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A varlety of analogs and derivatives of Z-diethylaminoethyl 4-methylpiperazine-1-carboxylate (1) have been

syuthesized and examined for antiviral aclivity zs. inflnenza in wmice.

active but 1one was superior to 1.
described.

Nineteen compounds were aceepled is

A strnetnre—activity relationship is diseussed and methods of syuthesis are
At elevated temperatures sone 2-dialkyhuninoethybirethans were fonnd 1o act ws alkylating ngents

toward their correspouding 2-nlkylamino ethoxide ious to form symmetrienl bis-2-dialkviaminoethyl ethers (IV),

The discovery® that 2-diethylaminoethyl 4-methyl-
piperazine-1l-carboxylate (1) exhibits significant anti-
viral activity against an Influenza A (PR8) infeetion in
mice led us to synthesize various analogs and deriva-
tives. This report deseribes the structure-activity
relationships of these conipounds as well as some of the
chemistry involved in thelr syntheses,

a | b . c 1 d
e Neoo | .
CH;: N \COO | CH.CH. 1 N(C.H.).
1 \ / 1 1

1

Chemistry.—I"'or purposes of discussion 1 may be
considered to consist of four parts, a, b, ¢, and d.
The synthesis of analogs and derivatives of 1 will be
considered under those four headings.

Variations in a (Table I).—Various alkyl groups were
attached by the reaction of 2-diethylaminoethyl piper-
aziue-l-carboxylate (2) with an alkyl halide, as in
procedure A. Other variations in a are listed in Table 1.
Their syntheses were classical and uncomplicated and
are deseribed in the Experimental Section.

Variations in ¢, d, and ¢ 4+ d (Tables II and III).---
AMost of the compounds of this class were prepared by
one of the following three methods: procedure B, a
transesterification reaction using cthyl 4-methylpiper-
azine-1-carboxylate (1) as the starting material;
procedure C, from phosgene ¢ia a chloroformate ester;
or D, from 4-methylpiperazine-1-vlearbonyl chloride.

The transesterification method described as pro-
cedure B 1s a normal base-catalyzed reaction. How-
ever, we should emphasize the fact that in order to
obtain high yields and avoid the production of by-
product the reaetion must be carried out at a tempera-
ture not to exceed ca. 125°.  In the early phases of the
investigation the conditions tised for this reaction were
similar to those described by Turner®® in which ethyl 4-

(1) (a) Summer employce, Career 'I'raining Program, 1964; (1) symmer
employee, Career Training Prograin, 1965.

(2) M. I’ Lindb and M. Forbes, Proc. Soc. Exp. Biol. Med., 121, 65 (1966).

13) (a) R.J. Turner, U. 8. Patent 2,617,803 (1952). (b) A related reac-
tion, an N-alkylation of bindered amines by dialkylaminoethyl carbonate
esters, was recently described by L. Weintraub and R. Terrel, .J. Org. Chem.,
80, 2470 (1965).

methylpiperazine-1-carboxylate (I), an amino alcohol
(IT), and its sodium salt were mixed and heated, first
under reduced pressure for 6-8 hr and then at reflux
temperature tinder atmospherie pressure for 7-9 hr.
As the boiling point of the amino aleohol, and therefore
of the reaction mixture, inereased, the vield of the
trausesterified product IIT decreased. In two -
stances (28, Table 11, and 68, Table V) by-products
were isolated aud shown to be symimetrieal ethers (IV)
from the starting aunino alcohol.  (Under the couditions
of procedure B little or none of the ethers was formed.)

R )
R’ OCH N .\'\
CH.N NCO,C.H. + HOCH.'H.N "
\—<Y Npe -
R i
1
R
R ‘R\ K
CHN  NCOCHCHN{ ~—+ NCHCH.OCH.CHN
R’ ‘R R
R

IV
11

The production of such ethers is apparently duc to a
nucleophilic attack of the dialkylammoethoxide anion
at the O-alkyl carbou of IIT, perhaps facilitated by an
ton pair such ax ITTA 3¢

}f,

*N—R’

" PN

CH.N  NCOO™ CHCH,
__/

1A

A number of analogs (VII) of 1 were prepured by
allowing an N-tertiary amino alcohol V to react first
with phosgene to give a chloroformate intermediate VI
(which was not isolated), and then with 4-methylpiper-
azine or other amines (procedure C). Although the
vields ranged from moderately good to low, this ap-
proach was versatile and, in contrast to ester inter-
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TaBLE I
RN NCOOCH,CH,N(C,H;),
./
np (°C) or
Yield,? Bp (mm) or recrystn
No. R Method® ¢, mp, °C solvent Formula Analyses
1 CHj¢ B 80 118-120(0.5) 1.4715 (25) C1:H3 N0, C, H, A:
2 H¢ B 36¢ 118-121 (0.3) 1.4805 (25) CuHyN;0, C, H, N
3 CH,CH, A 68 106 (0.2) 1.4736 (25) Ci3Har N30, C, H, N
4 (CH;),CH A 26 120 (0.2) 1.4723 (26) C1H2N;0, C,H N
N CH,=CHCH, A 44 108-110(0.2) 1.4798 (24) CsHxN;0, C, H,N
6 CH3(CH,)s A 44 128 (0.2) 1.4690 (28) Cy3H; N;0, C, H N
7 CH3(CH,); A 48 154-160 (1.0) 1.4710 (23) C17HyN;0, C, H, N
8 (CH3):N(CH,) B 68 163 (0.05) 1.4760 (26) 16H3:N 40, C, H; Nv
9 sCH, B 78 97-102 (0.1)  1.4420 (26) CsHoiF,N;0, C, H, N
10 CeH;¢ B 49 175-178 (1.0) 1.5328 (25) 1wHo N30, C, N; H*
11 2HCI. CsH;CH,¢ A 66 194-196 EtOH-E1,0 C1sH3 ClN;30,-0.6H,0 C, H N
12 CH,;COCH, e A 30 157 (0.15) 1.4799 (22) C1sHy: N30, C, H N
H;
|
13 H,NCSNHN=CCII, 20 137-139 EtOH-Et,0 CsH5oN 0,8 C, H, N
0
14 S\ 26 120-125 EtOH or CreLasCLN Oy C, H, N
2H01H___§cx-12 NeON 1611y
o)
15 OCH 32 158(0.1) 1.4934 (24) CHyyN;Os C, H; N
16 ON 83 149-152(0.25)  1.4972 (25) CinH2N40; C, H; N
17 H,N 40 124-130 (0.2) 1.4898 (22) CuHuN,O, C, H; N*
18 HzNCO 39 85-86 CHCIa—EtOz C12H24N403 C, H, H!

¢ General methods are described in the Experimental Section.
scribed individually in the Experimental Section.
not indicate a maximum yield.
in ref 3a.
found, 8.4.

8.0.

No.

20
21
22
23
24
25
26
27

28

29

30

¢ See footnote 8.

R
N(CH;).

N{CH(CIH,)l,
N[(CH1)CH;l,
N(CH;)CH,CsI1;
N(CH,CsHs ).
2HCI-N(C:H;)-1-CoH,;¢
N(C,H;)CsH;
N(C,H,)CH,CF,

)

~\
N NcH/
-

2HCI-NIICH;

ZHCI-NHCHE—O

CH(CH;),
OCH,CH,
SCHQCHa

7 N: caled, 17.8; found, 17.1.

N caled, 21.7; found,21.2, *N: caled, 22.9; found, 22.4.
TapLE II
CH,N NCOOCH,CH,R’
/
nD-l°C) or
Yield,? Bp (mm) or recrystn
Method® 9% mp, °C solvent Formula

D 40 83-85 (0.1) 1.4714 (26) C1oHuN;0,
B 76 106-111 (0.07) 1.4721 (24) C1H9N;0,
B 24 146-148 (1.0) 1.4679 (25) C16Hg N0,
B 79 157 (0.25) 1.5209 (24) Ci16H N30,

62 208-209 (0.1) 1.5529 (23) C2HyyN;0,

13 227-229 CaHyClLN;0,- HO
C 39 156 (0.23) 1.5434 (27) Ci6H5N30,
B 72 85-88 (0.05) 1.4407 (25) C12HF3 N30,
Be 79 118-126 (0.15) 1.4903 (24) C13Hys N30,
B H6 135-137 (0.23) 1.4913 (24) C.HuN;0,
B 29 112-114 (0.1) 1.4900 (26) C12NyN;O,
B 77 130-132 (0.1) 1.4934 (25) Ci13HyN4O,

54 212-213 EtOH CyHxuClN;0,

68 232-233 EtOH C1:Hy1 ClN; 0,
B 57 7778 (0.1) 1.4627 (23) CuH2 N0,
D 64 108 (1.3) 1.4644 (24) CioH,N:0;
B 49 112 (0.05) 1.4999 (26) C1oHyoN20,8

a—¢ See correspouding footnotes in Table 1.

R.J
39.4

)

C H, N.

@ CypHy; = adamanty

change methods, it required no excess of the amino
It was successful with dialkylamino aleohols
in which the amino and hydroxy!l groups were separated
by three or more atoms and with g-amino alcohols when

aleohol.

L

Harrison, M. E. Tate, R. H. Thorp, and R. Ladd, Australian J. Chem., 9, 89 (1936).
found, 40.0.

s N:

caled, 16.5; found, 16.0

" H:

Analyses

o, N

a0 conconaac
o EEnmmEmEmgE
VA A A AP A4

9]
=
2

C, 1, N
C, M, N
H, N; C»
C, H, N
C, H N

C, H,N
C H N

¢ Wheu 28 was prepared i a manuer similar to that
i.e., higher reaction temperature, a by-product was bis-N-2-piperidinoethyl ether, bp 97° (0.07 mm), n®p 1.4811,

-1
o
—

Antiviral
act.C

[ I I A o o S B
++ +

If there is no uotation in the method colimn the experiment is de-
» In many examples the stated yield is the result of only one experiment and does
¢ 4+ 4 = 60-809, survival, + = 33-60% survival, and — = rejected as iunactive.
/ The starting material for 9 was prepared as in ref 20.
i N: caled, 16.3; found, 15.8.

@ First described
caled, 8.9;
'H: caled, 8.8; found,

Autiviral
act.t

++
++

for 68,

Anal. (CuHsN0)
/ The starting material for 31 was 1-(2-hydroxyethyl)-4-methylpiperaziue for the synthesis of which see J. Cymerman-Craig,

LG

caled,

the amine was aromatic, a pyridine derivative, or part

of an alicyclic ring.

However, with simple g-dialkyl-

aminoethanols procedure C was unsatisfactory, due
either to a cyclization-dealkylation reaction leading to
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TapsLe 111
CH;N NCOOR”
/
ny (50 or
Yield,” Bip Onun or recrysin Anliviral
No. R Methodt ¢ mp, *C solveni ommula Analyses acis
3% (CHy)N (CHy ). B 41 114 0.7) 14770 (23 Cr HpgNg(), ¢, H, N -
30 (CH,)sN (C,:Hs ), B 29 126-128(0.9) 1.4712 (25) CaH=N;0, ¢, H, N -~
40 (CH)N(CHj ),* C i1 126 (2.5) 1. 4688 (29) CroHpN3Ox ¢, H N _
4] (CH.)sN(CoHy): C 35 140 (0.45) 14712 (26) CisHa N;O, C H, N -
42 (CH3)O(CH, )N (CyH)s C 49 130-132(0.2) 1.4710 (25) CysHps N0, ¢ H N _
43 CH(CH,;)CH.N (CHy)s b 35 106(1.6) 1.4662 (25) C HyuN;0, C, H N + =
14 CH(CH;)CH,N (C,H;), 5] 33 92-95(0.03) 1.4686 (23) (3 HeN3O, C, H N ++
45 CH (CH,)CH,N (C;H: ) B 76 106108 (0.05)  1.4643(25) Cy;Hy N, CHNY 4+
46 CH(CH)CHN ) B 85 115118 (0.01) 1.4825 (24) CralsN4Os ¢ IL N -
47 ?}1(CHZ)3N((39115)._. C 15 100-102 (0.04) 14668 (20) Chatla Ny 1IN ¢ =
CH;,
48 CH.C(CH;),N(CIL ), B 64 9707 (0.006) 14753 (27) Call N30, ¢, HoN
N(CHYS
49 U_ B 38108 (0.04) LANTY (21 Cial TNy, C, LN ~
(trans)
a0 CHCH(CH3)N (CHy).’ I} 40 145151 (0. 15) 1.5108125) Cy:Ha N3O
CsIl; (erythro)
a1 ¢ ol 114-115 (0.07) 14802 (26) Uy Hp NGO, ¢ I N ++
N—CH;
T —-CNCHJ Coo45 12408 1 4NTN (26} ColTnNgU, CU,N 4
~NCH,
03 X )—: C 72 129 (0.07) 1.5079 (25) e NgO, C, I, N -
34 CIHCHN (Cally )] I G 132005 AT (250 CiellgsNyO, I, N; ¢
55 —Q CooB0 9597 Heptaue Cralla N0 C, 1L N .
N(CH«
36 enen—~ Y L9 1460 5220 (22) CalliaNa, G N -
NS
57 CH:@ C 34 1401 L3279 (25) (o HieN3 O, ¢, N -
-
58 _(\ ¢ S 12600.1) 15528 (289 Cy H1s NG, ¢, H, N
=N
59 CsHsNOyp - HCI 8O 232236 o CaHiCIN, O, ¢, 1, N
60 CH,CH=C1], B 98 63-63 (0. 1) 1.4760 (23) CoH,6N:0, ¢ 1N
61 CH,CH,CI- HCl/ 73 160-162 EtOI-EtOAc

“= See corresponding foototes in Table I # The starting materi
see L. Szevrvasi, Bull. Soc. Chim. France, 647 (1949).
Section for preenrsor XXIII. ¢ N: caled, 14.7; found, 14.2.

syuthesis of 61 see ref 11.

hC

oxazolidinones* or to the production of a g-dialkyla-
minoethy! chloride, possibly via an ethylenimmoniuni
intermediate. In retrospect, the information dis-
closed in ref 4 would suggest that a slight change in the
reaction conditions of procedure C as outlined in the
Experimental Section of this paper might permit the
use of this procedure even with g-dialkylaminoethanols.

R~ ’(é)OH + Cocl, — R\\I(é) 0COCl :{-\\——/—\L
Rr/I\ n & R 'n

v VI

’

/~ \ t R
cH,N  NCO,(O,NC
\__/ 1 R

VII

(4) K. C. Murdock, J. Org. Chem., 88, 1367 (1968).

al for 40 wag 4-dimeihybininobntanol for the synthesis vf which
* The precurzor of 49 was XXIIL

See Experimencal Section. 7/ See Lxperimental

caled, 63.1; found, 62.6. C: caled, 62.1; fonud, 615, 7 For

A third method for the preparation of compounds of
this class consisted of the reaction of 4-methylpiper-
azine-1-carbonyl chloride® with either the sodium salt of
the required amino alcohol (procedure ID) or the amino
alcohol itself (procedure E).

Variations in b (Tables IV and V).-—Replicenients of
either one or both of the oxygens of 1 by sulfur, nitrogen.
or carbon are listed in Table IV, Changes in the piper-
azine portion of the molecule are tabulated in Table V.

While testing other compounds related to 1 it was
noted that 1,1’-carbonylbis-4-methylpiperazine dihy-
drochloride (77) exhibited an interesting antiviral
activity., Table VI lists compounds related to 77 and
contaluing two or more N-methylpiperazine units.

Antiviral Testing.—The antiviral testing was carried
out by Mr. H. F. Lindh of these laboratories by a pro-
cedure similar to that previously described.? Male

() M. Morren, 8. Trolin, R. Denayer, and L. Grivsky, Bull. Soc. Chim.
Belges, 59, 228 (1050).
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Yield}?
No. X Y Method* %
62 (0] NH¢ E 16
63 (6] NCH,e E 23
64 (0] S.2HCI D 56
65 S 0O-2HCI 26
66 S S-2HCI 22

a=¢ See correspouding footuotes in Table 1.

TasLE IV
CH N/ﬁN%IIYCH CH,N(C.H;)
3 , 2 2 2445/2
nb (°C) or
Bp (mm) recrystn
or mp, °C solvent
122-124 (0.1)  1.4928 (26)
102 (0.1) 1.4889 (24)
229-234 dec EtOH-Et,0
162-163 dec EtOH
232-236 dec EtOH

ANTIVIRAL 2-DIETHYLAMINOETHYL 4- )M ETHYLPIPERAZINE-1-CARBOXYLATES

Forinula
Ci,HgNO
CnHauNOr
C1:H,3N;08 - 2HCl
ClezaNaOS M 2HCI
C1oH2N3S, - 2HCH

-1
|
(VM)

Antiviral
Analyses act.®
H, N; ¢ -
C, HN -
C H XN, 8 +
C, H, N, Cl -
C, H, N, CI -

)

4 See H. Morren, 8. Trolin, R. Denayer, and E. Grinsky, Bull. Soc. Chim. Belges, 59,

226 (1950); Chem. Abstr., 45, 62115 (1951). ¢ Compound 63 was a dimethylaminoethyl derivative. / C: caled, 539.5; found, 39.0.
TABLE V

R’"COOCH,CH,N (C,H;)

Yield? Bp (mm) Antiviral
No. R Method® % or mp, °C oD (°C) Formula Analyses act.®
68 CH, N\_(N— 23 118-119(0.6)  1.4690 (28)  CiHyN;0, G, H, N +

CH,
69 CHEI\C>— D¢ 18 84-86(0.05)  1.4622(22)  CyuHuN,0, C H N -
70 CHJ—-<:>N— D 61 120-130(3.7)  1.4638 (22)  CuHuN,0,  C, H, N -
71 N N— B/ 62 106-109 (0.05)  1.4763 (24)  CiHxN;O, C, H N -
- N .
72 CHNN— Es 24 82 (0.03) 1.4342 (25)  CiHuN;0, C H, N -
CH, CH;

73 (CH, ), NCH,CH,0* 38 63 (0.07) 1.4351 (24)  CsHyN,0;4 C, N; H* -
74 {(C,H, )zI\CHZCH :N D¢ 36 130-1357(0.03) 1.4393 (24)  CiyHuN.O, C, H, N -
75 (CH,),N(CH, )N ' 13 93 (0.02) 1.4529 (28)  CiHasN;O, C H N -
_ CH,
76 (CH;)N D/ 80 55-63 (0.1) 1.4426 (24)  CoHyN,O, C, H, N -

“ The methods are detailed in the Experimental Sectioin.
sueceeding footnotes. ¢ See correspondiug footnotes in Table 1.
precursor of 70 was XIV. / The precursor of 71 was XVI.
derivative, i.e., bis(dimethylaminoethy!) carbonate.

However for this table the starting materials are different as indicated in
¢ The precursor of 69 was XIII.
¢ The precursor of 72 was X VIIL.
* The precursor of 74 was XVIII,

See Experimental Section. ¢ The
* This was actually a dimethylamino

i Prepared by the method of ref 16. * H:

caled, 9.9; found, 9.2.
TasLE VI
CHN NX(N NCH,
N/ / n
np (°C) or
Yield? Bp (mm) or recrystn Antiviral

No. X a  Method® 9 mp, °C solvent Formula Analyses act.t
77 >CO-2HCI 1 70 304-305 dec A CuH2CLNO C, H N + -+
78 580,-2HCI 1 62 260 dec EtOH CoHuCINGO,S H,0 CH S, Cl ++
79 >C=8.2HCV 1 -
80 CHy 1 64 140 (16) 1.4855 (24) CuHy Ny C,H N -
81 >P=0 trimaleate 2 F 21 189-190 EtOH CorHy;NgOysP H, N; Ce —

%
82 CHP=0 1 F 24 160-162 (1.0) 1.5030 (25) CuHysNOP - 2/3H,0 C,H N -

V
83 CsH;P=0 dimaleate 1 F 35 184-185 EtOH CyyH3sN4OoP C, H N -
84 COCO 1 46 130-132 Heptaue C1oH,,N 40, C, H N —

“~¢ See correspouding footnotes in Table 1.
HCL ¢ C: caled, 46.8; found, 46.1.
Stehlik, and F. Sauter, Monatsh. Chem., 91, 107 (1960).

white mice, weighing 18-20 g each, were infected by the
intranasal instillation of an LD,; dose of Influenza A
(PRR8) virus. The compound was administered orally
in a single maximuni-tolerated dose immediately after
infection. Each compound was first tested in five mice.
If less than two mice survived the 14-day test period
the compound was rejected as inactive. If two or more

¢ The free base was prepared as described in ref 9 aud converted to itssalt using ethauolic
7 See . E. Orth, J. Pharm. Sci., 53, 1261 (1964).

7 Prepared as described by O. Hromatka, G.

mice survived, the compound was retested In ten mice.
Test results are listed in Tables I-VII where ++

60-809; survival, + = 35-609, survival, and — =
rejected as inactive. Of the compounds tested 19 were
accepted as active. Further evaluation of the active
compounds showed that none was superior to 2-di-
ethylaminoethyl 4-methylpiperazine-1-carboxylate (1).2
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Taviae VI
MisctlLaNeoUus Ixactive Comrouzps

No. Sirnetoee
5 W N
3 CH.N  NSO,CH,CHNIC.H.
./
™\
St (‘H..N\_/NC}i,_,CH,_.CH‘_,N(CH‘.)_,
™\ .
ST CH,N  NCON[CHALHNCCH, )5,
./
NR7 (CH)AN(CIHL )N CH).
NOV [{CH )N (CIL)].0
00 [(CH):NCH,CILN (ClL ) [250.
01 [V Cull) NCH.CH,O 1.2 (O)YCI,
02 [{Cy 1) NCHLCH O |y P=0)
03 CF.CHN NCOOCH_,CH_,N(C CF
"' H,
UH,
[ am + B
04 (CHAN  NCOOCH,CHN(CH,) 21
./
0 (8]
. ™\
03 CHXN  NCOOCH.CH,N(CH.),
~/
CH.—|
0t | [—NMNCOOCHZCH_MC,H%
CH— "/ f
07 p-CILHCILSCOOCH (CIT)CILN (CHy).
N CilI;NHCOOCIH (CH;)CH,N (CIH; ).
09~ CH,0OCOOCH (CH;)CH,N (CHy),
100 CHLOCH.CIHLOCOOCH,CH,N (C,H5).:

“ The syntheses of componnds 85, 87, 90-96, and 100 are de-
=cribed iu the Lxperimental Section. ¢ K. Fujii, J. Pharm. Soc.
Japen, 76, 644 (1956); Chem. Abstr., 51, 420g (1957). °n%y
1.4372. Ree II. J. Barber and h .rmmster, J. Appl. Chem.
(London), 2, 774 (1952). 4 n2?p 1.4350. See J. Fakstorp aud J.
Christiansen, Aca Chem. Scand., 11, 1698 (1957}, ¢ Reference 4.

Structure-Activity Relationships.—Duta in Tables
1I--VII show that in this series of compounds the re-
quirements for activity against PR 8 influenza are
fairly specific. The essential structural system con-
sisted of two fully substituted, strongly basic amnino
groups connected by a chain of seven or eight atoms.
I the central chain the range of permissible functional
groups found is illustrated in structures 1, 39, 64, 77,

and 78, Changes beyond this range gave inactive com-
pounds.  Thus it was generally necessary that the

central chain include a carbonyl group flanked by O,
N, or 8 atoms, although the piperazine-derived sulfa-
mide 78 also was active.

gy A PN . / . / \
CHN NCOZ(CH., N(C,H:), CH,N N—X—N NCH.
Ln=27=0 77, X=(0O
39, n=2372=0 78, X=80,
64. n=2:7=8

Sulfamate (85), dithiocarbamate (66), phosphonate
(91), and phosphoramide (82) analogs were inactive, as
were systens in which the central functional group was
replaced by COCO (84), CH, (80, 86), O (89), or N(CHjy)
(63) groups. Replacement of one of the flanking hetero
atoms by carbon (69) also abolished activity, as did
replicement of one or the other of the terminal anuno
nitrogen atoms by carbon (35, 70), oxygen (36), sulfur
(37), or chlorine (61). Compounds with a third amino
group were inactive (31, 54, 74, 87). All conipounds

with signifieant activity contained at least one piper-

azine rmng.

Branching from the centval chain of 1 with single
methyvl groups (44) was aceeptable.  Bnt  geminal

dimethyl branching (48) and certain ring formations
(49) abolished activity, suggesting that they miposed
unaceeptable steric constraints. Lloug.ltlou of the
cham to more thin cight atoms gave ihactive com-
pounds (40-42).

The allowable terminal stibstitution on cach nnine
function was apparently restricted to aliphatic or
alicyelic residues corporating a total of no more than
about six carbon atoms (Table IT).  Secondary mumines
were inaetive (2, 33, 34).  Within the limitations out-
lined above, the nitrogen of the noneyelic portion of 1
could be tcorporated into u ring involving the central
ethylene group (51, 52) and still retain activity

The activity of an aromatic amine (55), pyridine
dertvatives (56, 57, 58), an N-lormyl compound (15),

bis-N-oxide (95), and a bis-quaternized derivative
(94) infers that strong basicity is essential.  This
inference 1= fortified by the inactivity of threc N-tri-
fluovoethyl dertvatives (9, 27, 93). There the fluorie
substitution lowers the basicitv by four to five pK
units,* with o minimal sterie effect.

Toxicity. -—Ax indieated by Lindh and Iorbes? for 1
these compounds have low therapeutie indices.  Chronic
toxieity studies were done on compounds 1, 39, 52, 77,
and 78, They all produced a degree of periplieral
viseular damage.  Further nmnnl.Ltionouthesetoxicit_\'
studics will be reported separately by Drs. J. Noble
and M. Vinoenr of these laboratorics.

Experimental Seetion’

Evaporations were coundneted under redunced pressiure using o
wiler aspirator. Unless specified otherwise liquid prodnets were
fractionated i1 a 42 X 0.8 cm Nester-Faust spiuning band distilla-
tion column operated at 1123 rpm and having a rated maximimn
efficiency of 38 theoretical plates. Microanalyses and pK.,
determiuations were doue by Mr. L. Brancone and associiites.
Tufrared and ninr spectra were supplied by Mr. W. Fuhuor and
his group. Many starting materials were prepared for us by Dr.
Phillip Kohlbrenner nud associates.

Procedure A.—To 0.07 mole of 2-dicthylaminocthyl piper-
azine-1-carboxylile was added 0.7 mole of the alkyl halide.
The iixture was cooled with an ice bath during the additon,
then with a water bath at ce. 25°  After 48 hr the partially
solidified reaction mixtnre was dissolved in a minimal mnonnt
(15 1l) of H,O, und the solution was chilled, then agitated
vigorously during the addition of 16 g of KOH. The resulting
thick shirry was conveniently extracted in a round-bottonied
tlask by agitation and deeantation, nsing 70 ml, then three 40-ml
portiobs of ether. The extracts were dried (KoCOy), filtered,

(61 Tle following pA,'s were deterinined potentiomelrieally by Laek-titra-
tion of the bydrochlorides.

_— R

RN NCO,CH,CH.N_,

n/ Et

Compd pKa
1, R = CH;; R = C.; (.8, 8.¢
9, R = CF,CIH,; R’ = (G5 3.0, 8. S
27, B = CHy; R’ = CH,CFy 3.6, 7.
93, R = R’ = CH.CFy 3.0

(7) (al Wlere analyses are bulieated ouly by symbols of the elements
analyticul results otirained {or those cleneuts were within £0.4'%, of the
theoretical vajue. (L) For compoumls §, 11, and 12 the halides were clido-
rides, The rauainder were iodides.
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then evaporated at aspirator pressure on a steam bath. The
residue was distilled through a spinning baund fractionation
column.

Procedure B.*—A solution of 0.10 mole of ethyl 4-methyl-
piperazine-l-carboxylate,® 0.40 mole of the amino alcohol, and
1.0 g of NaOMe was heated under reduced pressure for ca. 9
hr using an oil bath kept at temperatures ranging from 85-125°;
the mixture was stirred magnetically under a spinning band frac-
tionating column. The exact temperature and pressure depended
upon the boiling point of the alcohol. For example with higher
boiling amino alcohols the bath was kept at 85-95° for 3 hr,
95-100° for 3 hr, and 100-125° for 3 hr, all at a pressure of 15
mm. During this procedure EtOH and some of the amino aleohol
distilled. For lower boiling alcohols somewhat lower tempera-
tures and higher pressures were used. The main consideration
is to keep the temperature low enough to avoid the ether by-
product which is formed at higher temperatures. The material
remaining in the flask was then fractionated using a spiuning
baund column,!®

Procedure C.—A stirred solution of COCl, in CH,Cl, (100 ml,
2 moles) was kept at €—30° during the gradual addition of a
solution of 0.10 mole of the amino alcohol in 50 ml of CH,Cl.
The cooling bath was removed and the mixture was allowed to
stand at 25° for 30-50 hr. (A standing time of only about 20
min at 25° would probably have been preferable in this and
analogous syntheses, in accord with the comments in the discus-
sion section, allowing reaction even with g-dialkylamino alcohols.*
Solvent was removed by evaporation at <50° repeating the
¢vaporation with more CH,Cl, to assure removal of unreacted
COCl. A solution of the residual syrup in 100 ml of CH,Cl, was
kept at about 25° (ice bath, stirring) during the addition of 15.0 g
(0.15 mole) of l-methylpiperaziune iu 50 ml of CH,Cl,. After
20-40 hr it was evaporated to dryuess. A solution of the residue
in a minimum of H;O (20 ml) was chilled and swirled during
sieeessive additions of KOH (22.44 g, 0.4 mole). The resulting
thick shirry was extracted in the round-bottomed, 500-ml re-
action flask with 100 ml, then three 40-ml! portions of ether,
decanting the extracts. The extracts were dried (K.CQy), filtered,
and evaporated. Fractional distillation of the residue gave the
product.

Procedure D.—To the amino alcohol (0.40 mole) or thiol in
50 ml of C¢Hg or (CH;OCH,CH:):0 was added Na (4.6 g, 0.20
g-atom). This was heated to reflux until solution was complete
and theun cooled to room temperature. 4-Methylpiperazine-1-
carbonyl chloride hydrochloride® (22.5 g, 0.11 mole) was added
and the mixture was stirred at room temperature for 3 min,
refluxed for 2 hr, cooled, and filtered. Removal of the solvent
and the excess amino alcohol was carried out at reduced pressure
on a steam bath and the residue was distilled.

Procedure E.—A stirred suspension of 19.9 g (0.1 mole) of
4-methylpiperazine-1-carbony! chloride hydrochloride’ in 100
ml of CH,Cl; was chilled with an ice bath during the gradual
addition of a solution of 0.15 mole of the alcohol or amine in 50
ml of CH;Cl,. The mixture was stirred at room temperature for
5 days and then worked up as in procedure C. In this procedure
one of the fractions collected during distillation often crystallized
in the receiver. Its ir spectrum showed it to be predominantly
1,1’-carbonylbis-4~methylpiperazine (77).

Procedure F.—To a well-stirred solution of 15.0 g (0.15 mole)
of N-methylpiperazine in 50 m! of CHCl; was added slowly with
cooling (0-5°) 40 m! of CHCI; containing an acid chloride in an
amount (0.05 or 0.075 mole) calculated to prepare the desired
product. The reaction mixture was heated to reflux for 18 hr
after which time the solvent was removed by evaporating. The
residue was dissolved in 30 ml of H,O, chilled, and swirled during
the gradual addition of 40 g of KOH. The slurry was extracted
with three 100-ml portions of cther. The ether solution was
dried (MgS804) and the solvent was evaporated. The product

(8) A few of the low yields reported for procedure B in tlie tables were
actoally obtained using the higher reaction temperatures described in the
Discission. A more strict adherence to the temperatures described in pro-
cedure B would undoubtedly increase the yield in those cases.

(9) H. W. Stewart, R. J. Turner, J. J. Denton, 8. Knshner, L. M. Bran-
cone, W. L. Me Ewan, R. I. Hewitt, and Y. Subbarow, J. Org. Chem., 18, 134
(1948).

(10) In some experiinents tlie separation of solid (sodium salts) made it
necessary to slurry with ether and remove the salts by filtration before final
distillation.
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was then either distilled or converted to a maleate salt using an
Me,CO solution of maleic acid.

Thiosemicarbazone of 2-Diethylaminoethy! 4-Acetonylpiper-
azine-1-carboxylate (13).—2-Diethylaminoethyl 4-acetonylpiper-
azine-1-carboxylate (12) (1.0 g, 3.5 mmoles), 320 mg (3.5 mmoles)
of thiosemicarbazide, 20 m! of EtOH, and one drop of concen-
trated HCl were mixed and heated on a steam bath for 7 hr.
The solution was evaporated to dryness and the residue was
slurried in ether and cooled. A white crystalline product was
collected leaving some gummy product behind; yield 400 mg,
mp 133-136°. This was recrystallized from EtOH-Et,O (1.5:2).
See Table I for physical data.

2-Diethylaminoethyl 4-Maleimidomethylpiperazine-1l-carboxyl-
ate Dihydrochloride (14)—A solution of 6.8 g (63.5 mmoles)
of N-hydroxymethylmaleimide in 120 m! of CsHs was heated to
reflux using a Dean-Stark water take-off. To this was added
dropwise over a 30-min period a solution of 12.2 g (53.5 mmoles)
of 2-diethylaminoethyl piperazine-1-carboxylate (2) in 30 ml of
C¢He. The solution was refluxed 45 min longer, then cooled and
filtered to remove a little polymeric material. The filtrate was
evaporated to a syrup which was redissolved in 40 m! of EtOH.
(Attempts to obtain a crystalline free base were unsuccessful.)
This solution was treated with 22 ml of 6 N ethanolic HCI and
cooled to give a crystalline product; vield 11.5 g. The product
was recrystallized from 45 ml of EtOH and then again from 220
ml of MeCN to give a nicely crystalline product.

2.Diethylaminoethyl 4-Formylpiperazine-1l-carboxylate (15).—
A solution of 11.5 g (0.05 mole) of 2-diethylaminoethyl piper-
azine-1-carboxvlate (2) aud 40 m! of 979, HCOOH was heated on
a steam bath for 1.75 hr. The solution was evaporated to a
small volume, EtOAc was added, and the evaporation was
repeated. The residue was dissolved in 10 m! of H,O and cooled
in an ice bath and 10 m! of 809, NaOH was added. The mixture
was extracted twice with ether, and the ether was dried (MgSO0s)
and then evaporated to a syrup. The syrup was fractionated
using a spinning band column. The first fraction was discarded
and the product was then collected.

2-Diethylaminoethyl 4-Nitrosopiperazine-1-carboxylate (16).—
A mixture of 68.7 g (0.3 mole) of 2-diethylaminoethyl piperazine-
1-carboxylate (2), 160 g of ice, and 100 m! of concentrated HCI,
cooled in an ice bath to about 0°, was stirred during the slow,
dropwise addition of a solution of 41.5 g (0.6 mole) of NaNO,,
in about 70 m! of H;O. The resulting solution was made alkaline
with 110 m! of cold 10 N NaOH. The product separated as a
liquid and was extracted with three portions of ether. The
ether solution was dried (MgSOs) and then evaporated to give the
product, 65 g (839%). A portion of this material (10.7 g) was
distilled to give pure product; yield 8.2 g.

2.Diethylaminoethy! 4-Aminopiperazine-1-carboxylate (17).—
A mixture of 55 g (0.21 mole) of 2-diethylaminoethyl 4-nitroso-
piperazine-l-carboxylate (16) (undistilled material; see above
preparation), 90 g of Zn dust, and 200 m! of H,O was stirred
vigorously at 25-30° while 170 m! of 85, AcOH was added drop-
wise over a 1.5-hr period. This was then warmed to 50° for 1 hr
with stirring, and then filtered. The solution upon cooling,
gave a crystalline product [Zn(OAc),?] which was removed by
filtration. The filtrate was cooled, stirred, and carefully made
alkaline by the addition of about 240 ml of 10 v KOH. This
mixture was extracted seven times with 200-ml portions of ether.
The ether solution was dried (MgSQ,), the ether was removed by
distillation, and the remaining liquid was fractionated. After
a forerun had been discarded the product was collected.

2-Diethylaminoethyl 4-Carbamylpiperazine-1-carboxylate (18).
—2-Diethylaminoethy! piperazine-l-carboxylate (11.5 g, 0.05
mole), 40 ml of AcOH, and 4.5 g (0.055 mole) of potassium
cyanate were mixed without cooling and warmed on a
steam bath until all the solid was dissolved (about 5 min).
Some excess AcOH was removed on the steam bath under redured
pressure at the water pump (10-15 min). The residue was dis-
solved in H,O which was then cooled and made alkaline with 30
ml of 10.V NaOH. This was extracted with three 50-m! portions
of CHClL. The CHCI; solution was dried (MgSOy4) and evapo-
rated to an oil which was dissolved in ether. The solution quickly
deposited a crystalline solid; yield 8.0 g (5399%), mp 84-83°.
A portion of this material (1.2 g) was dissolved in 2 ml of CHCl,
and 10 ml of ether was then added; vield 1.0 g.

2-Dibenzylaminoethyl 4-Methylpiperazine-1-carboxylate (24).
—A solution of 38.6 g (0.16 mole) of dibenzylaminoethanol and
1.54 g (0.03 mole) of NaOMe in 27.6 g (0.16 mole) of ethyl 4-
methyl-piperazine-1-carboxylate® was heated under reflux, using
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an oil bath at 103-108°, a spinning baud coluin, and the vacunm
of an oil pmup.  During 105 min the pressure gradually fell from
3.0 to 0.10 mm, when the pot contents had stopped bubbling.
Afler heating for another 0.5 hr at 0.09 nu, the very viscous
material i the still pot was dilnted with 100 ml of ether and
chilled.  Sodium alkoxide was neutralized by the  dropwise
addition of a solntion of 143 g of 93,94 11580, in 10 ml «f ether.
‘I'he resnlting mixture was very thick, bnt after gentle warming
1 sudden congnlation ocemrred.  After additien of 1more ether
the solid was removed by filivadon (Celite), the ether was re-
woved by evaporarion, and the residine was distilled withont
fractionation in the “air bath chimmey'" apparavis described in
the procedinre nsed for 96.  ‘The produet was 36.3 g (653777) of a
very viscous, yellow oil.

1-Ethylaminoadamantane Hydrochloride (IX).--A =olution of
I-nccetunidoadamantane (15.8 g, 0.082 mole) in 100 ml of drv
THF wus added to a stirred suspension of LiAIH, (7.2 g, 0.2 mole)
in 200 ml of dry THF over # 40-min period. The mixture was
refinxed for 6.0 hr, then cooled in an ice bath and treated care-
fully with 7.6 ml of 11,0, 23 mlof 153¢7 NaOH, and finally 23 nil of
Ha0. The precipitated solid was collected and washed with 100
wl of THIE. The filtrate wus eviaporaled to an oil and dissolved
in 200 ml of 3¢, HCL The aecid sohition was extraeted with two
100-1nl portions of LXtOAe {disearded) then basified with 30 ml
of 10N NaOIT to give a ervstalline solid; vield 12 g, Foranalyvses
a suall portion of the material was converted to the hydrochloride
salt (mp 825-327° dee). Anal. (CHaCIN) ¢ H, CL N

N-(l-Adamantyl)-N-ethylaminoethanol /X 1 N-II(hylamino-
adimmantane (IX) (10 g, 0.036 mole) and ethylene hromohydrin
(7.0 g, 0.030 mole) were added to 20 ml of McOI and refluxed
overnight.  The solvent was removed at redneed pressnre and
the residune was shiried in 100 mb of 1V NaOH.  This was
extracted with three 100-ml portions ol ether which were com-
bined and dried (MgSUp).  The ether was evaporated and the
residac wag distilled:  vield 3.3 @ bp I00=101° 0.04 nuni.
Anal. (()14“35.\'0) (,l, 11, N.

2.](1-Adamantyl)ethylaminojethy! 4-Methylpiperazine-1-car-
boxylate Dihydrochloride (25).—N-(1-Adaman(yl)-N-ethylamino-
cthanol (N) (3.2 g, 144 unnoles) was added to 30 mil of dry Cel g
coptaining 0.5 g (21.7 g-atoms) of Na :aud refluxed overnight.
The mixture was chilled and a solution of 4-methylpiperazine-1-
carbonyl chloride {prepured from 3.5 g (17 nunoles) of the hydro-
chloride’] i1 35 1wl of toliene was added, then stirred at room
temperatnre for 0.5 hr.  After haviug been heated on w stean
hath for 2.0 hr the reaction mixture was cooled and filtered, und
the filtrate was evapornted at reduced pressure.  The resnlting
oily residue was taken np in abant 5.0 ml of perrolenni ether
thp 30-60°) and chilled o afford 0.5 g of I, F-carbonyibis-4-
niethylpiperazine.  The filtrate was evaporated to dryvness nnd
the residne was shirried in 25 ml of .0 containing 1.0 ml of 10
N NaOIL, then extracted with three 30-ml portions of cther,
The combined ether extracts were extracted with three 100-1m1l
portions of 11, dried (Mgs0;), and evaporated 10 an oil;
vield 2.9 g. Thin layer chiromatography indicated ¢his producec
was predominantly a mixuire of two ccanpoannds, one of which wis
the starting nnino aleohol. This ermde product was chromate-
griphed on Florisil to afford the desived componnd which was
converted to a erystalline hydrochlonde; vield 787 mg, mp 227.5-
229° dee.  The struceture of this prodict was cobfirmed by
i and e spectroscopy.

2-Methylaminoethyl 4-Methylpiperazine-1-carboxylate Dihy-

drochloride (33).-—A solution of 17.5 g (0.06 molc) of 2-(N-heuzyl-
N-wethylamibno)ethyl 4-methylpiperazine-1-carboxylite (23) in
100 ml of absolite (O and 21,0 ml of 6 N absolite ethanolic
HCE was shaken i o Parr hydrogenation apparatns with 1.75 g
of a 10¢ Pd-C eatalyst. After 2.0 hr the hydrogen pressure had
tallen only from 33.0 to 34.6 psi, all in the first £, So 1.75
g ol platimmnn oxide eatalyst was added. Hydrogen nptake ceased
within 20 hr, when alniost 3 mole ¢quiv (ce. 0.17 mole) of hydro-
gen had been nsed.  Much solid had separated. This solid
dissolved after the addirion of 15 ml of 11.0. The catalysts were
removed by filteation, aud the Hitrate and 9550 ethanolie washes
were evaporated.  The residnal syimp was diied by dissolving
iCin 50wl of IO and 15 ml of Celle, then evaporating this
solition.  The residual winte solid was washed with FtOH;
vield 1127 g, mp 208-212° dec. Recryvstallization froan 275 ml
ol 1O returned 8.851 g (344 ) of a white solid.

2-{(Cyclohexylmethyl)amino|ethy! 4-Methylpiperazine-1-car-
boxylate Dihydrochloride (34). - A =olution of 20,4 g (0.08 mole;
ol Z-dibenzyhuninoethyl 4-methylpiperazine-l-carboxyvlate 124;
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i 130 ml of 93¢ LitHOLl was cooled during the additdon of 14 1m
of conecntrated HCL Hydrogenation with 294 g of P
eatabystin o Pare shaker with an inidal pressoe al 246 kg/em?
wils coutinmed for 206 . ‘The produet remained in sobition,
tCompare the scparalion of produet in the hydrogenntion lending
to 33, where HLD was obsent.)  Catalvst was reimoved by filtreas
tion and wasbed with 904, EtOH,  Iivaporation of the filtraie
feft a residne which was dried rwice by dissolving it in 50 ml of
F(OIL, adding 15 mlb of 4 and evaporating io dryness. Crvs-
tallizanian ol the resulting gum from BtOH, finally at —3°, gove
t5.1 g of white solid, myp 232-233° dec.  Recrystallization
from #-PrOH 1nol reconended § retured 12,70 ¢ of white solid,
mp 228229 der, Unlike the starting material or 23 the produca
had an ir spectrnnn withont any peak vear 13.06 4, indieadng thae
i monosubstitited pheny! gronp was not present; penks (5,88
and 7.97 w were normal for the arethan gronping of (his series,
In .U the produer bad an nnr speetrum with no penks helow
75 (necaromade CH o the peaks were at 7 533 1 'NH 4+ 2{1CL
3 protons), 3.5 6.9 (Cll, adjacent 10 O or N, 14 protonsi, 7.00
(> N~CHg, 3 protonsy, and S.0-0.0 (evelohexyl, 11 protous;.
The mother liqnor of the original 154 g of produer gradnsly
deposited another 4.26 g of he same produet.

p-Nitropheny! 4-Methylpiperazine-1l-carboxylate Hydrochlo-
ride (59). ~'To u solntion of p-nitrophenyl chloroformate (10.0 g,
0.05 mole) in 150 mlof mihydrons ether was added dropwise, with
stirring, over 15 min, a sohition of 1.0 g (0.04 mole) of N-methyl-
piperazine in 25 ml of avhydrons ether.  The reaction mixture
wis stirred for an additonal 30 min, then allowed to stand at
room (emperatire overnight.  The resnlting eremn-colored ervs-
tals were collected; vield 124 g, mp 222--232°0 The erude prodnet
wis reervstallized from 225 ml of EAOIT nsing decolorizing chor-
coul 1o aftord ©.7 g of prodnet.

2-Chloroethy! 4-Methylpiperazine-l-carboxylate Hydrochlo-
ride (61).---"T'o » solition of 2-chloroethyl chloroformate 1143 ¢,
0.10 mole) in 150 1wl of ether was added with stirring over a £.5-hr
poriod o solntion of N-methylpiperazine (7.5 g, 0.075 mole) in
30 ml of ether. The reaction mixture was stirred at room (eni-
perature over the weekend and the produet was colleeted by
filtration; vield 7.0 g, mp 158-162°. This componnd wus dis-
solved in 50 ml of hoiling EtOI, 1reated with Darco, and filtered.
The filate wag eooled and dilnted with an egnal vohine of
Is10Ae¢. AQcer the mixture had been chilled overnight the
ervslals were collected and dvieds  vield 133 g (7390), mp
H60-162°.11

4-Methylpiperazine-1-thiocarbony! Chloride (XI).-~A solnition
of 3.0k (0.4306 mole) of N-methylpiperazine in 130 ml of (g,
wis added over a 43-min period 10 a vigoronsty stirred =olntion
of CSCL 20 g, 0.218 wole) in 130 1l of tolnene at —5°. After
baving been stirred for an additional 2 hr ar room (emperature
the mixtnre was tiltered and the solid was washed with Celle
The filunte was evapornted to remove solvent and the residne
wis distilled: vield T21 g (317.), bp 498-110° 70.5-0.7 mmy,
w2 1OSTY. dnall iCeHCINGS) O, T N, S

2-Diethylaminoethy! 4-Methylpiperazine-l-carbothionate Di-
hydrochloride ¢65).--To u stirred solution of Na (154 g,
0.067 g-rdom) aud diethylaminoethanol (7.85 g, 0.067 mole) in
530 ml of CeHy was added, over an 80-min period, a solution of
12,1 g (0.067 mole) of 4-methylpiperazine-1-thioearbonyl chloride
(X1 dissolved in 100 ml of CgHg  After having been stirred tor
an additional 2 hir at roomn temperatnre the renction mixte wis
heated at 50-6H° Tor 1O hr followed by 1.0 hr at 80°. 'The re-
action mixbire was cooled (0 yoowr temperature and Litered
fram 1he precipiiated salt and the liltrate wias evaporated ot
redieerd pressure. The regidine was dissolved in 200 1wl of me-
hydrong ether and sararated with anhyvdrons HCH o give wo g
which was riowated 10 1 solid with several fresh portions of
ether.'*  The solid was crvstallized from EtOH; vield 9.3 g,
up 1652 165° dee. The addition of ether to the filrrate niforded
asecond crop: vield 2.0 g mp 161-162.5° dee. These twa crops
were combined and reerystadlized from FAOI nsing decolorizing
charenal; vield 2.9 @

(1) Beheinn Paledv 610,225 162y Chem. thsdr., 69, (152:1y 119535,
wives ) 1651.5=162%,

112y Cpryhotlionaie 85 was converted 1o it hydrocldoride wickionl disGlla-
fion Geeause we had Toond that diseillation cansed an O 10 8 rearvangeient
yoo vl caybotliolate 64, In this case 1le rearrangeinent is probably faeili-
alel v e Tormaion of o relalively statile ion pair similar to I1[A sinee
eyt demelbylpiperazive-l-carkolldonale does not rearrange nuwder sindlay
combtions, .\ shadlay resrraigement pio o stabilized jon pair lus ey sou-
sosted oy 20 GL Toles, Totvahadron Lefters, DTY 12) .
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2.Diethylaminoethy! 4-Methylpiperazine-1-carbodithioate Di-
hydrochloride (66).—Na (2.3 g, 0.10 g-atom) was dissolved in
25 ml of EtOH containing 10 g (0.10 mole) of N-methylpiper-
azine. To the resulting pasty solid was added 8.4 g (0.11 mole)
of C8; with stirring over a 5.0-min period. A vigorous evolution
of heat took place after which the reaction mixture was stirred
for 15 min and then cooled to room temperature. Diethyl-
aminoethyl chloride (11.0 ml) was added over a 7-min period
with stirring, then heated at 55-60° for 1.0 hr. The mixture was
cooled to room temperature and filtered and the filtrate was
evaporated to an oil. The oil was distilled and the fraction boiling
at 142.5-143° (0.06 mm) was collected; yleld 8.0 g, n?p 1.5640.
This liquid was dissolved in 400 ml of ether and saturated with
anhydrous HCI to give a gum which was crystallized from EtOH;
yield 7.9 g.

1-(4-Diethylaminobutyryl)-4-methylpiperazine (67).—A solu-
tion of 10.02 g (0.1 mole) of l-methylpiperazine in 150 ml! of
1,2-dichloroethane was chilled with an ice bath during the drop-
wise addition of 14.10 g (0.1 mole) of 4-chlorobutyry! chloride.
After another 15 min at 0° and 15 min at room temperature the
mixture was chilled again during the gradual addition of 36.57 g
(0.5 mole) of Et,NH. The mixture was heated under reflux for
25 hr and solvent was removed by evaporation. This reaction
mixture was handled as in procedure A.

2-Diethylaminoethy! trans-2,4,5-Trimethyl-1-piperazinecar-
boxylate (68) and 2,2’'’-Oxybistriethylamine (XII).—A solution
of 0.150 g of Na in 30 m! of 2-diethylaminoethanol was heated
under reflux (bp ~68°) at aspirator pressure for 5.5 hr with 12.02
g of ethyl trans-2,4,5-trimethylpiperazine-1-carboxylate.l* Ebul-
lition with a slow stream of dried (Drierite tube) air removed
by-product EtOH by entrainment. Heating under reflux was
continued for another 14.5 hr at atmospheric pressure, ebullating
with dry N; the temperature of the reaction mixture gradually
rose from 139 to 174°. Fractional distillation then gave 6.29 g
of the desired urethan (68). See Table V for physical data.
(The use of procedure B would almost certainly give a better
vield.) An earlier cut from the distillation amounted to 4.43 g
(349;), bp 97-100° (4 mm), n®-‘p 1.4389. Refractionation of
this cut gave three cuts showing the preseiice of a small amount
of afaster moving contaminant (by gas chromatography) followed
by a final 0.40-g cut of a liquid, bp 98° (3 mm), n®-%p 1.4379,
which gave ouly a single peak on a gas chromatogram. Anal.
(CuHiN,0) C, H, N. The retention time and ir spectrum were
identical with those of an authentic sample of 2,2’"’-oxybistri-
ethylamine (XII), bp 74° (0.08 mm), n?8p 1.4372, prepared!*
from 2-diethylaminoethyl chloride and sodium 2-diethylamino-
ethoxide.

1-Methylpiperidine-4-carbony! Chloride (XIII).—A solution of
425 g (0.236 mole) of l-methylpiperidine-4-carboxylic acid
hydrochloride®® in 230 ml of SOCl, was heated to reflux on a
steam bath for 2 hr. The excess SOCl, was evaporated and the
residue was evacuated under aspirator vacuum on a steam
bath. The residue was slurried in warm ethylene chloride and
allowed to stand at room temperature overnight. The solid
was collected, washed with ethylene chloride, and dried over
P,0; and KOH in a desiccator and then dried at 60°; vield 40 g.

4-Methylpiperidine-1-carbonyl Chloride (XIV).—The pro-
cedure was adapted from that described by Sekera, et al.,'® for
the synthesis of 2-diethylaminoethyl piperidinecarboxylate. To
a solution of 0.6 mole of COCl, in 100 m! of CHCI; cooled with a
Dry Ice-MeOH bath was gradually added a solution of 14.88 g
(0.15 mole) of 4-methylpiperidine in 50 ml of CHClL. The mix-
ture was heated under reflux for 70 min, evaporated, then
fractionated to give 20.39 g (849) of the carbamoyl chloride,
XIV, bp 98° (5 mm), n®9p 1.4857.

Ethy! 1,4-Diazacycloheptane-l-carboxylate (XV).—1,4-Diaza-
¢ycloheptane dihydrobromide (56.2 g, 0.20 mole) was dissolved
in 100 ml of H,O containing 8.2 g (0.10 mole) of NaOAc. To the
stirred reaction mixture was added fourteen 0.96-ml portions
(0.01 mole each) of ethy! chloroformate over 1.5 hr. After each
addition of the chloroformate had dissolved, a solution of 0.82 g

(13) K. M. Beck, K. E. Hamlin, and A, W, Weston, J, 4m. Chem. Soc.,
74, 605 (1952).

(14) J. Fakstorp, J. A. Christiansen, and J. G. A. Pedersen, Acta Chem,
Scand., T, 134 (1953).

(15) N. Sperber, F. J. Villani, and D. Papa, U. S. Patent 2,739,968 (1955):
Chem. Abstr., 50, 155967 (1956).

(16) A. Sekara, I. Jakubee, J. Kuiil, and C. Vrba, Chem. Listy, 46, 762
(1952); Chem, Abstr., 47, 12302 e (1933).
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(0.01 mole) of NaOAc in 3 ml of H;O was added. The mixture
was chilled in an ice bath, 35 ml of 209, NaOH was added, and
the total mixture was extracted with 100 ml of ether. Vapor
phase chromatography indicated only low-boiling material was
present in this extract. K,COs (75 g) was added to the aqueous
phase which was then extracted with three 200-ml aliquots of
ether. The ether was removed after drving (MgSO,) to afford
18.6 g of product which was distilled; yield 16.2 g (479), bp
64-67° (0.025 mm), n%p 1.4788. A4nal. (CsHisN,O,) C, H, N.

Ethy! 4-Methyl-1,4-diazacycloheptane-1-carboxylate (XVI).—
Ethyl 1,4-diazacycloheptane-1-carboxylate (XV) (16.2 g, 0.004
mole) dissolved in 6 m! of H;O was chilled in an ice-salt bath and
10 ml of 979, HCOOH was added. The solution was stirred at
room temperature for 2 hr after the addition of 10 ml of 379,
formaldehyde, then heated at 50-55° for 4 hr. The mixture was
cooled in an ice bath and brought to pH 13.5 with 10 & NaOH
(temperature kept below 10°) then extracted with three 100-ml
portions of ether. The combined ether extracts were dried
(MgS0;) and evaporated at reduced pressure and the residue
distilled; yield 14.8 g (85%), bp 64.5-67° (0.06 mm), n%p
1.4693. Adnal. (C;H;sN:0,) C, H: N: caled, 15.0; found, 14.5.

N-(2-Dimethylaminoethy!)-N-methylcarbamoy! Chloride Hy-
drochloride (XVII).—A solution of 14.8 g (0.15 mole) of COCL
in 60 ml of CHCl; was agitated and kept at about —20° during
the dropwise addition of a cold solution of 10.2 g (0.1 mole) of
N,N,N’-trimethylethylenediamine in 25 ml of CHCl;. The result-
ing suspension was allowed to warm to 20° then to stand for
another 1 hr. Excess COCl, was removed by evaporation to
dryness, repeating the evaporation with another 100 m! of CHCl,.
This was used for the preparation of 72 (Table V).

2.Dimethylaminoethy! Carbonate (73).—To 50 m! of a 2 M
solution of COCL in CH,CL kept at €—40° was gradually added
a solution of 17.83 g (0.2 mole) of 2-dimethylaminoethanol in
100 m! of CH,Cl,. The reaction mixture was then allowed to
stand for 3 days without further cooling. Much solid separated.
A work-up as in general procedure A gave 11.9 g of a colorless
liquid, A5r 5.73 and 7.95 u. See Table V for physical data.

Bis-2-diethylaminoethylcarbamoy! Chloride Dihydrochloride
(XVIII).—Bis(2-diethylaminoethyl)amine'” (21.5 g, 0.10 mole)
dissolved in 50 ml of CHCl; was added during a 1.5-hr period to
a stirred solution of 19.5 g (0.20 mole) of COCl; in 30 ml of CHCl;
in an ice-salt bath. The reaction mixture was stirred an addi-
tional 0.5 hr at room temperature to give a homogeneous solu-
tion. Anhydrous HCI was bubbled into the solution whereupon
two immiscible layers formed. The CHCl; layer was separated
and discarded. The CHCl-insoluble portion was extracted with
100 m! of CHC; (discarded) and evaporated at reduced pressure
to give dark crystals; yield 29 g.

2-Diethylamineethy! (3-Dimethylaminopropy!)methylcarba-
mate (75).—To 50 ml of a 2 M solution of COCL; in CH,Cl, kept
at € —50° was added dropwise with swirling 0.1 mole (11.7 g)
of 2-diethylaminoethano!l (freshly distilled after drying over a
little NaH). The resulting solution was warmed to just 20°,
then kept at this temperature for just 5 min, using cold water to
prevent any further rise in temperature. The solution was then
kept at —30 to +4-10° during the addition of a solution of 11.6 g
(0.1 motle) of N,N,N’-trimethyl-1,3-propanediamine in 50 ml of
CH,ClL,. The mixture was stirred for 24 hr at ca. 24°, Crystal-
line material was removed by filtration and discarded. A work-up
according to procedure A gave 1.7 g of a colorless liquid, Amax
5.86 and 8.43 u.

1,1/-Carbonylbis-4-methylpiperazine Dihydrochloride (77).—
The following procedure is a simplified version of the process of
Kushner, et al.’® To a well-stirred solution of 80.1 g (0.8 mole)
of l-methylpiperazine in 300 ml of CH,Cl kept at <—30°
with a Dry Ice-MeOH bath was added in a thin stream 200 ml of
a cold (6°) 2 M solution of COCl, in CH,CL. Cooling was then
stopped. After 2 hr the resulting solid was collected, washed with
EtOH, then dried at 90° and ca. 1 mm; 82.6 g (709%,), mp 304-
305° dec (lit.1s mp 303-304°).

1,1’-Oxalylbis-4-methylpiperazine (84).—Diethyl oxalate (18
ml, 19.5 g, 133 mmoles) and 40 ml (0.4 mole) of N-methyl-
piperazine were mixed and heated on a steam bath for 7 hr. The
excess N-methylpiperazile was evaporated and the resulting
syrup was dissolved in 25 ml of ether. The product crystallized

(17) F. G. Mann and J. H. Turnbull, J. Chem. Soc., 752 (1951).

(18) 8. Kushner, L., M. Brancone, R. I. Hewitt, W. L. McEwan, Y. Sub-
barow, H, W. Stewart, R. J. Turner, and J. J, Denton, J. Org. Chem., 18,
144 (1948).
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quickly; vield 18.0 g. "I'his was reerystallized from 1 L of hep-
tane; yiceld 14.8 g.

N-[2-(4-Methyi-1-piperazinylsulfonyl)ethyl] phthalimide (XIX).
—N-Mcthylpiperazine (10 g, 0.10 mole) in 250 ml of toliene was
added to a slurry of 27.5 g (0.10 mole) of 2-phthalimidocthance-
sulfonyl chloride!® in 250 ml of toluene over u 50-min period.
The reaction mixture was stirred for an additional 2.0 hr then
filtered; yield 30.4 g (81%), inp 249-259° dec.  This produet was
dissolved in a boiling solution of 330 ml of 9547 EtOH containing
50 ml of H,O, treated with Darco, and filtered. Five milliliters
of concentrated HCl was added to the filtrate which was chilled
and filtered to afford 24 g (649, yield) of product, mp 263-270°
(I(!(‘,. ;‘177.(1[. (C15I{zoCIN3()4S) C, I{, N, .\l.

Crude sulfonamide (35 g) was dissolved in 450 ml of warm
H»0, treated with Darco, and filtered. NaOAe (30 g) was added
to the filtrate which was chilled and filtered; yield 14.4 g (459%),
wmp 172.5-175°.  For analyses a small portion of this prodnet
was recrystallized from EtOAc-LOIT (3:1), wp 172-173.5°.
Anal. (CiHN;0.8) C) H, N, 8.

1-(2-Dimethylaminoethyisulfony!)-4-methylpiperazine Dihy-
drochloride (85).—A mixture of 1425 g (0.042 mole) of XIXN,
2,06 ml (0.042 wole) of NH,NH.-[H,0), 100 ml of EtOH, and
10 mi of H,0O was refluxed for 3.5 hr then cvaporated to dryness.
The residue was slurried in 100 nil of hot HzO, brought to pH 1
by adding coneentrated HCI, chilled, and filtered to remove the
phthathydrazide. The filtrate was evaporated to a viscous oil
and a solution of 50 ml of 37¢% formaldchyde and 50 ml of 97¢7,
HCOOH was added. After having been heated for 20 hr on o
stenm bath the reaction mixture was evaporated to an oily lignid
in vacuo, dissolved in 100 ml of Hs(), and again evaporated. Thix
latter procedure was repeated twice nnd the scecond time 5.0 ml of
concentrated HCl was added. The resulting oil was erystallized
Irom 100 ml of EtOH; vield 5.1 g, mp 214--217° dee. Goneentra-
tion of the filtrate afforded 3.9 g, mp 214-216° dee. The two
crops were combined and reerystallized from a sohition of 30 wml of
12tOIT aud 8 ml of H.O containing 1.0 wl of coneentrated HCI;
vield 6.0 g, mp 215-217.5° dec. The addition of cther to the
filtrate gave more crystals; yield 1.5 g (389(), mp 213-216°
dec. Anal. (CsHuCLN;O.S) C, H, CI, N, =

N,N-Bis(2-diethylaminoethy!)-4-methylpiperazine-1l-carbox-
amide (87).-—4-Methylpiperazine-1-carbouyl chloride hydro-
chloride® (16 g, 0.08 nole) was added to 25 ml of cold HaU,
covered with 100 ml of CgHs, and saturated with anhydrons
K.COy in un ice bath.  The mixture was shaken vigoronsly and
the Cefls layer was deeanted.  The shirry was extracted with an
additional three 100-ml and two 30-ml portions of Cylls which
were combined and dried (MgS80y). The CiHe was removed and
the resnlting erystalline solid wag dissolved in 75 1wl of toliene
ad cooled inanice buth,  Bis(2-diethyEauinocthybunine (145 g,
0.067 mole) dissolved in 30 ml of tohiene was added over a
40-min period with stiriug.  The reactan misture was stirred
1t rooun temperature for 0.5 hr theu refluxed for 1.0 hr.  Afcer
having been cooled (o roomn teinperature the mixture was dihited
with 50 ml of tohiene and filtered fromn a crystalline solid.  The
ir spectrum of this material showed no absorptica in the Ce=t)
region, heuce it was discarded. The filtrate from this produet wus
evaporated at redneed pressure and che resnlting oil dissolved
b1 petrolenm ether.  This solition deposited 2.8 g ol 1,1'-car-
bouylbis-4-methylpiperazine on cooling.  The crystals were
collected und disearded. The filate was evaporated and the
residne distilled; yield 8.1 g, bp 146-14%° (0.075 mun), n%n
1.4813. Anal. (C,sHayN;0) C, TH, N,

N,N’-Dimethyl-N,N’-bis(2-dimethylaminoethy!)sulfamide

(90).—N,N,N “Trimcthylenedinmine (30.6 g, 0.30 mole) was
dissolved in 75 ml of CHCL aud chilled in an iee bath.  To this
sohition was added g =ohition of 8OLC'L, (7.5 nl, 0.09 mole) dis-
solved in 30 ml of CHCL over a 40-min period with stirring,.
After having been stirved for an additional 1 hr at roon tempera-
ture the golvent was removed by evaporation and the residne
wils dissolved in 50 b of 3 N NaOIT. ‘The sohition was extracted
with 100 ml of ether, 10 ml of 10 ¥ NaOH was added and again
extracted with 100 ml of ether. The latter procedure was re-
peated and the combined ether extracts were dried (MgSQO,).
The ether wus evaporated at reduved pressure and the residie
distilled; yield 4.4 g, bp 113 -1153° .03 mm), »¥n 1.4637.
Anal, (CylleN4ON) C, H) N, N,

(19) R. Winterbottmy, J. W. Clapp, W. 11 Miller, J. P. Englisl, aund R.
0. Roblin, Jr., J. Am. Chem. Scc., 9, 1393 {1947).
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Bis(2-Diethylaminoethyl) Methylphosphonate Dihydrochloride
(91).—To a well-stirred, cooled (0-10°) solution of 17.5 g (0.15
mole) of 2-dicthykaninocthanol in 50 ml of CHCL was added over
a period of Thr 9.9 g10.075 mole) of methylphosphonie diehloride
dissolved in 25 ml of CHCL. The reaction mixtire was stirred
for 17 hr at roow tanperature,  Ivaporation of the solvent gnve
aosolid; vield 24,0 go This was dissolved i1 150 ml of hot EeOIL,
and ether (180 mlb) was added to ineipient (rbidity.  This was
cooled to givie a solid, yield 153.8 g (5847), mip ID4-156°.  ud.
(CyalImCLN.OsP) ¢, H, CL N

Tris(2-diethylaminoethy!) Phosphate Trihydrochloride (92).--
To u well-eooled (0-10°), stirred solition of 11.7 g (0.10 mole)
of 2-diethylaminocethanol in 50 ml of CHCL was added dropwise
4 solntion of 5.1 ¢ (0.033 woley of POCL in 25 b of CHCL.
The mixtur was heated to reflnx for 16 hr and cooled, and the
prodinel wag collected; vield 7.8 g, mp 180-190°. This was re-
crystallized from 100 ml of EtOH; yvield 1.8 g (28C), mp 198~
190°. dnal vCHCLN.OLP)Y G 1L, CL N

N-Ethyl-N-(2-hydroxyethyl)trifituoroacetamide (XX ). -Iithvl
trifhioroncetate (100 g1 was added over 1.5 hr with stirring to N-
cthylaminoctb:otol 7400 ml).  The excess amino aleohol was
removed anonowater bath at 10 mm (o alford 151 g of produet,
220 14104, Cide pradiet (50 g) was purified by distillalion;
vield 35.8 g, bp 55-62° 10,10 mnn), ¥ 14085, Anal. (Cilly-
FNOH) L FOND Cooealed, 39.05 found, 39.7.

N-Trifluoroethyl-N-ethylaminoethanol (XXI).- “T'o a stirred
sohition of 1.0 3 borane (1.0 L)Y in on iee bath was wdded during
L5 hr 100 g 10385 moler of N-ethvE-N-(2-hvdroxyethyvbtri-
thoroneetinide (XX} dissolved 1 200 mlb ol dry TIHE nnder
N2 The mixture was refluxed for 1.0 hr, cooled, stirred, and
treated with a solntion of Y0 1wl of T'ITEF containing 10 ml of 11.0,
followed by 100 ml of 6 N T1CL  The solid was removed by
filtration and the filrate was evaporated to drvness. The residue
was dilnted with 100wl of 1.0, made strongly basie by adding
solid NathH, nnd extracted with four 150-mil diguots ol ether.
The combined cther extrnets were dried (MgRO4) and evaporated,
and the residue distilled; vield 434 g (4390), bp 162-1667,
ntto 15843, This material was satsfaetory for the preparndon
of 27 and 93.

2-(N-Trifluoroethyl-N-ethylamino)ethy! 4-Trifluoroethylpiper-
azine-l«carboxylate (93).~—Lthyl 4-triflnorocthylpipernzine-1-
enrboxyvlate® (12.0 g, 0.05 mole), N-trifluorocthyl-N-cthylimine-
cihanol (26.2 g, 0.15 mole) TXNXTI), and Nale (0.5 g) were
heated in w spinning band distillation apparatus for 3.0 br at
S0° (12 ) followed by 3.0 br av 00° (12 mm) and findliv 2.0
brat 105° ¢12 mun).  The reaetion mixoire was then distilied and
the fraction boiling at 101-102° (0.1 n) was colleeted;  vield
E3C g (7o y n®p LAINT dned v COGl Ly NgOr B, N T O
caled, 42,70 fond, 4305,

Dimethochloride of 2-Diethylaminoethy! 4-Methylpiperazine-
I-carboxylate (94;. 2-1%cthylaminocthyl 4-methyipipernzine-t-
rarboxyviate (0.6 g, 40 mmoles) was dissolved in 200 1wl of wari
FCOIT and treated with 10 ml (22,6 g, 160 nunnoles) of CILL
This was wared to a gentle reflux for 30 min, allowed (o stand
ab roow tempernture for 3 he and then eooled overnight: vield
o) ervatalline praduet 20.7 g (987:¢), mp 249--252° dee. Foranaly-
=ex 1 2t-g smmple was reeryvstallized from 120 mil of EtO1:
vield L7 g mp 249-252° dee Qemperatnre raised at 4° min.
Anelc 1CGHg LNt o O 1L NG T enled, 4820 found, 7.4,

A mixture of 84 @it inuoles) of (he dimethiodide, B0 g ol
the ion-exchange resin, Dowex Ag 1-X8 (chloride form), and ist)
wml of 110 was stirred far 2.5 hr and filtered.  The filtrate was
evaporated o asnid! vohune and then coevapornted several dhes
with EcOTI io give n solid residne. This was dissolved 1n 20 ml of
warn EtO1, filtered, and cooled aud ether was added very slowly
(o give a erystalline prodnet. This was cooled overnight and the
produet was collected; vield 4.5 g (869, mp 243-247°. Re-
crystalization frow INOIT-EOAe vielded 3.8 g, nip 249-251°
dee. Andd. (G, H;, CLN,O.-1H:0) G, I, CL, N.

2-Diethylaminoethyl 4-Methylpiperazine-1-carboxylate N,4-
Dioxide (95). -\ sohilion of 10.0 g (43.0 mmoles) of 2-diethyl-
aminocthvl J-methylpipernzine-I-carboxylate and 12 il (104
ymmolesy of 309, 104 in 40 wml of EtOH was allowed to stand
at roomn temperatnre Tor 40 hr. The sohition wis evaporated to
i xvnlp which was coevaporated several thmes with E(OH.
The viseons svrup was dissolved in a little IO and exeess
ether wax wldded (o precipitate the svimp. The solvent wis

W2y WL, VL Cwrrun aud R. B, Angler, J. Ovy. Chon., 31, 3867 {15060).



July 1968

decanted and the procedure was repeated. (This was to separate
starting material which is soluble in ether.) The residue was
evatnated over P,O; to give a solid glass which was dissolved
in EtOH and saturated with HCl. This was evaporated to a
syrup which was dissolved in 6 m! of EtOH to give 11 ml of
solution, which was seeded with material prepared previously
by a similar process. After the mixture had been cooled over-
night the product was collected (yield 4.2 g) and recrystallized
from 10 ml of EtOH; yield 3.4 g (23%), mp 143-148°, A1°' 3,95
and 5.83 u. Anal. (C.H»CLN;0,) C, H, Cl, N.

trans-2-Dimethylaminocyclopentanol  (XXII).—Cyclopentane
oxide (9.6 g, 0.114 mole) was added to a solution of 50 m! of H,O
previously saturated with anhydrous Me,NH in an ice bath.
The reaction mixture was stoppered and allowed to stand at
room temperature for 5 days. The H,O and excess Me:NH were
removed at reduced pressure on a water bath and the residue was
distilled; yield 11.2 g (769%), bp 95-96° (10 mm), n¥»p 1.4727
(1it.?? bp 94-95° (11 mm), n%p 1.4710). Anal. (C;Hi:NO) N.

(=% )=erythro-1-Phenyl-2-dimethylaminopropane! (XXIII).—

(== )-erythro-1-Phenyl-2-aminopropanol hydrochloride (mp 194-
197°) (18.8 g, 0.10 mole), 12 ml of H,0, 85 ml of 979 HCOOH,
and 85 ml of 379, formaldehyde were mixed and heated on a steam
bath for 19 hr. The reaction mixture was evaporated to dryness
at reduced pressure, dissolved in 75 ml of H:O, and again evapo-
rated. This latter procedure was repeated twice more and the
resulting crystalline residue was recrystallized from 50 ml of 959,
EtOH; yield 4.7 g, mp 207-209°. Additional materials, 4.95 g.
mp 204-206.5°, and 6.25 g, mp 204-207°, were obtained from
the filtrate (749 total yield). Anal. (CiHiCINO) C, H, CI, N,
This hydrochloride (13.0 g, 0.06 mole) was dissolved in 25 ml of
H,0 and 15 ml of 10 V NaOH was added. The mixture was
extracted with three 100-ml portions of ether which were com-
bined and dried (MgSQO,). Evaporation of the ether gave a
white crystalline solid; yield 10.6 g, mp 60.5-65°. A small
portion of this compound was recrystallized from petrolenm
ether; mp 65-67.5°.

Bis(2-diethylaminoethyl) 4,4’-Ethylenedi(1-piperazinecarbox-
ylate) (96).—A solvent was included in this experiment to pre-
vent premature precipitation of a monoalkylation product. A
solution of 9.37 g (0.05 mole) of BrCH,CH,Br and 22.93 g
(0.1 mole) of 2-diethylaminoethyl piperazine-1-carboxylate (2)
in 100 m! of EtOH was heated under reflux for 15 hr. A little
solid had separated. The mixture was evaporated to dryness
and the residue dissolved in 20 ml of hot H,O. This solution

(21) 8. L. Friess and H. D. Baldrige, J. Am. Chem. Soc., T8, 2484 (1956).
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was chilled during the portionwise addition with shaking of
11.22 g (0.2 mole) of KOH. The resulting slush was extracted
by decantation with 100 ml, then three 20-ml portions of ether.
The ethereal extracts were dried (K.COy), filtered, then evapo-
rated. The residual oil was distilled in vacuo without a frac-
tionating column, using a Claisen distillation head leading
directly to a vacuum adapter connected to the receiver. The
adapter alone provided ample condensing surface. An oil bath
heated with a hot plate gave only enough heat for removal of a
forerunn. Much more effective heating was provided by an “air
bath chimney’’ made from two layers of aluminum foil formed into
a cylinder and suspended from a metal ring. A wire gauze with a
center circle of asbestos hung from three wires which held it near
the bottom of the chimney. The gauze was heated with a wide,
soft flame from a Mekker burner. The still pot was not clamped
in place. Instead, the pot, Claisen head, adapter, and receiver
(all with 24/40 § glass joints) were wired together. Thus all
of the pot and part of the Claisen head could be heated in the
chimney. The whole assembly balanced nicely, the side arm
of the Claisen head resting on the foil-covered iron ring. An
ebullator was unnecessary; the pot charge was readily kept swirl-
ing by gently rocking the whole assembly of glassware. There
was no sign of charring or decomposition in the pot. An inter-
mediate cut amounted to 0.62 g, bp ~246° (0.09 mm), n%-p
1.4946. Collection of the product was begun when the distillate
no longer darkened as it ran down the adapter. The product
was 16.2 g (67%) of a very viscous, light yellow oil which later
crystallized completely; bp 250-235° (0.1 mm), n?%-2p 1.4942,
mp 30-32°, Anal. (C24H43N504) C, H, N.

2.Diethylaminoethy! 2-Methoxyethy! Carbonate (100).—A
procedure used for the preparation of n-butyl chloroformate??
was adapted for the synthesis of 2-methoxyethy!l chloroformate;
969 yield, bp 70° (30 min), n?-6p 1.4161 (lit.?3 bp 59° (13 nm),
n®»p 1.4163). A solution of 17.60 g of 2-diethylaminoethanol in
75 ml of CH,Cl, was gradually added to a cold solution of 20.80 g
of 2-methoxyethy!l chloroformate in 150 ml of CH,Cl,. After 5
days at abont 26° the mixture was worked up as described in pro-
cedure C, except that the basification was with 20.0 g of anhy-
drous K,CO;. Two successive fractionations gave 14.78 g
(459%) of product, bp 72° (0.06 mm), n®-p 1.4319, AXX 5.73
and 7.85 u. A4nal. (C,:Hu4NOy) C, H, N,

(22) C. E. Slimowicz and E. F. Degering, ibid., 71, 1044 (1949).
(23) H. G. Ashburn, A. R, Collett, and C. L. Lazzelt, ibid., 60, 2933
(1938).
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A number of compounds related to picrotoxinin have been tested for ability to mimic the action of that com-
pound. Active compounds have a free bridgehead hydroxy! group and a lactone ring connecting carbons 3 and 5

of the picrotoxane (1) skeleton.
in determining potency.

Picrotoxin, recently reviewed by one of us,! is an
ancient?~* drug component of Anamirta paniculata
and cocculus. It is an efficient analeptic,® but seldom
used. Despiteits therapeutic obsolescence picrotoxin is
of much theoretical interest because of its site and mode
of action in the central nervous system. It appears to

(1) L. A. Porter, Chem. Rev., 67, 441 (1967).

(2) T. E. Wallis, A Textbook of Pharmacognosy,"’ Little, Brown and
Co., Boston, Mass., 1960, p 260.

(3) T. 8. Blair, “"Botanic Drugs,” The Therapeutic Digest Publishing
Co., Cincinnati, Ohio, 1917, p 139.

(4) P. F, G. Boullay, B. Pharm., 4, 367 (1812).

(5) A. H. Maloney and A. L. Tatum, J. Pharmacol, Ezptl. Therap., 44,
337 (1932).

The axial isopropenyl substituent group of picrotoxinin appears to have a role

competitively depress presynaptic inhibition in the ver-
tebrate spinal cord and not to effect postsynaptic in-
hibitory processes.® The anatomical specificity in ac-
tion prompted our interest. The generalization that
only its picrotoxinin (II) component was active and that
picrotin (III) was inactive was also of interest since
their only difference is hydration of the isopropenyl
group. In connecting this information it was thought
that presynaptic inhibitory receptors should show high
structure discrimination and that structure—activity re-

(6) J. C. Eccles, Brit. Med. Bull., 21, 19 (1965).



