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under reflux for 2 he.  After 12 hr at 25° the supernatant was
decanted and concentrated in vacuo at 25° to give 1 (100 mg).

Stability of N-Nitroso-N-phenylaspartic Anhydride.——The
compound, refluxed in Ce¢Hs alone (2 hr), was essentially un-
changed with respect to sydnone.
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A study was made of the effect on radioprotective action of many variations in nitrogen siubstitution of 2-

aminoethanethiol.
many of the analogs.

Direct alkylation of primary amines with ethylene sulfide (generated in situ) provided
Other derivatives were obtained by debenzylation of N-[2-(benzylthio)ethyl]alkylamines.

These benzylthio ethers were prepared by (1) reduction (LiAlH,) of amides obtained from either (benzylthio)-
acetyl chloride or 2-(benzylthio)ethylamine, and (2) alkylation of 2,2,2-trifluoroacetamides with benzyl 2-

chloroethyl sulfide.
afforded substituted 2-hydrazinoethanethiols.

Alkylation of 1,2-bis(trifluoroacetyl)-1-alkylhydrazines using benzyl 2-chloroethyl sulfide
None of the compounds was superior to 2-aminoethanethiol in

protecting against radiation damage. Antibacterial activity was found for some compounds against Streptococcus
pyogenes, Staphylococcus aureus, and M ycobacterium tuberculosis.

Derivatives and analogs of 2-aminoethanethiol are
still the most promising antiradiation agents available.
Many structural variations incorporating a variety of
synthetic methods have been reported.? Considering
the mechanisms of protective action postulated?® for
active agents, it seemed likely that increased activity
could result from changes in drug transport properties
and/or selective absorption by tissues most vulnerable
to radiation damage. Accordingly, mercaptoethyl
analogs of drugs which are known to be transported and
selectively absorbed in vivo were synthesized (Table I}.
Analogs were prepared from norephedrine, amphet-
amine, l-phenyleyclohexylamine, some o-alkoxyphen-
oxyalkylamines, trans-2-phenyleyclopropylamine, nor-
epinephrine, and (a-methylphenethyl)hydrazine. Ad-
ditionally, mercaptoethylamines possessing cyelopropyl
and eyelobutyl groups and derivatives of hydrazine were
prepared.

Mereaptoethylamine derivatives which could be dis-
tilled using ordinary techniques were obtained by the
use of ethyl 2-mercaptoethyl earbonate, which was
introduced for this purpose by Revnolds and co-
workers.*®  Although aldehydes are incompatible with
mercaptans, the mercaptoethyl derivative of amino-
acetaldehyde diethyl acetal was isolated. This pro-
vided a 2-alkylaminoethanethiol bearing a potential
aldehyde function.

(1) This investigation was supporied by the U. 8, Army Medical Research
and Development Command, Contract No. 1)A-49-193-M D-2306. We ap-
preciate the interest and support of Drs. 1), P, Jacobus and T. R, Sweeney
of Walter Reed Army Institute of Research.

(2) (a) Yor a summary of earlier syntheses see R. J. Wineman, M. .
Gollis, J. . James, and A. M. Pomponi, J. Org, Chem., 27, 4222 (1962), and
1. Rosenthal, G. Brandrup, K. Ii. Davis, Jr., and M. E. Wall, 7hid., 30, 3689
(1965); (1) L. Bauer and B. K. Ghosh, id., 30, 4298 (1965): (¢) A. F.
Ferris, O. L. Salerni, and B. A, Schutz, J. Med. Chem., 9, 391 (1966); (d)
Gi. R. Handrick and E. R. Atkinson, ibid., 9, 558 (1966): (e) O. L. Salernt
and R. N. Clark, 1bid., 9, 778 (1966); (f) J. R. Piper, C. R. Stringfellow, Jr.,
and T. P. Johnston, ¢bid., 8, 911 (1966).

(3) Z. M. Bacr, “Chemical Protection Against Ionizing Radiation,’
C'harles ¢ Thomas, Publisher, Springfield, [1l., 1965, Chapter 19.

(4) D. D. Reynolds. D. I.. Fields, and D. T.. Johnson, J. Org. Chem,, 26,
5125 (1961).

(3) Ethylene sulfide is now available from Aldrich Chemical Co. and can
he handled easily.

Other compounds were obtained from 2-amino-1-
alkanols which were prepared conveniently by reduction
of esters of pL-e~-amino acids using lithium aluminum
hydride.?®® Metal hydride reductions of the methyl
esters of glutamic acid and tyrosine on a preparative
scale afforded very low yields of products. Such re-
ductions have given some amino aleohol on a small
scale," 4 although the preparation of tyrosinol from
tyrosine apparently is not reproducible.st Cuatalytic
hydrogenation of tyrosine methyl ester using a rhodium
catalvst effected dehydration and reduction of the
aromatie ring to give a derivative of cyclohexane. An
attempt to prepare 2-amino-1,5-pentanediol from pi-
glutamiec acid by high-pressure catalytic hydrogenation
using a rhenium eatalyst resulted in isolation of only the
lactam, >-(hvdroxymethyl)-2-pyrrolidinone, in about
48097 vield. In afew instances in which the produet was
difficult to distil satisfactorily, the excess amine was
distilled using an oil diffusion pump and the produet was
isolated from the undistilled residue. In two cases the
mercaptan wus separated from excess amine by pre-
cipitating the lead mercaptide. Recrystallization from
aqueous aleohol effected purification of the lead salts.

Some of the pharmacologically active amines we
wished to use were either in short supply or could not
be distilled, and it was necessary to develop other pro-
cedures for these examples. In one variation used to
prepare substituted 2-(benzylthio)ethylamines (Table
II), amines were acylated with (benzylthio)acetyl
chloride to give simple amides. Reduction of the
amides using LiAlH, in ether or tetrahydrofuran as
illustrated in Scheme I, method A, provided secondary
amines with no detectable cleavage of the thio ether.
The substituted 2-(benzylthio)ethylamines generally
were purified as hydrochloride salts. Sodium-liquid

(6) (a) K. 8. Topcehiev, Dokl Akad. Nuuk SSSR, 68, 147 (1948); Chent.
Abstr., 48, 2574 (1949); (1) P, Karrer, P. Portmann, and M. Suter, el
Chim. Acta, 31, 1617 (1948): (¢) P. Karrer and P, Portmann, ibid., 81, 2083
(1048 o1 AL Dornow, G, Messwarh, and H, Frey, Chem. Ber., 83, 115

(19501 er (L R, Handrick, . R. Atkinson, F. K. Granehelli, and R J.
Bruni, J. Med, Chew,, 8, 762 (19651 (1) H, Gershon and R. Rodin, 744, 8,
Re4 (1465,
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ScHEME 1

RNHCOCH,SCH,CeHs

+
CICH,CH,SCH,.C¢H;
1. NaHXJ‘ %Alm
2. H:0

R(or RCH;)NHCH,CH,SCH,C¢H;

B D
LiAlHq Na:COs

RNH,
2CH.SCH,CsH; -+
RCONHCH,CH.8CH,Cs CICH,CHSCH,C,H,

RNHCOCF;

ammonia reduction,” with some caution to avoid air
oxidation during work-up, gave N-substituted 2-amino-
ethanethiols which could be purified as hydrochloride
salts without prior distillation of the free bases. bpL-
Valine methyl ester, acylated with (benzylthio)acetyl
chloride, afforded directly an amino alcohol on reduction
of the amide ester with LiAlH,. Debenzylation gave
the thiol 6.

Reductions using LiAlH,; generally gave reasonable
yields of secondary amines. However, some of the
substituted amides were unstable to the vigorous con-
ditions necessary to reduce the amide carbonyl group.
Reduction of 2-(benzylthio)-N-cyclopropylacetamide
in refluxing THF for 40 hr resulted in opening of the
cyclopropane ring and some cleavage of the benzyl
sulfide. Thio ethers have been reported to be stable
to LiAlH,? a characteristic substantiated by our work;
however, this example illustrates that under extreme
conditions cleavage can occur. The opening of a ¢yclo-
propane ring under these conditions has been reported
by other workers.® LiAlH, also cleaved another amide,
2-(benzylthio)acetohydroxamic acid methyl ester
(amide of methoxyamine); 2-(benzylthio)ethylamine
was the only product isolated.

Another method allowed use of available carboxylie
acids and their derivatives as starting materials. 2-
(Benzylthio)ethylamine!® is readily available as an
intermediate and can be acylated by any of several
methods. Reduction of the resulting amides again
provided N-substituted 2-(benzylthio)ethylamines
(Scheme I, method B). N,N’-(Dithiodiethylene)bis-
(2,2,2-trifluoroethylamine) [disulfide of 2-(2,2,2-tri-
fluoroethylamino)ethanethiol] was prepared in 37%
vield (crude, 799) as the dihydrochloride salt, using
trifluoroacetic anhydride as the acylating agent.
Prolonged handling of the thiol in an attempt to prepare
a homogeneous crystalline produect resulted in complete
conversion to the disulfide during the purification step.

Alkylation of amines using benzyl 2-chloroethyl
sulfide was introduced by Cavallini and Ravenna!!
(Scheme I, method D). However, excess amine is
necessary for a practical route to monoalkylation
products, thereby complicating work-up procedures.
We sought optimum yields based on the amine for

(7) (a) J. Baddiley and E. M. Thain, J. Chem. Soc., 800 (1952); (b) F.I.
Carroll, J. D. White, and M. E. Wall, J. Org. Chem., 28, 1236 (1963).

(8) N. G. Gaylord, “Reduction with Complex Metal Hydrides,” Inter-
science Publishers, Inc., New York, N. Y., 1856, p 838.

(9) C. Kaiser, A. Burger, L. Zirngibl, C. S. Davis, and C. L. Zirkle, J.
Org. Chem., 37, 768 (1962).

(10) (a) D. B. Reisner, J. 4m. Chem. Soc., T8, 5102 (1956); (b) S. H.
Chu and H. G. Mautner, J. Org. Chem., 26, 4498 (1961); (¢) T. P. Johnston
and A. Gallagher, bid., 28, 1305 (1963); (d) F. I. Carroll, H. M. Dickson,
and M. E. Wall, 4bid., 80, 33 (1965).

(11) G. Cavallini and F. Ravenna, Farmaco, Ed. Sci., 12, 151 (1957);
Chem. Abstr., 51, 11245 (1957).
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expensive amines such as cyclopropylamine, par-
ticularly if the corresponding 2-(benzylthio)acetamides
would decompose on reduction. Alkylation of N-
substituted 2,2,2-trifluoroacetamides as shown in
Scheme I (method C) by benzyl 2-chloroethyl sulfide
in an inert solvent and in the presence of sodium hy-
dride proved useful. Acidic hydrolysis of the amide
and debenzylation of the resulting amino compound
with sodium in liquid ammonia gave the desired
produet. Debenzylations using sodium in liquid am-
monia generally proceeded smoothly, but a pure product
was not obtained by debenzylation of trans-N-2-
(benzylthio)ethyl-2-phenyleyclopropylamine (54).

A convenient method for obtaining mercaptoethyl
derivatives of hydrazines was not available to us.
Only oligomers were isolated on reaction of ethylene
sulfide with alkylhydrazines.* Alkylation of the bis-
trifluoroacetyl derivatives of hydrazines using benzyl
2-chloroethyl sulfide in the presence of sodium hydride
proceeded in excellent yield (Scheme II). Hydrolysis
following alkylation unambiguously gave 1,2-bissub-
stituted hydrazines. Carbobenzoxy groups were used
by Zeller ef al.,’ in a related reaction. The S-benzyl
group was removed in this case also using sodium in
liquid ammonia and the 2-(2-substituted hydrazino)-
ethanethiol = was  distilled. The mercaptoethyl
derivative of 1,1-dimethylhydrazine was obtained by
reduction of the 1,1-dimethylhydrazide of (benzylthio)-
acetic acid using LiAlH,~AICl;. Difficulties attending
the reduction of hydrazides have been elaborated by
Hinman.'* The free thiol was liberated in the manner
described for other hydrazines given above.

Scueme 11

NaH
RN(COCF;)NHCOCF; + CICH,CH,SCH,CsH; —>

H:0*
RN (COCFs)(NCOCFs )CH‘ZCHZSCHZCGHE; —_—

Na~-NH;
RNHNHCH,CH,SCH,C¢Hs; ——> RNHNHCH.CH.SH
R = CHg(CHz)r‘, CeHsCHgCH(CHs)—

LiAlHAlCl
(CH;)NNHCOCH:SCH,C¢H; ——————>

(CH;),NNHCH,CH,SCH,CsH;

Biological Activity.——The aminoethanethiols were
tested for antiradiation activity at Walter Reed Army
Institute of Research.’* Most of the compounds were
found to be inactive. Slight protection (7-159,
survival) was observed for some of the compounds.
Compound 39 at 30 mg/kg afforded 94 and 209, sur-
vival (30 days) in two different tests when administered
15 min preirradiation. Administration of 39 30 min
preirradiation resulted in 409, survival.

Several compounds displayed antibacterial activity
in in vitro test systems.® Against Streptococcus pyog-
enes complete inhibition of growth was obtained at 20

(12) P. Zeller, H. Gutmann, B. Hegedtis, A. Kaiser, A. Langemann, and
M., Muller, Ezperientia, 19, 129 (1963).

(13) R. L. Hinman, J. Am. Chem. Soc., 78, 1645, 2463 (1965).

(14) For a description of the test method see L. Field, A. Ferretti, R. R.
Crenshaw, and T. C. Owen, J. Med. Chem., 7, 39 (1964).

(15) For the general test procedures (in vitro and ¢n vivo) see M, W, Fisher,
M. C. Manning, L. A. Gagliardi, M. R, Gaetz, and A. L. Erlandson in ‘ Anti-
biotics Annual 1959-1960,” Antibiotica, Inc., New York, N. Y., 1960, pp
293-303.
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Tk 1
Yield «;
Methi- HCL By “C vmimn) Myp, "¢
No R ad! Base =alt’ (hase? HOU salty Formnla Analyses?
N-Nubstituted 2-Aminoethancethiols, RNHCHCHLST

1 (CH)C'H [ Dl [ G5 L0t 40 b2 CHG NSO T N, ST

2 CILCH.CHL.CHCH, I 25 208 10,2 ENS- 193 TN OSCHCT ¢, 1, N, <H

3 (CH)CHCT, ko 30030 35380002y 237240 CoILNS- T ¢, 1, N, S

4 CILOCH ) K 656 60102, JOS-T10 CTLLNONC T ¢, H, N, =11

5 CH3(CH, pCHCILOT I 69 5N TLT60. 1 4551 CoHENORCHCL C, 1, N, 81

¢ (CH3):CHCH(CH,OM) F APRAY 90-96 CHENOR-HCY C, 1, N, =1

7 CHy(CHy)CHCHLOH) i 300 40 T3S0 1 47 A2 CGHNOS - HCL ¢, H, N, R, =1

N (CH0),CHCH, I 43 740020 . CLILNO,S ¢, H, N, S

o (G0 )CHCH, . . a8 05H-07 CJILNOS T ¢, H, N, =1

10 (CHy)CHCHCH{CH) 0 390029 SE-8T (15) 155-157 COITLNS-TIC ¢, H, N, =l

11 (CH»)CH Jo# 27 7 193--196 CULNR T O, ) N8 R
12 {(CH),CHCH, F R . 231232 CLI1 NN ¢, 11, N, =l

13 CH3(CH)CHOHHIC(CH, o8 23 . TET7(0.2) TH- T CoHayNOR ¢y, N RHe
14 CH;NCN(CH_,). 1D 34 SK--00 (0.1 274278 CytNGS 31 L, CL N, S
15 @—CH: I 71 21 RO 0.1 267208 NSO ¢, 1, Cl =: 8t
16 (CHy)CH 0% 65 54 04100 (0. 7) 237240 CrHy NS HO ¢, H, N, RH

17 (CHCHCH ) Fa T3 201-203 CLHy N=HOL ¢, H, N, 81

I8 (Cl),CHCHL,COCH, L CHL D% 6% 15 115118 (107 192105 el N HO ¢, H, N, 81

19 CH(CH, ):CH(CH,OHD 1 50 2R 105120 (1. 4) 6365 CipHuNOS - HCT ¢, H, N, s11
200 GILCHOHHCH(CH;) It i 8 120125 (0. 7) 165167 L NOS - HOL ', H, N =11
21 GHOCHCH(OH)CIL, Lo 3l o 112115 ChlTENOS - HOT ¢, 1, N, RIT
22 Cell(Cla s I 65 3 86--94 (0. 1) 120123 CyaHp NS TIC) ¢, H, Cl, N SH-
23 CyHLCH(CH,CHy) I 720 TR-85 (0. 1) 138-140 LTINS HAO ¢, H, Cl, N, S; SHv
24 CytLCH,CH(CHs) e R7T 46 770001 174 5175 (CuHENS-HO O, H, Cl, N, sH
25 (CH).CHCH.CH(CILOH) I 29 o 08-94 CyHuNOS-HQOY ¢, 0, N, sH
26 (CHL)NOCH,), I 41 24 92-99 (0. 1) 207208 Ch NS 2HCL ¢, I, N, sI1
27 CHy(CHy0(CH0(CHy ) Ir 60 23 65-70 (0.01) 7 CaHNOR T ¢, H, N ST

a1, RN + GILOCOLCILSH, see vef 3; F, RNICILCHSCHLCeHy + Nu-NIl.  © For method A yields are based on ethyl 2-
mercantoethyl carbonate; for method B yvields are based on the intermediate S-benzy! compound shown in footnote a. Yields of 111
<alts have the =ame basis as the distilled free amines, and therefore are lower than the free amines. © Generally recrystallized from
ELOH-11,0. 7 Thiol (SH) values were determined by iodine titration.  Most values were within £0.4¢7 of caleulated values: how-
ever, greater lolerance was allowed for the thiol values because of the nature of the assay.  * From N-[2-(benzylthio)ethvl]-N-cvclo-
propyl=2,2 24 rifinoroacetamide.  After the ammonia had evaporated the basic mixture faqueons) wax stivred for 3 hrat 25°. Hydroly-
i wax continned by warming a solution in MeOH-concentrated HCI for 1.5 hr: 1 has nmy peaks (12207 at § 3.4 (1, 3, CH), 2.8 (m,
3, CHNCH,), and 0.9 ppm [m, 4, (CH2%N]. ¢ Primary amive from Commercial Solventx Corp.  # Intermediate N-[2-{benzylthio)-
ethvlleyelobutanecarboxamide, mp 60-67°.  Anal. (CiuHuNOR) C, L N The corresponding N-{2-(benzylthio)ethylleyvelobutane-
methvlamine wax obtained as an oily free base in 9277 crude vield. See Fxperimental Section for debenzylation procedure: the free
base wis liberated and distilled before conversion to a salt for purification.  * Primary amine from American Cvanamid Co. @ From
pL-2-umino-l-pentanol. 7 From vr-2-amino-i-hexanol: . Adkins and A, AL Pavlie, J. b Chene Soc., 69, 3030 (1947, # Primary
amine from Aldrich Chemical Co. / Intermediate N-[2-(benzylthiojethyvi]evelohexanecarboxamide was evude, mp 76--79°; reduction
by LiAlH, gave N-[2-(benzylthiojethyllevelohexanemethylamine in 790 vield, bp 130-131° (0.04 mmi. = Free base. » SH: caled,
17.29: found, 17.84. ° The trihydrochloride salt was recrystallized from EtOH-ILO.  »=H: caled, 1401 found, 1568, ¢ [nter-
meditte N-[2-(benzylthio)ethyl]cvclopentanepropionamide resisted both cry=tallization and distillation:  reduction by LiAlH, gave
N-(2-(benzylthio)ethyl] evelopentanepropylamine in 967 yield, by 130--135° (0.05 mmi. 7 Primary amine from Union Carbide and

ug,/ mi for 11, 18, 19, 25, 33, and 34; at 10 ,_Lg’,'lnl for ¢ (0.17 mole) of T-amina-3-{o-methoxyphenoxy j-2-propanol'’ and

Coat 5 r 37-39: and at 0.6 ‘ml for 40. 343 g ((_).17 mole) ()‘f (henzvithio)acetyl ('}11()ri<1<“*.i11 1L ()i: CH.ClL
17; at 5 pg/ml fo 39; K8 containing 18.9 g of Et;:N gave on work-up {washing, dryving, and

,\gamst J[ycobacz‘erz'um tube‘rnulosz/s complete inhibition concentrating the solution) 48 g of viscous oil.  The erude 2-
of growth was obtained at 20 pg/ml for 15, 17-19, 22- (benzylthio)-N - [2-hvdroxy -3-{o-methoxyvphenoxy )propvliacet-

24, 28, 33, 38, and 40; at 10 ug/ml for 37; and at 5 amide was reduced without further purification.

wg/ml for 839.  Against Staphylococcus aureus complete E A(;‘("lllfi"(lil 10239-9 g (_'Q;ll xmf)lsi of glxé!_(>ils‘1=1ylli<fi<f n;‘ lil[m' 111})(())(1)'

inhibition of growth was obtained at 20 ug/ml for 18, “tf, was o (flf {0 a mixture of 54 £ (0.5 "}m” ")d” Aalths I o
) ; X - o x ; mi of Et,0. he mixture was stirred and heated under reflux fon

37, and 39; :1"0 10 ug/ml for 38 and 57; E%Ild ,at_ 2.0 ug/ 68 hr, and decomposed by the successive addition of 34 ml of

m! for 40. Compound 18 given orally® at 25 mg/kg 11,0, 34 ml of 1577 NaOT, and 100 ml of 1L,O.  Filtration fol-

to mice infeeted with S. gurens had about one-third I(»wed by the addition of dry HCIL to the filtrate gave 12.5 ¢

» effectiveness of sulfadiazine given orally at 100  (297c)of 57, mp 118-120°. .

the (ﬁ(ct}‘\' er.]e&'\ b s .ddl(u siven i o = Reduction of 2-(Benzylthic)-N-cyclopropylacetamide. N-[2-

mg,,kg. blr'mlz%rly, 40 given subecutaneously® at 12.5 (Benzylthio Jethyll propylamine (51) and N,N'-(Dithiodiethylene -

mg/kg to mice infected with S. pyogenes had about one- e

1}111‘(1 t'he eff@(‘,t‘IVCIlCSS Of su]fadlazme gven ()I'B.Hy at (16) Meliing points were determined using 2 Thomas—Hoover melting
100 lng//kg. point apparatus. Where analvses are indicated only hy symbols of the ele-
ments or functions, analytical results obtained for those elements or fune-
Experimental Section!® tions were within 0.4t of the theoretical values.
17y L DL Lunsford, R. P Mays, J. A, Richman, Jr., and R. 3. Muarphey,
2-{ [2-(Benzylthio)ethyljamino | -3-(o-methoxyphenoxy)-2-pro- 7. 4m. Clem. Sec., 82, 1166 (1960).

panol Hydrochloride (57). Method A.-—Reaction between 33.8 {18) R. Lesser and A. Mehrlinder, Ber., 66B, 1642 (1023),
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TasLE I (Continued)
Yield? %
Meth- HCl Bp, °C {mm) Mp, °C
No. R od® Base saltf (base) (HCI salt) Formula Analyses
28  [(CH,),CHCH,].CH E 72 14 60-61 (0.2) 139-144  C,H:NS.HCI C,H,C|, N, 8; SHH
20 (C.H;)N(CH,);O(CH.)s Fee 74 51 04-96 (0.2) 124-126 CinHasN.08-2HCl  C, H, C], N, SH
30 [CHz(CHy)loN(CHy)s o 01 43 RO-87 (0.3) 173-174 CiHeN.S-2HCL C, H, Cl, N, S, SH
31 3,4-(CH30),Cel15(CIHy ), 10k ... &I gy 137-140 CreH 1y 2NOS-HCL C, H, Cl, N, S, SH
32 2-CyH;0CHO(CHs), kx84 44 133-136 (0.2)  102-103 C:H1sNO,S-HCl C, H, Cl, N; SH¥
33 CeH:(CHs) E 57 30 103 (0.5) 102-108 C1H;oNS-HCL C, H, Cl, N, SH
34 2-CyH:OCH,O(CH,); Eii 0.4 136-142(0.03) 79-82 CuHaNO.S-HCI C, H, N, SH
C,H;
35 2 8 ;N<CH2)3 Er 32 29 100 (0.1) 204205 CraHasN:S-2HC1 C, H, CI, N, SH
CH,
36 (CHy):C(CeHy) E* 50 36 125-130 (0.6)  209-211 CHuNS-HCI C, H, Cl, N, SH
37 @—@— EY 63 36 124(0.1) 244247  CLHyNS-HCI C H, Cl N, 8, SH
38 (CHu)uCH Kk 72 35 103-105 (0.3)  184-186 C:H2sNS-HCl C, H, C], N, SH
39  (CH.):;CH(CH,)s F ... 48 . 212-214 C1:HyoNS-HCl C, H, N, SH
40  CH;(CH,)oN(CH;3)(CH,)s E 60 13 145 (0.2) 184-185 CyeH3sN:S-2HCI C, H, C], N, 8; SHm=
41 CHs(CHQ)uO(CHg)z Ern 44 23 155-156 (0 1) 224-226 C17H37NOSHC1 C, H, Cl, N, S, SHeo
42 CHy(CH.)CHO(CH,)s Er 30 24 120-125(0.1) Pp Ci;H:NOS-HCI C, H, N, SH
\
(CH.),CHs
(CH,),CH
Qg
43 ee L 23 243-246  CyHyNS-HCI C, W, ClL N, SH
HC™ “CH,
Hydrazines, RNHCH,CH,SH
44 (CH;)N F 77 63-64 (20) CiHip NS C, H, N
45 (CH;)N F o 50-55 C4Hi:N.S-C¢H0:* C, H, N, 8
46 CH;(CH.);NH F 4 90-100 CioH24N,S-HCl C, H, S; Nu
47 C«H;CH,CH(CH;)NH Fee R 4 ww CiHieN.S-HC1 C, H,C, N
Carbon Corp. ¢ From pr-2-aminooctanol: O. Vogl and M. Pohm Wonatsh Chem., 84, 1097 (1953). * From pr-norephedrine. « 8H:

caled, 13.35; found, 12.92.
as the lead salt from excess starting amine;
found, 14.69. ¥ SH: caled, 14.26; found, 15.14.

found, 11.60. 44 SH: caled, 13.79; found, 14.89.
from pot residue after distillation of starting amine.
Davis and Co. * SH: caled, 11.90; found, 12.33.
to 3-(o-ethoxyphenoxy )propylamine, bp 110-118° (1 mm). Anal.
British Patent 833,775 (1960); Chem. Abstr., 55, 13383 (1961).
found, 8.00
gave a cloudy end point.
ness to obtain the semisolid produet.
gave erratic results.
from MeOH-Et,0.

HCL o« N:

ss Monocitrate salt prepared in 627

caled, 11.63; found, 11.19.

bispropylamine Dihydrochloride.—Reduction of 88 g (0.4 mole)
of 2-(benzylthio)-N-cyclopropylacetamide (Table 11, footnote f)
with 17 g (0.45 mole) of LiAlH, was allowed to continue for 40 hr
in 500 ml of refluxing THF. Work-up as for 57 gave 45 g of crude
HCl salt. Recrystallization from EtOH-Et,O gave 15 g of salt,
mp 140-144°. Another recrystallization gave N-[2-(benzylthio)-
ethyl]propylamine hydrochloride (51): mp 144-146°; nmr
(DMSO-ds), 6 9.4 (m, 2, TNH,), 7.35 (s, 5, CeH3), 3.75 (s, 2,
CsH:CH,), 2.8 (m, 6, SCH,CH,NCH,), 1.6 (m, 2, CCH,C), and
0.95 ppm (t, 3, J = 6 Hz, CH;). The inorganic salt cake was
continuously extracted with Et;O for 20 hr. The Et,0 extract
was washed with saturated NaCl solution, dried (MgSO,), and
treated with dry HCI to give a solid. Recrystallization of the
solid from EtOH-Et,0 resulted in 15 g of white powder, mp 117~
180°, and a small second crop, mp 235-244°. Recrystallization
of the second crop from EtOH gave the disulfide, mp 258-262°
dec.
Anal. (C10H24N282'2HC1) C, H, Cl, N, S, SH.

DL=2- { {2-(Benzylthio)ethyl]amino }-3-methyl-1-butanol.—
Methyl bpL-2-[2-(benzylthio)acetamido]-3-methylbutyrate was
prepared as a crude oil (117 g, 859,) from 85 g (0.5 mole) of DL-
valine methyl ester hydrochloride and 100 g (0.5 mole) of (benzyl-

v Primary amine: H. R. Ingand W. E. Ormerod J. Pharm Pharmacol., 4,21 (1952).
see preparation of 43 in the Experimental Section.
* From p-amphetamine.
Adams, R. B. Taylor, E. C. Chapin, C. Weisel, and W. Yanko, J. Am. Chem. Soc., 66, 725 (1944).
¢ Primary amine from Tennessee Eastman Chemical Co.
corresponding disulfide dihydroehloride also was obtained, mp 211-213°.

7 vield in MeOH from the thiol and an equivalent of citric acid;
¢t After cleaving the benzyl group the product was extracted into Et,O and crude product was prempltated by dry
v See it for modification of method F.

The thiol was separated
v Free base.? =z SH: caled, 14.26;
F. C. Whitmore, H. S. Mosher, R. R.
¥ Semisolid. <« SH: caled, 12.16;
/1A 49 yield of the
(CosHysNOsS, - 2HCL) C, H, Cl, 8. 2 Not distilled;

e¢ Primary amine:

Anal.

 2-(o-Ethoxyphenoxy)ethylamine was supplied by Dr. R. W. Fleming, Parke,
11 3-(o-Ethoxyphenoxy )propionitrile was catalytically (Raney Co) hydrogenated
(CuHuNGOy) C, H.
! Primary amine from Dow Chemical Co.
=r Primary amine from Chemical Intermediates and Research Laboratories, Inc.

¥ Primary amine: Parke, Davis and Company,
mm SH: caled, 9.15;

°o SH: the sample was insoluble and

#7 One equivalent of 1 A" HCl was added to freshly distilled free base and the sclution was evaporated to dry-
2¢ Primary amine, Rosin Amine D from Hercules Powder Co.

" Iodine titrations of hydrazines
recrystallized

»w Amorphous solid.

thio)acetyl chloride (see preparation of 57). Reduction of the
N-acylvaline methyl ester was achieved by treating the oil suc-
cessively in refluxing Et;O with 3-17-g portions of LiAlH, a-
total of 50 g, 1.3 moles, of LiAlH, and 5 days at reflux tempera)
ture). Distillation of the erude product resulted in 31 g (309%)
of amino aleohol, bp 130-135° (0.05 mm). The structure was
verified by conversion to DL-2-[(2-mercaptoethyl)amino]-3-
methyl-1-butanol hydrochloride (6) by the method used for 39.

Reduction of 2-(Benzylthio)acetohydroxamic Acid Methyl
Ester.—Reaction of 100 g (1.2 moles) of methoxyamine hydro-
chloride with 240 g (1.2 moles) of (benzylthio)acetyl chloride (see
preparation of 57) resulted in 178 g of crude oily 2-(benzylthio)-
acetohydroxamic acid methyl ester. Reduction of 100 g (0.47
mole) of the amide in 1450 ml of Et;O and 50 ml of THF with
21.6 g (0.57 mole) of LiAlH, was allowed to proceed for 2.5 days
at reflux temperature. Crude product was distilled to give 18 g
(33%) of 2-(benzylthio)ethylamine, bp 82-85° (0.1 mm) [lit.%
bp 100° (0.8 mm)] and an ir spectrum identical with that of an
authentic sample.

N-[2-(Benzylthio)ethyl] cyclohexanehexylamine Hydrochloride
(58). Method B.—A solution of 122 g (0.35 mole) of N-[2-
(benzylthio)ethyl] cyclohexanehexanamide (Table II, footnote
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Tapre 11
N-|Z2-BENZYLTHIOJETHY L] ALK Y LAMINE=
RNHCHLOCHLSOCTLOSH - T

Yieid

No. R Method” . Myp, 70 Formula Analyses
48 CF5CH, 13 Tl 1761775 CoHF NS ¢, H, N, 8
1) CH,CH, By 5N 169171 CoHpE NS TICL ¢, 11, N, %
50 (CHj)aN A S RO-8H (051 CrlIaNs ¢, H N
Al CH3(ClHa 7 144 146 C T NS HIC ¢, H, N
52 CHy(CHa); A 20 1041965 O NS HOL ¢, 1, CLNG R
a3 CHy(CH,):NTI C 4 02 405 Cr g Nos - T ¢, H, N
34 CH—7~ C a8 SRR CRlly NSl ¢, H, N
B CeH;CHCH(CH)NIL (@ 30 00102 Cr NS HCL o, N
A6 (CHL);CHCH,CH(CHLOH) 1 20) 111114 L NOS  HCH 1, N, N
BN 2-C1LOCHOCILCHOIDHCH, A 20 JiNe120 Crlla NOGR O ¢, H, N
58 (CHL),CTI(CH g B ™ 175177 CoTLNS T ¢, N

Nall
A, RNHCOCIHLSCH,Cels + LiAllly: B, RCONHCH.CHMSCHColls — LiAlH: ¢ RNIICOCE: + CyIT;CHLSCHL,CHLCL —
H.O

RN(COCF)CH,CHSCH,Gyll; —> RNHCHCHSCHLCH: D, RNIL + CICHCHRCHLColl + NawCO, Intermediate N-[2-
(benzylthio)ethyl]-2,2,2-trifluoroacetamide, bp 100° (0.05 mm).  Treatment of 48 with sodium liquid ammonia gave only N,N'-
{dithiodiethylene)bis-2,2,2-trifluoroethylamine dihydrochloride, mp 251-253° dec.  Anal. (CiHLFN3%-2HCD C, H, N, SH. < Inter-
mediate N-[2-(benzylthio)ethyllacetamide, bp 150-160° (0.03 mm}. (Benzyithio)acetic acid 2,2-dimethylhydrazide was obtained
from (benzylthio)acetvl chloride and 1,1-dimethylhydrazine in 807 vield; mp 533-36° from Csllg-hexane. .lnal. (Cl:N.08) C, H,
N, Reduction of the amide wax effected in THF. ¢ Yield and boiling point are for free base. 7 (GIH,CHSCH.CONITCH(CH,). +
LiAlllg.  2-+(Benzylthio }-N-cvclopropylaceramide (mp 53-36°) was prepared in 847 yield from cyelopropylamine and (benzylthio)-
acetv] chloride. Anal. (CpllNOS) C, H, N. 7 Intermediate 2-(benzylihiv)-N-vetylacetamide was obtained in 527 vield, bp 160-
170° (0.2 mm).  Anal. (CplENOS) H, N; O caled, 60.36; found, 69.13. 7 Acevlation of pr-(a-methylphenethylhydrazine (Cu-
tron ®, Lakeside Laboratories) by triflnoroacetic anhydride resalted ina 637, vield of liquid pr-1- a-methylphenethyl)-1,2-bis(trifluoro-
acetyDhydrazine, bp 88-90° (0.05 mm). Anal. (CuHupFeN.0s) ¢ H N N-[2+ Benzylthiolethvl]evelohexanehexamide (mp 59

60°) was prepared in 887 vield from cyclohexanehexanoyl chloride [J. 8. Mihina aud R. M. Herbst, . Ory. Chenn, 15, 1082 (195001 and
2-(benzylthio)ethylumine.  Anal. (CpllxNOS) G, L

A in 500 ml of Et,O was added in a slow stream to a mixture mole} of evelopropylamine.  The mixture was allowed to warm
containing 13.5 g (0.353 mole) of LIAIH, in 1 L of 56,0, The mix- to 25° and to stand at thig temperature for 16 hr.  Concentration
ture was stirred and heated under reflux for 48 hr and tirred at of the solution at reduced pressure gave an oil which was taken
25° for 24 hr.  Product was isolated ax in the preparation of 5 up in 60, and the resulting =olution was washed with H,0,
to give 118 g (Y19%) of crude material, mp 17T0-175°  Recrystal- sarated NaHCOy, and saturated NaCl. The Et,0 solution was
lization of a 10-g portion from KtOH=EO gave 8 g of 58, mp dried and concentrated to give 76 g of oil which was crystallized
175-177°. from hexane—-cyclohexane-121;0 fo give 24 g (209 of the amide,
2-1(6-Cyclohexylhexyl)amino]ethanethiol Hydrochloride (39). mp 38-41°,
Method F.—To ca. 1.2 1. of refluxing liquid N'H; were added 11.8 Anal. (CiHENO) C H, N
g (0.32 mole) of 58 and then 24 g of Na pellets over a period of 1 2-(Cyclopropylamino Jethanethiol Hydrochloride (1).—-Alkyla-
hr. The mixture became vellow-brown before turning dark. tion of 55 g (0.36 mole} of N-cyvelopropyl-2,2,2-trifiucroacetamide
The N1, was allowed to evaporate and the flask was evacuated using 67 g (0.36 mole) of benzyl 2-chloroethyl sulfide as in the
and then flushed with Nu. Crushed ice, 300 ml of 11,0, and 100 preparation of 54 gave 84 g (807 ) of N-[2-(benzylthio)ethyl}-N-
ml of concentrated HCI were added to the dry cake.  The water- cvelopropyl-2,2,2-trifluoroacetamide: mp 130-135° (0.01 mm):
in=oluble precipitate wax washed with ILO and Et,0. The prod- nmr (CDCLy, 8 7.84 (5, 5, Cefy), 3.74 (5, 2, GILCH,), 3.60 (4,
uet was recrystallized from EtOH-E10 to give 53 g of product, 2.0 = 7 Hz, SCH.CH), 2.7 (my, |, NCH), 2.62 (t, 2, .J = 7 Hy,
mp 203-212°  Another 12 g of solid (mp 210-212°) wuas re- CH.N, and 0.83 ppm [my, 4, (CH.C'l. Conversion to 1 was by
covered from the filtrate.  The 33-g crop was dissolved in warm the method used to prepare 39.
EtOH; the solution was cooled and filtered to give 3.5 g of solid 1-[2-(Benzylthioethyl] -2-octylhydrazine (53).--1-Octyl-1,2-
disulfide, mp 245-230°.  Ether was added to the filtrate to give bisttrifluoroacetyDhydrazine was prepared in 70¢; vield from
38 g (42001 of 39, mp 212-214°. octylhydrazine? and trifluoroncetic anhydride; bp 165° (20 mm),
{rans=-N-{2-(Benzylthio))ethyl] -2-phenylcyclopropylamine Hy- 115-123° (0.7 mum).
drochloride (54). Method C.—A solution of 63 g (ca. 0.27 mole) Alkylation of 73 g (0.2 mole) of T-oetyl-1,2-bistirifluoroacetyt)-
of erude trans-2,2,2-trifluoro-N-(2-phenyleyclopropylacetamide™ hydrazine using 40 g (0.2 mole) of benzyl 2-chloroethyl sulfide wax
in 300 ml of toluenc was added to a slurry of 6.9 g (13 g of 53¢¢ oil accomplished as deseribed for the preparation of 54, Hydroly=is
dixpersion) of NaH in 200 ml of toluene.  The addition of 60 ml in the refluxing MeOH - -HCL wax continued for 48 hr.  Crude
of THF was required to effect a <ingle liquid phase.  The mixture <olid product was recrystallized from EtOH-Et,0 to give 28 g
wis stirred for ca. 4 hr at 25° before adding 51 g (0.27 mole) of (3905 of 33, mp 92-95°. An additional 7 g (107 of 533 was ob-
benzyl 2-chloroethyl ~ulfide. The mixture wa= gently refluxed tained by further hydrolysis of material obtained from the cry=tal-
for 16 hr, cooled, and decomposed with 11,0, The organic layer lization liquor.
wus separated, washed (H,0), dried, and concentrated. A solu- b1-2-{2-(Benzylthio)ethylamino|-3-cyclohexyl-1-propanol Hy-
tion of the oily residue in 600 ml of MeOH containing 50 ml of drochloride (56). Method D.—A solution of 189 g (0.82 molc}
concentrated HCI was refluxed for 16 hr.  Concentration of the of methyl pL-tyrosinate hydrochloride in 1 1. of MeOH containing
solution to a small volume resulted in separation of 23 g of white 10 g of 109 Rh—C was treated for 43 hr at 25° under Hs at about
solid, mp 133-140°. The filtrate was diluted with 400 ml of 3 atm. The oily product (193 g), obtained after removal of
MeOH and 50 ml of concentrated HCL, and the mixture wax re- catalyst and solvent and after conversion to the free base, wa~
fluxed for 40 hr to give an additional 11 g of product (329 yield). treated in Et:0 with 49 g (1.3 moles) of LIAIH, to reduce the ester
Reerystallization of a small sample from 15tOH gave 54, mp 142 group. This process gave 30 g (ca. 35%) of a clear yellow oil
143°, which was characterized by ir spectrum as an amino alcohol,
N-Cyclopropyl-2,2,2-trifluoroacetamide.-—To 200 g of trifluoro- presumably g-uminoeyclohexanepropanol.2! A mixture of the
acetie anhyvdride was added cautiously at about —70° 40 g (0.7 aming aleohol, 28 g (0.15 mole) of benzyl 2-chloroethyl sulfide,
(19) Preparation of this amide and its alkylation by methyl lodide are 1200 O, Westphal, Ber., T4, 754 (1941).

given in ref 9. 21y 10N Ashiey and M. Davis, S Chem Soc., 6503 (19525,
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8.5 g (0.08 mole) of Na,CO;, and 150 ml of absolute EtOH was
refluxed for 2.5 hr. The hot supernatant solution was decanted
from inorganic salts and concentrated. The oily residue was
acidified by addition of 50 ml of 6 .V HCI and to this mixture was
added Et;0; the solid which separated amounted to 17 g (299),
mp 108-112°, uv maxima (MeOH) at 260 mg (¢ 260) and 267
mu (e 171). The aqueous filtrate was concentrated to dryness
and the residue was treated with MeOH and Et.0 to give a
second solid which was devoid of uv absorption for phenyl, 18 g,
mp 173-185°. A portion of the 17-g crop was recrystallized
three times from EtOH-Et,0O to give pure 56: mp 111-114°,
nmr (CDCl), 8 8.9 (m, 2, *NH;), 7.36 (3, 5, CeHs), 4.63 (m, 1,
OH), 3.80 (s, 2, CeH;CH,S), 3.80 (m, 2, CH,0), 3.00 (m, 5,
SCH,CH,NCH ), and 1.3 ppm (m, 13, C:HCH,).

[(2-Mercaptoethyl)amino)acetaldehyde Diethyl Acetal (8).
Method E.—A solution of 80 g (0.62 mole) of aminoacetaldehyde
diethy] acetal and 250 ml of toluene was dried by azeotropically
distilling H,O with the use of a Dean-Stark trap. To the reflux-
ing solution was added slowly 31.5 g (0.21 mole) of ethyl 2-
mercaptoethyl carbonate using techniques previously described.*
The mixture was stirred and refluxed for 14 hr, and then distilled
to give forerun of aminoacetaldehyde diethyl acetal, and 18.5 g
(45%) of 8, bp 74° (0.2 mm).

A solution of 5 g (0.026 mole) of 8 in dry Et,0 was treated with
dry HCI to obtain 5 g (849;) of 9, mp 95-97°.

2-{1(1,2,3,4,4a,9,10,10a-Octahydro-7-isopropyl-1,4a-dimethyl-
1-phenanthryl )methyl] amino }ethanethiol Hydrochloride (43).—
A reaction employing 45 g (0.16 mole) of commercial Rosin
Amine 1?2 and 8 g (0.05 mole) of ethyl 2-mercaptoethyl carbonate
was carried out as described above for 8. The toluene was
evaporated and the residue was taken up in ca. 500 ml of EtOH.
A solution of 9.9 g (0.026 mole) of lead acetate trihydrate in 50 ml
of HyO was added dropwise with stirring. Decantation of the
solvent left a gummy solid which was crystallized from 65 ml of
heptane to give 15 g of solid. Reecrystallization from EtOH-
H,0 gave 10 g of the lead salt (mp 112-116°) which was then dis-
solved in 500 ml of CsHg and the solution was saturated with HuS.

(22) For a description of the primary amine see W. J. Gottstein and L. C.
Cheney, J. Org. Chem., 80, 2072 (1965). It has not been established whether
the product was contaminated with derivatives of dihydroabietylamine and
tetrahydroabietylamine.
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The CsH; solution was separated and concentrated, and the resi-
due was dissolved in Et;0. The HCl salt, formed by the addition
of dry HCI, was recrystallized from EtOH-Et.O to give 4.6 g
(239) of 43, mp 243-246°.

2,2,2-Trifluoro-N-(2-mercaptoethyl)-N-octylacetamide.—To 70
g of trifluoroacetic anhydride was slowly added at ca. —50° with
stirring 15 g (008 mole) of 2-(octylamino)ethanethiol.?? The
mixture was allowed to stir at 25° for 4 hr. Excess anhydride
was removed at reduced pressure and a solution of the residue in
MeOH was stored at 23° for 3.5 hr.  The MeOH was evaporated
and dilute NaHCO; was added to the residue. The slurry was
extracted with Et,0 and the extract was washed successively with
H,0, saturated NaCl, dilute HCl, and again with saturated
NaCl. The Et;O solution was dried (MgSO,) and concentrated
to give 22 g of crude oil. Distillation resulted in 2 g of forerun
and 15 g (669, ) of product, bp 77-78° (0.05 mm).

Anal. (C12H22F3NOS) C, H, N, SH

5-(Hydroxymethyl)-2-pyrrolidinone.—A solution of 147 g (1.0
mole) of L-glutamic acid in 400 ml of H.O containing 10 g of
charcoal and 1 ml of aqueous perrhennic acid (1.5 g of Re/ml) was
hydrogenated for 5 days at 200° under H, at about 300 atm. The
mixture was filtered and the filtrate was concentrated and distilled
to give 55.5 g (489;) of 5-(hydroxymethyl)-2-pyrrolidinone as a
viscous liquid: bp 153-160° (0.25 mm) [lit.2* bp 185-187° (4
mm)]; nmr (CDCls), § 7.5 (m, 1, NH), 4.6 (m, 1, OH), 3.6 (m, 3,
CHCH,0), and 2.1 ppm (m, 4, CH,CH,).
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It has been suggested that the ability of 3-hydroxyphenyltrimethylammonium derivatives (3-HPTA) to
inhibit acetylcholinesterase competitively depends on the strength of the hydrogen bond between the 3-hydroxy
group of these derivatives and the esteratic site of AChE. However, the results of previous simple Hiickel cal-

culations did not appear to be related to the observed inhibition constants.

Using very empirical molecular

orbital (MO) methods, we have calculated some ¢ and = properties of these derivatives and have obtained a cor-
relation which is consistent with a hydrogen-bonding interaction between the 3-hydroxy group of these com-

pounds and the AChE receptor site.

In recent years there has been a pronounced trend
toward the application of molecular orbital (MO)
methods to questions of pharmacological interest.
Successful correlations of drug activity with one or more
of the indices derived by these procedures have been
reported for hallucinogens? and other neurotropic
drugs,® for batericides* and bacteriostats,® for anti-
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