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lowed by oxidation12 uil'ordod 14a,17a:-ethenopregn-
4-ene-3,20-dione(III). 

Progesterone analog I I I was assayed for activity by 
the modified Clauberg Assay.13 Preliminary results 
indicate tha t a total dose of 0.2 mg of I I I , administered 
by subcutaneous injections, elicits an average, response 
of l.") + ; an equal dose of progesterone elicited a re
sponse of 0.5" . Since I I I may be regarded as a frozen 
rotomer of a 17a-alkylprogesterone, it seems of interest 
to note tha t its activity appears to be at least as 
great as that reported for lTa-ethylprogesterone.1 '1 

Experimental Section13 

14a,I7a-Ethenopregn-5-en-3/3-ol-20-one Acetate (lid).—A so
lution of 6.0 g of I in 75 ml of benzene was heated at 160° 
under ethylene at 3000 atm for 14 hr. Then the mixture was 
cooled, filtered, and evaporated to dryness under reduced pres
sure. The residue was taken up in methanol and filtered to 
remove the insoluble polyethylene. The residue, obtained by 
distilling the filtrate, was chromatographed over 125 g of acid-
washed alumina (hexane-benzene). Crystallization from meth
anol gave l id , in a yield of 3.44 g (53%) as white rods: mp 
140-142°; fN""'1 1730, 1701 cm- ' . The vinyl protons appeared 
in the nmr spectrum at 5 5.45 (in), 6.05 (d, ,/ = 6 cps), and 6.16 
(d, / = 6eps). 

Anal. Calcd for C25H3403: (', 78.49; II, 8.96. Found: O, 
78.31; H, 9.12. 

14a,17a-Ethenopregn-5-en-3fJ-ol-20-one ( l ie) . -After a mix
ture of 1.44 g of I la , 1.46 g of KOFI, 6 ml of water, and 50 ml of 
ethanol had been stirred at room temperature for 20 hr, it was 
concentrated under vacuum and then partitioned between ether 
and water. The ether extract was dried (MgSO.i) and then 
evaporated to dryness under reduced pressure. Crystallization 
from ethanol afforded l ie , in a yield of 1.12 g (87%), as white 
needles: mp 196-198°; ^'",o1 3636, 1675 cm"1 . The nmr 
spectrum showed a singlet a t S 2.18 (21-CH3) and peaks at 5.42, 
0.05, and 6.17 corresponding to the 6, 15, and 16 protons, re
spectively. 

Anal. "Caled for C23H3202: C, 81.13: II, 9.47. Found: C, 
80.91; 11,9.36. 

14a,17a-Ethenopregn-4-ene-3,20-dione (III;.—A mixture of 
1.52 g of He, 9.5 ml of eyclohexanone, and 180 ml of toluene was 
azeotroped under a Dean-Stark head for 1.5 hr. Then, 1.68 g 
of aluminum isopropoxide was added and reflux continued for 
1.5 hr. After the resulting solution had been cooled to room 
temperature, it was washed with aqueous H O , dried (MgSOij, 
and concentrated under reduced pressure. The residue was 
rhromatographed over 45 g of "Woelm neutral alumina, activity 
grade I. After impurities had been eluted by benzene-hexane 
mixtures, fractions containing the product were eluted by 100 ml 
of benzene followed by 100 ml of 10% ethyl acetate in benzene. 
These fractions were crystallized from aretone-hexane to afford 
l i t in a yield of 990 mg (5!)%; as light, yellow crystals: mp 
151-152°; vs""" 167S, 1625 cm - 1 . The nmr spectrum showed a 
singlet at <5 2.17 (21-CFI3), a multiple), at 5.76 (Ci vinyl hydrogen), 
and a singlet at 6.07 (Cis and C% vinvl hydrogens). 

Anal. Calcd for C2JH30O2: C, 8 ].'.(> 1:" II, 8.93. Found: C, 
s i .04; II, 9.02. 
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Iii continuing our study1 of substi tuent effects on the 
biological activity of bradykinin a further series of six 
analogs has been prepared and tested in the guinea pig 
lung and on blood pressure." The analogs were synthe
sized by the stepwise elongation of the peptide chain 
as described in earlier publications3 utilizing for the 
most part the p-nitrophenyl ester method. The 
intermediate peptides and the final products are listed 
in Table I. All of the peptides from the earbobenzoxy-
hexapeptide to the tricarbobenzoxynonapeptido wevt-
found to contain an O-acetyl group on tlie serine liy-
droxyl as previously reported.4 

The method of Filler and N'ovur5 was used for the 
preparation of w~1rinuoromethylphenylalaiiine. The 
X-aeetyl derivative was resolved into its optical iso
mers with L-//(/eo-;>nitrophenvl-2-amino-l,3-propanc-
diol. 

The biological activities of the six analogs are given 
in Table I I . The results obtained for the 4-sarcosine 
and the glycyl bradykinin tire in the range of those 
reported by Schroder and Hempel6 for these compounds; 
however, no details of preparation were given. The 
results of the 5-»-phenylalaniiie analog should be 
viewed with some skepticism since even it small amount 
of the L isomer would lead to an erroneous interpreta
tion of the data obtained.1 Of considerable interest is 
the activity found for the 8-///-trifluoromethylphenyl-
alanine analog. This peptide is about l.~> times as 
active as bradykinin in lowering guinea pig blood 
pressure, but only one-half as active in the lung bron-
choconstriction. This finding lends support to the 
receptor-site theory advanced by Hcherrer7 and also 
would support a view tha t different receptor sites are 
involved in the bronehoconsirictivo and hypotensive 
effects observed. 

Experimental Section 

//i-Trifluoromethyl-L- and -o-phenylalanine. ~ To a solution 
of 42 g CO. 155 mole) of m-trifluoromethyl-DL-pheiiylulaiiiiie5 in 
75 ml of methanol was added 33 g (0.155 mole) of i.-threo-p-
nitrophenyl-2-amino-t,3-propanediol. The mixture was warmed 
io effect solution and 300 ml of ethyl acetate was added. A 
white solid crystallized was removed and dried: 36 g, mp 185 
186°. [a]2SD —46° (r 2, methanol). The mother liquor was 
evaporated to a small volume and ethyl acetate was added giving 
37 g of white solid which was recrystallized from ethyl acetate 
containing a small amount of methanol; 34 g, mp 184-185°, 
: a}-*D —46° ((-2, methanol). The two salts were converted to the 
free acids by treatment with dilute HC1 and extraction with 

{1.! Lor t he previous pape r in this series see E. 1). Nicolaides, i ) . A 
M c C a r t h y , and 1). K. P o t t e r , Biochemistry. 4, 190 (19651. 

(2) T h e a u t h o r s a re indeb ted to Dr. U. O. J . Collier and associates for 
the biological t es t ing of the analogs in t he guinea pig. 

(3) E . D . Nicola ides a n d H. A. D e W a l d . ./. Org. Chem., 26, 3872 (1UB1); 
I I . A, DeWald , M . K. Craft , a n d E. D . Nioolaides, J. Med. Chem., 6, 7-1 1 
(1963); E . D. Nicola ides , M . K. Craft , and H. A. D e W a l d , ibid., 6, 5 2 ! 
(1963). 

(-1) H. 1). Nicolaides and II. A. D e W a l d , ./. Unj. Chem., 28, 1926 (,1963!. 
•5) K. t i l l e r and II. N o v a r ibid.. 25 , 733 (1960). 
16) K. Schroder and H. Hempel , Experientia. 20, 529 (196-1). 
',7) 11. A. Scherrer , Abs t rac t s of the 9 th Na t iona l Medic ina l Cliciii iMry 

Sympos ium, Minneapol i s , Minn . , J 9 0 t . 



TABLE 1 

C o m p o u n d F o r m u l a 

Cbz-Sar-Phe-Ser-Pro-Pho-NOrArg-OCIT, C4f,H.-,8N10Oi3 

Cbz-Pro-Sar-Phe-Ser-Pro-Phe-N02-Ars-OCir3 GJUiNuO,., 
Cbz-Pro-Pro-Sar-Phe-Sei-Pro-Ph(>-N02-Arg-OCH3 C j6Ii7,N,,015 

TriCbz-Arg-Pro-Pro-Sar-Plie-Ser-Pro-Pho-N(>2-Arg-OC 113 C78H ..)6N16() ,„ 
DiCbz-Arg-Pro-Pro-Sar-Phe-Ser-Pro-Phe-N02-Arg C6,IIMN„;017 • II2() 

Arg-Pro-Pro-Sar-Phe-Ser-Pro-Phe-Arg-triacetale Ci7IIa7Ni5Ol7 -411,0 
Cbz-5-NH2Val-Phe-Ser-Pro-Phe-N02-Arg-OClT3 C48H62N,„0,3 

Cbz-Pro-S-NH^al-Phe-Pro-Ser-Phe-NOrArg-OCIT;, CojTTeaNuO,., 
Cbz-Pro-Pro-5-NH2Val-Phe-Ser-Pro-Phc-N02-Arg-OC 113 C.-,8H76N12Olr, 
TriCbz-Arg-Pro-Pro-5-NH2Val-Phe-Ser-Pro-Pho-N02-Aig-()Cir3 (ioTl.noNuiO,,, 
DiCbz-Arg-Pro-Pro-5-NH2Val-Phe-Ser-Pro-Phe-N02-Aig C6.,n.,oN,6017lI2() 

Arg-Pro-Pro-5-NH2Val-Phe-Ser-Pro-Phe-Arg-tiiace'ate G,.1llalN,.,017-2H2() 
Cbz-D-Phe-Ser-Pro-Phe-N()2-Arg-OCH3 CuIUjNnO,,-0.511,0" 
Cbz-Gly-D-Phe-Ser-Pro-Phc-N02-Arg-OCI 13 C4iI I56N,„(),3 

Cbz-Pro-Gly-D-Phe-Ser-Pro-Phe-NOrArg-OCTr., C3IJ1I63N„(),4 

Cbz-Pro-Pro-Gly-i>-Phe-Sei'-Pro-Phc-N02-Arg-OCH3 C^I I^NiA; . 
TriCbz-Arg-Pro-Pro-Gly-D-I5he-Ser-Pro-Phe-N02-Arg-OCI 13 C77l I .,.,N1602„ 
DiCbz-Arg-Pro-Pi-o-Gly-D-Phe-Scr-Pro-Phc-NOj-Arg C66II84N16On -11/) 

Arg-Pro-Pnj-Gly-D-Phe-Ser-Pro-Phe-Ai-g-triacotale CocTIniNijOii 
Cbii-Pro-CJIy-Gly-Phe-Ser-Pro-Phe-NOr-Arg-OCH, G.V.HMN.JO,.-, 
Cbz-NOrArg-Pro-Pro-Gly-Gly-Phe-Ser-Pro-NOj-Arg-OCHs C63IlH.-)N]80,,r2II20 
Cbz-NOr-Arg-Pro-Pro-Cily-Gly-Phe-Scr-Pro-Phe-NOr-Arg G-,„H7.,N18Ol8-H20'' 

Arg-Pro-Pro-Gly-Gly-Phe-Scr-Pro-Phe-Arg-triacetate Cf,8II88N160i» 
Cbz-Cily-NOo-Aig-Pio-Pro-Gly-Phe-Ser-Pro-Phe-NOrArg-OCII., C63H84N18019 

Cbz-Gly-NOj-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phc-NOr-Arg C6,II8„N18Ol8 

Gly-Arg-Pi-o-Pro-(JIy-Phe-Scr-Pro-Phe-Arg-triacct:i(.c C.>8llS8N,cO,8 -3114) 
Cbz-m-CF3Phe-N02-Arg-OCH3 CaIT29F3Nc07 

Cbz-Pro-»j-CF,Phe-N()rArg-OCI I., C3„l I36F3N7()S 

Cbz-Phc-Sei--Pro-TO-CF3Plu-N02-Aig-OClT3 C,,n.,0F3N,,O1, 
Cbz-CJlv-Phe-Ser-Pro-rre-CFaPho-NOrArg-OOHa C4SH.,,F3Nl(1013 

Cbz-lV>-Gly-Phe-Ser-IVo-m-CF3Phc-N02-Arg-OCII3 C,-„Il62F3N„Oll 

Cbz-Pro-Pro-Gly-PFK-Soi'-l'ro-m-CFjPhe-NOj-Arg-OGII:, Gif,H6BF3N,,(),:, 
Ti'i(3l)z-Ai-g-Pro-Pro-(ily-Phe-Ser-Pro-m-CF3Phe-N02-Arg-0(:ir:l C78II,,3F3N,0O2(1 

DiCl)z^Arg-I>ro-Pr(i-Gly-l'he-Sei-I>r(i-m-CF3Plie-NO>-Arg C (,7ll83F3N160„-3IU> r 

Ai-g-Prd-PrD-Gly-l'he-Sei-Pro-nt-CFjPhe-Aig-lnacelate C-,7lI1nF,N|i01v3H20'' 

"Anal. Calcd: II2(), 1.37. Found: H,0, 1.42. ''Anal. Calcd: II20, 1.33. Found: H.O, 1.30 

[«]« 
(c 1, J 

45 
-48.5 
-70 
60 
62.5 
•81.2 (<; 
-51 
GO 

-65 
55. G 
51.4 

-78.8 (c 
31 

-34 
54 

-49.5 
- 53 
54 

-78.8 (c 
-58.5 
-52 
-43.5 
-66 (c\, 
61 

.) 1 . 1 
-85.6 (c 
10 
38 
35 
51 
60 
GO 
54 
-50 
-79 (c 1 

, dog 
DM! ' ) 

1, H ,0) 

1, H 20) 

i, n,0) 

. n20) 

1, n2o) 

, IW) 

Ml>, ° C 

184-189 
120-125 
140-145 
120-125 
160-165 

190 193 
211-215 
185-190 
155-157 
153-1 GO 
140-146 
150-153 
85 120 

105-130 
125-140 
120-125 
180-200 
173-183 
233-234 
200-210 
170-175 

140-150 
180-185 

75-80 
85-100 

160-162 
208-210 
195-197 
148 152 
130-140 
175-180 

C 

57.61 
58.00 
58.20 
59.40 
57.15 
51.60 
58.41 
58. G5 
58.98 
59.75 
57.84 
55.15 
57.60 
57.20 
57.62 
57.99 
59.14 
56.96 
54.00 
56.82 
52.75 
53.05 
53.69 
54.15 
53.72 
51.54 
51.54 
53.02 
55.20 
54.53 
55.18 
55.71 
57.41 
53.81 
50.25 

Calcd, '; 
11 

6. 10 
6.20 
6.29 
6.13 
6.2S 
7.23 
6.33 
6.43 
6.47 
G.26 
6.40 
7.14 
6.25 
5.97 
6.09 
6.19 
6.06 
6.23 
6.90 
G. 05 
6.25 
6.01 
6.83 
0.00 
6.01 
7.01 
5.02 
5.34 
5.52 
5.47 
5.03 
5.76 
5.74 
6.00 
6.06 

Zj . 

N 

14.03 
14.05 
14.57 
14.20 
15.93 
15.87 
14.21 
14.22 
14.22 
13.97 
15.65 
10.40 
14.74 
14.83 
14.78 
14.76 
14.34 
16. 16 
16.90 
15.29 
17.62 
18.56 
17.28 
18.04 
18.80 
1G. 58 
14.43 
14.43 
13.80 
13.83 
13.88 
13.92 
13.74 
14.99 
15.42 

. J 
C 

57.35 
57.24 
58.06 
58.81 
57.16 
51.71 
58.18 
58.65 
58.98 
59.16 
57.65 
54.96 
57.67 
57.37 
57.83 
58.63 
59.23 
57.05 
53.76 
56.88 
52.75 
52.97 
52.37 
53.85 
53.60 
51.75 
51.62 
53.29 
55.54 
54.40 
55.02 
54.90 
56.93 
54.21 
50. Gl. 

L''ound, *; 
I I 

5.96 
6.06 
6.13 
6.28 
6.26 
7.20 
6.13 
6.49 
6.45 
6.20 
6.36 
7.00 
6.19 
6.05 
5.99 
6.29 
6.27 
6.29 
7.07 
0.04 
6.25 
5.99 
6.87 
6.16 
6.21 
6.88 
5.22 
5.58 
5.69 
5.57 
5.61 
5.75 
5.81 
0.02 
6.79 

N 

14.86 
14.50 
14.97 
14.44 
16.07 
16.29 
14. G7 
14.43 
14.38 
14.09 
15.73 
10.91 
14.73 
14.46 
14.67 
14.54 
14.76 
10.27 
17.37 
15.11 
17.70 
18.05 
17.23 
17.63 
18.83 
16.07 
14.64 
14.46 
13.82 
13.97 
14.04 
13.95 
13.53 
15.02 
15.60 

c 
0 

cr 
0 

1—* 

ci 

c 
H 
H 
Cfc 

Anal. Calcd: F, 3.81. Found: F, 3.75. d Anal. Calcd: V, 4.18. Found: F , 3.99 
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1000 
1000 

:::i 
>in 

4 
2 

:>:> 
(in 
40 
70 
2-4 
( ) . ( ) ' 

TABLE II 

HIUUMHCAL ACTIVITY OF BKAIIYKINTX A.NALOGS 
nil e.jui \ a lent !u 1 ^jr of 
b r a d y k i n i n in guinea pi<r 

Aimliic 

4-Sar bradykinin 
.")-(."i-NIÎ Val) bradykinin 
5-n-Phe bradykinin 
4-1 lomogly bradykinin 
< ilycyl bradykinin 
8-»i.-0F]Phe bradykinin 

elhyl acelalc. Tlie ethyl acetate solutions were evaporated, 
and the residues were suspended in .'500 nil of 2 .V HC'l and re-
fluxed for 12 hr. The solutions were evaporated to one-third 
volume and the pll was brought to 7 with concentrated XIPOII. 
The precipitates were removed, washed with cold water, and 
dried. The i, isomer melted at 210 211 °, V|-'i> — 14° (<• 1, water) 
and the i> isomer at 210-212°, [a]'!,D +14° (r 1, water). 

Carbobenzoxy-wi-trifluoromethyl-L-phenylalanine.—The reac
tion of 8.5 g (0.03.55 mole) of m-trifiuoromethyl-i.-phenylalanine 
with carbobenzo.w chloride gave 12.5 g CM)',) of a white solid, 
nip I0<)-107°, k p n "2'° !f I, methanol). 

Anal. Calcd for CVHuFuXO.,: 0, 5S.S(i; H, 4.40; N, 3.S2. 
Found: 0,58.59; H, 4.41; X, M.(M. 

Carbobenzoxy-»i-trifluoromethyl-L-phenyIalanine p-nitro-
phenyl ester was obtained as a cream-colored solid in 87 r , yield 
using p-nitrophenol and dicyclohexylcarbodiimide, nip 100 107°, 
«l2'»i> —:!()°(r 1, methanol). 

Aunt. Calcd for C',JI,lJF3N,()s: (',50.02: Il,:i.()2: X, 5.7:1. 
Found: (', 50.2M; II. :!.98: X, 5.80. 

Acknowledgment. -We wish to thank Mr. C. K. 
C'hilds and associates for the microanalyses and Dr. J. 
M. Yandonbelt and associates for the rotations reported. 

2 ,8 -B i s ( subs t i tu ted a m i i i o ) p h e n o t h i a z i n e 

5,5-Dioxides1 

P l M i - L t C'lIIE.N AM) ( ' . C . C l l E N I i 

.1/ irftrcxt licucoriii Institute, A'u/iw/.s Cittj. Mixxaitri li.'/lld 

lli-fciial J tilt) •">, V.IHH 

The synthesis of bis(4-aminophenyl) sulfone (la. 
4.4'-diaminodiphenyl sulfone, UDS) and ils aeet.ylated 
derivative, lb (DADDS) . was reported in 1908.-
Compounds of this type were found to possess anti-
streptococcal activity (approximately 'SO times that of 
sulfanilamide) and have been used in the treatment of 
some common bacterial infectious diseases.:i Later, 
DDS and its derivatives were recognized as being useful 
in the t reatment of tuberculosis4 and leprosy.3 During 
the Second World War, the antimalarial activity of a 

t i ) TJiis inves t iga t ion was Mtpported by I he W a l t e r Reed Army I n s t i t u t e 
Research ( W R A 1 R ) . W a l t e r Reed Army Medica l Cen te r , D e p a r t m e n t of 

ti A n n y . and H e a d q u a r t e r s , U.S. Army Medica l Research a n d Deve lopmen t 
o m m a n d , Ollice of t he Surgeon Genera l , C o n t r a c t N o . D A-49-193-MD-
' it). Th is paper is Con t r i bu t i on No. 132 from t h e A r m y Research P r o -
i i n on Ma la r i a . 

21 E. t r o m m and I. \\ h i l tmai i , lie,-.. 41 , 220 I v 1008). 

CO la) G. A. H. But t l e , I) . S tephenson , S. Smi th . T. Dewing, and G. K. 
osier, l.aneel, 1, 1331 (1937): lb) K. Fou rneau , I. Trtfot te l , F . N i t t i , D . 
ovet , and M. I. Trefouel , f o m p l . Rend. 204, 1763 (1937). 

i l ) la) W. II. t ' e l dmann , H. C. Hinshaw, and H. E. Moses , Proc. Staff 
\,ti,,u» M'lt/o Clime. 15, 695 (1940); (b) N . Rist , F . Block, and V. H a m o n , 
n„. Inst. Fnstint, 64, 203 I 1940); !c) G. W. Raiziss, .Science, 98, 350 (1943). 

•i ;a,i C,. II. Fuse l , H. C. 1'ofnse. Y. \ . Johansen . J. 1-. D inan , B. M. Pre
en, and ( ' . G. Kccles, I'uhlir Jit,,1th llept. U". S.j , 58, 1729 11943); (b) R. 
. Cochrane , «nV. Mid. ./., 2, 1220 11952): i n .1. A. Doull , Intern. .1 
i in,,,:,,. 22 , 377 0 9 5 1 ) . 

number of compounds in this series was unveiled in 
screening processes/' In 1960. Archibald and Ross7 

reported the use of DDS in the treatment of falciparum 
and quartan malaria in natives living in hypercndoniie 
areas. The importance of DDS and related com
pounds has recently been demonstrated by the fail 
that many chloroiptine-resislant strains of malaria 
parasites did not show cross-resistance to l) l)S.x ; l 

Structure activity relationship studies revealed thai, 
in general, the antimalarial activity of compounds of 
this type is lost when tertiary .amino groups or non-
hydrogen-bonding subsli tuents are present al the para 
(4 and 4') positions or when the />-amino I'unelions are 
changed to t lie mtia (o and :•>') positions. On ihe oilier 
hand, changing to small secondary amino or acylamido 
groups at the para positions'4 and or certain substitu
tion al the nrlhti (2 and 2') positions'" does not alter 
and may even enhance antimalarial aetivil v. 

Ki. 
/ 

Ri 

SO, 

Ia,R,,R. H 
b,R,=H,-R;:-CH;1C0 

4'wo 2,4-bis(substitutod amino) diphenylmethanes 
( I la and l ib ) were shown to possess antimalarial ac
tivity in avian malaria.. Billman, el al.,1* proposed 
thai these compounds could actually be considered as 
precursors of the aeridine derivative (IV), since it has 
been reported that compounds of type II could con
ceivably be deaniinated to give the intermediate dihy-
droaerklines ( I I I ) . which are readily oxidized by oxygen 
or ferric chloride to form IV. "! 

A number of pheiiothiazines are known to display a 
variety of physiological activities. Methylene blue, a 
te t ramethyl derivative of Lauth ' s violet (3,6-diankno-
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