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The compounds (IV} and (V) were isolated by reaction of
their molybdenum complexes with sodium hydroxide and
LiAlH, and characterized by 'H and *P-NMR spectroscopies
and mass spectrometry. The *P-NMR spectra of (IV) and (V)
consist, in each case, of one resonance of virtually singlet
peak indicating the magnetic equivalence of the phosphine
groups. The 'H and “C-NMR spectra of (IV) and (V) consist
of distinctively characteristic resonances {all complex multip-
lets) whose assignments were made by considering chemical
shift and to the ratio of the intensities. The 'H-NMR spec-
trum of each compound shows resonances that are consistent
with the magnetic equivalence of the backbone q-protons
PCH,CH,CH:P which are mutually inequivalent to the B-pro-
tons (PCHCH,CH,P). In addition, the remaining substituents
of phosphines, P-R (R=H, Me), were all magnetically equiva-
lent. The compounds (IV} and (V} were studied by mass spec-
trometry; in both cases, the molecular ions were observed.
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Piperazine-2,5-diones are one of the most important classes
of peptides found in nature' and constitute a large class of
organic substances that are formally derived by the removed
of two molecules of water from two amino acid derivatives?
During the course of our synthetic model studies on the
anti-tumour antibiotic agent DKP 593-A, 13, we found that
1,4-dibenzyl-3,6-bis(piperidyl)-piperazine-2,5-dione, 2, can be
easily prepared from glycine anhydride. Surprisingly, this
compound was stable as a number of its analogues.
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The compound 2 is of particular interest for QSAR {Quan-
titative Structure-Activity Relationship) study since its struc-
ture is quite stmilar to that of 1. Syunthetic approachs to
monoaryl or alkylidene derivatives have been reported for
a-carbon’, a-oxygen® or a-sulfur® functionalized piperazine-2,
S-dione derivatives. However synthetic studies of symmetri-
cally N-functionalized piperazine-2,5-diones have received
very little attention. In this paper, we wish to report a facile
approach to a-N-functionalized piperazine-2,5-diones that
features the nucleophilic reaction of a variety of amines with
1,4-dibenzyl-3,6-bis(bromo)-piperazine-2,5-dione in the prese-
nce of NaH.

As shown in Scheme 1, commercially available glycine
anhydride, 3, was treated with NaH/benzylbromide to afford
N.N’-dibenzy] piperazine-2,5-dione, 4. Bromination was ac-
complished by treating 4 with NBS/benzoyl peroxide.” Treat-
ment of the secondary amines such as piperidine(a), pyrroii-
dine(b), N-methylpiperazine(c), imidazole(d), and morpholine
(e) with 2,2 equiv. of sodium hydride at 0C generated sod-
ium metallated nitrogen anions which were reacted with di-
bromide, 5, to give the corresponding coupled products 6a-

3 R=H) $

4 (R=Benzyl)
Scheme 1. Reagents and conditions; (i) NaH, DMF, BnBr, 0T ;
(i) NBS, CCL, (PhCOQ), 60C (i) amines, NaH, THF.
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6e in 52-85% vyield.

A stereochemical assignment (syn/anti) for the resulting
N-coupled products could be established through the chemi-
cal shift of the C-3-methine proton of the piperazine-2,5-
dione ring. It was reported that the C-3 methine protons
appear as a sharp singlet for the syn-bis(sulfide) while the
anti diastereomer exhibited C-3 methine protons as two sin-
glets in the symmetrically a-S-functionalized piperazine-2,5-
dione and this relationship was also derived from the single-
crystal X-ray analysis.® Qur results also shows that N-substi-
tuted C-3 methine protons give one sharp singlet peak as
a major peak at 4.16, 4.21 or 6.49 ppm (6d). Although X-ray
analysis is needed to determine the exact stereochemistry,
we believe that the products we have prepared are of syn
stereochemistry as these have been shown to be thermody-
namically more stable by previous authors?®

Substituent (R) C-3 methine yield{%) mp.

piperidine (6a) 4.16 ppm 790 181-182
pyrrolidine (6h) 421 ppm 520 230(dec)
N-methylpiperidine (6¢) 4.21 ppm 718 178-180(dec.)
imidazole (6d) 6.49 ppm 846 23%dec)
morpholine (6e) 421 ppm 835 150-151

In conclusion, the methadology outlined above, describes
a practical approach to a-N-functionalized piperazine-2,5-dio-
nes. The stereochemical assignment (syn/ant!) is currently
under investigation and will be reported in the full paper.

A typical experimental procedure is as follows. To
a stirred suspension of NaH (0.2 g 4.1 mmol, 2.2 equiv.
80% in oil) in 5 mL THF was added piperidine (0.352 g,
4.1 mmol, 2.2 equiv.) slowly under argon atmosphere. The
mixture was stirred for 30 min at room temperature and
transferred vig a syringe into a stirred solution of dibromide,
5, (0.85 g, 1.9 mmol) in 12 mL THF. The mixture was alio-
wed to stir for 30 min and poured into water and extracted
three times with CHCl;. The combined organic extracts were
dried (MgSO,), filtered, and purified by column chromatogra-
phy (5i0,, 7 : 1, hexane/ethyl acetate, R,=0.55). 14-dibenzyl-
3.6-bis(piperidyl)-piperazine-2,5-dione, 6a was obtained as a
white solid (0.68 g, 79%); mp. 181-182%C ; 'H-NMR (300 MHz,
CDCly): 7.3-72 (10H, m), 54-5.2 (2H, d), 4.31-4.14 (2H, d),
4.16 (2H, s), 2.9-26 (4H, m), 2.5-2.3 (4H, m), and 1.8-1.3 ppm
(12H, m); IR (KBr): 3200, 2910, 1680, 1450, and 1150 cm™’;
Mass spectrum (m/z, rel. intensity): 460 (M*), 376 (7), 375
(34), 292 (42), 91 (100), and 84 (87).
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By cocondensing hHthium and sodium atoms with benzene
diluted in argon, Manceron and Andrews' observed new in-
frared absorptions attributable to mono- and dibenzene com-
plexes in the case of lithium but nothing with sodium. Based
on the UV/VIS spectrum of diluted dispersions of sodium
atoms in solid benzene, McCullough and Dulev? suggested,
on the other hand, that Na atoms in benzene interacted pre-
dominantly with one nearby benzene molecule. Its presence
has been proposed also by Moore ef al? in their electronic
absorption study on dilute thin-film codeposits of potassium
or rubidium with benzene.

Considering that the physicochemical properties of alkali
metails are generally much the same as one another, the
interaction behavior of Na to certain molecules may be ex-
pected somewhat similar to that of other aikali metals. In fact,
Kunze ef al! found the sodium and potassium atoms to in-
teract with UF, similarly to the case of lithium, Based on
the above informations, it is conjectured that the sodium-ben-
zene complex can be formed even though its interaction
strength is not substantial. In this respect, we are currently
investigating the possibility of sodium-arene complex forma-
tion by using the matrix isolation infrared spectroscopy. In
this report, we wish to present the preliminary observation
made on the sodium-benzene system in argon matrix.

The reagent grade benzene and the matrix gas (Ar) were
mixed in mole ratios varying from 1:70 to 1: 1000 using
a standard manometric technique. The gas mixture was sp-
rayed onto a cold Csl window held at 9 K. Sodium metal
atoms, prepared by evaporating natural sodium metal inside
the deposition line, was also introduced into the cryostat
together with C¢Hs. The sodium concentration was modified
by varying the temperature of evaporator, resulting in a 10-
fold change in metal pressure. The highest relative propor-
tion of Na and C¢H; used here is estimated at 1:6.

Experimental setup is nearly the same as that reported
previously.® A Janis Model 22 closed cycle helium cryocooler
was used to cool the Csl substrate down to 9 K. Appropriate



