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Figure 5. Variation of specific discharge capacity and Ah efficie
ncy of P.Cokel2 with charge-discharge cycling, experimental co
ndition: see caption of Figure 3.

carbon from 2nd cycle to 98th cycle. The utilization of P.Coke 
12 in this test was 48.4% based on 372 mAh/g of graphite's 
theoretical specific capacity. Ah efficiency of 63% at 1st cycle 
was raised to above 98% after 6th cycle. Therefore, the cyc
ling characteristics of P.Cokel2 were very stable. Obtained 
specific capacity of P.Cokel2 was corresponding to calculated 
value from XRD analysis.

Conclusions

Pitch coke was synthesized from coal tar pitch. Synthesi
zed P.Cokel2 was found to have turbostratically disordered 
and buckled 1 항er stack. Average doos, La and Lc were calcu
lated as 3.43 A, 60 A and 1600 A, respectively. In cell test 
of P.Cokel2, Ah efficiency of 63% at 1st cycle was raised 
to above 98% after 6th cycle. Low Ah efficiency at 1st cycle 
due to the irreversible intercalation of some lithium ion to 
carbon. Specific capacity was 180 mAh/g with good cycling 
behavior. Obtained specific capacity of P.Cokel2 was corres
ponding to predicted value from XRD analysis.

In summary, synthesized P.Cokel2 had low specific capa
city but good cycling behavior compared, generally, with gra
phitic carbon.
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2-Piperidylglycine (I)1 was prepared for the first time as 
a model compound for streptolutin (2)2 which might be con
verted to antitumor agent DKP 593A via cyclic dimerizatioin. 
DKP 593A was isolated from the soil microorganism Strepto- 
mices griseoluteus and reported to be effective against certain 
solid tumors and leukemia.3

Piperazinedione ring structures are usually prepared by 
cyclic dimerizations of amino acids. It was reported that gly
cine and methyl L-alanine were converted to the correspon
ding piperazinediones by simple heating.4 In addition to the 
thermal treatment, activation of the acid functionality is also 
available. For example, activation via A^-carboxyanhydride5 
or Mhydroxysuccinimide ester6 successfully gave the pipera
zinediones.

Relating to the present subject, the corresponding pipera
zinedione was not given from 2-(5-chloro)pyridylglycine upon 
heating/ while the piperazinedione was successfully formed 
from a P-lactam upon standing at room temperature in the 
preparation of racemic DKP 593A.3 This paper aims to find 
a good method for preparing a piperazine-2,5-dione moiety 
from 2-piperidylglycine.

Result and Discussion

The ester 5 was prepared from alcohol 4 by oxidation, 
esterification, and protection in sequence. The ester 5 was 
treated with KHMDS and 2,4,6-triisopropylbenzenesulfonyl 
azide (trisyl azide) to give azide 6. Simple hydrogenation 
of the azide 6 with or without di-t洲-butyldicarbonate gave 
bis Boc ester 8 or mono Boc ester 7 in good yields.8 During 
the hydrogenation of the azido ester 6, or heating the amino 
ester,7 none of the desired piperazinedione was detected. 
Removal of the Boc group from 7 followed by heating under 
reflux resulted in the intractable mixture.7

The acid 9, prepared from the ester 8 by hydrolysis, was 
reacted with A^-hydroxysuccinimide, and the resulting activa
ted ester was treated with TFA and pyridine to give a solid.6 
Unfortunately, the solid was not the desired piperazinedione, 
but a mixture of polymeric materials by FAB mass spectral 
analysis.9

The coupling of the acid 9 to the amino 7 using HOBt 
and BOP gave dipeptide 10. Finally, removal of all Boc 
groups from 10 followed by the treatment with NMM resul
ted in the desired piperazinedione 11 (Scheme 1). When the 
ring nitrogens in 10 were protected by Cbz instead of Boc, 
the corresponding piperazinedione was not given.

In conclusion, the cyclic dimerization of 2-piperidylglycine 
was accomplished via the peptide formation followed by the 
cyclization. AT-Protecting groups on the piperidine rings 
should be removed prior to the cyclization. Using this me
thodology, the cyclic dimerization of streptolutin is currently
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Figure 1.

10 11
Scheme 1. Key: a) i) Jones' reagent ii) MeOH/H+ iii) (Boc)2O, 
Et3N; b) i) KHMDS, -78 t ii) TrisN3 iii) AcOH; c) 1 atm H2, 
Pd/C; d) 1 atm H2t Pd/C, (Boc)20; e) KOH, MeOH/H2O; f) 7, 
BOP, HOBt, NMM; g) i) TFA/CH2C12 ii) NMM, A.

in progress, and the activation of the acid functionality will 
be also studied for the better synthesis of DKP 593A.

Experimental Section

Melting points are uncorrected. 'H NMR spectra were re
corded on a Brucker AC 250 (250 MHz) spectrophotometer. 
Infrared spectra were recorded on a Schimadzu IR-435. Mass 
spectral analyses were performed on VG TRIO 2000. Eleme
ntal analyses were determined by Organic Chemistry Resea
rch Center, Sogang University, Seoul.

Methyl 2-(N-tert-butyloxycarbonyl)piperidineace- 
fate (5)10. To a solution of methyl 2-piperidineacetate (1.72 
g, 10.9 mmol) in CH2C12 (30 mL) was added triethylamine 
(2 mL, 143 mmol) and di-fert-butyldicarbonate (2.95 g, 13.1 
mmol). After stirring for 6 hr at room temperature, the resu
lting mixture was1 treated with 1 N HC1. The organic layer 
was separated, washed with water, and brine, and dried (Na? 
SO4). Removal of solvent Allowed by column chromatography 
(50 g silicagel, 10:90 of ethylacetate/hexane) gave a clear 
oil (2.61 g, 92.7%).

NMR (CDCI3) 8 4.50 (m, 1H, C2-H), 3.80 (m, 1H, C 
6・He), 3.44 (s, 3H, 0CH3), 2.60 (m, 1H, CgHD, 2.35 (m, 2H, 
Ca-H), 1.50-1.10 (m, 6H, ring), 1.22 (s, 9H, t-butyl); IR (neat) 
2920, 2860, 1735, 1685 cm"1.

Methyl clf꺼
neacetate (6)11. To a solution of ester 5 (3.00 g, 11.7 
mmol) in THF (4 mL) was added KHMDS (0.5 M in toluene, 
28.0 mL, 14.0 mm이) dropwise at — 78 under nitrogen 

atmosphere and the mixture was stirred for 45 min. To the 
above solution of potassium enolate at —78 t was added 
via cannulation a precooled (—78 t) solution of trisyl azide 
(4.33 g, 14.0 mmol) in THF (3 mL). After 3 min, the reaction 
was quenched with glacial acetic acid (3.10 mL, 53.8 mm이). 

The cooling bath was removed, and the reaction was stirred 
at room temparature for 2 hr. The solution was partitioned 
between CH2C12 and dilute brine. The aqueous phase was 
extracted with CH2C12. The organic phase was combined, wa
shed with aqueous NaHCOa, dried (Na2SO4), and evaporated 
in vacuo. Chromatography (110 g silicagel, 10:90 of ethyl 
acetate/hexane) gave a pale yellow oil (2.95 g, 84.5%).

NMR (CDCI3) 8 4.52 (m, 1H( C2-H)f 4.25-3.90 (m, 2H, 
C6-He, Ca・H), 3.79, 3.73 (two s, 3H, OCH3), 2.70 (m, 1H, C6- 
Ha), 1.75-1.30 (m, 6H, ring), 1.47, 1.42 (two s, 9H, /-butyl); 
IR (neat) 3090, 2930, 2850, 2100, 1740, 1690 cm-1.

Methyl a-amino-2-(N-tert-butyloxycarbonyl)piperi- 
dineacetate (7)11. A mixture of 6 (0.450 g, 1.54 mmol) 
and 10% Pd/C (0.045 g) in ethyl acetate (30 mL) was hydro
genated at atmospheric pressure and 60 for 40 min. The 
catalyst was then filtered off and the mixture was evaporated 
to give a yellow oil (0.39 g, 95.5%).

】H NMR (CDCI3) 6 4.15-3.90 (m, 2H, C2-H, CuHJ, 3.80-3.60 
(m, 1H, Ca-H) 3.68, 3.64 (two s, 3H, OCH3), 2.80-2.60 (m, 
1H, Cg-K), 1.70-1.25 (m, 8H, ring, NH2), 1.44, 1.40 (two s, 
9H, /-butyl); IR (neat) 3300, 2900, 2800, 1730, 1680 cm-1.

Methyl a-amlno-N^N'-di-terl-butyloxycarbonyl-Z-pi- 
peridineacetate (8)11. To a solution of 6 (0.466 g, 1.56 
mmol) and di-^-butyldicarbonate (0.421 g, 1.87 mmol) in 
ethyl acetate (25 mL) was added 10% Pd/C (0.047 g). The 
mixture was hydrogenated at atmospheric pressure for 3 hr. 
The catalyst was then filtered off and the resulting mixture 
was evaporated to give a semisoHd (0.493 g, 84.6%).

XH NMR (CDCI3) 8 5.10 (m, 1H, NH), 4.57 (m, 1H, C2-H), 
4.20-3.85 (m, 2H, CKL, Ca-H), 3.60, 3.56 (two s, 3H, OCH3), 
2.87 (m, 1H, Ce-Hz), 1.85-1.25 (m, 6H, ring), 1.32 (s, 18H, 
Z-butyl); IR (neat) 3300, 2900, 2850, 1760, 1640 cm"1.

a-Amino-N,N,-di-tert-butyloxycarbonyb2-piperidl- 
neacetic acid (9)n. A solution of 8 (2.18 g, 5.85 mmol) 
and KOH (0.724 g, 12.9 mmol) in 1:4 of H2O/MeOH (20 
mL) was stirred for 5 hr. The reaction mixture was acidified 
and extracted with CH2C12. The organic extracts were wa
shed with brine and dried (Na2SO4). Removal of solvent fol
lowed by column chromatography (20 g silicageL 40 : 60 of 
ethyl acetate/hexane) gave a semisolid (1.78 g, 85%).

】H NMR (CDCI3) 6 5.15 (m, 1H, NH), 4.62 (m, 1H, C2-H), 
4.30-3.90 (m, 2H, C6-He, Ca-H), 2.94 (m, 1H, CuHJ, 1.85-1.30 
(m, 6H, ring), 1.41, 1.38 (two s, 18H, /-butyl).

Nv-[2-(N-tert-butyloxycarbonyl)piperftdyl]methoxy- 
carbonylmethyl-a-amino-N^N'-dMert-butyloxycarbo- 
nyl-2-piperidylacetainide (10)11. A solution of 7 (0.500 
g, 1.84 mmol), 9 (0.600 g, 1.84 mmol), BOP (0.980 g, 2.21 
mmol), HOBt (0.300 g, 2.21 mmol) and NMM (0.300 mL, 
2.73 mmol) in THF (10 mL) was stirred for 6 hr. The resul
ting mixture was concentrated in vacuo and subjected to 
chromatography (20 g silicagel, 30 : 70 of ethyl acetate/he
xane) to give a semisolid (1.01 g, 89.7%).

NMR (CDCI3) 8 4.82 (m, 1H, C2-H), 4.42-4.03 (m, 3H, 
C/-H, Ca-H, Ca'-H), 3.85 (m, 2H, CuM, C^H), 3.62, 3.56 
(two s, 3H, OCH3), 2.75 (m, 2Hf Ce-H：, C^H。，1.70-1.10 (m, 
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12H, ring), 1.35, 1.31, 1.30 (three s, 27H, f-butyl).
3,6-Bis-(2-piperid0)piperazine-2,5-dione • 2TFA (ll)11.

A solution of 10 (0.260 g, 0.424 mmol) and 1:1 mixture 
of TFA/CH2C12 (4 mL) was stirred for 2 hr at 0 °C. The 
resulting mixture was concentrated in vacuo, and NMM 
(0.154 mL, 1.40 mmol) and 0.1 M AcOH/:-PrOH (5.20 mL) 
were added into the resultant. After heating at refluxing te
mperature for 2 hr, a 으olid appeared. The solid was filtered 
and recrystallized from methanol-ether to give the salt 11 
(0.040 g, 36%).

mp 204-206 t (dec.); 】H NMR (DMSO서6)8 4.28 (m, 2H, 
C3-H, C6-H), 3.40-3.22 (m, 4H, C^H, C2W-H, CJH, C/H), 
2.80 (m, 2H, CdH, C/H), 1.85-1.33 (m, 12H( C3f-H, C/・H, 
CJ・H, C3七H, Cf-H, C5w-H); MS (FAB) 281 (mono cation); 
Anal. Calcd for。18瓦次哉4。6： C, 42.52; H, 5.15; N, 11.02, 
found: C, 42.08; H, 5.08; N, 10.61.
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It is well known that reactions of photochromic compounds 
dopped in amorphous solids follow non-single exponential 
kinetics even if their elementary steps are unimolecular pro
cesses which lead to first order reaction in solutions. Exam
ples of deviations from first order kinetics behavior in poly
mer matrices are thermal bleaching reaction of photochromic 
compounds of azobenzenes,1'4 indolinospirans,5~7 and stilbe
nes.4,8

In an attempt to provide explanation of the departures 
from the first order kinetics of the thermal reactions in gla
ssy matrices, distribution of local free volume,2'4,8 distribu
tion of activation energy,5,6 and stretched exponential model 
(Kohlraush-Williams-Watts (KWW))9,10 were suggested. Ac
tually, the first two models are similar in their expression 
and in considering the distribution of a physical parameter 
to dispersive kinetic model for hole burning.11,12 Both the 
thermal fading reaction of photochromic compounds and non
photochemical hole burning (NPHB) (for above 〜15 K) occur 
via thermally activated processes and are affected by the 
inhomogeneity of the surroundings of guest molecules lead
ing to nonlinear reaction. However, the former process goes 
with the structral change of guest molecules in the ground 
electronic states while the latter process in the excited states 
without the structral change of guest molecules. Therefore, 
there is some difficulties in using the local free volume mo
del to explain the burning process. Therefore, we expect 
that in the analysis of the non-single exponential kinetics 
occuring in polymers, using the dispersive kinetic model is 
more general way than using the local free v이ume model.

In this work we investigated the matrix effect on the ther
mal bleaching reaction of spironaphthooxazine using the dis
persive kinetics model which is utilized to explain the persi
stent spectral hole burning.

Experimental

l,3-dihydro-l,3,3-trimethyl-spiro[2H-indol-2,3,-[3H]naphth 
[2,l-b][l,4]oxazine] (spironaphthooxazine, NSO) was pur
chased from Tokyo Kasei Kogyo Co. and used without fur
ther purification. Polymethylmethacrylate (PMMA) and spec- 
trograde ethanol were purchased from Aldrich. Thin films 
of NSO/PMMA was prepared by dissolving polymer plus 
NSO in toluene and chloroform, respectively, and allowing 
the solvent to evaporate from a specially designed evapora
tion tray. After drying in air, the films were dried in a va
cuum oven for several days at temperatures above the glass 
transition temperatures of polymer involved. The weight per
cent of NSO in the film was approximately 3%.


