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Abstract-Condensation of I ,4-diacetylpiperazine-25dione with aldehydes has been applied to the 
synthesis of albonoursin and unsymmetrical 3,6-diarylidenepiperazine-2,kliones. The reaction has 
been extended to I ,4-diacetyl-3,6dimethylpiperazine-2,S-dione, which gives derivatives of 2-methyl-3- 
phenylserine. The mechanism and stereochemistry are discussed; cis I-acetyl-3-isobutylidene- 
piperazine-2,5-dione has been isolated. 

Some arylidene and alkylidene derivatives of 
piperazine-2,5-dione, namely albonoursin(l),’ 3,6 - 
dibenzylidenepiperazine - 2, S-dione(2),’ and 3 - 
anisylidene - 6 - benzylidenepiperazine - 2, 5 - 
dione(3)’ have been isolated from culture filtrates 
of Streptomyces species. While the synthesis of 2 
and 3 was achieved by the method of Sasaki,’ al- 
bonoursin required an independent approach’ 
owing to the failure of this reaction when applied to 
the aliphatic aldehydes. In a recent letteti we re- 
ported a modification of the method of Sasaki 
which allows ready access to both monoarylidene 
and monoalkylidene piperazine-2,5-diones. The 
present paper deals with the general conditions de- 
vised for this reaction, its use in the synthesis of the 
natural products 1 and 3, its mechanism and 
stereochemistry. 

Conditions, use and limitations of the method. 
The suggestion6 that N-acetylation of piperazine- 
2,5-dione should precede its condensation in the 
presence of acetic anhydride and sodium acetate, 
and the finding’ that 1, 4 - diacetyl - 3 - 
isopropylidenepiperazine - 2, 5 - dione condenses 
with benzaldehyde in the presence of triethylamine, 

1: R = iC,H,, R’ = CJI, 
2: R=CJI,, R’=CJI, 
3: R = CJI.OCH,p. R’ = CJI, 
4: R=CJ-I.NOlp.R’=C&I, 
5: R = CaH,NO,p, R’ = CaH.NO2p 

prompted us to study the condensation of al- 
dehydes with 1, 4 - diacetylpiperazine - 2, 5 - 
dione(8). The technique of reacting the activated 8 
instead of the simple piperazine-2,5-dione offers the 
advantage that several base-solvent combinations 
suitable for aldol condensation can be tested. 

Preliminary experiments showed that aromatic 
aldehydes condense with 8 in the presence of 
triethylamine to give 1 - acetyl - 3 - arylidene- 
piperazine - 2, 5 - diones 6ae or 3, 6 - diarylidene- 
piperazine - 2.5 - diones 2 and 5, depending on the 
reaction conditions, while the aliphatic terms failed 
to react even at high temperatures. Stronger bases 
were therefore taken into consideration, and the 
bulky t-butoxide ion was chosen owing to the 
acylating properties of the CO-N-CO system of 
8. In fact four aliphatic aldehydes were success- 
fully condensed with 8, in the presence of tBuOK, 
with DMF as solvent, to give the parent monoal- 
kylidene derivatives 6&g (Table 1). Attempts of 
monocondensation with ketones or double conden- 
sation with aliphatic aldehydes resulted in poor 
yields and are not described in this paper. An im- 
provement of the reaction conditions, mainly by the 

-/: 

R’ 

I 

R-N& 

6: R=COCH, 
7: R=H 

a: R’=CJI, 
b: R’ = CJI.OCH,p 
c: R’=C&NO,p 
d: R’-CH, 
l : R’ = C,H, 
I: R’ = nC,H, 
g: R’ = iC,H, 

661 



T
ab

le
 

I. 
I-

A
ce

ty
l-

3-
ar

yl
id

en
e(

al
ky

lid
en

e)
pi

pe
ra

xi
ne

-2
,5

-d
io

nc
s 

U
V

(E
tO

H
) 

IR
(C

H
C

I,
),

 
cm

 
’ 

X
-I

d*
 

k4
.p

. 
A

na
ly

si
s%

? 
A

,..
. 

la
ct

am
e 

C
om

po
un

ds
 

%
 

“c
 

So
lv

en
t 

Po
rm

ul
a 

C
 

H
 

N
 

nm
 

l
 

N
H

 
c=

O
 

c=
C

 

6a
 

6b
 

6c
 

6d
 

6.
e 

61
 

sn
 

14
 

15
 

66
 

82
 

28
 

75
 

75
 

80
 

6.
9 

20
0-

m
l 

E
tO

H
 

17
9-

18
0 

E
tO

H
 

21
3-

21
5 

E
tO

A
c 

18
2-

18
4 

C
aH

6 

M
-1

56
 

G
H

, 

13
7-

13
8 

C
,H

, 
n-

he
xa

ne
 

M
-1

47
 

i-
Pr

op
yl

 

et
he

r 

10
8-

l 
IO

 
i-

Pr
op

yl
 

et
he

r 

C
oJ

-I
oA

O
, 

C
JU

’J
K

L
 

C
,,H

,,N
,O

s 

C
sH

m
N

~O
, 

C
H

,,N
,O

, 

C
JL

N
~O

, 

C
 ,.

H
,,N

zO
, 

C
,o

H
,.N

,O
, 

63
.8

6 
5-

00
 

I 
I4

0 
22

9 
I4

50
0 

63
.9

3 
4.

95
 

II
.4

7 
31

6 
15

30
0 

33
70

 
17

00
 

16
32

 
F 

61
.3

9 
5.

18
 

IO
*1

5 
23

0 
15

80
0 

Q
 

61
.3

1 
5.

14
 

IO
.2

1 
33

4 
20

9o
o 

33
70

 
I7

0 
16

28
 

F 

54
.0

4 
3.

95
 

14
46

 
22

9 
13

30
 

z 
53

98
 

3.
83

 
14

.5
3 

33
1 

I5
50

0 
33

70
 

17
05

 
16

35
 

52
.5

0 
5.

51
 

IS
.2

4 
33

82
 

k 

52
.7

4 
5.

53
 

15
.3

8 
22

2 
14

10
0 

31
90

 
16

90
 

16
41

 
? 

55
X

N
l 

6.
14

 
14

.3
1 

33
85

 
55

.0
9 

6.
16

 
14

.2
8 

22
2 

14
60

0 
31

90
 

16
95

 
16

41
 

F m
 

56
94

 
6.

65
 

13
.3

0 
33

80
 

57
;1

3 
6.

71
 

13
.3

2 
22

2 
I4

50
0 

31
80

 
16

90
 

16
35

 

57
-0

8 
6.

74
 

13
.3

1 
33

90
 

57
.1

3 
6.

71
 

13
.3

2 
22

2 
14

20
0 

31
90

 
16

95
 

16
42

 

57
.0

3 
6.

79
 

13
.2

1 
33

80
 

57
.1

3 
6.

71
 

13
.3

2 
22

2 
24

00
0 

31
90

 
16

93
 

16
27

 

*o
r 

pu
ri

fi
ed

 
pr

od
uc

ts
. 

tU
pp

er
 

fi
gu

re
s,

 
fo

un
d;

 
lo

w
er

 
fi

gu
re

s,
 

ta
lc

. 



Condensation of 1,4-diacetylpiperazine-2,5-dione with aldehydes 669 

Table 2. PMR data’ of I-acetyl-3-ar~lidene(alkylidene)piperazine-2,5-diones and deacetylated products 

Compounds Solvent Aromatic Vinylic CO-CH,-N CH,CO NH Allylic 

6a 
7a 
6b 
7b 
6c 
7c 
6d 
7d 
6e 
7e 
6f 

: 
7g 
14 

A 
A 
A 
A 
A 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 

7.66m 
7.55m 
7.41dd 
7.34dd 
K15dd 
8.08dd 

7.14s 4.47s 
6.71s 4.06d(J 2) 
7.06s 4.43s 
6.77s 4*OSd(J 2) 
7.13s 446s 
6.85s 4.08d(J 2) 
6.52q( J 8) 4.51s 
5.89qCJ 8) 3.%d(J 2) 
6461 (J 8) 4.50s 
5.821 (J 8) 3.981 (J 8) 
6.531 (J 8) 4.53s 
5.83t (J 8) 3.%d(J 2) 
6.28d(J 10.5) 4.47s 
5.59d(J 10.5) 3.98d(J 2) 
5.63d(J IO) 4.41s 

3.36s 

3.32s 

3.33s 

2.63s 

2.63s 

2.65s 

2.61s 

260s 

10.45b 
9.82b 8.30b 

10.45b 
9.82b 8.26b 

10.76b 
10.55b 8.47b 

9.37b 
lO.OOb 8.lOb 

9.38b 
lO.OOb 8.12b 

9.63b 
lO+Ob 8.15b 

964b 
9.%b 8.13b 

9.73b 

1.9ld(J 8) 
1.73d( J 8) 
2.31m 
2.21m 
2.25m 
2.12m 
2.76m 
2.83m 
3.53m 

*6(ppm) values relative lo TMS as internal standard; coupling constants in Hz. Intensities of the signals in 
accordance with the numbers of protons. A: hexadeuterio DMSO, B: deuteriochloroform, s: singlet, d: doublet, dd: 
double doublet, t: triplet, q: quartet, m: multiplet, b: broad signal. 

IWHo. B B 
-A- L L 

SCHEME 1 

use of other bases, widely employed to generate 
enolate anions, should lead to better results. The 
deacetylated derivatives 7a.g were prepared, for 
comparison’ purposes, by hydrazinolysis of the 
parent 1 - acetyl - 3 - alkylidene(arylidene)piper- 
azine - 2, 5 - diones. PMR data of both classes of 
compounds are reported in Table 2. 

An important feature of our modification is that, 
for a given set of conditions, the reactivity of 8 is 
greater than that of monocondensed products. 
Therefore monoarylidene(alkylidene) derivatives 
can be obtained easily when an equivalent of base 
is used. A second condensation can be induced 
with aromatic aldehydes forcing sometimes the 
conditions in order to enhance the reaction rate. 
This technique has been employed for a facile 
synthesis of the natural products 1 and 3 and of the 
unsymmetrical diarylidenepiperazine - 2,s - dione 4 
(Table 3). 

Mechanism. Our efforts to elucidate the mechan- 
ism of the reaction were applied to the recognition 
of the aldol intermediate A (Scheme 1). 

1, 
X 

A 8: Hz 
9: H,CH,OCHXd& 

10: H,CH&COCH, 
11: H,CHGH.NO,p 

I 

The finding of Shemyakin8 that hydrogenolysis of 
the 1,4 - diacetylpiperazine - 2.5 - dione 9 gave bis 
0-acetylserine anhydride (10) suggested that A 
should contain an acetate function. All attempts to 
detect the acetate bands in the IR spectra of the 
reaction mixtures failed. As the rate of elimination 
k” could well be larger than k’, we decided to carry 
out the reaction in a solvent where A was supposed 
to be practically insoluble, in order to allow low 
concentration of A in the solution, slowing down 
the elimination reaction. Eventually it was found 
that 1 - acetyl - 3 - p - nitrobenzylidenepiperazine - 
2, 5 - dione(6e) reacts with p-nitrobenzaldehyde in 
THF solution, in the presence of triethylamine, to 
give a yellow crystalline precipitate. Attempts to 
recrystallize the product from DMF resulted in a 
complete transformation into the brown-red con- 
densation product 5. It was therefore analysed 
without purification. The structure 11 was attri- 
buted on the basis of the following evidence: ele- 
mental analysis correct for C20H,6NIOR. l/2 THF; 
UV (95% aqueous DMF), A,,: 354 (c 14800) and 

Y R R’ 

LH,OCH,CJL 
CHKO CH,CO 
CH,CO CH.CO 

H,CHLJCOCH, 
CHCsHSJOzp 

H H 
CH,CO H 

Y dCOCH, 



Table 3. 3,bDiarylidene(arylidene, alkylidene)piperazine-2,Sdiones 

uv IR(KBr), cm ’ 
Yield M.p. Analysis%* A “x.1 lactame 

Compounds % “c Formula C H N nm l NH C==O C=C 

8OMl 524 265-267 C,,H,d’LO, 70.20 6.30 IO.89 237’ 3180 1680 1635 
70.29 6.29 IO.93 319 24500 

87d C,*H,.NzOz 74.36 492 9.63 298-300 
9.65 

343h 27800 3170 1675 1620 
74.47 4.86 

90d 265-dec C,eH,,NzOx 71.13 5.10 8.78 3190 1675 1625 
71.24 5.03 8.74 

358 33ooo 

10700 70d >360 C,.H,,N,O. 64.21 3.99 12.55 310” 
373” 17400 

3230 1680 1625 
64.47 3.91 12.53 

5 loo >360 C,.H,zN.06 

*Upper figures, found: lower figures, talc. 
“for solution in EtOH. 
‘for solution in 95% acqueous DMF. 
‘ for solution in CHCI,. 
“yields of purified products. 

3.32 14.87 354” 13800 56.77 
56.85 3.18 14.73 SOSh 1840 

3260 1684 1628 
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505 nm (e 1900); IR (KBr), vmX: 3270,31!90 (lactame 
NH), 1738, 1040 (acetate CO), 1685 (lactame CO) 
and 1634cm. (C=C); mass spectrum, significant 
peaks at m/e 440: M’, 0.13% relative abundance; 
410: M+-NO, 0.37%; 380: M+-CJ&Oj, 17.5%; 60: 
C2H102+, base peak, in addition to the peaks at 350: 
M+-CH402-NO, 49%; 334: M*-CHd02-N02, 
I .5% found also in the spectrum of 5 and to the 
peaks of THF at 72,71,42 and 41. In the reaction 
mixture from which 11 was obtained only the reag- 
ents could be detected (TLC). Eventually 11 was 
promptly converted into the condensation product 
(5) by treatment with triethylamine in DMF at room 
temperature. These findings suggest that the con- 
densation should proceed, in general, through the 
following steps (Scheme 2). 

When triethylamine is used as base, the equilibria 
(1) and (2) are largely unfavourable. Step (3), on the 
other hand, represents a kinetically favoured in- 
tramolecular acyl transfer to which the success of 
the reaction should be attributedP With stronger 
bases and under the Sasaki conditions (piperazine- 

+B Z 

2,5-dione, aromatic aldehyde and acetic 
anhydride-sodium acetate at 130-1609, the same 
mechanism should also intervene. In the last case, 
N-acetylation should precede the condensation. 
Substituted derivatives, e.g. 3 - methylpiperazine - 
2, 5 - dione,“’ which undergo monocondensation, 
are expected to be deactylated at the N atom near 
the methylene engaged in the condensation. Steric 
strain prevents the free amide group from reacyla- 
tion. 

Stereochemistry 
(a) Aldol intermediate. One or both dias- 

tereoisomers may be present in the aldol inter- 
mediate 11. Our first attempts to elucidate this point 
showed that the study of this product was not con- 
venient in view of its low solubility and stability. 
The reaction between p-nitrobenzaldehyde and 1, 
4- diacetyl - 3, 6 - dimethylpiperazine - 2, 5 - dione 
was therefore considered. In this case, two pro- 
ducts were isolated, and the structures 12 (threo) 
and 13 (eryrhro) have been assigned: elemental 

+BH 

+RCHO = 

(1) 

(2) 

R-CH-OCOCH, 

(3) 

R-CH-OCOCH, R-CH-OCOCH, 

+BH’ = +B (4) 

R-CH--OCOCH, 

+ CH,COz- + BH’ 

SCHEME 2 
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crystallized from EtOAc to give 9OOmg of pure 6g. The 
residue, after TLC separation, gave an additional amount 
of 470 mg of 6g and 160 mg of 14. 

3 - Arylidene(alkylidene)piperarine - 2, 5 - diones 
(7a.g). Equivalent amounts of 6 (0.03 moles) and hyd- 
razine hydrate were reacted in IO ml of DMF at room 
temp, for 2hr. Evaporation of the solvent and washing 
with water gave almost quantitative yields of the deacy- 
lated derivatives 7. M.ps and spectra, taken on recrystal- 
lized samples, of 7a,” UV(EtOH): A,. 227 nm, c 14300 
and 297 nm, c 18300, and 7dg” are in accordance with re- 
ported data. Compound 7b: m.p. 278-280” (AcOH-H?O); 
QV (EtOH): A,.. 225 nm, E 16400 and 316 nm, E 20800; IR 
(KBr): Y,.. 3250, 3050, 1665 and 1622cm-‘. (Found: C, 
62.06; H, 5.21; N. 12.02. CllHllNIO, requires: C, 62.06; H, 
5.21; N, 12.06%). Compound 7c: m.p. 275-280” 
(AcOH-H,O): UV (EtOHI: A,.. 226nm. l 12600 and 
&Onm, l 14900; Ifi (KB;): Y,.. 3250, 31 IO, 1680 and 
1625 cm-‘. (Found: C, 53.45; H, 3.71; N, 1699. C,,H.N,O, 
requires: C, 5344: H, 3.67; N, 17+lO%). 

Albonoursin (1). A soln of tBuOK (0.5 N) in tBuOH 
(1 .S ml) was added slowly, with stirring to a soln of 1 - 
acetyl - 3 - isobutylidenepiperazine - 2, 5 - dione (315 mg) 
and benzaldehyde (159 mg) in 3 ml of DMF at 0”. After 
14 h at room temp the solvent was evaporated, the residue 
washed with water and diethyl ether, dried and crystal- 
lized from AcOH-acetone to give 200 mg of purified pro- 
duct. 

3,6 - Dibenzylidenepiperazine - 2, 5 - dione (2). A soln 
of 1, 4 - diacetylpiperazine - 2, 5 - dione (198 me), benzal- 
dehyde (106mg) and triethylamine (205 mg) 2 2 ml of 
DMF was heated at 130” for 2 h. Evaooration of the sol- 
vent and washing with water and dikthyl ether gave a 
residue which was crystallized from AcOH-H20. 

3 - Benzylidene - 6 - anisylidenepiperazine - 2, 5 - dione 
(3). A soln of 1 - acetyl - 3 - anisylidenepiperazine - 2, 5 - 
dione (247 mg), benzaldehyde (110 mg) and triethylamine 
(205 mg) in 4 ml DMF was kept 6 h at 130“. Evaporation of 
the solvent and washing with water and diethyl ether gave 
the product which was crystallized from AcOH-H20. 

3 - p - Nitrobenzylidene - 6 - benzylidenepiperazine - 2, 
S- dione (4). A soln of 1 - acetyl - 3 - ben- 
zylidenepiperazine - 2, 5 - dione (244 mg), p- 
nitrobenzaldehyde (15 1 mg) and triethylamine (105 mg) in 
2 ml DMF was kept 2 days at room temp. The ppt was 
recrystallized from DMF. 

3.6 - Di - p - nitrobenzylidenepiperazine - 2,s - dione (5) 
(a) A soln of I, 4 - diacetylpiperazine - 2, 5 - dione 

(198 mg), p-nitrobenzaldehyde (300 mg) and triethylamine 
(205 ma) in 2 ml DMF was kent 24 h at room temn. The 
hark-brown mass was filtered-and the solid washeh with 
water and diethyl ether. 

(b) The aldol product 11 (12 mg) was dissolved in a 
0.1 N soln of triethylamine in DMF (0.6 ml) at room temp. 
After 2 h the mixture was filtered and the solid washdd 
with water and diethyl ether to give 7 mg of 5 identified by 
its IR spectrum. 

N - (p - Nitrophenyldehydroalanyl) - 0 - acetyl - 3 p - 
nitrophenylserine anhydride (11). A soln of 1 - acetyl - 3 - 
p - nitrobenzylidenepiperazine - 2,s - dione (200 mg), p - 
nitrobenzaldehyde (110 mg) and triethylamine (70 mg) in 
8 ml THF was kept at room temp for 2 days. Filtration and 
washing with THF gave 42 mg of the product as yellow 
crystals. Mixtures of 11 and 5 (IR) were obtained after 
longer reaction times. 

Reaction ofp-nitrobenzaldehyde with I.4 - diacetyl - 3, 
6 - dimethylpiperazine - 2, 5 - dione. To a soln of 1, 4 - 

diacetyl - 3, 6 - dimethylpiperazine - 2, 5 - dione (4.24g) 
and p-nitrobenzaldehyde (2.83 g) in 20 ml DMF at 0”. a 
0.5 N soln of tBuOK in tBuOH (3.6 ml) was added slowly, 
with stirring. The mixture was kept at room temp for 15 h, 
quenched with AcOH, and the solvent evaporated. A soln 
of the residue in EtOAc was washed with saturated brine, 
dried over Na,SO, and evaporated to give 4.2 g of an oily 
residue. Crystallization from EtOAc-n-hexane gave 
400 mg of 12. Preparative TLC (silicagel Merck, 0.5 mm 
thickness, CHCI,-Et,0 1: 1) of the material recovered 
from the mother liquors gave a further amount of the 
same product. The two crops were collected and recrys- 
tallizeh from EtOAc-n-hex&e to give 690 mg of 12: m.p. 
209-211”: IR (CHCI,): v,.. 3370. 1747. 1690 cm-‘. (Found: 
C, 53.99;‘H, i.03; NY.1 1.18. C,,fi,,N,& requires: c, 54.11; 
H, 5.08: N, 11.14%). 

The slow moving isomer 13 required further purification 
by preparative TLC (CHCI,-EtOAc 8: 2). Eventually 
I?‘0 mg bf pure 13 was obtained after crystallization from 
EtOAc-n-hexane: m.n. 178-179“: IR (CHCI,): Y-.. 3375. 
1760 and 1685 cm-‘. iFound: C, 54.08: H, S.i2; G, 11~08~ 
Cl,HlPN,07 requires: C, 54.11; H, 5.08; N, 11.14%). 

Acid hydrolysis of the 2 - methyl - 3 - p - nit - 
rophenylserine derioatiues 12 and 13. The isomer 12 
(2i)o &) was heated to reflux in a mixture of MeOH (5 ml) 
and 35% HCI IS ml) for 18 h. The solvent was evaoorated 
at reduced preisu& the residue taken up with water and 
passed through a column (8 mm diam) filled with 6 g char- 
coal (Merck active charcoal for gaschromatography, 
35-50 mesh ASTM). D,L-alanine was completely removed 
by washing with water, while the aromatic amino acid was 
recovered by elution with 1: 1 HIO-acetone soln. Evap- 
oration of the solvent and recrystallization from water 
gave 70 mg of pure D,L-three -- 2 - methyl - 3 - p - 
nitrouhenvlserine: m.u. 205-207”: PMR (for solns of the 
hydrbchldride in D,Oj, 8 (ppm relative td DSS as internal 
standard): 8.11 (4H, dd), 544 (1H.s) and 1.50 (3H,s). 
D.L - Erythro - 2 - methyl - 3 - p - nitrophenylserine 

(45 mg) was obtained from the isomer 13 (100 mg) by the 
same procedure, m.p. 201-202”, PMR, 8 @pm): 8.05 
(4H,dd), 5.30 (lH,s) and I.70 (3H.s). 
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