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Abstrars—( 1 )-1-Beazyl-3a-bydroxy-48-methylamino-2-oxopyrrolidine (15) and its cis-isomer (1) were syo-

thesised from 1-benryl-4-ethox

(2) ie several steps. The former (15) was comverted

yoarbonyl-2,3-dioxopyrrolidiee
to 3-beazyl-6-methyl-2-0x0-3 S-dinzabicycio(3.1.0Jbexane (17) with & mixture of tripbenyiphosphine, carbos tetra-

chioride and triethyiamine.

RECENTLY we have reported a facile syntbesu of
mitosenes from 2-pyrrolidone.'? As a

experiment for the synthesis of mitosane (1) derivatives
having an aziridine oa ring C, the preparation of the title
cwmmd(l?)mmvmm;:numba of

uipbeuylphoq)hinc. carbon tetrachloride, and triethyi-
amine® seems to be a choice of method because of its
mild reactioo condition and its convenient process. The
trans-aminoalcobo! (15) was prepared as shown in the
Scheme from  1-benzyi-4-ethoxycarbonyl-2,3-dioxo-
pyrrolidine (2) which was easily obtaimed by one pot
reaction of benzylamine, ethyl acrylste and diethyl
oxalate in the presence of sodium ethoxide.*
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Scheme 1.

Heating the Iactam (2) with zinc powder gave two
products which were seperable by recrystallisation. The
stereochemistry of the major product (76% yield), m.p.
62-63.5%, and the minor one (23% yield), m.p. 107-109°,
was determined as the trans(3) and the cis-alcobol (4)
respectively, on the basis of the following two reasons,
namely the chemical shift due to 3-H and the chemical
conversion. The proton at the C-3 position of the troms-
isomer (3) was observed at the lower field, 4.68 ppm, than
thuoftheci:-ooe(l).unpmmﬂ\emm
g’). suggesting the assigned stereochemistry of

Comparison of the coupling constants did not give us
definite information. Both signals appeared as a distorted
doublet or double doublet but after addition of deuterium
oxide, these signals changed 1o clear doublets respec-
tively. The coupling constant of the former (3) was

tPart 761, T. Kassetani, K. Kigasawa, M. Hiiragi, K. Wakisaka,
S. Haga, D. Kueama, H. Sugi. K. Kawasski snd K. Tenigawn, J,
Pharm. Soc. jepen %, 1291 (1978).
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7.0 Hz, whereas that of the latter (4) was 7.3Hz. The
above coupling constants and chemical shifts were
confirmed by addition of a shift reagent, tristheptafuoro-
:echmquemw yimethanato)europium, and decoupling

Both hydroxy-esters (3 and 4) were converted into the
azides (6 and 12) and then subjected to Curtius reaction.’
Namely reaction of the trans-ester (3) with hydrazine
hydrate yielded the hydrazide (8; 99.9%), m.p. 137-138",
which was treated with sodium nitrite to afford the azide
(6). Heating the azide (6) in ethanol gave the urethane (7),
m.p. 120-122° (9% from 5). On the other hand, con-
version of the cis-ester (), via the cis-hydrazide (11),
m.p. 237-238" (dec) (95% yield), into the cis-azide (12),
followed by heating 12 in benzene or ethanol, furnished
the pyrrolo(3,4-dJoxazole (13), m.p. 184-185° (87% yield).
Smcemennonofcon&gmnonmthcmmmngsmup
during Curtius reaction is well known,* it was verified
that the relative configuration between the OH and the
ester group of the major compound (3) was trans, while
that of the minor one (4) was cis.

After protection of the OH group of the urthane (7) by
theacnoomd\ethylvmylcthcrmmepresenccof
hydrochloric acid,” the resulting acetal (8) was treated
with methyl iodide in the presence of sodium hydride
and hexamethylphosphoramide 1o give the N-Me product
(9). Deprotection of the acetal group with dituted hydro-
chioric acid afforded the N-methyiated urethane (10) (87%
yield from 7). Methylation of the pyrrolo{3.4-dJoxazole
(13) was carried out by treatment with methyl iodide in
the presence of sodium hydride to furnish the N-Me
compound (14) (99% yield).

The N-methylurethane (18) and the N-methyl-
pyrrolo{3,4-dloxazole (14) were hydrolysed by refluxing
with aqueous methanolic potassium hydroxide respec-
tively. The reactions were monitored by tic and NMR
spectroscopy. It is interesting that both compounds (10
and 14) gave & mixture of the same two components,
both structures of which were assigned to be the trans-
(15) and the cis-amisosicobol (16). After refluxing for
5.5 he, the utethane (10) yielded & mixture of 15 and 16 in
a ratio of 0.73 : 1, and after 20 hr a mixture of 15 and 16
was obtained in a ratio of 1.91: 1. Finally the trans-1.2-
aminoalcobol (15) was isolated as a crystalline com-
pound, m.p. 140-141°, in 51% yield from 10, after
refluxing for 24 hr.
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Scheme 2.
The pyrrolo{3.4-dloxazole (14) gave a mixture of 1S with aqueous methanolic potassium hydroxide solution
and 16 in a ratio of 0.2:1 after 2hr and in a ratio of undettheumccondmolnvemewxunccooumma
;.zs:mwum trans-compound (15) was obtained  predominantly trans-isomer (1S),- which would be

from 14. The cis-aminosicobol (15) was
molldfot”mfoﬂowedby

pressure hiquid chromatography
(HPLC). Further treatment ofthecis-oompound (16)

thermodynamically more stable thian cis-isomer (16).
ltmprmmdthnthepmducooadthed:»uow(m
fromthetmummne(li)woddbednetothefof-
mation of the pyrrolo{34-dloxazole (14) as an inter-
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mediate. This assumption was supported by tic analysis
of the product formed after refluxing 10 under the same
condition as above for S min.

The trans-aminosicohol (15) was treated with the
compiex prepared from triphenylphosphine and carbon
tetrachioride in the presence of triethylamine® to gi
aziridine (17), in 76% yield, m/e 202 (M"*). Two i
protoas at C-1 and 5 positions were overlapped wi
N-Me group at 2.40, and the methylene protons at
position appeared at 3.31 ppm as a singlet. When
NMR spectrum was run in hexadeuteriobenzene,
protons were clearly visible as separate signals. Namely
the proton at C-5 position was observed at 1.47 as a
double doubilet (J) 7.0 and 3.0 Hz), while the protoa at C-1
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give a suspeasion of the solid which
Evaporatioa of the fitrate followed by trituration of the residue
with ether-hexane gave a crystailine mass. Recrystallisation from
CCl gave cis- 4 as colouriess needles (6.039g., 23%), m.p.
107-M5" (Found: C, 63.76; H, 6.40; N, 5.29. C,;H)NO, requires:
C, 63.96; H, 651; N, 5.32%); IR (CHQ,): 1720 sh and 1700 (C=0)
cm™'; NMR (CDCL)*: 8 1.24 (OH, t, | 6.7 Hz, CH,CH)), 223 (IH,
be 3, OH, disappeared with D;0), 3.1-3.8 (3H, =, 4 H sad 5-H)),
4.17 2H, q, ] 69 Hz, CH,CH,), 449 (2H, s, PACH,), 4.57 (IH,
distorted d, ] 7.3 Hz, 3-H), 7.29 (SH, 3, ArH); MS m/e 263 (M).
Evaporation of the above mother kiquor gave a syrup, which
. The

|
|

(Fownd: C, 63.81; H, 6.52; N, 5.37. C\sH,yNO requires: C, 63.96;
H, 651; N, 5.32%); IR (CHCY,): 1730 aad 1700 (C=0) can'; NMR
(CDCh): 8 1.3 (3H, t, ] 67 Hz, CH,CH)), 3.0-36 OH, m, $H
and S-Hy), 4.17 2H, q, ] 6.7 Hz, CH,CHy), 445 (2H, s, PACH,),
4.68 (1H, dd, | 7.0 aad 4.0 Hz, 3-H), 536 (I1H, d, ] 4.0 Hz, O,
ired with D/O), 7.23 (SH. 3, ArH); MS m/e 263 (M").

€x) -1 - Benzyl - 48 - corbazoy - 3a - hydroxy - 2 -
oxopyrrolidine (8). To a stirred sola of trens- 3 (13g) in EtOR
(100 ml) was added 90% hydrazine hydrate (30 ml) at room temp.

and the mixture was stirred for 2 hr at the same temp. Evapora-
tion of the solvent and the excess of hydrazine hydrate gave S as
a crystaline mass (123g, 99.9%), recrystallisation from EtOH
gave colouricss neodies, mp. 137-138° (Fouad: C, 57.88; H, 5.94:
N, 16.80. CrH1sNyO, requires: C, 57.82; H, 6.07; N, 16.86%); IR
(N-(f:l‘r;lms-smmmﬂ,). 1685 2nd 1625 (C=0) cm™'; MS m/e
20

(2)-1- Benzyl - 48 - ethaxycarbonylemino - 3a- -hydroxy - 2 -
oxopyrrolidine (7). To a stirred mixture of crude § (2.49g) in
I'N HQI (60 mi) sad CHCY, (60 ) was added a sole of NaNO;
(0.96 ) in cold water (11 ml) dropwise over a period of 10 min &t
0°. The mixture was stirred for 3 hr at 0°. The separated organic
layer was washed with water and brine, and dried over NapSO..
Evaporstion of the solvent gave the crude 6 as a colouriess oil,
IR (CHQY,): 2145 (OON,) and 1700 (C=0) cm™".

A soln of the crude 6 in EtOH was refluxed for 2 hr. Evapora-
tioa of the solveat gave a crystalline mass, recrystallisation from
beszene afforded 7 as colouriess needles (2.197g, 79%), m.p.
120-122° (Round: C, 60.51; H, 6.51; N, 9.90. C,sH N0, requires:
C. 60.42; H, 6.52; N, 10.07%); IR (CHCh): 1705 (C=O)cm™";
NMR (CDCh): 8 1.17 3H, t, ] 72Hz, CH.CH,), 29-32 and
3.5-3.8 (each 1H, each distorted t, ] 8.2 Hz, 5-H)), 4.07 (2H. q, |
7.2Hz, CHLCH,), 443 (2H, s, PhCHa), 5.23 (IH, br s, OH,
disappeared with D;0). 6.05 (1H, br s, NH), 7.24 (SH, s, ArH);
MS mje 278 (M).

(2) - 1 - Benzyl - 48 - ethoxycarbonybmethylamino - da -
hydroxy - 2 - oxopyrrolidine (19). To a stired sola of 7 (1.9g)
and ethyl vinyl ether (0.54 g) in dry CH,Cl, (50 mi) was added dry
ether (0.5 mi), which had beea previously saturated with dry HQ
at 0°. The resuking mixture was stired at 0 for 41 hr. After
addition of triethylamine, the mixture was washed with brine and

NMR (CDCY,): 8 1.16 (6H, t, | 72 Hz, 2 x CH:CH)), 1.38 OH, 4, ]
S Hz, CHCH,), 29-32 (IH, distorted ¢, | 8.2 Hz, 5-H), 34-38
OH, m, CHOCHCCH, asd S-H), 408 (2H, q. | 72Hz,
CO/CH,CHy), 4.43 21, s, PACHa), 5.17 (1H, q, | 5.0 Hz, CHCH,),
$93 (1K, b d, ] 60Hz, NH), 7.27 (SH. s, AtH):; MS m/e 278
(M’ - CHO).

A mixture of the dried 8 (1.75g), 50% NaH i mineral ol

yellowish odl, which was wsed in the next siep without purificatios,
IR (CHQY,): 1695 (C=0) cm™'; NMR (CDQYy): 8 1.1-1.5 (OH, m,
3x Me). 2.8503H, s, NMe), 3.2-39 (4H, m, CHOCH.CH; and
$-Hy) 4.13 (2H, q, ] 7.2 Hz, COCH,CH,), 4.45 (2H, s, PACH)),
43-54 (1H, m, CHCH,), 7.27 (SH, s, ArH); MS m/fe 292 (M°-
C.HO).

A mixture of the crude methylated 9, 10% HQ (10 ml) and
benzene (20 mi) was stived ot room temp. for | hr under N,.
After addition of benzene, the organic layer was washed with
sat. NaHOO5aq and brime, and dried over NaxSO,. Evaporatios

gel (S1g). Eltion with beazese-EtOAc (1:1vfv)

a3 a syrup (1.274 g, §7%), which was further purified
(fow rate: 3 Smi/min, Rt: 42min) t0 give a syrup
(Fownd: C, 59.92; H. 7.03; N, 8.97. C,sH»N,O, 0.5 HO requires:
C.9.78; H, 7.02; N, 9.30%); IR (CHCYy): 1695 (C=0) con™'; NMR
. 8 1.55 BH, t, ] 72 Hz, CH,CH)), 291 (3H. 3, NMe),
.17-3.96 2H, m, 5-Hy), 4.11 (2H, q, ] 7.2 Hz, CH,CH,), 4.47 (2H,
PCHa), 468 (IH, d, ] 85 Hz, 3-H), 546 (1H. br 3, OH,

with D;0), 7.28 (SH, 3, AsH); MS m/e 292 (M").

(2) -1 - Benzyl - 48 - carbazoyl - 3p - hydroxy - 2 -
oxopyrrolidine (11). To a stirred suspession of cis4 (5953 g) in
EtOH (45 mi) was added 90% hydrazine hydrate (13.6g) at room’
ftemp. and the mixture was stirred for 2hr at the same temp.
Evaporatios of the solvent and the excess of hydrazine hydrate

g
:
E
;
g
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gave a crystaliine mass, which was washed with cold EtOH and
ether to give the pure 11 as colourices scedies (5.317g, 95%),

ap. 27-88° dec. (Pound: C, 57.84; H, 6.04; N, 16.86.
CuaHisNyOy requires C, 57.82; H, 6.07; N, 16.96%); IR (Nujol):
3325 (NHNH,), 1680 and 1645 (C=O) cm™'; MS m/e 209 (M°).

$ - Berzyl - 26 - diaxopyrrolo[34 - dloxazole (13). To a
stirred mixture of 11 (5.317g) ie I N HQ (107 m]) sad CHCQY
(100 mi) was added a sola of NaNO; (1.8 g) in cold water (21 mi)
dropwise over a period of 10 mia at 0°. The mixture was stirred
for 2 hs 52 0°. Separated organic layer was washed with water and
brine, and dried over Na;SOs. Evaporatioa of the solvent gave
the crude 12 a3 a colouriess crystalline mass, IR (CHCL): 2149
(CONy) and 1710 (C=0) cm™'.

A soln of crude 12 in dry benzene (200 ml) was refluxed for
2 hr. The crystalline mass formed was recrystaltised from EXOH
to give 13 as colouriess needies (4.307g, 87%), m.p. 184-185°
(Found: C, 6195; H, 5.15; N, 1206, C:sH;N/O; requires: C,
62.06; H, 5.21; N, 12.06%), IR (Nujol): 1740 sod 1670 (C=Q)
cm”'; NMR (CFCO:H): 8 3.34.1 (2H, m, 4H)), 4.5 and 490
(cach 1H, each d. ] 1S Hz, PACH,), 5.0 (IH, d, ] 8 Hz, 6a-H),
735 (SH, s, ArHl): MS wje 232 (M°).

S - Benzyl - 3 - methyl - 26 - dioxopyrrolo[3,4 - ¢)oxazole
(1€). To a stired soin of 13 (2.32g) in dry DMF was added 50%
NaH in mincral 0l (576 mg) at room temp. in one portion and the
mixture was stitred at the same temp. for | hr under Ni After
coobing to 0°, t0 the resulting mixture was added Mel (0.76 ml) in
small portioas and the mixture was stirred for 2 br. After addition
of ammoaium chioride, evaporation of the solvent gave a resi-
due, which was extracted with CHCly. The extract was washed
with water and brise, and dried over NaySOy. Evaporation of the
solvent gave a crystallise mass, recrystallisation of which from
EtOH afforded 14 a3 colouriess ncedies (2444, 99%), m.p.
161-162.5° (Found: C, 63.43; H. 5.61; N, 11.34. C,H\N/Oy
requires: C, 63.40; H, 5.73; N, 11.38%); IR (CHCY,): 1765 and
1715 (C=0) cm™'; NMR (CDCYy): 8 2.80 (3H. s, NMge), 3.1-3.7
(2H, m, 4-Hy), 4.30 (1H, ddd, ] 8.0, 4.8 and 1.4 Hz, Je-H), 4.50
(2H. s, PACH,), 4.98 (IH, d, | 8.0 Hz, 6e-H), 7.27 (SH, 3, ArH),
MS mje 246 (M°).

(2) - 1 - Benzyl - 3a - hydroxy - 48 - methylamino - 2 -
oxopyrrolidine (15). (A) A mixture of 10 (SSmg), 083N
methaootic KOH (2mi), MeOH (4 ml), and water 0.5mi) was
refuxed vader N, for 24 hr. Evaporation of the solveat gave &
residue which was dissolved ia 10% ammooia. After additioa of
crystaliine NaCl, the mixture was extracted with EtOAc, aad
dried over Na;SO.. Evaporation of the solvent gave a crystalline
mass, which was recrystallised from beazene to afford the treas-
15 as colouricss needies (21 mg, $1%), m.p. 140-141° (Found: C,
65.07, H, 6.94; N, 12.27. C\2HN:O; requires: C, 6543; H, 7.32;
N. 12.72%); IR (CHCh): 1695cm™"; NMR (CDCL):* § 247 (3H,
s. NCH), 293 QH, s, NY and O, dissppeared with D,0),
2.9-36 GH, m, 4-H and $-Hy), 423 (1H. d, ] $ Hz, 3-H), 4.48 (2H,
s, PhCHa), 7.28 (SH, 3, ArH). (B) A mixture of 14 (SO mg), 085 N
methanolic KOH (2mi), MeOH (4 o), and water (0.5 ml) was
refluxed under N; for 24 br. The same work-up as sbove gave the
trons- 15 a3 colouriess seedles (29 mg. 65%), m.p. 140-141°,
which was identiied by comparison with the sample prepared by
method A (. m.p., IR aad NMR spectra).

(C) A mixture of the cis- 16 (42 mg), 0.85 N methasolic KOH
Q2 o), MeOH (4 mi), and water (0.5 mi) was refluxed for 25 br
under N;. The same work-up as above afforded trams- 15 as

colouriess neodies (25mg, 60%), m.p. 140-141°, which was
identified by comparnisoe with the sample prepared by method A

The same work-up as above gave a syrup (89 mg). Further

purificatios by bpic (fow rate: 3.0 mi/min) gave the cis- 16 (Rt:

a colouriess syrwp (37.2mg) (Fouad: M* 220.1212

wN7O; requires: M® 220.1212); IR (CHCY): 1695 (O=O)

: NMR (CDCh):* 8 243 (3H, 3, NMe), 29-3.5 (SH, a, 4 H,
4

CraH 1 N;O requires: M* 202.1107), IR (CHCl,): 1680 (C=0) cmn™":
NMR (benzene-dy): 8 147 (1H, dd, ] 7.0 aad 3.0 Hz, S-H), 1.7
8. NMe), 2.00 (1H, dd, ] 7.0 and 3.0 Hz, 1-H), 2.60 (1H, ddd,
110.4,3.0 and 3.0 Hz, 4-H), 293 (1H, d, ] 104 Hz, 4 H), 419 CH,
s, PACHY), 7.07 (SH, s, AsH); NMR (CDCh): 8 2.40 (SH, 3, NMe,
1 and $-H), 3.31 (2H, br s, 4-H,), 4.16 and 4.59 (oach IH, each d, |
15.0 Hz), 7.28 (SH. s, ArH); MS mfe 202 (M)
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