
Antiviral Agents. I. Analogs and Derivatives of 
2-Diethylaminoethyl 4-Methylpiperazine-1-carboxylate 

'i Variety of alialogs ai id derivatives of L'-tiiethyinriliiitJet~i~l 4-1tlelhylpiperaziiit~- t - ( w h .  
Xiiieteei~ c~r~~npo~ i i i  

A str~ictriie-activity velatioilship ii dihviissed a i d  iiietl 
A t  elevated temperat iirea some ~-dialk~l : r r i~i i roethyl i i~ethai is  \vc're f ~ l i l l d  t lJ ac t  

hynthesized arid examined for aiitiviral activity 1's. iiifliieiiaa i n  mire. 
active brit none was siiperior to 1. 
described. 
toward their corresponding 2-dkylamiiio ethoxide ions to fo rm syrnrnetrical ~ ) i ~ - L ' - d i a l k ~ ~ l a r i i i i ~ o ~ ~ t h ~ l  ethers (I\-), 

The diicovery2 that 2-diethylaminoethyl 4-niethj 1- 
I)ii)erazine-l-carboxS.late (1) exhibit< significant anti- 
viral activity against an Influenza (PR8) infection in  
riiice led US to synthesize variou- arialogs and deriva- 
t ivei. Thih report d e ~ ~ i b e s  the structure-xtivity 
ielationships of thebe compounds t i9 n ell :is ioinc of the. 
rhcmiitrj involved in their iyntheies. 

a \  b \ c ! d  
I n  I 

I \ /  I I 

I 

CH, N A'COO CH2CH2 N(C,H,). 

1 

Chemistry.-For purposes of  discussion 1 ma? he 
considered to  consist of four parts, a, b, c, arid cl. 
The synthesis of analogs arid derivatives of 1 will be 
considered under those four headings. 

Variations in a (Table I).-Various alkyl groups nerc 
attached by the reaction of 2-diethylaminoethyl piper- 
:izine-l-carbox?l:te (2) with an alkyl halide, as i i i  

procedure '1. Other variations in a are listed in Table I. 
Their syntheses n ere classical arid uiiconiplicated and 
are described in the Experimental Section. 

Variations in c, d, and c + d (Tables I1 and 111). 
1Lost of the compounds of this class uere prepared b! 
i)ne of the folloning three methods: procedure B, :L 
tr:iii.;csterific:Ltioii reaction using ethyl -hiethylpiper- 
nzine-l-carboxyl:ite (1)  as the starting material; 
procedure C, from phosgeiie 1 iu B chloroformate ester 
or D,  from ~-nieth;\-lpiper:tziiie-l-\-lc:irboii~-l chloride. 

The transesterificxtioii method described as pr(1- 
cedure B is a normal base-catalyzed reaction. How- 
wer .  we should emphasize the fact that in order to 
obtain high yieldh and avoid the production of by- 
product the reaction must be c:irricd out a t  a temper:i- 
ture not to exceed ea. 1%". In the early l'hases of the 
iri\-c.stigtttion the coriditioiis uhed for this reaction were 
>imilar to those described by Turrier3a in which ethyl 4- 

(1 )  (a) Yurnriier employee, Career Traininp Propram. 1964; (1))  slimmer 

(2 )  H. F, Lindlr a n d  AI, Forbes, l ' roc .  SOC. B x p .  Bioi. . l fed.,  121, 65 (19661. 
( 3 )  (a)  I t .  J. Turner, U. 8.  Patent 2,617,803 (1952). 0)) h related reac- 

tion, a n  N-alkylation of hindered amines by dialkylaminoethyl carbonate 
esters, was recently described by  L. \Veintraub a n d  R .  Terrel, . I .  O r a .  Chem.,  
90, 2470 (19fi5). 

employee, Career Trainin4 Program, 1'363. 

li 

1 
I1 

k 
I l l  

L -  J 
I I l A  

nun1ber oi :1na1ogi (\X) of 1 \\ere pX!p:Lrcd b) 
dlov-jrig an S-tertiary :imino alcohol T' to react first 
IT itli I)ho.gciir to  give :I cliloroforniate intermcldiate \'I 

not I~o1utt.d). : i d  then n i th 4-niethylpiper- 
:izit1e or  other : i i i i i tw \  (i)rorrdure C). .llthough t lw  
J ields laiiged iron1 moderately good to I c ) ~ ,  thii a1)- 
])roach was versatile and, i n  contrast to ester iiitei- 
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TABLE I 
n 

RN NCOOCH,CH,N(C,HJ, 
U 

7 1 ~  ("C) or 
Yield,* Bp (mm) or recrystn Antiviral  

Method'" % mp, 'C solvent Formula Analyses act.c 
B SO 118-120 (0.5) 1.4713 ( 2 s )  C I Z E I ~ ~ N ~ O ~  C, H, S ++ 
A 68 lOS(0.2) 1.4736 ( 2 5 )  C13H2iS302 C, H, S ++ 
A 26 120 (0.2) 1.4723 (26) C14Hz~X302 C, H, S ++ 
9 44 108-110 (0.2) 1.4798 (24) C I ~ H ~ ~ N ~ O Z  C , H , K  + 
B 36e 118-121 (0.5) 1.4803 ('La) CllH23N302 C, H, S - 

A 44 lZS(0.2) 1.4690 (28) CijH3iN302 C, H, X - 
A 48 154-160 (1 . O )  1.4710 (23) CnH3,N,02 C, H, S - 
B 68 163(0.05) 1,4760 (26) CisH34N402 C, H ;  Xu - 
B 78 97-102 (0.1) 1.4420 (26) Ci3Hz4F3K;30z C, H, S - 
B 49 175-178 (1 .O) 1.5328 (25) CiiHziS3Oz C , N ; H h  - 
.4 66 194-196 EtOH-Et20 C ~ ~ H ~ ~ C ~ ~ N ~ O Z . O . ~ H Z O  C, H, S - 
A 30 157(0.15) 1.4799 (22) C14HZi?;303 C, H, N - 

20 137-130 E tOIl-Et 2 0  CIOII JO~bO~S C, 11, N 

26 120-125 EtOII or c ~ ~ I I ~ ~ ~ ~ ~ s ~ ~ ~  C, H, S - 
NeCN 

52  158(0.1) 1 4934 (24) ciiIIzjX303 c, F r ;  i ~ t  - 
40 124-130 (0.2) 1.4898 (22) CiiH24N402 c, €I; S k  - 
83 149-152 (0.25) 1 4972 (25) CllH22N403 C, H;  Nl - 

C, H;  H '  - 59 85-86 CHCIa-EtOi Cl2Hz4-"rT403 
a General methods are described in the Experimental Section. If there is no notation in the method column the experiment is de- 

scribed individually in the Experimental Section. b I n  many examples the stated yield is the result of only one experiment and does 
not indicate a maximum yield. First described 
in ref 3a. e See footnote 8. ' The starting material for 9 was prepared as in ref 20. Q S :  calcd, 17.8; found, 17.1. H: calcd, 8.9; 
found, 8.4. N:  calcd, 16.3; found, 15.8. i S :  calcd, 21.7; found, 21.2. S :  calcd, 22.9; found, 22.4. H:  calcd, 8.8; found, 

++ = 60-807, survival, + = 35-6071 survival, and - = rejected as inactive. 

8.0. 

N O .  

20 
21 
22 
25 
24 
25 
26 
27 

2s 

29 

30 

31 

33 

34 

3.5 
86 
37 

Yield! 
bIethod' % 

11 40 
B 76 
B 24 
B 79 

62 
13 

c 39 
B 72 

Be 79 

T.inLE 11 

C H ~ j N c o ~ c H z c H z R ~  

~ D - ( o c )  or 
Up (mm) or recrystn 

mp, 'C solvent 

83-85 (0.1) 1.4714 (26) 
106-111 (0.07) 1.4721 (24) 
146-148 (1.0) 1.4679 (25) 
157 (0.25) 1.5209 (24) 
208-209 (0.  I) 1.5529 ( 2 3 )  
227-229 
156 ( 0 . 2 3 )  1.5434 (27) 
85-88 (0.0,j)  1.4407 ( 2 5 )  

118-126 (0.15) 1.4903 (24) 

17 
W N O  B 36 135-137 (0.25) 1.4913 (24) 

B 20 112-114 (0.1) 1.4900 (26) .3 
I3 77 130-132 (0.1) 1.4934 ( 2 5 )  A 

u N N C H , ~  

2HC1. NIICH, 54 212-213 EtOH 

P H ~ ~ . N H c H , ~  68 232-233 EtOH 

CH(CH3)z B 57 77-75 (0 1) 1.4627 (23) 
OCHzCH, 64 108 (1.3) 1.4644 (24) 
SCHzCH, B 40 112 (0 05) 1.4999 (26) 

ClZN23N302 

h a l y s e s  

C, 11, x 
C, 13, N 
C, H, S 
C, H, S 
C, H, N 
C, H, S 
C, H, ru' 
C, H, S 

C, H ;  NQ 

C, H, N 

c, H, N 

c, I€, x 
13, N;  C h  

C, H, K 

c, 11, N 
C, H, S 
C, H, N 

~ - - c  See correspoilding footiiotes in Table I. CIOHIS = adamantyl. e When 28 was prepared in a manner similar to that for 68, 
Anal. (C1aH2,N2O) 

f The starting material for 31 was 1-(2-hydroxyethy1)-4-methylpiperazine for the synthesis of which see J. Cymerman-Craig, 
Q N:  calcd, 16.5; found, 16.0 h C: calcd, 

i .e. ,  higher reaction temperature, a by-product was his-S-2-piperidinoethyl ether, bp 97" (0.07 mm), 7 2 2 6 ~  1.4811. 
C, H, K. 
11. J. Harrison, AI. E. Tate, It. H. Thorp, and It. Ladd, Australian J. Chem., 9,89 (1956). 
39.4; found, 40.0. 

change methods, it required no excess of the amino the amine was aromatic, a pyridine derivative, or part 
alcohol. It was successful with dialkylamino alcohols of an alicyclic ring. However, with simple P-dialliyl- 
in which the amino and hydroxyl groups were separated aminoethanols procedure C was unsatisfactory, due 
by three or more atoms and with P-amino alcohols when either to a cyclization-dealkylation reaction leading to 



7 2 2  \ - ( ) I .  11 

I t"  

-Q 

Yield 
11 et I , O l l ' ~  s; 

1, 

' I 7 \ 1 i l X  III  

CHjN NCOOR" 
r l  
W 

I 4 7 1 2 ( 2 6 1  
1 4710 (2,; 1 
1 4662 (2.5) 
1 4686 ( 2 3 ,  
I 4643 (251 

I 4x;x 1261 

~xazolidiiioiies~ or to the product ion oi a $-diallq lu- 
minoethyl chloride, possibly via a11 ethylenimmonium 
intermediate.4 In retrospect, the information dis- 
closed in ref 4 would suggest that a slight change in the 
reaction coiiditioiih of procedure C a* outlined in the 
1Ss~~erimetital Section of this paper might permit thc 
ube of this procedure e v ~ i  with ~-dialkylaininoethaiiol~. 

L 

VI V 

VI1 

-1 third iiiethod For t lie prepmitioil of' coiiil)outid. 01 
this clas.2 consisted of the reaction of 4-niethylpiper- 
:izi~ie-l-carboiiyl chloride5 with either the -odium halt of 
the required ainirio alcohol (procedure I)) or the i t n i i t i o  

alcohol itself (procedure E). 
Variations in b (Tables IV and V). - Iieplacenicstit- o1 

(lither orre or both of the oxygeiis of 1 b! sulfur, iiitrog(iti, 
or carbon are listed in Table IT'. Chxrigei i l l  thc pipc't- 
azine portion of the molecule are tnbulated iii 'l'nblr 1'' 

While testing other compoundb related to 1 i t  n a y  
iioted that 1.1 '-carbo~iylbis--l--m?ethyl~i~)er~ziiie dihj  - 
drochloride (77) exhibited a r i  interesting antiviral 
activit>-. Table T'I lists conipounds related to 77 arid 
containing two or iiiore S-iiieth~lpiperazirie units. 

Antiviral Testing.-- The :intiviral testing I\ as cxrrictl 
out by Mr.  H. 1;. Liridh of these laboratories by :I prci- 
cedure zimilnr to that 1)reviously described.3 lIa1t~ 

(5) I t .  AIorren, 8. 'Yrolin, K .  I l ena>er ,  nnd C .  Grirsky, Bull. &Ssoc. Chini .  
U e l y e b .  69, 228 (1'350). 
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TABLE I V  
X 

n II 
CHSN NCYCHzCH2N( C2HS)z 
U 

nD ( “C )  or 
BP (mm) recrystn Antiviral 

NO. S Y RIetliod‘L 70 or mp, “C solvent Formula .lnalyses acLC 

6% 0 N H d E 16 122-124 (0.1)  1.4928 (26) CiiH26N40 H, s; Cf - 
63 0 xCIs3e E 2 3  102 (0.1)  1.4889 (24) CiiH24N40e C, H, N - 
64 0 S.2HC1 11 36 229-234 dec EtOH-Et20 C12H2,S30S.%HCl C, H, S,  S + 
63 s 0.2HC1 26 162-163 dec EtOH C12H2jN30S.2HCl C, H,  N,  C1 - 
66 S S.2HC1 22 232-236 dec EtOH C12H&3S2.2HCl C, H, K, C1 - 
a - c  See corresponding footiiotes in Table I. d See H. hlorren, d. Trolin, R. Denayer, and E. Grinsky, Bull. SOC. Chim. Beiges, 59, 

226 (1950); Chem. Abstr., 45, 6211b (1931). e Compound 63 was a dimethylaminoethyl derivative. ’ C: calcd, 39.3; found, 39.0. 

n cn,N N- 
I I  72 
CH, CHa 

TABLE V 
l/”’COoCH,CH,N(C,H,)2 
Yield,h BP (mm) .Intiviral 

111) ( “C) I‘ormula h a l y s e s  act.c Method‘ 70 or mp, O C  

DL 61 129-130 (3.7)  1.4638 (22) C13H&202 C, H, S - 

58 63 (0.07) 1.GLj1 (24) CSH2ONZ03 C, N ;  H’ - - 
- 

DL 36 130-135 (0 05) 1.4593 (24) CigH42N402 C, H, N 
13 93 (0.02) 1 4529 (28) Ci3H~gN302 C, H, N 

- CH3 
76 (C&),N I>> 80 33-65 (0.1)  1,4426 (24) COH2oX202 C, H, N 

‘ j  The methods are detailed in the Experimental Section. However for this table the starting materials are different as indicated ill 

siicceeding footnotes. b,c  See corresponding footnotes in Table I. The precursor of 69 was XIII .  See Experimental Section. e The 
precursor of 70 was XI-,  This was actually a dimethylamino 
derivative, i .e. ,  bis(dimethylaminoethy1) carbonate. H :  
calcd, 9.9; found, 9.2. 

f The precursor of 71 was Xl.1. 0 The precLirsor of 72 was XITI.  
The precursor of 74 was Xl.111. j Prepared by the method of ref 16. 

T \ B L E  VI 
n 

nD (“C) or 
Bp (mm) or recrystn .intiviral 

NO. s I L  .\Iethodn % mp, O C  solvent Formula Analvses act.C 
i 7  >CO.2HC1 1 70 304-303 dec . . .  CiiHuC12N4O C, H, k ++ 
78 >SO,.ZHCld 1 62 260 dec EtOH C I O H , ~ C I N ~ O ~ S . H ~ O  C, H, S, C1 + + 
79 >C=S.2HCIf 1 
80 CH2Q 1 64 140(16) 1.4855 (24) CiiHz4N4 C, H, N 
81 >P=O trimaleate I ‘7 F 21 189-190 EtOH 

- 
- 
- C Z ~ H ~ J Y ~ O ~ ~ P  H, N; Ce 

I /  
S 2  CH3P=O 1 F 24 160-162 ( I .  0) 1 .  .i030 (25) Cl lH20N40P~2/3H20 C, H, N - 

- V 
83 CsHsP=O dimaleate 1 F 35 184-185 EtOH CuH3jN4OQP C, H, N 
84 COCO 1 46 130-132 C1&2&402 C ,  H, X - Heptane 

See corresponding footnote,5 in Table I. The free base was prepared as described iii ref 9 and converted to its salt using ethaiiolic 
I1C1. e C:  calcd, 46.8; found, 46.1. f See 11. E. Orth, J .  P h a m .  Sci., 53, 1261 (1964). Prepared as described by 0. Hromatka, G. 
Stehlik, and F. Sauter, Xonatsh. Chem., 91, 107 (1960). 

white mice, weighing 18-20 g each, were infected by the mice survived, the compound mas retested in ten mice, 
intranasal instillation of an LDgj dose of Influenza A Test results are listed in Tables I-VII where ++ = 

(PR8) virus. The compound was administered orally SO-SO% survival, + = 35-60y0 survival, and - = 
in a single maximum-tolerated dose immediately after rejected as inactive. Of the compounds tested 19 were 
infection. Each compound was first tested in five mice. accepted as active. Further evaluation of the active 
If less than two mice survived the 14-day test period compounds showed that none x a s  superior to  2-di- 
the compound was rejected as inactive. If two or more ethylaminoethyl4-methylpiperazine-1-carboxylate (1) ,2  



Structure-Activity Relationships.-Data iii Table> 
I -VI1 shoiv tha t  in this series of compounds the re- 
cliiirements for activity against PII 8 influenza arc 
fairly specific. The essential structural system coii- 

tctl of two fully substituted, strongly basic aiiiiiio 
grouph connected by a chain of seven or eight atoms. 
I I I  the central c h i n  the range of perniissible functional 
groups fimid is illustrated in structures 1, 39, 64, 77, 
atid 78. Changes beyond this rurigc gave iiiactive coni- 
pourid\. 'Phiis it \\ n ~ :  geiicrally necessary that t l i v  
ceiitral chain iiicludc :I carboriyl group flanked by 0.  
N, or S ittoms, although the piperazine-derived sulfa- 
initlo 78 :ilso \\ as active. 

1. n = " Z = O  
39, II = 3: z = 0 
64. =- 2; Z = S 

7 7 .  s= co 
7 8 ,  S = S O L  

S:ulf:tiii:it P (85),  dithiocai*b:ini:ite (66), phosphoiinte 
(91), :ind 1)Iio.l)lior:imide (82) analogs I\ ere inactive, ab  

I\ ere SJ ste in \  i n  which the central functional group W L L ~  

replaced by COCO (84), CH2 (80,86), 0 (89), or T\I(CHJ 
(63) groups. Iteplacement of one of the flanking hetero 
:ttoniy hy carbon (69) also abolished activity, as did 
rcyl:icemeiit of onr or the other of the terminal :ittiiiio 

Iiitiagcii :itom\ liy carbon (35, 70), oxygen (36), Y u l f u i  
(37), 01 chloi-inc (61). C'oml)outid> with :L third :imino 
qioul) II crc iiinctivc (31, 54, 74, 87). -111 coml)ouiid. 

.... 

Comprl BR, 
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then evaporated a t  aspirator pressure on a steam bath. The 
residue was distilled through a spinning band fractionation 
column. 

Procedure B.8--4 solution of 0.10 mole of ethyl 4-methyl- 
piperazine-1-~arboxylate,~ 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 a t  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 a t  85-95' for 3 hr, 
95-100' for 3 hr, and 100-125° for 3 hr, all a t  a pressure of 1.5 
mm. Iluririg this procedure EtOH and some of the amino alcohol 
distilled, For lower boiling alcohols somewhat lower tempera- 
tures and higher pressures were used. The main coiisideratioii 
is to keep the temperature low enough to avoid the ether by- 
product which is formed a t  higher temperatures. The material 
remaining in the flask was then fractionated using a spinning 
band column.10 

Procedure C.--4 stirred solution of COCll 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,C1,. 
The cooling bath was removed and the mixture was allowed to 
stand a t  25" for 30-50 hr. (iz standing time of only about 20 
min a t  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 8-dialkj-lamino alcohols.? 
Solvent was removed by evaporation a t  450", repeating the 
evaporation with more CH,Cl, to assure removal of unreacted 
COC1,. A solution of the residual syrup in 100 ml of CHZCI2 was 
kept a t  about 25" (ice bath, stirring) during the addition of 15.0 g 
(0.13 mole) of 1-methylpiperazine in 30 ml of CHZCl,. After 
20-40 hr i t  was evaporated to dryness. A solution of the residue 
in a minimum of H20 (20 ml) was chilled and swirled during 
successive additions of KOH (22.44 g, 0.4 mole). The resulting 
thick slimy 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 (K2CO3)) filtered, 
arid evaporated. Fractional distillation of the residue gave the 
product. 

Procedure D.-To the amino alcohol (0.40 mole) or thiol in 
50 ml of C6Hs or (CH~OCHZCH,)ZO was added S a  (4.6 g, 0.20 
g-atom). This was heated to  reflux until solution was complete 
and then cooled to room temperature. 4-Methylpiperazine-l- 
carbonyl chloride hydrochloride5 (22.5 g, 0.11 mole) was added 
aiid the mixtiire was stirred a t  room temperature for 3 mill, 
rcflrixed for 2 hr, cooled, and filtered. Removal of the solveiit 
aiid the excess amino alcohol was carried out a t  reduced pressure 
O I I  a steam bath and the residue was distilled. 

Procedure E.-A stirred suspension of 19.8 g (0.1 mole) of 
4-methylpiperazine-1-carbonyl chloride hydrochloride5 in 100 
nil of CH2C1, was chilled with an ice bath during the gradual 
addition of a solution of 0.15 mole of the alcohol or amine in 50 
in1 of CH1C12. The mixture was stirred a t  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. I t s  ir spectrum showed it  to be predominantly 
1 , l  '-carbonylbis-4-methylpiperazine (77). 

Procedure F.-To a well-stirred solution of 15.0 g (0.15 mole) 
of N-methylpiperazine in 50 ml of CHC1, was added slo~vly with 
cooling (0-5") 40 ml of CHC13 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 HzO, chilled, and swirled during 
the gradual addition of 40 g of KOH. The slurry was extracted 
with three 100-ml portions of ether. The ether solution was 
dried (AIgSOa) and the solvent was evaporated. The product 

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

(9) H. W. Stewart, R. .J. Turner,  J. .T. Denton, S. Iiiistiner, L. M,  Bran- 
cone. W. 1,. l l c  Elvan, R. I. IIewitt, and  Y. Subbarow. J .  Oro. Chem., 13, 134 
(1948). 

(10) I n  sume experiments the  separation of solid (sodium salts) made it 
necessary to  slurry with ether and rernuve the  salts by filtration before final 
distillation. 

was then either distilled or converted to a maleate salt using an 
blezCO solut,ion of maleic acid. 

Thiosemicarbazone of 2-Diethylaminoethyl 4-Acetonylpiper- 
azine-1-carboxylate (13).-2-Diethylaminoethyl4-acetonylpiper- 
azine-1-carboxylate (12) (1.0 g, 3.5 mmoles), 320 mg (3.5 mmoles) 
of thiosemicarbazide, 20 ml of EtOH, and one drop of concen- 
trated HC1 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-Et20 (1.5:2). 
See Table I for physical data. 

2-Diethylaminoethyl 4-Maleimidomethylpiperazine-1 -carboxyl- 
ate Dihydrochloride (14).-A solution of 6.8 g (53.5 mmoles) 
of S-hydroxymethylmaleimide in 120 ml of C6H6 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 
CsHe. 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 ml of EtOH. 
(Attempts to obtain a crystalline free base were unsuccessful.) 
This solution was treated with 22 ml of 6 K ethanolic HCl and 
cooled to give a crystalline product; yield 11.5 g. The product 
was recrystallized from 45 ml of EtOH and then again from 220 
ml of MeCK to give a nicely crystalline product. 

2-Diethylaminoethyl 4-Formylpiperazine-1-carboxylate (15).- 
A solution of 11.5 g (0.05 mole) of 2-diethylaminoethyl pipcr- 
azine-1-carboxylate (2) and 40 ml of 97% 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 ml of HzO and cooled 
in an ice bath and 10 ml of 507, SaOH was added. The mixture 
n-as extracted ta-ice with ether, and the ether xTas dried (hlgSO4) 
and then evaporated to  a syrup. The syrup was fractionated 
using a spinning band column. The first fraction was discarded 
and t'he 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 ml of concentrated HCI, 
cooled in an ice bath to about O", was stirred during the slow, 
dropwise addition of a solution of 41.5 g (0.6 mole) of KaNOZ, 
in about 70 ml of H20. The resulting solution was made alkaline 
with 110 ml of cold 10 N SaOH. The product separated as a 
liquid and was extracted with three portions of ether. The 
ether solution was dried (hIgSO4) and then evaporated to give the 
product, 65 g (83%). A portion of this material (10.7 g)  was 
distilled to give pure product; yield 8.2 g. 

2-Diethylaminoethyl 4-Aminopiperazine-1-carboxylate (17).- 
A mixture of 55 g (0.21 mole) of 2-diethylaminoethyl 4-nitroso- 
piperazine-1-carboxylate (16) (undistilled material; see above 
preparation), 90 g of Zn dust, and 200 ml of Hz0 was stirred 
vigorously a t  25-30' \vhile 170 ml of 85% AcOH was added drop- 
wise over a 1.5-hr period. This was then warmed to 50' for 1 hr 
rvith stirring, and then filtered. The solution upon cooling, 
gave a crystalline product [Zn(OAc)2?] which was removed by 
filtration. The filtrate \?-as cooled, stirred, and carefully made 
alkaline by the addition of about 240 ml of 10 N KOH. This 
mixture was extracted seven times with 200-ml portions of ether. 
The ether solution was dried (MgSO4), t'he 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-Diethylaminoethyl piperazine-1-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 Tvas dissolved (about 5 min). 
Some excess AcOH was removed on the steam bath under reduved 
pressure a t  the water pump (10-13 min). The residue was dis- 
solved in H 2 0  which was then cooled and made alkaline with 30 
ml of 10 '17 NaOH. This was extracted with three 50-ml portions 
of CHCl,. The CHC13 solution was dried (MgSO4) and evapo- 
rated to an  oil which was dissolved in ether. The solution quickly 
deposited a crystalline solid; yield 8.0 g (59%), mp 84-85'. 
A portinn of this material (1.2 g)  was dissolved in 2 nil of CHC& 
airti 10 nil of et,lier wa3 then added; yield 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 Pl-aOAIe in 27.6 g (0.16 mole) of ethyl 4- 
methyl-piperazine-1-carboxylateg was heated under reflux, using 
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2-Diethylaminoethyl 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 CS2 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 a t  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 
a t  142.5-143' (0.06 mm) was collected; yield 8.0 g, nZ5D 1.5640. 
This liquid was dissolved in 400 ml of ether and saturated with 
anhydrous HC1 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 1-methylpiperaxine in 150 ml of 
1,2-dichloroethane \vas chilled with an ice bath during the drop- 
wise addition of 14.10 g (0.1 mole) of 4-chlorobutyryl chloride. 
After another 15 min a t  0" and 15 min a t  room t'emperature the 
mixture was chilled again during the gradual addition of 36.57 g 
(0.5 mole) of Et2SH. 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-Diethylaminoethyl trans-2,4,5-TrimethyI-l-piperazinecar- 
boxylate (68) and 2,2"'-Oxybistriethylamine (XII).-A solution 
of 0.150 g of S a  in 30 ml of 2-diethylaminoethanol was heated 
under reflux (bp -68") a t  aspirator pressure for 5.5 hr with 12.02 
g of ethyl trans-2,4,5-trimethylpiperazine-l-carboxylate.~~ 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 a t  atmospheric pressure, ebullating 
with dry Nz;  the temperature of t'he reaction mixture gradually 
rose from 159 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 
yield.) An earlier cut from the distillation amounted to 4.43 g 
(34%), bp 97-100" (4 mm), n 2 8 . 4 ~  1.4389. Refractionation of 
this cut gave three cuts showing the presence of a small amount, 
of a faster moving contaminant (by gas chromatography) follom-ed 
by a final 0.40-g cut of a liquid, bp 98" (3 mm), n 2 8 , 8 ~  1.4379, 
which gave only a single peak on a gas chromatogram. Anal. 
(C11Hz8NzO) 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 Z 7 , * ~  1.43'72, preparedI4 
from 2-diethylaminoethyl chloride and sodium 2-diethylamino- 
ethoxide. 

1-Methylpiperidine-4-carbonyl Chloride (XIII).-A solution of 
42.5 g (0.236 mole) of 1-methylpiperidine-4-carboxylic acid 
hydrochloride'5 in 230 ml of SOC12 was heated to reflux on a 
steam bath for 2 hr. The excess SOCl2 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 a t  room temperature overnight. The solid 
was collected, washed with ethylene chloride, and dried over 
PzOi and KOH in a desiccator and then dried at  60"; yield 40 g. 

4-Methylpiperidine-1-carbonyl Chloride (XIV).-The pro- 
cedure was adapted from that described by Sekera, et a1.,16 for 
the synthesis of 2-diethylaminoethyl piperidinecarboxylate. To 
a solution of 0.6 mole of COClz in 100 ml of CHC13 cooled with a 
Dry Ice-AIeOH bath was gradually added a solution of 14.88 g 
(0.15 mole) of 4-methylpiperidine in 50 ml of CHC13. The mix- 
ture was heated under reflux for 70 min, evaporated, then 
fractionated to give 20.39 g (84%) of t,he carbamoyl chloride, 
XIV, bp 98" (5  mm), ~ * O . O D  1.4857. 
Ethyl 1,4-Diazacycloheptane-l-carboxylate (XV).-l,4-Diaza- 

cycloheptane dihydrobromide (56.2 g, 0.20 mole) was dissolved 
in 100 ml of H2O containing 8.2 g (0.10 mole) of SaOAc. To the 
stirred reaction mixture was added fourteen 0.96-ml portions 
(0.01 mole each) of ethyl chloroformate over 1.5 hr. After each 
addition of the chloroformate had dissolved, a solution of 0.82 g 

(13) K. XI. Beck, K. E. Hamlin, and -1. TV. Weston, J .  Am. Chem. Soc., 
74, 605 (1952). 

(14) J. Fakstorp, J. A. Christiansen, and  J .  G. A .  Pedersen, Acta Chem. 
Scand. ,  7 ,  134 (1953). 

(15) N. Sperber, F. J. Villani, and D. Papa, U. S. Patent 2,739,968 (1956); 
Chem. Bbstr.. 80, 15596% (1956). 

(16) A. Yekara, I. Jakubee. J. lir61, and C. Vrba, Chem. Liaty, 46, 762 
(1952); Chem. Absf r . ,  47, 12302 e (1953). 

(0.01 mole) of SaOAc in 3 ml of HzO was added. The mixture 
was chilled in an ice bath, 35 ml of 20% S a O H  was added, and 
the total mixture \vas extracted with 100 ml of ether. Vapor 
phase chromatography indicated only lowboiling material was 
present in this extract. &Co3 (75 g)  was added to the aqueous 
phase which was then extracted with three 200-ml aliquots of 
ether. The ether was removed after drying (MgSO4) to afford 
18.6 g of product which \vas distilled; yield 16.2 g (47Yc), bp 
64-67" (0.025 mm), nZ5D 1.4788. Anal. (C8H1&;202) C, H, N. 

Ethyl 4-Methyl-1,4-diazacycloheptane-l-carboxylate (XVI).- 
Ethyl 1,4-diazacycloheptane-l-carboxylate (XV) (16.2 g, 0.004 
mole) dissolved in 6 ml of H2O was chilled in an ice-salt bath and 
10 ml of 977, HCOOH was added. The solution was stirred a t  
room temperature for 2 hr after the addition of 10 ml of 377, 
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 IT XaOH 
(temperature kept belolv 10") then extracted with three 100-ml 
portions of ether. The combined ether extracts were dried 
(MgSO,) and evaporated at  reduced pressure and the residue 
distilled; yield 14.8 g 185$3), bp 64.5-67' (0.06 mm), n 2 * ~  
1.4693. Anal. (CsH13N202) C, H :  S: calcd, 1.5.0; found, 14.5. 
N-(2-Dimethylaminoethyl)-N-methylcarbamoyl Chloride Hy- 

drochloride (XVII).-A solution of 14.8 g (0.15 mole) of COCl2 
in 60 ml of CHC13 was agitated and kept a t  about -20" during 
the dropwise addition of a cold solution of 10.2 g (0.1 mole) of 
X,N,N'-trimethylethylenediamine in 25 ml of CHC13. The result- 
ing suspension was allowed to warm to  20", then to stand for 
another 1 hr. Excess COC12 was removed by evaporation to 
dryness, repeating the evaporation with another 100 ml of CHC13. 
This was used for the preparation of 72 (Table V). 
2-Dimethylaminoethyl Carbonate (73).-To 50 ml of a 2 M 

solution of COC12 in CHzC12 kept a t  t -40"  was gradually added 
a solut,ion of 17.83 g (0.2 mole) of 2-dimethylaminoethanol in 
100 ml of CHZC12. The reaction mixture was then allowed to 
stand for 3 days without further cooling. Much solid separated. 
A work-up as in general procedure h gave 11.9 g of a colorless 
liquid, A::: 5.73 and 7.95 p. 

Bis-2-diethylaminoethylcarbamoyl Chloride Dihydrochloride 
(XVIII).-Bis(2-diethylaminoethyl)amine17 (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 COClz in 30 ml of CHCl, 
in an ice-salt bath. The reaction mixture \%-as stirred an addi- 
tional 0.5 hr a t  room temperature to give a homogeneous solu- 
tion. Anhydrous HC1 was bubbled into the solution whereupon 
two immiscible layers formed. The CHC13 layer was separated 
and discarded. The CHCl3-insoluble portion was extracted with 
100 ml of CHC1, (discarded) and evaporated a t  reduced pressure 
to give dark crystals; yield 29 g. 
2-Diethylaminoethyl (3-Dimethylaminopropy1)methylcarba- 

mate (75).-To 50 ml of a 2 M solution of COClZ in CHZCIZ kept 
a t  2 -50" was added dropwise with swirling 0.1 mole (11.7 g)  
of 2-diethylaminoethanol (freshly distilled after drying over a 
little NaH). The resulting solution was warmed to just 20°, 
then kept a t  this temperature for just 5 min, using cold water to 
prevent any further rise in temperature. The solution was then 
kept a t  -30 to +lo" during the addition of a solution of 11.6 g 
(0.1 mole) of S,S,N'-trimet,hyl-1,3-propanediamine in 50 ml of 
CH2C12. 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 l . i  g of a colorless liquid, A,,, 
5.86 and 8.43 p.  

l,l'-Carbonylbis-4-methyIpiperazine Dihydrochloride (77).- 
The following procedure is a simplified version of the process of 
Kushner, et ~ 1 . ~ 8  To a well-stirred solution of 80.1 g (0.8 mole) 
of 1-methylpiperazine in 300 ml of CH2C12 kept a t  <-30" 
with a Dry Ice-MeOH bath was added in a thin stream 200 nil of 
a cold ( 5 " )  2 AM solution of COCl2 in CH&12. Cooling was then 
stopped. After 2 hr the resulting solid was collected, Tvashed with 
EtOH, then dried a t  90" and ca. 1 mm; 82.6 g (iOY0), mp 304- 
305" dec (lit.18 mp 303-304"). 

l,l'-Oxalylbis-4-methylpiperazine (84).-Diethyl oxalate (18 
ml, 19.5 g, 133 nimoles) and 10 ml (0.4 mole) of N-methyl- 
piperazine were mixed and heated on a steam bath for 7 hr. The 
excess N-methylpiperazine was evaporated and the resulting 
syrup was dissolved in 25 nil of ether. The product crystallized 

Pee Table V for physical data. 

(17) F. G. Mann and J. H .  Turnbull, J .  Chem. Soc., i 5 2  (1951). 
(18) S. Kushner, 1,. 11. Brancone, R.  I. H e n i t t ,  \T. L. hIcEwan, 1'. SUI)- 

barow, H. W. Stewart, R. J. Turner, and  J. J .  Denton. J .  O r g .  Chem.,  13, 
144 (1948). 
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decanted and the procedure was repeated. (This was to separate 
starting material which is soluble in ether.) The residue was 
evacuated over P205 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 ml 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", A",::"' 3.93 
and 5.83 p. Anal. ( C ~ Z H ~ T C I ~ N ~ O ~ )  C, H, C1, N. 
trans-2-Dimethylaminocyclopentanol (XXII).-Cyclopentane 

oxide (9.6 g, 0.114 mole) was added to a solution of 50 nil of HzO 
previously saturated \I ith anhydrous hfe2KH in an ice bath. 
The reaction mixture was stoppered and allowed to stand a t  
room temperature for 5 days. The Ha0 and excess NejNH were 
removed a t  reduced pressure on a water bath and the residue was 
distilled; yield 11.2 g (76%), bp 95-96" (10 mm), n 2 5 ~  1.4727 
(lit.z1 bp 94-95' (11 mm), n% 1.4710). Anal. (C?HI~XO) N. 

( f. )-erythro-l-Phenyl-2-dimethylami~opropanol (XXIII).- 
(~)-erythro-l-Phenyl-2-aminopropanol hydrochloride (mp 194- 
197") (18.8 g, 0.10 mole), 12 ml of HjO, 85 ml of 97y0 HCOOH, 
and 85 ml of 3770 formaldehyde were mixed and heated on a steam 
bath for 19 hr. The reaction mixture was evaporated to dryness 
a t  reduced pressure, dissolved in 75 ml of HzO, and again evapo- 
rated. This latter procedure was repeated twice more and the 
resulting crystalline residue was recrystallized from 50 ml of 957, 
EtOH; yield 4.7 g, mp 207-209'. Additional materials, 4.95 g, 
mp 204-206.5", and 6.2.5 g, mp 204-20701 were obtained from 
the filtrate (747, total yield). Anal. (ClIH18ClNO) C, H, C1, N. 
This hydrochloride (13.0 g, 0.06 mole) was dissolved in 25 ml of 
1120 and 15 ml of 10 A' NaOH was added. The mixture was 
extrarted with three 100-ml poItions of ether which were coni- 
bined and dried (lIgSO4). Evaporation of the ether gave a 
white crystallirie solid; yield 10.6 g, mp 60.3-63". A small 
portion uf this compound was recrystallized from petIoleuni 
ether; mp 6.5-67.5". 

Bis(2-diethylaminoethyl) 4,4'-Ethylenedi(l-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 BrCH2CHzBr and 22.93 g 
(0.1 mole) of 2-diethylaminoethyl piperazine-1-carboxylate (2) 
in 100 ml 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 H2O. This solution 

(21) S. L. Frieas and €1. D. Baldripe, J .  Am.  Chem. Soc., 78, 2484 (1956). 

was chilled during the portionwise addition ~ i t h  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 (KtCOa), filtered, then evapo- 
rated. The residual oil was distilled i n  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 
forerun. hfuch more effective heating was provided by an "air 
bath chimney" made from two layers of aliiminum 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 Alekker burner. The still pot was not clamped 
in place. Instead, the pot, Claisen head, adapter, and receiver 
(all Fi th  24/40 T 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 
mas no sign of charring or decomposition in the pot. An inter- 
mediate cut amounted to 0.62 g, bp -246' (0.09 mm), n z 5 z ~  
1.4946. Collection of the product was begun when the distillate 
no longer darkened as i t  ran down the adapter. The product 
was 16.2 g (67%) of a very viscous, light yellow oil which later 
crystallized completely; bp 250-255" (0.1 mm), nz5 ZD 1.4942, 
mp 30-32". ilnal. (Cz4H45N~o4) C, H, N. 

2-Diethylaminoethyl 2-Methoxyethyl Carbonate (loo).-A 
procedure used for the preparation of n-butyl chloroformate22 
was adapted for the synthesis of 2-methoxyethyl chloroformate; 
967; yield, bp 70" (30 mm), nZa 6~ 1.4161 (lit.23 bp 59" (13 mm) ,  
n %  1.4103). A solution of 17.60 g of 2-diethylaminoethanol in 
75 ml of CH2C12 was gradually added to a cold solution of 20.80 g 
of 2-methoxyethyl chloroformate in  150 ml of CH2C12. After 5 
days at  about 26' the mixture was worked up as described in pro- 
cedure C, except that the basification was n i th  20.0 g of anhy- 
drous K2C03. Two siiccessive fractionations gave 14.78 g 
(457,) of product, bp 72" (0.06 mm), nZ6 'D 1.4319, A::: 5.73 
and 7.55 p .  -4nal. (ClOH21NOI) C, H, X. 

(22) C. E. Slimowica and  E. F. Depering, ib id . ,  71, 1044 (1949). 
(23) H. G. Ashburn, A. R. Collett, and  C. I,. Lazzell, i b i d . ,  60,  2833 

(1938). 
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A number of compounds related to picrotoxinin have been tested for ability to mimic the action of that  com- 
Active compounds have a free bridgehead hydroxyl group and a lactone ring connecting carbons 3 and 5 

The axial isopropenyl substituent group of picrotoxinin appears to have a role 
pound. 
of the picrotoxane (I)  skeleton. 
in determining potency. 

Picrotoxin, recently reviewed by one of  US,^ is an 
drug component of Anamirta paniculata 

and cocculus. It is an efficient analeptic,5 but seldom 
used. Despite its 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 

(3) T. S. Blair, "Botanic Drugs," T h e  Therapeutic Digest Publishing 

(4) P.  F. G. Boullay, B. Pharm., 4, 367 (1812). 
( 5 )  A. H. Maloney and  A. L. Tatum, J .  Pharmacol. Ezpf l .  Therap., 44, 

Co., Boston, Mass., 1960, p 260. 

Co., Cincinnati, Ohio, 1917, p 139. 

337 (1932). 

competitively depress presynaptic inhibition in the ver- 
tebrate spinal cord and not to effect postsynaptic in- 
hibitory processes.6 The anatomical specificity in ac- 
tion prompted our interest. The generalization that 
only its picrotoxinin (11) component was active and that 
picrotin (111) was inactive was also of interest since 
their only difference is hydration of the isopropenyl 
group. In  connecting this information i t  was thought 
that  presynaptic inhibitory receptors should show high 
structure discrimination and that structure-activity re- 

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


