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The synthesis of l-amiiio-iraras-2-[4-(4-hydrox.ypheno.xy)-3,o-diiodophe]iyl]cy(.'lopropanecarb(>.\y]ic acid has 
been performed, the key step being the addition of CH2 (from diazomethane) to the exocyclic double bond of the 
azlactone, 4-[4-(4-acetoxyphenoxy )-3,5-diiodobenzylidene]-2-phenyl-2-oxazolin-5-one. The stereochemistry of 
the amino acid has been established. The 3',.V-dibromo derivative exhibited weak thyromimetic activities in 
basal metabolism and antigoiter tests and did not inhibit increased metabolism developed by triiodothyronine. 

As part of our program to study biologically in
teresting amines and amino acids with sterically hin
dering groups adjacent to the amino and/or carboxyl 
functions,2,3 we are paying particular attention to 
analogs in which the a-carbon atom is part of a small 
ring.4-7 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 8-10. We now describe the synthesis, stereo
chemistry, and biological properties of cyclopropylogs 
of thyronines related to the natural thyroid hormones. 

After exploring several approaches to the synthesis 
of l-amino-2-arylcyclopropanecarboxylic acids,11,12 we 
found what appeared to be a very promising pathway 
in the reaction of azlactones13 with diazomethane; 
the resulting l-aryl-5-phenyl-6-oxa-4-azaspiro [2.4 ]hept-
4-en-7-ones (e.g., XII)14 appeared to be likely interme-

0 

XII, Ar=4-CH3OC6H4 

diates for the preparation of the corresponding cyclo-
propaneamino acids. Consequently, 4-[4-(4-acetoxy-
phenoxy)-3,5-diiodobenzylidene]-2-phenyl - 2 - oxazolin-
5-one (V) was treated with diazomethane and yielded 
l-[4-(4-acetoxyphenoxy)-3,5- diiodophenyl] - 5 - phenyl-
6-oxa-4-azaspiro[2.4]hept-4-en-7-one (VI), which on re
flux with hydrochloric acid gave the 3,5-diiodothyro-
nine analog VII. 

The azlactone V was obtained from the 4'-methoxy-
phenoxy-3,5-diiodo azlactone IV which had been used 
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by Harington and Barger in their classical synthesis of 
thyroxine.16 We prepared IV by a more convenient 
route from p-hydroxybenzaldehyde in five steps in an 
over-all yield of 17.5% as shown in Chart I. At this 
point the 4'-methoxy group had to be removed be
cause it was expected that ether cleavage with HBr 
subsequent to the construction of the cyclopropane 
ring might disrupt this strained portion of the mole
cule. This was achieved by treatment of IV with 
boron tribromide16 followed by acetylation of the re
action mixture.17 

Many attempts to iodinate VII with I2-KI in am
monium hydroxide or aqueous methylamine, or with 
iodine monochloride in acetic acid-20% HC1 were un
successful, a low degree of iodination being achieved 
at best; VII was recovered essentially unchanged 
from these experiments. Since 3 ' and/or 5' substi
tution is known to be essential for significant thyromi
metic activity, VII was brominated in acetic acid; 
the corresponding 3',5'-dibromo compound (VIII) 
was obtained without difficulty. As shown later in 
this paper, VIII was recognized as l-amino-iTa?is-2-
[4-(3,5-dibromo-4-hydroxyphenoxy)-3,5-diiodophenyl ]-
cyclopropanecarboxylic acid. 

In order to test VIII for biological activity,18 the 
following experiments were carried out: tests for the 
effects of graded doses of VIII on oxygen consumption 
and heart rate in normal and thyroidectomized rats, 
antigoiter and antimetabolism tests in rats. The 
oxygen consumption and heart rates were followed in 
a series of rats at the dosage levels of 1.14, 0.69, and 0.23 
mg of VIII/100-g rat injected daily intraperitoneally 
for a period of 11 days followed by an 8-day period 
of recovery. At the same time, a comparable study 
was made by injecting daily 8.25 ng of triiodo-L-
thyronine (T-3)/100-g rat for a similar period of time. 
At each dosage level, three rats were used except at 
the 1.14-mg level when four rats were employed. There 
was a relationship between metabolic response and 
dosage, for after 7 days of injecting VIII, the metabo
lism on 0.23 mg of drug had increased 33%, on 0.69 
mg, 81%, and on 1.14 mg, 100%. After 8 days on T-3, 
the metabolism rose 107%,. Therefore, VIII in
creases the oxygen consumption of thyroidectomized 
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rats hut its activity is \'\w that of T-3. There was 
very little, if any, biological activity at the same dosage 
levels in normal rats. The heart rates showed changes 
comparable to those of the basal metabolism in the 
ihyroidectomized rats. 

In the antigoiter test, the rats were given 0.13 nig % 
of methimazole in their drinking water. In a group of 
13 rats, N.2.") fig of T-3 was given intraperitoneally 
daily for S days. In 14 rats, 1.14 mg of VIII was given 
daily for 8 days. A group of six rats was only given 
methimazole. The thyroid weights of the controls 
averaged 4.5 mg, 100-g rat, the T-3 group averaged 7.2 
mg, the group receiving VIII averaged 9.6 mg, while 
the methimazole group averaged 13.9 mg. Again, 
il is clear that VIII does have weak biological activity. 

In the antimetabolism test, the metabolism of eight 
rats was followed on 8.3 fig of T-3, and on S.3 fig of 
T-3 plus 1.16 mg of VIII intraperitoneally for a period 
of 11 days. At this time the groups were changed. 
I he T-3 group now receiving VIII , and the T-3 plus VIII 
group only receiving T-3. There was a slight lag in 
the increment of metabolism when the rats received 
both compounds but the metabolism of the T-3 group 
was not diminished on addition of VIII. Therefore, 
VIII does not have an inhibitory action on the increased 
metabolism developed by T-3. 

By way of comparison, the 3',5'-dibromo analog of 
( ± ^thyroxine has about 1% the effect of thyroxine 
on the oxygen consumption of rats.19 

i l i i i ('. P. I.eblond and ]',. Grai l , ./. I'hannacul. Kxptl. Tliem/i.. 
l!148i; rf. I-'.. AUte rha lden and F . Wertl inimiT, Z. Ges. Kxptl. Meil., 

i 11)281. 

Stereochemistry. --As a basis for the exploration of 
the possible relationship between the configuration of 
the cyclopropaneamino acid VIII to its biological 
activity, the stereochemistry of VI had to be elucidated. 
It should be remarked that the geometry of unsaturated 
azlactones such as V is not known with certainty. The 
condensation of an aldehyde with hippuric acid by the 
Erlenmeyer-Ploehl synthesis generally yields only one 
stereoisomer,2" presumably the more stable one.4 1 3 

Depending on its mode of addition, diazomethane 
could add to this homogeneous stereoisomer to furnish 
spirooxazolones in which the carbonyl group of the 
oxazolone ring is cw and 'o r irons to the 1-aryl moiety. 
In all cases so far studied in this and previous 
papers4'14''21 only one isomer has been isolated. A 
definite assignment of eonfiguratkm of VI has now been 
made: the carbonyl group of its oxazolone ring is traun 
to the 4'-acetoxyphenoxy-3,o-diiodophenyl group based 
on the following considerations (see also Chart I I ) . 

The spirooxazolone XII has been described by Awad. 
el a/..1'1 without comments on its stereochemistry. It 
was prepared by the addition of diazomethane to the 
corresponding unsaturated oxazolone. This spiro
oxazolone XII was different from the isomeric com
pound X I which in turn was prepared by us from 1-
amino-ci6'-2-(4 - methoxyphenyl)cyclopropanecarboxy]ic 
acid ( IX). The configuration of I X follows from its 
formation from diethyl 2-(4-methoxyphenyl)-l , l-cy-
clopropanedicarboxylate.12 Partial saponification of 
this ester removed only the trans alkoxy] group, and the 

•<. lieterwijelic Cla'm., 4, U.j (.1!)05). 
Asker, A. U, Harhash , and A. M. Flidfel, Tctrulii-dwu. 

94, 12.", 
63, ,->.-> 7 

(20) R. Filler, 
(21) A. Mustaf 

2 1 , 2215 (1<)65;. 

•iilr 

i, W 
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cts-carbethoxy-fo'ans-carboxylic acid thus obtained was 
converted to I X by Curtius degradation of the free 
carboxyl.22 Retention of configuration in the benzoyla-
tion23 of I X and in the ring closure24,25 of X is based on 

CH30 

IX1: 

QHsCQCl 

NaOH,00 > 

CH30 

NHC0C6H5 

C02H 

CH;10 

(22) For analogous cases see ref 5 and 11. 
(23) R . E . Steiger, ./. Org. Chem., 9, 396 (1944). 

Ac20 

XI 

pertinent analogies in the literature. Therefore, the 
oxazolone carbonyl of X I I is trans to the methoxy-
phenyl group. 

The relationship of X I I to VI was established by the 
reactions shown in Chart I I . The spirooxazolone X I I 
was hydrolyzed to the benzamido acid X I I I which 
differed from the isomer X. Esterification of X I I I 
furnished the ester XIV which was also obtained from 
the phenolic benzamido acid XVI , separately synthe
sized from the p-acetoxy azlactone XV. Iodination 
of X V I led to the cyclopropylog of 3,5-diiodo-X-
benzoyltyrosine (XVIII) which in turn was also syn
thesized from I as shown in Chart I I . The methyl 
ester (XIX) of X V I I I was coupled with di(p-anisyl)-
iodonium bromide to yield the thyronine analog X X . 
This compound was also formed from VI with diazo-
methane in methanol-ether. 

(24) R. E. Buckles, R. Filler, and L. Hilfman, ibid., 17, 233 (1952). 
(25) N. K. Kochetkov, E. I. Hudovskii, R. M. Khomutov, M. Ya. 

Karpeiskii, and E. S. Severin, Zh. Obshch. Khim., 30, 2573 (I960); J. Gen. 
Chem. USSR, 30, 2557 (1960). 
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Experimental Section26 

General Method for Unsaturated Azlactones. A. From 
Aldehydes.-—A mixture of equimolar quantities of the aromatic 
aldehyde, hippuric acid, and anhydrous sodium acetate, and 
enough acetic anhydride to cover the solids was heated in a dish 
on a steam bath for 1 hr. The cooled residue was ground with 
an amount of water corresponding to that of the acetic anhydride 
used and filtered, and the crystals were washed with water until 
free from acetic acid. The air-dried crystals were recrystallized 
(see Table I). For infrared spectra, see text. 

B. From Methyl a-Acylamino-0-aryIacrylates. A m e t h a n o l i c 
solution of the ester was hydrolyzed with 1.5 moles of K()H 
(20',',, in IKO) at reflux for 12 hr. The .solution was poured into 
2 vol. of ice-water and acidified to p l l 1, and the crude solid 
acylamino acid was filtered off. The material was dried (vacuum, 
P2O5) and then heated on a steam bath with two parts of acetic 
anhydride for 0.5 hr. The cooled residue was ground with four 
parts of water and filtered. The crystals were washed with 
water, dried over P20.7, and recrystallized from a suitable solvent. 

General Procedure for l-Aryl-5-phenyl-6-oxa-4-azaspiro-
[2.4|hept-4-en-7-ones. Method C. From Unsaturated Oxazo-
lones (Table II).- A dry solution of about, 0.233 mole of diazo-
methane (from 48 g of N-methyl-X-iiitrosourea) in 2.5 1. of el her2, 

was added with stirring to a solution of 0.04-41.05 mole of the 
unsaturated oxazolone in enough G'HClti28 lo dissolve the com
pound,27 and the mixture was stirred at 26° for 12 hr. It was 
filtered to remove any product and/or polymethylenes which 
were washed with dry ether. Any filtered product was erystal-
ized from a suitable solvent; from the filtrate the spirooxazolones 

(20) MelLitiy po in t s were t aken in it capi l lary mel t ing point a p p a r a t u s 
p r e h e a t e d lo about 15° below lite repor ted values ami a re correc ted . Infra
red s p e d ra were d e t e r m i n e d on a P e r k i n - E l m e r Model 'A'A7 s p e c t r o p h o l o m e t e r 
its K B r pel le ts . 1,'ltraviolet spec t ra were recorded on a B e c k m a n I.)U spec
t r o p h o t o m e t e r . N m r spec t ra were run with a Var ian A-60 spec t rome te r a n d 
are r epo r t ed as p a r t s per million uni ts downfield from ( C H s ^ S i used as an 
in te rna l s t a n d a r d unless ind ica ted o therwise . Analyses were pe r fo rmed by 
G a l b r a i t h Labora to r i e s , I n c . , Knoxyil le , T e n n . 

(27) In t he ease of the 4-acetoxy- a n d 4-benzyloxy-3 ,5-d i iodophenyl de
ny at ives, a suspension of t he a / l ac ! one in ."HIP. till of ( ' IK 'h was used. 

(28) In the ease of 4- [4- (4-ace toxyphenoxy) -:l,;">-diiodol>enzylidene j -2-
phenyl-2-oxazol in-o-one, d ioxane was used i n s t e a d of CIIC'l:; to ob ta in a 
homo aeneous solttt ion. 

were recovered by concentration lo 100--200 ml and cooling. 
The precipitated products were filtered off and washed with 
ether. 

Method D. From l-Acylamino-2-arylcyclopropanecarboxylic 
Acids.--The acid (0,5 g) was heated on a steam bath with 1 ml 
of acetic anhydride for 0.5 hr, the mixture was cooled, and the 
azlactone was filtered off and washed with ether. If the azlac-
tone did not crystallize, 2 ml of ether was added, and the mixture 
cooled to 4° overnight until crystallization had taken place. 

If the methyl ester of the acylamino acid was available, the 
met hanolie solut ion of t he ester was hydrolyzed wit h 1.5 moles of 
2 0 ' ( aqueous KOH at reflux for 12 hr. The solution was poured 
into 2 vol. of ice-water and acidified lo plf 1. and the crude acyl
amino acid was filtered off. The dried (P20;, vacuum) material 
wits used directly as above. 

Principal Synthetic Path to l-Amino-2-!3,5-diiodo-4-( 4-hy-
droxyphenoxy)phenyl|cyclopropanecarboxylic Acid. 4-(4-Ace-
toxy-3,5-diiodobenzylidene)-2-phenyl-2-oxazolin-5-one (I) was 
prepared from 3,5-diiodo-4-hydroxybenzaldehyde by method A;-* 
infrared, 1790 (KC-O oxazolone), 1760 (ce-o acetoxy), 10.10 cm ' 
(cc-x oxazolone); ultraviolet (CHSCX), 3S4 inn U 26,0001, 
304 (39,200), 350 (sh) (32,000), 257 (IS,900), 241 (10,200). 

Methyl rv-Benzamido-tJ-(3,5-diiodo-4-hydroxyphenyl lacrylate 
I Hi. - A mixture of 376 g (0.673 mole! of I, 54 g (1.0 mole) of 
sodium methoxide, and 1500 ml of absolute methanol was stirred 
under reflux for 2 hr, cooled, poured into ice-water, and filtered. 
The clear filtrate was acidified to pTI 3 with concentrated IK.'l 
and filtered. The crystals were washed with II2(), dried, and 
recrystallized front acetic acid to yield 225 g !62c7 i of II, nip 
215.5-216.5°. An analytical sample recrystallized from acetic 
acid had mp 218-220°; infrared, 3400 iwi i phenol), 3240 O-NII 
amide), 1715 (IT-O ester), and 1655 cm"1 ( P C O amide). 

Anal. Calcd for C17H13T2NOi: C. 37.19; II, 2.30. Found: 
C, 37.07; II, 2.32. 

Methyl «-Benzamido-p-13,5-diiodo-4-(4-methoxyphenoxy i-
phenyllacrylate (III).—A mixture of 224 g (0.40S mole) of II, 
345 g (0.S2 mole) of dianisyliodonium bromide,30 50 ml of tri-
ethylamine, 5 g of copper powder, and 2 1. of absolute methanol 
was stirred for 24 hr at 23°. The crystals were removed bv 

.2 ) ) ! T . M a t s u u r a a n d 11. .1. ( ' u l i n m u n n , ./. . l » i . Ciitm. 
1 >!.,!>), 

.:!(>> I I . Z i e K l e r a n - i <'. M a n , ./. Urn. ( 7 M M . , 2 7 , ;j:i:ir. i l!Hi: 

.St.,'., 8 1 , S7 1 
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filtration, dissolved in boiling 2-butanone, and filtered, and the 
filtrate was cooled to yield 150 g (56%) of colorless I I I , mp 214-
21(5°. An analytical sample, recrystallized from 2-butanone-
ethyl acetate had mp 221-223°; infrared, 3230 (XNH amide), 
1715 (vc-o ester), and 1650 cm" 1 (vc-o amide). 

Anal. Calcd for C24H19I2N05: C, 43.99; H, 2.92. Found: 
0,43.95; H, 2.74. 

4-[3,5-Diiodo-4-(4-methoxyphenoxy)bertzylidene]-2-phenyl-2-
oxazolin-5-one (IV).—This compound, previously described by 
Harington and Barger,15 was obtained from I I I by the general 
method B in 78% yield, mp 217-219° (lit.15 mp 211°). A com
parison with a sample prepared by the literature method15 

(our method A) (mp 214.5-215.5°) showed no mixture 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 IV 
in 500 ml of anhydrous CH2CI2 was cooled to —70° and treated 
with a solution of 100 g (0.4 mole) of boron tribromide in 100 ml 
of anhydrous CH2C12. After stirring at —70° for 0.5 hr, the mix
ture was allowed to warm to 25° (2 hr). During this period the 
suspended solid dissolved. The clear dark solution was poured 
into 2 1. of ice-water; the precipitated yellow solid was filtered, 
washed with water, and dried. The layers of the nitrate were 
separated, the water layer was extracted with 100-ml portions of 
CH2C12, and the combined extracts were washed (H20), dried 
(Na2SOj), and evaporated to dryness under reduced pressure. 
The residual yellow solid was combined with the dried filtered 
material (above), 150 ml 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 2 0 and filtered, and the 
crystals were washed with H 2 0 and dried. The crude product 
was then heated with 150 ml of boiling acetic acid for 5 min, 
cooled, and filtered, and the yellow crystals were washed well 
with hexane and air dried. For physical and analytical data, 
see Table I ; infrared, 1790 (vc-o oxazolone), 1760 (vc-o acetoxy), 
and 1660 c m - 1 (VC-N oxazolone); ultraviolet (CH3CN), 386 m^ 
(e 30,700), 368 (42,700), 355 (sh) (34,900), 258 (19,300), and 242 
(20,500). 

l-[4-(4-Acetoxyphenoxy)-3,5-diiodophenyl]-5-phenyl-6-oxa-4-
azaspiro[2.4]hept-4-en-7-one (VI) was prepared from V by the 
general method C; infrared, 1820 (vc-o oxazolone), 1760 (vc-o 
acetoxv), 1635 c m - 1 (VC-N oxazolone); ultraviolet (CH3CN), 263 
m/z(« 23,600). 

l-Amino-Srares-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 H 20, 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 at 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
tional 0.05 g of benzoic acid; total yield 0.33 g (92%). 

The clear, aqueous layer became cloudy upon standing at room 
temperature for a few minutes; after standing at —17° for 48 hr, 
the small, faintly pink crystals were filtered and air dried to give 
0.70 g of VII. Concentration of the filtrate in vacuo to 10 ml 
yielded an additional 0.21 g of product; total yield 0.91 g (54%). 
An analytical sample, prepared by recrystallization (Darco) 
from 6 A' HC1 containing a few milliliters of acetic acid, had mp 
185-187° after prior sintering at 165°. 

Anal. Calcd for C16H I4C1I2N04-H20: C, 32.49; H, 2.73. 
Found: 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 product was isolated as above, only a small quantity of 
benzoic acid was obtained and the major product was 1-ben-
zamido-trans-2- [4- (4 - hydroxyphenoxy) - 3,5-diiodophenyl] cyclo-
propanecarboxylic acid, which after recrystallization from ethyl 
aeetate-hexane, appeared as colorless crystals: mp 216-217°; 
infrared, 3380 (VOH phenol), 3280 (I»NH amide), 1700 (vc-o acid), 
and 1640 c m - 1 (vc-o amide). 

Anal. Calcd for C2 3H„I2N05 : C, 43.08; H, 2.67. Found: 
C, 42.91; H,2.82. 

1 -Amino-(rans-2- [4-( 3,5-dibromo-4-hydroxyphenoxy )-3,5-
diiodophenyl]cyclopropanecarboxylic Acid (VIII).—A solution 

(2.45 ml, 0.93 mole) of bromine in glacial acetic acid (6.1 g/100 
ml) was added dropwise to a solution of 0.27 g (0.457 mole) of VII 
in 5 ml of the same solvent. The orange-red solution was 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 4C for 6 hr. A nearly colorless precipitate (0.32 g) 
formed; it was filtered and washed with water. The crude ma
terial was dissolved in a mixture of 5 ml of acetic acid, 2 drops of 
37% IICL 1 ml of methanol, and 3 ml of water. The solution was 
treated with Darco and then neutralized (pH 4-5) with 20% 
aqueous methylamine. Repetition of this procedure yielded 
0.12 g of colorless material which was dried (P>05, vacuum), mp 
167-170°. This product contained a small amount of a second 
component (tic on silica gel-aqueous 1-propanol, 70% v /v) which 
could not be removed bv further reprecipitation. 

Anal. Calcd for C1 6HnBr2I2N04 : C, 27.66: H, 1.60: X, 2.02. 
Found: C, 27.48, 27.69; H, 1.89, 2.01; X, 1.69. 

l-Benzamido-ns-2-(4-methoxyphenyl)cyclopropanecarboxj'lic 
acid (X) was prepared from IX by the general method of Steiger23 

for the beiizoylation of amino acids. The crude compound, nip 
197-199°, was obtained in 50% yield. Recrystallization from 
ethanol-water gave colorless material: mp 198-199.5°; in
frared, 3360 (J-NII XHCO), 1700 (vc-o CO,H), 1635 c m - ' (vc-o 
NHCO). 

Anal. Calcd for Ci8H,-N04: C, 69.44; H, 5.50. Found: 
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 from X by the general method 1), 
mp 137-138°; infrared, 1805 (vc-o oxazolone), 1640 cm"1 

(VC-N oxazolone). A mixture melting point with XII1 4 '3 1 

(mp 124-125°) (lit.".31 124°) was 110-134°. 
1 -Benzamido-i:rares-2-( 4-methoxyphenyl )cyclopropanecarbox-

ylic Acid (XIII).—A solution of 3.21 g (0.011 mole) of XII in 
25 ml of 2% aqueous XaOII and 25 nil of acetone was refluxeil 
for 30 min, poured into ice-water, acidified to pl l 1, and cooled 
to 4°. The colorless crystals which separated were filtered off, 
washed with water, and dried (P2()5, vacuum); yield 3.26 g 
(96%), mp 225-230°. Recrystallization from ethanol-water 
gave 2.9 g (85%) of pure material: mp 235-237°; infrared, 3290 
(VNH NHCO), 1690 (vc-o C02H), 1660 cm"1 (vc-o NHCO). 

Anal. Calcd for CiSH„N04 : C, 69.44; H, 5.56. Found: 
C, 69.18; H, 5.66. 

When XII I was treated with a slight excess of diazomethane in 
ether containing 1% of methanol, methyl l-benzamido-<ra?is-2-
(4-methoxyphenyl)cyclopropanecarboxylate (XIV) was formed, 
near quantitatively, mp 174.5-175° after recrystallization from 
methanol-water; "infrared, 3340 (VNH XHCO), 1740 (vc-o 
CO,CH3), 1645 cm"1 (vc-o NHCO); nmr(CDCl3) , S 7.14 (9 H, 
muitiplet, aromatic H), 6.28 (1 H, singlet, CONi?C6H5), 3.77 
(3 H, singlet, OCH3), 3.72 (3 H, singlet, OC#3) , 3.00 (1 H, 
muitiplet, cyclopropane CH), 2.21 (1 H, muitiplet, cyclopropane 
CH), 1.78 (1 H, muitiplet, cyclopropane CH). 

Anal. Calcd for G 9 H 1 9 N0 4 : C, 70.14; H, 5.89. Found: 
C, 69.98; H,5.67. 

l-(4-AcetoxyphenyI)-5-phenyl-6-oxa-4-azaspiro[2.4]hept-4-en-
7-one (XV) was prepared from 4-(4-acetoxybenzylidene)-2-
phenyl-2-oxazolin-5-one32 by method C; infrared, 1820 (vc-o 
oxazolone) 1755 (vc-o acetoxy), 1635 c m - 1 (VC-N oxazolone); 
nmr (pyridine), 5 3.33 (1 H, muitiplet, cyclopropane-.//), 2.17 
(5 H: singlet superimposed on muitiplet, OCOC//3, cyclopro
pane C//•>). 

l-Benzamido-inms-2-(4-hydroxyphenyl)cyclopropanecarboxylic 
Acid (XVI).—A mixture of 11.1 g (0.034 mole) of XV in 100 ml of 
5% aqueous NaOH and 100 ml of acetone was stirred under 
reflux for 2.5 hr. The cooled solution was poured into ice-water 
and acidified to pH 1, and the mixture was allowed to stand at 4° 
for 2 hr. The buff-colored crystals which separated were filtered 
off, washed with H20, and dried over P 2 0 5 to give 6.7 g (65%) 
of XVI, mp 224-226°. An analytical sample prepared by re-
crvstallization from methanol had mp 231-232°; infrared, 1705 
(vc-o COOH), 1655 cm"1 (vc-o XHCO). 

Anal. Calcd for Ci7H15N04: C, 68.68; H, 5.09. Found: 
C, 68.86; H, 5.18. 

When XVI was treated with excess CH2N2 in ether containing 
16% of methanol for 30 hr at 25°, colorless crystals separated out, 
mp 168-170°. After recrystallization from methanol-water, 

(31) V̂e found for XII infrared 1810 (vc-o oxazolone), 1635 em-1 («c-N 
oxazolone). 

(32) K. Krlenmeyer and W. Stadlin, Ann., 337, 286 (1904). 
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the melting point was 170-173°, undepressed on admixture of 
XIV. The infrared spectra of the two materials were super-
imposable. 

1-Benzamido-i/an.s-2-( 3,5-diiodo-4-hydroxyphen> 1 )cyclopro-
panecarboxylic Acid (XVIII).—To a solution of 2.97 g (0.01 mole) 
of XVI in 50 ml of 33'," r aqueous ethylamiue was added slowly, 
with stirring, over 1 hr, 5.34 g (0.021 mole) of iodine in 12.5 ml of 
10' , aqueous KI. Stirring was continued for 1 hr at 2.5°. The 
solution was poured into ice-water, neutralized io pl l 1, and 
cooled. The nearly colorless crystals were removed by filtration, 
air dried, and recrystallized from acetic acid; yield 15.0 g (55' < ), 
nip 210-214°. This material proved to be identical with XVIII 
prepared from XVII (see below) as shown by a comparison of their 
infrared spectra and mixture melting point which showed no 
depression. 

l-(4-Acetoxy-3,5-diiodophenyl)-5-phenyl-6-oxa-4-azaspiro-
|2.4]hept-4-en-7-one (XVII) was prepared from I by general 
procedure C; infrared, 1S20 (vc-o oxazolone), 1765 (KC-O 
acetoxy), 1635 cm"1 ( JT-N oxazolone); ultraviolet (OTT3ON), 263 
IlljU f e 1 0 , 7 0 0 ) . 

A mixture of 17.8 g (0.031 mole) of XVII, 200 ml of 2') *c aqueous 
N'iiOII, and 200 ml of acetone was stirred under reflux for 4.5 hr 
and the acetone was removed under reduced pressure. The resi
due was poured into ice-water, acidified to pH 1, and cooled at 
4° for 2 hr. The buff-colored crystals which separated were 
filtered, washed with 11/), and dried over P.O., to yield 14.0 g 
(82'') ) of XVIII , mp 214-215°. An analytical sample prepared 
by recrystallization from acetic acid had mp 215.5-216.5°: 
infrared! 3450 (»OH phenol), 32S0 (Vs„ XTTCO), 1700 („,•„, 
COOII), 104") cm- 1 ( i /cu NITCO). 

Anal. Calcd for C1TII,JA'()4: C, 37.10: 11. 2.30. Found: 
( ' ,37.00: 11,2.50. 

This material was identical with that obtained by iodination 
of XVI (mixture melting point and infrared spectra). 

Methyl l-Benzamido-ira«s-2-( 3,5-diiodo-4-hydroxyphenyl)-
cyclopropanecarboxylate (XIX). A. From XVIII.—A mixture of 
XVIII (10 g, 0.018 mole), 50 ml of absolute methanol, 100 ml 
of 1,2-dichloroethane, and 0.5 g of p-toluenesulfonic acid was 
refhixed for 13 hr. The cooled reaction mixture was washed 
with If / ) , whereupon the product crystallized from the organic 
layer. The colorless crystals were filtered and recrystallized 
from methanol to yield 6.4 g (62''< ) of XIX, mp 195-197°. 
An analvlical sample, recrvstallized from methanol, had mp 
109-200°: infrared, 3 4 5 0 ' ( « , H phenol), 3280 U X H N H C O ), 
1725 U-,,0 CO,CIT3), 1645 c m - ' 1 „(._o NITCO). 

Anal. Calcd for 0 , J i K J , X 0 4 : O, 38.39: H, 2.08. Found: 
C. 38.53: If, 2.84. 

B. From XVII.- A mixture of XVII ( 16.4 g, 0.029 mole) and 
3.24 g (0.06 mole) of sodium methoxide in 200 ml of absolute 

The search for steroids with increased biological 
utility has led to the synthesis of such a profusion of 
compounds that hardly a position on the nucleus has 
resisted the introduction of a variety of new substitu-
etits. Molecular manipulation at the 16-carbon atom1 

has shown this to be one of the more profitable sites 
on which to operate. The introduction of a 16a-
hydroxyl or a 16a-methy] group has been the most sue-

(11 A. S. Hoffman, FT. A I. Kis?raan, and M . .1. Weiss, J. Med. Chern.. 5, 

Uli'J 1 HW2). 

methanol was stirred under reflux for 3 hr. The solution was 
lioured into ice-water and filtered, the filtrate was acidified to 
pll 3. and the mixture was cooled at 4° for 2 hr. The colorless 
crystals were filtered, washed with 11/), and dried (vacuum, 

) P/)„") to yield 15 g (93'Y ) of XIX, mp 187-189°. The infrared 
spectrum of this material was identical with that of the product 
from method A above. Recrystallization from methanol gave 
colorless crystals, mp 197-199°.' 

I Methyl l-Benzamido-ban.s-2-|3,5-diiodo-4-(4-rnethoxyphen-
oxy(phenyl]cyclopropanecarboxylate (XX). A. From XIX. A 
mixture of 15 g (0.020 mole! of XIX, 23.2 g (0.055 mole) of diani-
syliodouium bromide,3" 10 ml of triethylamine, 5 g of copper 
powder, and 200 ml of absolute methanol was stirred at 25° for 

1 24 hr. It was filtered, the brownish crystals were dissolved in 
boiling methanol and filtered, and the filtrate was cooled to give 
0.45 g 057')) of colorless XX, mp 185-187°. An analytical 
sample prepared In- recrystallization from methanol had mp 
ISO.5-187.5°; infrared, 3320 ( VSn NHCO ), 1735 ( xr.„o C(),CI!;,). 
1645 („<•,,,, XIICO); ntnr (TM)Cla), 5 7.78 (2 H. singlet, 2,0 pro
tons of iodine-substituted ring), 7.48 (5 IT, multiple!, phenyl 
protons of benzamido group), 0.72 (4 II, multiple!, protons of 
1,4-disubsttinted ring), 6.43(1 IT, broad singlet, NT/OOCdh). 3.75 
(0 II, singlet, OCft , methyl ether and methyl ester), 3.08 i 1 II. 
multiple!, cyclopropane CH), 2.03 (2 H, multiple!, cyclopropane 
('//•>!; nmr(pyridine), 5)1.72 and 3.63(3 II, singlet, OCH>„ methyl 

i ether or methyl ester), 3.31 (1 II, multiple!, cyclopropane ( 7 / i . 
2.23 (2 II, multiple!, cyclopropane ( 7 / , ! . 

Anal. Calcd for (VlbJ .NO. , : (', 44.87; II. 3.16. Found: 
C. 44.69: II, 3.16. 

B. From VI. -Treatment of VI with excess diazomethanc in 
ether containing 10' , methanol for 20 hr at 25° followed by evapo
ration of the solvent under reduced pressure furnished a residue 
which was crystallized from methanol-water. The resulting 
colorless crystals had mp 175-183°, undepressed (181-186°) 
by admixture of a sample obtained by method A from XIX. 
The infrarel spectra of the two materials, and their respective 
nmr spectra in CI )01;, and in pyridine, were identical. 
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cessful alteration to date. In the evolution of altered 
steroids the addition of nitrogen substituents has been 
a relatively recent development spurred by the success 
of the ring A pyrazoles.'2 Of the naturally occurring 
steroids the solatium alkaloids3 and the apocynaeeae4 

possess a C-Ki nitrogen function and have been ex-

(2) R . O. Cl in ton, A. J. M a n s o n . K. W. S tonner , A. L. Heyler, G. O. 
Po t t s , and A. Arnold, ./. Am. Chern. Soc, 8 1 , 151U (1959). 

(3) G. A d a m a n d K. Schreiher , Ber., 99, 2275 (19fi6). 
(4) t f . - P . Hnsson, P . Pot ie r , and J . T.e M e n , Bull. .Soc. Chim. l'ram-.c, t l tS 

(IStfifi). 
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The addition of primary and cyclic secondary amines to 16,17a-epoxy-20-hydroxypregnenes gave a series of 
l6/3-amino-17a,20-dihydroxypregnenes. The amines were broadly screened and showed some activity as anti
hypertensive, antibacterial, antiprotozoal, and analgesic agents. The method of molecular rotation differences 
was shown to be applicable to the determination of configuration at C-20 in the 16,17a-epoxy-20-hydroxypreg
nane series. 


