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Acetyl- Hista-
No.%:®  choline No.b.e BaCle No.b.d mine
Atr.’ 8.9 Pap.’ 8.4 Prom.? 8.2
VI 5 \% 4 XIII 5.8
AY 4.5 XX 4 VI 5.7
IX 4. XIX 3.5 VII 5.5
X 4 IX 3 v 4
XX 4 XVIII 3 X 3.8
11 3.75 VII 3 XI 3.7
VII 3.75 VI 2.75 11 3.7
1v 3.5 X 2.75 VIII 3.7
XINX 3 1I 2.70 v 3.5
VIII 2.8 v 2.5 X¥VII 3.5
XI 2.7 XI 2 XX 3.5
111 2.6 XVII 1.8 XIX 3
XVII 2 111 1.7 XVIII 2.5

e Compounds I and XII-XVI are inactive. ? Activities of
other numbers are not yet available. ¢ Compounds I, VIII, and
XII-XVT are inactive. ¢ Compounds I, III, IX, XII, and XIV-
XVT are inactive. ¢ Atropine. / Papaverine. ¢ Promethazine.

show only half that toxicity or even less (VI, 70 mg.,
and VIII, 150 mg.; XIX, 40 mg., and XX, 150 mg.).
Concerning the effects on blood pressure, Table III
shows that, here also, there are two peaks, this time
in the doses required for hypotensive activity, en-
countered for both an ester and a hydrazide with the
same radical, 7.e., isobutyl. From Table IV, which
lists the antispasmodic activities in their order of po-
tency, a minimum of 3 carbons is required in the radical
substituting the amino group for the musculotropic,
neurotropice, and, in part, antihistaminic activities to
appear; branching at the a-carbon atoms of the amine
substituent causes a decrease in or loss of activity,
while branching at the 8-carbon does not. Results in
the hydrazide series are as yet insufficient for similar
comparisons to be made, but already they appear to
follow the same lines though the degree of activities is
lower; it may also be noted that the hydrazides,
contrary to expectation,” are not convulsant (XIV
is a weak depressant). This suggests that the in-
fluence of the dialkylamino group is by no means
negligible,
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1no- lno-

tro- tro-

pic  Toxie pic Toxie
No. Conen. act.? concn. No. Conen. act.® concn.
I 10-7 + 0 IX 104 - 103
II 107 + 10-r X 108 + 1073
11 10-3 - X 10— -
III 10— - 0 XI 102 + 10-3
v 10-8 —+ 102 XI 10~¢8 -
vV 108 —+ 103 NII 10-14 —+ 102
v 10— — XVI 10=-9 —+ 10~7
VI 10712 - 10~° XVIT 10-3 + 1073
VII 10-» + 10-*  XVIII 10~9 + 10-3
VII1 10~ + 0
@ No chronotropic action noticed.

Experimentals

Preparation of Esters (Table I). General Procedure.—One
mole of ethyl chloroacetate was added all at once, at room tem-
perature, to 2 moles of a secondary amine, with stirring; the mix-
ture may be warmed to start the reaction, but cooling was required
when the hydrochloride of the secondary amine began to deposit.
When the mixture had cooled completely and set solid, which
required at least 4 hr., it was filtered through sintered glass,
washed four times with isopropyl ether, the solvent was evapo-
rated, and the residue was distilled on a spinning-band fraction-
ating column under vacuum. For the less stable amines, in
particular the dialkoxyethylamine, it is preferable to add a
saturated solution of sodium carbonate instead of filtering and ex-
tracting and to flash-distil in a rotary evaporator under vacuum.
The liquid obtained by this means is then distilled without any
special precautions: infrared absorption, 3.4-3.5, 5.75, 6.85,
8.35-8.55 p.

Preparation of Hydrazides (Table II). General Procedure.—
The hydrazides were prepared by refluxing for 24 hr. a mixture of 1
mole of ester and 1.5 moles of hydrazine hydrate to which an
adequate quantity of ethanol was added to homogenize. The
alcohol and excess hydrazine hydrate were then evaporated in a
rotary evaporator under vacuum and the residue was distilled:
infrared absorption, 3, 3.4, 5.9-6.2, 6.6-6.8, 9.15, 9.9 u.

(15) Melting peints are uncorrected and were determined on a Reichert
microscope with heating stage. Boiling points were taken during separation
on a spinning-band fractionating column. Infrared spectra were recorded
onan Infracord 137 Perkin-Elmer. Analyses were carried out by the Depart-
ment of Microanalyses of the Centre National de la Recherche Scientifique.

Noles

A New Type of
Antimalarial Agent'

3-Piperonylsydnone.

Way~NeE H. NyBerG AnND C. C. CHENG
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In connection with our continuing investigation on
the structural variation of 3-(p-methoxybenzyl)syd-
none,* an analog, 3-piperonylsydnone (I), has been

(1} This investigation was supported by the Cancer Chemotherapy Na-
tional Service Center, National Cancer Institute of the National Institutes
of Health, Public Health Service, Contract SA-43-ph-3025.

(2) The confirmed antitumor activity of 3-(p-methoxybenzyl)sydnone in
preliminary screening has been reported in our previous paper: see C. V.
Greco, W, H, Nyberg, and C. C, Cheng, J. Med. Pharm. Chem., 5, 861
(1962).

synthesized in our laboratory. Compound I has now
been shown to be an active agent in preliminary anti-
malarial evaluation. At a dose of 10 mg./kg., I was

O,
SOy
0 I\\O/ O
I

found to be active against Plasmodium berghei in mice.
The compound, which is comparable to chloroquine,
is active when administered either orally or subcutan-
eously. No toxicity was observed at a dose of 500 mg./
kg.?

(3) Information kindly provided by an antimalarial screening contractor
of Walter Reed Army Institute of Research. We thank Dr. David P.
Jacobus of the Walter Reed Army Medical Center for his permission to

release this information. Allcompoundstested in the malaria program were
furnished to WRAIR under the auspices of the CCNSC.
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R \“ CH--Z
Xy
Reerystn. Yield, e Caled., e e Tound, G
R x hY Z solvents A Mop., °C, { 11 N « 11 N

3,4-CH,0,CsH; H H COOH «a 57.0  147-150 dec.  55.3 4.62 7175500 4.7
3,4-CH,0,C:H;CH. H H COOH b 88,5 220° 4887 488 h.71 48 4 4,065
3,4-CH,0,C¢H;CH: H CH, COOH e f 67.5 272 54,2 583 6.28  5H9.0 54
3,4-CH.0,CsH;C. H, H H COOH ¢, h 55.0  230-240° 5097 540 5.40 513 5.86
3-CH;0-4-C,H;0C:H;CH. H H COOH 4,k 90.0 228-229 6.54 5.10  51.6  6.60
3,4-CH,0,C:H;CH. H H CN g 85.0  193-194 dec.’ 4.85 12,4 527 510
3,4-CH,0.CsH;CH, H CH; CN m 06.7  223-220 J.42 LT 8.5 548
3,4-CH0.CsH;CH. NO H COOH 4, & 7T1.3 114-116 4.20 1.8 50.6 4.40
3-CH30-4-C,H;OCsH:CH., NO H COOH 4, & 404 114116 597 10.4 33,0 6.06
3,4-CH,0.CsH,CH., NO H CN 1 3.2 5668 / 4,11 19 2 EERE T 3|
3,4-CH0.C¢H,CH, NO  CH; ON S T30 5052 H6.6 .72 Ix0 A6 470

e Butatwl. ¢ Methatol.
acetate. ¢ Lit. mp. 241°,

o Lt mup. 224°,

7 Ethyl acetate.  * Heptane.

Up to the present time, known major antimalarial
agents can be assembled into the following categories?:
(1) cinchona alkaloids (4-quinolylcarbinols, e.g.,
quinine and cinchonine), (2) 4-aminoquinolines (e.g.,
chloroquine and amodiaquine), (3) 8-aminoquinolines
(e.g., pamaquine and primaquine), (4) 4-quinazolones
(e.g., alkaloids from Chang-shan), (5) 9-aminoacridines
(e.g., quinacrine), (6) diaminopyrimidines (e.g., pyri-
methamine), (7) biguanides (e.g., proguanil), and (8)
4,4'-diaminodiphenyl sulfones. Since 3-piperonylsyd-
none is a cyclic mesoionic compound, it cannot be cate-
gorized in any of the aforementioned series. Conse-
quently, this new type of compound may be less sus-
ceptible to cross resistance against strains of malarial
parasites which developed resistance to the known anti-
malarial agents.!b®

The site or mode of action of I as an antimalarial
agent is not vet known. Sydnones, in general, yield
hydrazines or N-nitrosoglycines on hydrolysis with acid
or base, respectively.® Piperonylhydrazine’ (II) and
N-nitroso-N-piperonylglycine (IIT) were accordingly
prepared. However, no antimalarial activity was de-

tected with these compounds.?
0 O
{ D/\NHNH; < D/\Tmm(m
0 O N= 0

I 1

The following related compounds have also been
synthesized in our laboratory and tested: 3-phenyl-
sydnone,® 3-[(3,4-methylenedioxy)phenyllsydnone, 4-
chloro-3-piperonylsydnone, 4-methyl-3-piperonylsyd-
none, 3-piperonylsydnone imine, 4-methyl-3-piperonyl-
sydnone imine, 3-(4-ethoxy-3-methoxybenzyl)sydnone,
3[(3,4-methylenedioxy)phenethyllsydnone, 3,4-methyl-

(4) For excellent reviews and discussion of known antimalarial drugs, see
(a) R. C. Elderfield in "Heterocyelic Compounds,”” Vol. 4, R.
C. Elderfield, Ed., John Wiley and Sons, Ine.,, New York, N. Y., 1952,
pp. 1-343; A. Albert, ibid., pp. 491-563; (b) “Chemotherapy of Malaria,"
(i. Covell, G. R. Coatney, J. W. Field, and J. Singh, Ed., World Health
Organization Monograph Series No. 27, Geneva. 1955; (c) P. B. Russell
in*Medicinal Chemistry,” A. Burger, Ed., Interscience Publishers, Inc., New
York, N. Y., 1960, p. 814.

(5) Cf.(a) Chem. Eng. News, 35 (1963); (b) U. S, Med., 1,1 (1965).

(6) J. C. Earl and A, W, Mackney, J. Chem. Soc., 899 (1935).

(7) T. Cartis, J. prakt. Chem., 85, 393, 463 (1912).

4 Isolated as monohydrochloride.
Lt m.p. 185.

« Acetone. 7 Diethyl ether. ¢ Ftlawol,

= Not recrvstallized,

* Methyl

enedioxy-g-nitrostyrene,® N-piperonylglyconitrile,¥ N-
piperonylglycine,’  N-nitroso-N-piperonylglyconitrile,
N-piperonyl-a-methylglycine, N-homopiperonylgly-
cine,) N,N’-dipiperonalazine,’!® N-piperonal-N-pi-
peronyl hydrazone,'* N N’-dipiperonylhydrazine,?
and 3-(N-exo-p-acetylaminobenzenesulfonyl)piperonyl-
sydnone imine. Among these, only 3-phenylsydnone
has demonstrated sonie activity against P. berghel.
This compound is ca. 259, as active, but much more
toxie than 3-piperonylsydnone.?

N-Substituted glycines and glyconitriles were pre-
pared according to previously described procedures.?
Although many syvdnone imines have been prepared by
cyclization of the corresponding N-nitrosoglyecines in
ether, acetone, or aleohols with dry HC1, ' in our labora-
tory it was found that many undesirable side reactions??
rould be eliniinated or suppressed by the use of non-
polar, nonoxygen-containing solvents, such as methyl-
ene chloride. We have also noted that the yield of
sydnone imines could be further inereased by the isolation
and purification of the intermediate nitrosoglycoui-
iriles prior to c¢yclization.

The sydnones prepared in this report were cyelized
from the corresponding N-nitrosoglycines in benzene by
means of N,N’-dievclohexylearbodiimide.’®  Yields from
the carbodiimide cyclization were generally very good
and the sydnounes of high purity were readily isolated. 1t
is of interest 1o 1ote that previous investigators! had
used N, N'’-diisopropylearbodiimide in water for the
preparation of 3-substituted sydnones. However,
under these conditions the reaction product was coin-
posed of an equimolar mixture of N, N’-diisopropylurea

(8) (a) K. W. Rosemnand, Ber., 43, 3410 {1910); (b Y. Tanuka and 1.
Midzuno, J. Pharm. Soc. Japan. 49, 255 (1929).

(4) B. B. Dey and 1. R. Govindachari, Arch. Pharm., 276, 383 (1037),

(10) H. Scheibler and P. Baumgarten, Ber., 6B, 1358 (1922).

(11) J. V. Braun and K. Wirz, ¢bid., 60B, 102 (1927).

(12) T. Curtius, J. prakt. Chem., 86, 137 (1912).

(13) (a) O. Gerhardt, Monatsh., 41, 199 (1920); (b) K. diyatakce, J.
Pharm. Soc. Japan, T2, 1162 (1952); (¢} N. K. Kochetkov and L. A.
Vorotnikova, Zh. Obshch. Khim., 26, 1143 (1956).

(14) F. H. C. Stewart, Chem. Rev., 64, 129 (1964), and references cited
therein,

(15) V. G. Yashunskii and L. . Kholodov, Zk. Obskek. Khim., 33, 8635
(1962).

(16) E, Schmidt, ¥. Hitzler, and E. Lalhide, Ber., T1, 1933 (1938).,
able from Mann Researcl Laboratories, Ine., New York, N. Y,

{171 W. Piittner and (5. Wolfrom, British Patent 823,001 (Nuv. 4, 14391,
Ciermarc Patent, 1,489,633 (Nov, 26, 16500,

Avail-
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3-SUBSTITUTED SYDNONES AND SYDNONE IMINES

July 1965
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|
~
Re-
erystn,
sol-  Yield,
Ry R: R vents %
3,4-CH:0:CeH3 H (o] a 41.5°
3,4-CH:0:CeHsCH: H ¢} ¢ 72.4
3,4-CH:05CeH:CHe CHs 0 ¢ 58.8
3-CH30-4-C:H;0CeH:CH: H (o] d.e 98.0
3,4-CH0:CeH3C2H H (o] d,/ 36.0°
3,4-CH20CsH;CH: Cl (o] d 13.2
3,4-CH20:CeHsCH: H NH-HC1 L 42.6
3,4-CH0:C¢HsCH: CHj NH-HC1 fig 71.1
3,4-CH20:Cs11:C Ho H p-(NSO:CeH) NHCOCH;y ! 36.9
e Butanol. ? Yield calculated from the corresponding glycine.

lenm ether (bh.p. 33-60°). * Monohydrate.

and sydnone, and the latter could only be isolated after
repeated recrystallizations.

Experimental's

N-Nitroso-N-piperonylglycine (II1).—To a solution of 24.4
g. of N-piperonylglycine hydrochloride? in 250 ml. of water cooled
to 0° was added dropwise, with stirring, during a period of 30
min., a concentrated aqueous solution of 7.5 g. of NaNO,. After
the addition was complete the reaction mixture was stirred at
0° for an additional 3 hr. and extracted with six 200-ml. portions
of ether. The ether extract was treated with decolorizing
charcoal, dried (Na,S0,), filtered, and evaporated to a sirup under
reduced pressure. The sirnp was triturated with a small amount
of petroleum ether (b.p. 35-60°) and the resulting solid was re-
crystallized from a mixture of ethyl acetate and heptane to give
17 g. of analytically pure product, m.p. 114-116° (see Table I).

a-Methyl-N-nitroso-N-piperonylglycine, N-nitroso-N-pipero-
nylglyeonitrile, and other related compounds (see Table I) were
prepared by essentially the same procedure.

3-Piperonylsydnone (I).—To a warm (70°) solution of 4 g.
of 11 in 150 ml. of dry beunzene was added a warm (70°) solution
of N,N'’-dicyeclohexylearbodiimide!® in 50 ml of dry benzene.
N,N’-Dicyclohexylurea precipitated immediately. The mixture
was stirred at 50-60° for 2 hr. and filtered while hot. The
filtrate was evaporated to dryness in vacuo, and the residue was
recrystallized from 75 ml. of toluene to give 2.7 g. of I as shiny
needles, m.p. 158-159° (see Table IT).

In a parallel run, a comparable yield of the same purity was ob-
tained when acetic anhydride was used as the cyclizing agent.?
Products prepared by both methods had identical antimalarial
activity., Other 3-substituted sydnones were prepared by the
carbodiimide procedure.

3-Piperonylsydnone Imine Hydrochloride.——~Dry HCl was
bubbled at a moderate rate into a solution of 6.6 g. of N-nitroso-
N-piperonyiglyconitrile in 150 ml. of dry methylene chloride
cooled at —50°. After 10 min. the gas inlet was disconnected
and the reaction mixture was evaporated below 0° under high
vacuum. To the resulting residue there was added & small
amount of petroleum ether (b.p. 35-60°), and the solid product
which separated was filtered. It was recrystallized from a mix-
ture of ethanol and petroleum ether to give 3.3 g. of analytically
pure product (see Table II). 4-Methyl-3-piperonylsydnone
imine hydrochloride was prepared by essentially the same pro-
cedure.

3-Piperonyl-4-chlorosydnone was prepared by chlorination of
I, according to the method of Baker, Ollis, and Poole!® (see
TableII).

3-(N-Exo-p-acetylaminobenzenesulfonyl)piperonylsydnone
imine was prepared by treating 3-piperonylsydnone imine hydro-
chloride with p-acetylaminobenzenesulfonyl chloride in pyridine,

(18) All metting points (corrected) were taken on a Thomas—Hoover
melting point apparatus. The ultraviolet absorption spectra were deter-
mined with a Beckman DK-2 spectrometer.

(19) W. Baker, W. D), Ollis, and V., D, Poole, J. Chem. Soc., 1542 (1950).

CR:
+ |
_CRa
M.p., AEIOH ~——Caled., %—— ~—Found, ¥%—
°C. mu emax C H N C H N
165-166 308 9,500 52.5 2.92 13.6 52.3 3.21 13.3
158-159 288 11,450 354.5 3.63 12.7 54.7 3.98 12.6
138-141 291 12.650 56.4 4.28 12.0 56.6 4.53 11.8
115~119 285 10,000 57.6 5.60 11.2 57.3 5.46 11.2
122-125 287 12,200 56.4 4.28 12.0 56.1 4.20 11.7
110-111 dee. 292 10,700 47.2 2.75 11.0 7.2 3.00 11.0
97 dec. 291 9.500 46.9 3.91 16.4 46.7 4.13 16.1
111 dec. 294 11,600 49.0 o445 156 491 4.71 15.4
111 dee. 262 23,500 49.8%% 4.15 12.9 49.6 4.20 12.9
317 11,700
¢ Toluene. ¢ Heptane. ¢ Ethyl acetate. / Ethanol. ¢ Petro-

¢ Karl-Fischer determination of water: caled., 4.15; found, 4.11.

according to the procedures of Yashunskii and Ermolaeva?
and Daeniker and Druey?! (see Table II).

Acknowledgment.—The authors wish to express
their appreciation to Mr. Hal P. Van Fossen, Mr.
John R. Gravatt, and Mrs. Margaret Rounds for the
analytical and instrumental measurements.

(20) V. G. Yashunskii and V. G. Ermolaeva, Zk. Obshch. Khim., 82, 186

(1962).
(21) H. U. Daeniker and J. Druey, Helv. Chim. Acta, 45, 2462 (1962).

XV.! Synthesis and
Antigoitrogenic Activity of the 3’-t-Butyl

Thyroxine Analogs.

Analog of 3,5,3’-Triiodo-L-thyronine and Its
O-Methyl Ether

Euvgene C. JorgENSEN AND JaMES A. W, RElp

Department of Pharmaceutical Chemistry, School of Pharmacy
University of California, San Francisco Medical Center,
8an Francisco, California 94122

Recewved January 9, 1966

Analog studies carried out to define structural fea-
tures necessary for thyroid hormonal activity have led
to active compounds in which the iodine atoms of thy-
roxine (Ia) and 3,5,3’-triiodothyronine (Ib) have been
replaced by other halogen atoms? and by alkyl
groups.®~® lodine has proved to be the most effective

(1) (a) Paper XIV: E. C. Jorgensen and J. A, W. Reid, Endocrinology ,
76, 312 (1965). This investigation was supported by Research Grant AM-
04223 from the National Institute of Arthritis and Metabolic Diseases.
U. S. Public Health Service. (b) The synthesis and biological evaluation in
the tadpole of 3-{4-(3-t-butyl-4-hydroxyphenoxy)-3,5-diiodophenyl}-1-
alanine hydrochloride (cqmpound Va hydrochloride) is reported inde-
pendently by C. M. Buess, T. Giudici, N. Kharasch, W. King, D. D. Law-
son, and N, N. Saha, J. Med. Chem., 8, 469 (1965).

(2) (a) M. V. Mussett and R. Pitt-Rivers, Metab. Clin. Ezxpil., 6, 18
(1957); (b) W. F. Cuthbertson, P. V. Elcoate, D. M. Ireland, D. C. Mills,
G. 8. Boyd, and M. F. Oliver, J. Clin. Endocrinol. Metab., 21, 1579 (1961).

(3) (a) T. C. Bruice, R. J. Winzler, and N. Kharasch, J. Biol. Chem.,
210, 1 (1954); (b) C. S. Pittman, H. Shida, and S. B. Barker, Endocrinology,
68, 248 (1961).

(4) E. C. Jorgensen, P. A. Lehman, C. Greenberg, and N. Zenker, J. Biol.
Chem., 237, 3832 (1962).

(5} (a) H.J. Bielig and G. Liitzel, Ann. Chem., 608, 140 (1957); (b) E.
C. Jorgensen and R. A. Wiley. J. Med. Pharm. Chem., 6, 1307 (1962).

(6) (a) B. Blank, F. R. Pfeiffer, C. M. Greenberg, and J. F. Kerwin,
ibid., 6, 554 (1963); (b) C. M. Greenberg, B. Blank, F. R. Pfeiffer, and J.
F. Pauls, Am. J. Physiol., 208, 821 (1963); (c¢) S. B. Barker and M. Shimada,
Proc. Staff Meetings Mayo Clinic, 39, 609 (1964); (d) A. Wahlborg, C. Bright,
and E. Frieden, Endocrinology, 76, 561 (1964),



