342 NoTEs

and nentralized by dropwise addition of HOAe¢ to pH 6-7. The
precipitated product was collected by filtration, washed (H.0),
dried (P,O;) at reduced pressure, and recrystallized as sum-
marized in Table 11.
2,4-Dioxo-1H-3-(N-p-nitrophenyl)-5-phenyl-6,6-dimethyl-

5,6-dihydrofuro{2,3-d|pyrimidine (6e).—A solution of 3.85 g
(0 0093 mole) of 5e and 0.4 g (0.0075 mole) of NaOCH;j in 150 ml
of anhydrons MeOH was refluxed for 24 hr, concentrated at ve-
dced pressure to one-tenth its initial volume and hydrolyzed v
1,0 (200 ml). The aqueous sohition was neutralized by drop-
wize addition of HOAe causing the precipitation of u pale yellow
solid which was subsequently collected by vacnum filtration,
washed well (H.0), dried (P.0;) at reduced pressure, and ve-
crystallized twice from EtOAe affording 1.0 g (289) of colorless
crystals, mp 217-219°. Anal.  (CypHN30;) C, H, N.

a-Carbomethoxy-3-phenyl-v,y-dimethylbutyrolactone (7).---A
=olntion of 1.0 g (0.004 mole) of 4a in 25 ml of CHCl; was refiuxed
for 10 hr with HCI gas bubbling through the solntion con-
titmansly.  After cooling to room temperature, the =olution was
washed (H.0, 5¢; NaHCO;, H.0) and dried (MgR0:). Cou-
centration at rediced pressure yielded 970 mg of crude prodnet
which wax recrystallized from 957 BEtOH affording 790 mg (80773
of white erystalline produet, mp 113.5-115°. Anal.  (CL 00
C L
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Many theories have been forwarded to explain the
destructive action of 1onizing radiation on the cell.?
Although the chemical theories include a wide array of
target molecules az the primary reaction in the cell,
common agreement points to either a direct lonizing
action on a cellular constituent or an indirect action
mediated by peroxides formed in the cell. Based on
the radioprotection afforded by cysteine and cysteamine
many related aminothiols have been synthesized and
examined. In this investigation interest was focused
on the 1,3-dithiolane ring. The ease of chemical
oxidation of this system to a disulfonyl would malke it
a likely ecandidate for radioprotection. Three 1,3-
dithiolano amino aecids were prepared for biological
evaluation as radioprotective agents: 2-amino-2-[2-
(1,3-dithiolauo) Jacetie (1), -propionic (2), and -butyric
acids (3).

[ithyl phthalimidoacetate® (4) was treated with
ethyl formate and NaOEt in xylene to give ethyl 2-
plhithalimidomalonaldehydate* (5). The 1,3-dithiolane

i) This work was supported by Grant GAl-1341, Division of General
Medical Rciences, and by Grant 1K3-CA-10739 from the National Cancer
1nstitntes, National Institutes of Health. Taken in part from the disserta-
(ion presented by A. A. Ramsey. May 1068, to the Graduate School of thie
University of Kansas in partial fulfillment of the requirements for the Doctor
of Philosophy Degree.

(2) (a) A, P'ibl and T. Sanner, f’rogr. Biochem. FPharmacol., 1, 85 (1965);
(1) Z. M. Baer, "Cheinical Protection Against lonizing Radiation,'” Charles
(' Thomas, Pnblisher. Springfield, 111, 1965, p 147,

i3) A. K. Bose, OUrg. Syn.. 40, 82 (1480).

(1) J. C. Sheehian and D. A, Johnson, J. Amer. Chem. Soc., T6, 158 (19541,
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derivative 6 was prepared by an HCl-eatalyzed reaction
of 5 with ethanedithiol. Hydrazine cleavage ol 6
gave the intermediate amino ester 7 whiclh was sapon-
ified by treatment with KOH in aqueous dioxnne to
give 1 {eq 1).

0
Q()()( H- (IOOC-H"
\ . @[#\(H —
(HO t
O cn
5 7 s
6

L\H

[ >—-—LH(OO( H — [ >—(H( OOH (1)

Unsuccessful approachies to the synthesis of the
aldehyde 10 were made by alkvlation of diethyl acet-
amidomalonate with chloroacetaldehyde diethyl ace-
tal and through ozonolysix and reduction of diethyl
allylacetamidomalonate (8). The svuthesiz of 2 (eq 2

(COOC:L:

(COOCH . (115C 1),
! 9. NaOll, —CO:
CHNHCOCH; ——) ( N1ICOCI, — 2
! 110U
('Ha Q‘llg 2
s . CHO
9 10

was accomplished via alkylation of diethyl acetaido-
malonate using 14-dibromo-2-butene to give 1,1,6,6,-
tetracarbethoxy-1,6-discetamido-3-hexene (9).5  Ozou-
olysis of 9 to 10 was followed by treatment with
ethauedithiol to give the amido ester 11. Alkaline
saponification and decarboxylation in aeid gave the
mtermediate amido acid; subsequent refluxing in 1 17
H,SO. yielded 2.

Using the procedure of Warner and Moe® 4, 4-dicar-
bethoxy-4-acetamidobutyraldehyde (12) wus prepared.
Treatment with cthanedithiol and HCI yielded the
product 2-(3,3-dicarbethoxy-3-acetamidopropyl) - 1,3-
dithiolane (13); hydrolysis and dec: 11'b<)‘<ylzltion of 13
})1()ceeded with ease. Amide hydrolysis, unsucecessful
u\lng 2.5 M NaOH. was mcomph\hed m 1 37 H.S0,
to give 2-amino-4-[2-(1.3-dithiolano) Jbutyric acid (3).

(COOCH .

CNIICOCT;
‘ 1. PHRCH.

. _— 53
: 2. NaOu
CH. — O
1o
12

Blologlcal Results. - 'T'hie radioprotective ability of
2-amino-2-[2-(1,3-dithiol cmo) jacetic acid (1) and 2-
amino-4-[2-(1-3-dithiolano) Jbutyric acid (3) agamst
radiation was tested in mice at Walter Reed Army In-
stitute of Research. Neither of the compounds tested
at 400 mg kg afforded survival or protection in mice
exposed to 950 R (cobalt-60, v rays).

(57 K. Relpogt, Momdsh, Chem., 89, 377 <1U58).
‘) 1. Warner and O. Moe, J. Yuer. Chem, Sov., T4, 2600 (19521
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Experimental Section’

Ethyl 2-Phthalimido-2-{2-(1,3-dithiolano)]acetate (6).—To
a stirred solution of ethyl e-phthalimidomalonaldehydate (5)4
(0.02 mole) in 160 ml of dry CHCl; was added ethanedithiol
(23.5 g, 0.25 mole); the solution was saturated with dry HCI
and stirred at 25° for 12 hr. It was neutralized with 109, Na.CO;
solution, washed (H»0), dried (MgSQ,), and filtered and most of
the solvent was removed at 100° under N,. The oily yellow
residue was dissolved in EtOAc and treated with 59, NaOH
solution. The aqueous portion was extracted again with EtOAc
aiid the combined EtOAc solutions were washed (H»O), dried,
and evaporated to give a thick red syrup. An orange solid which
was produced by standing overnight at 25° was recrystallized
from EtOH to yield 40.6 g (609;) of 6. An analytical sample
recrystallized several times from CgHg and from EtOH melted
at 118°. The nmr spectra were as expected. Anal. (CisHis-
NO.S:) G H, N, S,

Ethyl 2-Amino-2-[2-(1,3-dithiolano)]acetate (7).—Compound
6 (20.0 g, 0.066 mole) was dissolved in 500 ml of EtOH, 5.4 ml
of 859 (HaN). - H:0 (0.09 mole) was added, and the solution was
heated under reflux for 2.5 hr. The reaction mixture was cooled
and the =olid was removed by filtration. EtOH was removed,
and the remaining liquid was dissolved in CHCl; and MeOH.
This was chromatographed on 130 g of silica gel using hexane-
CHCl; (1:1) as the eluent followed by CHCI; to give 8.0 g (59%)
of the liquid amino ester 7.

2-Amino-2-[2-(1,3-dithiolano)]acetic Acid (1).—The ester 7
(8.50 g, 0.041 mole) was added to a solution of 3.10 g (0.035
mole) of KOH in 100 ml of H,O. Dioxane (15 ml) was added to
effect partial solution and this mixture was refluxed for 2.5 hr.
The solvent was removed under reduced pressure leaving an
orange solid which was dissolved (H,0), filtered, and neutralized
by passing through an ion-exchange column of 12 g of Amberlite
IRC-50 (H* form). The HyO in the eluate was evaporated with
a stream of air to leave 4.64 g (639;) of amino acid 1, which was
heated with activated charcoal and recrystallized from H.O and
EtOH to yield white crystals, mp 209° dec. Anal. (C;He-
NO.8,-0.5H.0) C, H, N.

1,1,6,6-Tetracarbethoxy-1,6-diacetamido-3-hexene (9).5—
NaOEt [from 2.3 g (0.1 g-atom) of Na in dry EtOH (225 ml)]
was mixed with 21.7 g (0.1 mole) of diethyl acetamidomalonate
and the stirred solintion was heated to reflux for 30 min. A
solution of 10.70 g (0.05 mole) of 1,4-dibromo-2-butene in 50 ml
of dry EtOH was added dropwise over 30 min. The solution
was refluxed for 6 hr, the NaBr was removed by filtration, and
the EtOH was evaporated in vacuo. The residue was partitioned
between CHCl; and H,O, and the CHCl; extract was dried
(Mg80,) and evaporated n vacuo to yield 24.7 g (0.05 mole)
of crude 9 (quantitative yield). Recrystallization from CgHe—
C¢H.( produced white crystals, mp 118-119° (lit.* mp 112-114°).
Anal. (C‘nHa.;NgOm) C, H, N

3,3-Dicarbethoxy-3-acetamidopropionaldehyde (10).—Com-
pound 9 (2.43 g, 0.005 mole) was treated with O; for 1 hr (60
mg/min) in 25 ml of EtOAc at —80°. The solution was warmed
to 25° and N; was passed through for 30 min. EtOAc (75 ml)
and 0.25 g of 59 Pd-C were added; the mixture was hydroge-
nated at 2atm for 1.5hr. The catalyst wasremoved by filtration
and the EtOAc solution was stored at 4° for 12 hr. The solvent
was removed giving 10 as a thick liquid which was not purified.

2-(2,2-Dicarbethoxy-2-acetamidoethyl)-1,3-dithiolane (11).—
The vellow oil 10 (0.01 mole) was dissolved in 25 ml of AcOH
and 3.0 g (0.03 mole) of ethanedithiol and 5 ml of freshly distilled
BF;-Et:0 was added. This solution was stirred for 12 hr,
nentralized with 16.6 g of agueous NaOH, and extracted (CHCl).
The extract was dried (MgSO,), filtered, and evaporated n
vacuo to produce a solid which was recrystallized from H.O-EtOH
to yield 1.16 g of 11 (0.0037 mole, 379 from 9). An analytical
sample, mp 112°, was prepared by sublimation at 95-100° (0.3
mm). Anael. (CsHaNOsS:) H, N, S; C: caled, 46.53; found,
46.99.

{(7) All melting points were taken on a calibrated Thomas- Hoover capil-
lary melting point apparatus. Analyses were performed by Drs. G. Weiler
and F. B, Strauss, Oxford. England., Ly Midwest Microlab, Ine.. lndi-
anapolis, Ind.. and on an F & M Model 185. University of Kansas. Spectral
data were obtained using Beckman IR-8, IR-10. Varian A-60, and A-60A
spectrometers. The latter used MesSi as an internal standard except in D20
where 3-trimethylpropanesulfonic acid sodium salt was employved. The nmr
spectra were as expected. ‘Where analyses are indicated only by symbols of
the elements analytical results obtained for those elements are within 0.4%
of the theoretical values,
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2-Amino-3-{2-(1,3-dithiolane)|propionic Acid (2).—A solution
0f 0.5 g (1.5 mmoles) of 11 in 1.3 ml of EtOH and 0.53 g of Na,CO;
in 3.75 ml of H.O was refluxed for 20 hr. The solution was
cooled and partitioned between EtOAc and the basic aqueous
solution. The aqueous extract was acidified with dilute HCI
to pH 3 and extracted with three 75-ml portions of EtOAc. The
combined extracts were dried (Na:804) and evaporated in vacuo
to yield 0.27 g (1.15 mmoles, 789,) of the intermediate amido
acid, mp 189.53-190.5°. The 2-acetamido-3-[2-(1,3-dithiolano)]-
propionic acid (0.27 g, 1.15 mmoles) was refluxed in 5 ml of 1 M/
H.SO, for 4.5 hr. The reaction mixture was cooled and neu-
tralized by stirring with 40 g of Dowex 3 (OH~ form) ion-ex-
change resin in 50 ml of H,O. The H,O solution was filtered off
and the resin was washed with 50 ml of H.O. The obtained
extracts were combined and the H,O was evaporated with a
stream of air to yield 0.17 g (0.9 mmole, 789,) of relatively pure
amino acid 2, which was recrystallized from H.O-EtOH, mp 246°.
Anal. (CeHnNO?S?) C, H.

2-(3,3-Dicarbethoxy-3-acetamidopropyl)-1,3-dithiolane (13).—
The crude vellow syrup (0.50 mole) of 128 was dissolved in CHCls
(200 ml) and 47.0 g (42.7 ml, 0.50 mole) of (HSCH,), was added.
The solution was saturated with dry HCI, aud the flask was
stoppered and stirred for 12 hr. The CHC]l; solution was washed
to neutrality (H»O), the solution was dried (Na:80,), and most
of the solvent was removed at 100° with N,. The slightly vis-
cous solution yielded 121 g (769%) of 13. Reecrystallization
(Et20, aqueous EtOH) produced a white solid, mp 92-93°.
Anal. (CsH»NO;S,) C, H, N, S.

2-Amino-4-[2-(1,3-dithiolano)]butyric Acid (3).—Compound

13 (17.1 g, 0.05 mole) was dissolved in 45 ml of EtOH. A solu-
tion of 125 ml of 1.25 M Na,CO; was added and refluxed for 20
hr. The solution was cooled and extracted with two 75-ml
portions of EtOAc. The aqueous solution was separated and
the EtOAc extract was evaporated ¢n vacuo. This residue again
was treated with 25 ml of EtOH and 50 ml of 1.25 M Na.CO; and
refluxed for 24 hr. The combined aqueous solutions were
acidified to pH 3, extracted with two 73-ml portions of EtOAc,
dried (Na;80y), and evaporated in vacuo. The residue, a brown
liquid, was chromatographed on a silicic acid column and eluted
with 297 MeOH in CHCI; to yield 7.25 g (0.035 mole, 709%,) of 2-
acetamido-4-[2-(1,3-dithiolano)]butyric acid. Recrystallization
from CHCl produced a white solid, mp 156.5-157°. The inter-
mediate, 2-acetamido acid (7.25 g, 0.035 mole), and 100 ml of 1
M H,30, were refluxed for 5 hr. The orange solution was ex-
tracted with two portions of CHCl;. The aqueous solution was
neutralized to pH 6 with Ba(OH ). solution, BaSO, was removed
by filtration, and the aqueous solution was concentrated n vacuo
to 150 ml, which yielded 2.5 g of crude amino acid 3 upon stand-
ing. The mother liquor was evaporated to dryness and the
residue was dissolved in a small amount of H.0 to yield an addi-
tional 1.52 g of 3. The total yield of 3 was 0.019 mole (56%)
which was dissolved in boiling H.O, heated with activated char-
coal, and filtered to give 3, mp 262-263° dec. Anal. (CiHis-
NO.S,) C, H, N, 8.
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In continuation of our previous work! on the prepara-
tion of water-soluble antimicrobial agents, we have pre-
pared a number of 2-aminoethyl esters of N-benzyl-
dithiocarbamic acids, in an effort to combine water
solubility with the known activity of benzyl

(1) R.C. Tweit. R. D. Muir, 8. Mizuba, and W. R. Crowley, Jr.. J. Med.
Chem., 8, 374 (1965).



