 cholesterol, 19 cholic acid, 4%
Alphacel, 49, vitamins and minerals, 209, protein, 209, hydro-
genated fat, and 499 carbohydrate. Appropriate controls were
also run. The animals were fasted for 18 hr. on the 7th day, and
sacrificed by decapitation on the 8th day. Blood collections
and cholesterol determinations were made in a manner similar
to that reported previously.? The results are shown in Table
VII and are expressed in terms of 1L-T; having an arbitrary value of
1.

dose of 1-T; which decreases plasma total
cholesterol at least 38 mg./100 ml.2

= Jose of test compound which lowers plasma total
cholesterol to a comparable extent

activity

TasLE VII
Prasma CHOLESTEROL VALUES
Cinpd. No. Aetivity®
IVa-pL 0.50
IVb-pL 1.00
IVb-p 0.15
IVb-L 1.30
IVe-L 0.50
IVd-pL .35
IVe-pL < .001
IVf-pL 07
IVg-pL .03
IVh-pL < .001
XIa-pL .04
XI1d-oL .03

@ Activity is expressed in terms of L-T; having an arbitrary
value of 1.

(26) It has been shown statistically using pooled samples from thyro-
mimetic-treated and control animals that a plasma total cholesterol difference
of 38 mg./100 ml. is required for significance (P = 0.01).! A dose of 1.5~
3.0 pg./kg./day of L-Ts consistently causes such a depression.
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As can be seen from Table VII several compounds (1Va-pr,
IVb-p1, IVh-1,, and ITVe-L) have noteworthy activity. Compound
IVb-L is particularly interesting since it appears to be more
potent than 1-Ts A more detailed study of the activity in
several thyromimetic assay procedures of nwst of the compounds
listed in Table VII will be described shortly. &

1270 L ML Chreenberg, B. Blank, . R, Pfeiffer, and J. Y. Paals, .
J. Phassol., in press.
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Thyromimetics. II.

The Synthesis and Hypocholesteremic Activity

of Some g-Diethylaminoethyl Esters of lodinated Thyroalkanoic Acids
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The synthesis of a mumber of g-diethyhuninoethyl esters of todinated thyroatkanoic actds i desiribel. The
ability of these compounds to lower plasma cholesterol levels in rats fed a cholesterol-cholic acid diet is also re-

ported.

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

is found in those compounds with a two-carbon side chain and a 3'-iodine atam or isnpropyt group (VII, VI

Aand XIID).

Although the relationuship hetween serumn cholesterol
levels and the occurrence of athereselerosis has not been
conelusively demonstrated, the implications are such
that the search for hypochloesteremic agents isx cur-
rently being carried out by many vestigators. In the
scarch for a useful cholesterol-lowering agent much
attention has beett devoted to thyroninetic agents with
current interest centering on the v-isomers of thyroxine
and 3,37, 5-trilodothyronine and iodinated thyroacetic,
-formie, and -propiouic acids.'

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

Iu an effort to obtain agents which have a specific
hypocholesterentic action with few or no side effects a
series of diethylaminoethyl esters of various iodinated
thyroalkanoic acids was prepared (Table I). Several
4/-methy] ethers were also prepared sinee it appears
that these derivatives often possess a large separation
between the minimum effective hypocholesteremic dose
and the dose which causes weiglit loss in animals.?  Since
it had been demonstrated in our labovatories that an iso-
propyl group can be substituted for iodine in the 3’-
position of 3,5-dilodothyronine without causing any
loss i1 hypocholesterenic activity,'* the 3’-isopropyl
analog XIIT of the g-diethylaniinocethyl ester of 3,37,5-
triiodothyroacetic acid (VII) was prepared to see if this
relationship proved true in this series also.

T'o prepare the esters listed in Table I the requisite

(I W. R. Ruegamer, M. L, Alyert, and IL R, Silverman, Endocrinology,
66, 160 (1960).

) W. F.J. Cuthbertson. P. V., Eleoate, D, ). Ireland, D. C. B. Mills,
and P, Shearley, J. Endocrinol., 21, 45 (1960).

i3> P. Starr, Clin. Pharmacol. Therap., 1, 716 (1960).

1) W. R. Roegamer and Y. R. Silverman, Endocrinology. 68, 564 (10611,

13) M. M. Best and ', Y. Duncan, Circulation, 24, 58 (1961).

(6) (. AL, Greenberg, C. A, Boeller, J. I. Kerwin, 8. M. Greenberg, an:d
T, H. Lin, Am. J. Physiol., 201, 732 (1961).

(7) R. G. Herman, C. C. Lee, and R. Parker, Arch. Intern. Pharmacodyn..
133, 284 (1961).

(8) 1. R. Hedf, R. J. Sperber, 3. Fisch, and A, C. DetGraff, Angioloyy, 13,
@4 (1962),

(9) C. . Duncan and M. M. Best, Am. J, Clin. Nuir., 10, 297 (1462).

(10) B. Blank, F. R. Pfeiffer, C. M. Greenberg, and J. U. Kerwin, ./, Wed.
Chen.. 8, 5% (19631,

acids were treated with g-diethylaminoethyl chlorvide
i dry 2-propauol .t
(C2H)NCH,CIL 1

X I
RO‘@O@‘\(GHz)nCOOH —"GTO}7
f y
c /
RO@-O@(CHz),.—COOCHzCHgN(C;H-[)THCI
I

R=H« CH,: X=H, L w7 ~CH;: n=0,1.2

The 3 -isopropy! compound X11I was prepared nsing
the sequence of reactions shown in Chart I.

Lthyl 3,5-ditodo-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 3,53-diiodothyroacetic
acid. The intermediate XVI was prepared subse-
quently without isolation more expediently from the
iodonium salt XVII as shown (XVII — XVI) using
the miethod of Ziegler and Marr.'*  Basic hydrolysis of
X VI yielded the methoxy acid XIX which in turn eould
be converted to tlie hydroxy acid XVIII on treatment
with a mixture of acetic and hydriodic acids. The
acid XVIIL, however, was usually prepared directly
from XVI as shown. Treatment of the acids XVIII
and XIX with g-diethylaininoethyl chloride as de-
scribed vielded the corresponding basic esters XIIT and
XX. Unfortunately, we were unable to purify XX to
the point wliere satisfactory analyvtical 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).

11y 11, Horenstein and H. Pihlicke. Chem. Ber., T1, 1644 (1938:,
12y J. H. Wilkinson, Biochem. J.. 68, 601 (1956).
C13) I. Ziegler andd C. Marr, J. Org. Chem.. 27, 3335 (1962).



