
THYROXINE ANALOGS. XVIII Journal of Medicinal Chemistry, 1970, Vol. 13, No. 3 367 

Thyroxine Analogs. XVIIL1 
3,5-Dialkyl-3’-halo-~~-thyronines and Their 3’-Methyl and 4’-Amino Analogs 
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The synthesis of 3,5-diisopropyl- and 3,5-di-stc-butyl-~cthyroriitles and their 4’-amino, 3’-bromo, and 
3’-iodo analogs is reported. 3,5-Diisopropyl-3’-methyl-~cthyronine was also prepared. All 3,5-diisopropyl- 
and 3,5-di-sec-butyl-~tthyronines and their derivatives and analogs were inactive as thyromimetics in the rat 
antigoiter test. The 3,5-dialkyl-3’-iodo-n~-thyronines of this series were also inactive as thyroxine-like agents 
by the rat heart-rate and tadpole metamorphosis methods. All analogs tested as thyroxine antagonists by the 
antigoiter assay were inactive. 

The replacement of borne, 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.2 I n  particular, replacement of the 3’-I sub- 
stituent of 3,5,3‘-triiodothyronine (L-T~) with a series 
of alkyl or aryl groups, including Me, Et, i-Pr, t-Bu, 
cyclohexyl, and Ph, produced compounds with thyromi- 
metic activities. The 3’-i-Pr analog was the most 
active, exceeding L-T3 in its potency.2e,g By contrast, 
only Br3 or Me4 substitution for I in the 3,5-positions 
has produced active analogs in the limited series studied. 
I n  no case has a completely halogen-free derivative 
shown thyroid hormonal activity. 

Since the i-Pr group is the most effective substituent 
in the 3’ position of L-T~, 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 L-T~. 
Such analogs nould also test the applicability to the 
3 and 5 positions of the correlation of lipophilic char- 
acter and biological activity noted for 3’-substituents.’~j 
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-diisopropylthyro- 
nines have been unsuccessfuL6 However, using a 
method different from that employed in this investiga- 
tion, the synthesis and lack of hormonal activity for 
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3,5-diisopropj 1-3’-iodo-uL-thyronine have been re- 
ported7 sirice the completion of the present work. 

Alterations of substituents of L-Ta by other than 
alkyl substitution have produced thyroactive analogs. 
These include 4’-KH2 in place of 4’-OH,* and 3’-Br in 
place of 3’-I.9 Since the synthetic route used provided 
ready access to these derivatives, 3,5-diisopropyl- and 
3,5-di-sec-butyl-~~-thyronines and their 3’-1, 3’-Br, and 
4’-SH2 analogs were prepared by the synthetic steps 
shown in Scheme I. 

The 3’-hIe analog of L-T, is about 75% as active as 
L-thyroxine (L-T~), while the 3’-unsubstituted analog, 
3,5-diiodo-~-thyronine, is only about 5% as active as 
L-T4 in the rat antigoiter assay.2b The Me group is 
therefore an activating substituent in the 3’ position of 
3,5-diiodothyronines and 3,5-diisopropyl-3’-methyl-~~- 
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,B-diiso- 
propylphenol for the initial condensation reaction. lo 

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 
yield if the reaction temperature was maintained below 
25-30”, Above 30” the main product was the 4,2’- 
dichloromethyl derivative 8. Similar attempts to 

/ / 
cHJ CH(CHJ, 

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 SnC14 a t  25” in the absence of CSz 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 (6 7-35), a pattern 
which would only be accounted for by chloromethyl 
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21, R PPY: R' BY 
22. K = SCC-BU; R = BY 
23, K r-Pr; R' = I 
24. R = secBu; R' = I 

-uhstitutioti i t 1  tlie positions indicated i i i  8. The hlgiiiil 
Lit :tl)normally high field (6 6.31) I\ a i  interpreted :iz 
heirig due to tlie 6'-H being held iii the  shielding zone 
of the adjacent ring, the positiotiing being caused by the 
orietitating cffert of the C'ICH? iu Iwitioii 2' (cf. ref 11). 
I t  \$:is alho tioted tli:it \\ Iicre:i- t l i r a  timr <pectrum of thcl 
rnoiiocliloroti~etli~ 1 rompourid 7 - 1 1 0 ~  cd :I. ~ l i a r p  doublet 
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a t  a molar dose 50 times that of L-T~, mere 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-T~ (2.8 mcg/100 g of body weight) a t  a molar dose 
100 times that of L - T ~ . * ~  No thyroxine-like actions on 
either rat heart-rate or on tadpole metamorphosis were 
detectable for 23 and 24 a t  doses (or concentrations) 
up to 200 times higher than effective doses of L - T ~ . ~ ~  

Since replacement of 3'-I of L-T~ by i-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-~~-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 Section15 
2,6-Dialkylphenyl 4'-Nitrophenyl Ethers (1-4).-The appro- 

priate 2,6-dialkylphenol (0.12 mol) was condensed with p -  
C ~ C ~ H ~ N O Z  or 5-chloro-2-nitrotoluene (0.10 mol) in DMSO 
(150 ml) in the presence of KOH or XaOH (0.10 mol) as de- 
scribed by Wright and Jorgensen.lo 

4-Chloromethyl-2,6-dialkylphenyl 4'-Nitrophenyl Ethers 
(Table I, 5-9).-To an ice-cooled, stirred solution of 2,6-dialkyl- 
phenyl 4'-nitrophenyl ether (0.1 mol) and chloromethyl methyl 
ether (16 ml, 0.2 mol) in CS2 (60 ml) was added anhydrous 
SnC14 (9 g), dropwise, during 30 min.16 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 zn 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-dialkylbenzylacetamidoma~onate 
(Table 11, 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 concd to 150 ml by distillation, 
filtered while hot, and refrigerated overnight. The crystalline 
product sepd and wm recrystd from EtOH. 

Diethyl 4-(4-Aminoaryloxy)-3,5-dialkylbenzylacetamidomalo- 
nate (Table 11, 13-15).--4 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/cm2 for 2 hr over 
1.0 g of lOy0 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-~~-thyronines (Table 111, 16-18).-Diethyl 4-(4- 
aminoaryloxy)-3,5-dialkylbenzylacetamidomalonate (13-15, 0.05 
mol) was dissolved in a warm mixture of 20 ml of 20% H2S04, 
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TABLE I1 
DIETHYL 4-ARYLOXY-3,~-DI.\LKYLBENZYLACETAMIDOhlSLO~.\T~S 

COOEt 

/ / 
RL R, 

Yield, 
KO. Ri Rz R3 Alp, OC "/c Formulaa 

10 i-Pr H NO2 127-128 88 CzsHasN2Os 
11 sec-Bu H NO2 116-117 75 C30H40N208 
12 i-Pr 11e KO2 149-151 90 CzsHasN20s 
13 i-Pr H XHz 172-173 90 Cz&8~;-06 
14 sec-Bu H NH2 213 68 C30H42Nz06 ' 

H C1 
15 i-Pr Ale KHz 160-161 92 C2~H4oN206 

a All compounds were analyhed for C, H, N aud the values ob- 
tained were within iO.4Ljb of the calculated values. 

TABLE I11 
3,5-DI.lLKYL-DL-THYRONINES 

A N D  4'-AMIh.O A N D  3'-H.4LO AN.4LOGs 

)" )" AOOH 
R2 RI 

Yield. 
Formulaa No. Ri Rz Ra M p ,  OC dec 5% 

16 i-Pr H OH 225-230b 92 CzlHnNOa" 
17 sec-Bu H OH 215-220 90 C23H&0ad 
18 i-Pr Me OH 205-210 40e C2zHzgNOaf 

20 sec-Bu H NH2 200 80 C~3HdVz03~ 
21 i-Pr Br OH 185-190 70 C21H26BrK04c,) 
22 sec-Bu Br OH 180-185 65 C23H30BrN042,k 
23 i-Pr I OH 195-200l 7 5  Cz1HzsIN0a"~ 
24 sec-Bu I OH 195-200 70 C Z ~ H ~ O I N ~ ~ ~ ' ~  

Except where 
noted, all results were within &0.45  of the calculated values. 
* Literature mp 227". See ref 7. c Equiv wt 371, hemihydrate. 
,V,O-diacetyl methyl ester, mp 116-117". Anal. ( C Z ~ H ~ ~ N O ~ )  
C, H, N. d Equiv wt 410, hemihydrate. e Diazotization in 
aqueous H&30a. J Equiv wt 390, hemihydrate. C:  calcd, 
69.47; found, 69.01. H: calcd, 7.89; found, 7.46. Sulfate, 
dihydrate. N :  calcd, 5.93; found, 6.41. Sulfate, mono- 
hydrate. S :  calcd, 5.40; found 6.07. % iinalyeed for halogen. 
Except where noted, all results were within 310.4% of the calcn- 
lated values. C: calcd, 57.76; found, 57.21. N: calcd, 
3.21; found, 3.67. k N :  calcd, 3.02; found, 3.44. Literature 
mp 185" dec. See ref 7 .  m Hydrate. "Hemihydrate. I :  
calcd, 24.42; found, 23.72. 

19 i-Pr H NH2 210 75 C~IHZJVZOP 

a All compounds were analyzed for C, H, 5. 

40 ml of H20, and 40 ml of AcOH, then cooled below 10'. With 
continuous stirring a solution of 0.4 g of NaN02 in 4 ml of H20 
was added, followed by 0.25 g of urea. 4fter refrigeration for 2 
hr, the diazonium salt solution was added dropwise during 30 min 
to a vigorously stirred refluxing solution of 45 ml of H2SOa and 
90 ml of AcOH in 100 ml of HZO. H2O (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 concd NHIOH 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 lOy0 KaOH. 

When AcOH was absent from the diazotization reaction, con- 
siderable tars were formed, and yield of purified product 18 wa3 
reduced. 

To confirm the presence of the 4'-hydroxyl group, 3,5-diiqo- 
propyl-Dkthyronine was converted into its S,O-diacetyl methyl 




