
Notes 

f I )  (a1 scipp<jr te , i  l , i .  Contract  N o .  I . ) . \ -~U-lHX-~I1~-203% f rom the Lnitvl  
Stnti,s Arniy AIriliral Research and T)c~velopment Ciimmanil, Office of tile 
Siirzeon Oenrral. ( 1 ) )  Presented a t  the 14ls t  National XIeetine of thr 
. \ ~ n ~ r i < , a ~ t  ('Iiemiral Society, Washingtiin. I ) ,  C . .  March 1962. f c j  T l i i s  
I S  28111 i n  a w r i e s  of lialirrs concerned w i t l i  the  preparation and  properties uf 
Iirw inonomer's anrl polymers; for the previous paper in this series, see 
( ~ .  G .  Ovrrlicrgt-r, 11.  Ringsdorf, and 1 3 .  .\rchen, .I. Org.  Chem.,  30 ,  2:12 
(196,5], (11) l l i i u  articlr i~ taken from the dissertation of R .  . ivchen sui,- 
tnitted in partial fiilfillment of the reqiiirenirnts for tlir degree of Doctor 
<,f Pliiiosopliy (('hemistry). 

121 E. I). Merrmann, Chem. Rev., 63, :JOY ( l Y 5 3 J .  
( 3 )  €1. Hestisn, A n n . ,  666, 210 (1950). 
(-0 Iretone \vas chosen as the condensing agent i n  each case because of 

tlir rrliorte~l5 ereater ease of fission of 2,2-dimrthylthiaaoIidines (as oppose(! 
l o  L'-i,lien~-ltliia~~~liilinep, fur examplet, 
'i~ "7rlir ('tit.rnistr)- of l'enirillin.'' I t .  'r. (.'lark?, . I .  I t .  .Iulinbon. aiict l i .  

I l ~ i l i i t ~ t ~ .  1:A. l'rincetoii 1-niveraity I'rw., I ' r i n i ~ ~ t ~ i n ,  N. .r,, 1!1-b!l, Clia~lti ,r  
2.7. 
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Experimental Section12 

N-Acrylyl-2,2-dimethylthiazolidine ( II).-T(J a solution of 24.0 
g. (0.20 mole) of 2,2-dimethylthiazolidine and 20.7 g. (0.20 mole) 
of triethylamine in 150 ml. of anhydrous ether and cooled to O", 
there was added dropwise a solution of 18.5 g. (0.20 mole) of 
arrylyl chloride in 50 ml. of ether. The reaction mixture was 
stirred overnight a t  room temperature and the precipitated 
triethylamine hydrochloride was filtered off and washed with 
additional solvent. The combined filtrates were washed with 
two 50-ml. portions of cold 2 AT HzS04, neutralized with dilute 
NaHC03 solution, washed again with water, and dried (MgSOa). 
The solvent was removed in vacuo and the residue was distilled 
iinder reducedpressure; yield 21.6 g. (61.5%), b.p. 60" (0.1 mm.), 
T L ~ ~ D  1.5329. 

Anal. Calcd. for C8H13TOS: C, 56.10; H, 7.65; N, 8.16; 
Y, 18.72. Found: C, 56.37; H, 7.61; N, 7.98; S, 18.52. 

Poly(N-acrylyl-2,2-dimethylthiazolidine) (1IIj.-A thick- 
walled Pyrex cappable tube was charged with 8.0 g. (47 mmoles) 
of I1 and 27 mg. of a,a'-azobisisobutyronitrile dissolved in 15 
nil. of dry benzene. The polymerization tube was alternately 
evacuated and flushed with dry nitrogen three times and then 
sealed under vacuum. The solution was heated a t  60" for 3 hr. 
An additional 30 ml. of benzene was added to the polymer mass 
and the polymer was precipitated by adding dropwise to a 
1O:l excess of cold pentane. Purification was effected in like 
manner. The reprecipitated polymer weighed 6.5 g. (8170) and 
softened a t  235-250°, [s] 0.72 determined in benzene at  29.2'. 

Anal. Calcd. for (C8HI3XOSjn: C, 56.10; H, 7.65. Found: 
C, 56.20; H, 7.61. 

Condensation of I with S-#-Chloroethyl Chlorothiolformate 
(IV).-The procedure described for the preparation of I1 was 
employed. Treatment of 23.4 g. (0.20 mole) of I with 31.8 
g. (0.20 mole) of S-p-chloroethyl chlorothiolformate6 in the 
preqence of 20.3 g. (0.20 mole) of triethylamine afforded 34.3 g. 
(71 .5%)  of IV as a water white liquid, b.p. 90" (0.1 mm.), 
n 2 5 ~  1.5560. 

Anal. Calcd. for C8H14ClNOS2: C, 40.07; H, 5.89; C1, 
14.78; S. 5.84: S, 26.74. Found: C, 39.97; H, 5.70; C1, 
14.72; N,5.99; S, 26.54. 

(12) .&I1 melting points are  uncorrected; analyses were performed by 
Schnarzkopf hZicroanalytica1 Laboratories, Woodside, N. Y., and Alfred 
Bernhardt, Mikroanalytisches Leboratorium in Max-Planck-Institut fur 
Iiohlenforschung, 1\Iiillieirn (Rulir), West Germany. 
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S-Vinyl( 2,2-dimethylthiazolydyl)monothiolcarbamate (VI.- 
To a solution prepared by dissolving 5.1 g. (0.13 g.-atm.) of 
potassium in 250 ml. of absolute t-butyl alcohol, heated to  60", 
there was added dropwise a solution of 31.2 g. (0.13 mole) of 
I V  in 100 ml. of t-butyl alcohol. The resultant slurry was stirred 
at  50" overnight. The precipitated KC1 was filtered and washed 
with additional solvent. The combined filtrates were made 
neutral with glacial acetic acid and the solvent was removed 
in vacuo. The viscous residue was distilled under reduced pres- 
sure to give 16.9 g. (647,) of colorless liquid which solidified 
in thereceiver; b.p. 85" (0.15 mm.), m.p. 44-45'. 

Anal. Calcd. for C8H13S062: C, 47.25; H, 6.44; N, 6.89; 
8,31.54. Found: C, 47.28; H, 6.32; S, 6.74; S, 31.38. 

Poly [ S-vinyl(2,2-dimethylthiazolydyl)monothiolcarbamate] 
(VI).-A polymerization tube was charged with 13.1 g. of V and 
58.6 mg. of ajar-azobisisobutyronitrile. The polymerization 
tube was alternately evacuated and flushed with nitrogen three 
times and then sealed under vacuum. The charged tube was 
maintained in an oil bath for 30 hr. a t  60". The resultrnt poly- 
mer plug was triturated with ethanol to separate unreacted 
monomer and then dissolved in 50 nil. of benzene. The polymer 
solution was added dropwise to a 1O:l exress of cold pentane. 
The precipitated polymer was filtered and reprecipitated. The 
product, 30.2 g. (787,j, was a white solid, softening at 170- 
180", [ V I  0.21 determined in benzene at 29.2'. 

Anal. Calcd. for (CsH13NOS2),: C, 47.25; H, 6.44. Found: 
C, 4i.15; H, 6.42. 

4-Carbomethox~-2.2-dimethylthiazolidine (VII).-Cvsteine 
methyl ester hydrochloride13 (83.3 g., 0.49 mole j was suspended 
in 2 1. of acetone, and the slurry was refluxed overnight. The 
reaction mixture was cooled to room temperature and filtered 
to give 76.5 g. ( 7 4 5 )  of VII.HC1 as a powdery white solid, m.p. 
154-156' (lit.14 162'). 

The free amine was liberated a5 follows. The hydrochloride 
was dissolved in a minimum amount of water and the solution 
was covered with twice the volume of ether. Sodium carbonate 
was then added in small portions until COz evolution had ceased. 
The ethereal layer was dried (MgSOd) and the solvent was re- 
moved in vacuo. Vacuum distillation of the residue gave the 
free amine as a water white liquid, b.p. 66" (0.80 mm.), n Z 5 ~  
1.4960, [ c Y ] * ~ D  -185.71°(c4.61, CHC13). 

(13) 31. Joiillie, 11. Laurre, G. Maillard, P. Muller, and R.  Zoul, French 

(14) E. .ilxlerlialden and \V, Geidel, Fermenforschung, 13, 97 (1931). 
Patent  1,241,102: Chem. Abstr., 56, 25782f (1961). 



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 
Inst i 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 w ~ r r  iiiixt tire3 of the 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- eii~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  obtained. To 
OVCI'( 'OIII~ thc I)lot)l(~~ii 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 thiosulfuric3 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. Baur r  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) 


