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CONDENSATION OF 1,4-DIACETYL- 2,5-PIPERAZINEDIONE WITH ALDEHYDES
PROMOTED BY ULTRASONICALLY DISPERSED POTASSIUM'

Submitted by Li Xin Wang'", Yao Zeng Shi*, Ming Hua Xu and Hong Wen Hu
(10/16/95)

Department of Chemistry, Nanjing University

Nanjing 210093, P. R. CHINA

Ultrasound is known to promote a variety of organic reactions, especially those involving
metals.! Because of the nature of the solvent, these reactions most likely occur on the metal surface;
however, this is not always the case with alkali metals especially those of low lattice energy, such as
potassium and sodium? which, under proper conditions, can be transformed into very fine dispersions.
Particles in such a colloidal state may exhibit special effects that occur not only at the interface
between metal and solution but also to the slight extension of the metallic phase in the interior of the
particles.> These considerations suggest that finely dispersed metallic particles in solution may have
some useful synthetic properties. Ultrasonically dispersed potassium (UDP, sometimes called
colloidal potassium), generated by the sonication of metallic potassium in toluene or xylene,** has
been recognized as a powerful reducing reagent for the cleavage of the C-S bond of cyclic sulfones.® It
has also been used as an effective reagent for the Dieckmann cyclization of diesters.* Recently, we
found UDP can be used as both a deprotonating agent and a promoter for the aldol condensation and
the Michael reaction for which strong bases(e. g. t-BuOK) are required.” In view of the many possible
modes of reaction and of the “ultrasound” and “dispersion” effects'® of UDP, we became interested in
exploring its applications and attempted to determine some special characteristics of this “colloidal
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reagent”.* The derivatives of DAPDO (1) have great potential in biochemistry® and synthesis® and
may be obtained by the condensation of aldehydes with piperazinedione (PDO)* or with DAPDO
using strong bases (e. g. +-BuOK),!! by the use of phosphorus ylide,'? by microwave irradiation'! or
using phase-transfer catalysis" in a few hours to a few days in moderate to excellent yields; however,
there remains some problems in these syntheses.! We now report the applications of UDP on the aldol
condensation of 1,4-diacetyl-2,5-piperazinedione (DAPDO) with aldehydes.

Our results show that this finely dispersed potassium behaves as a Lewis base, acting as a
deprotonating agent and a promoter of this aldol condensation; the reaction was complete smoothly
within 10-150 minutes in 86-100% yields (Table 1) and thus appears to be the most effective method
for this type of reaction to date.

As in the reported procedures,'®'* monoarylidene and symmetric diarylidene products (2 and
5) may be obtained by controlling the amounts of potassium and aldehydes used; however, DAPDO
reacted violently with trans-cinnamaldehyde, and only 2e'> was obtained even then excess aldehyde
was used. Since 2 might be partially deacylated when the excess of potassium was destroyed with
glacial acetic acid, it was treated with methanol and catalytic potassium carbonate'® to afford pure 3. To
obtain the asymmetric products 4, it is important to allow compound 1 to condense first with equimolar
amounts of the aromatic aldehyde, followed with an excess of the aliphatic aldehyde. The reverse proce-

dure was ineffective even though longer sonication was performed and is currently under investigation.

TABLE 1. Yield, Reaction Time, mp and Elemental Analysis

Yield mp lit mp  Time Elemental Analysis (Found)

Cmpd (%) ()] (°C) (min) C H N

2e 100 303-304 — <2 66.65(66.48)  522(5.15) 10.37(1040)
3a 87 270-272  270-2717 30 — — —

3b 94 257-258 — 25 58.54 (58.58)  4.09(429) 11.37(11.29)
3c 91 261-262 — 20 59.54(59.65)  5.38(5.40) 10.68 (10.67)
3d 100 272-274  275-278" 10 — — —

4a 87 267-268  264-265'% 150 — — —

4b 92 263-264 — 150 67.12(6747)  6.34(6.17)  9.78(9.46)
4c 86 306-307  308-310" 150 — — —

Sa 92 303-304  301-302'% 60 — — —

5b 89 317-319  320-322% S0 @ — — —

5¢ 96 >360 >360'4 50 — — —

5d 91 342-345  343-351% 45 — — —

EXPERIMENTAL SECTION

Toluene was distilled from sodium. Potassium was freshly cut.* Liquid aldehydes were commercially
available and were freshly distilled. Other reagents (c.p) were used as purchased without further
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purification. Melting points were measured with a Micro Melting Point apparatus and are uncorrected.
IR spectra were obtained as KBr pellets on a Shimadzu IR-408 spectrometer. 'H NMR spectra were
recorded at 90MHz or 500MHz on a Varian FX-90Q or a Bruker 500 spectrometer using TMS as an
internal standard. MS were measured by EI using the VG-ZAB-HS instrument. Elemental Analysis
were on a Perkin-Elmer 240C instrument and UV /vis were obtained on a UV-240 spectrometer.

TABLE 2. Spectral Data

Cmpd IR (cm™) MS (m/z) 'H NMR®?
NH =0 C=C M'(%)
2e 3395 1686 1630 270(48) 10.7 (1H, NH), 7.65-7.57 (q, 1H, =CH, J, = 15Hz,

J,=12Hz), 7.57-7.26 (m, 5H, ArH), 6.92, 6.89 (d,
1H,=CH,J =15 Hz), 6.71, 6.69 (d, 1H, CH=,J =
12Hz), 4.25 (s, 2H, COCH,N), 2.43 (s, 3H, COCH,)

3a 3375 1690 1630  —  10.03 (br, 1H, NH), 8.15 (br, IH, NH), 7.57-7.15 (m,
3200 5H, ArH), 6.78 (s, 1 H, CH=), 4.25 (s, 2H, COCH,N)
3b 3200 1690 1620 246 (100) 9.66 (br, IH, NH), 8.09 (br, IH, NH), 7.10-6.78 (m,
3015 3H, ArH), 6.61 (s, 1H, CH=), 6.02 (s, 2H, OCH,0),
3.95 (s, 2H, COCH,N)
3c 3300 1680 1630 262 (100) 9.64 (br, 1H, NH), 8.08 (1H, NH), 7.03, 7.00 (d, 3H,
3150 ArH), 6.65 (s, 1H, CH=), 3.98 (s, 2H, COCH,N), 3.78
(s, 6H,2 OCH,)
3d 3395 1680 1630  —  8.50,8.47(d, 1H, ArH,J = 2.7Hz), 8.40,8.37 (d, 1H,

ArH, J = 2.7Hz), 7.77-7.62 (q, 2H, ArH), 7.44 (s, 1H,
CH=), 4.57 (s, 2H, COCH,N)

4a 3220 1690 1640 — 7.23 (m, 6H, CH=), 6.23, 6.12 (d, 1H, CH=, ] = 10Hz),
2.73 (br, 1H, =CH), 1.23 (d, 6H, CHMe,, ] = 6Hz)
4b 3130 1670 1630 286 (100) 7.45,6.83 (d, 4H, ArH, J = 5Hz), 7.18 (s, iH,

ArCH=), 6.16 (d, 1H, =CH, J = 8Hz), 3.87 (s, 3H,
OCH,), 2.80 (m, 1H, CHMe,), 1.1 6 (d, 6H, CHMe,,

J=5Hz)

4c 3150 1670 1640 — 7.25 (m, 6H, ArCH=), 6.27 (d, 1H, =CH, J = 10Hz),
2.67 (m, 1H, CH), 1.20 (d, 6H, CHMe,, ] = 6Hz)

5a 3175 168G 1630 — 7.31 (m, 12H, 2xArCH=)

5b 3200 1690 1640 — 7.20 (m, 6H, ArH), 6.95 (s, 2H, 2xArCH=), 6.05 (s,
4H, 2xOCH,0)

Sc 3200 1690 1630 — 7.51-7.34 (m, 10H, 2xArCH=)

5d 3200 1690 1630 — 7.61-7.02 (m, 10H, 2xArCH=)

a) 2e was recorded at S00MHz using DMSO-d, as solvent, other compounds were recorded at
90MHz using CF,CO,D as solvent.

Typical Procedure.- To a toluene solution of UDP (5.2 mmol),* a solution of ArCHO (5 mmol) and 1
(5 mmol) in 15 mL dry toluene was added dropwise under N, atmosphere at 0° (ultrasound bath filled
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with soap and ice-water). Sonication (100W. common cup ultrasound generator was used) was contin-
ued until the reaction was complete by TLC. After cooling, about 5 mL of glacial acetic acid was
carefully added to the residue. The mixture was cooled again to ambient temperature and water was
added. A white solid was obtained by filtration. It was recrystallized from aqueous acetic acid. For the
synthesis of compound 5, 2.2 equiv. potassium and 2.2 equiv. of the aldehydes are needed. For
compound 4, 2.2 equiv. potassium, 1 equiv. aromatic aldehyde was sonicated for 30 minutes, then 2
equiv. of the aliphatic aldehyde was added. The spectral data of the products were listed in Table 2.
Compound 2e, in this case, pure 2 obtained within 2 minutes, UV(MeOH): 230, 315nm.

The synthesis of compounds 5 was performed as described above, using 2.2 equiv. aromatic
aldehydes.

The synthesis of compound 4 was carried out as described for compound 3; sonication was
continued for another 10 minutes, then 20 mmol of the freshly distilled aliphatic aldehyde in 20 mL of
toluene was added dropwise; again sonication was continued to specified time (Table 1). Work-up
was as described above.
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For use in an investigation of the synthesis of pallidol 8,! an unambiguous synthesis of 7a

was required, and we now describe a synthetic sequence for its preparation.
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