
N-Aerylyl-4-carbomethoxy-2,2-dimethylthiazolidine (VIII). -~ 
The procedure described for the preparation of I1 was usetl. 
Treatment of 13.3 g. (0.09 nioie) of VI1 ait,h S. 1 g. (0.09 riiolei 
of acrylyl chloride in the preseiic'e ( i f  !J, 1 g, (0.00 nio1e.i lit" triei.hj.1- 
amine afforded a yellow solid whic~h U:~S i~errystallized frorii ether 
to give 12.5 g. (60(::) of white prism., n1.1). ST.5 -XS.5", [m]!5 i i  

-71.70" ( c  5.54, CRC13). 
Anal. Calcd. for CIOH1SS03S: C' ,  52.8s: 1 1 ,  (j..j!l: S, 6.11: 

S, 13.99. Found: C,52.36; IT, 6.53; S,  6.20: S j  13.i4. 
Poly( N-acrylyl-4-carbomethoxy-2,2-dimethylthiazolidine i 

(1X).--A4 polymerization tube was charged wit,h 8.0 g. of VI11 
and 29 mg. of a,a'-azobisisobutyriinitrile dissolved in 15 nil. of 
dry benzene. The polymerization tube was alternately evac- 
uated and flushed with dry nitrogen three times and t,hen sealed 
under vacuum. The solution was heated a t  60" for 2 hr. An 
additional 25 ml. of benzene n-as added to t,he polynier mass uiid 
the polymer wits precipitated t)y adding dropwise to a 1O:l  
excess of cold pentane. The polynier was purified by repeating 
t8his procediire. Tht, reprecipitatetl polymer weighed 6.9 g .  
(86.3%) and softerieti at 215-225'. [ a ]  0.63 determined i r r  hen- 
zene a t  29.3". 

.Inal. Talrd. for ~ ~ ~ , o l l l ~ l ' O , ~ S ~ , , :  (', 52.Xs; 11, (<.>!I. Foiiild: 
C j  52.19; l i ,  6.63. 
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Substituted 2-Aniinothiosulfuric Acids 
Derived from a-Amino Acids' 

The discovery" of the protective effect of rysteine 
against acute radiation toxicity has led to the examina- 
tion of simple niercaptoalkylaniines and their deriva- 
tives, some of which are more effective than cysteine 
in reducing the toxic effect of r ~ d i a t i o n . ~  The most 
promising compounds rontain :t h:tQic group and a 
free or potential bulfhydryl groul) separated by two or 
three carbon atoms.' 

The replaceiiient of thr  caarboxylxte fuiictioii of a- 
amino acids by t he aiethyleiieihiosulfonate groul) 
(CH2SS03-) would yield product 5 having ail amino 
group and a potential sulfhydrly group separated by 
two carbons. This transforniation ha. beeti carried 
out on a number of racemic amino acid<. 

Scheme I present< thc ynthetic. approacah to the 
amino thiosulfuric acids derived froin the neutral 
aliphatic aniino acidh. The reduction of this group of 
amino arids to amino alcohols (11) w a s  accomplished 
by mean.: of LiAIHI i n  tetrahydrofuran (THF) in 
.iS-97yo yield- hy Ihc  nirt  hod. of T'ogl arid Pohin.fipi 

(1) This investigation n a r  supported by tlie 1.. S, . lrmb- l l ed ica i  Ke- 
search and Development Command, 1)epartment of tile Army, under Re- 
yearch Contract S o .  D.i-49-193-.1111-2161. 

(2) To n h o m  requests for reprints sliould be sent:  Boyce Thompson 
Insti tute for Plant Research, Yonkers, S.  T. 10701. 

(3) H. 11. P a t t ,  E. 13. Tyree, R. L. dtraube, and 1). E. Smith,  S c i e x c r .  
110, 21s (1949). 

(-1) %. 11. Bacq, .\. IIerve. .J.  Ixcornptc. €'. lier, .I. Blavier, ( k .  I ) * - -  
i-hamps, II. LeBihan, and  1'. Kayet, Aw/i .  i n t e r n .  piiysioi., 69, 412 ( l !Gl ) ,  

( 5 )  A .  Pili1 and L. Eldjarn,  I'harmacol. Ken. ,  10, 437 (1958). 
(6) 0. Vogl and &I. Piihm, .l-lonats/i.. 83, 511 (1952i. 
( i l  0. Vogl and M. Pijiiin. ?hid., 84, 109 i  (195;4), 

The, coiw-l)oiidiiig : t i m i l o  hroiiiide hydrobroniidcy 
(111) v ere prepared by t renting the xinino :tlcohol< 
n i th  48%) H R Y . ~  111 :t iluinber of cases, the pioducts 
obtained wcrr iiiixt tire3 of t lie aiiiiiio broiiiidc Iiydro- 
bromide.: and :tiiiiiio :~lc~ohol hydrobronndei. Sinw 
n method of se1):tr:ifiori could riot bc worked out, tliv 
composition of the niixturrs wa5 deteriiiined froni 111(1 
bromine content, : t i id the crude product, ivrre cni- 
~ ~ l o y e d  in t hc  -uc.ceeding stel) without furthcr puri- 
fic4:ilioii. The niixtiirei contained froiii 80 9591, hro- 
iiiide hydrobroniide (>8-8274 yield). Upon t rcwt incni  
of 111 with thdlo1is thio.ulfatc arcording to I m h e r  
and Hardy,q the thiosulfuric. acaids (IT) vier(' obtained 
i n  60-83?o yields. 

The ~ini i io  a l (~oho1~  derived froin the h i e  i i i n i~ io  

itcids, ornithine and histidine, and the arornat ica  ainino 
acid, tyrosine, could riot be obt:tiiied directly by rc- 
ductioii with IAi;llHt. The prcpar:ition of L-tyrosinol 
from L-tyrosiiir \vas reported by Dornow, et a/.,'" 
hut caould iiot b(> rcproduced. 

The rewtiori- cn~l)loyed 111 >ynthe*izitig the i i ini i io-  

t hiosulfuric ac.id.: f r o i i i  thc bahic and aromatic ai111110 

arids are -uniiiiarizcd iii Scheme 11. ~-Histidinol had 
been 1)reviouily 1)rrparrd" by reducing thr  ethyl 
ester of ~,mixoyi-L-lii.:tidiiie with a large ex(w.: (18: 1 
mole) of Li,liHI III ethyl ether In THF, an ex( 
J,iAlH4 reduced both the eyter and amide functions arid 
yielded benzylhi-tidinol (XIh). It neems that thc rc- 
duct ion of t h r  aniidc wa\ t enipwtt ure dependrnt 
.in('(' THI '  boil. (son-idcmbly higher than  ether. Wheii 
the ratio of LiAIH4 to  benzarnido e.ter ~ v a -  1 : 1 inole, 
:L good yield of t)enzaniido alcohol ~ v a i  obtaiiicd. To 
OVCI'( 'OIII~ thc I)lot)l(~lii of 1ioli-el(~(~tlvit>~ during the 
redurtiori of t Eiv h izani ido  wters, t h r  inethod of' 
StenartI2 n: t<  cwiployed whicah depetided oil fhc. 
selective reduct 1011 of ezter fuiictions by I,iBH4. The 
i*eniiunder of the syiithc'tic scqueiicc. was siniilar to 
ihat  of the aliphatic. :~iiiinothiozulturi(~ acids. :tiid thc 
yield of Xf w:ii 48$2 

The infraied . 1 w t  ra of tlie thiosulfuric~ acid- \\ ~ r v  

106.5-1130, aiid 1180-1240 These were in 
general agieenieiit with thr  data reported by Simon 
:uid 1iuri:tthI ' for thc sulfoliat c 1011 111 : ~ l l ~ ~ ~ l t h i o s u l f a t ~ ~ ~ ,  
:trid the cyvital .truvtiirc of c~)iiipound ITr:% w a h  de- 

(.hiLracterizcd tjy i)~:tl\. ; I I I ~  h:tlldn :Lt 101G-1040, 

t8) F (,ortebc Oirraiiii - J I I I J L ~ - P -  Coli To1 I [ ,  iolin M ~ l r )  and 
w n b ,  InL , ' i e ~  I 

1 ' 4 )  tI /. I erllel 
I I O )  \ 1>ni cion , 
( I  I1 H. Baurr  k, \damsi and I1 Tatror. H ! o r h e m  Prrpn 4, 16 (1955). 
(12)  I \I +te\\xri I 0 , ~  Chenr 26, 3160 (1961) 
( 1  1) \.  ini ion a n d  I )  Iiiinsth C'h~ni Rrr  94, lV30 (1961) 
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TABLE I 
8-SUBSTITUTED 2-AMINOETHYLTHIOSULFCRIC ACIDS 

RCHCHzSSOa- 

C ~ m p d . ~  

IT'a 
IVb 
IYb ( D )  

IT'b (L) 
IVC 
IVd 
IS'e 
Xf 

a All compo1 

RCHCOOH 

??HZ 
I 

KCHCHzOH 
I 

NHCOC~HS 
\'I1 

207c H B r  I 
RCHCHZOH 

I 
NHz.HBr 
VI11 

! 48% Br 
.1 

RCHCHZBr 

NH2.  HBr 
I X  

I 

ThSzOs, H ? 0  I 
RCHCHZSSOB - 

I 
NH3 + 

X 

I 
NH3 + 

Yield, M.P., o c .  --Calcd., 7c- --Found, %- 
R % dec! Formula N S N S 

CZHS 68 206 CdHnN03Sz 7 ,56  34.62 7.82 34.45 
C3H7 85 204.5 C5HiJV03Sz 7.03 32.18 7.03 31.98 
C3H7 60 188 CbHiJS03Sz 7.03 32.18 7.05 32.25 
C3H7 82 210.5 C~Hi3~03Sz 7 .03  32.18 7.04 32.31 
C4He 83 204-204.5 C6HijN03Sz 6.57 30.08 6 .69  30.32 
i-C4Hg 61 209.5 30.08 6.21 29.93 
sec-C4Hs 69 194.5 C6H16~03& 6.57 30.08 6.51 29.56 
p-HOCsH4CHz 48 213 CgHiaNO& 5.32 24.35 5 .51  24.85 

C ~ H ~ $ O ~ S Z  6.57 

inds were DL except those indicated. b 811 were analytical samples and were crystallized from methyl alcohol. 

SCHEME I1 
C 6 HI C 0 C 1 RCHCOOH 

I A 

NaOH NHCOCaHj 

iCHaO€I,  HCI 

LihlHI or LiBHa RCHCOOCH, 
l a- 

T H F  NHCOCsHs 
1- I 

1. LiAlHd (excess). T H F  
2. 20% HBr 

c 
RCHCHzOH 

I 
i\JHCHzC6H5. HBr 

X I  

If, Vf-Xf, R = 

Vg-VIIg, R = 
Ig, R = 

XIg, R = 

Ih, T'h-VIIh, XIh, R = 

teriiiined by X-ray diffra~t i0n. l~ It was confirmed that 
the assigned structure is correct. Table I contains a 
suniniary of the data on the aminothiosulfuric acids. 
These compounds mere submitted to the Walter Reed 
Army Institute of Research for screening as potential 
radiation protective agents. Conipound IVa showed 
good protective action in mice, whereas the remaining 
compounds were ineffective. The tests were carried 
out according to  the methods described by Field, 
et uL16 These results are summarized in Table 11. 

Experimental Section16 

~-Valinol (IIb).-A suspension of 33 g. (0.87 mole) of LiAlHI 
in 700 ml. of T H F  (dried over LiAlH4) was prepared under 

(14) Personal communication from Y. Okaya, I B M ,  Yorktown Heights, 
i%. Y. Results to  be published elsewhere. 

(15) L. Field, A .  Ferretti, R.  R. Crenshaw, and T. C. Owen, J .  M e d .  
IChem., 7, 39 (1964). 

(16) This work was completed several years ago, and the melting points 
w.ere then taken in a Hershberg melting point apparatus and are uncorrected. 
Infrared da ta  were obtained with a Perkin-Elmer Infracord. The  methods 
of synthesis of the analogous compounds are similar, and the particular de- 
rivatives described in detail are for illustrative purposes. 

TABLE I1 
RADIATION PROTECTIVE DATA OK BUNTE SALTS' 

RCHCHzSSO, - 
I 

9H3 + 

Dose range, 
Compd.b n mg./kg.< Protectiond 

IVa C2H5 151-350 Good 
IVb C3H7 51-150 None 
IVb (D)  C3H7 S o t  tested 
IVb (L) C3H7 51-150 None 
IYc C4H8 51-150 S o n e  
IVd i-CdHs 51-150 Sone  
IVe sec-C4Hg 750 or more None 
Xf p-HOCaHa 51-150 None 
a We are indebted to Drs. D. Jacobus and T. R. Sweeney, 

Walter Reed Army Institute of Research, Washington 12, D. C., 
for making these data available to us. The details of the screen- 
ing procedure can be found in ref. 15. * All compounds are 
DL except those indicated. All compounds were administered 
intraperitoneally to mice in water solution. The activity scale 
is based on cysteamine which is rated good against fully lethal 
loses of X-radiation (800 r .)  in 30-day survival tests in mice. 

anhydrous conditions and cooled to 10". To the agitated 
mixture was added 44.6 g. (0.38 mole) of n-valine during the 
course of 45 min. The temperature of the reaction mixture 
was maintained at' 10" for 30 min. after completion of addition 
of the valine and was then allowed to come to room temperature. 
The mixture was kept under reflux for 2 hr. on a water bath, and 
the excess hydride was decomposed by dropwise addition of 
water. The solid materials were removed by filtration, slurried 
three times in methylene chloride and once in benzene. The 
combined filtrates were washed twice with water, dried (Na2S04), 
and evaporated. The residue was distilled and collected a t  
80-90" (0.2 mm.), m.p. 39-40" [ l k 4  b.p. 95-100" (10 mm.) for 
the DL isomer]. 

n-Valinyl Bromide Hydrobromide (IIIb).-To 128 ml. of 48% 
HBr, cooled t o  5-10', was added 31 g. (0.3 mole) of D-valinol 
dropwise with agitation and continued cooling. The tempera- 
ture was raised to boiling during the course of 1 hr., and 34.8 
ml. of liquid was distilled through a Vigreux column. The heat 
input, to the flask was reduced so that the liquid continued to 
reflux in the column but did not distil. At the end of 1 hr., an 
additional 12.8 nil. was distilled. Following is t.he distillation 
schedule observed with intermit,tent hourly reflux periods: 
34.8 ml., 12.8 ml., 10.4 ml., 5.2  ml., 4.6 ml., 3.3 ml., 1.8 ml., 0.9 
ml., and after refluxing for 3 hr. 42.1 ml. was removed during a 
final distillation. The residue was allowed to cool to about 80- 
90" and was dissolved in 100 ml. of methyl alcohol. The solution 
was treated with decolorizing carbon, filtered, and evaporated to 
a syrup. Isopropyl ether was added, and the syrupy product 
crystallized. I t  was filtered, and the crystals were washed with 
additional isopropyl ether until no more color was removed. 
The yield of product was 827& m.p. 150-155' dec. An analytical 
sample was crystallized from methyl alcohol; m.p. 154-156' 
dec. 

Anal. Calcd. for C6H13BrzK: Br, 64.71; N, 5.67. Found: 
Br, 64.80; S, 5.95. 



13r, 64.50: N, 5 . i l .  
i,-Valinvlthiosulfuric Acid ( IVb 1 . ~ -  A i i i isi iii'r of 29.ti E. t 11.12 

niole) of ~)-valinyl broiiiide hyi~r(Jt)t,i)tiiiiit,, !IO g. i 11. I2 niolr i i i f  
1 hallous t,hiosulfate,g aiid 240 nil .  i l f  \vatrr \\-:is rigi1:itcd I J J .  nitwtic 
of a magnetic stirrer for ti 1-11., The xqLieoii.5 ptiabe w:is ~~t~t i iovc i l  
hy filt,ratioii, arid the tilter vitke \v:ir \v:rshed twic.e with \v:iler : i t  
30' :tnd with 2 vol. of boilitig iiiethyl : d i Y J h < l l .  T h e  iioinbitred 
filtrates were evaporated iri :t flash ev:ipuriitcir I>elow 50a,  :uid 
i.he residue WRY slurried i n  :ti~et.oiir. The yield of i)rodiii+ w:is 
9.4 g., n1.p. 178-182" dec. AII at1ditioii:iI :i.4 g. (ni .p .  I75-1iT" 
dec.) of product was recovered from the \v:trh liqiiidh. -111 :iii:i- 

lytical sample was cr llized from niethyl drohol: ii i .p.  1%" 
de(*. 

Benzoyl-m-tyrosine Methyl Ester ( V l f  ). -To :i si)Iut io i i  of 
184 g. (0.66 mole) of Ser izoyl - r ) r . - iy~~~si i ie~~ in 15011 nil .  o f  dry 
inethyl alcohol was added with :igitatiirii :I strc'ltrri of tir 
to sa,turation at rooin teniperatnre. .4gitation \vas riin 
overnight, after which the exc'exs solvent \vas flash evapc 
The residue was dissolved twice i i i  methyl : h )ho l  aiid evaporatrd 
t o  reniove the esc'ecs HC'I. The syriipg pRJd\l('t \vas theii tiis- 
nolved iii water, nude  slightly : t t i ~ t i i o t ~ i : t c ~ ~ i I ,  :iiid 1,efrigernted 
uveriiight. The ester was reiiiovrti by tilt ri i t i i i t~, gri~iitid, w:ishrtl 
free of vliloride with water, arid dried i i i i t ie r  v i r i ~ i i ~ i i i i  f H?QOJ) 
:it 50' uveriiight. The yield of pr(id~i. t  TV:I:: 1.X g. i,i!l( !, 
m p .  155-159". 
liaation from a mixture of  methyl :rli.ohol a ~ i t l  i-iiproIi>.l : i l u i h i i l :  

n1.p. 159.3-160.,jo. 
i 1 n . d .  Calrd. fat. CliH,:Yij,: ( ' ,  ( I ;  H, .j.72: N, 4.W. 

Found: C, 68.54; H, 5.73: S,  4.7h. 
Dibenzoyl-nL-ornithine methyl ester (VIg) wits prep:tt'rd fi.1 1 1 1 1  

t)enzoyl-uL-ornithine'R by the  inethotl desuihed for tlrr prep:irx- 
Cion of VIf. 
An analyt ical sample was iyyst:illized f rom 

A i 1  :iti:iIyfi(~:il saitipl? \vas prepared i)y re( 

The yield c i f  produvt wits Si)<, 

1~1.1). 145 --I 46 '. 
.4nnl. Calcd. for  <'?lrH.J204: (', (i7.7h: H, (i.26: ?j, ;.!)I). 

Foitnd: C, 6i.S6; H, fi.71): N, 7 3 .  
Benzoyl-nI,-tyrosino1 (VIIf).--Til it sii1iiLioii or 7 3  g'. (,(l.L'.j 

mole) of VIf in 750 nil. of 7 ° F  \Y:M :~ddrd i . 1  g. (lJ.275 riicile, 
S4.6'70 assay) of I,iBHa. The mixture was agitated : i d  kept, 
iincler reflux for 6 hr. After evapor:itiori of the THF, the horoli 
was removed by boiling a niethyl :tlroholic solutiiin of the residue 
in  the presence of 10 ml. of c.oiirentrat,ed HCl l o  a rediioed v o l u r ~ ~ r .  
This procedure was repeated twicae with the ndditioii uf methyl 
alcohol. The crude protii1c.t , dissolved i i r  :t srn:ill volritne of 
methyl alcohol, was p rwip i tx td  by :idtlil io i i  of water. It TW:: 

washed free of lithinni salts with water i i i i d  dried :it 70' ovcrnight. 
Iti?". -211 :iiialyt ic,:il 
I I  Criiiti \v:lter, ii i .1).  

: H, (i.tiii; S ,  5.14. 

:pireti :is : i l i ovc~  fiir 
:iii analytaic.:tl smiplt~ 

Jpyl alcohol and is i i -  
priipyl ether; m.p. 153-154'. 

And. Calcd. for C19H~?N203: C', 69.92; H. Li!): S, S.58. 
F o i i t i d :  C ,  69.46; H, 6.67; 3, 8.83. 

i)L-Tyrosinol Hydrobromide (VIIIf).---Sixty grams (0.21 niiile ) 
of VIIf was heated under reflux wit,h i 2 0  nil. of 24c; HRr over- 
night. After cooling to  jO, benzoic. acid was removed hy fi1tr:t- 
t ion, anti the filtrate n-:ts est,rsi*ted several times with ether. 

filt rat r \vas evaporat,ed t o  i iel tr  dryiiesa imder reduiaed 
ire, a i r t i  the residiir was frirther dried iiitder variilini over 

The  yield of  prodiwt \vas 53.5 g. (L)i", ), 
111.p. 167-1 72'. 

Benzyl-DL-histidinol Dihydrobromide (XIh).-To 1500 r id .  
i ) f  THF was added 76.6 g. (0.28 mole) of benzoNl-DL-histidine 
methyl ester (VIh),l l  and the solution was cooled to  10". Lith- 
ium aluniinuni hydride (25.2 g., 0.6i  inole) was added in small 
portions with agitation aiid continued rooling. Upon comple- 
tioii of addition of the hydride, the mixture was allowed to come 
ti) room teniperntiire and was then heated under refliix for 2 hr. 

J66-165". 

for, several days. 
.4n analytic>al sample could riot be prepared. 


