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system. Destruction of the conjugated system by for-
mation of an oxirane bridge would therefore preclude
any specific interaction with renal receptors. (3) It is
conceivable that the epoxide might be altered in vivo in
such a way that it would no longer be capable of react-
ing with critical renal receptors.

Experimental Section

Melting points were determined with a Thomas-Hoover capil-
lary melting point apparatus and are uncorrected. Microanaly-
ses were performed by Schwartzkopf Microanalytical Labora-
tories, Woodside, N. Y. Where analyses are indicated by sym-
bols of the elements, analytical results obtained for those ele-
ments were within +0.49, of the theoretical values. Ir spectra
were recorded on a Perkin-Elmer Model 237B grating spectro-
photometer. The nmr spectra were taken on a Varian Model
A-80D instrument (Me,Si as internal standard). Each analytical
sample had ir and nmr spectra compatible with its structure.

Ethacrynic Acid Oxide (2a).—Ethacrynic acid!s (1.0 g, 0.0033
mole) was suspended in distd H;O (160 ml), and an aq soln of 1.0
N NaOH (3.7 ml) was added slowly with stirring at room temp.
To the resulting clear soln H,;0. (309) (10 ml, 0.0099 mole)
and 6 N NaOH (0.3 ml) were added. The reaction mixt was
stirred at room temp for 5 hr after which time an aq soln of
NaH.PO. -H:0 (12.9 g/30 ml of H,O) was added to achieve a final
pH of 4.8. After extn of the aq mixt with CHCI;, the ext was
washed with H,0, dried (Na,804), and concd in vacuo at room
temp to an off-white solid (0.82 g, 779, yield). Recrystn from
cyclohexane-Et,0 (1:1) yielded 0.66 g of 2a, mp 115-116.5°.
Anal. (CmHnCIgOs) C, H, Cl.

Reaction of 2a with CH:N,.—An Et;0 soln of 2a was esterified
with ethereal CH,N,. The reaction mixt was evapd in vacuo,
and the residue gave pure ester 2b when recrystd from aq Me.CO,
mp 81—820. Anal (C14H1401205) C, H, Cl

(18) Obtained as a gift from Dr. James M. Sprague, Merck Sharp &
Dohme, Research Laboratories, West Point, Pa.
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We recently reported the synthesis of some 6-chloro-
3,7-dihydroxy-A®pregnene derivatives.! Because of
the high progestational activity of several of these com-
pounds we decided to prepare the 6-Me analogs.

Treatment of the A5-7-one 1 with thiophenol and
paraformaldehyde using triethanolamine? as the base
gave the 6-phenylthiomethyl compound 2 after ex-
tended reflux in n-BuOH followed by acetylation.
Desulfurization of 2 with Raney Ni afforded 3. Re-
duction of the 7-ketone of 3 with LiAl(O-¢-Bu);H, which
was the reagent of choice for reduction of the 6-chloro-
A%-7-ones,! did not proceed at a noticeable rate. LiBH,
did, however, give a very low yield of the desired 78-
hydroxy compound 4. The configuration at C-7 in 4
was assigned on the basis of the nmr spectrum. The
C-7 proton was observed as a broad band at § 3.80

(1) R. A. LeMahieu, A, Boris, M, Carson, and R. W, Kierstead, J. Med.
Chem., 14, 291 (1971),

(2) This procedure has been used with A4-3-ones by D. N. Kirk and V.
Petrow, J. Chem. Soc., 1091 (1962).
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(half-bandwidth ~11 Hz), which is consistent with
axial-axial coupling with the C-8 proton.?
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To prepare the 7a-OH isomer, we first investigated
the photosensitized oxygenation of the 6-methyl-A®-
38-ol acetate (5). Photooxygenation of cholest-5-ene-
38,26-diol is reported? to yield the 7a-hydroperoxide.
However, the major product {rom oxygenation of 5
followed by reduction of the hydroperoxides proved to
be the 5a-hydroxy-6-methylene compound 6. The
presence of the terminal CH, grouping follows from the
nmr spectrum which exhibited two broadened one-pro-
ton singlets at § 4.80 and 4.65. The C-6 Me peak was
absent from its usual position of ~ § 1.7. The location
of the OH at C-5 rather than at C-7 was shown by the
lack of any nmr bands in the 6 3—4 region where the
C-7 OH isomer would have exhibited a broad band.

A literature report® describes the chlorination of a 6-
methyl-A5-38-0] acetate to yield the corresponding un-
stable 7a-~chloro-A%-compound, which was transformed
on ALO; to the 5a-chloro-6-methylene isomer along
with the Sa-hydroxy-Af- and the 7a-hydroxy-A®-6-
methyl compounds. Chlorination of 5 and examina-
tion of the crude produet by tle on silica gel showed the
presence of 3 compounds. Glpe analysis, however,
showed a single peak, while the nmr spectrum of the
crude product revealed approximately 109, of the 5a-
chloro-6-methylene isomer 7 (two broadened singlets at
§ 4.87 and 4.80) along with the 7a-chloro-As-6-methyl
compound 8 (broad peak at § 4.24, half-bandwidth ~6
Hz). Preparative tlc onsilica gel served to separate the
3 components. The least polar compound could not be
obtained in sufficient purity and quantity for positive
identification.

The more polar substances were shown to be isomeric
allylic alecohols in which OH had displaced Cl during the
chromatography. The OH compounds could not be
detected in the crude product by glpc analysis. The
more mobile member of the pair proved to be the 5a-
hydroxy-A¢ isomer 9 as shown by the olefinic proton
peak at 8 5.32 in the nmr spectrum. Structure 10 was
assigned to the most polar product on the basis of the

(3) N. 8. Bhacea and D, H, Williams," Applications of Nmr Spectros-
copy in Organic Chemistry,”’ Holden-Day, Inc., San Francisco, Calif., 1964,
pp 51 and 80.

(4) H. R. B. Hutton and G. 8. Boyd, Biochim. Biophys. Acta, 116, 336
(1966).

(5) J. Iriarte, J. N. Shoolery, and C. Dijerassi, J. Org. Chem., 37, 1139
(1962).
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nmr spectrum which revealed a broad C-7 proton band
at § 3.62 (half-bandwidth ~7 Hz). This is consistent
with equatorial-axial coupling with the C-8 proton.? It
seems likely that the isomeric alcohols 9 and 10 are
both formed from the allylic carbonium ion 11.
Biological Activity.—The compds were tested for
progestational activity in a modified Clauberg-McPhail
assay. Immature, New Zealand white rabbits (600-
800 g body weight) were primed with 0.5 pg/day sc of
estradiol benzoate in sesame oil for 5 consecutive days.
The compds were dissolved or suspended in sesame oil
and administered for 5 consecutive days following estro-
gen priming. All compds were tested at 1, 2, 4, 10, 20,
40, 100, 200, and 400 ug per day by both sc¢ and oral
routes of administration with 4-6 rabbits per group.
Uterine sections were examined histologically for pro-
gestational activity beginning with the highest dosage
group and progressing stepwise toward the lowest dos-
age level. The minimum dosages showing significant
secretory development of the uterine endometrium (at
least 41 on the McPhail scale) are listed in Table I.

TasLE 1

Minimum effective dose, ug/day

Compd sc po
17a-Hydroxyprogesterone ace-  4-10 200-400
tate
4 10-20 10-20
6 Inactive at400 Inactive at 400
9 2040 10-20
10 10-20 10-20

The minimum effective dose for 17a-hydroxyproges-
terone acetate is given for comparison purposes.

Notes

Experimental Sections

35,17«-Dihydroxy-6-phenylthiomethylpregn-5-ene-7,20-dione
Diacetate (2).—To 43.0 g (0.1 mole) of 38,17a-dihydroxy-
pregn-5-ene-7,20-dione diacetate? in 2.5 1. of MeOH and 200
ml of dioxane at 25° was added 110 ml (0.11 mole) of 1.0 N NaOH
over 1 hr. After stirring for 1 hr longer, 10 ml of HOAc and 200
ml of HyO were added and most of the solvent was removed
in vacuo. The cryst solid was filtered, washed with H,0, and
air-dried to yield 36.6 g of crude 1. This was dissolved in 150
ml of n-BuOH and treated with 50 ml of C4HsSH, 70 ml of N(CH.,-
CH,0OH);, and 30 g of paraformaldehyde. The reaction mixt
was stirred and refluxed for 43 hr, 25 ml of C¢Hs;SH and 15 g of
paraformaldehyde were added, and reflux was contd for 60 hr
longer. After pouring into 11. of 3 N HCI and ice, the product
was extd with CsHs. The ext was washed with 6 N NaOH, 1 N
HCl, and H;0, dried (MgS0,), and coned in vacuo. The residual
oil was chromatographed on 1.2 kg of silicagel. After several im-
purities were eluted with 109, EtOAc-CeHs, the desired product
was eluted with 209, EtOAc-C¢Hs. The combined fractions
(17.2 g) were acetylated by treatment with 100 ml of Ac,O and
100 ml of C;H;N at 25° for 16 hr.  The soln was coned at ~1 mm
to yield a solid residue which was erystd from CH;Cl~-Et,0 to
give 14.4 g (269;) of 2: mp 155-157°; Amax 248 mp (e 13,900);
vmex 1743, 1732, 1680, 1630, and 1598 em~%; [a]p — 159.3°.
Anal. (CsszOeS) C, H.
38,17a-Dihydroxy-6-methylpregn-5-ene-7,20-dione Diacetate
(8).—Raney Ni sludge (40 ml) was washed 4 times with Me,CO
by decantation and then refluxed with 200 ml of Me,CO for 30
min. A soln of 2 (3.70 g) in 50 ml of Me;CO was added and
reflux with stirring was eontd for 2.5 hr. The Ni was removed by
filtration and washed with two 100-ml portions of hot EtOH.
The combined filtrate was coned to dryness #n vacuo and the
residue was recrystd from CH,Cl,-Et,0 to yield 1.42 g (479;) of 8:
mp 180-182°; Amax 243 mu (e 11,500); vmax 1740, 1730, 1672, and
1630 ecm~1;  [alp —153.8°. The anal. sample, mp 184-185°,
was obtd from the same solvent mixt. Anal. (CesH3606) C, H.
33,73,17 «-Trihydroxy-6-methylpregn-5-en-20-one 3,17-Diace-
tate (4).—To 0.267 g (0.6 mmole) of 3 dissolved in 3 ml of anhyd
THT was added at 25° 15 ml (1.5 mmoles) of 0.1 3 LiBH, in
THF. After stirring for 27 hr at 25°, HOAc¢ was added to de-
compose the excess hydride. The solvent was removed in
vacuo, HoO was added, and the product was extd with CH.Cl.
The ext was washed with 5%, NaHCO;, dried (MgS0,), and coned.
Jareful chromatography of the crude product on 15 g of silica
gel and slowly increasing the polarity of the solvent from 155 to
5% EtOAc-CsHs gave some residual 3. The desired product
was eluted with 59 and finally 109 EtOAe-CiHs. Crystn
of the combined fractions from Et,0-CsHis gave 0.021 g (87) of
4: mp 171-174°; »5% 3540, 3423, 1735, 1716, and 1680 cm™%;
[a]D —42.4°, Anal. (CzsI{nge) C, H.
33,5,17a=Trihydroxy-6-methylenepregnan-20-one 3,17-Diace-
tate (6).—A soln of 2.001 g of 5 (Searle) and 0.105 g of methylene
blue in 500 ml of MeOH was irradiated with two 15-W fluorescent
bulbs while bubbling ) through the soln for 23 hr.  The MeOH
was removed in vacuo and 40 ml of CH,Cl and 100 ml of Kt,O
were added. Charcoal (1 g) was added to the soln, swirled
briefly, and filtered. Conen gave the crude hydroperoxide mixt
which was reduced by stirring at 25° in 125 ml of MeOH and 3 ml
of HOAc with 8 g of Nal for 19 hr. The addn of 70 ml of 0.1.V
Na:8,0; gave a colorless soln which was coned n vacuo to a small
vol. H,0 was added and the resultant solid was removed by
filtration. Chromatography on 70 g of silica gel and elution
with 49 EtOAc-CsHs gave a minor impurity followed by pure 6.
Crystn of the combined fractions from Et,0-CeHis gave 0.556 g
(279.) of 6: mp 196-198°; ey 3588, 1730, 1720, 1645, and 910
(’m“; [a]D —33.0°. Anal. (sz,HgsOe) C, H.
38,5@,17-Trihydroxy-6-methylpregn-6-en-20-one 3,17-Diace-
tate (9) and 38,7«,17«-Trihydroxy-6-methylpregn-5-en-20-one
3,17-Diacetate (10).—To 1.0011 g (2.3 mmoles) of 5 (Searle) in
10 ml of CCl; and 0.1 ml of C;H;sN cooled in an ice bath was added
2.50 ml (2.6 mmoles) of 1.04 M Cl, in CCL over a 20-min period

(8) All melting points were taken in glass capillaries and are corrected.
Rotations are in CHCls at 25° at a conen of about 0.7%; uv spectra are of
EtOH solutions, and ir spectra are in CHCl; solns. The nmr spectra were
detd using a Varian A-60 or HA-100 spectrometer in CDCls (MesSi). Where
analyses are indicated only by symbols of the elements, anal. results for
those elements were within £0.3% of the theoretical values.

(7) C.W.Marshall, R. E. Ray, . Laos, and B. Riegel, J. Amer. Chem. Soc.,
79, 6308 (1957).
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with stirring.  After stirring for 30 min at 3°, 5 ml of 59, NaH-
CO; was added, and the CCl; layer was sepd, dried (MgSO,),
and concd in vacuo. Tlc of the crude product revealed the
presence of approximately equal amts of 3 compounds. Prepar-
ative tlc on Brinkman silica gel plates served to sep the compds.
The fastest moving compd was not obtained in pure form. The
component of intermediate mobility was eluted from the silica
gel with CHCL-EtOH (1:1) and crystd from Et,0-CeHy to
give 0.1733 g (17%) of 9: mp 214.5-216.5; wmax 3600, 1737, 1730,
and 1720 cm™!; [a]Dp —23.7°. Anal. (CyeHzOs) C, H.

The slowest moving compd was crystd from Et,0-CeHis to
yield 0.1793 g (18%,)0f 10: mp 193-195°; »max 3600, 1738, 1730,
and 1718 cm™!; [alp —103.5°. Anal. (CstssOs) C, H.

Acknowledgment.—We wish to thank the following
members of our physical chemistry department (Dr.
P. Bommer, director): Dr. V. Toome, Mr. 8. Traiman,
and Dr. T. Williams for the uv, ir, and nmr spectra,
respectively. Thanks are also due Dr. F. Scheidl for
the microanalyses.

Angiotensin II Analogs. 5.
[2-Glycine]angiotensin IT and Related Analogs!

EvuceENE C. JORGENSEN,* GRauam C. WINDRIDGE,

Department of Pharmaceutical Chemistry,
School of Pharmacy, University of California,
San Francisco, California 94122

AND Tuomas C. LEg

Department of Human Physiology, School of Medicine,
Unaversity of California, Davis, California 956616

Received November 13, 1970

The amino and carboxyl groups of the aspartyl
residue in angiotensin II, Asp-Arg-Val-Tyr-Ile(or
Val)-His-Pro-Phe, are not essential for pressor activity
although they do possess features which are necessary
for maximal activity. Thus the elimination of the
NH, group or the carboxymethyl group of the aspartyl
residue of angiotensin II gives analogs which retain half
of the pressor activity of the parent compound.23
Many analogs have been synthesized in attempts to
discover which features of these functional groups are
responsible for the enhanced pressor activity. How-
ever, these analogs, which are listed in Table I, do not
reveal which property of the aspartic acid residue makes
the greatest contribution to the pressor activity. One
reason for this may be the proximity of the guanidino
group of arginine which appears to make a greater con-
tribution to the observed pressor activity. The pres-
ence of this guanidino group may overshadow the con-
tributions of aspartic acid or its analogs making evalua-
tion of these contributions more difficult.

This report describes some analogs of angiotensin II
containing glycine in place of arginine which were syn-
thesized in the hope that the elimination of the guani-
dino function would give a system which would be more

(1) Part 4: E. C. Jorgensen, G. C. Windridge, and T. C. Lee, J. Med.
Chem., 18, 744 (1970). This investigation was supported in part by Public
Health Service Research Grants AM 08066 and AM 06704 from the National
Institutes of Arthritis and Metabolic Diseases and Training Grant No. 5
TO0l1 GM 00728 from the National Institute of General Medical Sciences.
The abbreviations used to denote amino acid derivatives and peptides are
those recommended in Biochemistry, 5, 2485 (1966).

(2) B. Riniker and R. Schwyzer, Helv. Chim. Acta, 47, 2357 (1964).

(3) R. Schwyzer, tbid., 44, 667 (1961).
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TabLe [
ANGIOTENSINS MobIFIED IN PosiTiON 1
Pressor
Peptide activity
Asp-Arg-Val-Tyr-Val-His-Pro-Phe 100
D-Asp-Arg-Val-Tyr-Val-His-Pro-Phe 1504
B-Asp-Arg-Val-Tyr-Val-His-Pro-Phe 150e
Asn-Arg-Val-Tyr-Val-His-Pro-Phe 100°
Glu-Arg-Val-Tyr-Val-His-Pro-Phe 150¢
Pyroglu-Arg-Val-Tyr-Val-His-Pro-Phe 150¢
Gly-Arg-Val-Tyr-Val-His-Pro-Phe 504
Succinyl-Arg-Val-Tyr-Val-His-Pro-Phe 50
Arg-Val-Tyr-Val-His-Pro-Phe 508

¢ B. Riniker and R. Schwyzer, Helv. Chim. Acta, 47, 2357
(1964). *W. Rittel, B. Iselin, H. Kappeler, B. Riniker, and R.
Schwyzer, ibid., 40, 614 (1958). °E. Schroder, Justus Liebigs
Ann. Chem., 691, 232 (1966). < See R. Schwyzer, Helv. Chim.
Acta, 44, 667 (1961).

sensitive to the contributions of the aspartyl residue.
Glycine was chosen as a replacement for arginine be-
cause it seemed undesirable to replace the very polar
guanidinopropyl side chain with a hydrophobic one.

Asp-Gly-Val-Tyr-Ile-His-Pro-Phe was prepared in
solution from the purified heptapeptide and Z-Asp-
(OBz)-ONp and the protecting groups were removed
by catalytic hydrogenolysis because of the reported
danger of succinimide formation when peptides con-
taining an Asp(OBzl)-Gly sequence are exposed to
HBr during cleavage of the peptide from a solid-phase
polymer.® Model experiments appeared to confirm
this side reaction. The same approach was used in the
syntheses of Asn-Gly-Val-Tyr-Ile-His-Pro-Phe and
succinamyl-Gly-Val-Tyr-Ile-His-Pro-Phe although the
danger of cyclization was less in these cases. Sue-
cinyl-Gly-Val-Tyr-Ile-His-Pro-Phe was prepared on the
solid-phase polymer® and purified by anion-exchange
chromatography. The pressor activities and durations
of response were determined in the rat as described
earlier.®

Results and Discussion

The pressor activities of the peptides deseribed in
this paper and related peptides reported earlier are
shown in Table II. These results show that CO,H
makes no contribution to the pressor activity of [Gly?]-
angiotensin II, while CONH; is unfavorable. This is
clearly in conflict with the results found in angiotensin
IT itself, suggesting that the Gly? series may not be a
valid system for studying the contributions of aspartic
acid to the pressor activity of angiotensin I1.

The decreased pressor activity of peptide IV com-
pared with VI and the equivalent pressor activity of V
and VI is consistent with the suggestion”® that the
terminal amino group in VI might be binding at the
“guanidino” binding site since neither a carboxyl nor a
carboxamido group need be expected to aid in, and
could interfere with, binding at this site. The low

(4) M. A. Ondetti, A. Deer, J. T. Sheehan, J. Pluscec, and O. Koey,
Biochemistry, T, 4069 (1968).

(5) R. B. Merrifield, ibid., 8, 1385 (1964).

(8) E. C. Jorgensen, G. C. Windridge, and T. C. Lee, J. Med. Chem., 18,
352 (1970).

(7) E. C. Jorgensen, G. C. Windridge, W. Patton, and T. C. Lee, bid.,
12, 733 (1969).

(8) E. C. Jorgensen, G. C. Windridge, W. Patton, and T. C. Lee, in
“Peptides: Chemistry and Biochemistry,”” B. Weinstein and 8. Lande,
Ed., Marcel Dekker, Inc., New York, N. Y., 1870, pp 113-125.



