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more recrystallizations [fromn EtOAe-(=Pr).0, then MeOH--
11,07 gave the analytical sample: N 247, 289, 320 mu (e 37,400,
12,800, 4780); umr absorption of = 2.42 (singlet, assigned to pro-
tou in position 5), 3.02 singlet, proton in position 8), 6.0 (singlet,
6 protons of 6,7-OCH;), 6.58 (singlet, 3 protons of 3-Clly), 6.74
(gqnartet, ¢ CH. protons of -N(CH.CHy)), and S.83 ctriplet, h
Clly protous of =N(CHLCI,)).

4,5-Dimethoxy-N -carboxyanthranilic Anhydride.--~The pro-
cedure followed was analogous to that described by Wagner aud
I'egley s for the preparation of N-carboxyanthranilic anhydride,
except that the prodinet was recrystallized from DMF: vield
410, mp 274-275°. dnal. (CyHNO;) C, T, N.

3-Dimethylamino-6,7-dimethoxy-4(3H)-quinazolinone (54).-
To & suspension of 13.2 g of 4,53-dimeihoxy-N-carboxyanthranilie
anhydride in 450 ml of CHCL was added 30 ml of MesNNII.,
and the mixture was refinxed to complete sohition (approximarely
P hr). The solvent was evaporated, aud the resnlting oily residne
was erystallized by trituration in ethanolic 1CL. The crystals
(11.4 g, mp 231-233°) were dissolved in 0, and the solution
wis made basic with K.CO, sohitioie,  Eixtraction with CHCL

3 ML GO Wagner aud ML YL Fegles, Orge Syn., 27, 45 (1017,
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atfarded 9.1 g of an aily vesidine which wax dissolved i 40 il af
[TCOOH. This =olution was refliuxed for IS hir and eoneentirated
to divness.  The residue was suspended in 11,0, and the =alid
naterial was filtered to give 7.7 g nf 54, My 242, 286, SN,
M Ce 7D, 700, BT, 5420, 4250).

3-/N-Homopiperidiny1)-6,7-dimethoxy-4(3H )-quinazelinone
(57 L 4,5-Dimethoxy-N-carboxyunthranilic avhydride (6.6 g,
103 male) sual 9.00 g (000 mole) of N-aminahamepiperidine
were dissolved i1 A0 ml of DME, sl the salatinn was waned
ta 70°  After 3 hr, the DAME wax remved, 80 1l or 11O was
added, aud the ery=talline sulids were filtered.  Reerystallizatiane
from MeOH-1L0O furnished 4.7 ¢ of cryvstalline hydrazide, ng
146-147°, which wus dissolved in 30 ml of [TCOOTIL  After
boiling a1 retiux far t hr, (he snhnion was coneentrated ta give a
cryv=talline re<idue whiclt was Gitneated with 10O, filtered, aml
dried.  Recrvstallization Trom F1OTT attorded 3.4 g of 57.

Acknowledgment.--'I'he uthors wish o express
their appreciation to Dreso B ML Bloow nd W. T,
Moreland for their interest and adviee during the
course of this work,
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Several mentbers of a series of amino-4(8H)-quin-
azolinones have been reported to cause antiliyperten-
sive effects when administered orally to couscious
hypertensive dogs.! Particularly active were de-
rivatives with methoxyvl substitution i the 6 and 7
posttions and dimethylamino, diethylamino, diallyl-
amino, or N-niethylpiperazino substitution in position 2
of the quinazoline ring system. These conmpounds
(1) bear structural resemblaiices to certain 3-amino-2H-
1,2, 4-benzothiadiazine 1,1-dioxides (2).?> which have
been reported by others® to have hypctensive activity
in anesthetized rats, However, in contrast to our ob-
servations with the 2-amino-4 (3H)-quinazolinone (1)
sertes, o unsubstituted amino group (R = NH,)
together with halogen substitution in the aromatic
motety or a secondary amino group (R=XNHC,H,.
NHCsH;) appeared to be optiunal for activity in 2.
It has also been demonstrated previously that halogen
substitution is advantageous for hiypotensive activity
in the related 3-alkyl-2H-1,2,4-benzothiadiazine 1,1-
dioxides,®* of which diazoxide (2, R = CHy; R’ =

(1) 11.-J. Mess, T, 11, Cranin, and A, Seriabine, J. Med. Chem., 11, 134
(1968).

(2) It may be nmed thac the 3 posilion in tie 21-1,2,4-henzothiadiazine
1, 1-liuxides correspunds to the 2 position in (he 4(3 H)-quinazolinones,

(3) k. Grana, L. Lilla, and L. Raffu, FParsea (Pavia), Bd, Sei., 17, 974
(19G1); 20, 647 (10G5).

) J. G. Topliss, M. 1L Sherlock, 11, Reiman, L. M. Kouzelman, 1. 1),
Shapiro, B. W. Pettersen, . Schneider, and N. Sperher, J. Med. Chem., 6,
122 (1963):  B. A. Bierhawan, J, J, Traverso, aud C, W, Whiteheal, 1bi4., 8,
272 (1063): J. G, Topliss, L. ML Koanzehnan, B, P, Shapiro, N, Sperber, aiul

7-Cl) has attracted considerable interest, Decnuse it
apparently lowers blood pressure by acting direetly on
thie peripheral vasculature.?

Iu order to examine the effect of replacing the
carbonyl function of the 2-amino-4(3H)-quinazolinones
(1) with the isosteric sulfonyl nwolety, or, alternatively,
the effect of 6,7-dimethoxy] substitution in the 2H-1,2.-
4-benzothiadiazines on antihyperteusive nctivity, we
have prepared the analogs 2 (R = dimethylamino,
diethvlamino, diallylamino, N-methylpiperazino; R’ =

6.7-OCHj).
, NYI{ NYR
R NH R NH
e
O §]
1 2

A sultable starting waterial was 4,5-dinitroveratrole
(3)® (Scheme I). Reuction of 3 with aqueous sodiumn
sulfite guve the sodiuin sulfonate 4, which, without
purification, was converted with thionyl chloride to the
sulfonyl chloride 5, 1 an over-all yield of 769,. Treat-
ment of 5 with agueous ammounia provided the sul-
fonamide (6) 1 919 yield, which, upon reduction of
the nitro group with stannous chloride, afforded 7 in
769% vield. The conversion of 7 to 8 waz effected in
the standard manuer” by heating with urea.  At-
tempts to chlorinate 8 in refluxing phosphorus oxy-
chloride resulted only in the recovery of starting m:-
terial.®  Addition of N,N-dimethylaniline to the ve-
action mixture furnished the desired product, but

1. K. Rudh, dbid., T, 269 (1964 N, Pisand and F. Cresel Nutti, Fueoweo
(Pavia)., Ku. Sei., 19, 1003 (1961).

¢3) \. AL Rudin, P, L Rach, R.AL Taytor, and 1L Rosenkilie, J. o mwe-
vol. Kreptl, Therap., 1836, 341 11062); A, A. Rulun, L. Zitawitz, dud L. Hans-
Jor, ibid., 140, 16 (19632, A, N, Ruliin, Angiology, 14, 74 {1903).

(8) J. Ehrlich and ML 1. Bogert, J. Urg. Chem., 12, 122 (1947).

¥) 1), V. Parke and R. T. Williams, /. Chem. Soc., 1760 (1930).

i8) Apparently, 3, 4-dilydro-111-3-0xa-1,2,4-benzothiadiazine 1, l-diaxiles
hive not heen halbgenated previnnsly,
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SCHEME [
SYNTHESI8 OF 3-AMINO-2H-1,2,4-BENZOTHIADIAZINE

1,1-D1oxIDES
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5 6
\ H
H,CO NH, H,CO N0
NH,CONH, \f
EE—— NH
H.CO SO,NH, H,C (S)
7 8
1Poc1,—pyl-
H,CO N 1
— T
H,CO 8
3 02
9

highly colored side-products were formed, and the
isolation of 9 was not always reproducible. Chlo-
rination of 8 could be satisfactorily accomplished, how-
ever, in yields ranging from 45-509;, with phosphorus
oxychloride in the presence of pyridine.® The in-
troduection of the amino substituents to give 2 (R’ = 6,-
7-OCH;) was achieved in good yield by refluxing 9
with the appropriate amine in isoamyl alcohol, or by
heating the reaction components in ethanolic solution
in a pressure vessel at 140°.10

While the 2-amino-4(3H)-quinazolinones (1) had
elicited marked antihypertensive responses in con-
scious, hypertensive dogs at oral doses of 10 mg/kg,!
none of the isosteres (2) reported here exhibited sig-
nificant antihypertensive activity at doses up to 30
mg/kg.!' Furthermore, the isosteres did not exhibit
significant hypotensive activity after intravenous
administration to anesthetized, normotensive dogs'?
at doses of 10 mg/kg. In comparative studies,
diazoxide (2, R = CHj;; R’ = 7-Cl) exhibited anti-
hypertensive effects at oral doses of 10-20 mg/kg,!?
whereas its quinazolinone counterpart, 2-methyl-6-
chloro-4(3H)-quinazolinone (1, R = CH;; R’ = 6-Cl),

(9) C. Hennart and E. Merlin, Bull. Soc. Chim. France, 741 (1959);
M. Robba, M. C. Zaluski, and B. Roques, Compt, Rend., C263, 813 (1966).

(10) L. Raffa, M. DiBella, M, Melegari, and G. Vampa, Farmaco (Pavia},
Ed. Sei., 17, 331 (1962), prepared a series of 3-amino-2H-1,2,4-benzothiadia-
zine 1,1-dioxide derivatives from 3-methylmercapto precursors (¢f. ref 3).
Yor the preparation of other 3-amino-2H-1,2,4-benzothiadiazine 1,1-dioxides,
see J. G, Topliss and L. M. Konzelman, J. Org. Chem., 28, 2313 (1963).

(11) The testing procedure was that of M., A, Prioli and M. M. Winbury,
J. Appl. Physiol., 18, 323 (1960), described in ref 1, except that the com-
pounds (2) were administered as sodium salts in aqueous solution; diazoxide
and 2-methyl-6-cliloro-4(3H)-quinazolinone were given in aqueous suspension
by stomach tube.

(12) 2-Diethylamino-6,7-dimethoxy-4(3H)-qulnazolinone hydrochloride
elicited average blood pressure decreases of 67 mm of longer than 60-min
duration, following intravenous administration of doses of 10 mg/kg to
nhenubarbital-anesthietized, normoteusive dogs. At the same dose, 3-
diethylamino-6,7-dimethoxy-2H-1,2,4-benzothiadiazine 1,1-dioxide (2b) low-
ered tlie blood pressure by 25 mm, but of only 1-2-min duration.

(13) Cf. A. A, Rubin, F, E, Roth, and M. M, Winbury, Nature, 192, 176
(1961).
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was without effect at doses of 40 mg/kg.'* These
observations clearly demoustrate that structure-activ-
ity relationships in the 4(3H)-quinazolinone and 2H-
1,2,4-benzothiadiazine 1,1-dioxide series, at least in
dogs,® '* do not parallel each other.

Experimental Section

Melting points (Thomas-Hoover capillary melting-point
apparatus) are uncorrected. Ultraviolet absorption spectra were
measured on a Cary recording spectrometer in EtOH., Nmr
spectra were taken on a Varian A-60 spectrometer with tetra-
methylsilane as an internal standard.

3,4-Dimethoxy-6-nitrobenzenesulfonyl Chloride (5)—A
slurry of 100 g (0.44 mole) of 3 in 1500 ml of 109, Na,SO; was
heated at reflux for 1 hr. Concentration of the solution #n vacuo
gave a heavy precipitate which was collected by filtration and
washed with EtOH, then ether, to furnish 4 (140 g, containing
Nay;S0;). It was added to 600 ml of POCI; with cooling (exo-
thermic reaction). The resulting mixture was refluxed for 1 hr
(black solution) and then chilled and filtered from NaCl. The
filtrate was concentrated #n wacuo to a purple, solid residue.
Trituration in 1 L. of ether and filtration of the solids yielded 82.8
g (769) of 5, mp 129-133°.

3,4-Dimethoxy-6-nitrobenzenesulfonamide (6).—To 300 ml of
289, NH,OH was added with stirring, 81.0 g (0.29 mole) of 5
over a period of 15 min. An exothermic reaction occurred after
stirring the solution for 15 min. When this had subsided, the
solution was heated on the steam bath for 15 min and chilled.
The precipitate was filtered, washed with water, and dried to give
68.9 g (919%) of 6, mp 199-201°. It was recrystallized from
ethanol.

Anal. Caled for CsH(N20eS: C, 36.63; H, 3.84; N, 10.68;
S, 12.22. Found: C, 36.83; H, 3.92; N, 10.57; S, 12.19.

3,4-Dimethoxy-6-aminobenzenesulfonamide (7).—To a
solution of 199.0 g (0.88 mole) of SnCl;-H,O in 800 ml of concen-
trated HCl was added (stirring) 68.0 g (0.26 mole) of 6 over a
period of 45 min. The temperature rose to 45°; the mixture was
stirred for 8 hr and chilled. The precipitate was collected by
filtration and washed with concentrated HCl. The filter cake
was dissolved in 2 I. of H;0, and the solution was filtered through
Supercel to remove a small amount of insoluble material. Ad-
justment of the pH of the filtrate to 7.5 with NaHCOj; solution
gave a precipitate. This was collected, washed with H,0, and
dried, providing 43.8 g (769;) of 7: mp 186-190°; Apax 253,
312 mu (e 9270, 4340).

Anal. Caled for CsHiN:0.3: C, 41.37; H, 5.20; N, 12.06;
S, 13.80. Found: C, 41.38; H, 5.22; N, 11.81; 8, 13.89.

3,4-Dihydro-2H-6,7-dimethoxy-3-0x0-1,2,4-benzothiadiazine
1,1-Dioxide (8).—An intimate mixture of 7 (48.9 g, 0.21 mole)
and urea (13.9 g, 0.23 mole) was heated in an oil bath at 200°
for 1 hr. An additional 6.9 g (0.116 mole) of urea was added
portionwise over a 45-min period, and the reaction componeits
were occasionally mixed with a spatula. The mixture was then
cooled and triturated in 400 ml of hot H,O. The insoluble ma-
terial (13.9 g) was filtered, and the filtrate was treated with
Darco G-60. Acidification with 125 ml of 1.0 N HCI and stirring
the mixture at 5-10° for 1 hr gave 23.4 g (439;) of 8, mp 260-
263°. Recrystallization of a portion of this material from EtOH-
CHCI; furnished the analytical sample: mp 271-273° dec,
Muax 253, 299 mu (e 9081, 2387); nmr (CF;COOH), r 0.28 (singler,
NH, proton in position 4), 2.50 (singlet, proton assigned to posi-
tion &), 3.10 (singlet, protou in position 3), aud 5.95 (singlet,
6 protons of 6,7-OCH; groups). The proton in position 2 (NH)
is believed to be covered by the solvent signal (¢f. the numr spec-
trum of compound 2a for this resonance).

Anal. Caled for CoH,N:O:S: C, 41.86; H, 3.87; N, 10.85;
S, 12.41. Fouud: C, 41.32; H, 4.03; N, 10.64; S, 12.19.

3-Chloro-6,7-dimethoxy-2H-1,2,4-benzothiadiazine 1,1-Dioxide
(9). A—To 1.0 g (0.004 mole) of 8 in 8.0 ml of POCl; at 10°
was added over a period of 30 min, 0.94 g (0.008 mole) of N,N-
dimethylaniline. The shury was warmed to room temperature,
then refluxed for 18 hr. The solution that resulted was concen-
trated to a black oil. This was triturated in 100 ml of ice-H,0,
and the precipitate that formed was filtered, washed with H.O,

(14) See, however, the report by G. Pala and E. Marazzi-Uberti, Arznei-
mittel-Korsch., 12, 1204 (1962), that compound 2-methyl-6-chiloro-4(3H)-
quinazolinone has liypotensive properties in cats.
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md dried 10 yvield 0.67 g of material melting n1 232-237°. Two
reeryetallizations from EtOH provided 9 ns white ueedles:
mp 265-267°; Aaux 231 285 mu (e 26160, 9940): nmr (CFy
COON) at = 245 (xinglet, proton assigned to position 8), 3.07
(singlet, proton i position 3), 5.93 and 3.99 (two singlets, six
protous of 6,7-OCIH groups). The proton in position 2 (NH) is
helieved 10 be covered by the solvent signal.

Anal. Caled for CullCINOS: C
N, 10.12: 8, 11.60. Fonud: C, 35.74
10.10; 8, 11.69.

B.—A suspeusion of 10.2 g 10.D4 mole) of 8 in 100 ml of POCI
was cooled to 5°, Pyridine (6.2 g, 0.08 mole) was then added
dropwise at sunch a rate that the temperature did not exceed
10°. The gummy mixture was heated to reflux, and after 18 hr
the solmion was cooled and conceutrated in racue to a black oil.
Thix wax added to 400 ml of ice-H.O. The resulting mixture
Wik ~1111Ld for 1 hr, aud the brown solids were collected by filtra-
tion. These were washed with ice-I11.0) and dried to furnish
10.2 g of material melting at 142-154°, ('1\'51(111ixali<)11 frone hot
ErOTD furnished 5.1 g (47%7) of 9, 56°, identical in
ifrarved spectvim and mobility on thin 1‘1) er chromatography
with the material described nnder A.

3-Dimethylamino-6,7-dimethoxy-2H-1,2,4-benzothiadiazine
1,1-Dioxide (2a).—A mixture of 4.7 g (0.02 mole) of 9 nud 2.8 g
(0.05 mole) of Me, NI in 75 ml of ethanol was heated in a1 stain-
less steel, pressure bomb nt 140° for 5 hr. The solvent wax then
evaporated and the residue wis triturated in a0, The solids
were filtered (3.8 g, up 309-311°) and recrystallized fram CHCL-
ErOIT to give 2.7 g (387) of 2a: mp 318-320°: A 225, 26D
and 205 my (e 40,110, 13,560, 4257 umr (CF,COO0H), r 0.67
tsinglet, NID), 5.93 and 5.9% (two =inglets, six protons of 6,7-
OCTL gr (mpa)l 6.60 (singlet, =ix protonx of N(CH;). gronp).

nad. Caled for CoHpN;0:8: C, 46.30; 11, 5300 N, 14.73:

=N, 1124, Found: €, 46.29; 11, 5.42: N, 14.78; 3, 11.46.
3-Diethylamino-6,7-dimethoxy-2H-1,2,4-benzothiadiazine
1,1-dioxide (2b) was obtained similarly in 767, vield; mp 193-
195° (from ethanol-H,0): nmr (CDCL), = 1.0 isinglet, NH,
exchanged with D,0), 6.18 (=inglet, =ix protons of 6 4-()CH<
groups), 6.55 (quartet, four CI, protons of N(CH, (“I
epx), K83 (triplet, xix Clly protons of N(CH.CHy)., :

dnal. Caled for CuiNO8: C, 4983 1, 6, 11 N, 13.41;
N, 10230 Found: €, 49.59; I, 6.06; N, I-').M, S, 10013,

3-(4-Methy1-1-piperazinyl)-6,7-dimethoxy-2H 1,2,4-benzo-
thiadiazine 1,1-Dioxide (2¢).—A mixture of 8.0 g (0.01 mole)
of 9 and 2.2 g (0.02 mole) of N-methylpiperazine in 40 ml of
~AOT was refluxed for 90 min. A =olution wax obtained at
the beginning, followed by a precipitate roward the end of rhe
reaction time. The mixture was chilled, and the =alids were
collecred.  Washing of Ille filtered material with isoamyl alcohol
and ether gnve 3.2 g (8577) of the desired prodiict, nip 262-263°.
The analviical sample 1from EtOH-H.0) melted at 264-266°.

dral. Caled for CullaNaO48: C, 40.40; 11, 5.92: N, 16.46;
=042, Fonnd: C,49.56: T 5,750 N, 16.20; %, 9.49.

3-Diallylamine-6,7-dimethoxy-2H-1,2,4-benzothiadiazine 1,1-
dioxide (2d) was prepared <imilarly in D27 vield, mp 154-156°
(from 1510 TH).

Anal. Caled for CHnNOS: €, 53405 1 568,
N, 0050, Found: G, 33560 T, 5.5%; N, 12,460 =, 9.61.

Acknowledgment.—The wuthors are grateful to Dr.
Jay W. Constantine for kindly providing the pharma-
cologienl results.
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Moy analogs of amino neids have been prepared and
studied 1 o variety of biological sy=tem= ! but very few

1) W, Rhive and 0 G. Skinner in
R. M. MNachster and J. 1 Quustell Jal,,
N. Y. 1063, Chupter 1, pp 2=-730

“Metabolic luhibicors,” Vol 1.
Aeademic Peess Tne.o New York,

Vol,

have been found that can effeetively function like
pornal aumnino acids.  Since a trifluoromethyl wroup
appears to be approxinately the same size as 1 methyl
group, amno aeids with CHy replaced by Cl groups
should have approximuately the =ae sterie requirenments.
In addition, the trifluoromethyl group i chemically
inert and nontoxie relative to the mono- or difluoro-
methyl groups as substituents; however, the strong
clectron-withdrawing effcet of CE; will alter the aeidity
of the amino neid funetion (uuless substituted ot re-
mote position w the molecule) which could influence
the furection of the mmino actd in the biologieal system.
A study of fluorinated amino acids (with trifluoro-
methyl groups) has been reported.? but the biological
studies were wsually Imited simply to observations of
growth cffects on microorganisins.  We undertook to
prepare selected fluorimated analogs of amino acids
and to substitute them for naturally occurring ones in
cnzymatically aetive proteins of nieroorganisins.  The
fluorine would also be useful ax o marker and @ probe in
elucidation of the structure of proteins and i studying
nechanisms of  cnzyime action,  p-lIluorophenyiala-
nine hax been reported to he inml'p()mt(‘d ito normal
straans of Kscheriehia coli in place of phenylalanine but
not into mutant strains \\1111 .llt(,led phenyvlalanine,
ribonucleic  actd =yvnthetase.*  Reeently  4-(trifluoro-
methyl)-2-auninopentancie weid  (trifluoroleucine)  was
claiined to replace teucine in certain leucine auxotrophs
of I£. coli \\'ith(mt adverselv influencing the growth of
these mieroorganisnt=.*

Three of the fluormated amino aeid analogs (tri-
fluorovaline, hexafluorovaline, and tnﬂuoromctluoum()
are known and were prepared® ¢ by literature pro-
cedures.  Hexafluoroleucine was prepared by the pro-
cedure shown in Chart 1.

Chanr 1

oo LAl
(CIyCHCHLCOOH - e (C]Fy pCHCHLCOHLOTS

1 2
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2.0 /M-
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An interesting side reaction was observed during the
dizplacement of the p-toluencesulfouuate group of 2 by
evanide lon; in all instances equimolar anounts of

21 fa) L. ¥, Louerini and 11, AL Walhorsky, J. M. Chewn, T, 369
{1964): 1) M. M. Walborsky aud M. Baum, J. Org. Chem., 21, 538 (194ti};
(¢) H. M. Walborsky, M. Baum, and D. ¥. Lonerini, J. Am. Chem. Soc.,
77, 3637 (19am); D 1. M. Walliorsky and M. Schwara, ibid., T8, 3241
(19583).

3) () R, Muuier and (i, N. Caben, Biochim. Biophys. Acta, 21, 347,
A78 (1959): (b) W, L. Faupmman and F. O, Neidharde, J. Biol. Chew.,
239, 1834, 1841 (10611,

‘ll 0. M. Reuuect aad 1. Aunker, Brochemistey, 2, 171 11903},

ay b L. Kunyunuyanes .mll \u. A. Cherbakov, Tze. Akad, Nwuk, NSSI,
(fd. Kielin, Naak, 21G2 (1060),
a1 R. L. Danaley amd B GL Tabarsky, J. Qcg. Cliem., 220 1275 14573,



