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The syiithesis of 1-amiiio-trans-2-[4-(4-hydrosyphenoxy)-3,.i-diiodopheit?;l] c.yc,lopropaiiecart)~~~yJic acid has 
been performed, the key step being the addition of CH, (from diazomet,hane) to the exocyclic double build of the 
axlactoire, 4-[4-(4-acetos2rpherioxy)-3,.i-diiodobeiiz!lide11e] -'L-phenyl-'L-oxazoliit-.i-oiie. The stereochemistry of 
the amino acid has been established. The 3',3'-dihromo derivative exhibited weak thyromimetic activities it1 
basal metabolism and antigoiter tests aud did riot inhibit iucreased metabolism developed by triiodothyronine. 

As part of our program to  study biologically iii- 
teresting aniiiies and amino acids with sterically hin- 
dering groups adj acent, to t'he amino and/or rarbuxyl 
f u ~ i c t i o i i s , ~ ~ ~  we are paying particular attention to 
analogs in which the a-carbon atom is part of a small 
~i11g.~--? Such compounds have been shown to inhibit 
the enzymatic. degradation of some of their natural 
metabolite prototypes; for the activity of small 
a-alkyl-substituted analogs of further amino acids, 
see ref S-10. We iiow describe the synthesis, stereo- 
rhemistry, and biological properties of cyclopropylogs 
of thyronines related t,o the natural thyroid hormones. 

After exploring several approaches to  t'he synthesis 
of 1-amino-%-arylcyclopropanecarboxylic we 
found what appeared to be a very promising pathway 
j i i  the reaction of azlacto~ies'~ with diazomethane; 
thc resulting l-aryl-5-phenyl-(i-oxa-4-azaspiro [2.4 Ihept- 
4-en-7-ones (e.g., XII)14 appeared to be likely interme- 

XII, Ar =4-CH,OC,H, 

cli:it es for the prqxirdion of the corresponding cyclo- 
propimeaniirio acidx. Coiiseyuently, 4- [4-(4-acetoxy- 
phenoxy)-3,3-diiodoberizylidene]-2-phenyl- 2 - oxazolin- 
5-orie (T') wa.* treated with diazometharie and yielded 
1- [4-(~-a(.etoxypherioxy)-3,.i- diiodophenyl] - 5 - phenyl- 
(i-oxa-4-azaspiro [%.4]hept-4-en-7-one (VI), which on re- 
flus \\-ith hydrochloric. a d  gave the 3,;-diiodothyro- 
nine analog VII. 

The azlact.orie V 1va.q obtairied from the 4'-methoxy- 
i)lierioxy-3,3-diiodo azlactorie IT.' which had beeii used 
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by  Harington arid Barger in their classical synthesis of 
thyroxine.Ii' We prepared IV by  a more coriveriicii~ 
route from p-hydroxybenzaldehyde in five steps iii ail 

over-all yield of 17.5% as shown in Chart' I. At' this 
point t'he 4'-methoxy group had t,o be removed be- 
cause it' was expected that ether cleavage with HBr 
subsequent, to the construction of the cyclopropane 
ring might' disrupt t,his strained portion of the mole- 
cule. This was achieved by treatment' of IV  with 
boron tribromideI6 followed by  acetylation of the re- 
action mixture.17 

Many attempts to iodinate VI1 with 12-1<1 in am- 
monium hydroxide or aqueous methylamine, or with 
iodine moriochloride in acetic acid-20yG HC1 were uii- 
successful, a low degree of iodination being achieved 
at  best ; VI1 was recovered essentially unchanged 
from these experimenk. Since 3' and/or (5' substi- 
tution is known to be essential for significant thyromi- 
metic activity, VI1 was brominated in acetic arid; 
the corresponding 3',5'-dibromo compound (1711) 
was obtained without difficulty. As shown later in 
this paper, VI11 was recognized as l-amino-tmns-2- 
[4-(3,S-dibromo-4-hydroxyphenoxy)-3,3- diiodophenyll- 
cyclopropanecarboxylic acid. 

In order to test, VI11 for biological activity,'* the 
following experiments were carried out : tests for the 
effects of graded doses of VI11 on  oxygen consumptioil 
and heart rate in normal and thyroidectomized rats, 
antigoiter and antimetabolism t'ests in rats. The 
oxygen cwisumption arid heart rates were followed iii 

a series of rats at the dosage levels of 1.14, 0.69, and 0.23 
mg of VIIIjlO0-g rat' injected daily intraperitoneally 
for a period of 11 days followed by an S-day period 
of recovery. At the same time, a comparable study 
was made by iiijectiiig daily 8.25 pg of triiodo-L- 
thyronine (T-3)/1OO-g rat for a similar period of time. 
:it each dosage level, three rats were used exvept at 
the 1.14-mg level when four rats were employed. There 
was a relationship bet,ween metabolic response and 
dosage, for after 7 days of injecting VIII, t'he metabo- 
lism on 0.23 mg of drug had increased 33yo, on O.G9 
mg, Sl%, and oil 1.14 mg, 100%. After S days oil T-8, 
the metabolism rose 1077,.  Therefore, VI11 in- 
creases the oxygen consuniptioii of thyroidec.tomized 
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cis-carbethoxy-trans-carboxylic acid thus obtained w a h  

converted to IX by Curtius degradation of the free 
carboxyl.22 Retention of configuration in the benzoyla- 
tionZ3 of IX arid in the ring c l o ~ u r e ~ ~ ~ 2 ~  of X is based on 

CHjO 

1x12 

CHjO 

X 

I 
CH,O 

XI  
( 2 2 )  For analogous cases see ref 5 and  11. 
( 2 3 )  R .  E. Steiger, .I. Org. Chem., 9, 3% (1944) 

CHiN. 
CHJOH-Et,O I 

pe rher i t  analogies in the literature. Therefore, the 
oxazolone carbonyl of XI1 is trans to the methoxy- 
phenyl group. 

The relationship of XI1 to V I  was established by the 
reactions shown in Chart 11. The spirooxazolorie XI1 
was hydrolyzed to the benzamido acid XI11 which 
differed from the isomer X. Esterification of XI11 
furnished the ester XIV which was also obtained from 
the phenolic benzamido acid XVI, separately aynthe- 
sized from the p-acetoxy azlactone XV. Iodination 
of XVI led to the cyclopropylog of 3,3-diiodo-S- 
benzoyltyrosirie (XVIII) which in turn was also syn- 
thesized from I as shown in Chart 11. The methyl 
ester (XIX) of XVIII wa coupled with di(p-anisylj- 
iodonium bromide to yield the thyronine analog XX. 
This compound was also formed from VI with diazo- 
methane in met,hanol-et#her. 

(24) R. E. 13uckles, R. Filler, and  L. Hilfman, <b id . ,  17, 233 (1952). 
(25) S .  K. Kochetkov, E. I. I3udovskii, R. hl. Khomutov, 11. Ya. 

Iiarpeiskii, and E. S. Severin, Zh .  Obshch. Khim. ,  SO, 2573 (1960); J .  Gen.  
Ciiem. C S S K ,  SO, 2557 (1960). 





filtration, dissolved in boiling 2-butanone, and filtered, and the 
filtrate was cooled to yield 150 g (56%) of colorless 111, mp 214- 
216'. An analytical sample, rec:rystallized from 2-biitanoiic- 
ethyl acetate had mp 221-223"; infrared, 3230 ( P N H  amide), 
1715 ( Y C = O  ester), and 1650 cm-I ( P C - o  amide). 

Anal. Calcd for C24HI9IJOj: C, 43.99; H, 2.92. Found: 
C, 43.95; H, 2.74. 

4- [ 3,5-Diiodo-4-( 4-methoxyphenoxy)benzylidene] -2-phenyl-2- 
oxazolin-5-one (IV).-This compouid, previously dexribed by 
flarington and Barger,15 was obtained from I11 by the general 
method B in 78yo yield, mp 217-219" (lit.15 mp 211'). A com- 
parison with a sample prepared by the literature niethodlj 
(our method A )  (mp 214.5-215.5') showed no  mixtiire melting 
point depression; the infrared spectra of the two samples were 
identical. 

4- [4-( Acetoxyphenoxy)-3,5-diiodobenzylidene] -2-phenyl-2- 
oxazolin-5-one (V).-A suspension of 47 g (0.0755 mole) of I\' 
i t i  500 nil of anhydrous CH,Cl, was cooled to -70" and treated 
wi th  :t soliit ion of 100 g (0.4 mole) of boron tribromide in 100 nil 
c ~ f  atihydroiis CFI,CI,. After stirring a t  -70" for 0.5 hr, the mix- 
iiire was allowed to warm to 25' ( 2  hr). Lhiring this period the 
siispeiided solid dissolved. The clear dark solution was poured 
into 2 1. of ice-wat,er; the precipit,a,ted yellow solid was filtered, 
wabhed with water, and dried. The layers of the filtrate were 
separated, the water layer was extracted with 100-ml portions of 
CH2C!12, and the combined extracts were washed (HZO), dried 
( S  a2S04), and evaporated to dryness under reduced pressure. 
The r e s i d 4  yellow solid was combined with the dried filtered 
material (above), 150 nil of acetic anhydride was cautiously 
added, and the mixture was heated on a steam bath for 0.5 hr. 
The cooled residue was ground with H,O and filtered, and the 
csrystals were washed with H20 and dried. The crude prodlict 
W:LS their heated with lq50 ml of boiling acetic acid for 5 min, 
c*ooletl, aiid filtered, and the yellow crystals were washed well 
wilh hesane a i d  air dried. For physical and analytical data, 
see Table I ;  infrared, 1790 ( YC=O oxazolone), 1760 ( YC=O acetoxy), 
and 1660 cm-l ( P C = N  osazolone); ultraviolet (CHaCN), 386 mp 
( E  30,700), 368 (42,700), 355 (sh) (34,900), 258 (19,300), and 242 

1- [4-( 4-Acetoxyphenoxy)-3,5-diiodophenyl] -5-phenyl-6-oxa-4- 
azaspiro [2.4] hept-4-en-7-one (VI )  was prepared froni V by t'he 
general method C ;  infrared, 1820 ( Y C = O  oxazolone), 1760 ( Y C = O  

acetoxy), 1635 em-' ( Y C = N  oxazolone); ultraviolet (CH,CiY), 263 
mp ( E  23,600). 

1 -Amino-trans-2- [4-( 4-hydroxyphenoxy)-3,5-diiodophenyl] - 
cyclopropanecarboxylic Acid Hydrochloride (VII).-A mixture 
of 1.95 g (0.00293 mole) of VI, 40 ml of concentrated HC1, 30 
ml of 1110, and 30 ml of acetic acid was stirred under reflux while 
a slow stream of nitrogen was passed through the reaction flask. 
The initially clear solution became cloudy after 11 hr and then 
cleared again after about 23 hr. After 36 hr the clear, yellow 
solution was distilled a t  atmospheric pressure until 25-30 ml 
of distillate had been collected. Upon cooling to room tempera- 
ture 0.28 g of benzoic acid (as shown by its infrared spectrum and 
a mixture melting point with an authentic sample) separated and 
this was removed by filtration. Extraction of the filtrate with 
three 50-ml portions of ether yielded, on evaporation, an addi- 
tioiialO.05 g of benzoic acid; total yield 0.33 g (92%). 

The clear, aqrieoiis layer became cloudy upon standing at  room 
temperature for a few minutes; after standing a t  -17" for 48 hr, 
the small, faintly pink crystals were filtered and air dried to give 
0 . 7 0  g of J'II. Concentration of the filtrate in ~ a c u o  to 10 ml 
yielded an additional 0.21 g of product; total yield 0.91 g (54%). 
An analytical sample, prepared by recrystallization (Darc'o) 
from 6 -\' HCl containing a few milliliters of acetic acid, had mp 
1%-187' after prior sintering at  165". 

Anal. Calcd for ClfiHl4C1IPNO1.H10: C, 32.49; H, 2.73. 
Foiiiid: C, 32.80, 32.70; H, 2.75, 2.80. 

If the hydrolysis of VI was allowed to proceed for only 12 hr 
and the prodiict was isolated as above, only a small quantity of 
benzoic acid was obtained and the major product was l-ben- 
zamido-trans-2- [4- (4  - hydroxyphenoxy ) - 3,5-diiodophenyl]cyclo- 
propariecarboxylic acid, which after recrystallization from ethyl 
acetate-hexane, appeared as colorless crystals: mp 216-217" ; 
infrared, 3380 ( Y O H  phenol), 3280 ( P N H  amide), 1700 (w=o  acid), 
and 1640 cm-' (uc=o amide). 

.-lnaZ. Calcd for C23H1712NOj: C, 43.08; H, 2.67. Foiind: 

(20,500 ). 

C, 42.91; H, 2.82. 
1-Amino-trans-2- [4-( 3,5-dibromo-4-hydroxyphenoxy)-3,5- 

diiodophenyl]cyclopropanecarboxylic Acid (VIII).-A solill ioii 

(2.45 ml, 0.83 mole) of bromine in glacial acetic acid (6.1 g/100 
nil) was added dropn-ise to a soliit,ioii of 0.27 g (0.457 mole) of VI1 
i i i  5 nil of the sttme solvent. The oimige-red soliitioii wtis stirred 
at  28" for 20 hr, cooled, neutralized with 40%; aqueous methyl- 
amine to pH 4-5, diluted with 10 ml of water, and allowed to 
stand at  4" for 6 hr. A nearly colorless precipitate (0.32 g )  
formed; i t  was filtered and washed with water. The crude nia- 
terial was dissolved in a mixtiire of 5 ml of acetic acid, 2 drops of 
37yG IIC1, 1 ml of methanol, and 3 ml of water. The solutioii w:w 
treated with l larco and then nerlt,ralized (pH 4-5) with 205 ,  
aqueous methylamine. Repetition of this procedure yielded 
0.12 g of colorless material which was dried (P20i, vacuum), mp 
167-170". This prodiict contained a small amoiirit of a second 
component (tlc on silica gel-aqueous 1-propanol, 707; v/v)  whirh 
could not be removed by flirther reprecipitation. 
Anal. Calcd for Cl~H11Br?12N04: C, 27.66: 1-1, 1.60; S, 2 .02 .  

Found: C, 27.45, 27.69: H, 1.89, 2.01: X, 1.69. 
1 -Benzamido-cis-2-( 4-methoxyphenyl)cyclopropanecarboxy lic 

acid ( X )  wa-: piepared from I S  tiy t,he geiieral iiietliocl of S t r ige~ .?~  
foi, the k)etixoylatioli of amino acids. The ci,iiclr ci inipout~d,  I I I ~  

197-l$K)o, was obtaiiied ir i  50% yield. 
rthairol-wat,er gave colorless material: 
frared, 3360 (YSH XHCO), 1700 ( Y e n  CChH), 16-35 m r l  ( w = o  
NHCO). 

9na l .  Calcd for ClIIJliNOI: C, 60.44; H, 5.50. Foiind: 
C, 69.23; H, 5.56. 

cis-1 -( 4-Methoxyphenyl)-5-phenyl-6-oxa-4-azaspiro [2.4] hept- 
4-en-7-one (XI )  was prepared fwm X by t.he general method I ) ,  
mp 137-138'; infrared, 1505 (vc-o oxazolone), 1640 rm-' 
( P C - N  oxazolone). A mixtiire melting point with SI114,31 
(mp 124-125') (1it.l4s31 124') was 110-134". 

1 -Benzamido-tmns-2-( 4-methoxyphenyl)cyclopropanecarbox- 
ylic Acid (XIII).-A soliitiiiti of 3.21 g (0.011 mole) of S I 1  i t i  

25 nil of 2:( ttqueous NaoII :tiid 2.5 nil o f  :wetoire was reflrise:l 
for 30 min, poured inic -water, widified to p11 1, :uid ( Y I I J I C ( ~  
to 4'. The colorless c als which separated were filtei.ed o l T ,  
washed with water, and dried (P20j,  vacuum); >-ield 3.2G g 
(9674), mp 225-230'. Recrystallization from ethanol-water 
gave 2.9 g (857,) of pure material: mp 235-237"; infrared, 3290 
( P N H  XHCO), 1690 ( v e o  COZH), 1660 em-' (uc=o NHCO). 

Anal. Calcd for C18Hl,N04: C, 69.44; H, 5.56. Foiind: 
C, 69.15; H, 5.66. 

When XI11 was t,reat,ed with a slight, excess of diazoniet,hatie i n  
et,her containing 1 yc of met,hanol, methyl l-benzamido-trans-2- 
(4-methoxyphenyl)cyclopropanecarboxylate (XIV)  was formed, 
near quantitatively, mp 174.5-175' after recryst>allization from 
methanol-water; infrared, 3340 ( P K H  XIICO), 1740 ( w E n  
CO,CHz), 1645 cm-1 ( ~ c - 0  NHCO); nmr (CDCb), 6 7.14 (9 IT, 
multiplet, aromatic H ) ,  6.28 ( 1  H, singlet, CONHCfiHs), 3.77 
( 3  H, singlet, OCH,), 3.72 ( 3  H, singlet, OCHz), 3.00 ( I  H, 
multiplet, cyclopropane CH), 2.21 ( 1 H, multiplet, cyclopropane 
C H ) ,  1.75 ( 1  H, multiplet, cyclopropane CHI. 
Anal. Calcd for C19H18N04: C, 70.14; H, 5.89. Found: 

C, 69.98; H ,  5.67. 
1 -( 4-Acetoxyphenyl)-5-phenyl-6-oxa-4-azaspiro [2.4] hept-4-en- 

7-one (XV) was prepared from 4-(4-acetoxybeiizylideiie)-%- 
phenyl-2-oxazolin-5-one~2 by method C ; infrared, 1820 ( w F o  
oxazolone) 1755 ( Y C = O  acetoxy), 1635 cm-l (YC-s oxazolone); 
nmr (pyridine), 6 3.33 (1 H, miiltiplet, cyclopropane-H), 2.17 
( 5  H: singlet superimposed on miiltiplet, O C O C H J ,  cyclopro- 
pane CH,). 
1 -Benzamido-trans-2-( 4-hydroxyphenyl)cyclopropanecarboxylic 

Acid (XVI).-A mixture of 11.1 g (0.034 mole) of S V  in 100 ml of 
5cI, aqueous XaOH and 100 ml of acetone was stirred under 
reflux for 2.5 hr. The cooled solution was poiired into ice-water 
and acidified to pFI 1, and the mixtiire was allowed to stand at  4" 
for 2 hr. The buff-colored crystals which separated were filtered 
off, washed with H,O, and dried over PnOa to give 6.7 g (65%) 
of XT'I, mp 224-226'. An analytical sample prepared by re- 
crystallization from methanol had mp 231-232' ; infrared, 1705 
(VC-o COOH), 1655 em-1 (YC=O SHCO).  

Anal. Calcd for Cl7HljNO4: C, 68.68; H, 5.09. Follnd: 
C, 68.86; H, 5.18. 

When XT'I was treated with excess CH,N, in ether containing 
167, of methanol for 30 hr at  25", colorless crystals separated oiit, 
mp 168-170". After recrystallization from methanol-water, 

I 

(31) We found for SI1 infrared 1810 (uc-o oxaaolone), 1635 em-l  (uc,-v 

(32)  13:. TCvlrnmeypr ani1 11'. Stndlin, Ann.,  337, 286 (1904). 
oxazolone). 




