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1-CARBAMOYL- AND [-THIOCARBAMOYLFY{ROLIDINIS

1!11
RN
No. R Ry Re Ra
1 Cylls, H H 11
2 Cells CH, H I
qo Celly CHy, CH: 11
4 Gl CH; C.H. I
0 (;(,l 1:. C H;; ’1)1-C4l 1 B} Il
G CeH: H C.H, CyHx
7 Cells CH;  CH. CyH.
8 CgHs CHy;  CeHs 15
9 Gyl CHy  3,4,5-(CH;50)5CsHo H
1 Gl CHy  p-CH:OCsH, I
] ('hII. C‘I’I‘; I)I-CF3C5H4 H
12 ol CaHi  in-CICgH, 11
3] (,‘;-I’l:. C?II'. I)l-(ngcﬁ}h 11
4 Cslls CH; Cells 11
1h o Gl CH;  m-CFsCeHy H
1 Cells CH,  Cells m-CsH:
17 Cally Call, Gyl CH,
IS s Cull, Gl CstH,;
19 (I-C II;;OCG}L }l ChH'. CGII'.
FIVE O § B H CeHx CsH;
21 Cells, Clg Gl Csll;

» See Experimental Section.

“ Ilydrochloride. ¢ Dioxalate. ¥ C: ealed, 59.78; found, 59.16.

To a stirred =olution of 0.1 nwle of the 3-aminopyrrolidine inn 100
wl of dry CsHe at roont temperatire was added slowly 0.1 nwole
of the alkyl or aryl isocyvanate in 20 ml of dry CeHs.  After the
addition was complete, the mixtire was stirred for several minutes
amud the =olveut was evaporated at rednced pressire. Crude
produets were purified by recrystallization.

Procedure 2. By Reaction of 3-Aminopyrrolidine and Potas-
sium Cyanate.—A solution of 0.03 mole of 3-substituted amino-
pyrrolidine in 31 ml of 1.V HCl was treated all at once with 0.03
mole of KNCO in 5 ml of H;O. The mixture was stirred for 4--
16 hr at roomn temperatire, then the resulting precipitate was
separated by filtration, washed (H,0), and purified by recrystal-
lization.

Procedure 3. By Reaction of 3-Aminopyrrolidine and Sub-
stituted Carbamoyl Chlorides.—A solution of 0.0435 mole of the
J-substituted aminopyrrolidine in 50 ml of CHCI; was added to a
solution of 10 g of K.CO;y in 50 ml of HyO. The stirred mixture
wus then treated dropwise with 0.045 mole of the substituted car-
banoyl chloride in 30 ml of CHCly and stirring was coutinued
for 1-16 hr. The CHCIly layer was separated and dried (Mg-
S0)g) aud the solvent was evaporated., The ernde produet was
purified by reervstallization,

3-Amino-1-thiocarbamoylpyrrolidines. Procedure 4. By
Reaction of Alkyl or Aryl Isothiocyanate and 3-Substituted
Aminopyrrolidine.—The general procedure was essentially the
=ame as procedure 1 except in =ome cases the reactauts were
stirred at roour temperature for 2-16 hr or heated at reflux for
several hours.

1-Benzyl-3-diethylaminopyrrolidine Difumarate.— A mixture of
1SN (250 g) and 170 g (0.61 mole) of 1-benzyl-3-pyrrolidinol
benzenesulfoirite ester was placed i1 a borib and heated at 100°
for 16 hr.  After the excess anmiine was evaporated, the residue
was {reated with 200 ml of 6 .\ HCl and extracted (Et,O).
The acidie laver was made basic aud then extracted (Et.0).
The combined extracts were washed (H,0) and dried (MgSOy)
aud the solveut evaporated. The residual oil was distilled at
reduced pressure and the fraction boiling at 88-90° (0.10 mm) was
collected.  The nouvizeons oil weighed 87.5 g (62%¢ yield).

A portion of the free base {11.7 g, 0.05 mole) was added to a
solution of 1.6 g {0.01 mole) of fumarie acid in warm -PrOH.
The =alt which separated on cooling was recrystallized from é-Pr-
OI-12101. The white produet melted at 159.5-162° and
welghed 15,6 g lnal. (CyllpuNaOy) C) H, N

3-Diethylaminopyrrolidine Dihydrochloride.—A ~olution of 72
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“B = CsH E = i-PrasO. T = +-PrOH, M = MeOll, W = ILO, O = {xonctane.
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wethml®  yield AMp, °C solvent Formuyala Analyses
2 57 1835-135 W Culli:Nz0 G N
2 62 130-132 B-0O CaH N30 C,H,N
| 97 126-128 B-0O CysH N0 C, H, N
1 82 X2-84 B-I¢ CrHa NS ¢, H, N
4 68 176-178 1 CralTaCIN S G, 1, N
B 84 102104 O Ci3 N0 C, N
N i 154-160 I-E Ci6H;CLN O C 1N
i | 142--144 B-0) CisHauN3O C, H, N
| 89 176-178  I-E CuTasCIN;O,4 I, N ¢
t 69 107109 B-0) CraHuaN30- O 1N
4 NE) 137158 M-W  CyH0F3NS G N
| 81 187--190 1 C1:HgsCLN 0 ¢, H,N
| 60 212-214 1 CisHaCIF;N;04  C 1N
4 79 61-65 B-0 CiglIy NS N
| D) 196-198  B3-0 CsHuCIFN;07 ¢ L, N
B 33 132-135 I Ca HiCINO4 C N
3 59 162-164 l--12 Cs11:CIN;O ¢, N
3 40 137-140 1 Cunl 15 N3O e I, N
3 77 72-74 B-0 CygH2:N50. C, 1IN
3 LTl 125-126  B-0 CuHau N3O ¢, U, N
3 85 124126 B-0 CuHus N30 C, 1, N

o Dihydrochloride.

g 10.31 mole) of i-beuzyl-3-diet hylaminopyrrolidine, 150 ml of
absolute EtOH aud 50 ml of 12 N HCl was shaken with 8 g of
Pd-C catalyst at about 70° until 1 equiv of Hy was absorbed.
After cooling, the suspension was filtered aud the solvent wax
evaporated at reduced pressure. The residual oil was< niade
basic with 5002 NaOH and the resulting suspeunsion was filtered.
The organic layer was separated, dried (NaOH pellets), and dix-
tilled at rediwced pressure. The fraction boiling at 82-84°
(12 mm) was collected. The water white, nonviscons oil weighed
21.2 g (499 vield). A portion of the free base was converted
to the hydrochloride and recrystallized {i-PrOH). The white
produet melted at 181.5-183.5°.  dnal. (CyH4CLNY C, II, N,

S-2-Aminoethyl S’-w-Carboxyalkyl
Dithiocarbonate Hydrochlorides as Potential
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The synthesis uf 8-2-aminoalkyl 8’-w-carboxyalkyl
dithiocarbonate hydrochlorides (V) was undertaken as
an extension of previous modifications of the radio-
protective agent 2-aminoethanethiol in which the
mercapto group is combined in dithiocarbonate esters.”
Two of the previously prepared dithiocarbonates (I
and II)% afforded “fair’” protection to mice exposed

(1) Thisinvesligation was sapported by the U, 8. Armny Melical Resewrh
and Development Command under Contract No. DA-49-193-M1)-2028.

(2) (a) T. P. Johnston and A. Gallagher, J. Org. Chem., 29, 2442 (196:1);
11 . P. Johnsten and C. R. Stringfellow, Jr., J. Med. Chem., 9, 921 (1961},
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H,NCH.CH,SCOSCH,CH,NH,-2HBr
I

CH,(CH,SCOSCH,CH,NH:),-2HCl
IT

to radiation that was lethal to unprotected mice® (see

Table I), whereas two aminoethyl sulfoalkyl dithio-
carbonates?? were inactive.

TasLe I

RADIOPROTECTIVE ACTIVITIES OF SELECTED
S-2-AMINOETHYL DITHIOCARBON ATES®

Approx Drug 30-day

LDso, dose, Vehicle of survival,
Compd mg/kg mg/kgb admin e
I 425 300 Saline? 40
150 Saline 7
II >150 90 Saline 40
45 Saline 0
Vb 1300 1000 CMC-Twe 67
500 CMC-Tw 33
Ve 560 320 CMC-Tw 0
Vd 1000 560 CMC-Tw 33
280 CMC-Tw 0
A/ 300 200 Saline 20
Be 500 300 20
150 10

@ Antiradiation screening tests in mice against lethal radiation
(800-8251R, X-rays) were performed at Walter Reed Army Insti-
tute of Research, Washington, D. C., under the direction of Dr.
D. P. Jacobus. ® Administered intraperitoneally 15 min before
irradiation as a solution or suspension ranging from 0.9 for the
most toxic compound to 3% for the least toxic (pH 5-7). ¢ No
survival among control mice. ¢ Physiological saline. ¢ Com-
pound suspended in physiological saline containing 0.39 sodium
carboxymethylcellulose and 0.19; Tween 80. / CH;SCOSCH,-
CH,NH,-HCl+ ¢ CsH:.CH,SCOSCH,CH,NH..HCl.*

The general approach to the preparation of the title
compounds (see Scheme I) was based, as were the
examples of S-2-aminoethyl dithiocarbonates already
mentioned, on the dithiocarbonate synthesis developed
by Crawhall and Elliott* and involved concurrent
hydrolytic ring cleavage and ester hydrolysis of the
alkyl w-(2-thiazolin-2-ylthio)alkanoates (IV). The re-
quired intermediate esters were prepared by the alkyla-
tion of 2-thiazolidinethione (III) with the corresponding
alkyl «-bromoalkanoates in DMI® with I,CO; as acid
acceptor, but the alkylation of III with methyl 3-
bromopropionate under the same conditions gave
anomalous results: ir transparency at ~1565 em™!
(C=N) indicated that the product was methyl 2-
thioxo-3-thiazolidinepropionate (VI), acid hydrolysis
of which gave 2-thioxo-3-thiazolidinepropionic acid
(VII) without ring cleavage. The assigned structure
was confirmed by an umambiguous synthesis of VII
consisting of a base-promoted CS8. ring closure of 3-
(2-bromoethylamino)propionitrile hydrobromide (VIII)
and subsequent acid hydrolysis of the resultant crude
2-thioxo-3-thiazolidinepropionitrile (IX). The re-
ported?® synthesis of VII via the cyanoethylation of I11
with acrylonitrile suggests that the anomalous alkyla-
tion with methyl 3-bromopropionate was a result of the
intermediate formation of methyl acrylate.

3-(2-Thiazolin-2-ylthio)propionic acid (X), a suitable

(3) “Fair' denotes 26-41Y, survival and ‘‘good" >159Y% survival of mice
in standard antiradiation screening tests (see Table I).

(4) J. C. Crawl@ll and D. F. Elliott, J. Chem. Soc., 3094 (1952).

(3) R.J. Gaul, W. J, Fremath, and M. N. O‘Connor, J. Org. Chem., 26,
5106 (1961).
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[>—S(CH2)nCOZR —»  HCIH,NCH,CH,SCOS(CH,),CO.H
N

IVa,n=1;R=Me Van=1
b,n=3R=Et bn=3
c,n=4R=Me on=4
d,n=5R=Me dn=>5

f
[:>=s — [:>—S(CH2)2002H

H
It X
™ ]
HCI-H,NCH,CH,SCOS(CH,),CO.R

XIa,n=1R=Me

b,n=2:R=Et
S S

S N(CH,),CO.Me —> S N(CH,.COH
VI VII

S

BrCH,CH,NCH,CH,CN — S N(CH,,CN
HB \—4
r
VIII IX

intermediate for the preparation of the corresponding
dithiocarbonate, was obtained in crude form by the
reported action of propiolactone on III in alkaline
solution.®® Reerystallization (EtOH) of the crude
product from the acid hydrolysis of X, however, pro-
duced the pure ethyl ester, 8-2-aminoethyl 8’-2-(ethoxy-
carbonyl)ethyl dithiocarbonate hydrochloride (XIb).
The acid hydrolysis of methyl (2-thiazolin-2-ylthio)-
acetate (IVa) also failed to give a product isolable in
pure form, but esterification with MeOH enabled the
isolation of the methyl ester XIa, although in minute
vield. Variations of the procedure leading to Xla,
including esterification with EtOH neither improved
the yield nor gave a pure product.

Among the dithiocarbonates tested thus far, only
8-2-aminoethyl 8’-3-carboxypropy! dithiocarbonate hy-
drochloride (Vb) has shown ““good” radioprotection
of mice.® A comparison of the antiradiation activity
of Vb with other selected dithiocarbonates is given in
TableI; Vb is apparently the least toxic dithiocarbonate
listed and hence can be administered at a relatively
higher nontoxic dose.

Experimental Section®

Alkyl w-(2-Thiazolin-2-yithio)alkanoates (IV).—A mixture of
equimolar amounts (~0.15 mole) of III and K,CO; was stirred
in DMF (~90 ml) for ~20 min and then treated dropwise with a
soluition of an equimolar amountof the appropriate alkyl w-bromo-

(6) J. E. Jansen and R. A. Mathes, U. 8. Patent 2,483,416 (1949); Chem.
Abstr., 44, 1544 (1950).

(7) Melting points were determined with a Mel-Temp apparatus. Infra-
red spectra were determined in pressed IXBr disks (solids) or films (oils) with
a Perkin-Elmer 521 spectrophotometer. Where analyses are indicated only
by symbols of the elements, analytical results obtained for those elements
were within 0.49% of the theoretical values.
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ALKYL @-(2- T AZOLIN-Z-y LTIIO S LK AN = 1Y)

Yiekl,
1ongnl oy I, YO G Wty
1Va 203 {22126 (0. 4) 15645
IVDh it {22128 (0. 05) [N R
1V D0 {57145 (). 4) Foo400
1Vd 29 F- 17 (0.2 [N Y

 Sroug absorption.

Tapre 111

S-L-AMINOETHYD S -w-CanBoxyALryn DitHiocarnosate HybrochLoyivgs (V)

Yiehd, R Y s L

(SO e AT CO:1t SLUDS
Vi s 167--169 {710 1641)
Vet 19 [42-144 1715 1645
Vi N 32135 1715 1645

* Recrystallized from 6 N 1CL

“ Strong absorption; ¢f. vef 2a.
alkanoate m DME 11 ml/g of ester)at saclia rate that the reaction
remperature did not vise above 50°.  The resulting mixture was
stirred for 1-4 hr und filtered (o remove worganie =alts; DM
wax remwved frown the filtrate under rednced pressure (water
aspirator) at 70-75° thot-water bath).  The residual, ernde, oily
products were ~sufficiently pure for nse as intermediates i the
preparation of the corresponding dithiocarbonates, but successive
vacunnt distillations (short path) were required i1 order to ob-
taiu aualvtieally pure samples 1= colgrless oils {=ee T'able 11}

S-2-Aminoethyl S'-w-Carboxyalkyl Dithiocarbonate Hydro-
chlorides (V) —Mixtures of TVb-d (~0.1 niole) and 6 N HCI
(25 ml/g of [V) were refluxed for 4 hr.  The resalting solutions,
while =till hot, were clarified by filtration and chilled. The di-
thinearbonate hyvdrochlorides (see Table H1) were collected ux
white crystals, washed (eold 121O11), and dried (Py0.) in vaceo.

Methyl 2-Thioxo-3-thiazolidinepropionate (VI).—A solution of
methyl 3-brgmopropilonate (42,9 g, 0.257 mnle) i1 DME (50 wl}
was added dropwise to a sfirred mixtnre of IT1 (30.0 g, 1.252
mole), KoCOj (38,5 g, 0.252 mole), aud DMFE (150 ml), the rate
of addition being controlled so that the reaction temperature did
unt exceed 510°.  After the exothermie reaction the mixture
was stirred it room temperature for 4 hr and then filtered. /n
racuo concentration of the filtrate left a residual yellow oil, which
wis purified by vacnum distillation; the vield of VI as u color-

less oil, bp 180-188° {0.07 mu}, was 26.1 g (4290). _lnal.
(CHONOSS) O, H, 8
2-Thioxo-3-thiazolidinepropionic Acid (VIl), A. From VI.

A mixtire of VI (26.1 g, 0.127 mole) :amd 6 N HCL (600 1wl)
wis refluxed for 4 hr.  The resulting =olution, filtered hot aud
theu chilled, deposited VII ax white crystals, which were dried
1 P:O:) in vacwor vield 6.7 g (22073 mp 99-101°, Anal. {Cglly-
NOSHC NS

B. From VII[.-K.COy (456 g, 34.1 mmmoles) was added i
portions to a stirred solution of VIII {4.00 g, 15.5 mmles), €=
(4.0 wl, 66 muoles), and DMF (30 ml), the reaction tempera-
ture being kept below 33° by intermittent nse of an ice-wuter
batli. The mixture was stirred overnight at room temperature,
then poured into H.O (100 ml), and extracted with three 7H-ul
portious of 1.0, The Et:0 phase, washed with H,O aud dried
(MgR0,), was conceutrated under reduced pressuve, leaving crude
2-thioxo-3-thinzolidinepropionitrile (IX) ax a yellow oil. A
solution of the o1l in 6 N HCI (10 mil) was refluxed for 4 hr, filtered
liot, awd chilled.  The off-white, erystalline V1T that precipitatedl
wis collected, washed (cold 11O, and dried (P.Qy) i vacao;
vield 0.42 ¢ (449), mp 105-107° mnp 105-106°, with produet
fromr A, it mp 103.3--104.6°. JInal. (CsHyNOS.) C, H.

3-(2-Bromoethylamino)propionitrile Hydrobromide (VIII).--
{-Aziridinepropionitriled { 19.2 g, 0.201) mole) was added dropwise
10 cold (=5 10 0°) 4877 11Br (50 ml) with vigorons stirring.  The
=olation was evaporated o dryness under reduced pressure, and
the crystalline residue was reprecipitated from MeOH by the

addition of K6O;  vield 49.0 g 195370, mp 96-98°.  Anal.
PO Be N T3 C) T Bre.
S-2-Aminoethyl S‘-(Methoxyearbonyl)methyl Dithiocar-

bonate Hydrochloride (XIa).—A solution of 1V (2.00 g, 1.5

8 LL Beshan, (1w, Chem., 566, 2117 (195D},

O LTI R

S0 N
v ! Farnanly Mitalyses
1570 Cal LN O3S, 51 N, =
1365 ColluNOSS, G
1570 CallaN( O 11N =
1505 Cool 1eNOs8, O N, R
SO Formola N byses
870 Ci I NORS, - THCT CoHL NG R
ST CllNOS, - 1T C LN, O
861 CalTaNOgSe - 11 C 1N, 8

mmolesj in G N HCL 20 wl) was refluxed for 6 hr aud then evap-
orated to dryuess in racio. A solution of the residue in MeOlT
(20 ml) was refluxed for 2 hr, treated with Norit, and filtered.
The fillrate was councentrated in racio to u visrous oil, which
cryvstallized.  Reervstallization  (MeOH-Et.0) afforded 047
g (70¢) of XIn: wmp 134-137° dec with presofteuing; # (in ci™)
1730 (3, C==0 of CO.Me}, 1640 (3, C=0 of SCOY), aud 870 (x,
SCR). dual. (CaHuNOy3:-HCL C, 11, N, CL

S-2-Aminoethyl S'-2-(Ethoxycarbonyl)ethyl Dithiocarbonate
Hydrochloride (XIb)—A 1nixture of crude 3-(2-thiazolin-2-
vlthio)propiouic aeid® (mip 62-65°, lit.> mp 76.6-77.5°: 10.0
g, 48.7 mmoles) aud 6 N HCI {100 ml) was refluxed for 6 hr;
and the resulting solution was concentrated nuder reduced pres-
sure to au oil, which erystallized on xtanding. A solution of the
crude solid (S-2-amincethyl R/-2-carboxyethyl dithioearbonate
hydrochloride) in boiling EtOH (50 ml), cooled and diluted with
1260 (100 ml), deposited 5.09 g (38¢7) of XIb ax sparkling, white
erystals: mp 111-112°; 7 (in em™Y) 1725 (3, C==0 of CO.Lt),
1645 13, C==0 of SCOS), aud 870 =, 3CR).  load, (Gl NOps. -
HCL) ¢, H, N, 8, Cl.
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The substituted oxazolidinethivne 1 has been shown

previously 1v be an effective antifertility agent in the
rat.t  The relatively low poteney of that ecompound

/@ \H
CF, 0(:}12—<— 8
O
1

laih sty prepare adiditional analogs.  The unexpected
finding that the phenolie oxygen could be replaced by o

t1) Gl Yaonwilole, GooW,
JooMed, Chew,, 9, 155 191G,

Doune. D, I, Euntery, want Dy Ledwerr,



