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TABLE I1 
3-8UBSTITVTED SYDNONES AND 8 Y D K O N E  IMINES 

Ri-N-CRz 
I C 1  
1 - 1  

N, ,CRn 
0 

Re- 
crystn. 

sol- Yield, M.P. ,  A::=. V C a l c d . ,  70- --Found, %- 

3.4-CHzO:CsHs H 0 a 41.5h 165-166 308 9 ,500  52 .8  2 92 13.fi 52 .3  3 . 2 1  13 3 
3.4-CHzOzCsHsCHz H 0 c 72 .4  158-159 288 11,450 54 5 3 . 6 3  12 7 54 .7  3 . 9 8  12 . f i  
3,4-CHz0zCaHsCH1 CHs 0 c 58.Sb 138-141 291 12 6.50 56 4 4 . 2 8  1 2 . 0  6 6 . 6  4 . 5 3  1 1 . 8  
3-CHa0-4-CzHjOCsHsCHz H 0 d .  e 9 8 . 0  115-119 285 10,000 57 6 5 . 6 0  1 1 . 2  57 .3  5 . 4 6  1 1 . 2  
3,4-CHz0?CeHsCzH1 H 0 d, f 36.0b  122-125 287 1?,200 5 6 . 4  4 . 2 8  12 0 56 .1  4 . 2 0  11 .7  
3,4-CHzOCsH8CHz Cl 0 d 1 3 . 2  110-111 dec. 282 10,700 4 i . 2  2 .75  11.0 4 7 . 2  3 . 0 0  11 .0  
3.4-CHzOzCsHsCHt H NH.HC1 l, g 42 .6  97 dec. 291 9.~500 4 6 . 9  3 . 9 1  1 6 . 4  4 6 . 7  4 . 1 3  16.1 
3,4-CHzOzCsHaCH9 CHs NH.HCI f, g 71.1 1 1 1  dec. 294 11,600 4 9 . 0  4 4 5  1.5.6 4 9 . 1  4 .71  1 5 . 4  
3,4-CH?OzCsHsCFIz H p-(NSO?CeII,)NH(:O~FT, f 3 0 . 9  111 der. 262 23.1jOO 49 8'1,i 4 . 1 8  1 2 . 8  49 .6  4 . 2 0  1 2 . 9  

Q Rlltanol. b Yield ralcii]nt,ed from the cnrrespoiiding glycine. Toluene. Heptaiie. 6 Ethyl acetate. f Ethnnol. Petro- 

Ri Rz R3 vents 72 O C .  mr C H N  C H S  

317 11.700 

lellm ether (l).p, 35- 60'). h .\Innohyclrnte. i Karl-Fischer determinatioii of water: cnlcd., 4.15; found, 4.1 l .  

and sydnone, and the latter could only be isolated after 
repeated recrystallii ,a t' ions. 

Experimental's 

N-Nitroso-N-piperonylglycine (III).-To a solution of 24.4 
g. of N-piperonylglycine hydrochloride9 in 250 ml. of water cooled 
to 0" was added dropwise, with stirring, during a period of 30 
min., a concentrated aqueous solution of 7.5 g. of NaN02. After 
the addition was complete the reaction mixture was stirred at  
0' for an additional 3 hr. and extracted with six 200-ml. portions 
of ether. The ether extract was treated with decolorizing 
charcoal, dried (NanS04), filtered, and evaporated to a sirup under 
reduced pressure. The sirup was triturated with a small amount 
of petroleum ether (b.p. 35-60') and the resulting solid was re- 
crystallized from a mixture of ethyl acetate and heptane to give 
17 g. of analytically pure product, m.p. 114-116' (see Table I). 
a-Methyl-N-nitroso-X-piperonylglycine, N-nitroso-N-pipero- 

nylglyconitrile, and other related compounds (see Table I) were 
prepared by essentially the same procedure. 

3-Piperonylsydnone (I).-To a warm (70') solution of 4 g. 
of 111 in 150 ml. of dry benzene was added a warm (70') solution 
of N,N'-dicyclohexylcarbodiimide16 in 50 ml. of dry benzene. 
N,N'-Dicyclohexylurea precipitated immediately. The mixture 
was stirred a t  50-60" for 2 hr. and filtered while hot. The 
filtrate was evaporated to dryness in vacuo, and the residue was 
recrystallized from 75 ml. of toluene to give 2.7 g. of I as shiny 
needles, m.p. 158-159' (see Table 11). 

In a parallel run, a comparable yield of the same purity was ob- 
tained when acetic anhydride was wed as the cyclizing agent.2 
Products prepared by both methods had identical antimalarial 
activity. Other 3-sitbstituted sydnones were prepared by the 
carbodiimide procedure. 

3-Piperonylsydnone Imine Hydrochloride.-Dry HCl was 
bubbled a t  a moderate rate into a solution of 6.6 g. of N-nitroso- 
N-piperonplglvcnnitrile in 150 ml. of dry methylene chloride 
cooled a t  -50". After 10 min. the gas inlet was disconnected 
and the reaction mixture was evaporated below 0" under high 
vacuum. To the resulting residue there was added a small 
amount of petroleum ether (b.p. 35-60'), and the solid product 
which separated was filtered. It was recrystallized from a mix- 
ture of ethanol and petroleum ether to give 3.3 g. of analytically 
pure product (see Table 11). 4-Methyl-3-piperonylsydnone 
imine hydrochloride was prepared by essentially the same pro- 
cedure. 
3-Piperonyl-4-chlorosydnone was prepared by chlorination of 

I, according to the method of Baker, Ollis, and Poole19 (see 
Table 11). 

3-( N-Exo-p-acetylaminobenzenesulfony1)piperonylsydnone 
imine was prepared by treating 3-piperonylsydnone imine hydro- 
chloride with p-acetylaminobenzenesulfonyl chloride in pyridine, 

(18) All melting points (corrected) were taken on a Thomas-Hoover 
The ultraviolet absorption spectra were deter- melting point apparatus. 

mined with a Beckman DK-2 spectrometer. 
(19) W. Baker, W. D, Ollis, and V. D. Poole, J .  Chem. Soc., 1542 (1950). 

according to the procedures of Yaqhunskii and Ermolaevn20 
and Daeriiker and Druef' (see Table 11). 
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Analog studies carried out to define structural fea- 
tures necessary for thyroid hormonal activity have led 
to active compounds in which the iodine atoms of thy- 
roxine (Ia) and 3,5,3'-triiodothyronine (Ib) have been 
replaced bv other halogen atoms2 and by alkyl 

lodine has proved to  be the most effective 
(1) (a) Paper XIV:  E. C. Jorgensen and J W. Reid, E n d o c r i n o l o g y ,  

76, 312 (1965). This investigation was supported by Research Grant AM- 
04223 from the National Institute of Arthritis and Metabolic Diseases, 
U. S. Public Health Service. (b) The synthesis and biological evaluation in 
the tadpole of 3-[4-(3-2-butyl-4-hydro~yphenoxy)-3,j-diiorlophenyl]-1, 
alanine hydrochloride (cqmpound \'a hydrochloride) is reported inde- 
pendently by C. M. Buess, T. Giudici, Pi. Kharasch, W. King, D. D. Law- 
son. and N. N. Saha, J. Med. Chem., 8, 469 (1965). 

(2) (a) M. V. Mussett and R. Pitt-Rivers, Metab.  Clin. Erptl . ,  6 ,  18 
(1957); (b) W. F. Cuthbertson, P. V. Elcoate, D .  PI. Ireland, D .  C. Mills, 
G. S. Boyd, and h'l. F. Oliver, J. Clin. Endocrinol .  Metab., 21, 1579 (1961). 

(3) (a) T. C. Bruice. R. J. Winder, and N. Kharasch, J .  B i d .  Chem., 
210, 1 (1954); (b) C. S. Pittman, H. Shida, and S .  B. Barker, Endocrinology,  
68, 248 (1961). 

(4) E. C. Jorgensen. P. A. Lehman, C. Greenberg, and E. Zenker, J .  Bid. 
Chem.,  237,3832 (1962). 

(5) (a) H. J. Bielig and G. Liitzel, Ann. Chem.,  608, 140 (1957); (h) E. 
C. Jorgensen and R. A.  Wiley, J .  Med. P h a r m .  Chem.,  5,  1307 (1962). 

(6 )  (a) B. Blank. F. R. Pfeiffer, C. M. Greenberg, and J. F. Kerwin, 
ibid., 6,  554 (1963); (b) C. M.  Greenberg, B. Blank, F. R. Pfeiffer, and J. 
F. Pauls, Am. J .  Physiol . ,  206, 821 (1963): (c) S. B. Barker and 31. Shimada, 
Proc. S t a f i M e e t i n g s  M a y o  Clinic ,  39, 609 (1964); (d) A. Wahlborg, C. Bright, 
and E. Frieden, EndocrinoZogy, 76, 561 (1964). 



plienolic+ “outer ring” havr inc*ludcd iiiet hyl. ct liyl. 
isopropyl, isobutyl, and c.yc10hexyl.~ -G  The L-3’-iiirthvI 
arialog (IC) was tv-ice as active as thyroxine (Ia) aiid 44 
as scat ivr as L-triiodothyroiiiiir (Ib) in oxygen consum 
tion studies,3b while the 1,-3’-isopropyl arialog (Id) 
possessed 1.8 tiiues thc  aiitigoitrogeriir activity and 1 . :Z 
t iiiics the plasiiia c~holesterol-lon-erirlg artivity of‘ I,- 
i riiodot hyroniiitl i n  t he  rat .6’’ Barliei. arid Shiniada”‘ 
liavr estimated thc biological activity of the 3’-isopro- 
pyl aiialog, as 500 75OC;, that ot tliyrosinc. 111 t l i r  
t adpolc i i i c l  aniorp1iosi.j assay. I’ricdcii aiid ro-u oi Lei sfid 
iouitd that tlic 3’-iiietliyl, : ! ’ -~ t l i~ . l .  aiid 3’-isopropyl 
arialogs ~ v e r ~  all iiioii’ active t liati iliyroxiiir Tvheii ad- 
niiriist ered either by i t i j i  

Iii roiiiiectioii Ivi t l i  a c.ori~latioii of tlie physical 
clieiiiiral c.1iarac.tcristic.s ot “ O U I P ~  iiiig” su1)stiturnt s. 
ITansc~h and Fujit ai liavc prdivt ed that lipophilic c~lec~- 
t roil-rclcasirig gi oup uch as alkyl should bc superior t o 
Iialogclii atoms i i i  pioiiiotiiig t l iyio~i i i~- l ikc activity. 
Tlic ideal group was prc~clic~trd to  he thc t-butyl, assiiiii- 
itig the a1)scnc.c of steric cffccts Thc liigli artivitles al- 
ready dwionsi rat cd for other :4’-alhyl analogs aiid t hc 
predictioii by Har h led us to synt hcsize and biologi- 
(*ally waluatc the i,-:<’-t-biit yl arialog (Va) arid its 0- 
I I I P I  Iiyl dhe r  (T’h). 

. l i i  ~iiisuc~essful attempt at tlie synthesis of T’a has 
1)rcw i’eported,Gd iii which thv proterted aniirio acid 
(IT’h) was pr eparcd by corideiisatioii of S-acetyl-3,;- 
diiodo-L-tyrosine ethyl ester with di(3-t-butyl-4-iiic- 
t1ioxyphenyl)iodoniuin iodide (Chart I). Trcatiiieiit 
with hydriodic acid gave IC, hydrolysis arid deimthyla- 
ttoit being accompanied by 1os5 of the t-butyl group. 
Wr wnfirmrd these results ant1 at tciiipted the O-iii(>tliyl 
c,tlicr caleavage with hydrobromic acid or with a inixtm P 
of hydroiahloric arid hydriodic acids (sce Exprriiiieiital). 
A\lodcl studies on o-t-butylanisole wit 11 various conibi- 
iiat ions of aqueous hydro )iic., hydrobromic,, aiid 
hydriodic acids in glacial a * acid were also carried 
out. using thin layer chromatography to follow the 
imctions. When the conditioiis were such that cleav- 
age of thc 0-methyl ether was obtained, the t-butyl 
group was also lost. However, hydrolysis of IVb with 
aqueous hydrochloric acid gave the 0-methyl ether 
alliin0 acid (Vb) which was desired for biological testing. 

In ordrr to avoid the requireinent for the selective rc- 
iiioval of a phenolic protective group, a synthetic routc 
t o  T’a was devised in which this function Tvas left uii- 

protect cd. This involved the (’oridensation in pyiidiiii, 
of %-(-but yl-l,4-liydroquirioiic with i hc inethanesulfoiiyl 
derivative of S-accty1-3,.i-diiiitro-i~-tyr(~sine ethyl rst ci 

1011 o i  iiitiii(nioi1. 

(i) C. Hansch and  T. Fujita, J .  Am. Chem. SOC., 86,  1616 (1964). 

R o  0 O ~ J - C H ~ C H C O O H  I 

NHL I 
Va,R=H 

b, R = CH3 

(11) arcording to the iiicthod of Aleltzer, et al.’ It was 
assunied that coiideiisation would occur \ \ i t  h the lcss 
hindered hydroxj-1 (z.e., itieta to the I-biityl group), 
siiicc 2-t-but yl-4-clhoxypIieiiol~ did 1101 c~iideiisc n i t  Ii 
11 under the usual reactioii (~oiiditio~is.’”~ or in a higher 
boiling solveiit The diiiitro dipheiiyl ether (III), 
obtained in Ion- yield, was reduced, bis-diazotized, arid 
converted to the diiodo ether (IT’a). Hydrolysis with 
hydrochloric~ avid gave the opt ically active 3’-t-butyl 
analog (T’a), nhich n-as showti to be free of 5,;-diiodo- 
t kiyroiiine (IC) by paper rhroiiiatograpliy. 

Biological Results. -The 3’-t-butvl arialog (\-a) and 
its 0-methyl cthcr (\%) iterr tcstcd for thyroxine-liko 
activity by thc. rat ailtigoiter procedure as described 
previous1y.l’ Thch rcsults atid est iiiiates of potenvy 
rrlatire to  r,-thyroxinc alc presented in Table I. The 
aiialog T.’a \vas icsicd at iiiolai ratios of > : I ,  1:1, aiid 
0 2 7 :  1 Ti-it11 rc>sprcat to a hiandaid c.ffwlivc> dow of 3 y 
of sodiuiii IA-tliyi oxiiii’ pcntahydrat(~ for ca(.li 100 g. 
of body v--cight. On t l i c  bailie iiiolar scale, 771 

ed at ratios of 5 : 1 and 1 : I .  Lli a iiiolar ral io of‘ I : 1 ,  
O-inethyl r’t her (F‘b) producrd at1 aveiage t hyroicl 

u eight which was significantly diffcrent ( P  >O.B.i) f‘roni 
that producrd by all dose levclls of the thyroxiiic coil- 

trols, but was iiot sigI vantly diffcrent ( P  >0.95) f‘roiii 
the thiourad control ;\t a 5.1 tnolar ratio, 1% pro- 
dwed a response wh i was significantly differeni ( I ’  
>0.93) froin the 3- aiid 4.5-y dose levels of thyroxine bui 

(’li It I. Mclt7er 1 )  \I I riitaaiden and \ I 

(I)) T<indlT pro\  ided h, Tnii  ersal Oil I ’ iod i i r t i  Cornpan\ I > P \  I’lainei 
22. l 5 i 7  (1967) 

Ill 
Lliaiertation Lni\  rrbit ,  of Califorriia 1 

wrtation V n i i  erait\  of  Catifoinia. 1464. 
(11) [ a )  I:. C. Jorgenben arid 1’. Slede J .  l l e d  Pharm. Chrm 6, 72s 

,1962). (b) All compounds were dlssolped in 0.9% aqueous NaCl ron- 
taming 0.01 .V KaOH except Va  a b i c h  was dissolved using 0.02 .V HCI. 
This was t o  avoid possible oxidation of Va under alkallne conditlona. 
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TABLE I 
RAT hSTlGOlTER ASSAY OF ' rHYROSIXE A4NALOCSn 

Thyroid wt., 
Compd. Daily dose. Molar mg./100 g. 

Food injected Y/100 B. ratio & S.D. 

Untreated . . .  . . .  . . .  7 . 9 f  1 . 5  
Tub . . .  . . .  . . .  28.1 f 8 . 3  
Tu Thyroxine' 2 . 0  0.67 1 4 . 6 f  1 . 4  
Tu Thyroxine 3.0 1 . 0  8 .7  i 2 . 9  

Thyroxine 4.5 1 . 5  6 . 1  f 1 . 3  Tu 
Tu S'a 0.49 0.25 20.4 =t 4.5 
T u  Va 1.99 1 9.9 i 4 . 7  
T u  Va 9.95 5 6 . 3  f 0 .7  
Tu Vb 2 . 0  1 20.2 A 2 . 5  
T 11 1% 10.0 5 18.2 f 6 . 6  

a Six rats were iised at each control and dose level. * Thiouracil, 0.3%. c Sodium L-thyroxinepentahydrate. 

was the same as the 2-y dose level and the thiouracil 
controls. The 0-methyl ether (Vb), therefore, has a t  
most 13% of the activity of L-thyroxine. The low anti- 
goitrogenic activity of Vb is typical of metabolic effects 
previously demonstrated for the 0-methyl ether deriva- 
tives of this class of compound.i2 The biological data 
of conipound Vb must be interpreted with some caution, 
since it was riot coinpletely soluble in the aqueous alka- 
line niediuiii and was administered as a suspension. 

The free phenolic t-butyl analog (Va) produced a 
thyroid weight significantly lower ( P  >0.95) than the 
thiouracil controls a t  molar ratios of 5: 1 and 1 : 1, and 
riot significantly different ( P  >0.95) from the 3-y dose 
of L-thyroxine. At a molar ratio of 0.25:1, Va was 
significantly different ( P  >0.95) from the 2-, 3-, and 
4.5-7 doses of L-thyroxine, and not significantly dif- 
ferent ( P  >0.95) from the thiouracil controls. The ac- 
tivity of Va is estimated a t  equal to or greater than 
loo%, and less than 400% that of L-thyroxine. This 
high activity for the 3'-t-butyl analog is a t  least qualita- 
tively consistent with the predictions based on sub- 
stituent constants assigned by Hansch.' 

The importance of lipophilic character for substituents 
in the 3'-position of thyroxine analogs may be inter- 
preted in terms of the contributions of such substituents 
in providing a balanced lipophilic-hydrophilic character 
to the molecule for transport processes in the intact 
aninial involving passive diffusion through menibranes. 
Of more importance, may be the role of such lipophilic 
substituents, if properly oriented sterically, in con- 
tributing to hydrophobic binding, both to transport 
protein and a t  the biological receptor sites. I n  addi- 
tion, the electron-donating characteristics of alkyl sub- 
stituents could contribute to a functional role for the 
"outer ring," such as its participation in electron trans- 
port systems via its hydroquinoid structure.i3 

Experimental l4 

Di( 3-t-butyl-4-methoxypheny1)iodonium Iodide.-Conditions 
similar to the general procedures described by Blank, et aZ.,Ba 
were used.'6 To acetic anhydride (14 ml.) cooled to -15" was 
added dropwise 10 ml. of red fuming HNO, (d  1.60). The tem- 
perature was kept below 20' during this addition. Finely pow- 
dered iodine (5.0 g.) was added in one portion followed by tri- 
fluoroacetic acid (10 ml.). The temperature rose to 40° and was 
then maintained a t  45' by intermittent heating on a steam bath 

(12) (a) K. Tomita, H. A. Lardy, D .  Johnson, and A. Kent, J. Biol. Chem., 
236 ,  2981 (1961); (b) B. Blank, C. 31. Greenberg, and J. F. Kerwin. J .  
Med.  Chem., 7 ,  53 (1964). 

(13) E. C. Jorgensen, Proc.  Stud Meetinus Muyo Clinic, 39, 560 (1964). 

Approx. 
activity 

100 
100 
100 

0 
100 

0 
13 

7 no 

for 20-25 min., or until all the iodine had dissolved. The sol- 
vents were removed under reduced pressure (1-2 mm.) with the 
bath temperature kept below 45'. The semicrystalline residue 
of iodine trifluoroacetate was allowed to react with 2-t-butyl- 
anisole (23.0 g., 0.14 mole) as described by Blank, et aZ., to give the 
iodonium iodide (15.0 g., 37%), m.p. 180-181" (1it.ea m.p. 177- 
178'). 

N-Acetyl-3- [4-(3-t-buty1-4-methoxyphenoxy)-3,5-diiodophen- 
yl] -L-alanine Ethyl Ester (IVb).-T;-Acetyl-4-hydroxy-3,5-diiodo- 
phenyl-L-alanine ethyl ester'6 (5.5 g., 0.011 mole) was condensed 
with di( 3-t-butyl-4-methoxypheny1)iodonium iodide as described 
by Blank, et aZ.,6a for the DL-compound. Trituration of the crude 
reaction residue with petroleum ether (b.p. 30-60") (50 ml.) gave 
the ether as a white solid (4.7 g., 64c0), m.p. 165-167'. Two 
crystallizations from ethanol raised the melting point to 170- 
171'; [aIz5n +40" (c 1, CHCl,); 3.09, 5.78, and 6.1 p. 
The n.m.r. spectrum, which has been pitblished elsewhere," 
confirms the structure. 

Anal. Calcd. for C21H~012K05: C, 43.33; H, 4.39: I, 38.15. 
Found: 

3- [4-( 3-t-Butyl-4-methox~phenoxy)-3,5-diiodophenyl] -L-ala- 
nine (Vb).-A solution of IVb (0.3 g., 0.4 mmole) in glacial acetic 
acid (25 ml.), water (12 ml.), and concentrated HC1 (12 ml.) was 
heated under reflux for 5 hr. Distillation reduced the volume 
of the reaction mixture by two-thirds and, on cooling to room 
temperature, the hydrochloride of Vb precipitated as white 
crystals (0.25 g.), m.p. 195-196". The hydrochloride was dis- 
solved in aqueous 2 iV HCl-ethanol ( 1 : l )  by heating to 60'. 
The pH was adjusted to  4.5 with sodium acetate to  give a white 
precipitate on cooling to 0'. This procedure was repeated to 
give the amino acid (Vb) (0.16 g., 617,), m.p. 243-244' dec., 
[ a ]  2 6 ~  + 2 5 O  ( c  1, 1 : 3 aqueous S HC1-ethanol), Rf  0.88 (solvent 
system: isoamyl alcohol-2 N ammonium hydroxide). With 
the same solvent system, 3,5-diiodothyronine had Rf  0.67. 

And. Calcd. for C20H~&Y04: C, 40.36; H, 3.90; I, 42.66. 
Found: 

The following conditions were tried in unsuccessful attempts to 
hydrolyze and demethylate the amino acid (IS-b). (a )  A solu- 
tion of IVb (250 mg.), red phosphorus (0.35 g.), glacial acetic 
acid (8.0 ml.), and 48% aqueous HBr (2 ml.) was heated under 
reflux for 3.25 hr.'8; this gave mainly the 0-methyl ether (Vb). 

C, 43.30; H, 4.30, I, 37.78. 

C, 39.99; H, 4.12; I, 42.38. 

(14) Melting points were determined with a Thomas-Hoover capillary 
melting point apparatus and m e  corrected. Microanalyses were performed 
by the Microanalytical Department, University of California, Berkeley 
Calif. Optical rotations were obtained in a 0.5-dm. tube with a Rudolph 
photoelectric polarimeter. Paper chromatography v a s  carried out on 
Whatman KO. 1 paper which had been washed with 2 N KHIOH. N.m.r. 
spectra were obtained at a field strength of 60 Mc. on samples in deuterio- 
chloroform solution on a Varian A-60 instrument using tetramethylsilane 
(6 0)  as internal standard. Infrared spectra were obtained with a Beckman 
IR-5 instrument. 

(15) We are grateful to Dr. Benjamin Blank for providing additional 
experimental details of this reaction. 
(16) J. R. Chalmers, G .  T. Dickson, J. Elks, and B. A. Hems, J .  Chem. 

Soe., 3424 (1949). 
(17) P. A. Lehman and E. C. Jorgensen, Tetrahedron, 21, 363 (1965). 
(18) Conditions used for hydrolyzing related compounds containing 

(19) E. C. Jorgensen and J. A. W. Reid, J .  Med. Chem., 7 ,  701 (1964). 
labile iodine atoms on the "inner ring. '1s 




