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lowed by oxidation' afforded 14,17 a@-cthenopregn-
4-enc-3,20-dione (11I).

Progesterone analog IIT was assayed for activity by
the miodified Clauberg Assay.'®  Preliminary results
indicate that a total dose of 0.2 g of III, administered
by subcutineous injections, elicits an average responsc
ol 1.o7; an cqual dose of progesterone chicited a re-
sponsc of 0.5%. Since III may be regurded ag o Irozen
rotonter of a 17a-alkylprogesterone, it scems of interest
to note that itg activity appears to be at least as
preato as that reported for 17 a-ethylprogesterone

Experimental Section!”

14,17 o-Ethenopregn-5-en-35-01-20-one Acetate (1ld).-—A so-
Intion of 6.0 g of T in 75 ml of benzene was heated at 160°
under ethylene at 3000 atm for 14 Iir. Then the mixture was
rooled, filtered, and evaporated to dryness under reduced pres-
sure.  The residie was taken up in methanol and filtered to
remuve the insoluble polyethylenc. The residue, obtained by
listilling the filtrate, was chromatographed over 125 g of acid-
washed alumina (hexane-benzene). Crystallization from meth-
anol gave IId, in a yield of 3.44 g (539;) us white rods: mp
140-142°; L, 1730, 1701 en~l The vinyl protons appeared
i the nmr spectrnm at § 5.45 (), 6.05 (d, J = 6 ¢ps), and 6.16
(il J = 6 eps).

Anal. Caled for CousHsOs: C, 78.49; 11, 8.96.
78.51; H, .12.

144,17 o-Ethenopregn-5-en-33-0l-20-one (1le).-—-After a mix-
aire of 1.44 g of 11a, 1.46 g of KOH, 6 ml of water, and 50 ml vf
cthamiwl had been stirred at rmom temperature for 20 hr, it was
concentrated under vacuum and thern partitioned between ether
and water. The ether extract was dried (MgSO:) and then
cvaporated to dryness under reduced pressure. Crystallization
from ethanol afforded Ile, in a yield of 1.12 g (879%), as white
needles: mp 196-198°;  »™ 3636, 1675 cm~t The nmr
~pectrium showed a singlet at 8 2.18 (21-CHj,) and peaks at 5.42,
(.05, and 6.17 corresponding to the 6, 15, and 16 protons, re-
spectively.

Anal. Caled for CulanOs: G, 81.15;
8001 : 11, 11.356.

14,17 x-Ethenopregn-4-ene-3,20-dione (IIl).~~A mixture ol
1.52 g uf I1e, 9.5 ml of ¢yelohexanoie, and 180 ml of toluene wus
izeotroped 1mider a Dear—Stark head for 1.5 hr. Then, 1.68 g
of alumiiein isopropoxide was added and reflux continued for
1.5 I, After the resulting solution had been cooled to rowm
temperdire, it was waghed with agueous HCI, dried (MgSO4),
amd coneentrated mder reduced pressnre. The residue wus
cleomatographed over 45 g of Woelm neutral almnina, activity
wrade I After impurities had been elnted by benzene-hexane
raixtures, fretions eontairdng the produet were eluted by 100 ml
of henzere followerd by 100 ml of 10 ethyl ncetate in benzene.
Tlese fractinns were ervstallized from aretone-hexane th allord
HIL in a yveld of D90 mg (594 as light vellow erystals: mp
1511529, 1678, 1625 em =L The nmr spectinm showed a
singlet 1t 8 247 (21-GHu), a maltiplet wt 5.76 (Cy vinvl hydrgen),
and singlet at 6.07 (Cys and Che vinyl hvidrogens).

Apul. Caled for CoHgOs: C, R1.61; T, 8.95.
S1.04; T, 0.0,

Found: C.

I1, 9.47. Fouud: C,

Fouud: €,

Acknowledgments. —W¢ are deeply gratetul to Dr.
J. C. Iauer and to the E. L. du Pont de Nemours and
Co. for carrying out the high pressure addition of
cthylenc to T.

L2y O Djerasst, GUvg, Lewdtiore, 6, 207 {10531,

13y Biolugienl testing was perfurmed at the Iindocerine Laboritory, Maodi-
son, Wis,

(11} (o R, Deghenghi, C. Revesz, and R. Gaudry, J. Med. Chem., 6, 301
(1963); () M. J. Weiss, R. E. Schaub, J. F. Poletto, G. R. Allen, Jr., and
(' J. Coscia, Chem. Tvd. (London), 118 (1963).

131 Melting points were deterntine! in copillary tubes on a Mel-Temp
appotatits mul are nneorrvecterl, Elemental analyses were performed by
Cuilbrattl Microsnalyviienl Laboraviaies, Knoxville, Tenn.  The iufrured
wpeclrn were deterngned on a Perkin-Lhner Infracord Model 137. Nwmr
speelrta woere olereripitted dn CDCls on o Varian A-60 spentroteter amd sue
rephreed iu purts per mnllion downfield fromw a tetramethylsilane intermd
slwudird,
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I continuing our study? of substituent ctfeets on the
biological activity of bradykinin a further series of six
analogs has been prepared and tested in the guinea pig
lunig and on blood pressurc.”  The analogs were synthe-
sized by the stepwise elongation of the peptide chain
ax described in carlier publications® utilizing for the
most  part the p-nitrophenyl ester miethod. The
mnterntediate peptides and the final products arc listed
in Table I. All of the peptides from the carbobenzoxy-
hexapeptide to the tricarbobenzoxynonapeptide were
found to contain an O-acetyl group on the serine hy-
droxyl as previously reported.

The method of Filler and Novar® was usced for the
preparation of sm-trifluoromethylphenylalanine.  The
N-acelyl dertvative was resolved into its optical ixo-
mers with  -threv-p-nitrophenyl-2-aniino-1.3-propanc-
diol.

The biological activities of the six analogs are given
in Tuble IT.  The results obtained for the 4-sarcosine
and the glyeyl bradykinin are in the range of those
reported by Schréder and Hempel® for these compounds;
however, no details of preparation were given.  The
results of the S-p-phenylalunine analog should be
viewed with some skepticism since even a small amount
of the L isonter would lead to an erroncous interpreti-
tion of the data obtained.!  Of considerable interest is
the activity found for the 8-m-trifluoromethylphenyl-
alimme analog. This peptide is about 1.5 times as
active ax bradyvkinin in lowering guinea pig blood
pressure, but only one-half us active i the lung bron-
choconstriction.  Thix finding lends =upport to the
receptor-site theory advaneced by Scherrer’ and also
would =upport @ view that different receptor sites are
mvolved o the bhronehoconstriciive and hypotensive
effects observed.

Experimental Section

m=Trifluoromethyl-L- and -p-phenylalanine.--Tuv o solution
of 42 g (0.155 mnle) of ne-trilnoromethyl-pr-phenyilalanine* in
5 ml »Hf methanol wis added 35 g (0.155 mole) of 1-threo-p-
titrophenyl-2-aminn-1,3-propanediol.  The mixture was wirmerl
to effert solution and 300 ml of ethyl acetate wus added. A
white solid ceryvstallized wax reinoved and dried; 36 g, mp 185~
186°, 1al®p <2-46° (- 2, methanul). The mother liganr wis
evaporxted (o <madl volnme and ethyl acetate was added giving
47 g of white =olid which was recrystallized from ethyl nvetide
containing o small amonnt of methaunl; 34 g, mp 184-185°,
‘el ®p —46° (¢ 2, methannl).  The two salts were converted tv the
free weitls by trentinenc witle dilute HCl und extraction with

1) For the previas poger in this serive see B 1), Nicolajdes, A
McCarthy, and 1), . Potrer, Biochemistry, &, 190 (1465,

(2) The authbors are indehied to Dr, . O, J. Collier atwl associates for
the biological testing of the analogs it the guinea pig.

(3} E. D. Nicolaides and H. A. DeWald, J. Org. Chem., 26, 3872 (19G1):
H. A, DeWald, M. I, Craft, and L. D. Nieolaides, J. Med. Chem., 6, 741
(1463); E. D. Nicolailes, M. IX. Craft, and H. 4. DeWald, /., 6, 324
(19631,

$11 T Dy Njeddwidues pod T DeWald, . ory. Cheni,, 28, 10215 (163,

o R Filler awd 11 Novar thid,, 26, 7233 (1960).

16) I sSelirsder ad Ko Hentpel, Erprrientia, 20, 52D 1106G1).

2Ty R. AL Sclierrer, Abstracts of the 9th National Medicinal Clhumistry
Sympostunt, Minpeapuhis, Mino., 18964,



Compound

Cbz-Sar-Phe-Ser-Pro-Phe-NO,-Arg-QCIT,
Chz-Pro-Sar-Phe-Ser-Pro-Phe-NOy-Arg-OCIT;
Cbz-Pro-Pro-Sar-Phe-Ser-Pro-Phe-NO-Arg-OCH;
TriCbz-Arg-Pro-Pro-Sar-Phe-Ser-Pro-Phe-NOy-Arg-OClH,
DiCbz-Arg-Pro-Pro-Sar-Phe-Ser-Pro-Phe-NO-Arg
Arg-Pro-Pro-Sar-Phe-Ser-Pri-Phe-Arg-triacetate
Cbz-5-NH,;Val-Phe-Ser-Pro-Phe-NO.-Arg-OCIT,
Cbz-Pro-5-NH,Val-Phe-Pro-Ser-Phe-NO-Arg-OCH;
Chz-Pro-Pro-5-NH,Val-Phe-Ser-Pro-Phe-NOy-Arg-OCl 1
TriCbz-Arg-Pro-Pro-5-NH,Val-Phe-Ser-Pro-Phe-NOg-Arg-OCI
DiCbz-Arg-Pro-Pro-5-NH,Val-Phe-Ser-Pro-Phe-NOy-Arg
Arg-Pro-Pro-5-NH,Val-Phe-Ser-Pro-Phe-Arg-trinceinte
Cbz-p-Phe-Ser-Pro-Phe-NO»-Arg-OCH;
Cbz-Gly-p-Phe-Ser-Pro-Phe-NQ,-Arg-OCl1,
Cbz--Pro-Gly-p-Phe-Ser-Pro-Phe-NOr-Arg-OCH;
Cbz-Pro-Pro-Gly-n-Phe-Ser-Pro-Phe-NO,-Arg-OCI,
TriCbz-Arg-Pro-Pro-Gly-p-Phe-Ser-Pro-Phe-NOArg-OCl1,
DiCbz-Arg-Pri-Pro-Gly-b-Phe-Ser-Pro-Phe-NOyxArg
Arg-Pro-Pro-Gly-p-Phe-Ser-Pro-Phe-Arg-triacctate
Cbyz-Pro-Gly-Gly-Phe-Ser-Pro-Phe-NOyArg-OCH,
Cbz-NOxArg-Pro-Pro-Gly-Gly-Phe-Ser-Pro-NO,-Arg-OCH;
Cbz-NOrArg-Pro-Pro-Gly-Gly-Phe-Scr-Pro-Phe-NOy-Arg
Arg-Pro-Pro-Gly-Gly-Phe-Ser-I’ro-Phe-Arg-triacetate
Chz-Gly-NOw-A1g-Pro-Pro-Gly-Phe-Ser-Pro-Phe-NO»-Arg-OCl1;
Cbz-Gly-NOy-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-NOx-Arg
Gly-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-triacetate
Cbhz-m-CF;Phe-NOQy-Arg-OCl1;
Chz-Pro-m-CF;Phe-NO-Arg-OCl1;
Chz-Phe-Ser-Pro-m-CF; Phe-NOy-Arg-OCIT,
Cbz-Gly-Phe-8er-Pro-m-CEF;Plie-NO~Arg-OCIH,
Chz-Pro-Gly-Phe-Ser-Pri-m-CF,Phe-NO-Arg-OCI I
Cha~Pro-Pro-Gly-Phe-Sur-Pro-m-CFuPhe-NO ~Arg-O Cl 1,
TriChz-Arg-Pro-Pro-Gly-Phe-Ser-Pro-m-CT,Phe-NO.-A1g-OCI1 1,
DiCbz-Arg-Pro-Pro-Gly-Phe-Ser-Pro-m-CLPhe-NOa-Arg
Arg-Iro-Pro-Gly-Phe-Ser-Pro-m-ClPhe-Ar g-trinreti e

" Anel. Caled: IO, 137, Foaid: HLO, 1.42. " Anal.

Caled: 1.0, 1235,

TavLe 1

Formila

CuaetlzsN Oy
CullgN KO
Cssl12:N 10
CrsHysNigO»y

Cerl L3N0 - 0
Cial laN 0 -411.0
CisHmN1yOu
CaslleyNuOu
CaHreN1pOns
CSO“IUUNH;()‘:U
Coyl1oN U7 - 11,0
Cy 1y N:Oy7- 2110
Ca LNy O - 051 1O
CullaN1O
CSI)IIGJSNH()[—[

C:.;'.l 170N12()l.}

Crl LuN 1O

Cosl 134N 1601 - 110
Cipllg;N 1:0)<
C:.;-I'IGGN w()».'.

Cis gz N 15Oqy - 2110
Copl TN 5O - 110"
Cual 1igN 16014
Ceal154sN 15Oy

Co 13N 1sO18
CrallssNigOhs - 31150
CaI T FsNO7
Ciotsl'sN7O5
CalliplsNOu
(jrtﬂl{.’.f-]r:le[)()l:l

Ci 5N O

Culley "N 00

Crsl IE'KFJNIG();'U

Carl TgaI" N 1017 - 311,07
Cirl Lid®aN GOy - 3110

Foanid:

H.0, 1.30.

—45

—48.!

—70
—66

—62.7
—81.

—51
—60
—65

—H.
—51.
—78.

—31
4
—54

—49 .7

— D3

—H4

—78.
—H8.

—5H2

—43

le]n, deg

(c 1, DMIY)

o2

6
4

St

S(el, 1

5

2 (1, HLO)

8 (¢ 1, IT.0)

1.0)

—66 (¢ 1, H.O)

—61

—al.

-85
—~10
58
—~35
—51
—60
—G0
—54
—5H0

1
G (et

1,O)

—7 (e 1, 1,0)

¢ Anud.

Culed:

F, 8.81.

Mp, °C

184 -18Y
120-125
140-145
120-125
160-165

190 -145
211-215
185-190
155-157
1H5-160
140-146
150154
85-120
105150
125--140)
120-125
180--200
1735183
21i5-2134
200-210
170175

140150
180-185

75-84
85~100
160-162
208-210
195107
148 152
130-140
175180

Found: 17, 3.

—TIound, Y%p———
H N
5.96 14.80
6.06 14.50
6.13 14.97
6.28 14.44
6.26 16.07
7.20 16.29
6.13 14.67
6.4) 14.43
6.45 14.33
6.20 14.09
6.36 15.73
7.00 16.91
6.19 14.73
6.05 14.46
5.9 14.67
6.29 14 .54
6.27 14.76
6.2) 16.27
7.07 17.37
6.04 15.11
6.25 17.70
5.09 18,05
6.87 17.23
6.16  17.63
6.21 18.83
6.88 16.67
5.22 14.64
5.58 14.46
5,69 13.82
5.57 13.97
5.61 14.04
5.75 13.05
5.81 13.53
6.02 15.02
6.79 15.66

———Caled, ¥%)— —

G 11 N C
57.61 6.10 14.63 H7.35
58.00 6.20 14.65 57.24
58.20 6.2) 14.57 58.06
59.40 6.13 14.20 58.81
57.15 6.28 15.9)3 57.16
51,60 7.23 15.87 51.71
58.41 6.33 14.21 HR.18
58.65 6.43 14.22 58.65
58 098 6.47 14.22 58.98
50,75 6.26 13.97 59.16
57.84 6.40 15.65 H7.65
55.15 7.14 16.40 54.96
H7T.60 6.25 14.74 h7.67
57.20 H.97 14.83 57.3
57.62 6.09 14.78 H7.83
57.99 6.1V 14.76 H8.63
59.14 6.06 14.34 n.23
56.96 6.23 16.16 H7.05
54.00 G.90 16.90 53.76
56.82 6.05 15.29 56.88
52.75 6.2h 17.62 52.75
53.05 6.01 18.56 52.97
53,69 6.83 17.28 5237
54.15 6.06 18.04 5585
53.72 6.01 18.80 53,60
51.54 7.01 16.58 51.75
51.54 5.02 14.43 51.62
53.02 5.4 14.43 53.20
55.200 5.52  13.80 55.54
5453 5.47 13.83 54.46
55,18 5.63  13.88 55 .02
5571 .76 13,02 54.90
5741 5.74 13.74 H6.93
53.81 6.00 11.99 54.21
5025 6.66  15.42 50.61

e Anal. Caled: T 4008,

Found: T, 3.99

GO6T IQUIAON

SATO N

<6
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TapLe 1T
Brovronlran AcTiviTy HF BRADYKININ ANALDGS

i eqnivaleno 1o 1 gr of
hradykiniy in gninea e

Dlood

Analog L Dressue
4-Rar bradykinin foun N
3-(5-N11.Val) bradykinin ot (1
3-u-Ple bradykinin s 0
4-Tomogly bradykinin >10 i)
Clyeyl bradykindic 4 R
S-in-C'FyPhe hyndykiniic 2 0.67

cthyl aeetate. Tle ethyl acetate solativme were evaporatal,
and tlee residnes were su=petaded in 300 ml of 2 N HCH s re-
fluxed for 12 hire Tlhe solutions were evaporated to ovie-thdrd
volme aml the pll wnx brought to 7 with concentrited NTL,OT1.
The precipitates were removed, wushed with enld wuter, and
tried. Tlee Lisomer melted at 210-211°, [o|*'D — 14° 0 1, water)
wand the » isomer at 210-212°, [o 20 +14° (¢ 1, watert,

Carbobenzoxy-m-trifluoromethyl-L-phenylalanine.-—1he reuc-
Aot of 8.3 g (0.0355 mnle) of m-trifluornmethyl-L-phenyialmdne
with carbobenzuxy vldoride guve 12.5 ¢ (b6' ) of a white solid,
1 106-107°, [wl®n —2° 00 1, methinnl .

Anol. Caled Tor CoHWFaNOQ: €, 5886, H, 4.40; N, 3.82,
Found: €, d8.510; H, 4.41: N, 5.00.

Carbobenzoxy-.-trifluoromethyl-1.-phenylalanine p-nitro-

phenyl ester was nhtained as i eream-colured solid in X707, vield
using p-uitrophennl wand dievelshexylvarbodiinnide, mp 106- 107°,
[ee P —A40° (e 1, methanol).

dnal. Caled Tor CollnFaNaty: C, 00020 11, 3020 N, 50508,
FPommd: €, 39,253 1, 398 N, d.80.

Acknowledgment.—W¢ wizh o thank Mr.o ¢ I
Childs and associates for the microanalyses and Dr. J.
Mo Vandenbelt and associates for the rotations reported.

2,8-Bis(substituted amino)phenothiazine

5.5-Dioxides!

Pine-La Citex axp ¢ CoChusg

Mobwest Besearel Iostitole, Napsas City, Missower 05110

ftorcival July 5, 1DBH

The synthesis of  bis(d-aninophenyly sulfone (I,
o4 -dinnunodiphenyl sulfone, DDS) and its acetylated
derivative, Ih (DADDS), wuax reported m 1908.¢
Compounds of this type were found to possess anti-
streptococeal aetivity tapproximately 30 times that of
sulfunilamide) and have been used i the treatment of
soime comnion bacterial mfections dizeases.®  Later,
DDS and itz derivatives were recognized as being useful
i the treatment of tuberculosist und leprosy.*  During
the Sceond World War, the antimalarial activity of a

11} This tnvestigation wis supporiel by die Walter Reed Ariny Institute
of Researclt (WRATR), Widier Reed Arpgy Medienl Center, Department uf
e Army. andd Headquarlers, U0 Anny Melival Research and Developmetnt
Curaniitad, Oflice of the Surgeun Gettersd, Conurret Nu.o DA-19-193-71)-
LWL This paper i Coucrthulion No. 132 from the Ariny Reseureh Pru-
@i cn Madwriin

2 L Fropt and 1o WhitLtaan, Bre., 41, 2244 (1908,

3) ) G AL L Buade, DL Steplhenson, S0 Smith, T, Dewtng, and G, I8,
Postor, Lopod, 1013010 11037)0 'h) E. Fourwean, 1. Tréfonél, ¥. Nitty, D,
ove(, wind ML 1 Teéfonid, Compt. Rewd.. 204, 1763 (14937).

tly 5oy Wo I Feldmann, H. €. Hiushaw, and H. E. Moses, Prov. Stuff
Vetings Muago Clinee, 16, 695 (1940); (b) N. Rist, F. Block, and V. Hamou,
dea. Tyst. Pustenr, 64, 203 1194Gi; 1e) GO W, Raiciss, Seience, 98, 350 (19431,
wvovar O T ager, RO Pogge, 1AL Jobuosen, . L Do, B ML Pre-
prov, el UG Berles, Pobdie Hhath Repg, 01705, 88, 1720 11943); () I
Go Coehrae, B, Mnlo J002, 1220 519520 Gy J0 A Doull, Didvea,
I peusy. 22, 3CT (1H5 1),

\‘{)l, [)

number of compounds r this series was unvetled i
sereening processex.®  In 1960, Archibald and Hoss®
reported the use of DDS in the treatment of faleiparum
and quartan malaria in natives ving i hyperendetnie
arcas.  Phe mmportance ot DDS and rebated vom-
pounds lins recently been demonstrated by the et
that many  chiloroquine-resistant  strains of  malaria
parasites did ot show  cross-resistanece to DR
structure activity rekdionship studies revealed  tha,
i general. the amtimalarial netivity of componnds of
thi= type is lost when tertiary amino groups or non-
hvdrogen-bonding substituents are present at the paru
(4 unh 4 positions or when the p-umino funetions are
changed to the wefa 3 and 3Y) posttionz.  On the other
Iand. clmnging to small secondary amino or neyhkunnlo
vroup= at the para positions'* and, or certain sobstiti-
o at the wefhn 2 and 27 positions® doces not sduer
and may even enbance nntimalarial netivity.

R;\ /R1

N N
R/ O/ R,

la,Ri, R,~H
h.R,=H;R,=CHCO

Two 2, 4&-bis(zubstitnted  amino)diphenyimetizmes
(ILa and IIb) were shown 1o possess anthimalarial ne-
(vity 1 avian malaria. Billman, e/ a@l.,'> proposcd
thut thesce compounds could actually be considered ns
precursors of the acridine derivative (IV), sinee it has
been reported that compounds of type 1T could con-
ceivably be deaminated to give the imtermediate dily-
droneridines (ITH. which are readily oxidized by oxvgen
or ferrie chloride to form IV

Ry %
N NH, H.N N
R” - \R
CH,
lla, R= CH.
b, R=CH.
R
LN H AR /
N N N N N 1\\
4 W LI Y
7
111 v

A number of phenothinzines are known to display a
varicty of physiological activities.  Mecthylene blue, :
tetramiethyl dertvative of Lauth’s violet (3,6-diamino-
phenothiazonium chloride), was found to have sonce

(6) 1. Y. Wiselogle, "A Survey nf Antimalarial Drugs, 194119457
Vol. IT, Part 1, J. W. Hdwards, Ann Arbor, Micli,, 1946, pp T60-7G6, 8475
846,

(7) 1. ML Archibald and €. M, Ross, J. Trop. Med. Hyg., 63, 25 (1940,

{8) Cf. (8) A. B. . Laing, rbid., 68, 251 (1UGd); 1H) W. Pewers, Eopl.
Prrasitol., 1T, 80 (1965).

(9) DDX, but not quitine, chloruguitte, yuinaerine, ur pyritelhantne,
iultibits competitively ihe incorporation of p-aminobenzuic acid imo folic
acid. See ref 10-13 and other literature cited therein.

(10) H. Heymann and L. F, I'teser, J. Am. Chem. Sov., 6T, 1979 (1U4)).

(11) J. Greenberg, J. Phurmacol. Exptl. Therap., 97, 238 (1949).

(12) A. Bishop, Parusitology, 83, 10 (1963).

(13) J. Hill, Ezptl. Chemotherapy, 1, 347 (1963).

14y LT Elslager and DL F. Worlh, Natre, 206, 630 11965),

15 0 110 Billmaws, 1 G Tlomnas, M. Hedoek, G, Se)ircaeybaer, 1Ty K
Barpes, J. Nentee, ') Trix, and 15 Clelind, J. Oryg, Chim., 11, T8 (149105

Y16) L Biehinger, . I'rakt. Chione, [2] B4, S17 118G




