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The synthesis of 1-amino-trans-2-[4-(4-hydroxyphenoxy)-3,s-ditodophenyl] eyelopropanecarboxylie acid has
been performed, the key step beiug the addition of CH; (from diazomethane) to the exoeyclie double bond of the

azlactone, 4-[4-(4-acetoxyphenoxy)-3,5-ditodobenzylidene]-2~-phenyl-2-oxazolin-j-one.

The stereochemistry of

the amino acid has been established. The 3',5'-dibromo derivative exhibited weak thyromimetic activities i
basal metabolism and antigoiter tests and did not inhibit increased metabolism developed by triiodothyronine.

As part of our program to study biologically in-
terestinng amines and amino acids with sterically hin-
dering groups adjacent to the amino and/or carboxyl
functions,*® we are paying particular attention to
analogs in which the e-carbon aton is part of a small
ring.*="  Such compounds have been shown to inhibit
the enzymatic degradation of some of their natural
nietabolite 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 horniones.

After exploring several approaches to the synthesis
of l-amino-2-aryleyclopropanecarboxylic acids,'™*'? we
found what appeared to be a very promising pathway
iu the reaction of azlactones' with diazomethane;
the resulting l-aryl-3-phenyl-G-oxa-4-azaspiro[2.4 Jhept-
4-en-7-onex (e.g., XII)" appeared to be likely interme-
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diates for the preparation of the corresponding cyclo-
propaneamino acids.  Consequently, 4-[4-(4-acetoxy-
phenoxy)-3,3-ditodobenzylidene]-2-phenyl - 2 - oxazolin-
S-one (V) wax treated with diazomethane and yielded
1-[4-(4-acetoxyphenoxy)-3,3- ditodophenyl] - 5 - phenyl-
G-oxa-d-azaspiro[2.4 Jhept-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 fron the 4’-methoxy-
phenoxy-3,9-ditodo azlactone IV which had been used
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by Harington and Barger in their classical synthesis of
thyroxine.® We prepared IV by a more conveuient
route from p-hydroxybenzaldehyde in five steps in an
over-all yield of 17.59, 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 tribromide!® followed by acetylation of the re-
action mixture, !

Many attempts to iodinate VII with I,-KI in am-
monium hydroxide or aqueous methylamine, or with
iodine monochloride in acetic acid-209; HCI were un-
successful, a low degree of lodination being achieved
at best; VII was recovered essentially unchanged
from these experiments. Since 3’ and/or 3’ substi-
tution is known to be essential for significant thyromi-
metic activity, VII was brominated in acetic acid;
the corresponding 3’,3'-dibromo compound (VIII)
was obtained without difficulty. As shown later in
this paper, VIII was recognized as l-amino-trans-2-
[4-(3,5-dibromo-4-hydroxyphenoxy)-3,3- diiodophenyl |-
cyclopropanecarboxylic acid.

In order to test VIII for biological activity,' 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
ng 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 ug of trilodo-i-
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, 819, and on 1.14 mg, 1009;. After S duy= on T-3,
the metabolism rose 1079;. Therefore, VIII in-
creases the oxygen consumption of thyroidectomized
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very little, if any, biological activity at the <ame dosage
levels in normal rats. The heart rates showed changes
comparable to those of the basal metabolism in the
thyroidectomized rats,

In the antigoiter test, the rats were given 0.13 mg 94
of methimazole in their drinking water.  In a group of
I3 orats, 825 wg of T-3 was given intraperitoneally
daily for 8 days. In 14 rats, 1.14 mg of VIII was given
daily for 8 day=. A group of six rats wax only given
methimazole.  The thyroid weights of the controlx
averaged 4.5 nig,/100-g rat, the T-3 group averaged 7.2
myg, the group receiving VIIT averaged 9.6 g, while
the methimazole group averaged 13.9 mg. Agan,
it i~ elear that VIII does have weak biological activity.

In the antimetabolism test, the metabolism of eight
rats was followed on 8.3 ug of T-3, and on 8.3 ug of
T-3 plus 1.16 mg of VIII intraperitoneally for a period
of 11 day=. At thix time the groups were changed.
the T-3 group now receiving VIIT, and the -3 plus VIII
group only receiving 1-3, There wax a slight lag in
the inerement of metabolism when the rats received
bath compounds but the metabolism of the T-3 group
wix not diminished on addition of VIII. Therefore,
VI does not have an inhibitory action on the inereased
metabolisn developed by T-3.

By way of comparison, the 3’,5’-dibromo analog of
(= )-thyroxine hasx about 19 the effect of thyroxine
on the oxygen consumption of ratx.™

G Co Leblond sl 1% Gradd, J. Phuemucol. Expth, Thevep., 94, 120
P8 e 1 Abderhablen and 15, Werthaeimwer, Z. Ges. Erptl, Med,, 88, 557
(RS Ne

the possible relationship between the configuration of
the cyclopropaneamino acid VIIT to its biological
activity, the xtereochemistry of VI had to be elucidated.
It should be remarked that the geometry of unsaturated
azlactones such as 'V ois not known with certainty.  The
condensation of an aldehyde with hippuric acid by the
Lrlenmeyer-1léchl synthesis generally yields only one
stereoizomer,” presumably the more stable one, 1
Depending on it mode of addition, diazomethane
could add to this homogeneous stercoisomer to furnish
spirooxazolones in which the carbonyl group of the
oxuazolone ring is eis and,’or frans to the l-nryl moiety.
In all cases =0 fe studied in this and  previous
papers*+? only pne isomer hasx been isolated. A
definite Lxxignment of configuration of VI has now been
made: the carbonyl group of itx oxazolone ring is lrans
to the 4’-acetnxyphenoxy-3,5-diiodophenyl group based
on the following considerations (see also Cluwt 1),

The spirooxazolone XIT has been described by Awad,
el al.,'"' without comments v its stereochemistry. It
wax prepared by the addition of diazomethane to the
corresponding  unsaturated oxazolone. Thix  =piro-
oxazolone XII was different from the izomeric com-
pound XI which in turn was prepared by us from I-
amino-czs-2-(4 - methoxyphenyl)cyclopropanecarboxylic
acid (IX). The configuration of IX follows from its
formation from diethyl 2-(4-methoxyphenyl)-1,1-cy-
clopropanedicarboxylate.’*  Partial =aponification  of
thix ester removed only the frans alkoxyl group, and the

201 R, FFiller, Adean. Heterocyelie Chenc, &, 95 (101H3).

21y AL ADusiafa, W Asker, AL 1L Harhash, and A, 3L Pleifel, Tetrahedron.
21, 2215 11067,



May 1967 CYCLOPROPYLOGS OF THYRONINE DERIVATIVES 437
CHanrr I1
0 CO.H CO,CH,

0
NJ'CGH,a

1.NaOH

NHCOCH, gy, NHCOCH,
—_—

THO
OCH, OCH, OCH,
X1 XIII XIV
i o COH
D .
CH
N=—CH, N—LCGHs NHCOC.H,
_CHN, 1. NaOH
2H,07
OAc OAc OH
XV XVI
9 COH C0O.CH,
NiCGH5 1.NaOH NHCOCH, 1 1., EUNH, NHCOCH,
s 2HO “3 HO"
I I A0 I I CHOH, TosOH I I
OAC OH OH
XVII XVIII XX
| N«OCH,, CH,0H 4
0 CO,CH, (p"MeOC,H),1 ™ -Br™
0]
CH.N N=—C;H; NHCOCGCH;
;o 1. NaOH CHLN, .
h 2HO" “CHOH-ELO
I I 3. Ac.0 I I
cno—_ )—0 g
XXI XX

cis-carbethoxy-trans-carboxylic acid thus obtained was
converted to IX by Curtius degradation of the free
carboxyl.?? Retention of configuration in the benzoyla-
tion?$ of IX and in the ring closure?#% of X is based on

NH,; CI™ NHCOCH;
COH COH
C:H;COC! _‘ﬂ,
NaOH, 0°
CH,0 CH;0
IXI 2 X
N=I—C6H5
0]
0O
CH,0
XI

(22) Tor analogous cases see ref & and 11.
(23) R. E. Steiger, J. Org. Chem., 9, 396 (1944).

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

The relationship of XII to VI was established by the
reactions shown in Chart II. The gpirooxazolone XII
was hydrolyzed to the benzamido acid XIII which
differed from the isomer X. Esterification of XIII
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 XVI led to the cyclopropylog of 3,5-diiodo-N-
benzoyltyrosine (XVIII) which in turn was also syn-
thesized from I as shown in Chart II. The methyl
ester (XIX) of XVIII was coupled with di(p-anisyl)-
iodonium bromide to yield the thyronine analog XX.
This compound was also formed from VI with diazo-
methane in methanol-ether.

(24) R. E. Buckles, R. Filler, and L. Hilfman, tbid., 17, 233 (1952).

(25) N. K. Kochetkov, E. 1. Budovskii, R. M. Khomutov, M. Ya.
Karpeiskii, and E. S. Severin, ZA. Obshch, Khim., 80, 25673 (1960); J. Gen.
Chem. USSR, 30, 2357 (1960).
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Experimental Section*

General Method for Unsaturated Azlactones. A. From
Aldehydes.—A mixture of equimolar quantities of the aromatic
aldehyde, hippuric acid, and anhydrous sodinm acerate, and
enongh acetic anhydride to cover the solids was heated 1 a dish
o a steam bath for 1 hr.  The cooled residue was gronnd with
an amonnt of water corresponding to that of the aceite anhydride
nsed and filtered, and the erystals were washed with water until
free from nceiie neid.  The air-dried crystals were reerysiallized
(xce Table . For infraved spectra, see 1exi.

B. From Methyl o-Acylamino-g-arylacrylates.- - A mcthanolic
soliion of the ester was hvdiolvzed with 1.5 moles of KOH
(200, 11 110 at reflux for 12 hr.  The solution was poured into
2 vol. of ice--water and acidified to pll 1, and the crude solid
aevlamino actd was filtered off.  The material was dried (vacnn,
17,0;) and then heated on a stenm hath with two paris of acetic
anhydride for 0.5 hr.  The cooled residue was ground with fonr
parts of water and filtered. The erystals were washed with
witer, dried over PyO;, and recrystallized from a suitable solvent.

General Procedure for 1-Aryl-5-phenyl-6-oxa-4-azaspiro-
[2,4)hept-4-en-7-ones. Method C. From Unsaturated Oxazo-
lones (Table II).-A dry =olution of ahont 0,233 wole of dinzo-
methane (from 48 g of Nemerhyl-Nenirrosonren) in 2.5 1. of ether®
was added with stirring ta o =olntion of 0.04-0.06 mole of the
mnsatirated oxazolone in enongh ClHCL? to dissolve the com-
pound,* aud the mixture was stirred a1 26° for 12 hr. It wax
filtered to remove any prodnct and/or polymethylenes whicl
were washed with dry ether. Any filtered prodiet was crystal-
ized from a snitable solvent; from the filtrate the spirooxazolones

{2G) Meline powts were nken n o capidlary mwelling point appsaratoes
predicated 10 abvace 15° below the reporied valies and are correeted, lnfra-
rel xpertra were delermined on a Perkin-Llmer M odel 337 spectirophivivmeter
3= IWBr pellets. Ultraviolet spectra were recorded on a Beckman DU spec-
troplictometer. Ninr spectra were run witlca Varian A-60 spectrometer and
are reported as parts per million units downfield fiom (CIi3)sSt used as an
internal standard unless indicated otlierwise. Analyses were performed Iy
Calbraith Laboratories, Inc., IXnoxville, Tenn.

127) In the case of the 4-acetoxy- and 4-benzyloxy-3,3-liiodopheny] de-
CLysves, & suspensele ol dhe azlartoe o HAD 1al of CHCT wis tsed,

(28) In the case of 1-[4-14-acecoxyphenoxy) -3,i-dilodvbenzylilenei-2-
phenyl-Z-oxazolin-3-one, Jioxane swvas used insieasd of CI11Ch to wldnim o
lorangenes s anlat o

¢ When erystallized from FeOAe, 1 mole of COAe of ervsiallization was tomnd. Ul
C, 46.18, 46.35; 11, 3.40, 3.61.

Caled Tar Call;1.-

were recovered by concentration 1o 100-200 ml awed cooling.
The precipitated prodacts were filtered off nud washed with
ether.

Method D. From 1l-Acylamino-2-arylcyclopropanecarboxylic
Acids.—The actd (0.5 g) was heared on a steam bath with 1l
of neetic anhydride for 0.5 hr, the mixure was cooled, aud 1he
azlacrone wax filtered off and washed wirh ether. 1f 1he azlie-
tone did not erystallize, 2 ml of erher was added, and the mixnre
cooled to 4° overnight nutil erystallization had aken place.

If 1he methyl ester of the acybininag neid was available, the
methanelic solntion of 1he exter was hydrolyzed with 1o males of
200 agneous KOH a1 reflnx for 12 I, The solntion was ponred
e 2 vol. of tee=water and acidified to plT 1, and the ernde neyl-
antno ncid was filtered off.  The dried (I°:0);, vacnam: nu aterial
was used directly as above.

Principal Synthetic Path to 1-Amino-2-{3,5-diiodo-4-(4-hy-
droxyphenoxy )phenyl|cyclopropanecarboxylic Acid. 4-(4-Ace-
toxy-3,5-diiodobenzylidene )-2-phenyl-2-0xazolin-5-one (11 wux
prepared rrom 3,3-ditado-d=hvdroxvbenzaldehyde by method A
infrarved, 1790 (peen oxnzolone y, 1760 (pe=a acetoxy), 1650 ¢y
(ve=x oxazolovey; uliraviolet (CILON), 384 mu (e 26,0005,
B304 030,200, 350 (<1) (32,000), 257 (18,000), 241 119,2007,

I\leth)l w-Benzamido-3-(3,5-diiodo-4-hydroxyphenyl jacrylatc
- A mixtire of 576 g (0.673 mole; of 1, 54 ¢ (1.0 mole) of
~odim methoxtde, and 1500 ml of absohite merlanol was stirred
ander reflux for 2 hry cooled, poured into ice—water, and filtered.
The clear filirare was neidified 1o pll 3 with concentrared 11(7]
and filtered. The crvsials were washed with 110, dried, ud
recrysiallized from acetie acid 1o yield 225 g (62¢,% of 1L, vip
215.5-216.5°.  An analytieal sample reerystallized from acerie
actd had mp 218-220°: infrared, 3400 1von phenol), 3240 1oy
amide), 1715 Toewe esterd, and 1635 ¢m ! (pewry amide.

Anal. Caled for Collal.NOy: € 37.109; 11, 2.5,
¢, 37.07; 11, 2.2

Methyl o-Benzamido-3-|3,5-diiodo-4-(4-methoxyphenoxy i-
phenyljacrylate (ITI).-—A mixture nf 224 g (0.408 male) of 11,
345 g (0.82 mole) of dianizyliodonium 1)1mmi(le,“° Su il of 1r1-
ethylimine, 5 g of copper powder, and 2 1. of absolute merhanol
wos stirred for 24 hv at 23°, The ervstals were removed by

Ionid:

22 0 Marsora sanl 1L 0L
RO
ity 1, Al

Calimgna, . tm, Chen, Soe,, 81, 871

ot CL Marr, L Qeg, Ol 2T, 3335 010G 23,
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filtration, dissolved in boiling 2-butanone, and filtered, and the
filtrate was cooled to yield 150 g (56%) of colorless ITI, mp 214~
216°.  An analytical sample, recrystallized from 2-butanone—
ethyl acetate had mp 221-223°; infrared, 3230 (vxg amide),
1715 (vc=0 ester), and 1650 em~1 (yo—g amide).

Anal. Caled for CuH,I,NO;s: C, 43.99; H, 2.92.
C,43.95; H, 2.74.

4-(3 5-Diiodo-4-(4-methoxyphenoxy )benzylidene]-2-phenyl-2-
oxazolin-5-one (IV),—This eompound, previously described by
Harington and Barger,"* was obtained from III by the general
method B in 78 yield, mp 217-219° (lit."» mp 211°). A com-
parison with a sample prepared by the literature method®
(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
i 500 ml of anhydrous CH;Cl: was cooled to —70° and treated
with n sohttion of 100 g (0.4 mole) of boron tribromide in 100 ml
of anhydrous CH.Cly.  After stirring at —70° for 0.5 hr, the mix-
tnre was allowed to warm to 25° (2 hr). During this period the
suspeuded solid dissolved. The clear dark solution was ponred
into 2 1. of ice-water; the precipitated yellow solid was filtered,
washed with water, and dried. The layers of the filtrate were
separated, the water layer was extracted with 100-ml portions of
CI1.Cl,, and the combined extracts were washed (H,0), dried
(Nn.80,4), 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 residiie was ground with H,0 and filtered, and the
crystals were washed with H,O and dried. The crude product
wis then heated with 150 ml of boiling acetic acid for 5 min,
cooled, and filtered, aud the yellow crystals were washed well
with hexane and air dried. For physical and analytical data,
see Table I; infrared, 1790 (ve=o oxazolone), 1760 (ve=0 acetoxy),
and 1660 ¢m ™! {vo-w~ oxazolone); ultraviolet (CH;CN), 386 mu
(€ 30,700), 368 (42,700), 355 (sh) (34,900), 238 (19,300), and 242
(20,500).

1-{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=0 oxazolone), 1760 (vc-0
acetoxy), 1635 em ™! (vc.x oxazolone); ultraviolet (CH:CN), 263
mu (e23,600).

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 HCI, 30
ml of H,0, 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 anthentic 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 (929%).

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
vielded an additional 0.21 g of product; total yield 0.91 g (5457).
An analytical sample, prepared by recrystallization (Darco)
from 6 .V FICI containing a few milliliters of acetic acid, had nip
185-187° after prior sintering at 165°.

Anal., Caled for CiHuCIINO,-H,0: 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 prodinct 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
acetate—hexane, appeared as colorless crystals: mp 216-217°;
iufrared, 3380 (vou phenol), 3280 (vyu amide), 1700 (vc<o acid),
and 1640 em ! (ve=0 amide).

Anal. Caled for CuH;I.NO;: C, 43.08; H, 2.67.
C,42.91; H, 2.82.

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

Found:

Found:
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(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
i 3 ml of the sanie solvent. The orange-red solution was stirred
at 28° for 20 hr, cooled, neutralized with 409, 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; 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
379, HCI, 1 ml of methanol, and 3 ml of water. The sohition was
treated with Darco and then neutralized (pH 4-3) with 207,
aqueous methylamine. Repetition of this procedure yielded
0.12 g of colorless material which was dried (P,0;, vacium), mp
167-170°. This product contained a small amount of a second
component {tlc on silica gel-aqueons 1-propanol, 70¢; v/v) which
could not be removed by further reprecipitation.

Anal. Caled for C,¢H;BrI,.NOy: C, 27.66; I, 1.60; N, 2.02.
Found: C, 27.48, 27.69; H, 1.89,2.01; N, 1.69.

1-Benzamido-cts-2-(4-methoxyphenyl)cyclopropanecarbexylic
acid (X) was prepared from IX by the general metliod of Steiger??
for the benzovlation of amino acids., The erude eonupound, mp
197-190°, was obtained in 50% vield. Reerystallization from
ethanol-water gave colorless material: mp 198-100.5° in-
frared, 3360 (vxn NHCO), 1700 (vc=0 CO.H), 1635 em ™! (ve=0
NHCO).

Anal. Caled for CiH;;NO,:
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-o0 oxazolone), 1640 cm™!
(vc=x oxazolone). A mixture melting point with XII'8t
(mp 124-125°) (1it.14.31 124°) was 110-134°,

1-Benzamido-trans-2-(4-methoxyphenyl)cycloprepanecarbox-
ylie Acid (XIII),—A solutiann of 3.21 g (0.011 mole) of XII in
25 ml of 2% aqueous NaO1l aund 25 ml of ncetore was reflhuxetl
for 30 min, poured into ice-water, acidified to pll 1, aud cooled
to 4°. The colorless crystals which separated were filtered oif,
washed with water, and dried (P,0);, vacuum); yield 3.26 g
(96%7), mp 225-230°., Recrystallization from ethanol-water
gave 2.9 g (85%,) of pure material: mp 235-237°; infrared, 3290
(vwa NHCO), 1690 (yc-0 CO.H), 1660 cm ! (vc-0 NHCO).

Anal. Caled for CsH;;NO4: C, 69.44; H, 5.536. Fonnd:
C, 69.18: H, 5.66.

When XIIT was treated with a slight excess of diazomethane in
ether containing 1%, of methanol, methyl 1-benzamido-irans-2-
(4-methoxyphenyl)cyclopropanecarboxylate (XIV) was formed,
near quantitatively, mp 174.5-175° after recrystallization from
methanol-water; infrared, 3340 (yxag NHCO), 1740 (va-o
CO,CH;), 1645 em ™! (yceo NHCO); nmr(CDCly), § 7.14 (9 I,
multiplet, aromatic H), 6.28 {1 H, singlet, CONHCgH;), 3.77
(3 H, singlet, OCHj;), 3.72 (3 H, singlet, OCH;), 3.00 (1 H,
multiplet, cyclopropane CH), 2.21 (1 H, multiplet, cyclopropane
CH), 1.78 (1 H, multiplet, eyeclopropane CH ).

Anal. Caled for C Hiy2NOy: C, 70.14; H, 5.89.
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-acetoxybeuzylidene)-2-
phenyl-2-oxazolin-5-one’? by method C; infrared, 1820 (vc-o
oxazolone) 1753 (vc-0 acetoxy), 1635 em~! (vc-~ oxazolone);
nmr (pyridine), § 3.33 {1 H, multiplet, cyclopropaune-H), 2.17
(5 M: singlet superimposed on mnltiplet, OCOCHs3, cyclopro-
pane CH).

1-Benzamido-irgns-2-(4-hydroxyphenyl)cyclopropanecarboxylic
Acid (XVI).—A mixture of 11.1 g (1.034 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 H,0, and dried over P,0; to give 6.7 g (65%¢)
of XVI, mp 224-226°. An analytical sample prepared by re-
crystallization from methanol had mp 231-232°; infrared, 1705
(vcm0 COOH), 1655 cm~! {(yc-0 NHCO).

Anal. Caled for Ci:Hi:NOs: C, 68.68; H, 5.09.
C, 68.86; H, 5.18.

When XVI was treated with excess CH:N,; in ether containing
169 of methanol for 30 hr at 25°, colorless crystals separated out,
mp 168-170°. After recrystallization from methanol-water,

C, 69.44; H, 5.50. Found:

Found:

Found:

(31) We found for XII infrared 1810 (»g-0 oxazolone), 1635 em™! (vi— N
oxazolone),
(32) I, Pirlenmeyer and W. Stadlin, Ann., 337, 286 (1904).
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the meliing point was 170-173°, nndepressed on admixture of
NXIV. The infrared spectra of 1the two mmaterials were snper-
nnposable.

1-Benzamido-trans-2-(3,5-diiodo-4-hydroxyphenyl)cyclopro-
panecarboxylic Acid (XVIII).—To a solution of 2.97 g (0.01 mwole)
of XVI in 50 ml of 33¢; uqueous ethyvlamine was adde:l slowly,
with srirring, over 1 hr, 5.34 g (0.021 mole) of iodine in 125 ml of
1000 aqueous Kl Stirring was continted for 1 hr ar 25°0 The
solnrion wax poured into ice-water, nentralized io pll I, and
enoled.  The nearly colorless erystals weve vemoved by filtration,
air dried, nnd recrystallized from acetic ncid; vield 3.0 g (5570,
mp 210-214°. "This materinl proved 1o be identical with XV111
prepared from X VII (see below ) as shown by a compurison of their
infrared speetrn and mixture melting point which <howed no
depression.

1-(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
pracedure C;  iufrared, 1820 (vc=o oxazolone), 1765 (vown
neetoxy), 1635 em ™ Lyeew oxazoloned: ultraviolet (CHyCGN), 263
mu {6 10,700).

A mixinre of 17.8 g (0.031 mole) of XVTI, 200 nd of 2% agueons
NaO1l, and 200 ml of neetone wax stirred under reflux for 4.5 hr
and the acetone was removed nuder reduced pressure.  The resi-
dne wax poured into ice-water, acidified to pIl 1, and cooled ar
4° for 2 hr. The bnff-colored ervstals which separated were
filtered, washed with T10, and dried over Py, to vield 14.0 g
(82000 of XVIIIL, mp 214-215°,  An analvtical sample prepared
by recrystallization from acetic acid had mp 215.5-216.5°:
infrared, 3430 (vou phenol), 3250 {vxn NHCOY, 1700 (pe-
COOY, 1645 em = (peao NHCON,

Anel. Caled far CyllILNOL:
C, 37001 11, 2.50.

Thix material was identienl with rhiat obtained by iodination
of XVT (mixture melting point and infrared spectra).

Methyl 1-Benzamido-irans-2-(3,5-diiodo-4-hydroxyphenyl)-
cyclopropanecarboxylate (XIX)., A, From XVIII.—A mixture of
NVIII (10 g, 0.018 mole), 50 ml of absolute methanol, 100 ml
of 1,2-dichloroethane, and 0.5 g of p-tolnenesulfonie acid was
vefliuxed for 13 hr. The cooled reaction mixture was washed
with 11,0, wherenpon the prodnet crystallized from the orgauie
laver. The colorless erystals were filtered and recrystallized
fram methanol 10 yvield 6.4 g 16205 of XIX, mp 195-107°.
An analyiieal sample, recrysiallized from methanol, had mp
190-200°;  infrared, 3450 (vou phenol), 3280 (pyuNHCO),
1725 (pewo COClp), 1645 cm ™! (we-o NHCO).

Anal. Caled for CoHENOg G 38300 H, 2.68.
€. 3853 11, 2.84.

B. From XVIL--A mixnme of XVII (16.4 g, 0.029 mole) and
524 ¢ (0,06 mole) of sodinm merhoxide in 200 ml of absolnte

ST ML 2300 Found:

Found:

Vol 10

metlanol was stirred nnder refinx for 3 hr. The sohiion was
ponred into ice—water and filtered, the filirate was neidified 1o
pll 3. and 1he nnxinre was cooled nt 4° for 2 hr. T'he colorless
crvstals were filtered, washed with 11O, and dried (vaenm,
PO 10 vield 15 g (93C) of NIX, mp 187-180°. The infrared
spectrnnt of this material was identieal with thar of the prodinet
from method A above.  Recrysiallization from wethianol gave
colorless ervsials, mp 197-190°,

Methyl 1-Benzamido-trons-2-|3,5-diiodo-4-(4-methoxyphen-
oxy )phenyl|cyclopropanecarboxylate (XX). A, From XIX. - A
mixiure af 1y g (0,020 moled of XIN, 232 g10.055 mole) of dizmi-
svliodonimm Toontide,™ 10 ml of riethylanine, 3 g of copper
pawder, mid 200 ml of absolite metlmnol was <tirred at 25° tor
24 hee 1 owas filiered, 1he brownish crysials were dissolved in
boiling wethanol and filered, aud the filtrate was cooled to give
645 g (377, of colorless XN, mp I83~-187°.  An analviieal
sample prepared by reervstallization from methanal had mp
I8G.5-1X7.5°: infrarved, 3320 (vxu NHCO), 1735 (veay COLCTL),
1645 Twe=y NHCO)Y: nmr (CDCL), 8 7.78 (2 11, singlet, 2,6 pro-
tons of todine-substitnted ring), 7.4% (5 H, nmltiplet, phenyl
protons of benzamido gronp), 6.72 (4 11, multiplet, protons of
L4-disnbsrimnted ring), 6.43 (1 H, broad singler, NHCOC,11:). 5,74
(6 11, singlet, OCH,, merhyl ether aud methyl estery, 30811 11,
mulriplel, evelopropane CH), 2.03 (2 11, nmltiplet, evelopropune
CH.bonmy (pyridine), 833,72 and 3.63 03 11, singler, OCHs, methyl
ether or methyl estery, 3.1 (1 1, mnlipler. evelopropane CH
223 2 1, mmliiplet, evelopropane CH.l.

Anal. Caled tar Cully LLNO,: 0 34870 11 5016,
C.44.60: H, 3010,

B. l'rom VL. -Tretument of VI with excess dinzontethane in
erther cotaanitdng 16C, merthanol for 20 hr at 25° followed by evapo-
ratian of 1the solvem under reduced pressuve furnished o residue
whiclh was ervarallized from methanol-water.  The resulting
colorlexs erystals had myp 175-183°, undepressed (I81-186%)
by ndmixture of a sample obtained by method A from NX1X.
The infrared spectra of the two materials, and their respeeiive
nmr =pectra ite CHCLsuad o pyridine, were identienl.
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The addition of primary and cyclic secondary umines to 16,17a-epoxy-20-hydroxypregnenes gave a series of
168-amino-17a,20-dihydroxypregnenes. The amines were broadly screened and showed sonie activity as anti-
hivpertensive, antibacterial, antiprotozoal, and analgesic agents. The method of molecular rotation differences
was shown to be applicable to the determination of confignration ar C-20 in the 16,17 a-epoxy-20-hydroxypreg-

nane series.

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-
ents.  Moleeular manipulation at the 16-carbon atom!
has shown this to be one of the more profitable sites
on which to operate. The introduction of a 16a-
hydroxyl or a 16e-methyl group hus been the most suc-

(11 A, R Noffman, IT. M. Tyissman, and M. J. Weiss, J. Med. Chen., 8,
WO 12,

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.? Of the naturally occurring
steroids the solanum alkaloids® and the apocynaceac!
possess a C-16 uitrogen function and have been ex-

(2) R. 0. Clinton, A. 1. Mangon, I¥. W, Stonner, A. L. Beyier, (0. O,
Potts, and A, Arnold. /. Am. Chem. Sec., 81, 1513 (1959).

13} G. Adam and K. Schreiber, Ber., 99, 2275 (1066).
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