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The utility of a-amiino aecids as intermediates in multistep syntheses of derivatives of 2-aminoethanethiol
as potential antiradiation agents has been further demonstrated; the tvpes of compounds synthesized included
S-substituted derivatives of 2-aminoalkanethiols, 2-amino-2-methylalkanethiols, and Il-aminocycloalkane-
methanethiols—chiefly inner Bunte salts and phosphorothioates—and cyelic dithiocarbamates, in addition to a

number of the aminothiols themselves.

A convenient method for the preparation of amino acid esters from 2-

alkanones and cycloalkanones was developed by combining a modified Strecker amino acid synthesis with the

Fischer amino acid esterification.

Applied to 1,4-cyclohexanedione, this method led to the svnthesis of a novel

bisaziridine, 1,7-diazaspiro{2.2.2.2]decane (37), and to a novel synthesis of 1,4-diamino-1,4-cyclohexanedi-
methanethiol diphosphate (40), which involved hydrolysis of the corresponding bis(phosphorothioic acid) 39b in 1
M phosphoric acid. The following products so derived afforded mice good protection against lethal radiation in a

standard test:

sodium hydrogen S-2-amino-3-methylbutvlphosphorothioate (5d), S-2-amino-2-methylpropyl-

thiosulfuric acid (16b), S-2-amino-2-methylpropylphosphorothioic acid (16¢), and tetrahydro-1H,3H-thiazolo-

[4,3-c][1,4]thiazine-3-thione (29).

The lithium  aluminum hydride reduction of «-
amino acid esters by Karrer, et al.,> provided a syu-
thetic route to 2-substituted 2-aminoethanols that is
particularly useful if the desired substituent is con-
tained in a readily available amino acid. Vogl and
Pohm demonstrated later that a direct reduction of
amino acids could be achieved similarly.? Thus, in
the present work, 2-amino-1-pentanol (1, R = »n-C;Hy)
was obtained by the reduction of both ethyl pL-nor-
valinate and pL-norvaline. Conversion of the resultant
2-aminoalkanols 1 to the corresponding 2-bromo-
ethylamine hydrobromides 3 was accomplished either
directly by the action of (1) phosphorus tribromide on
the preformed hydrobromide [as with 2-amino-3-
phenyl-1-propanol* (1, R = C¢H;CH,) from pL-phenyl-
alanine] and (2) refluxing 489 hydrobromic acid® [as
with L-leucinol (1, R- = ¢-C,H;) from L-leucine], or
indirectly by the hydrobromic acid ring opening of
the aziridine derived by the Wenker method®” [as with
pL-valinol (1, R = ¢-C;H;) from bpL-valine via 2-
isopropylaziridine (2)]. = These examples, then, typify
the amino acid derived intermediates that led to the
preparation of a number of S-substituted 2-amino-
allkanethiols, chiefly inner Bunte salts and phosphoro-
thioates, which were desired as analogs of known

(1) Tlis investigation was supported by the U. 8. Army Medical Researcl
and Development Command under Contract No. DA-49-193-3 D-2028.

(2) P. Karrer, P. Portmann, and M. Suter, Helv. Chim. Acta, 81, 1617
(1948).

(3) 0. Vogl and M. Péhm, Monatsh. Chem., 83, 541 (1952),

(4) W.J. Gensler and J. C. Rockett, J. Am. Clhem. Soc., T4, 4451 (1952).

(5) F. Cortese, “'Organic Syntheses," Coll. Vol. 11, John Wiley and Sons,
Inec., New York, N. Y., 1943, p 91.

(6) (a) H. Wenker, J. Am. Clewm. Soc., 8T, 2328 (1433): () P. K. Fawa,
“lleterveyeliec Componnds witle Three- ayul Four-menibered Rings,' Part
One, A. Weissberger, Ed., Interscience Publislers, Inc., New York, N. Y.,
1964, pp 528-532,

(7) T. L. Cairns, J. Am. Chem. Soc., 63, 871 (1941).

radioprotective compounds.®  The syntheses outlined
in Chart I were based on 2-aminoalkanols derived
from common amino acids; a subsequent synthesis
based on commercially available 2-amino-2-methyl-
butyric acid (7) is shown in Chart II. Some examples
of the utility of amino acids in the synthesis of poten-
tial antiradiation compounds have recently been re-
ported.'?

Commercially available 2-amino-2-methyl-1-propanol
(12) and later 2,2-dimethylaziridine (13, R = CH,)
were used as starting materials for the synthesis of 2-
amino-2-methylpropanethiol (16a) and several of its
S-substituted derivatives by the route outlined in
Chart II. The radioprotective activity shown by S-
2-amino-2-methylpropylthiosulfuric acid (16b) in an
initial test inspired the synthesis of a series of S-2-
amino-2-methylalkylthiosulfuric acids in which one of
the methyl groups of 16b is replaced by other alkyl
groups ag in the route 7 -— 16e already mentioned,
Development of practical methods for the preparation
of the intermediate amino acid esters 10 was requisite
since neither these esters nor the corresponding amino
acids (except 7) were readily available. The general
procedure that evolved, as applied to 2-alkanones
(8), combines a modified Strecker amino acid synthesis

(8) For example: 2-amino-l-propanethjol,® 8-2-aminoethyltlvosulfuric
acul,® and S-2-aminoethylphosphorothioic acid.)!

(9) J. F. Thomson, ""Radiation Protection in Mammals.'' Reinhold Pub-
lishing Corp.. New York, N. Y., 1962, p 66.

(10) B. Holmberg and 1B. Sérbo, Nature, 183, 832 (1959).

(11) (a) B, Hansen and B. Strbo, Acta Radiol., §6, 141 (1961); () S.
.-n\kerfeldt‘ Acta Radiol., Therapy. Phys. Biol., 1, 465 (1963): Chem. Abstr.,
60, 13534 (1964),

12) (a) I. R. Piper aud T. P. Jolwmstou, J. Ury. Cheut., 28, 481 (14631;
(Iy D, L, Ktayman, J. W. Lown, aud T, R. Sweeuey, thid., 80, 2275 (1965):
(e) G. R, Handrick, E. R. Atkinson, F, E. Granchelli, and R. J. Bruni, J.
Med. Chem., 8, 762 (1965): (d) H. Gershon and R, Rodin, ikid., 8, 864
(1963).
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CHart I

CH,CHCH; <~— H,NCHCH,OH — BrCH.CHNH,-HBr
NH R R
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4
CH,(CH.), NHCHCH,SSO,H 5

H,NCHCH,SY
R

a.R=n-CH.: Y =SOH
b, R=n-CH.; Y =PO;HNa

CH.CH,CH, ¢.R~1-CH; Y =SO;H

i d.R=i-CH;: Y =PO;HNa

e. R

f.R

g R

6 =i~C,Hs: Y =PO;HNa
= CH;CH,; Y = SO,H
= C6H5CH2[

Y = C(==3)N(CHy),

modeled  after that described by Steiger'™ with the
amino acid esterification described hy Mischer,™* but
the tedious isolation of mtermmediate amino acids
wis avolded by use of the dried Strecker reaction mix-
turex, which contained ammonium chloride and sodium
chloride, in the csterification step.  The first attempt
to prepare ethyl 2-amino-2.3-dimethylbutyrate (10,
R = CHy) from 3-methyl-2-butanone (8, R = -
C3:Hz) by this method, however, led to the isolation
of  2-amino-2.3-dimethylbutyronitrile (9), which s
appuarently sterically hindered toward hydrolysis and
mino ester formation. This difficulty was subse-
quently overcome by a rgorous protraction of the hy-
drolysis step.  The remaining sequential steps followed
the pattern already established for the more accessible
amino acid esters with the exception that conversions
of the 2-umino-2-methylalkanols 11, which  have
tertiary  branching next to the amino group. werce
cffected only by way of the 2-alkyl-2-inethylaziridines
13.  divect conversions under prolonged Cortesc
conditions® having failed. The over-ull scheine has
a molecular weight limitation as illustrated by the
sequence beginning with 2-tridecanone; the attempted
conversion of 2-amino-2-methyvl-1-tridecanol (11, R =
n-CpHay) to 2-methyl-2-undecylazividine by the Wenker
method failed because charring occurred under reaction
conditions too muld for the formation of the inter-
niediate hydrogen sulfate ester,

The hydrobromic acid ring opening of the aziridines
13 encountered in this work ix presumed to give amines
having tertiary e-carbons by the same SN2 mechanisio
that was previously demonstrated for 2.2-dimethyl-
aziridine.™  Cortese conversion of the 2-nminoalka-
nolz 1 to the 1-(bromomethylalkylamines 3 circum-
vented the preparation of intermedinte 2-alkylazivi-
dines, but does not preclude possible product am-
biguity i the reaction of 3 with nucleophiles such as
thiosulfate and phosphorothioate ions wia aziridine
intermediates.’  The Bunte salt obtained from 1-

i RL L Sreiger, COrganie Synliteses,
SMana, Toues, New York N Y, 005 et

(1D tar s Piseleer, Beeos 84, Lot it L Fesower wael V. Suzaht
il 38,0 17311005,

(15) J0 L Faetey, CU D O'Roacke, Lo L Claprs, Jo0OL Blbwareas, sood B CL
Toowes, S Lo, Chean . S, 80, 3158 (TOAK,,

Coll. Vol. 111, John Wiley awl

Vol 9

(bromonethyl)-2-methylpropylamine Lydrobromide (3,
R = -CyHq7) was indicated to be S-2-amino-3-methyl-
butylthiosulfuric acid (5¢) by a pmr <tudy based on
the method of Lown and Klayman =527 4, 15,0 the
absorption  peaks  sttribnted  to the CH O proton
broadened on aeiditication indicating spin-=pin conpling
with the NHo® protons while the CH, peaks renmined
shavp, althongh the speetral ehanges due to wetdifica-
tion were hot = pranonnecd ax in the eited exanple®
and were bardly observable i the case of someric
S-2-aminopentyltbiosnlfurie acid (5a). 1 the sequunee
leading to 5e and the corresponding monosodimmm phos-
pliorothioate 5d  vigorons Cortese treatnent ol 1
(R = ~CyH:) gave ipae 3 (R = -CyHs)s Tat ymre
3 (R = -(;H) was obtaied rin 2-izopropylaziridine
(2), and both the pure and nopure Iromoamines pro-
drced 1dentienl samples ol 8e. The identity «f the
Bunte salt derived from T-(hromomethylethylamine
Lhydrobromide and from 2-methylaziridine Lins been
recently and elearly established ax S-2-anivopropyl
thiosulluric acid ™ these findings lend support to the
stritetures assighed to produets of nueleopbilie displace-
ments depicted tn Charts T and T1.

The genernl scqience of reactions used Tor the con-
version of  2-alkanones to S-2-amino-2-mcthylalkyvl-
thiosulfurie ncids 16 (b, e, g. and i-1) was found ap-
plicable to the conversion of the eveloalkanoues 19 (a
ond by to the corresponding S-L-ominocyelonlkane-
wethivithiosulfurie aeids 26al and 26b secording to
the route ontlined m Chart 111 In addition. the
known™ intermediate T-azaspiro[2,5loctane (22b) was
wtilized oo ring opening with Had nnder conditions
described by Bestian®™ for cpening of ethylentuine
itseli, and the resnltant F-aminoceyelohexanemethanc-
thiol (23b) wax chiarneterized as such and as the hydro-
cbloride.  The strirtnre of 28b was proved by u com-
parizon ol the phyxical constants of the dervived 1-
[(benzylthio)ymethyl jevelohexylamine (24) and s hiy-
drochloride with those of the isomerie T-(benzylthio)-
eyclohexanciethylamine veported by Careclly ol ol
subscequently the azividine ring of 22b was opened with
thiosulfate 1on in cold water, and the S-1-aminocyelo-
hexanemethylthiosulinrie acid (26b) <o obtained was
tdentical with that prepared from I-(hromomethyl)-
evelohexylamine hvdrobronide (25b).  1-Aninoeyelo-
pentanciiethanethiol  (23a)  was prepored from 1o
azaspivo!2.4iheptane  (22a), and S-1T-aminocyelopen-
tabemethylpliosphorothioie aeid (26a2) from 1-(bromo-
methyheyelopentylamine hydrebromide (25a) by the
conventional Akerfeldt procedure.®  Potassititn enr-

(16) For ddiseussion= of wetgiooriug-group paetieipildion o the reae tius
of bidoalkyhauiues =ev, fae sxioapde: G B Royvals, v hvaaeed (ogarde
Cliemisry.” Prewtice-11ull, Tae., New Vork, NU Y. 195, pp 356-3754; (bt
12,8, Coould, " Meclinnisue sud Steretare tu Orgaoie Clleadstey,” [0l Riue-
lao, wad Wit om, Tue., New Vork, N Vo 1959, pp 570-57): (ex 1. THiwe,
CPlhvsieal Oygaaie Clrewaizoey,” MeGreon- 1T Book Co.l Tue., New Vaork.
N. VL1086, 1 1201290 ole WOk 0 Ross, " Diological ATkyvLtioe deoges"
B cerwornlo siowd Co. i Publislicesy Lod., Lowlow, 1062, pp 1103,

1T WL Lowycaeal DL L Khivweon, quimed o No.o 00 NMR 0 Worbk
Secies by Varton A=soeites, Vaulytaso Tastewment Division, Pulos Abo 148,
Culif.

(18 () 1t 1L Talukdsie awd oL,
thy H. Najer, R. Gouwlivelli, sl 1. Sene, Bull. Sor. Clim. Frupee, 2
19645,

Ive 1Y Testian, dvow. Frap 866, 21000 19430,

oo b L el TE Whate, sl M Wl L dr0L Uhe s, 38, 12010
cTO

t2l tus S0 Akeefeldt Lo Cawwrs Neadd ) 13, 00700 (100G b il 14,
TORO CIMWs: e i 16, ISUT (1062

ot L O Givac., 24, 526 1 1YHY;
)
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Cuarr 1T
CH, ([JH3 CH,
HNCCOOH RCOCH, — HNCCN  HNCCH,OH
CHCH, CH,CHCH, CH,
7 8 9 12
CH, CH, CH,
HNCCOCH, — HNCCHOH — R
l l N
R R H
10 11 13
CH,
»=S <—  BrCH,CNH, HBr
§ x
HC
15 / 14
I
HgN([JCHng
R
16a, R=CH,; Y=H
b, R- CH;; Y=SOH
¢, R=CH,; Y=POH,
d, R=CH,; Y=COCH,(HBr) H,
e, R=CH;; Y -SOH
f, R=n-CH:, Y=H CHy(CHy) NHCCH,SSO,H
g, R=n-CGH:; Y=80,H CH,

h, R= nCH; Y=PO,H,
i, R=i-CH:; Y=SO,H
iy R=n-CH,; Y=SOH
k, R=i-C,Hy,; Y=SO,H
l, R=n-CH,; Y =SO,H

17

CH;; CHS
HO,SSCH,CNH(CH,) , NH(IJCH2 SSO,H

CHs CH,

18a, n =2
b, n-3

bonate effected ring closure of 25awith CS,in dimethyl-
formamide (DMF) to give 3-thia-1-azaspiro[4.4 Jnonane-
2-thione (27). 4-Benzyl-2-thiazolidinethione (4) and
4,4-dimethyl-2-thiazolidinethione (15) were obtained
by similar, respective eyelizations of 3 (R = CsH;CH,)
and 14 (R = CH;). These cyclizations extended the
method previously applied to 2-(chloromethyl)pyr-
rolidine and 2-(2-chloroethyl)piperidine;** 3-(bromo-
methyl)thiomorpholine hydrobromide,’?® which was
also derived from an amino acid ester, was cyclized
similarly to give tetrahydro-1H,3H-thiazolo[4,3-c]-
[1,4]thiazin-3-one (29) and was also converted to
sodium  hydrogen  S-3-thiomorpholinylmethylphos-

S
‘ j( N7 SCH.SPOHNa

S
30
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CuartT 11T

Y /NH2 ~—~ NH
HOn CO — <HzC S — w6, e

~ CO,C,H; \— “CH,0H
19a and b 20a and b 2la and b

NH, H NH,-HBr

N 2 N
1 — g, o — HG)x €L ’

— CH,SH \CH2Br

23a and b 22a and b 25a and b

N

<:><CH250H2—© (HQC)” \ CH,SY (:><:r

2681 Y= SOg
a2, Y=PO,H,
b, Y=8S0;H

|

a,n=4 E><NH(CH2)9CH3
b,n=5
CH,SSO,H
28
phorothioate  (30).22  8-1-Decylaminocyclopentane-

methylthiosulfuric acid (28) was prepared by decylation
with 1-bromodecane of the potassium salt of com-
pound 26al, formed in situ in DMI with potassium
bicarbonate. S-2-Decylaminopentylthiosulfuric acid
(6) and S-2-decylamino-2-methylpropylthiosulfuric acid
(17) were similarly prepared from compounds 5a and
16b, respectively. This method, which is applicable to
DMT-soluble potassium Bunte salts and is a variation
of the recently described N-alkylations of sodium S-2-
aminoethylthiosulfate in aqueous ethanol?® was also
adapted to the preparation of the N,N’-alkylenebis(S-
2-amino-2-methylpropylthiosulfuric acids) 18 (a and b);
the yields were low, and the method was not successtul
when the alkylene group was tetramethylene (from 1,.4-
diiodobutane) probably because of preferential pyrroli-
dine ring formation.

The synthesis of S,8’-1,4-diamino-1,4-cyclohexylene-
dimethylenebis(thiosulfuric acid) (39a), the corre-
sponding bis(phosphorothioic acid) 39b, and 1,4-di-
amino-1,4-cyclohexanedimethanethiol as the diphos-
phate salt 40 from 1 4-cyclohexanedione (31) was
adapted from the conversions of eycloalkanones de-
scribed above and is outlined in Chart IV, The mter-
mediate 1,4-diamino-1,4-cyclohexanedicarboxylic acid
(33), a known amino acid derived from 1,4-diamino-
1,4-cyclohexanedicarbonitrile (32),2¢ underwent slow
esterification with methanol saturated with HCI to
give the dimethyl ester 34, whose reduction i tetra-
hydrofuran with lithium aluminum hydride afforded
a low yield of 1,4-diamino-1,4-cyclohexanedimethanol
(35). It was subsequently found that 35 wus more
easily isolated as the dihydrobromide than as the free
base with a consequent increase in yield. Although
earlier conversions of amino aleohols structurally re-
lated to 35 involved uazividine formation followed by

(22) The corresponding L3unte salt was described previously.["‘“
(23} D. L. Klayvman and W, I. Gilmore, J. Med, Chem., T, 823 (1964).
(24) N. Zeliusky and N, Sehlesinger, Ber., 40, 2888 (1907).
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tribromide or a =olution ol PBrs in o-dichlorobenzene
produced no reaction, a result possibly due to insolu-
bility of 35-2HBr in both media.  Heating a mixtuve
of 35-2HBr and 1 309 solution of HBr in acetic acid
in o sealed tube at 150-155° for 12 hr also failed 1o
CO,CH; produce 38, Attention was then directed to the prepa-
34 ration  of
l Woenker mcthod.  Preparation of the vequisite 1.4-
cvelohexanedimethanol bis(hydrogen sulfate) (36) in-
volved conversion of 35-2HBr to 36-H.SO, with =ilver
sulfate® followed by esterification with a slight excess
of snlfuric acid. The product of the Wenker ring
closure was puified by sublimation and thei converted
to 38 by ring opcuning with hydrobromie acid.
i yield due to purification of 37 wus subscquently
circumvented by addition of the aqueous distillate
from the Wenker ring elosure to cold hydrobromic acid,
thus justifying the preparation of 38 us an intermediate
for the finul step even though the bizaziridine 37 could
possibly hawve been converted directly to 39a and the
free dithiol corresponding to 40, The actoal vorde to
40, however, involved the hydrolysis of 39b in refluxing
I 3 phosphoric acid, which promises to be representa-
tive of u genceral method.  The sterecochemieal nspects
of thix series of reactions have not been considered,
Biological Results.-~End products of the reaction
sequences deseribed  above were tested as radio-
protectors of mice exposed to lethal radiation: the
tests were performed at the Walter Reed Army In-
stitute of Research,” Wuashington, D. C., essentially
according to a previously reported procedure.?  Re-
sults are presented i Table T for only those com-
pounds that showed fair or good protection (fair,
26449 survival;  good, 45--1009. survival). Both

CO.CH,

H,N_ _CH,0H
35H.80, <~— 35-HBr
1 HN

-~

CH,0H
35

L()S‘\

H.N.__CH.0S0.H

HN" “CH.OSO.H
36

HN H
HNi H
37

H.N._ _CH.SY H.N

N

‘ CH,Br
Q 2HBr —
N~ “CH,Br
38
CH,SH
2H,PO,

HN" “CH,SY H.N H,SH
39a. Y =SO,H 40

b, Y=-PO,H,

ring opening with hydrobromie acid, efforts werr mede
to convert 35-2HBr to  1.4-bis(bromomethyl)-1.4-
eyvrlohexanediamine dihydrobromide (38) directly. Re-
fluxing mixtures of 35-2HBr and pure phosploris

S-2-umino-2-methylpropylthiosulfuric acid (16b) and
S-2-amino-2-methylpropylphosphorothioic  acid  (16e)
I E Y O AV SO A Bial. e, 182, 1
1914,
(29) Date made avadable ro =10 Des, DL T dacoba= auo T R Sweeuey,
27y L. Vield, M. Tecrerti, T R Owew, . Med.
i T, 39 (109G,

Wiltes sl VL Mo lvedoda, e

Crouslanw, amwt T, €,
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TasLe II

EruyL EsteErs 10, 20a, AND 20b FROM 2-ALKANONES AND CYCLOALKANONES

Ry
H,NCCOOC.H;
It
Nitrile Mellod
Ketone liy- of
reaction drolysis neutral- Yield, ~—Caled, Y%6—— —— L onud, Ye——
R: R2 time, lir time, hr ization® o Bp, °C (min) np (t, °C) Formula C H N C H N
CH; n-CsHz 20 18 B 67 86- 88 (23) 1.4233 (23) CsHuNO» 60.34 10.76 8.80 60.29 10.96 8.22
CHs 7-C3Hy 17 30 B 22 101-107 (17) 1.4273 (27) CsHuNO» 60.34 10.76 8.80 60.42 10.95 8.75
CHs n-CusHs 7 2.5 A 15 84-86 (11) 1.4283 (25) CoHieNO- 62.39 11.05 ... 62.75 11.10 ..
C'Hs i-C4Hy 5 2.5 A 48 80 (12)b.c 1.4288 (20) CaHisNO: L R s .. . ..
CHs n-CsHus 5 6 B 52 115-118 (14) 1.4360 (20) CuHzsNO: 65.63 11.52 6.92 65.79 11.50 6.80
CHs n-CuHu 6 7 B 48 106-108 (0.1) 1.4457 (20) CisHuNO- 70.80 12.25 5.16 70.99 12.29 5.25
< (CHye- 20 4 B 67 84-87 (10)%9  1.4528(25)  CsHuNO: o .
—(CH)s- 18 7 B 47 78 (4)17‘9 1.4628 (20) CeHuNO:

© See text for details.
4 Lit.33 bp 110-112° (36 mm), n%p 1.4535.

gave good protection, whereas the corresponding thiol
(16a) hydrochloride was recently reported!*® to give no
protection.

S-2-Amino-2-methylpropy! thioacetate hydrobromide
(16d) and S-2-decylamino-2-methylpropylthiosulfuric
acid (17) provided good protection against sublethal
radiation (730 1, v rays), but were not tested against
lethal radiation (1000 r, v rays). Modification of the
tertiary branch by rveplacement of one methy! group
with another alky! group resulted in either no protec-
tion or slight protection (5-259 survival). (Sereening
data for the cyclohexylenedimethylene derivatives
39a, 39b, and 40 were not available for this comparison.)

The products of the reaction scheme outlined in
Chart I, which resulted in secondary branching,
parallel a recently reported series of 2-amino-1-alkane-
thiol hydrochlorides!*® and S-2-aminoalkyl Bunte
salts’?? in which 2-amino-1-pentanethiol, 2-amino-3-
methyl-1-butanethiol, and S-2-aminobutylthiosulfuric
acid were rated as good protectors. In the present
work sodium hydrogen S-2-amino-3-methylbutylphos-
phorothioate (5d) provided good protection, and so-
dium hydrogen S-2-aminopentylphosphorothioate (5h),
fair protection,

Of the cyclie dithiccarbamates tested, tetrahydro-
1H,3H-thiazolo[4,3-¢][1,4 ]thiazine-3-thione (29) gave
good vprotection, and 3-thia-1-azaspirol4.4]nonane-2-
thione (27) was exceptionally toxic (approximate
LD;, 5 mg/kg).

Experimental Section?®

Ethyl Norvalinate.—A solution of norvaline (50.0 g, 0.427
mole) in absolute ethanol (300 ml) saturated with anhydrous
HCI was refluxed for 8 hr. Removal of the solvent by evapora-
tion nnder rediiced pressure (water pump) on a rotary evaporator
at a temperatire not exceeding 35° left a clear syrup, which was
dissolved in cold water (40 ml). Ether (200 m]) was added, and
the stirred, chilled mixture was treated with aqueous K.COj;
(30 g dissolved in 25 ml of water). The ether layer, to which
was added several ether extracts of the agueous phase, was dried
(MgS80y4): fractionation under reduced pressure afforded the
ester, bp 65-66° (8 mm) [lit.2° bp 68.5° (8 mm)], in 509, yield
(30.7 &), i

(28) Melting points not designated as having been taken on a Kofler
Heizhank were taken on a Mel-Temp apparatus.
(29) M. D, SBlunmer, Ber., 85, 400 (1902).

b Prepared earlier3? from amino acids obtained from hydantoins.
¢ Lit.® bp 78-79° (4 mm), n%®p 1.4603.

¢ Lit.?3 bp 78-80° (12 mm), a®» 1.4290,

Ethyl vr-Leucinate, Ethyl Valinate, and Ethyl 2-Amino-2-
methylbutyrate.—A solution of the appropriate commercially
available amino acid (0.761 mole) in absolute ethanol (1 1.)
saturated with anhydrous HCl was refluxed for 2 hr. Benzene
(200 ml) was added, and the resultant solution was distilled
through a 30-em Vigreux column vuntil the distillation temperature
reached 80° (approximately 500 ml of distillate was coliected
during 4 hr). Remaining solvent was removed nnder reduced
pressure (water pump) on a rotary evaporator with the aid of a
warm (40-45°) water bath. The resultant crystalline residue
was stirred thoroughly with a ccld (0-5°), saturated solution
(prepared at 0°) of anhydrous NHj in ethanol (150 ml). The
mixture was then diluted with ether (600 ml) and filtered.
Fractionation of the filtrate uder reduced pressure afforded the
indicated ester with wyield, boiling point {lit. boiling point]
as follows: ethyl i-lencinate, 77%, 81-82° (12 mm) [83.5°
(12 mm)*7; ethyl valinate, 765, 83-84° (22 mm) [82.5° (23
mm )*]; ethyl 2-amino-2-methylbutyrate, 726, 71-72° (24 nim)
[65-66 (20 mm)2?],

Ethyl Phenylalaninate, bp 76-78° (0.02 mm), was similarly
obtained in 439 yield from its hydrochloride, mp 122.5-124.5°,
which was prepared in 769, yield by the procedure of Mura-
kashi.32

Anal. Caled for C,H;;NOg:
C, 68.20; H,7.78.

Ethy! Esters 10, 20a, and 20b from 2-Alkanones and Cyclo-
alkanones vic the Strecker Synthesis—Intermediate aminoni-
triles were prepared in silu on 1.0-mole scales by the procedure of
Steiger;!? variation of the reaction period during which the stirred
mixtures were maintained at 55-60° is reflected in the ketone
reaction times listed in Table II. Subsequent HCI hydrolysis
was carried out as described by Steiger; the various reflux
periods used are listed in Table 1I (see nitrile hydrolysis time).
The mixtures were then evaporated in vacuo to thorough dryness,
and the resultant amino acid hydrochlorides were esterified in
the presence of residual inorganic salts; a general procedure fol-
lows. The dry solid mixture was stirred in ethanol (500 ml)
saturated with anhydrous HCl, and the resultant mixture was
refluxed 5-7 hr. Benzene (100 ml) was added, and the mixture
was distilled until the distillation temperature reached 78°.
Remaining solvent was removed under reduced pressure (water
pump) with the aid of a warm (40-45°) water bath. The pure
ethyl esters were isolated by one of the two following methods,
and the resnlts are summarized in Table II.

Method A.—The residue was stirred with ether (600 ml) with
external ice-bath cooling while cold 509, NaOH solution was
gradnally added until the mixture was basic. The ethereal phase,
to which was added several ether extracts of the agqueous phase,
was dried (MgS0,) and fractionated under reduced pressure.

C, 68.38; H, 7.82. Found:

(30) E. Fischer, ibid., 34, 433 (1901).
(31) E. Krause, Monatsh. Chem., 29, 1119 (1908).
(32) 1. Murakastd, J. Pharm. Soc. Japan, T6, 1139 (1956).
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2-AMINOVERANOLS (1), 2-AMINO-2-METHY - I-ALKANOLS (11), AND [-AMINOUYCLOALKANEMETHANOLS (213 aND 21bs
1,
HNCCHOH
b
Yield, = Caled. ' ¢ - Fopug, *

I e L g °C (o)) 0 T oraoda « 1 [ Il
11 w-Cyll; N4 S4--85 (8) 14551 N0 ONL2 12.70 N2 12.70
11 i-ClH T NG-S8 (11)" CyHENO
11 ~CyH G4 o5 (HGNO
1 Col1.CH, 55" L . CulhaNO) - . .

(@ CaHs bl D1-95 (201 1 4555 CLHNO AN 12 .70 ANC16 12 a0
1y n-Cylly hi¢] HIT-L03 (201 {4047 CeHENO Gl 49 12 ua 61.G9 12.75
11, =Clll; T2 100--102 (2071 o Cel11aNO Gl 40 12 ub G1.2u 12,50
1t 1-Cy N6 TO1=103 (12 14557 (NGO G4.03 1s .05 64,20 13 a4
(' (41 ~4 U794 (I‘_I)'A 1 4549 (:H;NO . oL . .
Cth p-Clallyg 54 F21-125 (9) 1. 4601 CyHy NO 678G L33 G812 bo2s
't n-Cotly b 14100, 15 CyHyNO 7300 1562 IEIRE! 1 86
(CH e (N T2-T4 0.3y 1. 4431 CeHND)
(CHaye- 70 76004 b 4077 C:HLN O

+ Also prepared i 41¢ vield by direct reductioun of norvalite

Isee texiy; .
Segal [J. Am. Chen. Soc., T4, 1096 (1952)] nsed eatalytic reduetion and reported bp 73-74° (1.4 mm) for the L forn.

ofovef 12¢0 * Lit.2 bp 95-100° (atr batly, 10 muni 1L

4 Yield of hydro-

bromide, mp 149-152° (lit.* mp 148-149°), which was prepared front the crude free base in a manner similar to that described pre-

viously.?
late crystallized, nip 30-31°.

¢ Distillate crystallized, mp 47-49°.

/ Detailed preparation of this compomnd given i text as a typical example.
A Adkins and Billica3? used catalytic reduction and reported bp 68—-69° (1 mm) and n%p 1.4899.

7 Distil-
¢ Adkins

and Billiea® nsed catalytic reduetion and reported bp 117-118° (27 mm) and 2% 14970,

Method B.--Auhydrous NIH; was passed mto a vigorcusly
stirred, externally cooled mixture of the residue in ethanol (100
ml) and ether (1000 ml) until the mixture was satnrated with
NH;. The solids were removed by filtration, and the filtrate
was fractionated mnder redirced pressuve.

2-Amino-2,3-dimethylbutyronitrile (9)-In the iuiiial etfort 1o
prepare 10 (R = {-CyH:) from 3-methyl-2-butanone zig the
steps described in the preceding procedure, the reflux period
allowed for nitrile hydrolysis was 3 hr.  The remaining operations
were carried ont as deseribed above e the general method in
expectation of obtaining the ester 10 (R = {-C;H:). The
txolated material, bp 71° (13 mm) and n2p 1.4365, proved to be 9,
the produet of the initial reaction, in 484, vield.

Anal. Caled for CoaHhaNa ¢ 64250 H, 10,75
G4.24: T1, 10.80.

A sample of 9 was prepared for comparizon purposes by ether
extraction of the mmuonitrile reaction nixtnre,  Fractionation
of the ethear solntion gave a colorless liguid, bp 7U-71° (13 mnn
aud #2p 1.4361.

Dimethyl 1,4-Diamino-1,4-cyclohexanedicarboxylate (34).— A
mixture of 3324 (48 g, 0.24 mole) and methanol (750 ml) saturated
wich anhydroas HCl was refluxed with stirring for 5 day= or uutil
virtnally complete solution ocemrred. The solution was evapo-
rated to dryness under reduced pressure, and the crystalline
restdire was stirred in the cold (0-3°2) for 15 min with a saturated
~olntion (prepared at 25°) of anhydrons N, tu methanol (200
ml).  Ether (400 ml) was added, and the mixtnre was filtered.
liemoval of the sulvenis from the filtrate by evaporation under
rednced pressure afforded w solid residue fromt which pure 34,
mp 122° (Kofler Heizbank ), was obtahied in 7107 vield (38.8 g)
following reerystallization from benzene.

dnel. Caled for CpoHpN.Op €, 52.15;
Found: ¢, 52.28; I, 7.75; N, 12,18

2-Amino-2,4-dimethyl-1-pentanol (11, R = -C.Hy).—The
following description is typical of the method used for preparing
the amino aleohols listed in Fable ITI. A solution of 10 (R =
~Calla1 (47.8 g, 0.276 mole) in ether (340 ml) was added dropwise
during 2 hr to a mechanieally stirred suspension of LiAlH,
(16.0 g, 0.422 mole) in ether (340 ml). 'T'he mixture was re-
fluxed for 30 win afrer completion ol the addition and was then
sHowed oy eool. More ether (600 mil) was added, and the diluted
nixtre was clolled 1o 0% Water {57 ml) was (hen gradually
odded dropwise with vigoraus =(iriug, ithe st few milhiliter-
being added camionsly at (he rate of oudy 5 or 4 drops/uno.
Stirrbng was cantinued for 15 min after all of the water had been
sdded. The puxtnee was then Hltered, aod the ecduble tuat (e

Found: ¢,

I, 7.88: N, 12.17.

was washed thoronghly with four 200-ml portions of ether.  Vhe
total filtrate was diied (MgR04), and fractionation afforded pure
11 (R = /-C.Hy1 in 844, yield (30.3 g), bp 97-99° {12 mm1
and 22> 1.4549 [1it.* bp Y8-98.5° (12 mm) and »2p 1.4563 of
product from catalytic rednetion of the same ester].
2-Amino-1-pentanol (1, R = »-CiH:).-—Powdeved norvaline
(36.0 g, 0.308 mole) was gradually added during 1.5-2 hr through
nn addition sleeve 1o a vigorously stirred suspension of LiAlll,
118.0 g, 0.474 mole} in ether (1 1.). The resultant mixture was
refluxed 6 hr and left standing at room temperature nvernight.
The mixture was then chilled to 0° and was carefnlly (reated with
wiater (64 ml) in the manner deseribed above in the preparation
of 11 (R = +-C,Hq). Work-up atforded pure 1 (R = n-Cslh) in
H1E (130 ) vield, bp 84-85° (8 mm (identieal with the sample
prepared from cthyl norvalinate).
1,4-Diamino-1,4-cyclohexanedimethanol (35) Dihydrobromide.
A solution 34 (4.60 g, 20.0 mmoles) in sodinm-dried tetra-
hvdrofuran (THFY (100 ml) was added dropwize during 1 hr
(o a refluxing, mechanically stirred nixture of LiAHI, (.52 g
61.2 mmolest e THE (75 ml). Refluxing with stirriig was
continued 2 hr longer. More THIY (200 ml) was added, nnd the
stirred mixture was chilled in an tce--water bath while a solntion
of water (2.5 ml) in THF (25 ml) was cantionsly added drop-
wise; another solition of water (3.8 wl) in THF (15 ml) was
vheun added more yapidly.  NaOH solution (12 ml of 109, ) was
added, and the stirred mixtinre was allowed to warm to room
vemperature.  The mixture was filteved, aud (he solid »ao thy
funvel wax pressed us dry as possible.  The filter cake was stirred
into boiling ethavol (250 1nl), and the mixture was filiered.  The
ethanol filtrate was rombined with a small orauge residue thea
remaived following removal of the solvent from the originat fil-
trate from the reaciion mixture. The resnltant solntion was
coneentrated to aboont 100 ml, and the solution was treated with
Norit and filtered throngh Celite.  Hydrobromic ucid (8 wml
of 4847 HBr) was added to the filtrate, and the crystalline pre-
cipitate of crude 35-2HBr that separated was collected.  Dilution
of the filtrate with ether afforded a smull secoud crop of dark
=olid that becute white on being triturated with warn ethanol.
The first and secoud crops (3.55 g and 0.60 g) were combined
and recrystallized from 4897 HBr; the recrystallized material
wis then reprecipitated from agueous solution by addition of
cibined, Pure 35-2HBr, mp 2858-289° dec. was ohtained in

I Nlbtoe sl TR Willies, 0 0 o Ol S, 70, 12T 5000ks
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TasLe IV
SUBSTITUTED AZIRIDINES 2, 13, 22a, axp 22b

R.

;;R:
N
H

Yield, Caled., |% Found, % —

R R A Bp, °C (mm) no (t, °C) Formula C H N C H N
I -C3H; 34 100-103 (atm) 1.4199 (25) C:H,N R Co 16.45 . e 16.11
CH; C.H, 38 97-98 (atm) 1.4174 (26) C:HuN 70.57 13.02 16.45 70.07 13.27% 16.15
CH; n-C,H; 47 120-125 (atm) 1.4238 (20) C¢H 3N 72.64 13.21 14.12 71.84 13.43 14.01
CH; i-C3H; 39 111-116 (atm) 1.4261 (20) CeH ;3N 72.64 13.21 14.12 72.66 13.41 13.93
CH; n-CH, 33 60 (30)® 1.4307 (20) C:H;sN 74.27 13.36 12.38 73.90 13.33 12.23
CH; -CH, 31 56 (34) 1.4310 (20) C:H;:N C Ce 12.38 S Ce 12.26
CH; n-C¢Hy 31 88 (22) 1.4407 (20) CoHisN 76.52 13.56 9.92 76.30 13.61 9.69
—(CH,)s— 63 66-69 (51) 1.4704 (20) CeH ;i N 74.17 11.41 14.42 74.08 11.53 14.32

—(CHa,)s— 68 68 (23) 1.4762 (27) C;HiN 75.62 11.78 12.60 75.79 11.98 12.4

a H. R. Henze and W. D. Compton [J. Org. Chen., 22, 1036 (1957)] report bp 60-70° (30 mm) and n®p 1.4341 for product from reae-

tion of n-butylmagnesinm bromide and acetoxime.

116 vield (3.40 g).
2HBr in 507 yvield.

dnal. Caled for CHuN.O.-2HBr: C, 28.59; H, 6.00.
Found: C, 28.46; H, 6.09.

It an earlier run pure 35 (free base), mp 215-217°, was iso-
lated in 21¢. vield following the ethanol extraction of the iu-
soluble solid matter. Removal of the solvent from the filtered
solution left a solid residute, which was recrystallized from ethanol.

Anal. Caled for CsHisN.Os: C, 55.16; H, 10.41; N, 16.08.
Found: C, 55.01; H, 10.18; N, 16.06.

Treatment of 35-2HBr with Ag.80, according to the method
of Kilmer and McKennis? effected conversion to the silfate
(35- H.804), mp ~300° dec, which was obtained in 979 yield.

Adnal.  Caled for CgHeN.0..HS0.: C, 35.27; H, 7.40.
Found: C,35.18; H, 7.36.

Substituted aziridines [2(R = {-C;H/), 13 (R = C.H;, n-C;H;,
1-CsH:, n-CiHy, i-CiHs, n-CgH,3), 22a, and 22b] listed in Table IV
were prepared by the Wenker method as described by Cairns?
for the preparation of 13 (R = CHjy) from 12 (2 = CHj;) with
slight modifications. (1) The formation nnder rediuced pressiire
of the hydrogen sulfate esters was doune on a rotary evaporator
to facilitate degassing. (2) Some of the crnde hydrogen snlfate
esters lacked snfficient hardness to be pulverized. This type
was dissolved 1 the mmimnm volume of warm (50-60°) water
prior to nse in the ring-closnre step. (3) Following addi-
tionr of KOH to the agueons distillates containing the substituted
aziridines, the upper layers were extracted with ether; the ether
solitions were dried snecessively over KOII pellets, MgSO,,
and finally small chips of Na. Fractionation of the dried soln-
tionrs atforded the aziridines (Table IV) as colorless liquids.

1,4-Diamino-1,4-cyclohexanedimethano! Bis(hydrogen sul-
fate) (36) Dihydrate.—Powdered 35. H,80, (13.3 g. 48.9 mmoles)
wax dis=olved in a boiling =olution of H.804 (5.02 g of 965 H.S04)
i water (100 ml). The solntion was distilled at atmospheric
pressure nntil 70 ml of distillate had been collected. The flask
containing the residual solution was then transferred to a rotary
evaporator, and remaining water was removed under reduced
pressure (water pnmp) with the aid of an oil bath at 50-60°.
The oil bath temperature was then increased, and the grayish
white residiie was heated at 170-180° nnder rednced pressnre
for 1 hr. The gray solid formed was allowed to cool and was
stirred with 1 .V NaOl solution (100 ml). The resultant mix-
ture, which contaitted a snmall amonnt of insgluble matter,
was treated with Norit and filtered throngh Celite. Addition
of 3 N HCH (34 ml) to the clear filtrate cansed rapid precipitation
of white erystals.  The niixture was chilled, and the precipitate
was collected and washed successively with cold water and
ethanol.  The prodnee was dried to constant weight (12.80 g)
i vaeno (Pa)n) al vomn temperature, hut initial analydeal re-
silts were erratic berause of hygroscopicity.  After the sumple
had been allowed 10 equilibrate at 538¢7 relative humidity {weight
tnereased to 12,91 g), the material analvzed fairly satisfactoriy
for 36-2H.0, yield 71V, mp >300° dec.

Anal Caled for CeH)N.OS:-2H.O: C, 23.05; H, 399,
Found: C, 25.82; H, 6.37.

A larger run (0.104 mole of 34) gave 35-

1,7-Diazaspiro[2.2.2.2]decane (37).—A solution of 36.-2H.0
(1.00 g, 2.70 mmoles) in 40 NaOH solution (5 mil) was heated
to boiling 1nder a distillation head egnipped with a dropping
funel.  The solution was distilled while water was added
intermittently to maintain the voluime in the distillation flask
fairly constant. A total of 11 ml of water was added while two
separate 6-ml portions of distillate were collected successively.
KOH pellets were stirred into the separate portions until satura-
tion was achieved. The white solid precipitate that formed
in each was collected aud dried in vacuo at room temperature.
The two portions of crude solid thus obtaiued (0.33 and 0.07 g,
respectively) were combined and sublimed at 70° and 0.3 nim
to give pure 37, mp 150-151°, in 467 yield (0.17 g).

Anal. Caled for CsHuN.: C, 69.51; H, 10.21; N, 20.97.
Found: C,69.57; H, 10.27; N, 20.23.

1-(Bromomethyl)butylamine hydrobromide (3, R = n-C;H:)
and 1-(bromomethyl)-3-methylbutylamine hydrobromide (3,
R = +CiHy) were prepared from the appropriate 2-anrno-
alkanols (1, R = n-C3H;, 7-C:Hs) by the Cortese® method.
The HBr remaining after the reaction period was removed under
redunced pressure; the residiie was dissolved in ethanol, and the
solution was treated with Norit and filtered throngh Celite.
Removal of the ethanol left a white residue, which was purified
by reerystallization from acetonitrile. The results are in-
cluded in Table V.

a-(Bromomethyl)phenethylamine Hydrobromide (3, R =
CsH;CH.).—A magnetically stirred mixture of 2-amino-3-phenyl-
1-propanol (1, R = CsH;CH.) hydrobromide* (14.0 g) in PBr;
(28 ml} was refluxed for 10 miu. The eoled mixture was
stirred with ether (50 ml), and the solid material was collected.
Dissolution i boiling ethanol followed by Norit treatnient and
filtration throngh Celite afforded a colorless filtrate from which
the pure prodnet was precipitated by addition of ether. The
results are tnclnded in Table V.
2-Bromo-1,1-dimethylethylamine hydrobromide (14, R =

CH;) was prepared in 6067 vield by HBr riug opening of 13
(R = CHj) according to the instructions of Earley, et al.,®
but an adaptation of the procednre described by Masters and
Bogert? for the conversion of aziridine to 2-bromoethylamiue
hydrobroniide proved more convenient. Use of the latter
method gave 14 (R = CH;), mp 185-186° (lit.’® mp 185-186°),
i 80¢¢ vield following recrystallization from acetonitrile.

1-(Bromomethyl)-2-methylpropylamine hydrobromide (3, R =
1-(C3H:), 1-(bromomethyl)-1-methylalkylamine hydrobromides
(14, R = C.H;, n-C;H;, -C3H:, n-CHy, -CHo, n-C¢Hyy), and
1-(bromomethyl)cycloalkylamine hydrobromides (25a aud 25b)
were also prepared by HBr ring opening of the appropriate
aziridines  (Talde IV)., The c¢lear reaction solutious were
evaporated (0 dryness nnder reduced pressnre, and the crys-
talline residnes were purified by reerystallization from ethyl
acetate.  Results are listed in Table V.

1,4-Bis(bromomethyl)-1,4-cyclohexanediamine  Dihydrobro-
mide (38).—A mixture of 36-21T.0) (10.7 g, 28.8 mmoles) aud 50%,

(:34) E. I Musters oaad M, 1. o ecl, /. Am, Chea. Soc.. 64, 2709 (13421,
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Tasue V
-(BroMoMETHYLLOEYLAMINE (3), I-(BrosoMeruyn - -MsTnynoa LKy LasNe o 14 5,
AND T -(BROMOMETHY L ICYCLOALKYLAMINEG 258 Wb 25b HybrosrodbEs
e

HLNCCHLBy - HBr

1
Yield, Cauled, ¢ -Toaud, !

18 R: Ue Mp, “C det I"oruody (o 11 lir & 1l L
I a-CyHge 70 "()0 Q0N Calh 3N By 2400 501 6471 240000 5011 648
t =CylH* Y (L HeBrN HBr 24 51 4.8l 6471 2461 551 647
11 o~CaTue G5 5 sl BrN - HBr 2760 5. T 612d 278G 5 67 6l
1 CeHLCHy b 1750 CullBrN - HBr
CHi C.Hs IR 18G- 147" C.H,.BrN - HBr 2450 H5E G407 2450 SN G4 7
CHj n-Cyll; hib 212-214 Celh BN - T1Br 27 61 AT 6124 2704 5 an o 6loa
11, -Csll: 62 2R CiHuBrN-HBr 2761 579 6l.2d N7 0T 6l
Cl, n-Cytly N2 210-212¢ C:ThsBrN - HBr MLGT 5860 AN 3062 6,27 ST
Cll Ol 7 214 2164 C:1LaBrN - HBr BOGT 5 860 ANl dbodl 5 60 as o
Cll, i-Csl ga 200 CullgBrN 18y 55660 6,65 527 36,00 7T H20s

(Cllagy 72 ING-1INT Cal L BeN - H B 2782 0060 6171 2T 408 Bl

“’((/{“:1:; 77 2140140 1L BrN - HBr MLTH 5 1T a8 04 BhoDS 50N IS
“ Previonsly prepared inapparently bupnre fonn? 4 Observed on Kofler Hetzbauk.  powd 1 lvoms with widely differand el

points have beeu reported.’2t < F. Barrow aud G, W. Fergnsou [/ Chei, Soe, 4HE (102580 veport tup 21121290 » Lk tmn 174 1757,

Tanny Vi
SoSpgssTiTiosD THIoSULELRIC Avibs
NSOt

Approx Re-
wp, erysin
Viekd, °C sol- Calesl, 7 oo, 7
No, I o deet v I eenan by ! 11 N = (@ 11 N =
an a-CyHCH(NIL)CH. | 240 CaHpNO S04 657 L . 20095 6.35 ..
Het 1-CsH-CH(NH,)CH. B 199-201 A CiHNOyS, 5014 6.57 7.05 32180 30,23 .79 6.0y 32 4
of Cel1.CH,CH(NH,)Cll. y2 >260 CyHyNOsS, 43.71 5.3 . 2593 45,84 5.4t .o26.1
6 n-C HyNHCHCH, 52 252-254 13 ChrHpN O, 2303 9.7 0 IRRN D323 9.62 .. 18U
1
n-CyHy
1Gh HNC(CH;3)|CH, 70 240-245 Cilg NOS, 2502 5 0N S4.61 0 20,80 3.8 HE]
16c HaNC(CH;)(C.H;)CH. 65 235-240 B CyHENOsS. 3014 6.57 .. 32018 3033 (.52 525
16g HoNC(CH3)(n-CsHy)CH. 57 218223 C CelT s NO3S. 5378 7.09 ... B0.07  35.67 6.8) 20 0
161 H.NC(CH;)(:-C;H 7)CHo N1 270 D CsHizNOg=y 3378700 00 80,07 33,94 6,97 .0 2409
16} 11.NC(CH;)(n-C,Hy)CH. 76 216-220 A CiHiNO,S. 56,97 7.54 2R.020 0 37.05 700 0 282
16k HNC(CHj;)(+-C,H,y)CH. 56 236-239 A C:HiNOsS, 36.97 7,54 2R 200 56,95 752 N2
161 H.NC(CH;)(n-C¢H,3)CH. 520 188192 A CyHaNOgSs 4271 8.29 25011 42057 821 2h0A
17 n-C1oHa NHC(CH;3).CH. 60 177-178 L ( ,4Hz,\() 2166 9.60 .. 19.70  51.55 9.47 . . 19.8
18 t(JZH2 :NHC[(CH;),|CHe- 26 260 G CyoHa N ()G\ 0028 6.10 T.06 32.84 30,59 5.97 6.87 52.0

le'IC[(CHa)ﬂCi’L---
1sh (CH.);NHC[(CHj3)s] CHe- I 200-240 1 Cpy s Nat)S, - 110

NHIC[{CH;)a Clle

OS2 UGO8 604 20,095 SOOSS 6,64 6039 217

CH,~
20601 (>< 67 197 b N Qg 54010 620 6.6 L. 4010 a7 6.9
\H,
CH,-
26 O< T4 230-234 CaHN OgRs 5740 6,71 DN 46 BTGNS G677 9N
NH
o CH;~ _ - K . . X N o X R, vy . -
N Q( 500 207210 1 CorHuNOgss FAGH 0,46 3,08 1824 5450 D34 380 185
NHCH,-n
=< CH,~
30 >C>< 355 >260 ¥ CsH1aNoOSy 21,206 4,95 7T.04 54,90 26,05 5.1 760 5400
HN \H,

“* Decomposition point is indefiuite and dependent on rate of heating; measurements listed are approximate points ar ranges where
decomposition is evident on a Kofler Heizbank. * A, water; B, ethanol; C, methanol; D, methavol-cther; I, acetonitrile-methanol
(9:1 by volume); F, reprecipitated from water solition of its sodinm salt by addition of acetic acid. ¢ Previously prepared by a dif-
ferent method, 1it.)2d mp 204.5°. 4 D, L. Klayman, W. F. Gilmore, aud T. R. Sweency [(Chem. Ind. (London), 1632 (1965)] used a
different method and reported mp 250-252° dec.

NaOH solntiore (55 vil) was simply refinxed for 10 min in an 43¢, T1Br soluiion (300 mb mandamed o6 =5 to (1%, Surring
apparatus arranged for distillation.  Water (200 ml) was added, i the lold wus contipued 1 br onger; during his thme sepiari-
and the solution was distilled until a vidmne of distillate equal ot of 38 vonupenced.  The mixture was attowed 1o xtoud
1o thid ol 1he added water had been collectedd, More witer overnight ot tooo temperaiure, aovd the erysiatline produet
(120 ml) was added, and distillation was continned mmil the chnt separated was collected and washed with cthanol,  Lhe
yotal volmme of distillate corresponded to that of water added. vield of pure 38, mp >260° dec, was 68%; (0.02 g>. The in-

The distillate (320 ml) was added dropwise to rapidly stirred frared spectrnm of this material ix identical with that of an
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TaBLE VII
S-SUBSTITUTED DERIVATIVES OF PHOSPHOROTHIOIC ACID
RSPO,;HM zH.0
Yield, Caled. Y% — Found, Yp——-——
No. R M z Mp, °C dec Yo Formula C H N S C H N S
5h u=CallrC L (N H2) Clls Na 0 93  CsHuNNaQ:P$ 27.15 5.92 6.33 14.50  26.97 5.90 6.05 14.5
il i-C3H:CH(N Hz2) CHe Na 3 85  CsH3NNaOsPS-311.0  21.82 6.96 5.00 11.65  21.52 6.42 4, 1.8
be i-C4HeCH(N H2) Cliz Na 1 81 CeHuNNaO:PS- H:0 28.46 6.77 ... 12.66  28.40 6.5%4 ... 12.9
Lie HeNC [(CHs)2]CHs H 0 200 31 C4H12NO:PS 25.94 6.53 7.56 17.31 25.71 6.48 7.35 17.6
161 U:NC(CH») (r-CsHy)Cll:  H 0 156-157 16  CsHisNOs;PS 33.79 7.56 6.57 ... 33.77 7.56 6.22 .
CH.-
2642 H 1 235 23 CsHuNO:PS-H:0 31.44 7.03 6.11 13.99  31.57 6.71 6.06 14.1
NH,
CH,~
30 Y :_\;H Na 4 94  C:H)NNaO:PS;-4H.0 18.57 5.92 4.33 19.84 18.72 5.96 4.37 19.5
/
-HC CH, -
$9b ><:>< 11 i} 260 8)  CsHaN:DeP:3: 26,93 5.50 7.65 17.50 26,53 5.88 7.59 17.1
H.N NH,

analyitcal sample of 38 prepared by slow addition of powdered
37 10 cold 489, HBr.

Anal. Caled for CsH,Br;N.-2HBr: C, 20.80; H, 3.93; Br,
60.19; N, 6.06. Found: C, 20.98; H, 4.03; Br, 68.5; N, 6.15.

S-2-Aminoalkyl- (5a, ¢, and f), S-2-Amino-2-methylalkyl- (16b,
e, g, and i-1), and S-1-Aminocycloalkanemethylthiosulfuric Acids
(26al and 26b).—Solutions of the bromoalkylamine hydrobro-
mides 3 (R = n-C;H;, +-C;H;, C:H;CH,), 14 (R = CH;, C.H;,
)'Z-CgH7, ’[-CgH7, n-C4Hg, 'L.-C4H9, n-Csng), 258, and 25b and equi-
molar amounts of sodium thiosulfate in water (50 ml/0.10
mole of NasS:0;) were heated at 90-95° for 1 hr.  The crystalline
precipitates that separated from the chilled reaction solutions
were collected, and some were recrystallized from appropriate
solvents; others, however, were simply washed on the funnel
with a little ice-cold water (see Table VI). The products were
dried in vacuo (P:Os) at 80-110°.

S-1-Aminocyclohexanemethylthiosulfuric acid (26b) was also
prepared directly from 22b. A cold (0°), stirred solution of so-
dium thiosulfate pentahydrate (4.47 g, 18.0 mmoles) in water
(7 ml) was treated dropwise with 22b (2.00 g, 18.0 mmoles),
and the mixture was stirred at 0° for 1 hr.  Acetic acid (1.03 ml,
18.0 mmoles) was added, and the resulting solution was stirred
at 0° for 30 min. Acetic acid (1.03 ml) was again added, and
stirring was coutinued for 30 min. The solid that formed was
collected, and concentration of the filtrate afforded a second
crop. The dried (¢n vacuo over P.O;) first (1.68 g) and second
(1.26 g) crops were combined and recrystallized from water to
give pure 26b, mp 231-233° (identical with the sample prepared
from 25b), in 289, yield (1.13 g).

Anal. Caled for C:H;;NOsS:: C, 37.40; H, 6.71; N, 6.23.
Found: C, 37.54; H, 6.73; N, 6.10.

S-2-Decylaminopentyl- (6), S-2-Decylamino-2-methylpropyl-
(17), and S-1-Decylaminocyclopentanemethylthiosulfuric Acids
(28).—A stirred mixture of the appropriate S-substituted thio-
sulfuric acid (5a, 16b, or 26al) (40.0 mmoles) and KHCO;
(4.00 g, 40.0 mmoles) in DMF (40 ml) was heated during 1.5-2 hr
to 80-85°. The resultant clear solution was treated dropwise
during 0.5 hr with a solution of 1-bromodecane (9.30 g, 42.0
mmoles) in DMF (25 ml). Stirring and heating at 80-85°
were contined for 4 hr.  The mixture was then poured into water
(330 ml), and the white precipitate that formed was purified
by recrystallization from an appropriate solvent (see Table VI).

N,N‘-Ethylenebis(S-2-amino-2-methylpropyl Thiosulfuric
Acid) (18a).—A solution of the potassium salt of 16b (64.8
mmoles), prepared in DMF (75 ml) in the manner described
it the preceding general procedure, was maintained at 80-85°
while a solution of 1,2-dibromoethane (32.4 mmoles) in DMF
(25 ml) was added dropwise during 1 hr. Stirring and heating
at about 85° was continned for 24 hr. The solvent was then
rentoved by distillation #n racuo (0.5 nmun, final bath temiperature
66°). The residual syrup was dissolved v hot water (35 ml),
and the solntion was treated with Nont and filtered. The
vefrigerated tiltrate deposited 18a as a wlite crystalline pre-
cipitate, which was collected and dried in vacuo (P.0.) at 110°.
The 1naterial obtaived (3.86 g, 309, vield) was stirred into 1 .V
NaOH (10 ml), and the solution was treated with glacial acetie
acid (2 ml). The mixture was refrigerated overnight, and the

reprecipitated product was collected and dried as above. Re-
sults are listed in Table VI.

N,N’-Trimethylenebis(S-2-amino-2-methylpropylthiosulfuric
acid) (18b) monohydrate was similarly prepared from the po-
tassium salt of 16b and 1,3-dibromopropane. Following removal
of the solvent the residual syrup was stirred with warm water
(50 ml), and the white solid that formed was purified by repre-
cipitation in the manner described for 18a. Pure 18b was
obtained as a monohydrate after the reprecipitated product
had been dried in vacuo (P205) at 80°.

S,8-1,4-Diamino-1,4-gyclohexylenedimethylenebis(thiosul-
furic acid) (39a).—A stirred mixture of 38 (3.79 g, 8.20 mmoles),
Na:8:0;-5H:0 (4.07 g, 16.4 mmoles), and water (15 ml) was
heated at 95° for 2.5 hr. The white solid filtered from the
cooled mixture was stirred into 1 ¥ NaOH (16.5 ml), and the
solution was filtered. Addition of glacial acetic acid (1.0 ml) to
the filtrate caused separation of cryvstalline 39a, which was dried
in vacuo (P:0s) at 77°.  Results are listed in Table VI.

Sodium hydrogen S-2-aminopentylphosphorothioate (5b) was
prepared from 3 (R = n-C;H;) and trisodium phosphorothioate
by the procedure described by Akerfeldt?!s for preparation of the
S-2-aminoethyl homolog.

Sodium hydrogen S-2-amino-3-methylbutylphosphorothioate
(5d) trihydrate, sodium hydrogen S-2-amino-4-methylpentyl-
phosphorothioate (5¢) monohydrate, and sodium hydrogen S-3-
thiomorpholinylmethylphosphorothioate tetrahydrate (30)%* were
also prepared by the Akerfeldt?s procedure. Following the
dehydration step in which hydrated 5e was stirred with anhydrous
methanol, erratic analytical results were obtained because of
hygroscopicity. After equilibration with ambient conditions in
the laboratory 5e analyzed as a monohydrate. In the prepara-
tions of 5d and 30 that followed, the dehydration step was
omitted, and the hydrated products were allowed to equilibrate
at constant 589, relative humidity?® to give 5d-3H:0 and 30-
4H,0.

S-2-Amino-2-methylpentylphosphorothioic Acid (16h).—The
sodium salt obtained by treatment of 14 (R = n-C;H;) with
trisodium phosphorothioate as described above unexpectedly
dissolved when stirred with methanol during attempted dehydra-
tion, Dilution of the methanol solution with ether caused pre-
cipitation of crude sodium salt of 16h, which was converted to
16h by dissolving it in glacial acetic acid and diluting the solution
with ether.

S-2-Amino-2-methylpropylphosphorothioic Acid (16¢) and S-
1-Aminocyclopentanemethylphosphorothioic Acid (26a2) Mono-
hydrate —Following respective treatments of 14 (R = CHj)
and 25a with trisodium phosphorothioate in the manner re-
ferred to above the sodinm salts obtained were converted to
16¢ and 26a2 monohydrate by adaptations of the procedure of
Akerfeldt for preparation of S-2-aminocthylphiosphorothioie
acid. 2k

S,S'-1,4-Diamino-1,4-cyclohexylenedimethylenebis(phosphoro-
thioic acid) (39b).- -Powdered 38 (4.62 g, 10.0 mmwles) was added

(33) ‘*Handbook of Chemistry," N. A. Lange, Ed., 9tlied, l{andbook Pub-
lishers, Inc., Sandusky, Ohio, 1956, p. 1420,
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" Anal.

prepared by nnother mmte, has been reported previpusly, 12
Found: (1, 20.49.

to a sohntion of trilithimr phosphorothioate hexahydrate®e %
(4.80 g, 20.0 mnioles) in water (40 ml) contained in a 100-nl
Morton (pleated) flask. The mixinre was stirred for 1.5 hr, and
DAF (20 ml) was added. Stirring was continued for 2 hr;
conmiplete solntion did not veenr. The mixture was dilated with
ethanol {200 ml), and the white solid wax collected and washed
with ethanol.  The solid was theun dissolved i water (100 ml},
and addition of glacial acetic aetd (3 ml) cansed inmediate
separation of crystalline 39b.  The produet was collected, washed
with water followed by ethauol, and dried in zacuo (P.O;) an
room temperature. The matertal obtained (3.50 g) gave nn-
satisfaccory analytical resnlts at this point (Arnel. Found: C,
27.51; H, 5920 N, 7.60.); reprecipitatioun was necessary. The
produet (53.45 g) was stirred with NaOH sohition (157 ml of
0.1206 N, 180 meqaiv). The resultant solution wax treated
with Norit, filtered through Celite, and treated with glacial
acetie acid (1.5 ml). TReprecipitated 39b was collected, washed
with water, and dried as above. The results are inclnded v
Table VIL.

2-Amino-2-methylpropanethiol (16a) was prepared by treat-
ment of 14 (R = CH;) with NaSH in niethanol solution i the
manner destribed earlier in the preparation of 2-piperidineethane-
thiol.% Tollowing removal of the reaction solvent, pure 16a
was readily obtained by snblimation nuder rednced pressnre.
The resnlts are included in Table VIII,

2-Amino-2-methylpentanethiol (16f), 1l-aminocyclopentane-
methanethiol (23a), and 1-aminocyclohexanemethanethiol (23b)
were prepared by ring opening of the appropriate substitnted
asiridine [13 (10 = n-C3H:), 22a, and 22b! with H.S in cold metha-
nol solution nccording to the procedure of Bestian!® for prepara-
ot of 2-aminoethanethiol frem azividine.  Following removal
of the solvent, the restdue was sublimed nnder reduced pressure
(see Table VIII).

1,4-Diamino-1,4-cyclohexanedimethanethiol Diphosphate (403-
A stirred mixture of 39b (1.08 g, 2.95 mmoles) and 1 M phos-
phorte neid =olunGon (20 ml) was refluxed far 30 min: soluntion
veenrred dnring this ¢ime. Dilntion of the cooled solution wiith
ethanol guve erysealtine 40, which was collected nnder nitrogen.
The sample was redissolved in water (20 ml) containing 1M
THEPOy (2 mt), and reprecipitation by dilntion with ethand
atforded pare 40, mp 265-267° dee, in 841 vield (1.00 g} [dried
feraced (PaQz)at 7797 BB 2560 em - (w, SH ).

Anul. Caled for CeHpeNaSeC21HPO 0 €L 2588 H, 6.01: N,
6.06; S, 1644, Fonnd: C,25.87: 11 6.04; N, 6.93; SH, 15.0.

1-[(Benzylthio)methyl]cyclohexylamine (24) Hydrochloride.-
Benzylation of 23b by the procedure described fur the preparation
of 2-(benzylthivjethylanine® gave 24, hp 1530-132° (0.7 nun}
ond a%p 1.5623, v 65%; vield. Treatment of an ether solution
of the free buse with ethereal 11Cl followed by recrystallization
frotn 2-propanol gave 24 - 1HCL, mp 204-205°, tn 787 vield.

(351 1. R, Pipee. ) R Seeingfellow, awld T PLoodolisoou, Jo Ved, Chear,

9, 563 (1U66!.
37 1. P, Jolaelotcaud V. Gallagler, o, Qey, e, 28, 1305 1t

“16a-11C1

Caled: =, 3048, Found: 2,30.6. 7 dpal. Caled: CL 20000

Anals Caled for CuHy NS HCL C0Lst: T S HG: Cl 15,05,
Foimd: C, 62.04: 11, 8.00; 1, 121

2-Amino-3-phenylpropyl dimethyldithiocarbamate hydrobro-
mide (5g), mp 178° (Kufler Heizbank), was prepared frem 3
(It = CeH;CH.t and =odinm dimethyldithiocarbamate in 58°,
vield by the procedure nsed i the preparation ol 2-02-pipertdyli-
ethyl dintethyldithiocarbamate hydrobromide.=

Anal. Caled for Crdld HBry: CL 43100 H, 5.750 N,
838 8, 10080 Fonud: €, 43.35; H, 5401 N, 8477 8, 1955,

S-2-Amino-2-methylpropyl thioacetate hydrobromide (16d:
was prepared from 14 (R = CIL) and an @ sitr preparation of
potassinm tlioacetate in DME in the manner deseribed carlier
for the S-2-(2-piperidyliethy! aualog®  Pure 16d, mp 158°
i Kofler 1leizbauk), was obraived in 517, yiceld.

Adnal. Caled for CeHNOS HBr: € 3158 11 6.14; N,
G040 8, 14,00 Found: G, 51050 1, 5.94; N, u.200 8, 135S,

4,4-Dimethyl-2-thiazolidinethione (15). --Anhydrons K.CO,
110.0 g, 72.4 mmoles) was gradnally added doring 1 ohr (a o«
stirred mixtre of 14 (R = CHyl (7.00 g, 322 mmoles? ORy
V6.3 g, N3 ommoles), and DMME (50 mli Sthring at room tem-
peratnre was continued overnight.  The mixture was dilnted
with water 1200 mb) and then extracted three thmes with ether
1100-ml portions).  Removal of the sudvent Trom the water-
wished and dried (Na.20) ether solution left crnde 15 as a woxy
<olid.  Two reery=tallizations from benzene-ligroin (hp 506073
gave pure 15, mp 94°, in 3807 vield 11.80 ).

Anal. Calrd for CHNS 0 40770 HL 60160 =0 4304
Found: C, 40.85: L 6.25; 8, 43.5.

4-Benzyl-2-thiazolidinethione (4), 3-thia-l1-azaspiro 4.4|nou-
ane-2-thione (27). and tetrahydro-1H,3H-thiazolo[4,3-¢]|1,4 -
thiazine-3-thione (29) were prepared by reaction of the appro-
prutte intermediates [3 (R = Gl 25a, and 3-(bromo-
methyDithiomorpholine hydrobromide,? respectively? with €S,
oud KaCOx in DMF using (e procedure desertbed for the prepice
raiton of hexahydropyrolol1,2-r1diazole-3-thiove.t  are 4,
mp 108° (Kofler Heizbank), wus obtaived i 8747 vield and was
recrystallized from ethavol with meliing  point nuchanged;
pure 27, mp 136-137°, was obuained in 25¢; vield following thor-
ough washing with ether: 29, mp 95-100°, was obtaiped pure i
4277 vield following recrystallization fnan ethanal.

&

Anal. Caled for CHH)NS (43 ¢, a7.38: H, o500 Fomud:
o744l 1, 6240 Caled for Colla NS (271 C, 48520 1, 6.4
A7.01 Fonud: ¢ 48370 H, 6.45: 8, 36,80 Caled far

CelTW NSy (291 C, 57.66; H, 4.74; N. 7. S, 5028, Found:

.
=,
C,37.89; 1, 447, N, 7.00: 8, 515,
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