S24 WestoaNp, HoLaes,

under reflux for 2 e Afcer 12 e 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 CsH,g alone (2 hr), was essentially nn-

changed with respect to sydnone.
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A stidy was made of the effect on radioprotective action of maiy varintions in nitrogen substitution of 2-

anlinoethanethiol.
many of the analogs.

Direct alkylation of primary amines with ethylence sulfide (generated in sitw) 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)
cliloroethy! sulfide.
afforded substituted 2-hydrazinoethanethiols.

alkylation of 2,2 2-triffuoroacetamides with benzyl 2-

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

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

Dcrivatives 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.? Cousidering
the mechanisms of protective action postulated?® for
active agents, it seemed likely that increased activity
could result from changes in drug trausport properties
and/or selective absorption by tissues most vulnerable
to radiation damage. Accordingly, mercaptoethyl
analogs of drugs which arc kuown to be transported and
sclectively absorbed in vivo were synthesized (Table 1).
Analogs werc prepared from norephedrine, amphet-
amilie, l-phenyleyvelohexylamine, some o-alkoxyphen-
oxyalkylamines, trans-2-pheuyleyelopropylamine, nor-
epinephrine, and (a-methylphenethyl)hydrazine. Ad-
ditionally, mercaptoethylamines possessing eyelopropyl
and eyclobutyl groups and derivatives of hydrazine were
prepared.

Mercaptoethylamine derivatives which could be dis-
tilled using ordinary techniques were obtained by the
use of ethyl 2-mercaptoethyl carbouate, which wus
introduced for this purpose by Revnolds and co-
workers.*®  Although aldehydes are incompatible with
mercaptans, the mercaptoethyl derivative of amino-
acctaldehyde diethyl acetal was isolated. This pro-
vided a 2-alkylaminoethaunethiol bearing a poteutial
aldehyde funetion.

t1) Thisinvestigation was supporled by the U. &, Army Medical Research
anl Development Coinmand, Contract No. DA-49-193-M D-2306. We ap-
preciate the interest and snpport of Drs, 10, P, Jacobus and T. R. Sweeney
«f Walter Reed Armmy Inslitnte of Research.

12) (a) For a smnmary of earlier syntheses see R. J. Wineman, M. 11.
Collis, J. €. James, and A. M., Pomponi, J. Org, Chem., 27, 4222 (1962), and
1. Rosenthal, G. Brandrnp, K. 1I. Davis, Jr., and M. E. Wall, ikid., 30, 368y
(1965); (1)) I.. Bauer and B. K. Ghosh, ibid., 80, 4298 (1965); (¢) A. F.
Ferris, O. L. Salerni, and B. A. Schutz, J. Med. Chem.. 9. 391 (1966); ()
G. R. Handrick and IZ. R. Atkinson, {b7d., 9, 558 (1066): (e) O. L. Salerni
and R. N. Clark, ibid., 9. 778 (1966); (f) J. R. Piper, C. R. Stringfellow, Jr.,
and 1. P. Johnston, ib7d., 9, 911 (1966).

t3) Z. M. Bacq, “‘Chemical Protection Against Ionizing Radiation.'
Charles ¢ Thomas, Publisher, Springfield, I1l., 1965, Chapter 19.

(4) D. . Reynobls, D, 1.. Fiebls, and D, T.. Johnson, J. Org. Chew., 26,
5125 (10061).

(3) Lthyleoe snlfile is now available from Aldriel Chemical Co. and can
he handled easily.

Other compounds were obtained fron: 2-amino-1-
alkanols which were prepared conveniently by reduction
of esters of pL-e-amino acids using lithium aluminum
hydride.*® MNletal hydride reductious of the methy!
esters of glutamic acid and tyrosine on a preparativc
scale afforded very low yields of products. Such re-
ductions have given some amino aleohol oir 2 small
scale,S"— although the preparation of tyrosinol from
tyrosine apparently is unot reproducible.®!  Catalytic
hydrogetiation of tyrosine methyl ester using a rhodium
catalyvst effected dehydration and reduction of the
aromatic ring to give a derivative of eyelohexane.  An
attempt to prepare 2-amino-1,5-pentanediol froni vi-
glutaniic aeid by high-pressure catalytic hydrogenation
using a rhenium catalyst resulted in isolation of only the
lactam, 5-(hvdroxymethyl)-2-pyrrolidinone, in about
4897 vield. Inafew instancesin which the produet was
diffieult to distil satisfactorily, the excess amine wus
distilled using au oil diffusion pump and the product was
isolated from the undistilled residue.  In two cases the
mercaptan was separated from exeess amine by pre-
¢ipitating the lead mercaptide. Recrystallization from
aqueous aleohol effected purification of the lead salts.

Some of the pharmacologically active amines we
wished to use were cither 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
1I), amines were acvlated with (benzylthio)acetyl
chloride to give simple amides. Reduction of the
amides using TiAIH, in ether or tetrahydrofuran s
illustrated in Scheme I, method A, provided secondary
amines with no detectable eleavage of the thio ether.
The substituted 2-(benzylthio)ethylamines generally
were purified as hydrochloride salts.  Sodiuni-liquid

16y 1a) K. 2. Topebiev, Dol Abad. Nowk SSSE, 63, 147 (1948); Clew,
Abetr., 48, 9570 11049); () ¥ Karrer, P. Portmann, and M. Smer, elc.
Chim. Acta, 31, 1617 (1048): (¢) P. Karrer and P. Portmann, ih(d., 31, 2088

11048 < AL Diprnow, G Mapsswacly sand H. Feoy, Chewe. Ber., 88, 445
19500 e Gl R Handreick, E. R Atkineson, oL Ceanebelliy and R0L
Benvt, J. Yed, Cwma,, 8, 763 (10651 0 L, Gershan anid R. Roilin, avid., 8,
KRG+ (1065,
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ScHEME 1
RNHCOCF;

+ RNHCOCILSCH,C¢H;
CICH,CH,SCH.CsH;
1. NaH \C

A
LiAlH4
2. H:0

R(or RCH,)NHCH.CH,SCH,CsH;

B D
LiAll4 Na:COs

RNH,

RCONHCH.CH.SCH.CsHs CICchHjS CH.CLH,
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, bL-
Valine methy! ester, acylated with (benzylthio)acetyl
chloride, afforded directly an amino alcohol on reduction
of the amide ester with LiAIH,. 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-
ditious necessary to reduce the amide carbonyl group,
Reduction of 2-(benzylthio)-N-cyclopropylacetamide
in refluxing THF for 40 hr resulted in opening of the
eyclopropane ring and some cleavage of the benzyl
sulfide. Thio ethers have been reported to be stable
to LiAlH, 8 a characteristic substantiated by our work;
however, this example illustrates that under extreme
conditions cleavage can occur. The opening of a cyelo-
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 carboxylic
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 product resulted in complete
conversion to the disulfide during the purification step.

Alkylation of amines using benzyl 2-chloroethyl
sulfide was introduced by Cavallini and Ravennal!
(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. Thaln, J. Chem. Soc., 800 (1952): (b) F. 1.
Carroll, J. D. White. and M. E. Wall, J. Org. Chem., 28, 1236 (1963).

(8) N. G. Gaylord, “Reduction with Complex Metal Hydrides," Inter-
sclence Publishers. Inc.. New York, N. Y., 1956, p 838.

(9) C. Kaiser, A. Burger, L. Zirngibl, C. 8. Davis, and C. L. Zirkle, J.
Org. Chem., 37, 768 (1962).

(10) (a) D. B. Relsner, J. Am. Chem. Soc., 78, 5102 (1956): (b) S. H.
Chu and H. G. Mautner, J. Org. Chem., 26, 4498 (1961); (c) T. P. Johnston
and A. Gallagher, ibid., 28. 1305 (1963); (d) F. I. Carroll, H. M, Dickson,
and M. E. Wall, 7bid., 30, 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
product. 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.t Alkylation of the his-
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.C¢H; —>

H;0+
RN(COCF;)(NCOCF;)CH,CH,SCH.CsHs —>

Na—NH;s
RNHNHCH.CH.SCH:C:H; ——> RNHNHCH,CH,SH
R = CHy(CH,)r-, CeHsCH.CH(CHj)-

LiAlH«—AlCls
(CHa )QNNHCOCHQSC HgCeHa —_—

(CH;):NNHCH,CH,SCH,C:H;

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 miun
preirradiation resulted in 409, survival.

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

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

(13) R. L. Hinman, J. Am. Chem. Soc.. T8, 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 (¢n vitro and ¢n vivo) see M. W, Fisher.
M. C. Manning, L. A. Gagllardi, M. R. Gaetz, and A. L. Erlandson in ** Anti-
biotics Annual 1959-1960,"" Auntibiotica, Inc., New York. N. Y., 1060, pp
293-303.
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Yieldr o
Merlee nel T € v My, ¢
N R el o se sali’ clasm 1HCT sale lemmmla Vnafyses”
N-Substilnted 2-Amnmethonethicds, BNTTCHLCHLST
1 CHaoCH 1o al IS 04 (10 4O 142 Lt (0T, NS 1L N, =1
().

3 CILCILCHLCHCTHL, DS o 20 02 st 2 NN 105 (51N OS T 11, N, S1

3 ACHCHCH, I'» 5030 B3-U800 021 5T 40 CA1ENSH T 1, N, S

4 CALOCHL 154 TG a6 GO0 2 108110 CLLNOS 11 O, 0N ST

5 CHyCH.CHCTHLON 1 60 I8 717601 4501 11 NOS L ¢, 1, N, =311

G (CH3).CHCH(CH,01 I 20 Q096G C:1LNOR A ¢, 11, N, 81

< CH(CHLCHCHLOM 17- 50 40 T3-S 0.y 4702 LN OS] ¢, T, N, 8, 81

~ (C1.0).CHCI. D 43 7400 . C:11LaNOWS ¢, 1, N ST

0 (CALO)CITCTH, . BN 0407 CJOLNOR T ¢, 1, N, s

10 (CH).CHOCTLCIHT(CL D 100 30 20) RG-87 1 155-157 CLNSI ¢, 1, N, S

11 (CHOCH 154 a5 T 103106 CLILLNSHCL C 1, N, 8 s
12 (CHa),CHCIT, Fr 17 . 251232 (W1, NS T , 1, N, =1

15 CH(CHOsCHOINCCH . 107 el T-TT M -7 AL NOS ¢, 1 N8I

14 CHN_ N(CH). 12 TR REA070. 1 DTS OGNS 31 ¢ HCL N, ST
15 @—CH: ! THoo21 891011 267268 Culhu NR-11C] C, 1, O <s)ye
16 FCHLO:C 1D G5 Hd 04100 ¢0. 7y 337240 Cr o NS 1] ¢, ) N, S

17 O CHHC Ly 17 LTS 201-203 Coll NS HOL ¢, 1, N, St

I8 CH)CHCHL.CCH )L CLE 1D 6% 15 HS-118 (105 192194 NS 11CH ¢, 1, N, S

19) CHCHO.CHCHLOM 1 A 28 105--120 (1. 43 6365 (o NOSHC ¢, H, Ny s
20 CLCHOHCH(CH DS 17 S 120--12510 72 165167 CHHENOS-HOL ¢, 1, NS
21 CALOCHCITOTCTL DR L. QI L 112115 Cp 1T NOS - HOY )1, NS
22 CUdLiCliley 1< 65 45 8694 (0. 1)~ 120-123 Cy NS ¢, 11, Cl N =D
20 ClLCI(CH,CIT) I ) TR-85 (0. 1) 138140 ) NS T ¢, H, C) N, SRy
24 (GILCILCH(CH,) DN b 46 O 0.0 174 5- 175 O NS ¢, H, Cl, N, s
24 (CHO.CHCH.CHCTLOTL F Lo29 . 0590 CoHaNOS ¢, 11, N, s
26 (CTLONCH), limr 4 24 92-90710. 1) 207-200 CHTTaNLS - 2HOC ¢, NS
27 CHY(CHLOO(CTLO).00C H )y |Dig 60 23 65-7010.01) Hh CydTaNOS 11 O, H, N ST

<18, RN 4+ CulLOCOLCLI LS, see vef 35;

F, RNTICILCH.SCH,Ce L + Na-Nlls.

“For method A yvields are based on ethyl 2-

Yield~ of 11(1

mercantoetlnd carbonate; for method B yields are based on the internediate S-benzyl componnd shown in footuoete a.
<ultx have the =ame basis as the distilled free amines, and therefore are lower than the free amines.  © Generally reerystallized frnn
IO =110, 7 Thiol (SH) values were determined by iodine titration.  Most valies were wirhin 4:0.4¢0 of calalated valites; how-
ever, greater tolerance was allowed for the thiol values because of the nature of the assay. * From N-[2-[benzylthiolethyvl]-N-cyelo-
propyl-2,2,d-triflnoroacetamide.  After the amniania had evaporated the basic mixture faguen<) was stivred for 5 hrat 25°0 Hvdroly-
<ix wiax continted by warming a solution in MeOH-concentrated HCI for 1.5 hir: 1 his mun peaks (1.0 at § 5.4 04, 5, CHSS), 2.8 (m,
30 CHNCH), and 0.9 ppm [m, 4, (CH«):N]. 7 Primary amine from Commercial Solvents Corp. ¢ Tntermedinte N-[2-(henzylthio)-
ethyl]eydobutanecarboxamide, mp 60-67°.  Anal. (CuH,WNOS) CO 1L N The corresponding N-[2-(henzylthiodethyvlleyvelobitane-
me hvlnine was obtained as an oily free base in 9270 crude vield.  See FExperimental Section for debenzylation procedare:  the free
hase wis liberated and distilled before conversion to a salt for pirifiention. * Primary amine from Ameriean Cyanamid Co. ¥ From
br-2-amino-l-pentanol. ¢ From pr-2-nmine-1-hexanol: 1. Adkins and A0 AL Pavlie, J. bins Chem. Soc., 69, 3030 (19470 # Primarvy
amine from Aldrich Chemical Co. 7 Intermediate N-[2-(benzylthiojethyl]evelohexanecarbnxamide wos crude, mp 76--799;  reduetion
by LiAlll, gave N-[2-(benzylthio)ethyl]eyelohexanemethylamine in 7960 yvield, hp 150-151° 10.04 muny. » Free base. ¥ S caled,
17.20: found, 17.84. ° The trihydrochloride salt was recrystallized from FLOH-11.0. # <1 ealed, 14010 found, 156X v Inter-
medinte N-[2-(benzylthio)ethyllevelopentanepropionamide resisted both cryvstallization and WlistillaGon;  reduetion by LIANL gave
N-(2-thenzyvlthio)ethyl]evelopentanepropylamine in 967% vield, by 130--135° ¢0.05 mumic 7 Primary amine foom Union Carbide aind

g (0.17 nrole) of T-onie=3-(o-methoxyphenoxy j-2-propanol’™ and
34.3 g (0.17 mole) of ibenzyvlthiojacetyl ehloride® in 1 1. of CH.Cls
containing 18.9 g of EtaN gave on work-up (washing, dryving, and
The erude 2-

wg,;ml for 11, 18, 19, 25. 33, and 34; at 10 ug/ml for
17; at 5 pg/ml for 37-39; and at 0.6 pg/ml for 40.
Against Mycobacterium tuberculosis complete inhibition

of growth was obtained at 20 pg/ml for 15, 17-19, 22—
24, 28, 33, 38, and 40; at 10 ug/inl for 37; and at 5

pg/ml for 39.  Against Staphylococcus aureus complete

enncentrating the sohition) 48 g of viscous oil.
(benzylthio)-N - [2-hyvdroxy-3-{o-methoxyplienoxy)propyljacet-
amide was reduced without further purification.

A solution of 39.9 g (0.11 male) of the oily amide i 400 1wl of

iuthibition of growth was obtaiued at 20 ug/ml for 18,
37. and 39; ut 10 ug/ml for 38 and 57; and at 2.5 ug/

ml for 40.

Compound 18 given orally' at 25 mg/kg

to mice infected with 8. aurens had about one-third
the effectiveness of sulfadiazine given orally at 100
Similarly, 40 given subeutaneously? at 12.5
mg/kg to mice infected with S. pyogenes had about one-
third the effectivencss of sulfadiazine given orally at
100 mg kg,

myg; kg.

pano! Hydrochloride (57).

Experimental Section!'®
2-{ [2-(Benzylthio)ethy!]amino } -3- (o-methoxyphenoxy)-2-pro-

Method A--—-Reaction between 33.8

Lit,0 was added to a mixture of 34 g (0.85 mole) of TiAlH, in 200
ml of Et;0.  The mix(ure was s(irred and heated under reflux for
68 hr, and decomposed by the successive addition of 34 ml of
.0, 34 ml of 157 NaO1, and 100 ml of 11O, ilteation fol-
lowed by the addition of div TICT (o the filtrate gave 12,5 ¢
(299) of 57, mp 118--120°,

Reduction of 2-(Benzylthio)-N-cyclopropylacetamide. N-]}2-
(Benzylthio)ethy!llpropylamine (51) and N N‘-(Dithiodlethylene )-

£16) Meliing rwints nese decermined nsing o Tholnas—1oover moehing
point apparatns.  Where analyses are indicated only by symbols o€ 1he ele-
ments or funedons, analyiical resnlrs olitained for 1hose elements or Tine-
tions were within 4£0.14'7 of the theoretical valnes,

17) DL Lunsionl, R, PO Mayvs, 1o AL Riebman, Jr., and R, 8. Morphey,
J. Am. Chem. Sor., 82, 1166 (1960;.

718, R. Lesser and A. Mehrlinder, Ber., 68B. 1642 11923),
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TasLE I (Continued)

Yield? %
Meth- HC1 Bp. °C (mm) Mp, °C
No, R od® Base  salt’ (base) (HC1 salt) Formula Analyses?
28 [(CH,),CHCH,},.CH ) 2 14 60-61 (0.2) 139-144 CnH,.:NS-HCI C, H,C|, N, S; SIER
20 (CoH3);N(CH2):0(CH.)a Tiiee 74 51 94-96 (0.2) 124126 CnHyeN,08 - 2HCI C, H, Cl, N, SH
30 [CI;(CHy ) ]o N (CHy)s 1D 91 43 RO-87 (0.3) 173-174 CnTTyeNeS-2HCI C, H, Cl, N, 8, sHi
31 3,4-(C11,0 )y Cel T (Cly ). 1D 81/ qgg 137-140 CH o NOS-HCI C, H Cl, N, S, Sl
32 2-C.H;0CH,O(Clly). L 84 44 133-136 (0.2)  102-103 CH e NO,S-HCI C, H, Cl|, N; 8SH"
33 CeH3(CHa)s E 57 30 103 (0.3) 102-108 C.H 4 NS -HCI C, H, C|, N, SH
34 2-C.H:OCH,O(CH,)s Eii 40 9.4 136-142(0.03) 79-K82 CiHaNO,S-HCI C, H, N, SH
C,H;
35 8 N(CHu) L 32 29 100 (0.1) 204-205 CisHasN.S - 2HCI C, H, Cl N, SH
CH,
36 (CH,);C(CsIT2) itk 50 36 125-130 (0.6)  209-211 CisHy NS . HCI C, H, Cl, N, SH
37 @—@— BN 63 36 124(0.1) 244247 CHaNS-HCI C, H, Cl, N, 8, SH
38 (CH,wCH E# 72 55 103-105 (0.3) 184-186 CuH2sNS-HCI C H, Cl, N, SH
39 (CH,);CH(CHax)s F ... 48 212-214 CisH2eNS-HCI C, H N, SH
40 CH3(CH,)sN(CH;3)(CHa)s E 60 13 145 (0 2) 184-185 CysHasNS-2HCI C, H, C], N, 8; SHm=
41 CH3(CH)nO(CHs)s Em 44 23 155-156 (0.1) 224-226 CiHay;NOS-HCI C, H, Cl, N, S; SHee
42 CHa(CHg)eCHO(CHﬂa E»: 30 24 120-125(0.1) D Ci:Ha:: NOS-HCI C, H, N, SH
|
(CH,);CH,
(CHy),CH
o
43 ee Fe ... 23 . 243-246  CnHyNS.HC C, H, ¢, N, SH
H,C" "CH,
Hydrazines, RNHCH,CH,SH"
44  (CH;)N F 77 L 63-64 (20) e CiHN.S C, H N
45 (CH;),N F s o C 50-55 CiHN.S-CeHsO:+ C,H, N, 8
46 CH;(CH,):NH Ft S 4 S 90-100 CioH24N-S-HCI C, H, S; Nu
47 CH.CH.CH(CH;)NH Fe ... 82 ww CnHeN.S-HCI C, H C,N

Carbon Corp. * From pr-2-aminooctanol: O. Vogl and M. Pohm, Monatsh Chem., 84,1097 (1953). ! From pr-norephedrine. = SH:*
caled, 13.35; found, 12.92. » Primary amine: H. R. Ingand W. E. Ormerod, J. Pharm Pharmacol., 4,21 (1952). The thiol was separated
as the lead salt from excess starting amine; see preparation of 43 in the Experimental Section. » Free base.>* =z SH: caled, 14.26;
found, 14.69. v SH: caled, 14.26; found, 15.14. * From p-amphetamine. ¢¢ Primary amine: F.C. Whitmore, H. S. Mosher, R. R.
Adams, R. B. Taylor, E. C. Chapin, C. Weisel, and W. Yanko, J. Am. Chem. Soc., 66, 725 (1944). ® Semisolid. < SH: caled, 12.16;
found, 11.60. 44 SH: caled, 13.79; found, 14.89. ¢ Primary amine from Tennessee Eastman Chemical Co. /7 A 4% yield of the
corresponding disulfide dihydrochloride also was obtained, mp 211-213°. A4Anal. (CyHiNOsS,-2HCI) C, H, Cl, 8. 22 Not distilled;
from pot residue after distillation of starting amine. ** 2-(o-Ethoxyphenoxy )ethylamine was supplied by Dr. R. W. Fleming, Parke,
Davis and Co. " SH: caled, 11.90; found, 12.33. i/ 3-(o-Ethoxyphenoxy)propionitrile was catalytically (Raney Co) hydrogenated
to 3-(o-ethoxyphenoxy )propylamine, bp 110-118° (1 mm). Anal. (CuHuNO;)C, H. * Primary amine: Parke, Davis and Company,
British Patent 833,775 (1960); Chem. Abstr., 55, 13383 (1961). 1 Primary amine from Dow Chemical Co. == SH: caled, 9.15:
found, 8.00 »* Primary amine from Chemical Intermediates and Research Laboratories, Inc. ¢ SH: the sample was insoluble and
gave a cloudy end point.  ?7 One equivalent of 1 & HC] was added to freshly distilled free base and the solution was evaporated to dry-
ness to obtain the semisolid produet. 22 Primary amine, Rosin Amine D from Hercules Powder Co. 7 Iodine titrations of hydrazines
gave erratic results. * Monocitrate salt prepared in 629 yield in MeOH from the thiol and an equivalent of citric acid; recrystallized
from MeOH-Et;0. ¢ After cleaving the benzyl group the product was extracted into Et,O and crude produet was preclpltated by dry
HCl. »»XN: caled, 11.63; found, 11.19. ** See ¢t for modification of method F. »* Amorphous solid.

bispropylamine Dihydrochloride —Reduction of 88 g (0.4 mole) thio)acetyl chloride (see preparation of 57). Reduction of the
of 2-(benzylthio)-N-cyclopropylacetamide (Table I1. footnote f) N-acylvaline methyl ester was achieved by treating the oil suc-
with 17 g (0.45 mole) of LiAlH, was allowed to coutinue for 40 hr cessively in refluxing Et;O with 3-17-g portions of LiAlH, a-
in 500 ml of refluxing THF. Work-up as for 57 gave 45 g of crude total of 50 g, 1.3 moles, of LiAlH, and 5 days at reflux tempera)
HCI salt. Recrystallization from EtOH-Et,0 gave 15 g of salt, ture). Distillation of the crude product resulted in 31 g (30¢%)

mp 140-144°. Another recrystallization gave N-[2-(benzylthio)- of amino alcohol, bp 130-135° (0.05 mm). The structure was
ethyl]propylamine hydrochloride (51): mp 144-146°; nmr verified by conversion to DL-2-[(2-mercaptoethyl)amino]-3-
(DMSO-ds), 6 9.4 (m, 2, TNH,), 7.35 (s, 5, CeH3), 3.75 (s, 2, methyl-1-butanol hydrochloride (6) by the method used for 39.
C:H;CH,), 2.8 (m, 6, SCH,CH.NCH,), 1.6 (m, 2, CCH,C), and Reduction of 2-(Benzylthio)acetohydroxamic Acid Methyl

0.95 ppm (t, 3, J = 6 Hz, CH;). The inorganic salt cake was Ester.—Reaction of 100 g (1.2 moles) of methoxyamine hydro-
continuously extracted with Et,O for 20 hr. The Et,0 extract chloride with 240 g (1.2 moles) of (benzylthio)acety] chloride (see
was washed with saturated NaCl solution, dried (MgSO,), and preparation of 57) resulted in 178 g of crude oily 2-(benzylthio)-
treated with dry HCI to give a solid. Recrystallization of the acetohydroxamic acid methyvl ester. Reduection of 100 g (0.47
solid from EtOH-Et,0 resulted in 15 g of white powder, mp 117- mole) of the amide in 1450 ml of Et;O and 50 ml of THF with
180°, and a small second crop, mp 235-244°. Recrystallization 21.6 g (0.57 mole) of LiAlH, was allowed to proceed for 2.5 days
of the second crop from EtOH gave the disulfide, mp 258-262° at reflux temperature. Crude product was distilled to give 18 g

dec. (339%) of 2-(benzylthio)ethylamine, bp 82-85° (0.1 mm) [lit.%a

Anal. (CwHaN.S;-2HC!) C, H, C|, N, S, SH. bp 100° (0.8 mm)] and an ir spectrum identical with that of an
pL-2-{ {2-(Benzylthio)ethyl]amino | -3-methy!-1-butanol,— authentic sample.

Methyl »pL-2-[2-(benzylthio)acetamido]-3-methylbutyrate was N-[2-(Benzylthio)ethyl] cyclohexanehexylamine Hydrochloride

prepared as a crude oil (117 g, 859%,) from 85 g (0.5 mole) of pL- (58), Method B,—A solution of 122 g (0.35 mole) of N-[2-
valine methyl ester hydrochloride and 100 g (0.5 mole) of (benzyl- (benzylthio)ethyl]cyclohexanehexanamide (Table II, footnote
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a7 2-CHLOCHOCHLCHOTDHC, A 20 [ ER-12i) CodNOSR T ¢, 11, N
a8 TCH)CH(CHL ), 13+ ] 170177 Cylla NS 110 (G § TN

Nall
A, RNHCOCHLSCHLCsHs + LialHy: B, RCONNCIHLCILSCHLColl, + LiAlll: C, RNITCOCE: + CALCHSCHL.CILCL —
H:O

RN(COCF)CHLLCILSCHLCell; —> RNHCHLWCHLSCILCH:; D, RNy + CICHLCHSCHLColl 4+ Na.CO,.  Intermedinte N-]2-
(benzylthiojethyl}-2,2, 2-triflnoroacetamide, bp 100° (0.05 mm).  Treatnient of 48 with sodimm in liquid nmmonia gave only N, N’-
(dishiodiethylene )bix-2,2, 2-trifluoroei hylamine dihydrochloride, mp 251-255° dee. bnal. (Cyl1FeNw3 - 2HCH C, H) N, 811+ Inter-
mediate N-12-(benzylthioethyllacetamide, bp 150-160° (0.05 muni 7 (Benzylthio)acetic acid 2,2-dimethylhydrazide was obtained
from (henzylthio)aeetyl chloride and 1, 1-dimethylhydrazine in 80¢ vield; mp 35-36° from Cellg-hexanc. 1nal. (Cy1,N.083) ¢, 11,
N. Rednetion of the amide was effected in THF.  « Yield and boiling point are for free base. 7 Cul,CHSCH.CONHCH(CHL). +
LiAlll,.  2-(Benzylthio-N-cyelopropylacetamide (mp 33-367) was preparel in 84 vield from evelopropylamine and (benzyithio)-
acetyl chiloride.  lnal. (CullNOR) C) 1, N v Tutermediante 2-(henzylihio -Nanctylacetamide was obtalued in 32¢7 vield, hp 160-
170° (0.2 mm).  Anal. (CrlleNOS) 1, No Croealed, 60560 toand, 60,130 * Aevlation of pr-{e-methylphenethyhhvdmzine (Ca-
tron®, Lakeside Luboratories) by trifhioroaceric anhydeide residted 11 a 63¢, vield of ligpnd pr-1- e-methyvlphenethyl)-1,2-bixi trifinoro-
acetvhhydrazine, bp 88-90° (0.05 nun).  -Inal (CpHRFN.OL0 C, H, N N-{24 Beuzylithiojethyl] evelohexanehexaniide (mp 39

60°) was prepared in 88¢7 vield from cyelohexanehexanoy! chloride [J. S, Miliine ond 130 M Herbst /. Ovg. Chenc, 15, 1082 (1930)1 and
2-(beuzylthiojethyvlamine.  Anal. (CellaNOS) G HL

k) in 500 ml of Et,O was added o slow stream to a mixtive mole) of evelopropylamine. The mixtire was allowed to warm
containing 13.5 g (0.35 mole) of LiAlll; in 1L of 156,00, The mix- €0 25° and to stand at this temperature for 16 hr.  Concentration
ture was stirred and heated under reflux for 48 hr and  tirred at of the sohition at reduced pressaure gave an oil which was taken
25° for 24 hr.  Product was isolated ax in the preparation of 54 up in EeO) and the resulting solution was washed with H.0,
to give 118 g (919) of erude material, mip 170-175°% Recrystal- saturated NallCOg and saturated NaCl The 16,0 sohition was
lization of u 10-g portion from LtO1-I,0 gave 8 g of 58, mp dried andd concentrated to give 76 g of oil which was crystallized
135-177°. fram hexanc-cyelohexane-1iG0 o give 24 g (20¢7) of the nmide,
2-[(6-Cyclohexylhexyl )amino]ethanethiol Hydrochloride (39), mp 38--41°,
Method F.——1'0 ca. 1.2 1. of refluxing liquid NH; were added 11.8 Anal, (CilL1IRNO) ¢ 1N
g (0.32 mole) of 58 and then 24 g of Na pellets over a periad of 1 2-(Cyclopropylamino)ethanethiol Hydrochloride (1).—-Alkyla-
hr. "The mixtiure became yellow-brown before turning dark. tion of 35 g (0.36 mole) of N-cyclopropyl-2,2,2-trifluoroacetamide
The N11; was allowed to evaporate and the flaxk was evacuated asing 67 g (0.36 mole) of benzyl 2-chiloroethy! sulfide as in the
and then flushed with N« Crushed ice, 500 ml of 11.0), and 100 preparatinn of 54 gave 84 g 18077 of N-[2-[benzylthin)ethyl}]-N-
ml of concentrated HCl were added 1o the dey enke. The water- exelopropyl-2, 2 2-triflugroacetamide: wmp 130-135° (0.01 mn):
inzoluble precipitate was washed with H.O and 12,0, The prod- viur 1 CDCly), 8 7.34 (s, 5, Cufa), 3.74 (3, 2, Gl1;CH.), 3.60 (4,
et was recrystallized from EtOH-140 to give 55 g of produet, 200 = TNy, SCHSCHY, 2.7 () |, NCH), 2,62 (t, 2, = 7 g,
mp 205-212° Another 12 g of solid (mp 210-212°) was re- CH.N, ond 053 ppm [y 4, (CHL.Cl. Conversion to 1 was by
covered from the filtrute.  The 53-g crop was dissolved in warm the method used to prepare 39.
FtO1L; the solution was cooled and filtered to give 3.5 g of solid 1-[2-(Benzylthio)ethyl]-2-octylhydrazine (58).--1-O¢tyl-1,2-
disulfide, mp 245-250°.  Lither was added to the filtrate to give histtrithiorancetyhhydrazine wag prepared in 70¢, vield from
D8 g (42¢0) of 39, mp 212-214°, octylhydrazine® and trifhroncetic anhydride; bp 165° (20 mim),
teans-N-|2-(Benzylthio Jethyl] -2-phenylcyclopropylamine Hy- 115-123° (0.7 ).
drochloride (54). Method C.-—A solution of 63 g tea. 0.27 mole) Alkylation nf 75 g (0.2 maole) of t-oetyl-1,2-hisctriffluoroacetyl -
of ernde trans-2,2,2-trifhioro-N-(2-phenyleyelopropylacetamide!® hydrazine using 40 g 10.2 mole) of benzyl 2-chloroethy! sulfide wax
in 300 ml of tohtence was added to a shirry of 6.9 g (13 g of 53¢ oil seramplislied as desceribed for the preparation of 54, Hydroly~is
dispersion) of Nall io 200 ml of oluene.  The addition of 60 mil i the refluxing MeOI1-HCT was continued for 48 I Crude
of T1HF was required to effect a single liquid phase. The mixture solid prduet was rearyvstallized from FtOH-E6O o give 28 g
wirs stirred for ca. 4 1o at 25° before adding 51 g 10.27 mole) of (5070 of 53, mp 92-05°0 An additional 7 g (1000) of 53 was oh-
Lenzyl 2-cliloroethy! sulfide.  The wixture wax gently refluxed tained by further hydrolysis ! material obtained from the erystal-
for 16 hr, cooled, and deconmiposed with 1.0, The organic layer lization lipior,
wis separated, washed (H,0), dried, and concentrated. A sohu- 11.-2-]12-(Benzylthio)ethylamino] -3-cyclohexyl-1-propanol Hy-
tion of the oily residue in 600 ml of MeOH contaiuning 50 ml of drochloride (56). Method D.—A solution of 189 g (0.82 molc)
concentrated HCl was refluxed for 16 hr.  Concentration of the of niethy] pr-tyrosinate hydrochloride in 11, of MeOH containing
sohition to a small volume resulted in separation of 23 g of white 10 g of 1065 Rh—C was treated for 43 hr at 25° under He at aboit
solid, mp 135-140°  The filtrate was dihited with 400 ml of 3 atm. The oily produet (103 g), obtained after removal of
MeOIT and 50 ml of concentrated HCl, and the mixiure was re- catalyst and solvent and after conversion to the free base, was
Auxed for 40 hr to give an additional 11 g of produet (3297 yield). treated in 1960 with 40 g (1.3 moles) of LiAlH, to reduce the ester
Reerystallization of a small sample from 1tOH gave 54, mp 142 group.  This process gave 30 g (ca. 359) of a clear yvellow oil
143°, which wuas characterized Ly ir spectrun as an amiuno aleohol,
N-Cyclopropy!-2,2,2-trifluoroacetamide.-—10 200 g ol trifluoro- presumably g-uminoeyclohexanepropanel.2t A mixture of the
acetic anhydride was added cantiongly at shont —70° 40 g (0.7 wning aleohol, 28 g (0.1 moled of beuzyl 2-chloroethy] sulfide,
(1) Preparation of this amide anl ice alkyhdinn Ly anechyl jodide are 200 O, Westphal, Ber., T4, 154 (1U41).

miven in ref 9, (21 LN Ashiey aml ML Davis, J. Chew. S, G 010525,
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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 2V HCI and to this mixture was
added Et;0; the solid which separated amounted to 17 g (299%),
mp 108-112°, uv maxima (MeOII) at 260 mu (e 260) and 267
mp (e 171). The aqueous filtrate was concentrated to dryness
and the residue was treated with MeOH and Et.O to give a
second solid which was devoid of uv absorption for phenyl, 18 g,
mp 175-185° A portion of the 17-g crop was recrystallized
three times from EtOH-Et,O to give pure 56; mp 111-114°;
nmr (CDCly), 6 8.9 (m, 2, TNH.), 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), aud 1.3 ppm (m, 13, CeHCHy).

[(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
(45G¢) of 8, bp 74° (0.2 mm).

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

2-{[(1,2,3,4,4a,9,10,10a-Octahydro-7-isopropyl-1,4a-dimethyl-
1-phenanthry!)methyl]amino }ethanethiol Hydrochloride (43).—
A reaction employing 45 g (0.16 mole) of commercial Rosin
Amine D)?? 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 H;O 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. Recrystallization from EtOH-
H,0O gave 10 g of the lead salt (mp 112-116°) which was theu dis-
solved i1t 500 ml of CsH and the solution was saturated with H.S.

(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 lreen established whether
the product was contaminated with derivatives of dihydroalsietylamine and
tetrahyiiroahietylamine,
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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 (0 08 mole) of 2-(octylamino)ethanethiol.2# 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 25° 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;0 solution was dried (MgSOy) 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. (C.HxF3;NOS) C) H) N, SH.

5-(Hydroxymethy!)-2-pyrrolidinone,—A solution of 147 g (1.0
mole) of L-glutamic acid in 400 m! 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 53.5 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 (CDCly), § 7.5 (m, 1, NH), 4.6 (m, 1, OH), 3.6 (m, 3,
CHCH.Q), and 2.1 ppm (m, 4, CH.CH,).

Acknowledgment.—We wish to express appreciation
to W. M. Pearlman for performing the catalytic hydro-
genations; to C. E. Childs and his associates for the
microanalytical data; to Dr. J. M. Vandenbelt, E. J.
Schoeb, R. B. Scott, and Mrs. Carola Spurlock for
infrared, nmr, and ultraviolet analyses; to Dr. M. W,
I'isher and his associates for the antibacterial test
data; and to the Division of Medicinal Chemistry,
Walter Reed Army Institute of Research, for the antira-
diation test data.

(23) Supplied by Dr. T. R. Sweeney.
(24) J. C. Sauer and H. Adkins, J. 4m, Chem. Soc.. 60, 402 (1938).

Molecular Orbital Methods in the Study of Cholinesterase Inhibitors

ARTHUR CAMMARATA AND RicHARD L. STEIN!

Department of Chemisiry and Pharmaceutical Chemistry, Medical College of Virginia, Richmond, Virginia 23219

Received November 16, 1967

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 7 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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