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2. H20 

I1 (or RCH,)NHCH2CH$CH2CsH5 

/ RKH, + 
CICHZCH2SCH2C6Hb 

ammonia reduction,? with some caution to avoid air 
oxidation during work-up, gave ?;-substituted 2-amino- 
ethanethiols which could be purified as hydrochloride 
salts without prior distillation of the free bases. DL- 
Valine methyl ester, acylated with (benzy1thio)acetyl 
chloride, afforded directly an amino alcohol on reduction 
of the amide ester with LiA1H4. 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 T H F  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 I,iAlH4,8 a characteristic substantiated by our work; 
however, this example illustrates that under extreme 
conditions cleavage can occur. The opening of a cyclo- 
propane ring under these conditions has been reported 
by other  worker^.^ LiAIH4 also cleaved another amide, 
2-(benzy1thio)acetohydroxamic acid methyl ester 
(amide of methoxyamine) ; 2-(benzy1thio)ethylamine 
was the only product isolated. 

Another method allowed use of available carboxylic 
acids and their derivatives as starting materials. 2- 
(Benzylthio)ethylamine10 is readily available as an 
intermediate and can be acylated by any of several 
methods. Reduction of the resulting amides again 
provided 5-substituted 2-(benzylthio)ethylamines 
(Scheme I, method B). N,K'-(Dithiodiethy1ene)bisr 
(2,2,2-trifluoroethylamine) [disulfide of 2-( 2,2,2-tri- 
fluoroethylamino)ethanethiol] was prepared in 37% 
yield (crude, 79%) 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 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 
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(8) N. G. Gaylord, "Reduction with Complex Metal Hydrides," Inter- 

(9) C. Kaiser, A. Burger, L. Zirngibl, C. S. Davis, and C. L. Zirkle, J .  

(10) (a) D.  B. Reisner, J. Am. Chem. SOC., 78, 5102 (1956); (b) S. H. 
( c )  T. P.  Johnston 

(d) F. I .  Carroll, H. M. Dickson, 

(11) G. Cavallini and F. Ravenna, Farmaco, Ed. Sci., i2, 151 (1957); 
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expensive amines such as cyclopropylamine, par- 
ticularly if the corresponding 2-(benzy1thio)acetamides 
would decompose on reduction. Alkylation of X- 
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-K-2- 
(benzylthio)ethyl-2-phenylcyclopropylamine (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 alkyl hydrazine^.^ Alkylation of the bis- 
trifluoroacetyl derivatives of hydrazines using benzyl 
2-chloroethyl sulfide in the presence of sodium hydride 
proceeded in excellent yield (Scheme 11). Hydrolysis 
following alkylation unambiguously gave 1,2-bissub- 
stituted hydrazines. Carbobenzoxy groups mere used 
by Zeller et U Z . , ' ~  in a related reaction. The S-benzyl 
group was removed in this case also using sodium in 
liquid ammonia and the 2-(2-substituted hydrazine)- 
ethanethiol was distilled. The mercaptoethyl 
derivative of 1,l-dimethylhydrazine was obtained b y  
reduction of the 1,l-dimethylhydrazide of (benzylthio)- 
acetic acid using LiA1H4-A1C13. Difficulties attending 
the reduction of hydrazides have been elaborated by  
Hinman.I3 The free thiol was liberated in the manner 
described for other hydrazines given above. 

SCHEME I1 
NaH 

RN(COCF8)NHCOCFa + CICI IZCH~SCHZC~H~ + 
H30 + 

RN(COCF,)( NCOCF,)CH~CH&?ICH~C~H~ -+ 
Na-NHa 

R N H N H C H Z C H ~ S C H ~ C ~ H ~  -+ RNHNHCHlCH2SH 

R = CH,(CH,)r,  CeHsCHzCH(CH3)- 

Li.41 Hd-AlCla 
(CH~)ZT\JNHCOCH~SCH~CIH~ - 

( C H ~ ) ~ N N H C H Z C H ~ S C H ~ C ~ H ~ ,  

Biological Activity.-The aminoethanethiols were 
tested for antiradiation activity a t  Walter Reed Army 
Institute of Research.I4 Most of the compounds were 
found to be inactive. Slight protection (7-15% 
survival) was observed for some of the compounds. 
Compound 39 at 30 mg/kg afforded 94 and 20% sur- 
vival (30 days) in two different tests when administered 
15 min preirradiation. Administration of 39 30 min 
preirradiation resulted in 40% survival. 

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

(12) P. Zeller, H. Gutmann, B. Hegedus, A.  Kaiser, A.  Langemann, and 

(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 .  M e d .  Chem., 7, 39 (1964). 
(15) For the general test procedures (in vitro and in u w o )  see hl .  UT. Fisher, 

11. C. Manning, L. A.  Gagliardi, M. R. Gaets, and A. L. Erlandson in "Anti- 
biotics Annual 1959-1960," Antiliotica, Inc., New York, N .  T., lcJ60, pp 
293-703. 

M. Muller, Ezper ien tza ,  19, 129 (1963). 
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pg 1111 for 11,  18, 19, 25, 33, :tnd 34; a t  10 pg ml for 
17: :It .i p g  1x11 for 37-39; and :it O.ti pg ml for 40. 
.\gaiiiht . lIyc'obacterium tubercuhs i s  complete irihibition 
oi growth 1w.s obtained at '20 pg nil for 15, 17-19, 22- 
24, 28. 33, 38, arid 40; a t  10 pg/rnl for 37; and at .j 
pg nil for 39. *$gainst 8tupli1/loc.occut aureus complete 
iriliibitioii of growth was obtained at 20 pg/ml for 18, 
37, uiid 39: :it 10 pg 'in1 for 38 arid 57; arid at 2.5 p g  ' 
in1 for 40. C'ompound 18 given orally15 at 2 5  mg'kg 
to mice infected with S. aureus  had about one-third 
t I.iv tffrctiveries5 of sulfadiazirir, given orally at 100 
ing Lg. Similarly, 40 given >uhcutaneouslyli at 12..i 
rnp l ig  t o  mice infected with S .  pgogenes had about one- 
third t Iic eff cct iveneqs of w1fadi:tzine giveri orally :it 
100 ing kg. 

Experimental Section16 
2- { [2 -  (Benzylthio)ethyl] amino } -3- (o-methoxyphenoxy)-2-pro- 

Method A: -Rc:wtion hr+wwi  33 8 panol Hydrochloride (57). 
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28 
20 
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32 
33 
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37 

38 
3 9  
40 
41 
42 
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44 
45 
46 
47 

(CHI)??; 
( C H S ~ N  
CHa(CH2)iNH 
CsHiCH,CH(CHa)NH 

TABLE I (Continued) 
Yield? 7c 

LIetli- HC1 Up,  OC (mm) 3111, OC 
oda Base saltC (base) (HC1 salt) 

blee 74 51 94-06(0.2) 124-126 
I';h 91 4:i 80-87 i O . : J )  l7X-174 
l:k , . . S l i  YY 1:37-140 
E*" 84 44 13:3-136(0.2, 102-10:3 
E 57 30 103 (0.5)  102-108 

E 7 2  14 60-61 (0 .2 )  139-144 

E7j 40 0 . 4  136-142(0.03) 79-8'2 

I < y  32 29 100 (0.1)  20 4-2 05 

ELL ,j0 36 125-130 (0 6)  209-211 

EL/  63 36 124(0 1 )  244-247 

Ek 7 2  55 103-105(0 3) 184-186 
F . . .  48 212-214 
E 60 13 145 (0 2 )  184-185 
Erin 44 2:3 155-156(0 1) 224-226 
En" 30 24 120-125(0 1) p p  

E.l.l . , . 20 . . .  243-246 

Hydrazines, RNHCH2CHySHYr 
F 77 . , . 63-64 (20) . . .  
F . . . . . .  , . .  50-55 
Fit  . . .  4 . . .  90-100 
Fvi, . , , 52 . . .  W U  

Analysesd 

C, H,  C1, N, S; S H d n  
C, H, C1, N, SH 
(', H, C1, N, 8, SI1 

C, H,  C1, N: SHZi 
C, H, C1, N, SH 
C, H, N, SH 

C, IT, C1, N, s, ST1 

C, H, C1, N, SH 

C, H, C1, 3, SIT 

C, H,  C1, N, S, SH 

C, H, C1, K, SH 
C, H, N, SH 
C, H,  C1, N, S; SHmm 
C, H,  C1, N, S; SHOO 
C, H, K, SH 

C, TI, C1, N, SH 

C, H, S 
c, H, N, S 
C, H, S; NuU 
C, H, C1, T 

Carbon Corp. From DL-2-aminooctanol: 0. Tog1 and ilI. Piihm, M'onatsh. Chem., 84, 1097 (1953). From oL-norephedrine. u SH:  
calcd, 13.35; foiiud, 12.92. " Primary amine: H. R. Ingand W. E. Ormerod, J .  Pharm. Pharmacal., 4,21(1952). The thiol was separated 
as the lead salt from excess starting amine; see preparation of 43 in the Experimental Section. SH: calcd, 14.26; 
found, 14.69. y SH: calcd, 14.26: foiind, 13.14. From D-amphetamine. aa Primary amine: F. C. Whitmore, H.  S. Ylosher, R.  R.  
Adams, It. B. Taylor, E. C. Chapin, C. Weisel, and W. Yanko, J .  A m .  Chem. Soc., 66,725 (1944). cc SH: calcd, 12.16; 
forind, 11.60. d d  SH:  calcd, 13.79; found, 14.89. ee Primary amine from Tennessee Eastman Chemical Co. f/ A 457 yield of the 
corresponding disiilfide dihydrochloride also was obtained, mp 211-213'. QQ Kot distilled; 
from pot residue after distillation of starting amine. hh 2-(o-Ethoxpphenoxy)ethglamine was slipplied by Dr. R. W. Fleming, Parke, 
Davis and Co. 1 1  SH: calcd, 11.90; found, 12.33. j j  3-(o-Ethoxyphenoxy)propionitrile was catalytically (Raney Co) hydrogenated 
to 3-(o-ethosyphenoxy)propylamine, bp 110-118" (1 mm). i lnal.  ( C ~ I H I ~ S O B )  C, H. kk Primary amine: Parke, Davis and Company, 
British Patent 8.53,ii.i (1960); Chem. Abs tr . ,  5 5 ,  13383 (1961). l i  Primary amine from Dow Chemical Co. mm SH: calcd, 9.13: 
found, 8.00 SH: the sample was insoluble and 
gave a cloiidy end point. p p  One eqiiivalent of 1 ~1- HC1 was added to freshly distilled free base and the solution was evaporated to dry- 
ness to obtain the semisolid prodrict. li Iodine titratiorisof hydrazines 
gave erratic results. hlonocitrate salt prepared in 6 2 7  yield in MeOH from t'he thiol and an  equivalent of citric acid; recrystallized 
from lIeOH-Et20. I f t e r  cleaving the benzyl group the product was extracted into Et20 and crude product was precipitated by dry 
HC1. S :  calcd, 11.63: found, 11.19. 1 c  See t t  for modification of method F. W W  Amorphous solid. 

Free base.2c 

bbSemisolid. 

Anal .  (C24H&O&.2HCl) C, H, C1, S .  

n n  Primary amine from Chemical Intermediates and Research Laboratories, Inc. 

*q Primary amine, Rosin Amine D from Hercules Powder Co. 

bispropylamine Dihydroch1oride.-Reduction of 88 g (0.4 mole) 
of 2-(t~enzylthio)-X;-cyclopropylacetamide (Table 11, footnote f )  
with 17 g (0.45 mole) of LiAlH4 was allowed to continue for 40 hr 
in 500 ml of refluxing THF. Work-up as for 57 gave 45 g of crude 
HC1 salt. Recrystallization from EtOH-Et10 gave Id g of salt, 
mp 140-144". Another recrystallizatiou gave S-[2-(benzylthio)- 
ethyl] propylamine hydrochloride (51): mp 144-146' ; nmr 
(DMSO-&,), 6 9.4 (m, 2 ,  +NHe), 7.35 (s, 5 ,  CsH:), 3.75 (s, 2, 
CsH,CH,), 2.8 (m, 6, S C H Z C H ~ N C H ~ ) ,  1.6 (m, 2, CCHzC) ,  arid 
0.95 ppm (t, 3, J = 6 Hz, C H I ) .  The inorganic salt cake was 
continuously extracted with Et20 for 20 hr. The Et20 extract 
was washed with saturated NaC1 solution, dried (1IgSO4), and 
treated with dry HC1 to give a solid. 1 
solid from EtOH-Et20 resulted in 15 g of 
180°, and a small second crop, mp 235-244". Recrystallization 
of the second crop from EtOH gave the disulfide, mp 258-262" 
dec. 

Anal .  (CloH,4N.&. 2HC1) C, H, C1, N, S, SH. 
DL-2-1 [2-(Benzylthio)ethyl] amino) -3-methyl-1-butanol.- 

Methyl ~~-2-[2-(benzylthio)acetamido]-3-methylbutyrate was 
prepared as a crude oil (117 g, 857,) from 85 g (0.5 mole) of DL- 
valine methyl ester hydrochloride and 100 g (0.5 mole) of (benzyl- 

thio)acetyl chloride (see preparation of 57). Reduction of the 
N-acylvaline methyl ester was achieved by treating the oil suc- 
cewvely in refluxing Et20 with 3-17-g portions of LiAlHa a- 
total of 50 g, 1.3 moles, of LiA1H4 and 5 days a t  reflux tempera) 
ture). Distillation of the crude product resulted in 31 g (30Yc) 
of amino alcohol, bp 130-135" (0.05 mm). The structure wa5 
verified by conversion to ~~-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 (benzy1thio)acetJ-1 chloride (gee 
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 Et20 and 50 ml of T H F  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-(benxylthio)ethylamine, bp 82-85' (0.1 mm) [lit.10a 
bp 100" (0 8 mm)] and an ir ipectrum identical with that of an 
authentic sample. 

N- [2- (Benzy1thio)ethyll cyclohexanehexylamine Hydrochloride 
(58). Method B.--A solution of 122 g (0.35 mole) of K-[2- 
(benzylthio)ethpl]cyclohexanehexanamide (Table 11, footnote 
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8.5 g (0.08 mole) of NasC03, 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 30 ml of 6 LV HCl and to this mixture was 
added Et,*O; the solid which ,separated amounted to 17 g (XI%), 
mp 108-112°, uv maxima (1leOH) a t  260 mp ( e  260) and 267 
mp ( E  171). The aqueous filtrate war; concentrated to dryness 
and the residue was treated with 11eOH and Et20 to give a 
second solid which was devoid of uv absorption for phenyl, 18 g, 
mp 17.5-183'. A portion of the 17-g crop was recrystallized 
three times from EtOI-I-Et?O to give pure 56: mp 111-114'; 
nmr (cL)c13), 6 8.9 (m, 2, + s H 2 ) ,  7.36 (s, 3, C6H5), 4.63 (m, 1, 
O H ) ,  3.80 (s, 2, CsH5CH,S), 3.80 (m,  2, CH20),  3.00 (m, 5,  
SCH&H&CH), and 1.3 ppm (m,  13, C,H,,CH,). 

[ (2-Mercaptoethy1)aminol acetaldehyde Diethyl Acetal (8). 
Method E.--A solution of 80 g (0.62 mole) of aminoacetaldehyde 
diethyl 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 dowly 31.5 g (0.21 mole) of ethyl 2- 
merciaptoethyl carbonak using kchniques previously described.' 
The mixture was stirred and refluxed for 14 hr, and then distilled 
to give forerun of aminoacetaldehyde diethyl acetal, and 15.3 g 
(43';) of 8, bp 74" (0.2 mm). 

A solution of 3 g (0.026 mole) of 8 in  dry E t 2 0  was treated with 
dry HC1 to obtain 5 g ( 8 4 5 )  of 9, mp 93-97". 

2-{ [ (1,2,3,4,4a,9,10,10a-0ctahydro-7-isopropyl-I ,la-dimethyl- 
1-phenanthryl)methyl] amino lethanethi01 Hydrochloride (43).- 
.4 reaction employing 45 g (0.16 mole) of commercial Rosin 
Amine 1Iz2 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 ea. 500 ml of EtOH. 
.4 solution of 9.9 g (0.026 mole) of lead acetate trihydrate in 50 ml 
of H 2 0  was added dropwise with stirring. Ilecantation of the 
solvent left. a gummy solid which was crystallized from 65 ml of 
heptane to give 13 g of solid. Recryhtallization from EtOII- 
H2O gave 10 g of the lead salt (mp 112-116') which wa- then dia- 
solved in 500 ml of C6H6 and the solution wab5 saturated with H& 

(22) For a description of the primary amine see TT. J. Gottstein and L. C. 
Cheney, J .  078. Chem., 30,20i2 (1968). I t  has not been estaiilished tvhether 
t h e  product x a s  contaminated xit l i  derivatives of di1iydroai)ietyIamine and 
tetrahyiiroabietylamine. 

The C6Hs solution was separated and concentrated, and the re& 
due was dissolved in EtzO. The HC1 salt, formed by the addition 
of dry HC1, WRS recrystallized from EtOII-Et20 to give 4.6 g 
(23%-) of 43, mp 243-246". 

- 

2.2.2-Trifluoro-N- (2-mercaotoethvl )-N-octv1acetamide.-To 70 . .  _ I  

g of trifluoroacetic anhydride was slowly added a t  ca. -50" with 
stirring 15 g (0 08 mole) of 2-(octylamino)ethanethiol.*a The 
mixture was allowed to  stir a t  25' for 4 hr. Excess anhydride 
was removed a t  reduced pressure and a solution of the residue in 
MeOH was stored a t  25' for 3.3 hr. The 1 k O H  was evaporated 
and dilute Fa11C03 was added to the residue. The slurry was 
extracted with E t 2 0  and the extract, was washed successively with 
H20, saturated NaCl, dilute HCI, and again with sat,urated 
YaCl. The Et20 solution was dried (AIgSOa) and concentrated 
to give 22 g of crude oil. Distillation resulted in 2 g of forerun 
and 15 g (66%,) of product, bp 77-78" (0.03 mm). 

(C12H,,F3r\;OS) C, H, N, SH. Anal .  
5-(Hydroxymethyl)-2-pyrrolidinone.-A solution of 147 g (1.0 

mole) of L-glutamic acid in 400 ml of H20 containing 10 g of 
charcoal and 1 ml of aqueous perrhennic acid (1.5 g of Re/ml) was 
hydrogenated for 5 days a t  200" under Hs at  about 300 atm. The 
mixture was filtered and the filtrate was concentrated and distilled 
to give 55.5 g (48%) of 5-(hydroxymethy1)-2-pyrrolidinone as a 
viscous liquid: bp 153-160" (0 .25  mm) [lit.24 bp 183-187' (4 
mm)] ;  nmr (CDC&), 6 7.5 (m, 1, XH), 4.6 (m, 1, O H ) ,  3.6 (m, 3, 
C H C H 2 0 ) ,  and 2.1 ppm (m, 4, CHZCHS). 
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Molecular Orbital Methods in the Study of Cholinesterase Inhibitors 
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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 ( N O )  methods, we have calculated some u and T properties of these derivatives and have obt,ained 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 (NO)  
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 hallucinogens2 and other neurotropic 
drugs,3 for batericides4 and  bacteriostat^,^ for anti- 

(1) Trainee, National Institutes of Health Training Grant 2T1-GM-484. 
(2) S. H. Snyder and C. R.  Merril, Proc. Nu t .  Acad.  Se i .  U .  S . ,  64 ,  258 

(1966). 
(3) G. Iiarreman, I. Isenberg, and A. Szent-Gyorgyi, Science, 130, 1101 

(1959). 
(4) F. Yoneda and Y. Piitta, Chem.  P h a r m .  Bull. (Tokyo), 12, 1264 

(1961). 
( 5 )  E. C. Foernzler and .$. N. Martin, .I. Phorm. Sci., 66, 608 (190i). 

diuretics,6 and, most notably, for cholinergic sub- 
st antes,' -I 

Interestingly, the inhibition potency of 3-hydroxy- 
phenyltrimethylammonium (3-HPTA) derivatives 

( 6 )  J. P .  Green, "bIechanisms of Release of Biogenic Amines," U. S. 
von Euler, S. Rosell, and  B. Uvnas, Ed., Pergamon Press, New York, N. T., 
1968. 

(7) K. Fukui, K. Morokuma, C. S a g a t a ,  and  A. Imamura,  Bull. Chem 
SOC. J a p a n ,  34 ,  1224 (1961). 

(8 )  K. Fukui, C. Nagata,  and A. Imamura,  Science, 132, 87 (1980). 
(9) A. Inouye, Y. Shinagawa, and Y. Takaishi, Arch.  In t e rn .  P h a ~ ~ a c ~ d y n . ,  
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(11) W. B. Neely, Mol. Pharmacol., 1, 137 (1965). 
(12) Y .  Shinagawa, A. Inouye, and  T. Ban, J .  Physiol. SOC. J a p a n ,  22, 

(13) W. P. Piircell, J .  M e d .  Chem., 9, 294 (1966). 

144, 319 (1963). 

519 (1960). 


