
S-Alkyl-l,3-thiazane Derivatives and Precursors as Antiradiation Agents' 

3-hlkyl-l,::-thiuzane-:!,~-diones :md ~-alkyl-1,3-thiax:ine-.'-t~liir~ne-4-oiie~ were prepared as potent i:il protec- 
These cornpounds were prepared by the ring closure of ~-alk~lcLtrb~~nioyI- 

The assignment of the st,ructiirw 
The compounds were found to be inactive in radiut,ion protection tests. Sorw 

tive agents against ionizing radiation. 
rnercaptopropionic acids xnd ~-alk~lthiocrtrb~~nio)-lniercaptopropionic acids. 
was supported by n.ni.r. spectra. 
of the cornpounds were d s o  tested for nematocidal xtivit 'y hut were found to be iniictive. 

3- (d-Lhinoethyl)-l  ,3-t hiazane-2,4-dione hydrochlo- 
ride was reported to have antiradiation activity.2 
We have also found that 1,3-thiazane-2,4-dione itself 
possessed some activity. These observations made it 
desirable to synthesize arid test a series of 3-alkyl-1,3- 
thiazane-2,4-diones and 3-alkyl-l,3-thiazane-%thione- 
4-ones as potential antiradiation compounds. 

Substituted 1,3-thiazane-2,4-diones and 1,3-thiazaiie- 
+one derivatives hare been patented as useful seda- 
tives. hypnotics, iiitraveiioiia anesthetics, or aiiticoii- 
viilsaiits hy Gash and Wheelei . ?  Since certain thiazol- 
idiiieiiiones are know11 for their sedative aiid antispab- 
nioclic actions, T'lndziniirskayaJ prepared :3-aryl-l,3- 
thiaxaiie-2,-l-dioiies ab possible sedatives aiiil anti- 
spasmodics but did not report hiological results. Rhod- 
aiiiiie, its derivatives, aiid thiazolidinedione derivatives 
are very well knonii for their varied biological ac- 
tivities Hence tlic compoiuids prepared during thc 
preiciit irivestigation niiglit al-o he interesting in :t 
variety of biological testq. 

Attempts to S-alkylatc 1 .:3-tliiazane-2,4-dioi!e by 
itactiiig 1,3-thiazaiie-2.1-dionc, sodium or lithium Iiy- 
dritlr. a i d  alkyl Iialidc5 usiiig dimetliylformarnide 01 

toluciie as a solvent did not furnish the desired coni- 
pound. III all c a ~ s  I ,:l-t~ii3/ane-",~-dio11e n as rc- 
c o v c r d .  Heiice 1,3-tliiazaiie-2,1-dioiies were prepared 
according to the follou iiig schciiicx 

0 
I I  

RNH2 + COS + NaOH C2H50Ht RNHCSNa 

RKHCOSNa + ;lo RNHCOSCHsCHzCOOH 
-- 

socii 
RNHCOSCH~CHLCOOH ~ ~ ~ o +  

0 

Similarly 3-alkyl-l,3-thiazane-2-thioiie-4-ones were prc- 
pared by using carbon disulfide instead of carbon osy- 
sulfide in the reaction with amines. 
8-.llkylthiocarbanioylniercaptopropioiiic acids showed 

the C-?; stretch at  6.5 to 6.7 p iii the infrared spectra 
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which is the characteribtic absorptioii for ditliiocaih- 
~ n a t e s . ~  The infrared spectra of P-alkylcarhanioylnie~ - 
captopropionic acids also showed this characteri.tic. 
absorption a t  6.5 to 6.7 p ,  

P- (2-Diethylaminoet hylthiocarbamoy1)merc a p t op  i o- 
pionic acid and $-(3-diethylaniinopropylthiocarI~:~- 
iiioy1)niercaptopropionic acid were obtained a\  a ili - 
hydrate and a monohydrate, respectively. It I Y ~ .  

espected that both these propionic acids should h:i\ ( 

zwitterjonic structures. Surprisingly, ~-(t'-dietliyl- 
a~iiiiio~tliyltl-iiocarl~aii~o~l)inercaptopropioiiic acid ( 1 1 -  

hydratt. showed uiiionized carboxyl cai hoiiyl ab-orptini I 

a t  .i 8;: p in the infrared spectrum, iiidicatiiig a r i o i i -  

zn itteiionic structure. As cxpected, h'-(X-dictliJ 1- 
:tiiiiriopropylthiocarl~anioyl)~nercaptopropioiiic~ av id  11) - 
tlrate shon-ed the absence of iiiiioiiized carho\yl C:LI - 
hoiiyl ahrorption at 5.S 3 0 p and the preseiice of ioiiize~l 
c~1)osy l  carboiiyl al)-orptioii at G 3i p, iiidicatiiig th(s 
Iwittcrioiiic structwr iii this ca Thc assigiiiiieiit ot 
z\\ it terioiiic itriictiii.e hy iiifiaretl analysis is siipporte(I 
l)y tlie n-oik of (~oodniui i  Tlosh, aiid Raker" and Oli\ P I  

Ilaiin, aiid IT ]io characterized z n  ittwioiii oi 
a111 tliiazolidiiic and tliiazaiirl deiimtire.;. JYhei! 

i m t l i  :wid> nc ie  heated at 80" for 20 hr. at 0 2 i i i n i . .  t1ic.v 
lo- t  I\ ntci  of crystallizatioii. Hence the liy 
i t i u c t i w i .  of t l i w  acid5 \\ C I C  assigiied O I L  the 13 

analytical iwiiltsJ lo+ of 11 atel- on heating, aiid i i i i r a r c c l  

*pcct 1'3. 

~ ~ - ~ ~ l ~ ~ l - ~ , ~ ~ - t l i i a x a 1 i e - ~ - t I i 1 0 1 i e - 4 - o i i e i  1i:i.i-t. h c v i i  gvii- 
CI ally pi eparcd 11y tiic riiig closure of ~-alkyltlriornr 
~~nriio?-linercapto~ropioiiic acids I\ ith acetic aiihytiiitlr~ 
iiyiiig :I sniall ariiouiit of concentrated sulfui,ic a(2icI. 
I Im e \ w  , n lien 3-/2-l)iit~-lcarbaiiioylriiercaptopiopiollic 
w i t 1  \I :I$ t imted \+ i t l i  acetic aiihydiide to effect cyc l im  
t ioii. d-S-(?[-hit? I -S-acetylcarbariioyliii~~rcaptoplct- 
pioii ic upid nay ohtaii id.  l'hereforc niost of t l i c i  3- 
all,? lcai I)aiiioylmci c~aptopiapio~iic acid? IWW 

to their  mrre+poiiding t liiazaiicdioiies hy iiiiiig 
c.1 i l l )  I'll 1(. 

l ' l i r  11 1ii.r yec t ia  of  ;i-rL-propS.l-1,3-tliitlxaiic-L'- 
tliioiic-4-one aiid ~3-allyl-1,3-tliiaza1ie-2-tl~ioii~~-~-oii~ 

('ie i i i  accord n itli the assigned structure>, i i i  p a -  
ticiilar slioir iug a binglet resorialice due to tlie foiir (:w 
cidriitly eqtiivalentj ring protoiis a t  6 87 T .  Cliaiw- 
tciistie multiplet- from tlie S-1%-propyl :tiid S-all] 1 

iit a t  approximately 8 T, but the S- 
tire occiirred a t  surpriaiiigly low fie111 

I hi. ik apparently typical for S- r 7  (a1)out .i 0 5.7 7 )  

(0  I J BelLirny, I n f i u e d  Spectra u i  C ~ r ~ i i ~ l e x  A I d ? L u l t .  L I L K I  I i 
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TABLE I 
~ALKYLTHIOCARBAMOYLMERCAPTOPROPIONIC ACIDS, RNHCSYCHpCH2COOH 

% -- % sulfur- --Yo nitrogen- 
R x p . ,  0 c . a  yield Formula Calcd. Found Calcd. Found 

CHa S i .  5-88.0 53 CbHYN02S2 
CzH: 98.0-98.5 21 CBH,,SO,S~ 
n-C3Hi 78.5-79.0 32 C:HIINOZS~ 
n-C1H9 83.0-83.5 34 C8HlhNOA 
n-CsHls 75.0-76.5 35 CioHlJOpX, 

b 

c 

b 

b 

d 

OH(CH,), 93.5-94.0 10 CIH~INOISI 30.62 30.56 6.70 6.93 
CH,O( CHz)? 113 .O-113.5 81 CiHi~N03Sz 28,30 28.69 6.28 6 .31  

( c?H,),s( C H . , ) ~  110.0-111.0 12 CioHdz04S2 21.33 20.98 9.30 9.40 
(C&):?;( CH2)3' 109.0-109.5 14 CiiHz?S\~203S2 21.62 22.06 9.45 9.29 
o-CH~OC~HI 117.0-117.5 56 CiiHisNOaS, 23.61 23.34 5.17 5.20 

a All the melting points are corrected. * J. L. Garraway, J .  Chem. SOC., 4072 (1962), reports m.p.: CH3, 8546.5";  n-C3H7, 75-76"; 
n-C4Hg, 83-84'. d Anal. 
Calcd.: C, 45.19; H, 7.63. Found: C, 48.11; H, 7.54, e Anal. Calcd.: C, 40.97; H, 5.37. Found: C, 41.02; H, 5.59. 'Anal. 
Calcd.: C, 39.97; H, 8.00. Found: C, 40.32; H, 7.27. 0 Anal. Calcd. hydrate (zkyitterionic): C, 44.6; H, 8.11. Found; C, 4.50; HI 
8.31. 

CH?CH=CH2 69.7-70,O 29 CiHLiIKO& e 

c T. L. Gresham, J. E. Jansen, and F. W. Shaver, J .  Am. Chem. Soc., 70, 1001 (1948), report m.p. 97-98". 

TABLE I1 
~-ALKYLCARBAYOYLMERCAPTOPEOPIONIC ACIDS RRISCOSCH~CH,COOH" 

% -% sulfur-- -7c nitroeen- 
R Ri 3I.p. ,  T . 5  yield Formula Calcd. Found Calcd. Found 

CH, H 87 .5  55.2 CjHpSOaS 19.63 19.56 8.52 8 .58  

n-CaHi H 117-1 17.5 27.2 CiHI3?;O3S 16.75 16.59 7.32 7.36 
n-CdH; H 106 77 C8HT5?r'O,S 15.60 15.42 6 .83  6.77 

C2Hs H 100.5 27.1 CtiHiiSO3S 18.10 18.30 7.91 7.75 

n-C6Hls H 106.5 51 CioHigN03S 13.73 13.85 6.00 6 . 2 0  
n-CdHy COCHI 128-130(0.5mm.)d 46.3 CI,HiiSO& 12.95 12.74 5.66 5.16 
HaCO(CH*)? H 59. s 7 7 . 2  C7H13S0L3 15.45 15.09 6,713 6.74 
o-OCHaCeH4' H 122 41.5 CiiHisSOdS 12.54 12.44 
CH,=CHCHz H 101 26.0 CiHnNOaS 0 

a Colorless plates or needles from benzene. All melting points corrected. J. E. Jansen, U. S. Patent, 2,602,813 (July 8, 1952); 
Chem.  Abstr., 47, 7536 (1953). B.p.; n z 8 D  1.475. e Anal. Calcd.: C, 51.76; H, 5.09. Found: C, 51.98; HI  4.92. f Violet needles 
from benzene. Q Equiv. wt. calcd., 159.00; found, 189.00; Langlet, of. Sv., 165 (1892) (Beilstein, IT', 391), reports m.p. 103'. 

TABLE I11 
3 - A L K Y l ~ l , 3 - T H I A Z A N E - 2 , 4 - D l O ~ E S  AND 3-ALKYL-1,3-THIAZ.~SE-2-THlO~E-~-O~ES 

X 

0 
0 
0 
0 
0 
0 
S s 

S 
S 
S 
S 
S 
S 
S 

hf.p.." 
or b.p.. OC. 

(mm.) 

44.0-44.5 
118-120 (1) 
110-111 (0 .4 )  
120-121 (0 .5 )  
135-137 (0 .5 )  
120-125 (1 .5 )  
82-83 
66-67 
127-128(0.4) 
142-143 (0.5) 
170-172(0.4) 
56 3-57.0 
100-1 0 1 
109.5-1 10 
145-147 (0 .5)  

?6 
yield n %  

40 
41 1.6368 
63 1.5260' 
40 1.5170" 
43 1.509.5' 
34 1.4872 
81 
70 
55 1.6272 
63 1.6080 
55 1.5852 
50 
11 
71 
64 1.6383h 

-7" sulfur-- -% nitropen- 
caicd.  

22.06 
b 
IS. 50 
17.11 
14 SA 
e 
f 
9 
f 
f 
22.06 
30.24 
24.33 
25.29 
34.20 

." 
Found Crtlcd. 

21.76 9.64 

18.47 8.09 
17.46 7.45 
14.72 d 

21.76 9.64 
29.66 6.83 
24.20 5 .32  
25.03 5.53 
34.30 7 .48  

Found 

9 .43  

7.61 
7.11 

9 .43  
7.04 
5.8s 
5.75 
7.06 

0 All melting points corrected. b Anal. Calcd.: C, 45.28; HI  5.66. Found: C, 45.52; H, 5.52. c Refractive index a t  28". Anal. 
Calcd.: C, 55.81; HI 7.91. Found: C, 55.87; H, 8.03. e Anal. Calcd.: C, 43.39; H, 5.82. Found: C, 43.83; H, 6.35. f J. L. 
Garraway, J .  Chem. SOC., 4072 (1962), reports CHI, m.p. 82"; n-CIHi, b.p. 127-128' (0.4 mm.); n-C4Hn1 b.p. 142-143" (0.5 mm.). 

Refractive index a t  20'; 
yellow liquid. Anal. Calcd.: C, 44.91; H, 4.81. Found: C, 45.05; HI 5.22. 

T. L. Gresham, J. E. Jansen, and F. W. Shaver, J .  Am. Chem. Soc., 70, 1001 (1948), report m.p. 66-67'. 
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under reduced pressure and the product was poured into ice-cold recrystallized from water in colorless plates in 115; yield. Ana- 
water, extracted with ether, and the ether extract dried over lytical results proved this compound to be 3-(5-carboxy-3-oxa- 
anhydrous sodium sulfate. Solvent was removed, and the penty1)-lJ3-thiazane-2-thione-4-one. The infrared spectrum 
product was distilled if i t  was an oil. The solid thiazanediones showed the amide carbonyl band at 5.85 p and carboxyl carbonyl 
were recrystallized from benzene. The compounds are listed in peak a t  6.1 I*. 
Table 111. The thiazanediones all exhibited amide carbonyl 
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Dean Katsaros of Morton Chemical Co., Woodstock, 
Ill., for testilig the compollnds for the llematocidal ac.- 
tivit\., and D ~ ,  D. P. ~~~~b~~ alld staff, of the \valter 
Reed Army Institute of Research. for the information 
on antiradiation tests. 

and carbamoyl carbonyl peaks a t  5.8 to 5.9 ,A and a t  6 to  6.15 p, 
respectively. 

3-(5-Carboxy-3-0xapentyl)-1,3-thiazane-2-thione-4-one.-The 
reaction mixture obtained by the reaction of sodium ('-hydroxy- 
eth!-1)dithiocarbamate and P-propiolactone according to the 
general procedure described mas added to 600 ml. of boiling 
6 -1- hydrochloric acid. So solid was precipitated when the 
misture \$as alloTTed t o  cool, F\-ater was then removed under 
reduced pressure and a white solid product was obtained. It 
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A series of &carboline8 and trvptamines related to  serotonin and melatonin has been synthesized. These in- 
cluded a number of tetrahydro-@-carbolines with substituents in the 1, 2, or 6 positions. An unusual oxidative 
transformation of one of the compounds, 2-acetyl-6-hydroxy-l-methyl-1,2,3,-1-tetrahydro-p-carboline, was oh- 
served. Preliminary pharmacological investigations of these new compounds consisted of examining their 
ability to antagonize the myotropic action of serotonin and to effect a conditioned behavioral reflex in rats. 
AIost of the compounds showed some activity in both experimental preparations, with several exhibiting high 
potency in both. Since use can be made of these materials in the characterization of metabolites of serotonin and 
melatonin, their chromatographic and spectral properties are reported. 

Many known psychotomimetic compounds such as 
lysergic acid derivatives, psilocybin, and harmaline are 
substituted indoles or carbolines. The psychotomi- 
metic action of lysergic acid diethylamide was originally 
postulated as being due to its ability to  antagonize the 
action of ~e ro ton in .~  It had been demonstrated fur- 
ther that although melatonin had no effect on avoid- 
ance escape behavior, cyclodehydration to l-methyl-6- 
niethoxy-3,4-dihydro-P-carboline yielded a compound 
which proved to be a potent serotonin antagonist and to 
exert a profound effect on conditioned b e h a ~ i o r . ~  The 
idea that  such compounds might arise endogenously has 
been entertained as a possible biochemical explanation 
for psych0sis.j Recently, evidence has been put forth 
for the presence of a compound in pineal tissue which 
does not give a typical Ehrlich indole reaction and is a 

(1) The p-carboline nomenclature is cited in "The Ring Index" as  pre- 
ferred nomenclature, while the pyridoindole nomenclature is used in the 
Chemical Abstracts indexes. The pyridoindole nomenclature does possess 
greater potential for describing all of the various. theoretically possible iso- 
mers of these heterocyclic systems. However, some ambiguity can arise in 
the use of tha t  nomenclature. Thus, the Chemical Abstracts index [Chem. 
Abstr., 67, 516s (1962)l equates p-carboline to  QH-pyrido[3,4-b]indole. Ac- 
cording to  the established pyridoindole nomenclature rules, then harmine, 
l-methyl-6-n1ethoxy-~-carboline, becomes 7-niethoxy-1-methyl-QH-pyrido- 
[3,4-blindole whereas harmaline, l-methyl-6-methoxy-l,2-dihydro-~-carbo- 
line, is described a s  4,Q-dihydro-7-methoxy-l-methyl-3H-pyrido [3,4-b]indole. 
That this can sometimes give rise to  two sets of pyridoindole nomenclature 
for the same compound is illustrated by the fact tha t  a chemical compendium 
as  the "Merck Index" uses the name 3,4-dihydro-7-methoxy-l-methyl-QH- 
pyrido [3,4-blindole for harmaline. Since this paper is concerned only u-ith 
the one isomer of these heterocycles, use has been made of the preferred no- 
menclature of "The Ring Index" calling the series @-carbolines. 

(2) The authors wish t o  thank A h .  Gertrude H. Britton for her generous 
financial support. 
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serotonin antagonist. On this tenuous basis it has 
been suggested that a carboline could be present in 
pineal tissue.6 The isolation and charact'erization of 
melatonin, an indole derivat'ive, from pineal tissue' 
provides further impetus to look for indolic sub- 
stances in this gland for which so many functions have 
been postulated.8-10 The minute amounts of physio- 
logically active compounds present have made classical 
means of identification impractical. Thus, it was 
important to these investigations t,o embark on a pro- 
gram of synthetic chemistry to provide a variety of 
classes of authentic indolic compounds for comparative 
purposes. In general the compounds prepared were of 
types that could arise conceivably from the metabolisni 
of serotonin or melatonin. Because of the close rela- 
tionship of these compounds t'o known psychotomimetic 
indoles, they have provided a valuable series for our 
pharmacological studies. 

Structural class representatives have been prepared 
rather than attempting to synthesize many isomers of 
one structure so that a profile of general charact'eristics 
for different types of compounds would be available. 
The Pictet-Spengler reaction (Fig. 1) has been estab- 
lished as a general and reliable met'hod for the conver- 
sion of tryptamines to 1,2,3,4-tetrahydro-@-carbolines, l1 
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