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TABLE 1 
THYROALKANOLS AND THYROALKANOIC ACIDS 

Product Recrystn. c- /c Calcd., % Found, 'A 
yo. s nI R? R~ T solvent X p . ,  OC. yield Formula C H I C H I  

1 HO CH3 CHI I 1 CHIOH Ethanol 197.5-198.3 79.5  CMHMIIOI 37.67 3 . 1 6  49 .16  38 .02  2 . 8 8  49 .34  
2 .IcO CHI CH3 I 1 CH10hc  Hexane 139.5-140.5 95 CzoHmI10~ 40.52 3 . 4 0  42.82 40.85 3 . 3 7  43 .04  
3 CHaO CHI  CHa I 1 CHzOH Acetone-water 134.5-135.5 92 CITHI~IZOI  38.95 3 . 4 6  48.42 38.81 3.65 48.58 
i H CHI  CHa I 1 CH20H Acetone-water 143-144.5 62 CILHI~I?O? 38.89 3 . 2 6  51.36 38.93 3 .51  51.37 
5 H O  CHI  CHa I 1 CDzOH Ethanol 199-200.5 62 CisHiaD?I?03 37.52  3 54a 49.56 37 .66  3.53 
6 HO CHI  CHI  I 1 C O I C H ~  MeOH 166.5-169.3 80 C11H1ti120a 37.94 2.99 47.16 37.96 2.87 46.96 
7 CHBO CHI  CHI  I 1 COL!Ha 1IeOH 126.0-127.0 58.5 CisHd?04 39.13 3.28 47.97 39.R4 3 , j Y  
8 CHBO CH3 CHI I 1 CO?H Ethanol-water 203.0-204.0 100 CI:HI~~I?OI 37.93 3 00 47.16 3 8 . 0 3  2.66 46.88 
9* HO CHJ  CHa I 1 COzH .icetic acid-water 1514.6-196 100 

10 H CH3 CHI  I 1 COrH Ethanol 219.5-222 79 CiaH11Ig03 37 82 2 . 7 8  49.06 37.39 2.72 49.81 
11 H CHI CHI  I 1 COzCHa AIethanol 108-109.5 35 Ci;HieI?Oa 3 0 . 1 0  3 00 48 .61  38 83 8 . 0 8  48.37 
12 H O  H I€ I 1 CH?OH Acetone 182.5-188.5 44 ClaHi21103 34.88  2 . 5 1  52 .66  34 .89  2 .62  32.73 
13 H O  H I I 1 CHPOH .Icetone 185.0-186.0 67 CiiH~11301 27.65 1.82 62.62 27.65 2 . 0 8  62 49 
14' H O  H H I 0 CHgOH Acetone-water 173-174.5 21  Ci3HioI203 33.35 2 . 1 5  54.23 33.33 1 .97  54.17 
1.5 HO H I I 0 CHIOH Methanol-water 168.5-169 64 C1aH&03 26.37 1 . 5 3  64 .32  26.29 1 . 3 3  6 4 . 2 1  
16 HO I I I 0 CH20H Acetone-water 220.5-221.5 37 C13Ha1403 21.68 1.12 70 52 21.97 1 .27  70 11 
17 HO H H I 2 CHiOH Acetone-water 192-193 80 ClrHlaI?Oa 3 6 . 3 1  2 . 8 1  51 .16  36.16 2 . 6 1  50.92 
l S d  HO H I I 2 CHzOH .Icetone 168-169 4 1  Ci6H111303 28.96 2 . 1 0  61.21 29.34 2.27 60.78 
19' HO I I I 0 C02H 
20 HO I I I 2 CH?OH Acetone 203-204 dec. 85 C16Hd403 24 08 1 . 6 2  67 87 24.32 1 . 7 4  68 0 2  
21 HO I I I 3 CIIzOH Ethanol-water 153.5-156.5 86 C16Hd30a 2 5 . 2 1  1.88 66.62 25.34 1 . 8 0  66.88 
22 H O  H H H 1 CH20H Acetone-hexane 117-119 90 CiaHdOa 47.21 3.68 35.63 47.43 4 . 0 2  35.34 
23 HO I I H 2 CHzOH CH?Clz-hexane 91.5-94 67 Ci6Hd803 28.96 2 . 1 0  61 21 28.96 1.86 61.21 

a Total D + H. British Patent 882,401 (1962). c Lit.z m.p. 185-18i" (benzene). d Lit.2 m.p. 165-186" (benzene). e E. van 
Hegningen, J .  Org. Chem., 26, 5005 (1961). 
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preseuted i i i  Table 11. The lollowing structure- appeared to lower toxicity (ab manifested by inhibitioii 
activity relationships were drawn from these data. of weight gain). ( 2 )  Xethylation of the 4'-hydroxyl 
(1) Reduction of a thyroalkaiioic acid (8 or 9) to the group in both the thyroalkanoic acid series (6 us. 7 
corresponding thyroalkanol (3 or 1) had 110 statistically arid 8 us. 9) arid the thyroalkariols (1 us. 3) had little 
significant effect on hypocholesterolemic activity but effect on hypocholesterolemic potency and no con- 
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\ist('tii di(>ri. OII toxicity.'" (:<) Aic*tylatioit 01 h t l i  
(lie pheiiolic arid alcoholic hydrosyl groups of 1 had 
iio cffcct on either hypocholestcroleinic activity or 
tosivity ( ( f .  1 us. 2). (4) Removal of the 4'-hydroxyl 
group a id  substitution of hydrogcii 111 8 and 1 destroyed 
activity" ( ( j .  8 us. 10 atid 1 cs. 4). ( - 5 )  Iieiiioval of t h r  
:~'. .i '-~ubstituei~ts i i i  the thyroalkanols reduced hypo- 
caholest croleniic potency (cf. 0.3-iiig. 'kg. dose in 12). 
1 i i t 1 d u c . t  ioii of ci single ioditic returned hypocho- 
lwt c~rolriiiir potelicy to  that coiiiparablc to  1 ; however, 
tlic tosirity \\-as increased marlccdly ~ I I  soiiic cases as 
rxinplified by its effect on wight  gain (c f .  13 1 3 s .  12 

and 18 (1s. 17) III roiiipoutidb diou I I I ~  wlat ively Ion 
activity (15 1 1 s .  14), the effect 011 \\eight gain \\ab 1 1 0 1  

discernible. (6) Shorteiiitig the side chair1 of the thyio- 
alliaiiols froiii two carbons to  one loivcred artivity (0 
12 1's. 14 aiid 13 w. 15). 

Sitice these biological results were not dcfiiiitir (, i i i  

thc determiriation of whether the thyroalliaiiols really 
possessed a favorable split between their hypercholes- 
trrolemic activity arid cdorigenicity, further st udic~5 
ivere carried out by Phillips arid l\Telsoiil* utilizing a gas 
c*hromat ographir technique to  deteriiiirie cdorigenic*it y. 
Their tiudiiigs showed that  1 possessed a greater dis- 
sociation between hypocholesterolemic and calorigenic, 
activities than either L- or D-thyroxine in the cholesterol- 
induced hyprrcholesterolenii(' rat. 

111 suniiiiaiy. a sericb of thyroalkaiiols was prepared 
a i d  tested for liypocholesterolcmic activity. 'l'h(~ 

112) \I i l'liillij)b .rnd A i. Xelson, to be published A paper on + I I I -  
ni u nietliodoloe, has been rubnntted tu P r o c  Sac. C x p t l  Bed. Wed 
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thyroalkanols showed comparable potency to the 
thyroalkanoic acids and less toxicity as exemplified 
by effect on weight gain of treated and control rats. 

E~perimental'~ 
Diborane Reduction of Acids to Alcohols. General Method.- 

A solution of thyroalkanoic acid (2.0 g.) in 35 ml. of tetrahydro- 
furan (THF)  was chilled to 0" and treated with 10 ml. of T H F  
saturated a t  0" with diborane (1.9 M).14 The stirred solution was 
allowed to come to room temperature during 1 hr., after which it 
was again chilled and ice chips were added caut'iously to the re- 
action mixture to destroy the excess diborane. The solution was 
then diluted with water to  200 ml. and the majority of the T H F  
distilled under reduced pressure. The solid product which sepa- 
rated (usually crystalline) a t  this point was collected, washed 
thoroughly with water, and dried (in vucuo 60"). The alcohols 
were then recrystallized from suitable solvents and analyzed. 
I n  Table I are summarized the recrystallizing solvents, melting 
points, yields, and analytical data of all thyroalkanols. 

Methyl 3,5-Dinitro-4-(3,5-xylyloxy)phenylacetate (27).- 
Methyl 3,5-dinitro-4-hydroxyphenylacetate (25.6 g., 0.1 mole) 
and p-toluenesulfonyl chloride (20.0 g., 0.105 mole) were dis- 
solved in 50 nil. of pyridine and heated (protected from water) 
on a steam bath for 10 min. 3,5-Dimethylphenol (20.0 g., 0.164 
mole) was added to the reaction mixture which was in turn heated 
under reflux for 1 hr. The majority of the pyridine was removed 
under reduced pressure with last traces being removed by co- 
distillation with toluene. The residue was taken up in 200 ml. 
of acetone and treated with Darco G-60 and filtered. The 
acetone solution was then taken to dryness in vacuo and redis- 
solved in 350 ml. of benzene. The benzene solution was washed 
twice with water, filtered through Celite, then washed consecu- 
tively with 1 S KOH, 1 lV HC1, and saturated NaCl solution, 
and dried (NazS04). The benzene was then removed under re- 
duced pressure, and the residue was recrystallized from absolute 
ethanol; m.p. 115.5-117.0°, yield 13.5 g. A sample was recrystal- 
lized once for analy m.p. 116,5-117.5°; vmaX 3080, 1735, 
and 1150 cm.-I; Xz" 234.5 mp ( e  14,400). 
Anal. Calcd. for C17HI8NZO7: C, 56.67; H, 4.47; S, 7.78. 

Found: C, 56.48; H, 4.93; X ,  7.70. 
Methyl 3,5-Dinitro-4-(3,5-dimethyl-4-methoxyphenoxy)- 

phenylacetate (26).-Xethyl 3,5-dinitrophenylacetate (25.6 
g., 0.1 mole) was condensed with 4-methoxy-3,5-xylenol as above 
(cf. 27). The crude product (after removal of pyridine) was 
taken up in 200 ml. of acetone and percolated through a column 
of neutral activity I alumina (made up with acetone, 2.8 x 30 
cm.). The column was eluted with an additional 1.5 1. of ace- 
tone and the total eluate was taken to dryness under reduced 
pressure. The residue was dissolved in 400 ml. of benzene and 
washed with water, then 1 S KOH. After filtering i t  was washed 
further with 1 X HC1 and dried (NanSOd). The benzene solu- 
tion was t'hen adsorbed onto a column of neutral activity I 
alumina (made up with benzene, dimensions 2.8 X 40 cm.) and 
the product was eluted with 3 1. of benzene. The benzene 
eluate was t>aken to dryness under reduced pressure and the 
residual light yellow oil crystallized from ethanol. After re- 
frigeration (4') the product was collected and dried in V U C I L O  

(a t  60") giving 17.4 g. of product, m.p. 95-96'. A sample was 
recrystallized from ethanol for analysis, m.p. 96.0-97.0". 

Anal. Calcd. for ClsH18?J208: C, 55.38; H, 4.65; K, 7.18. 
Found: C, 55.64; H,4.70; N, 7.68. 

Methyl 3,5-Diiodo-4-(3,5-dimethyl-4-methoxyphenoxy)- 
phenylacetate (?').-To the dinitro ester 26 (17.4 g., 0.0444 mole) 
dissolved in 300 ml. of glacial acetic acid was added 10% pal- 
ladium-on-carbon catalyst and hydrogenation was carried out on 
a Parr low-pressure apparatus until the theoretical amount 
of hydrogen had been absorbed (0.266 mole). The acetic acid 
solution was filt'ered directly into a stirred mixture of 50 ml. of 
concentrated HzSOI, 50 ml. of acetic acid, and 8.0 g. of NaNOn 

(13) Melting points were taken in capillary tubes and are corrected. In- 
frared spectra were taken in Nujol mulls and ultraviolet spectra in 9570 
ethanol. The  
acids serving as  starting materials for compounds 13, 16-17, and 19-a3 were 
obtained f rom Csclo Chernical Corp., Lo8 .Ingeles, Calif. Diborane gas was 
obtained from Callers Chernical Co., Philadelphia, P a .  

(14) H. C. Brown, "Hydroboration," W. .A. Benjamin, Inc., Ken. York. 
S.  T., 1962, Chapter 5. 

Yields, analytical data,  etc. are summarized in Table I. 

chilled in an ice-salt bath. The rate of addition was controlled 
so that the temperature of the reaction mixture remained between 
- 5  and 2". After the addition of the diamine was complete 
(ea. 1 hr.) the ice-salt bath was replaced with an ice bath and the 
reaction mixture was stirred for 1 hr. a t  0". Ice water (25 ml.) 
was then added to  the suspension. The resulting solution was 
t,hen poured into a vigorously d r i e d  mixture of water (500 ml.) 
and chloroform (200 ml.) containing 32 g. of NaI, 6.4 g. of urea, 
and 16 g. of iodine. Stirring was continued for 2 hr., the chloro- 
form layer was separated, and the aqueous layer was washed 
with 200 ml. of CHC1,. The combined chloroform extracts were 
washed consecutively with water, 4% NaHS03 solution, and 
water, dried (Na2S04), and taken to dryness under reduced preu- 
sure. The dark residue was taken up in 300 ml. of boiling meth- 
anol and t,reated with Darco, and the carbon-free solution was 
concentrated to 7 5  ml. of a st,eam bath. Upon refrigeration, 
the product crystallized, yield 14.4 g., m.p. 116.5'; it resolidified 
and remelted a t  123". 

Methyl 3,5-Diiodo-4-( 3,5-xylyloxy)phenylaeetate (ll).- 
The dinitro ester 27 (11.5 g.)  dissolved in 200 ml. of glacial acetic 
acid was reduced on a Parr hydrogenator employing 3 g. of 1Oy0 
Pd-C. The procedure employed for the synthesis of 7 ( 2 / 3  

scale) was followed. Bfter treatment of the methanol solution 
with Darco G-60 it was taken to dryness on a rotary evaporator. 
The residue was dissolved in benzene and adsorbed onto a column 
of activity I alumina made up with benzene. The product was 
eluted with ten 150-ml. portions of benzene. Fractions 1-6 were 
combined and recrystallized from methanol to give 4.9 g. of 
colorless prisms, m.p. 108.0-109.5°. A sample was recrystal- 
lized once for analysis'*; m.p. 108-109.5": vmax 3050, 1730, 
and 1715 cm.-'; A::" 226 mp ( e  34,700) and 280 (1950). 

3,5-Diiodo-4-( 3,5-dimethyl-4-methoxyphenoxy)phenylacetic 
Acid (g).--hIethyl 3,5-diiodo-4-(3,4-diniethyl-4-niethoxyphen- 
0xy)phenylacetate (7)  (20.0 g.) was suspended in 350 ml. of 
1 N NaOH, heated to reflux for 1 hr., and diluted with an addi- 
tional 100 ml. of water, and :he boiling suspension was filtered 
free of insoluble material. Upon cooling, the sodium salt, crystal- 
lized in large white plates. The salt was filtered, m-asheil. with 
water, then suspended in 250 nil. of water, and acidified with 3 IT 
HC1, and the suspension was stirred for 1 hr. The acid was col- 
lect,ed, washed with water, and dried (in vacuo, 60'). Recrystal- 
lization from ethanol-water afforded 15 g. of fine needles, m.p. 
203-204". A sample was recrystallized for anal 
203.0-204.0"; vmax 3090, 3040, 1705, and 1595 cni.-1; A::" 
224 mp ( E  37,800), 272 (2800), and 286 sh (2200). 

3,5-Diiodo-4-( 3,5-xylyloxy)phenylacetic Acid (lo).-The ester 
11 (19.5 g.) was suspended in 100 ml. of 1 S XaOH and the 
suspension was heated to reflux with stirring for 2 hr. The clear 
hot solution was acidified with concentrated HC1. After cooling, 
the crystalline product was isolated, washed thoroughly with 
water, and dried a t  60" in vacuo giving 4.4 g. of crude 10. The 
solid was dissolved in ethanol, the solution was filtered, and the 
product' was allowed to crystallize as colorless plates, 3.6 g., 
m.p. 219.5-222.0'. A sample was recrystallized once for analy- 
sis; 1n.p. 219-221"; vmnr 2620, 2540, 1710, 1620, and 1095 

3,5-Diiodo-4-( 3,5-dimethyl-4-hydroxyphenoxy)phenylacetic 
Acid (8).-The ester 7 (3.0 g.) was dissolved in a 1: l  mixture of 
acetic acid and 4753 HI and the resulting solution was heated 
a t  reflux for 2 hr. It 
was washed with 10 nil. of 50% aqueous acetic acid and dried 
in vucuo a t  60" giving 2.9 g. ( l O O ~ c )  of product, n1.p. 194.5- 
196.0". This material proved to be identical with an authentic 
sample by infrared and mixture melting point.15 

Methyl 3,5-Diiodo-4-(3,4-dimethyl-4-hydroxyphenoxy)- 
phenylacetate (6).-A 2 .5 -g .  sample of the acid 8 dissolved in 25 
ml. of methanol was treated with 1 nil. of boron trifluoride ethe- 
rate and allowed to stand a t  room temperature overnight. Upon 
refrigeration (4') a white crystalline solid separated and was 
isolated, 2.0 g., m.p. 166.5-169.5". A sample was recrystal- 
lized from methanol for analysis12; m.p. 166.5-169.5": vmax 
3440, 3055, 1712, 1602, 1576, and 1535 cm.-l; A::" 226 m p  
( E  34,500) and 281 (3700). 

3,5-Diiodo-4-( 3,5-dimethyl-4-hydroxyphenoxy)phenethyl- 
cu,a-dz Alcohol (5).--h 2.0-g. (3.63-nimole) sample of the acid 8 
dissolved in 30 ml. of freshly purified THF was treated a t  0' 

XEtO" max 225 mp ( e  38,400), 271 (2350) ,  and 279 (2100). 

Upon cooling the product crystallized. 

(1.5) Our original supplies of this material were furnished bl-  1:arbwerke 
W. Siedel, H. Nahm, and J. Konig. Hoechst, A .  G., Frankfurt ,  Germany: 

German Paten t  683,174 (1964). 




