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ez qivalent e 1 g of
bradykinin in guinra nig

1wl
Analog L JORE IR
4-Nar hradyvkinin 1 34
3-(5-N1aVal) bradykinin b 61
S-u-Phe bradykinin B8 4)
4-1amogly bradykinin > ]
Glyeyl bradykinin 1 RESS
R-1i-C'FyPhe bradyvkinin 2 .67

cihyl aeente. The erthyl acetate =olminus were evaporated,
and 1he residnes were =aspended in 300 ml of 2 N HCT and re-
fluxed for 12 e The solutions were evaporated to one-third
wvolimue unrl the pIT was bronght to 7 with concentrated NH,0TI1.
The precipitates were removed, wushed with cold warer, nnd
dried.  The nisomer melted at 210-211°, la]*n — 14° 10 |, water:
and the v isomer at 210-212°, te *D +14° (¢ |, walery

Carbobenzoxy-m-trifluoromethyl-L-phenylalanine.—'The reuc-
ton of 8.5 g (0.0355 mole) of m-trifluoromethyl-t-phenylalinine
with carbobenzoxy chiloride gave 12.5 ¢ 196/, of & white olid,
mp ID5--107°0 hef®np —2° (¢ [ methanol ).

Anel. Caled far CHGFaNOg: C, 5885, H, 4.40; N, 382
Found: C, d8.50; H, 4.41: N, 4.00.

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

phenyl ester was obtuined ax o cream-coloved solid in 877, yvield
n=ing p-nitroplienol and dieyelohexylearbodiinide, mp 106- 1H7°,
e i®'y —AD® (e 1, methanol).

dnal. Caled for CoHnFy NGO Coonn2: T 3.920 N, 570
Fonnd: C, 5024 11, 498 N, 5.8D.
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Childs and associates for the microanalyses and Dr. J.
Mo Viandenbelt and assoeiates for the rotations reported.

2,8-Bis(substituted amino)phenothiazine

5.5-Dioxides!'

Mine-1a Cmiex axp L Co Cnese

Midarest Wescoreh Tostitute, Koawsoas Cita, Missauei 65110

HNeceived July 7, 1ORH

The synthesis of bis(4-uminophenyl) =ulfone (I,
4o -dijminodiphenyl sulfone, DDS) and its acetylated
derivative. Ib (DADDS)., was reported in 1908.%
Compounds of this tyvpe were found to possess anti-
streptococeal activity Gipproximately 30 times that of
sulfanilamide) and have been used in the treatment of
sonie common bacterial infectious  dizeuses.®  Later,
DDS und its derivatives were recognized as being usetul
i1 the treatment of tuberculosis* and leprosy.®  During
the Second World War, the antimualurial activity of a

(13} This investigation wus supports] by 1l Walter Reell Avriny Instita (e
of Researell (WRATR), Walcer Reed Army Meilical Center, Department nf
the Artny. awl Hewliuarcers, U0 Ay Medimil Researi:l und Develojmer«
Comunnl, Oive of the Surgenn General, Contract Na.o 12A-49-193-MD-
27 1L This paper is Coufriluitiom Nevo 132 from the Ariny Researrh Pru-
prone on Malaria.

21 19 Fromnm aw] I Whittman, Ber., 41, 2261 {1108),

3y 1a) GooAL L Buade, DL Steplienson, S0 Smith, T Dewing, and G, 14,
Veaster, Lunest, 1, 1331 (1937):0 (b 150 Pournean, 1. Tréfongl, F. Nitti, D).
Unve( awd M. 1 Teéfouel, Compt. Rend.. 204, 1763 (1937).

111 da) W I Feldmann, H. . Hinshaw, and H. E. Moses, Proc. Stuff
Vewtings Mdagyo Clinie, 16, 695 (1940); (b) N. Ris(, F. Block, and V. Hamou,
Lo Just, Pastenr, 64, 203 119405 1) G. W, Raiz Science, 98, 350 (19431,

Geovay (L 1L Foged, RO Progge, 1AL abansen, 1. I, Dinan, 13, M. Fre-
Tean, anel CoGu Yoveloes, Poddie Hesadth 1eepa, i17. 55, B8, 1720 (14y43); o K.
o Cowehrane, Beie, Yed, ., 2, 1220 51050 +ev J0 A Doull, Tatern.
Loeopvsy, 220 377 (D13,
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numiber of compounds i this =eries was unvelled
sereening processes.t  In 1960, Arclubuld and Ross®
reported the ise of DDS in the treatinent ol faleiparuim
and quartan madaria in natives living in hyperendennie
areas.  The mportance of DDS and relted com-
pounds has recently been demonstrated by the Taed
That mwny chloroquine-resistant <trains of  mabaris
parasites did not show  eross—resistanee ta DR
Streture activity relationship studies revealed  that,
in general, the antimalarial setivity ol componnds ol
this type 1s Jost when tertinry amino groups or nou-
lydrogen-bonding substitucnts are present at the paea
(4 nnd 4 positions or when the p-nmino funetions ave
chianged to the preta G and 37) positions.  On the other
hand. changing (o small secondury amino or aeybimdo
roups ut the para positions'* and, or cortain substitn-
tion at the wethe 12 and 2% positions® does not alier
and iy even enbaniee antimalacind activity,
1{4\ /R1
N N
R/ R,
SO,

la,R,,R.=H
b,R; = H: R, = CH,CO

Two  24-bis(substituted  aminojdiphenyimetlsanes
(ILi and I1Ib) were shown to possess antimalarial ae-
tivity i aving walaria. - Billman, ef @l.,V proposel
that these compounds could actually be considered ux
precursors of the acridine derivative (IV), sinee it has
been reported that compounds of type IT could con-
ceivably be deaminated to give the intermediate dihy-
droaeridines (IT1T), which are readily oxidized by oxveen
or ferrie chloride to form IV, 1

R, /R
N NH, H.N N
R/ m — —)Q/ \R
CH,

lla, R~ CH.
b.R=CH.
R
X
R

Ry - AN
N N N N Ny
>
1 v

A nuwber of phenothinzines are known to display a
variety of physiological activities.  Methylene blue, g
tetrainethyl derivative of Lauth’s violet (3,6-dinumino-
phenothiazonium chloride), wus found to have some

(6) . Y. Wiselugle, “A Snrvey af Andmalarial Drugs, 1941-1945,"
Vol. I1, Part 1, J. W. IWlwamls, Ann Arbor, Mich., 1046, pp T60-76GG6, 845
846,

(7) 1. M. Archiubald and C. M., Ross, J. Trap. Aed. Hyg., 63, (111407,

i8) Cf. (a) A. 3. G. Laing, bid., 68, 251 (1945): (1) W. Prcors, Erpll,
Purasitol., 1T, 80 (1965).

(4) DDS, bu¢ not quinine, rhlomsjuine, guinaerine, or pyrimethauinge,
inhibits competitively the incorporation of p-aminobenzuir acisl into foliv
acid. See ref 10-13 and other literature cited therein.

(10) H. Heymann and L. F, Fieser, J. Am. Chem. Soc.. 6T, 1079 (1945).

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

(12) A. Bishop, Parausitology, 53, 10 (1963).

i13) J. Hill, Exptl. Chemotherapy. 1, 547 (1963).

il4) I T, Elslager uad D, F. Wortl,, Nutire, 206, 620 11965},

(141 J0 11 Bithinan, DL G Themas ML Hedvek, Go Sehieonoloser, 100 15
rarnes, Jo Nemee, P Trix, aud 120 Cleland, J. Oy, Chem., 11, 770 (101G,

(1G) L Biehringer, J. Headit. Chea., [2] B4, 217 (18001,
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beneficial effects on patients suffering from malaria.!
It is thus apparent that the synthesis and biological
evaluation of 2,8-bis(substituted amino)phenothiazine
5,0-dioxides (V), which possess the combined structural
features of I, II, and IV, should be of considerable
interest.

Va, R, R,=H
b, Ri=H; R, =COCH,
¢, Rv=H;R,=CH;
d, Rv=H; R,=CHO
e, Ri=H; R,=CH.
f, R,=CHs R,=CHO
g, Ry R,=CH,

T'wo synthetic routes to 2,8-diaminophenothiazinc
5,50-dioxide (Va) have been reported. Michels and
Amstutz!® prepared Va from phenothiazine by an eight-
step synthesis involving a Curtius rearrangement. A
new synthesis of Va by prolonged heating of bis(2,4-
diaminophenyl) sulfone with zinc chloride in dilute
hydrochloric acid was reported by Bradbury and
Smith.!® Since the first procedure is rather lengthy
and the second method could not be repeated in our
laboratory,? a modification of Michels’ and Amstutz’s
synthesis using a Beckmann rearrangement was
examined. OQur procedure consists of the conversion
of the dioxime?! (VII) of 2 8-diacetylphenothiazine
5,5-dioxide (VI) to the corresponding diacetamido
derivative (Vb) with phosphorus pentachloride. The
desired 2,8-diaminophenothiazine 3,5-dioxide (Va) was
readily obtained by acid hydrolysis of Vb. Thus, the
present synthesis (shown in Scheme I) provides an
easy access to Va and its related compounds.

SCHEME [
CH,CO H COCH;
N .
H,NOH
—_—
SO,

VI
PCl.
e

H

CH,(HON =)C\@N©/C(=NOH)CH
50,
VIt

vb A, va

The alternate synthetic approach, which involves a
Beckmann rearrangement of the dioxime of 2,8,10-

(17) P. Guttmann and P. Ehrlich, Berlin Klin. Wochschr., 28, 953 (1891).
(18) J. G. Michels and E. D. Amstutz, J. Am. Chem. Soc.. 72. 888 (1950).
(19) H. Bradbury and F. J. Smith, J. Chem. Soc.. 793 (1956).

(20) According to the procedure given by Bradbury and Smith,1s the
tetramino sulfone was refluxed in a saturated solution of ZnCls in 2 & HC1
at below 120° for 72 hr. Qur attempts to repeat this work vielded onlv de-
composition products. TUsing reaction temperatures higher than 120° (a
saturated ZnCl: solution boils higher than 120°) also failed to yield the de-
sired product.

(21) A number of oximes of acetyl- or ketophenothiazines have already
been reported in the literature. See, for example, (a) R. Baltzly, M. Har-
fenist, and F. J. Webb. J. Am. Chem. Soc.. 68. 2673 (1946); (b) A. Burger
and A. C. Schmalz, J. Org. Chem., 19, 1841 (1954); (c¢) G. Cauquil and A.
Casarlevall, Compt. Rend., 240, 1784 (1955); 1) G, Canil and A, Casade-
vall, Bull. Sor. Chim. France, 768 (1955); (e) G. Caunnil, E, Casarlevall and
A. Casadevall, Compt. Rend.. 243, 159 (1956): (f) G. Cauquil, A, Casade-
vall, and E. Cusadevall, Bull. Soc. Chim. Frunce, 1049 (1060).
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triacetylphenothiazine (VIII) prior to the oxidation
step, was also attempted. Although the rearrange-
ment was carried out successfully, difficulty was en-
countered during the oxidation of the rearranged
product (IX)'8 to the corresponding sulfone.

CH.

!

OH cl—o ﬂIOH
C—CHa

ﬂl =
S

VIIL

*
0] Cc=0

| l
CH, —C—NHQND/NH
S
iX

Reduction of the acetamido derivative (Vb) with
borane in tetrahydrofuran readily yielded 2 8-bis-
(ethylamino)phenothiazine 3,5-dioxide (V¢). The cor-
responding methylamino compound (Ve) was prepared
from the formamido derivative (Vd) in a similar man-
ner. Formylation of Ve with acetic formic anhydride
followed by reduction of the resulting compound (V{)
by borane afforded 2,8-bis{dimethylamino)phenothia-
zine 5,5-dioxide (Vg).

Preliminary, antimalarial evaluation results®? indi-
cated that compounds of type V did not show activity
against Plasmodium bergher in mice. Apparently the
rigid phenothiazine dioxide ring system failed to retain
the original antimalarial activity exhibited by DDS
and related compounds. Bis(2,4-diacetamidophenyl)
sulfone,'® prepared in counection with the attempted
eyelization to Va by the method of Bradbury and
Smith,'® was also inactive,

_(H:‘_CHJ

Experimental Section*®

Dioxime of 2,8-Diacetylphenothiazine 5,5-Dioxide (VII)—
A mixture of 3.15 g (0.01 mole) of 2,8-diacetylphenothiazine 5,5-
dioxide (VI), 1.8 g (0.026 mole) of hydroxylamine hydrochlorvide,
200 ml of absolute ethanol, and 100 ml of pyridine was heated
under reflux for 3 hr.  After evaporation of part of the solvent
by a stream of air, the reaction mixture was diluted with 600 ml
of water and filtered by suction to give 3.05 g (889 yield) of
VII, mp 320-323° dec. From tetrahydrofuran-methanol, the
analytically pure dioxime crystallized as white needles, mp
324-325° dec.

Anal. Caled for CisHiN4O.8 (345.4): C, 55.6; II, 4.38: N,
12,2, Found: C, 55.6; H, 4.58: N, 12.0.

2,8,10-Triacetylphenothiazine Dioxime (VIII).—A mixture of
5.5 g (0.017 mole) of 28,10-triacetylphenothiazine,' 4.0 g
(0.06 mole) of hydroxylamine hydrochloride, 250 ml of absolute
ethanol, aud 25 ml of pyridine was heated under reflux for 20 min.
The yield of VIII was 5.6 g (939%), mp 222-224°.  On recryvstal-
lization from methanol, the pure dioxime was obtained as white
needles, mp 224-225°.

Anal. Caled for CisHiiN;0,8 (355.4): C, 60.8; H, 4.82; N,
11.8. Found: C, 60.5; H, 5.12; X, 11.5.

Beckmann Rearrangement of VII.—The dioxime VII (3.0 g,
0.009 mole) in 300 ml of anhydrous tetrahydrofuran was treated

(22) Antimalarial testing results were provided by Dr. David P. Jacobus
of WRAIR.

(23) All melting poin(s were laken on a Thomas—Hoover melting point
apparatns. The ultravinlet absurption sper(ra were iletermined] with a
Beckinan DK-2 spectropliotometer, and the infrared spec(ra were taken with
a Perkin-Eliner Infracord.
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with 4.4 ¢ (0.02 wole) of PCl; oar room temperniure. The
dioxime gradually went into solntion, and the reaction mixture,
after being allowed {0 stand at room temperutire for 1 day, was
poured into 400 mil of cold water; tetrahydrofuran was removed
by astream of air.  The crude product was collected by filiration,
wished with water, aud dried i air,  On recrystallization from
avetone—methanol there was oblained 1.5 ¢ (50971 of 2,8-diacer-
anidophenothinzine  5,5-dinxide (VD) as white erystals,
82 B84°,

dnal, Caled for Cuylla N0 CHA: L 5506, 1, L0980 N,
12,2095, 0280 Famd: 555 T 44D, N, 1220 8, 0).20.
Bee 1\111 i rearrangewent of the dioxime (VIIT1 was earried
ont by a similar procedure to give a 739 vield of 2.8-diaccl-
amido-10-neetylphenothiazine (IX3Y, mp  267-200° (it mp
301-5302°),

2,8-Diaminophenothiazine 5,5-Dioxide i{Va).-The dincet-
smide VD 1085 g, 0.4025 maled was boiled with 100 m] of 187,
ITCHor 1O hr. The reactban mixture wis filtered, snd the cooled
filimte was newtralized  with NILOH.  The precipitate wis
colleeted by filimtion, washed with water, and dried in air o
vive 052 ¢ (05741 of 1the ernde Vo, mp 342-345° dec. On
reeryvalallizadon from methanal, the pure saniine was obiaiued as
piede vellaw needlos, i 4814507 de (11 BA5-0062,1 550-342°1;

duaf, Calid Tor CaIlp NGOLS (261050 11, 4.25; N,
16,0, Paund: ¢, 54.9; T1 4820 N, 177.

2,8-Bis(ethylamino)phenothiazine 5,5-Dioxide (Vej. ~A sus-
pension of 4.5 g {0.013 moled of the dincetamide Vi in 120 wl of
auhydrans tetrahydrafuran was reated with 65 wil of a 1 3/
solatian of borane in the sune solvent. The reaction mixture
wits headed under reflox for 1 Lhr inoa hood, and water was cau-
iionsly introdneed 1o decamprse the excess borane,  After diln-
tivn with 1HD ml of warer, the tetraiivdrafuran was distilled, and
an addblional S ml o water was addded. The precipitated
saliil was filteredl by =nelivm, washed with water, and allowed ta
dry i aie vy pive 509 g 190 af Ve mp 2 ° dee. Onore-
cryvstiallization frowm meth: |||‘1i s |l\'111 ally pire Ve was obtained
as white needles: wp 275 268 g (e 89,000},
512 tug Te LIS, The infrared \1)(fll|ll|l hias niaxima at 2.9,
.2, 523, 6.7, 1.9, 8.2, and 8.8 .

lwat Caled tar CullaNy0.s (3741
15.2, Foand: (4, 60.6; 11,5985 N, 13D,

2,8-Bis(methylamino jphenothiazine 5,5-Dioxide (Ve). ~'Lo un
ieetic formie anhydride sehitinn (prepared by mixing 35 ml of
ON=100%, formie acid andd 115 ml of acetie anhydride, and allowing
the mixture ro stand o 20 win bhefure usey was added o small
portians, 1.7 g (0.005 moled of 2x-dinmivophenothinzine 35.5-
dinside (Varn o The formylation mixtare wis stirred at room
temperntare for 4 hr, then dilinted with S ml of water.  The
proditet was eolleeted by filerntion, washed with water, and diied
i air ta give 1. \) gof Vd, map ¢ 95° dec.  Compound Vil
Is w while solid, extremely insolable i methanol aid other con-
mn organic u)lvent.\ Tis infrared speetrum showed the ex-
pected mmide absorption bands at 6.03, 5.5, and 8.0 4. The priul-
et thus abtained was 1=ed far the following redaction withant
purification.

The rednction of Vd was carvied ant in 10D wil of anhydrons

trichydeofuran with 40 wml of 1 37 borane in the same solven.
The rencrion mixture was heated under reHux for 1.5 hr and
worked up as described for its cthyl analog (Ve) to afford 1.5 g
af Ve, mp 272-274° dec.  The over-all vield from Va was S1',
On recrystallization from methanol, pure Ve was obtained us
while needles:  mp 275-277° dec; NEe™ 267 mp (e 93,000),
A1 mu (e 10,000): maxima b the infrared spectrum were at
2.0, 5.0, 6.2, 6.5, 6.7, 7.0, 8.2, and 8.9 u.

Anal. Caled for CrHsN;0.8 (280.4): C, 58.2; H, 5.25: N,
4.5, Found: €, 58.2; H, 5.50; N, [4.5.

2,8-Bis( (limethy]amino)phenothiazine 5,5-Dioxide {¥g)..~ T a
sulution of 1.3 g (0.0045 mole) of Ve in 20 ml of 98¢ tnlmu aoeld
was slawly added 45 ml of mixed anhydride, plepau,d from 30 1t
vl formic aeid and 15 ml af gcetic acid as described above,
After being stirred overnight nt roon temperature, the react
ixtare wus poured slowly intn 700 ml of water.  The solid wis
collected by filtrinn, washed with water, and dried in the air
o give 1.5 g of the diformamido intermiediate Vi, mp 345-348°
dee. Tt was exlremely in=oluble i methanol and was rednced
without further purification in 50 ml of telrahydinfiiran by addi-
tion, tn =eversl portions, of 51 wil of 1 17 horane in the sanie ~cl-
venl, Alier being Lheated wder reflnx for 1 L the reastion mis-
ture was workal np tw the scene nunnter as Tor the preceding
prachiets o give 123 g (95000 of Vg, mp 361-364° dee. One

27275

¢, 60.3; 11, 6.03: N,

Vol b

smalylically
i 272 Tl

revivslidlizalion Tome dimerhyliomianmide gave :a
pure sample \\ln(h melted at A53--4967° (lm N
fe 07,000, 015 i fe 12,0000,

dupl. Cudied tor CITpNLOS8 )l:,l) o 1L dars: N,

R

1

1520 ol O, D04 1T, 518 N,
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1,3-Diethyleneguanidines

LizrHarbd Orraasy axp Havwoon linoks

Oline Muothivson Chenddcid Corporation, Chewicals Divesian,
New Hueen, Caucnectiont

Neecived Jone 17, 10010

As part of A program dealing with the chlorination of
isothioeyunates,' we have synthesized various 1.3-

dicthyleneguanidines, @ new  clawss of potent inseet
chemosterilanis.
S-Dicthylencguanidines (I, 1 = 1) as well as bis-

(1,3-diethylencguanidines) (I, »e = 2) were synthesized
from izoevanide dichlorides (IT) and 1,2-alkylenimines
(aziridines) in the presence of tricthylamine as hydrogen

chloride  seavenger® The reaction  proceeded  par-
(‘l—i - O
,’ Co - SPRINEN
RN 42 N AL
| T 11 Tenr g
L Cl
11
- CHL T
A
| ClHL
N 2 LN
! ~ CHL I
L it J
1

ticululy <moothiy i the aromatic seriex snd wfiorded
compounds T i high purity.  The infrared absorption
speetrt of T show as dominant features a very strong
>(-=N-- uhsorption  at approximately 1635 ¢
and wstrong unassigned absorption st 1330--1540 e

The isocyanide dichlorides employed in the above
reactions were synthesized in the ease of the aromatic
representatives by chlorinntion of the corresponding
izothiocyinates! or by reaction of the formunitides with
thionyl chloride and sulfuryl ehloride.*  Alkylene bis-
(isocyvamde dichlorides), which to our knowledge luve
not been previously reported,® were obtained by chlori-
nation of the diizocyanates with phosphorus punl-u-llh)—
ride in phosphorus oxychloride.  This method,® first
deseribed for the preparation of alkyl ixoc ‘\,‘1111(10 h-
chlorides. gave only unseparable mixtures of chlorina-

(1) G, Otumann amd 31, 1losks, J. Org. Chem., 31, 848 {1066,

() Reactinus of isocvaaide dichlorides with primary, seeowlary, and
rerliary aliphatic or gromgtih: amines have Liern reporied to same extent:
iar It Rell amwl G Zieroll, Bero, 7, 1228 (187435 (b) G. M. Dyson aml T,
earingronn, ., Crears Sac Tl (101000 ey 1 Kithhe, Aoy, £, T4,
RIFY RS RIEER

S Omy e aald

p-pheuvlene bistisoeyvanide diehloride) are deserilied o

(i enrrespuauling avamalie series.



