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The synthesis of 3,5-diisopropyl- and 3,5-di-sec-butyl-pr~-thyronines and their 4'-amino, 3’-bromo, and
3'-iodo analogs is reported. 3,5-Diisopropyl-3’~-methyl-pI-thyronine was also prepared. All 3,5-diisopropyl-
and 3,5-di-sec-butyl-pL-thyronines and their derivatives and analogs were inactive as thyromimetics in the rat

antigoiter test,

by the rat heart-rate and tadpole metamorphosis methods.

antigoiter assay were inactive.

The replacement of some, but not all, of the I atoms
of the thyroid hormones by alkyl groups has yielded
compounds in which hormonal activity has been re-
tained.? In particular, replacement of the 3’-I sub-
stituent of 3,5,3’-trilodothyronine (L-T;) with a series
of alkyl or aryl groups, including Me, Et, -Pr, t-Bu,
cyclohexyl, and Ph, produced compounds with thyromi-
metic activities, The 3'--Pr analog was the most
active, exceeding 1-T; in its potency.?®¢ By contrast,
only Br? or Me* substitution for I in the 3,5-positions
has produced active analogs in the limited series studied.
In no case has a completely halogen-free derivative
shown thyroid hormonal activity.

Since the ¢-Pr group is the most effective substituent
in the 3’ position of 1-Tj, it was desirable to test the
effectiveness of this group and that of the closely related
sec-Bu group in replacing the 3,5-iodines of »-Ts.
Such analogs would also test the applicability to the
3 and 5 positions of the correlation of lipophilic char-
acter and biological activity noted for 3’-substituents.!
As a potential halogen-free thyromimetic agent, a
representative 3,5,3~trialkylthyronine in this series was
also desirable.

Previous attempts to prepare 3,5-diisopropylthiyro-
nines have been unsuccessful.® However, using a
method different from that employed in this investiga-
tion, the synthesis and lack of hormonal activity for
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The 3,5-dialkyl-3’-iodo-pL-thyronines of this series were also inactive as thyroxine-like agents

All analogs tested as thyroxine antagonists by the

3,0-diisopropyl-3’-iodo-vL-thyronine have been re-
ported” since the completion of the present work.

Alterations of substituents of 1-T; by other than
alkyl substitution have produced thyroactive analogs.
These include 4’-NH, in place of 4’-OH 8 and 3’-Br in
place of 3’-1.° Since the synthetic route used provided
ready access to these derivatives, 3,5-diisopropyl- and
3,5-di-sec-butyl-prL-thyronines and their 3’-I, 3’-Br, and
4'-NH, analogs were prepared by the synthetic steps
shown 1n Scheme I.

The 3’-Me analog of L-T; is about 759 as active as
L-thyroxine (1-T,), while the 3’-unsubstituted analog,
3,5-diiodo-L-thyronine, is only about 59 as active as
L-T, in the rat antigoiter assay.?® The Me group is
therefore an activating substituent in the 3’ position of
3,5-diiodothyronines and 3,5-diisopropyl-3’-methyl-DL~
thyronine was prepared as a potentially active halogen-
free 3,5,3'-trialkylthyronine derivative as shown In
Scheme I using 5-chloro-2-nitrotoluene and 2,6-diiso-
propylphenol for the initial condensation reaction.!
However, the route was complicated at the chloro-
methylation stage due to the ready formation of a di-
chloromethyl derivative. The desired monochloro-
methyl compound 7 could only be isolated in reasonable
vield if the reaction temperature was maintained below

25-30°. Above 30° the main product was the 4,2'-
dichloromethyl derivative 8. Similar attempts to
CIHC  CH(CH,

O,N (0] CH.C:

CH, CH(CH,).

8

chloromethylate 2,6-di-sec-butylphenyl 3’-methyl-4’-
nitrophenyl ether (4) resulted in the corresponding di-
chloromethyl di-sec-Bu derivative 9, Table I. Chloro-
methylations carried out using chloromethyl methyl
ether and SnCl, at 25° in the absence of CS; resulted in
almost quantitative yields of 8 and 9.

The nmr spectrum of 8 showed three singlets in the
aromatic region, two of which integrated for one H
(6 8.32 and 6.31) and one for 2 H (5 7.35), a pattern
which would only be accounted for by chloromethyl
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R, R
QN 0 CH_(1
R. R
Yield
No. Ry R R Mp, “C i Formnia™
5 -Pr 13} H 165-166 02 CryHaCIN Oy
6 sec-Bu 11 H 8Y-00 ol CaHagCIN Oy
7 ['-PI‘ Me f{ lZT—lZ?\ '_)3 C-;oHuClNOs
N =Pr Me CHCl 84-86 95 CaHuCLN Oy
) .s‘(‘(,'-Bll :\IO ( H Cl 125 05 CqugClzNOs

» All conpouands were analyzed for C, H, Cl, N aad the valuex
obtained were within 20.4¢; of the calenlated figures.

substitution m the positions indicated in 8. The signal
at abnormally high field (5 6.31) wus interpreted as
being due to the 6'-H being held in the shielding zone
of the adjacent ring, the positioning being caused by the
orientating effect of the CICH. in position 27 (¢f. ref 11},
[t was also noted that whereas the nmr spectrum of the
monochloromethyl compound 7 showed i sharp doublet

i1y 1. A, Lehman and E. Colorgensen, Tdodicdron 21, 363 11965},

corresponding signal in the spectrum of 8 was two over-
lapping doublets at. 8 1.18 and 1.09 indicating magnetic
nonequivalence of the Me groups 11 thix eompound.
The difficulty encounttered in attempts to mono-
chloromethviate the diphenyl ethers 3 and 4 could be
explained by the steric effect of Me ortho to NO. in the

outer ring. This effect would impair the coplanarity
of NO. and the aromatic rmg, thus reducing the

resonnee nteraction.  Deactivation of the position
meta to NO» would therefore be mainly due to the less
powerful inductive effect, leaving this position poten-
tially available for electrophilic attnek.  EFvidence
mdicating the noucoplanarity of the ring and NO. was
obtained from uv spectral data, the results being cow-
parable with those of Brown and Reagan,™ who in-
vestigated the sterie effect of o-, m-, nnd p-alkyl sub-
stituents in PhNOy by uv spectroscopy.

Biological Results'? and Discussion.—The substituted
thyronines 16-24 were tested for thyromimetic activity
by the rat antigoiter assay.® Compounds 16-20, each
at w molar dose 100 times that of an effective dose of
1=T (2.8 meg /100 g of body weight), nud 21-24, each

(12 W, Gl Brown and 11, Reagan. J. 69, 1032 iluly..
+13% Detailed Diologieal results ha ce been sqlanicted and are on Ble 1o (he
ollige of e Aracrican Clenuical Society,

dgreer, Chene, Noe,.,
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at a molar dose 50 times that of L-T,, were completely
inactive as antigoitrogenic agents. Compounds 16-20
and 23 were inactive as thyroxine antagonists in thio-
uracil-fed rats when administered concomitantly with
L-Ty (2.8 mecg/100 g of body weight) at a molar dose
100 times that of 1.-T4.2* No thyroxine-like actions on
either rat heart-rate or on tadpole metamorphosis were
detectable for 23 and 24 at doses (or concentrations)
up to 200 times higher than effective doses of L-T4.1

Since replacement of 3’-I of -T; by ¢-Pr and related
alkyl groups produces compounds of high thyromimetic
activity, while replacement of the 3,5-I atoms with
i-Pr or sec-Bu results in loss of activity, properties
contributing to hormonal activity by substituents in
the 3’ position are different from those for substituents
in the 3,5 positions. Among these, it is apparent that
the correlation of lipophilic properties and biological
activity noted for 3’ substituents does not apply to
inner ring alkyl substituents. The reported thyromi-
metic activity of 3,5-dimethyl-3’-iodo-pL-thyronine*
indicated that size or symmetry of inner ring sub-
stituents may be important for thyromimetic activity,
in a molecule which contains, in addition, a halogen
atom in the 3’ position.

Experimental Section!®

2,6-Dialkylpheny! 4'-Nitropheny! Ethers (1-4).—The appro-
priate 2,6-dialkylphenol (0.12 mol) was condensed with p-
CIC¢H:NO:; or 5-chloro-2-nitrotoluene (0.10 mol) in DMSO
(150 ml) in the presence of KOH or NaOH (0.10 mol) as de-
scribed by Wright and Jorgensen.10

4-Chloromethyl-2,6-dialkylphenyl 4'-Nitropheny! Ethers
(Table I, 5-9).—To an ice-cooled, stirred solution of 2,6-dialkyl-
phenyl 4’-nitrophenyl ether (0.1 mol) and chloromethy! methyl
ether (16 ml, 0.2 mol) in CS; (60 ml) was added anhydrous
SnCl; (9 g), dropwise, during 30 min.’® The temp was allowed
to rise to 25°, and stirring was continued for 24 hr. A white
crystalline ppt 5 or oil 6,7 sepd. The oil 6 was distd ¢»n vacuo,
bp 190° (2 mm). The products were recrystd from EtOH.
If the reaction temp for chloromethylation of 3 or 4 exceeded
30° for any appreciable time, the only products isolated were the
dichloromethyl derivatives 8 and 9.

Diethyl 4-(4-Nitroaryloxy )-3,5-dialkylbenzylacetamidomalonate
(Table II, 10-12)—To 0.14 g-atom of Na in 300 ml! of abs EtOH
was added 0.14 mol of diethyl acetamidomalonate., After heating
under reflux for 90 min, 0.13 mol of 4-chloromethylphenyl 4'-
nitrophenyl ether (5-7) was added and heating was continued for
a further 2 hr. The solution was coned to 150 ml by distillation,
filtered while hot, and refrigerated overnight. The crystalline
product sepd and was recrystd from EtOH.

Diethy! 4-(4-Aminoaryloxy)-3,5-dialkylbenzylacetamidomalo-
nate (Table II, 13-15).—A solution of 0.1 mol of 4-(4-nitroaryl-
oxy)-3,5-dialkylphenyl ester (10-12) in 50 ml of EtOH was
hydrogenated at an initial pressure of 2.1 kg/em? for 2 hr over
1.0 g of 1095 Pd-C. The reaction vessel was heated to dissolve
the pptd product, and the catalyst was removed by filtration
of the hot solution. On cooling, the product sepd and was recrystd
from EtOH.

3,5-Dialkyl-pL-thyronines (Table III, 16-18).—Diethyl 4-(4-
aminoaryloxy )-3,5-dialkylbenzylacetamidomalonate (18-15, 0.05
mol) was dissolved in a warm mixture of 20 ml of 209, H.SO,,

(14) R. E. Taylor, Jr., and 8. B, Barker, personal communication,

(13) Melting points (corrected) were determined with a Thomas—Hoover
eapillary melting point apparatus, Microanalyses were performed by the
Microanalytical Laboratory, University of California, Berkeley, Calif.
Nmr spectra were obtained in CDCls on a Varian A-60A (MesSi)., Ultra-
violet spectra were determined in 95% EtOH using a Beekman DB-G
instrument. Equivalent weights were measured with a standardized solution
of 0.02 N perchloric acid in glacial AcOH using a 1% crystal violet glacial
AcOH solution as indicator. Where analyses are indicated only by symbols
of the elements, analytical results obtained for those elements were within
0.49% of the theoretical values.

(18) R. C. Fuson and C. H. McKeever, Org. React., 1, 68 (1942).
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TasLE 11
DieTHYL 4-ARYLOXY-3,5-DIALKYLBENZYLACETAMIDOMALONATES
R COOEt
RA;~Q70 CH.CNHAc
K, R, COOEt
Yield,
No. Ri R Rs Mp, °C A Formula®
10 -Pr H NO, 127-128 88 CusH3eN 205
11 sec—Bu H NOz 116-117 75 CaonNzOs
12 i—PI‘ \Ie 1\02 149-151 90 ngHasNzOs
13 i-Pr H Z\Hz 172-173 90 CstasN_,Oa
14 sec-Bu H NHZ 213 88 CaoHﬂNzOs .
HCl
15 2-Pr Me NHz 160-161 92 ngHmNzOs

¢ All compounds were analyzed for C, H, N and the values ob-
tained were within +0.49 of the calculated values.

TasLe 111
3,5-D1ALKYL~-DL-THYRONINES
AND 4'-AMINO AND 3'-HaLo ANALOGS

R NH,
K, K, COOH
Yield,
No. Ri R Rz Mp, °C dec % Formula®
16 +Pr H OH 225-2300 92 CuHxNOe
17 sec-Bu H OH 215-220 90 CasHaiN O,
18 ¢Pr Me OH 205-210 40¢ CaHgsN Oy
19 7-Pr H NH, 210 75 ClezsNzO:sﬂ
20 sec-Bu H NHz 200 80 ngngNanh
21  Pr Br OH 185-190 70 CauHasBrNO, 7
22 sec-Bu Br OH  180-185 65 CosHyoBrN Qi+
23 -Pr I OH 195-200¢ 75 CuHaINO,im
24 sec-Bu I OH 195-200 70 CzaHaoINOf‘"

@ All compounds were analyzed for C, H, N. Except where
noted, all results were within =0.4% of the calculated values.
¢ Literature mp 227°, See ref 7. ¢ Equiv wt 371, hemihydrate.
N,0-diacetyl methyl ester, mp 116-117°. Anal. (CasHssNOs)
C, H, N. ¢Equiv wt 410, hemihydrate. ¢ Diazotization in
aqueous H.80, 7 Equiv wt 390, hemihydrate. C: caled,
69.47; found, 69.01. H: caled, 7.89; found, 7.46. ¢ Sulfate,
dihydrate. N: caled, 5.93; found, 6.41. *Sulfate, mono-
hydrate. N: caled, 5.40; found 6.07. ¢ Analyzed for halogen.
Except where noted, all results were within 0.49 of the calcu-
lated values. 7C: caled, 57.76; found, 57.21. N: caled,
3.21; found, 3.67. *N: caled, 3.02; found, 3.44. ¢ Literature
mp 183° dec. See vef 7. = Hydrate. »Hemihydrate, I:
caled, 24.42; found, 23.72.

40 ml of H,O, and 40 ml of AcOH, then cooled below 10°. With
continuous stirring a solution of 0.4 g of NaNQ; in 4 ml of H,O
was added, followed by 0.25 g of urea. After refrigeration for 2
hr, the diazonium salt solution was added dropwise during 30 min
to a vigorously stirred refluxing solution of 45 ml of H,80, and
90 m! of AcOH in 100 ml of H,O. H:0 (30 ml) was added and
heating under reflux was continued for a further 2 hr, after which
the mixture was cooled to below 10°. The pH was adjusted to 5.0
by addition of coned NH,OH to the ice-cooled, stirred solution.
After refrigeration for 1 hr, the light brown ppt was removed
by filtration. Purification was effected by several isoelectric
pptns from AcOH, by adjusting the pH to 5.0 with 109, NaOH.

When AcOH was absent from the diazotization reaction, con-
siderable tars were formed, and yield of purified product 18 was
reduced.

To confirm the presence of the 4'-hydroxyl group, 3,5-diiso-
propyl-pL-thyronine was converted into its ¥,0-diacetyl methyl
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oster, which erystallized from 30% EtOH as white needles, myp
F6-117°.
3,5-Dialkyl-4-(4-aminophenoxy jphenvl-pi.-alanines (Table

II1, 19-20).—Diethyl 4-(d-aminonryloxy }-3,5-dialkyiberaylacer-
amidomalonate (18, 14; 0.005 mol) was heated ander reflax
with 50 ml of 309, TS8O for 4 hr. O cooling, white plates af
the hydrated sulfate salt pptd. The salt was reerystd from H,0O
coutaluing a few drops of HaSOu.

3,5-Dialkyl-3’-halo-prL-thyronines (Table IIi, 21-24).-~To the
3,o-dialkyvl-pi~thyrouines (16, 17; 0.4-0.S mmol) dissolved in 10
ml of vigorously stirred 4005 MeNH: maintained at 5-10° wie
qaickly ndded 90-100% of the enled amount of T ns a 1.V sola-
tion in aq KL Siirring was cordinaed for 10 min after the
addition wiss complete.  The solutione was adjusted to pIl 5 with
coned TTCEL The pptd 3'-1 derivatives (23, 24) were collected by
filtrntion and purified by several isoelectrie ppins from 1077
NaOl solution by adjusting the pH to 5.0 with coned HCL

The 3"-Br derivatives (21, 22) were prepaced by dropwise addi-

(A7) 1. C Jorgensen and R AL Wiley, J. Phecem. Ser,, 52, 122 Q063

Synthetic Schistosomicides.

ELstacin axn Worn

Lo of Brs {1715 1ag, 11D mmal) in 5 ml of AcOll 1o w0 solwmiou
(maintaired at 50-60°) of 3,5-dialkyl-pi~-thyronive (16, 17:
O mmol) in 30wl of AcOTL contalning o few drops ol eoned
HOL®  Fifteen minures after nddittion was complete, the solation
wis decolortzed with sodinmm metabi=ulfite, difated with a1, saed
adjasted to plb 8.7 with 20097 NaOAc. The ppt weas washed with
110, dissolved e ag 20O condabdug « loew drops of coned
HCL e reprrecipided at pit 5.0 winh 20777 NaOAc
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XVI.

5-(Mono- and Dialkylamino)-2-nitrosophenols,

2-Amino-5-(dialkylamino)phenols, and Related Compounds!
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Various 3-(mono- and dislkylamino }-2-nitrasophenols VIIT were prepared by nitrasation of the corresponding

m-(mono- and dialkylamine)phenols.

The latter iutermedintes were ohtained by heating resorcinol with an
excess of the appropriate amine at 200°, or by alkylation of m-aminophenol with an alkyl halide.

5-(Dimethyl-

amino }-2-nitrosophenol (6), 3-(diethvlamino-2-nitrosaphenol (9), 2-nitroso-3-(1-pyrrolidinylphenol (7), and
2-aimino-5-(diethylamino)phenol (17a), a potential metubolite of 9, displayved strong schistosomicidal activity
and effected a 70-1007 reduction of adalt Schistosoma mansone i mice at daily doses of 177-568 mg kg for 14
days.  Struetare-activity relationships are smmnuarized, and information concerning potentinl metabolites and
the possible mode of action of the nitrosophenols ix discassed.

The potent chemotherapeutic cffeets of virious N, V-
dinlkyl-N'-(4-arylazo- and 4-heterocyelie nzo-l-naph-
thyDalkylenediamines (I)2=° nnd the corresponding N-

(dialkylaminoalkyl)-1,4-naphthalenediamines (11
NHYNR(R. NHYNRR.
N=NAr or Het NH.
1 1

against infeetions of Sehistvsoma mansoni and S. japoi-
cwm 1n experimental animals stimulated the synthesis
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of various N, N-dialkyl-¥’-(4-nitroso-1-naphthylalkyl-
enediamines (1I1) that also displayved strong anti-

NHYNR R, NYNRR,
=
Q0 -C
NO NOH
i Y

schistosome properties.'t The Iantter substanees exist in
i higher oxidation state than the naphthylunine deriva-
tives II, and also have the potentinl to exist in the
tautomerie quinotd structure IV, a form possibly
necess:y for biclogical activity within these series 113
Moveover, 4-nitroso-l-naphthol (V). whichi ix tau-
tomerie with 1,4-naphthoquinone monoxime (VI), has

OH (
NO NOH
V V]

U1y Le ML Weehel, BV, Klglaser sl DL FLo Worth, dedd., 11, 630 $19065 ).
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