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N-Acrylyl-4.carbomethoxy-2,2-dimethylthiazolidine ( VIiI).—-
The procedure described for the preparation of II was used.
Treatment of 15.3 g. (0.09 mole) of VII with 8.1 g. (0.09 miole}
of acrylyl chloride in the presence of 9.1 g, (0.09 mole) of triethyl-
amine afforded a yvellow solid which wus recrystallized from ether
to give 12.5 g. (60¢%) of white prisins, nip. 87.5-88.5°, [«] %D
—71.70° (¢ 5.54, CHCl,).

Anal. Caled. for CioH;yNO:S: C, 52.38: 11, 6.59; N, 6.11;
8,13.99. Found: C, 52.36; H, 6.53; N,6.20; 8, 13.74,

Poly(N-acrylyl-4-carbomethoxy-2,2-dimethylthiazolidine)

(IX).—-A polymerization tube was charged with 8.0 g. of VIII
and 29 mg. of &,«’-azobisisobutyronitrile dissolved in 15 wml. of
dry benzene. The polymerization tube was alternately evac-
uated and flushed with dry nitrogen three tiines and then sealed
under vacuum. The solution was heated at 60° for 2 hr. An
additional 25 ml. of benzene was added to the polymer mass and
the polymer was precipitated by adding dropwise to a 10:1
excess of cold pentane. The polynier was purified by repeating
this procednre. The reprecipitated polymer weighed 6.9 g.
(86.397) and =ofiened at 215-225°, [n] 0.63 determined it hen-
zene at 29.2°.

Anal.  Caled. for (CigHpNOw ), G 5238, 11, 6.59.
5 52.19; H, 6.63.

Found:
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Substituted 2-Aminothiosulfuric Acids

Derived from a-Amino Acids!
HERMAN GERsHON? AND Raymonp Robin
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The discovery® of the protective effect of cysteine
against acute radiation toxicity has led to the examina-
tion of simple niercaptoalkylamnines and their deriva-
tives, some of which are more effective than cysteine
in reducing the toxie effect of radiation.* The most
promising compounds contain a hasie group and a
free or potential sulfliydryl group separated by two or
three carbon atoms.?

The replacement of the carboxylate funetion of a-
amino acids by the methylenethiosulfonate group
(CH.SSO;37) would yield products haviug an amino
group and a potential sulfhiydrly group separated by
two carbons. This transformation has been carried
out on a number of racemic anino actds.

Sehente I presents the synthetic approach to the
amino thiosulfuric acids derived from the neutral
aliphatic amino acids. The reduction of this group of
anino acids to amino alcohols (IT) was accomplished
by means of LiAlH, in tetrahydrofuran (THF) in
58-97% yields by the methods of Vogl and Péhm.%7

(1) This investigation wasg supported by the U. 8, Army Mledical Re-
search and Development Command, Department of the Army, under Re-
search Contract No. DA-49-193-MID>-2161.

(2) To whom requests for reprints should Le sent: Boyce Thompson
Institite for Plant Research, Yonkers, N. Y. 10701.

(3) H. M. Patt, E. B, Tyree, R. L. Straube, and ID. E. Smith, Science,
110, 213 (1949).

(4) Z. M. Bacqg. A. Herve, J. lecompte, P. Fischer, J. Blavier, (. lte-
champs, H. LeBihan, and 1>. Rayet, Arch. interi. physiol., 89, 442 (1951).

(3) A. Pihl and L. Eldjarn, Pharmacol. Rer., 10, 437 {1958).

(6) O. Vogl and M. Pshm, Monatsh., 83, 541 (1952).

(7) O. Vogl and M. Pilun, ibid., 84, 1007 (1953).
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Scrueme 1

HCHCOOH LiAlll BRCHCH.OH
->
NH. T NH.
1 1
‘ 187 Ubr
HCHCH 880, TheOq RCHCH,Br
l € i
NHy* H:0 NH; HBr
v I
i1, R = (,';-H;.
I, R = CyH;
[ 1{ = C4H9
d, R = <C,H,
[CN R = S(‘C-C4Hg
The correspouding ammo  bromide hydrobromides

(ITI) were prepared by treating the amino aleohols
with 489, HBr* In a numnmber of cases, the products
obtainied were nixtures of the amiuo bromide hydro-
bromtdes and amino alecohol hydrobroundes.  Sice
a nmiethod of separation could not be worked out, the
comiposition of the mixtures was determined from the
brontinie content, and the crude products were ern-
ployed i the succeeding step without further puri-
fication. The niixtures contained from 80--95¢7 bro-
mide hydrobromide (58-829 yield). Upon treatmuent
of TIT with thallous thiosulfate according to Lecher
and Hardy,?® the thiosulfuric acids (IV) were obtained
in 60-83% vields.

The amino alcohols derived from the basic amino
acids, ornithine and histidine, and the aromatic anino
acid, tyrosine, could not be obtained directly by re-
duction with LiAlH,. The preparation of L-tyrosinol
from r-tyrosine was reported by Dornow, ef al.1©
but could not be reproduced.

The reactions cmiployed in synthesizing the amino-
thiosulfuric acids from the baste and aromatic anino
acids are sununarized in Schieme II.  n-Histidinol had
been previously prepared!! by reducing the ethyl
ester of benzoyl-v-histidine with a large excess (18:1
mole) of LiAIH, in ethyl ether. In THF, an excess of
LiAlH, reduced both the ester and amide functions and
vielded benzylhistidinol (XTh). It seems that the re-
duction of the amide was temperature dependent
sinee THI botls considerably higher than ether.  When
the ratio of LiAlH, to benzamido ester was 1:1 mole,
a good yield of benzamido alcohol was obtained. To
overcome the problem of nouselectivity during the
reduction of the benzamido esters, the method of
Stewart!? was employed which depended on the
selective reduction of ester funections by LiBH,. The
remainder of the synthetie sequence was shmilar 1o
that of the aliphatic aminothiosulfuric aeids, and the
vield of Xf was 489,

The infrared speetra of the thiosulfurie acids were
characterized by peaks and bands at 1016-1040,
1065-1130, and 1180-1240 cu.—t.  These were in
general agreenient with the data reported by Siuon
and Kunath!'* for the sulfonate toun in alkylthiosulfates,
and the crystal structure of compound IVa was de-

i8) F. Cortese, “Organic Sywmrheses,” Coll. Vol IT, John Wiley and
Sons, Ine., New York, N. Y., 1843, . 1,

9y H. Z. Lecher and . M. Hardy, J. Oryg. Chem., 20, 475 (1455),

(10) A. Dornow, (+. Messwarl, and 1. Frey, C'hem. Ber., 88, 445 (1950).

(11) H. Baner, E. Adamsr and H. Tabor, Bivrhem. Prepn., 4, 46 (1955).

112) J. M. Rtewart, /. Org. Chem., 26, 3360 (1961).
(13) A, Simon and I, Kunath, Chem. Ber., 94, 1080 (1961).
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TasLE 1
2-SUBSTITUTED 2-AMINOETHYLTHIOSULFURIC ACIDS
RCHCH,SSO;~
NH;*

Yield, M.p.. °C. ——Caled., %-—~— ——TFound, §——
Compd.* R %% dec.? Formula N S N S
IVa C.H; 68 206 C:H;1NO;S, 7.56 34.62 7.82 34.45
IVb C;H, 85 204.5 CsH ;;NO;S, 7.03 32.18 7.03 31.98
IVb (p) C;H 60 188 C:H;:NO;Ss 7.03 32.18 7.05 32.25
IVb (L) C;H, 82 210.5 C:HsNO;S, 7.03 32.18 7.04 32.31
IVe CH, 83 204-204.5 CeH1;NO;Ss 6.57 30.08 6.69 30.32
vd -CH, 61 209.5 CeHi:NOsS. 6.57 30.08 6.21 29.93
IVe sec-CyH, 69 194.5 CeHsNO;S, 6.57 30.08 6.51 29 .56
Xf p-HOCH.CH, 48 213 CoH1sNOS, 5.32 24 35 5.51 24.85

e All compounds were DL except those indicated.

ScHEME 11

RCHCOOH CsHsCOCl RCHCOOH

| — |

NH. NaOH NHCOCH;

I A%

l CH:0H. HCl

RCHCH,0H LiAlH: or LiBH: RCHCOOCH;

| — |

NHCOCH; THF NHCOCH;

VII VI

120% HBr lé %(i)‘%Hﬁéixcess). THF
R([JHCHQOH R([JHCHQOH

NH2’HBI‘ NHCHQCGH5HBI‘

VIII X1

g = H,CH,CH.

RCHCH:Br Vg-Viig R — C{ﬁlaCH:CH; ’

NH2 . HBI‘ NHCOCaHs

IX XIg, R = C[H2CH2CH2

l T1:8:0s, H2O NHC%‘;?GHs

Ih, Vh-VIIh, XTh. R = [ L. "

R({JHCHQSSOS— ' R= Norn

NH;*

X

termined by X-ray diffraction.’* It was confirined that
the assigned structure is correct. Table I contains a
sunimary of the data on the aminothiosulfuric acids.
These compounds were submitted to the Walter Reed
Arniy Institute of Research for screening as potential
radiation protective agents. Conipound IVa showed
good protective action in niice, whereas the remaining
compounds were ineffective. The tests were carried
out according to the methods described by Iield,
et al.'® These results are summarized in Table II.

Experimental Section!é

p-Valinol (IIb).—A suspension of 33 g. (0.87 mole) of LiAlH,
in 700 ml. of THF (dried over LiAlH,) was prepared under

(14) Personal communiecation from Y. Okaya, IBM, Yorktown Heights,
N.Y. Results to be published elsewhere.

(15) L. Field, A. Ferretti, R. R. Crenshaw, and T. C. Owen., J. Med.
Chem., T, 39 (1964).

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

b All were analytical samples and were crystallized from methyl alcohol.

TapLe I1
RaADIATION PROTECTIVE DATA ON BUNTE SALTs®
R(]JHCH2SSOS_
NH;*
Dose range,

Compd.} R mg./kg.¢ Protection®
IVa C.H; 151-350 Good
IVb C:;H7 51-150 None
IVb (D) C;H, Not tested

IVb (L) C;H- 51-130 None
IVe CH, 51-150 None
Ivd -CiH, 51-150 None
IVe sec-C4H, 750 or more None
Xf p-HOCeH4 51-150 None

@« 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 p-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 (Na,80,),
and evaporated. The residue was distilled and collected at
80-90° (0.2 mm.), m.p. 39-40° [lit.* b.p. 95-100° (10 mm.) for
the pL isomer].

p-Valinyl Bromide Hydrobromide (IiIb).—To 128 ml. of 489
HBr, cooled to 5-10°, was added 31 g. (0.3 mole) of p-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 liguid continued to
reflux in the column but did not distil. At the end of 1 hr., an
additional 12.8 ml. was distilled. Following is the distillation
schedule observed with intermittent hourly reflux periods:
34.8 ml., 12.8 ml,, 104 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. It was filtered, and the crystals were washed with
additional isopropyl ether until no more color was removed.
The yield of product was 829, m.p. 150-155° dec. An analytical
sample was crystallized from methyl alcohol; m.p. 154-156°
dec.

Anal. Caled. for CsHiz;BreN: Br, 64.71; N, 5.67. Found:
Br, 64.90; N, 5.95.
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1.-Valinyl bromide hydrobromide (1IIb) wus prepared as ahove
(yvield 789, m.p. 195-202° dec.). An analytical sample was
crystallized from methylalcohol: mup. 203.5-204° dec.

Anal. Caled. for C,HpiBroN: Br, 64.71; N, 5.67.
Br, 64.50; N, 5.71.

p=Valinylthiosulfuric Acid (IVb).-- A nixture of 20.6 g. 10.12
mole) of p-valinyl broumiide hydrobromide, 90 g. (0.12 mole) of
thallous thiosulfate,® anid 240 ml. of water was agitated by menns
of a magnetic stirrer for 6 hr.  The aqgueons phase was renmoved
by filtration, and the filter cuke wans washed twice with water at
50° and with 2 vol. of boiling methyl alcohol. The combined
filtrates were evaporated in a flash evaporatar below 50°, and
the residue wus slurried in acetone.  The vield of product was
0.4 g, m.p. 178-182° dec. An additional 3.4 g. (m.p. 175-177°
dec.) of product was recovered from the wash lpiids.  An ana-
lytical samiple was crystallized from methyl aleohol; m.p. 188°
dee.

Benzoyl-nr-tyrosine Methyl Ester (VIf).—To a solution of
184 g. (0.66 mole) of henzovlnr-tyrosine? in 1500 ml. of dry
methyl alcohol was added with agitation a stream of dry HCI
to saturation at rpom temperature. Agitation was contimred
overnight, after which the excest solvent was flash evaporated.
The residue was dissolved twice in methyl aleohol and evaporated
to remove the excess HCL.  The svimpy product was then dis-
solved in water, made slightly ammoniacal, and refrigerated
overnight. The ester was removed by filtration, gronnd, washed
free of chloride with wuater, and dried under vagumm (HaSO))
at 50° overnight. The yield of product wiaz 156 g. (7905,
mLp. 155-159°.  Ab analyvtical sample was prepared by recrystal-
lization from a mixture of methyl alcohol and isopropyl aleohol;
m.p. 1539.5-160.5°.

Anal. Caled. for C;HENO,: ¢, 6821, H, 5.72; N, 4.08.
Found: C, 68.54; H,5.73; N, 4.78,

Dibenzoyl-pL-ornithine methy! ester (Vig) wus prepared from
benzoyl-pL-ornithine® by the method described for the prepara-
tion of VH. The vield of product was 800, wm.p. 144-147°,
An analytical sample was cryvstallized from isopropyl aleohol;
nLp. 145-146°.

Anal. Caled. for CyHNOg G, 67758 H, 6.26: N, 7.90.
Found: C, 67.86; H,6.70; N, 7.34.

Benzoyl-pr-tyrosino! (VIIf).—To u solution of 75 g. (0.25
mole) of VIf in 750 ml. of THF was added 7.1 g. (0.275 mole,
84.69, assay) of LiBH,. The mixture was agitated and kept
under reflux for 6 hr. After evaporation of the THF, the boron
was removed by boiling a methyl alcoholic solution of the residue
in the presence of 10 ml. of concentrated HCI to a reduced vohrme.
This procedure was repeated twice with the addition of methyl
alecohol.  The erude produet, dissolved in a small volmme of
methyl alcohol, was precipitated by addition of water. Tt was
washed free of lithiun salts with water and dried at 70° overnight.
The yield of VIIf was 909, nip. 160-164°  An analytical
sample was obtained by recrystallization from water, m.p.
164-165°.

Anal. Caled. for CieHisNOg: €, 70.57; H, 6.66; N, 5.14.
Found: C,70.83; H,6.530; N, 5.22.

Dibenzoyl-pL-ornithino! (VIIg) wuas prepared as above for
V1If. The vield of product was 3677, and an analytical sample
was crystallized front a mixture of isopropyl aleohol and iso-
propylether; m.p. 153-154°.

Anal. Caled. for CyHnNO5: C, 69.92; H, 6.79; N, 8.58.
Found: C, 69.46; H, 6.67: N, 8.93.

pL-Tyrosinol Hydrobromide ( VIIIf).---Sixty grams ((.21 mole)
of VIIf was heated under reflux with 720 ml. of 249 HBr over-
night. After cooling to 5°, benzoic acid was removed by filtra-
tiom, and the filtrate was extracted several times with ether.
The filtrate was evaporated to near dryness under reduced
pressure, and the residue was further dried nuder vacunm over
H.80, for several days. The yield of produet was 53.5 g. (9790},
m.p. 167-172°. An analytical sample could not be prepared.

Benzyl-pr-histidinol Dihydrobromide (XIh).—To 1500 il
of THF was added 76.6 g. (0.28 mole) of benzoyl-pr-histidine
methyl ester (VIh)," and the solution was cooled to 10°. Lith-
tum aluminum hydride (25.2 g., 0.67 1nole) was added in small
portions with agitation and continued cooling. Upon comple-
tion of addition of the hydride, the mixture was allowed to come
to room temperature and was then heated under reflux for 2 hr.

FFantnd:

(17) M. Rawitscber, 1. Wadso, and J. Sturtevant, J. Am. Chene Noe.,
83, 3180 (1961).
(18) M. Fischer, fer., 84, 104 11001,
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e wax allowed 1o cool 10 roomn temperiaare with strming over-
night.  The excess hydride was decomposed with water oo 10°
and the apreous THF was removed by filtration, The filter
cake wis estricted twice with THE, and the combined filtentes
were treated with eharcaal and flash evaporated 1o vield o
syrupy prodiuet. To 51 g of this prodiet was added 450 ml of
20C: HBr, and the mixinre wis warimed with briermittent shinkiig
nntil a clear solition was obtained. Tt was trented several iimes
with derolorizing varbou and evaporated to dryviess der re-
dirced pressnre. The solid restdue was shiried i acetone,
filtered, and dried at 70° overnight.  The product was obtained
i 007 ¢ yvield (78 g.0, and an apalyteal smuple was prepared by
crystallizaition from izopropylaleohol: mup. 187-18%°,

Anal. Caled. for CpHoBraN;O: C39.72; HL 4870 N, 1060,
Formd: (7,39.52; H, 4.80; N, 10.38.

Dibenzyl-u1.-ornithinol dihydrobromide (XIg) wus prepured in
the samwe manner ns Xh.  The vield of produet was 310, m.p.
36.5° Canadytieal saiple .
el Caled. for CigHaeoBroN,O: O, 4946, T,
607, Fod: O 4045 H, .22 N, 5.06.
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2-Trifluoromethyvladenosine
(v. Govan axp M. H. Maduire

Sueith Kline and French Institute, Departiment of Pharmacolegy,
University of Sydney. Sydney, Lustralia

RKecewed June 4, 1465

A matuber ol 2-subsatuted adenosines, m parteular
2-chloroadenosine, has bheen shown to inhibit the adeu-
ositte diphosphate induced aggregation of platelets! and
to possess vasodilator propertie<.® 2-Trifluorometh-
vladenosine has been synihesized for evaluation of ils
vasodilator and antiagglutination effects,

Fusion®  of  1-O-acetyl-2,3,5-(r1-0-benzoyl-g-n-ribo-
furanose* with 2-trifluoromethyl-6-chiloropurine® in the
presence of p-toluenesulfonie acid followed by shiual-
taneous removal of the blocking groups and amination
with methanolic ammonia gave a gel-like erude product
from which pure 2-trifluoromet hyladenosine was solated
by crystallizadon first fromn I-propanol and then from
water.

Prelimmary  pharmmeologieal  evaluation of  2-i11-
fAuoromethyvladenoshe in this departinentt s shown

T'aBLE 1
BrLative Porescy
Inbibition of
AP indnced

Compl agrgregation Vaxollator ¢deir
Adenosine 1 1
2-Chloroadenosine 4 4

2-Trifluoromethyladenosine ). (25 .05

© ADI' = adenosine diphosphate.

i1y (a) G. V. R. Born, Noture, 202, 95 (180642 1y G. V.o R Mo, R
J. Haslam, M, Goldinan, and R. 11 Lowe, rhid., 208, 678 (1463),

(2) (a) D. AL Clarke, J. Davoll, 1. S0 Plullips, and G. 13, Yrown, /. Phor-
macol. Exptl. Therap., 106, 201 (1952); (b) R. H. Thorp and 1. 13. Cohbin,
Arch. intern. pharmacodyn., 118, U5 (1139).

(3) For the acid.catalyzed fusion reaction of parines with tetra-O-
acetyl-u-ribofuranose to give g-nnclegsides see (a) T. Sato, T. Simadace,
and Y. Ishido, Nippon Kegakn Zasshi, 81, 1440 (1960): (b) T. Simadate,
Y. Ishido, and T. Sato, vhid., 82, 938 (1961): (c) T. Simnadate, thid., 82,
1261 (1961): (d) W. W, lee, A. P. Martinez, G. T\ Tong, and L., Goodman,
Chem. Ind. (London), 2007 (1963},

(1) ¥, F. Reconde and I, Rinderknecht, Hele. Chim. Acta, 42, 1171
11059).

(3 M. Nagane, 5. lneae, A. Saggionao, ind Y. Nodiff, /. Med. Chem., T,
915 (1964).

16 By conrtesy of Miss D Rulord and Mr. . Alichal of this Debare
ment.
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