FULL PAPER

Synthesis of Chiral 4-(w-Hydroxyalkyl)pyrazolidin-3-ones by Ring-Chain
Transformation of a-Alkylidenelactones with Hydrazines

Andreas Otto, Burkhard Ziemer, and Jirgen Liebscher*

Institut fir Chemie, Humboldt-Universitat Berlin,
Hessische StraRe 1-2, D-10115 Berlin, Germany
Fax: (internat.) +49 (0)30/2093-8907

E-mail: liebscher@chemie.hu-berlin.de

Received June 26, 1998

Keywords: Pyrazolidin-3-ones / Optical activity / Asymmetric synthesis / Ring transformation / Hydrazines

Enantiopure a-alkylidenelactones 7 were prepared by a
Wittig reaction from a-bromolactones 4 and chiral aldehydes
6. Compounds 7 react with hydrazines 9 by stereoselective

Michael-like addition and ring-chain transformation
affording optically active 4-(o-hydroxyalkyl)pyrazolidin-3-
ones 11.

Ring—chain transformations of heterocycles are defined
as ring transformations of reactants composed of a hetero-
cyclic ring and a side chain resulting in analogous products
where the two moieties are exchanged, i.e. the starting het-
erocyclic ring becomes a side chain and vice versa. This
concept is a powerful tool for the synthesis of o-func-
tionalised alkylheterocycles.[tl As an asymmetric version,
butenolides 1 (n = 1)&BI4 and higher homologous penten-
olides 1 (n = 2)IMIBI] were transformed into pyrazolidin-
3-ones 3 (X = NR’), 1,2-oxazolidinones 3 (X = O), and
6-membered heterocycles with hydrazines, hydroxylamines,
and 1,3-nucleophiles, respectively. In these cases, the chiral
information was located in the ring next to the oxygen atom
of the starting Michael system 1. Due to the rigidity of the
ring, high asymmetric induction was observed in these reac-
tions.
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We were interested to investigate whether a-alkylidenelac-
tones 7 with a chiral substituent R in the side chain could
undergo analogous ring—chain transformation with hydra-
zines. The envisaged ring transformation products 11 are
close structural analogues of potent 5-lipoxygenase inhibi-
tors.[1 Since the chiral information of the o-alkylidenelac-
tones 7 is not fixed in the ring but at a substituent capable
of rotation, the extent of asymmetric induction to be
achieved was uncertain. Hitherto, only one reaction of an
a-methylidenebutyrolactone with phenylhydrazine has been
reported, where no ring—chain transformation was
achieved. In this example, however, the chiral information
inducing the high asymmetric induction was found in the
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ring rather than in the side chain.® Secondary amines were
also reported to undergo 1,4-additions to a-methylidenelac-
tones® 19 or to more complex natural products possessing
an o-methylidenebutyrolactone ring (for some examples
see referencestI2113]),

Optically active a-alkylidenelactones 7 were recently syn-
thesised by aldol-type reactions of lactams with chiral alde-
hydes.[*#! Since no detailed procedures were given, we syn-
thesised such a,3-unsaturated lactones 7 by a Wittig reac-
tion, % a well-established method for the synthesis of a-
alkylidenelactones. *611171 The products 7 were formed with
high preference for the (E)-isomers (Table 1) and could be
obtained in configurationally pure form by chromatog-
raphic separation or recrystallisation (7d). In order to prove
the (E)-configuration at the C—C double bond, compound
7a was transformed into a Diels-Alder adduct 8 with cyclo-
pentadiene, and was investigated by X-ray crystal analysis
(see Figure 1). For 7d, the minor isomer could only be ob-
tained in trace amounts and was assigned as the (Z)-prod-
uct by a NOE-difference effect of the vinylic hydrogen atom
and the allylic ring hydrogen atoms. Thus the major isomer
of 7d possesses the (E)-configuration.

In reactions of a-alkylidenelactones 7 with hydrazine,
methylhydrazine, or 1,2-dimethylhydrazine, long reaction
times and elevated temperatures were necessary to achieve
complete conversions. The 6-membered lactone 7f was more
reactive than the 5-membered systems. The products ob-
tained were already the envisaged ring-transformed 4-(w-
hydroxyalkyl)pyrazolidin-3-ones 11.

In the case of the reaction of a-methylidenelactone 7e
with Boc-hydrazine, however, the Michael-like addition
product 10a (n = 1, R = R! = H, R? = Boc) could be
obtained (Table 2). Since such hydrazinoalkyllactones 10
can generally be expected as intermediates in the ring trans-
formation of 7 to 11, an attempt was made to convert com-
pound 10a into the corresponding 4-(3-hydroxypropyl)pyr-
azolidin-3-one 11 (n = 1, R = R! = R2 = H) by acid re-
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spectra of the products 11b, 11f, 11g, i.e. the methylhydra-
zine NH, moiety attacks the exocyclic position of the C—C
double bond. This regioselectivity is in contrast to the
ring—chain transformation of butenolides with methylhy-
drazine which occurs in the reverse manner./

The configuration of the products 11 was determined by
X-ray crystal analysis of the N-tosyl derivative 11d (Figure
2) and the dibenzylaminoethylpyrazoline 11h (Figure 3) and
by comparative CD investigations of the 4-(2-hydroxyethyl)-
pyrazolidin-3-one 1la and its homologue 11j (Figure 4).
The stereochemical outcome of the ring—chain transfor-
mation of the lactones 7 to the 4-(w-hydroxyalkyl)-pyrazoli-
din-3-ones 11 can be explained by Houks outside-crowded
model 9! and the anti-periplanar effect??1?1 (see Figure 5
for alkoxy-substituted 7 with R = CHR"OR’). Thus the
chiral substituent of 7 is oriented mainly in such a way that
the small hydrogen atom occupies the crowded outside posi-
tion. At this conformation the attack of the hydrazine oc-
curs anti-periplanar to the alkoxy group. This 1,4-addition
is followed by protonation which obviously occurs from the
same face. Similar orientations were found in the conjugate
addition of nucleophiles to enones and enoates with a chiral
alkoxyalky! substituent at the B-position.[?4

Figure 2. X-ray crystal analysis of the 4-(2-hydroxyethyl)pyrazoli-
din-3-one 11d

moval of the Boc group to afford a more nucleophilic NH,
group. Unfortunately, no definite products could be isolated
after this deprotection.

The stereoselectivity of the ring—chain transformation of
lactones 7 to pyrazolidinones 11 was moderate to good
(60:40 to 88:12) although unfavourably harsh reaction con-
ditions had to be applied. In half of the cases, the major
diastereomers could be obtained in a pure state after chro-
matography (Table 2). N-Unsubstituted (R! = R? = H) 4-
(w-hydroxyalkyl)pyrazolidin-3-ones 11a, 11h, and 11j could
be further protected as the tosyl derivative at position 1 to
afford 11d, 11i, and 11Kk, respectively. 18l

The constitution of the 4-(o-hydroxyalkyl)pyrazolidin-3-
ones 11 was elucidated from spectroscopic data (see Exper-
imental Section). Thus the w-hydroxyalkyl chain shows the
CH,—O0 protons at higher field in the 'H-NMR spectra
when compared to lactone moieties such as in 7 and 10.
The orientation of the NH-group of the asymmetrically
substituted methylhydrazine could be determined by the
lack of CONH protons (5 = 10.8—8.6) in the 'H-NMR
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Figure 3. X-ray crystal analysis of the 4-(2-hydroxyethyl)pyrazoli-
din-3-one 11h

Our results demonstrate that the concept of ring—chain
transformation of a,B-unsaturated lactones can be success-
fully applied to the synthesis of optically active 4-(co-
hydroxyalkyl)pyrazolidin-3-ones with o-alkylidenelactones
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Figure 4. CD spectra of the 4-(2-hydroxyethyl)pyrazolidin-3-one
11d and its homologue 11k (in MeCN / mol-171)
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Starting Materials: The a-bromovalerolactone 4 was synthesised
starting from valerolactone by bromination using a known pro-
cedure,[?? via the corresponding silylketene acetal.[?®! The optically
active aldehydes 6 were prepared according to known pro-
cedures. PARSIZ6IR7IR8129] The phosphaneylides 5 were obtained
with triphenylphosphane by a known procedure (n = 1)B9 or
adopting this known procedure (n = 2, yield in two steps 57%, m.p.
245-246°C).

General Procedure for the Synthesis of a-Alkylidenelactones 7 by
Wittig Reaction (see Table 1): A solution of the triphenylphos-
phanylide 5 (25 mmol) and the chiral aldehyde 6 (24 mmol) in
THF (800 ml) was stirred or refluxed for 24—48 h (Table 1). After
evaporation of the solvent, diethyl ether (2 X 10 ml) was added,
causing precipitation of triphenylphosphane oxide, which was fil-
tered off. The solvent was evaporated and the residue purified by
flash chromatography with n-hexane/EtOAc.

Table 1. Optically active a-alkylidenelactones 7

Wellenldnge (nm)

Figure 5. Stereochemical mode of attack of hydrazines 9 at a-alkyli-
denelactones 7 [R = CH(OR')R"] governed by the anti-periplanar
effect

OR'

7 and hydrazines 9 as reactants. Although the chiral infor-
mation in the starting material is situated in a non-fixed
side chain, reasonable asymmetric induction can be
achieved. This is the first access to optically active 4-(®-
hydroxyalkyl)pyrazolidin-3-ones. Hitherto, only racemic 4-
(hydroxyalkyl)pyrazolidin-3-ones with other substituents
could be obtained, and mostly by hydroxyalkylation of cor-
responding 4-unsubstituted pyrazolidin-3-ones.[]

We gratefully acknowledge financial support from Fonds der
Chemischen Industrie.

Experimental Section

General Remarks: *H- and *C-NMR spectra were recorded at
300 and 75.5 MHz, respectively, with a Bruker AC-300 with TMS
as internal standard. — Optical rotations were determined with a
Perkin Elmer polarimeter 241. — Circular dichroism was measured
on a JASCO J710 spectrometer (minimum wave length 200 nm).
The spectral bandwith was 0.5 nm, the time constant 0.5 s and the
temperature 24°C. — Mass spectra (HP 5995 A) and high-resolu-
tion mass spectra (MAT 711, Varian) were measured at 70eV. —
Some of the highly polar products did not give satisfactory mi-
croanalyses but showed corresponding NMR spectra and satisfac-
tory high resolution mass spectra. — Silica gel (0.04—0.063 mm,
Merck) was used for preparative column chromatography. Unless
otherwise mentioned, chemicals were purchased from Aldrich.
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Compound n

R

Yield [%]® d.r. (E/Z) time/temp.[°C]

72l 1 o _Me g1 96:4 24 h/20
ez
0
7b 1 o 70 69 >95:5 24 h/reflux
e
Te 1 OH 55 89:11 24 h/40
;O
%n
7d 1 Me 70 79:21 48 h/reflux
/l “/NBn,
Te 1 H
7¢ 1 >95:5 20 h/20

2 o _Me 79
j_we
(o]

@ Pure (E)-isomers were obtained after flash chromatography. — ©®!
Spectroscopic data were identical to those reported for the product
obtained by aldol reaction™4l,

(4'S,E)-3-(1',4'-Dioxa-spiro[4,5]dec-2"-yImethylene)di-
hydrofuran-2-one (7b): Colourless oil.— Rf = 0.32 (n-hexane/
EtOAc, 1:1). — [a]p®® = +8.1(c = 1, CHCI;). — *H NMR (300
MHz, CDCl,): 6 = 1.14—1.65 (m, 10 H, cyclohex.), 2.89—3.01 (m,
2 H, CH,C=), 3.63 (dd, J = 6.9, 8.1 Hz, 1 H, OCH,CH), 4.12 (dd,
J =6.9, 8.1 Hz, 1 H, OCH,CH), 4.32 (m, 2 H, OCH,), 4,67 (m, 1
H, OCH), 6.61 (dt, J = 2.9, 7.0 Hz, 1 H, =CH). — 3C NMR
(75.5 MHz, CDCl,): 8 = 25.4 (CH,), 23.8, 23.9, 25.0, 25.2, 36.0
(CH,—cyclohex.), 65.6 (OCH,), 68.1 (OCH,), 73.4 (OCH), 110.9
(C), 127.7 (C=), 136.1 (=CH), 170.9 (C=0). — C13H150, (238.2):
calcd. C 65.51, H 7.62; found: C 64.98, H 7.74.

(4'S,E)-3-(2-Benzyloxy-3-hydroxypropylidene)dihydrofuran-2-
one (7c): Colourless oil. — Ry = 0.22 (n-hexane/EtOAc, 3:7). —
[@]p?® = —38.7 (¢ = 1, [Dg]DMSO). — *H NMR (300 MHz,
CDCly): 6 = 2.85—-2.91 (m, 2 H, OCH,CH,), 3.55 (m, 2 H,
OCH,CH), 4.31 (m, 2 H, OCH,CHy), 445 (d, J = 12 Hz, 1 H,
OCH,—Ph), 452 (d, J = 12 Hz, 1 H, OCH,—Ph), 4.94 (m, 1 H,
OCH), 6.46 (dt, J = 7.1, 3.0 Hz, 1 H, =CH), 7.26—7.34 (m, 5 H,
arom.). — ¥C NMR (75.5 MHz, [Dg]DMSO): 25.1 (CH,), 62.9
(OCH,), 63.7 (OCH,), 70.4 (OCH,), 1275, 127.7, 128.3
(CH—arom.), 129.3 (C=), 136.6 (=CH), 138.4 (C—arom.), 170.6
(C=0). — Cy4H;160,4 (248.2): calcd. C 67.71, H 6.50; found: C
68.02, H 6.33.

2669



FULL PAPER

A. Otto, B. Ziemer, J. Liebscher

(4'R,E)-3-[2-(Dibenzylamino)propylidene]dihydrofuran-2-one
(7d): Colourless needles (after chromatographic separation from
the minor isomer). — M.p. 119-121°C, Ry = 0.17 (n-hexane/
EtOAc, 8:2). — [u]p® = +6.5 (¢ = 1, CHCI3). — *H NMR (300
MHz, CDCl,): 6 = 1.26 (d, J = 6.9 Hz, 3 H, CH3), 2.57 (m, 2 H,
CH,CH,0), 3.51 (d, J = 13.7 Hz, 2 H, CH,N), 3.80 (d, J = 13.7
Hz, 2 H, CH,N), 4.31 (m, 2 H, OCH,), 4.34 (m, 1 H, CH5CH),
6.78 (dt, J = 3.0, 9.3 Hz, 1 H, =CH), 7.26—7.35 (m, 10 H, CH,
arom.). — ¥C NMR (75.5 MHz, CDCls): § = 16.3 (CH3), 25.1
(CHy), 53.0 (CH), 54.0 (NCHy,), 65.5 (OCH,), 126.8 (C=), 127.0,
128.3, 128.4 (CH—arom.) 139.7 (=CH), 140.6 (C—arom.), 171.2
(C=0). — Cy;H23NO, (321.42): caled. C 78.47, H 7.21, N 4.36;
found C 78.29, H 7.39, N 4.36.

Formation of Cycloadduct 8 by Diels-Alder Reaction of Cyclopen-
tadiene with a-Alkylidenelactone 7a: A mixture of freshly distilled
cyclopentadiene (1.00 g, 10.5 mmol) and the a-alkylidenelactone
7a (240 mg, 1.2 mmol) was heated in an autoclave, with stirring, at
100°C for 5 h. Excess cyclopentadiene was distilled and the residue
was purified by flash chromatography with n-hexane/EtOAc (7:3).
R¢ = 0.16 (d.r.: 60.1:34.7:3.7:1.4). Total yield after chromatography:
209 mg (66%) (major isomer 133 mg, next abundant isomer 76
mg). Major isomer: colourless crystals. — M.p. = 123—-125°C —
[@]p?° = —58.6 (c = 1, CHCI3). — *H NMR (300 MHz, CDCls):
8 =1.23(s, 3 H, CH3), 1.36 (s, 3 H, CH3), 1.37 (d, J = 8.8 Hz, 1
H, CHCH,CH), 1.77 (m, 2 H, CH,C), 1.91 (d, J = 8.8 Hz, 1 H,
CHCH,CH), 2.63 (dd, J = 3.3, 6.9 Hz, 1 H, CHCHCH,), 2.94 (m,
1 H, C—-CH), 3.14 (m, 1 H, OCHCH), 3.41 (m, 1 H, OCH), 3.43
(dd,J = 6.8, 8.2 Hz, 1 H, OCH,CH), 3.94 (dd, J = 6.8, 8.2 Hz, 1
H, OCH,CH), 4.22 (m, 2 H, CH,0CO), 6.18 (dd, J = 3.0, 5.6 Hz,
1 H, CH=CH), 6.39 (dd, J = 3.0, 5.6 Hz, 1 H, CH=CH). — 3C
NMR (75.5 MHz, CDCls): § = 25.3 (CHs3), 26.8 (CHz), 30.6
(CH,), 45.2 (CH,), 46.1 (CH), 50.3 (CH), 51.2 (CH), 65.4 (CH,),
69.0 (CH,), 108.6 (OCO), 134.6 (=CH), 139.3 (=CH), 180.9 (C=
0). — Cy5H»0, (264.3): calcd. C 68.16, H 7.63; found: C 67.76,
H 7.73.

Procedure for the Synthesis of tert-Butyl N'-(2-Oxotetrahydrofu-
ran-3-ylmethyl) hydrazinecarboxylate 10a: A solution of the a-alkyl-
idenelactone 7e (196 mg, 2 mmol) and the BocNHNH, (1.32 g, 10
mmol) in MeOH (5 ml) was stirred at room temp. for 40 h. The
solvent was evaporated, and the residue purified by chromatogra-
phy with n-hexane/EtOAc (4:6), Rs = 0.27. Yield 375 mg (82%),
colourless crystals. — M.p. = 85—87°C. — 'H NMR (300 MHz,
CDCl3): 8 = 1.39 (5, 9 H, CHj3), 2.11 (m, 1 H, CHCH,), 2.51 (m,
1 H, CHCH,), 2.74 (m, 1 H, CH), 2.97 (dd, J = 7.4, 12.3 Hz, 1 H,
CH;N), 3.21 (dd, J = 5.4, 12.3 Hz, 1 H, CH,N), 4.18 (m, 1 H,
OCHy), 4.29 (m, 1 H, OCH,), 6.22 (s, 1 H, NHC=0). — *C NMR
(75.5 MHz, CDCls): 8 = 27.5 (CH,), 28.7 (3 X CHy), 39.0 (CH),
52.4 (CH,), 67.2 (CH,0), 157.2 (C=0), 178.6 (C=0). —
C1oH1sN,0, (230.2): caled. C 52.16, H 7.88, N 12.17: found: C
51.61, H 8.39, N 11.68.

General Procedure for the Synthesis of 4-(w-Hydroxyalkyl)-
pyrazolidin-3-ones 11 by Ring-Chain Transformation of a-Alkylid-
enelactones 7 with Hydrazines (Table 2): A solution of the a-alkyl-
idenelactone 7 (2 mmol) and the hydrazine 9 (4 mmol) in MeOH
(5 ml) was refluxed for 8—36 h or was stirred at 95°C for 4—45 h
(dioxan/H,0, 2:1) (Table 2). The solvent was evaporated and the
residue purified by chromatography with CHCI;/MeOH. In case of
11h a semisolid product was obtained, which was crystallised by
heating in acetone.

(4S,55,4'S)-5-(2,2-Dimethyl[1,3] dioxolan-4-yl)-4-(2-hydroxy-
ethyl)pyrazolidin-3-one (11a): Colourless oil. — Ry = 0.44 (CHCI,/
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Table 2. 2-Hydrazinoalkylbutyrolactone 10a and 4-(o-hydroxyal-
kyl)pyrazolidin-3-ones 11

Compound n R R' R* Yield d.r. time/temp.[°C]
[%] (E/Z) solvent
10a 1 H H Boc 81 - 40h/20
MeOH
11a 1 Me H H 86 80:20 24 h/95
fMe dioxane/water
2:1
11b 1 Mo H Me 56  83:17 24 h/reflux
f“‘* MeOH

68:32" 15 h/reflux

(o}
o
(o]
8
11c 1 5224"9 Me Me 41
0.
&

Me MeOH
11d 1 74“” Tos H 57% >95:5 3d/4
4 Me TosCl/pyridine

1le 1 o H H 61 76:24" 451n/95
5__ dioxane/water
11f 1 o H Me 54  60:40™ 8h/reflux
5_ MeOH
11g 1 OH H Me 67  69:31™ 36 hireflux
5_ MeOH
Q
n
11h 1 /'re H H 88 8812 40h/95
""NBnZ dioxane/water
11i 1 Me Tos H 72 >95:5 3d/4
/l NBn, TosCl/pyridine
11j 2 oM H H 98 8416 4h/95
;-o Me dioxane/water
11k 2 074"'9 Tos H 72 5955 3d/4
;_0 Me TosCl/pyridine

[l Obtained by tosylation of the corresponding 11 (R* = H). —
] Diastereomers could not be separated.

MeOH, 8:2). — [a]p?® = —28.4 (c = 1, CHCI3). — *H NMR (300
MHz, CDCl3): 6 = 1.19 (s, 3 H, CHj3), 1.28 (s, 3 H, CHj3), 1.68 (m,
2 H, CH,CH,CH), 2.66 (m, 1 H, CHC=0), 3.37 (dd, J = 3.4, 9.3
Hz, 1 H, CHN), 3.75 (m, 2 H, OCH,CH,), 3.81 (m, 1 H,
OCH,CH), 4.04 (m, 1 H, OCH,CH), 4.24 (m, 1 H, OCH), 8.61 (s,
1 H, NHC=0). — 3C NMR (75.5 MHz, CDCl;): § = 25.2 (CH3y),
26.6 (CHs3), 31.2 (CH,), 43.7 (CH), 61.0 (CH,), 64.4 (CH), 66.0
(CH,), 74.1 (CH), 110.0 (C), 178.8 (C=0). — HRMS C,oHgN,Oy:
calcd. 230.12665; found 230.12666.

(4S,5R,4’S)-5-(2,2-Dimethyl[1,3]dioxolan-4-yl)-4-(2-hydroxy-
ethyl)-2-methylpyrazolidin-3-one (11b): Colourless oil. — R = 0.26
(CHCI3/MeOH, 9:1). — 'H NMR (300 MHz, CDCls): § = 1.25 (s,
3 H, CHy), 1.33 (5, 3 H, CHj), 1.76 (m, 2 H, CH,CH,CH), 2.49
(m, 1 H, CHC=0), 2.91 (s, 3 H, NCH3), 3.23 (dd, J = 3.3, 9.0 Hz,
1 H, CHN), 3.59 (m, 2 H, CH,CH,CH), 3.70 (m, 1 H, OCH,CH),
3.95 (m, 1 H, OCH,CH), 4.14 (m, 1 H, OCH). — 3C NMR (75.5
MHz, CDCly): § = 24.5 (CH3), 25.9 (CH3), 30.8 (NCHy), 31.4
(CH,), 43.3 (CH), 59.7 (CHy,), 60.4, 65.2 (CH,), 74.3 (CH), 108.9
(C), 1729 (C=0). — HRMS C;;H,N,0,: calcd. 244.14230;
found 244.14231.

(4S,5R,4'S)-5-(2,2-Dimethyl[1,3]dioxolan-4-yl)-4-(2-hydroxy-
ethyl) (1,2-dimethyl)pyrazolidin-3-one (11c): Colourless oil. — R =
0.31 (CHCI3/MeOH, 9:1). — *H NMR (300 MHz, MeOD): § =
1.21 (s, 3 H, CHj3), 1.28 (s, 3 H, CH3), 1.73 (m, CH,CH,CH), 2.42
(m, 1 H, CHC=0), 2.62 (s, 3H, CHNCHy), 2.86 (s, 3 H, NCH;C=
0), 3.20 (m, 1 H, CHN), 3.63 (m, 2 H, CH,CH,CH), 3.67, (dd,
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J =7.1,8.0Hz 1 H, OCH,CH), 3.90 (dd, 1 H, J = 7.1, 8.0 Hz,
OCH,CH), 4.05 (m, 1 H, OCH). — 3C NMR (75.5 MHz, MeOD):
§ = 24.5 (CHa), 26.0 (CH3), 29.0 (NCH3), 35.7 (CH,), 42.6 (CH),
44.7 (NCHs), 59.7 (CH,), 65.5 (CH,), 67.9 (CH), 78.0 (CH), 109.4
(C), 172.7 (C=0). — HRMS C;,H,,N,0,: calcd. 258.1579; found
258.1576.

(4S,5R,4'S)-5-(1,4-Dioxaspiro[4.5]dec-2-yl)-4-(2-hydroxy-
ethyl)pyrazolidin-3-one (11e). Colourless oil. — Ry = 0.34 (CHCI,/
MeOH, 8:2); spectra were obtained from the diasteromeric mixture,
IH NMR (300 MHz, [Dg]DMSO0): § = 1.21—-1.62 (m, 10 H, CH,),
1.84 (m, 2 H, CH,CH,CH), 2.68 (m, 1 H, CHC=0), 3.34 (m, 1 H,
CHN), 3.66 (m, 1 H, OCH,CH), 3.80 (m, 2 H, OCH,CHy), 3.99
(m, 1 H, OCH,CH), 4.19 (m, 1 H, OCH), 8.71 (s, 1L H, NHC=0).
— 13C NMR (75.5 MHz, [Dg]DMSO): § = 23.7 (CH,), 24.0 (CH,),
25.1 (CHy), 32.0 (CH,), 34.3 (CH,), 36.1 (CHy,), 44.8 (CH), 61.6
(CHy), 62.0 (CH), 65.8 (CH), 73.1 (CH), 109.6 (C), 181.2 (C=0).
— HRMS C,3H,,N,0,: caled. 270.15795; found 270.15790.

(4S,5R,4'S)-5-(1,4-Dioxaspiro[4.5]dec-2-yl)-4-(2-hydroxy-
ethyl)-2-methylpyrazolidin-3-one (11f): Colourless oil. — R; = 0.36
(CHCI3/MeOH, 9:1); spectra were obtained from the diasteromeric
mixture, *"H NMR (300 MHz, CDCls): § = 1.31-1.58 (m, 10 H,
CHy,), 1.74 (m, 2 H, CH,CH,CH), 2.73 (m, 1 H, CHC=0), 2.98
(s, 3 H, NCHy), 3.26 (m, 1 H, CHN), 3.66 (dd, J = 6.8, 8.2 Hz, 1
H, OCH,CH), 3.76 (m, 2 H, OCH,CH,), 4.00 (dd, J = 6.8, 8.2
Hz, 1 H, OCH,CH) 4.22 (dd, J = 3.4, 6.8 Hz, 1 H, OCH). — (75.5
MHz, CDCly): § = 23.6 (CHy), 23.9 (CH,), 25.0 (CH,), 31.5 (CHs5),
31.5 (CH,), 34.16(CH,), 35.95 (CH,), 44.90 (CH), 61.35 (CH,),
61.56 (CH), 65.28 (CH,), 72.92 (CH), 110.4 (C), 174.2 (C=0). —
HRMS C4,H,4N,0,: calcd. 284.17360; found 284.17361.

(4S,5R,4'S)-5-(1-Benzyloxy-2-hydroxymethyl)-4-(2-hydroxy-
ethyl)pyrazolidin-3-one (11g): Colourless oil. — Ry = 0.42 (CHCI,/
MeOH, 9:1); spectra were obtained from the diasteromeric mixture,
IH NMR (300 MHz, CDClg): § = 1.65 (m, 2 H, CH,CH,CH),
2.62 (m, 1 H, CHC=0), 2.91 (s, 3 H, NCH5), 3.23 (m, 1 H, CHN),
3.51 (m, 2 H, OCH), 3.63 (m, 2 H, HOCH,), 3.74 (m, 2 H, OCH,),
447 (d, 1 H, J = 11.4 Hz, OCH,—arom.), 469 (d, 1 H, J = 114
Hz, OCH,—arom.), 7.21-7.31 (m, 5 H, CH—arom.) — *C NMR
(75.5 MHz, CDCly): 6 = 31.2 (CH,), 31.4 (CHy), 44.1 (CH), 61.2
(CH,), 61.6 (CH,) 62.5 (CH), 72.6 (CH,), 75.0 (CH), 128.0—128.7
(3 X CH—arom.), 137.3 (C), 174.1 (C=0). — HRMS C5H,N,0,:
calcd. 294.1579; found 294.1581.

(4R,5S,1'S)-5-(1-Dibenzylaminoethyl)-4-(2-hydroxyethyl)-
pyrazolidin-3-one (adduct with one molecule of acetone) (11h):
Colourless crystals. — M.p. = 123—124°C (the crystals decompose
after standing at room temp. exposed to air for one day, but can
be kept in a suspension in acetone in a refrigerator for more than
one week). — Ry = 0.21 (CHCI3/MeOH, 9:1). — [0]p?®° = +46.4
(c = 1, CHCI3). — *H NMR (300 MHz, CDClg): § = 1.03 (d, J =
6.6 Hz, 3 H, CH,), 1.63 (m, 1 H, CH,CH,CH), 1.75 (m, 1 H,
CH,CH,CH), 2.16 (s, 6 H, acetone), 2.29 (m, 1 H, CHC=0), 2.68
(m, 1 H, CHN), 3.22 (d, J = 13.3 Hz, 2 H, CH,N), 3.30 (m, 1 H,
CH3CH), 3.63 (m, 2 H, OCHy), 3.73 (d, J = 13.3 Hz, 2 H, CH,N),
7.16—7.28 (m, 10 H, CH—arom.) — 3C NMR (75.5 MHz, CDCls):
& = 9.5 (CH3), 31.3 (acetone) 33.6 (CH,), 46.0 (CH), 54.0 (CH,),
56.3 (CH), 61.6 (CH,), 65.6 (CH), 127.7, 128.9, 129.4 (CH—arom.),
139.7 (C), 177.8 (C=0), 207.5 (acetone).

(4S,5R,4'S)-5-(2,2-Dimethyl[1,3]dioxolan-4-yl)-4-(3-hydroxy-
propyl)pyrazolidin-3-one (11j): Colourless oil. — Rs = 0.37 (CH3CI/
MeOH, 8:2). — *H NMR (300 MHz, CDCls): § = 0.80 (m, 1 H,
CH,CH,CH), 1.14 (m, 1 H, CH,CH,CH), 1.28 (s, 3 H, CHy), 1.36
(s, 3 H, CHg), 1.61 (m, 2 H, OCH,CH,), 2.40 (m, 1 H, CHC=0),
3.30 (m, 1 H, CHN), 3.59 (m, 2 H, OCH,CH,), 3.76 (m, 1 H,
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OCH,CH), 3.99 (m, 1 H, OCH,CH), 4.21 (m, 1 H, OCH,CH). —
13C NMR (75.5 MHz, CDCLy): & = 24.9 (CH,), 25.3 (CHy), 26.7
(CHs), 30.1 (CH,), 44.01 (CH,) 62.0 (CH.,), 64.1 (CH), 67.7 (CH,),
76.0 (CH), 110.3 (C), 178.6 (C=0) — Cy1H»N,0, (244.3) calcd.
C 54.08, H 8.25, N 11.47; found: C 53.77, H 8.60, N 10.95

General Procedure for the Synthesis of 4-(w-Hydroxyalkyl)-1-tos-
ylpyrazolidin-3-ones 11 by N-Tosylation: p-Toluenesulfonyl chloride
(190 mg, 1 mmol) was added to a solution of the pyrazolidin-3-one
11 (R = H) (1 mmol) in dry pyridine (4 ml) at 0°C in small por-
tions. After standing at 4°C for 3 d, the reaction was quenched
with aqueous phosphate buffer (pH 7) at 0°C and was then allowed
to warm up to room temp. for 1 h. The mixture was extracted with
Et,0 (2 X 30 ml) and with CH,CI, (2 X 30 ml). The combined
organic phases were dried (Na,SO,). After evaporation of the sol-
vent, the residue was purified by flash chromatography with n-hex-
ane/EtOAc or CHCI;/MeOH.

(4S,5R,4'S)-5-(2,2-Dimethyl[1,3]dioxolan-4-yl)-4-(2-hydroxy-
ethyl)-1-(toluene-4-sulfonyl)pyrazolidin-3-one  (11d): Colourless
crystals. — M.p. = 138—140°C. — Ry = 0.24 (CHCI3/MeOH, 95:5).
— [0]p® = +33.7 (c = 1, CHCly). — 'H NMR (300 MHz,
[D]DMSO): 6 = —0.06 (m, 1 H, CH,CH,CH), 0.89 (m, 1 H,
CH,CH,CH), 1.24 (s, 3 H, CH3), 1.34 (s, 3 H, CH3), 2.33 (m, 1 H,
CHC=0), 2.39 (s, 3 H, CHz—arom.), 3.15 (dd, J = 5.1, 10.0 Hz,
2 H, OCH,CH,), 3.82 (m, 1 H, CHN), 3.99 (d, J = 6.9 Hz, 2 H,
OCH,CH), 4.13 (m, 1 H, OCH), 4.39 (s, 1 H, OH), 7.47 (d, J =
8.2 Hz, 2 H, CH—arom.) 7.71 (d, J = 8.2 Hz, 2 H, CH—arom.),
10.86 (5, 1 H, NH). — 3C NMR (75.5 MHz, [Dg]DMSO): 5 =
21.4 (CHa), 25.4 (CH3), 26.3 (CHs3), 32.7 (CHy), 41.5 (CH), 58.4
(CH,0), 63.2 (CHN), 64.8 (CH,0), 77.8 (CHO), 108.9 (C), 129.6
(CH), 130.2 (C), 130.3 (CH), 1459 (C), 176.2 (C=0). —
C17H24N206S (384.2): caled. C 53.11, H 6.29, N 7.29; found: C
53.47, H 6.60, N 6.98.

(4R,5S,1'S)-5-(1-Dibenzylaminoethyl)-4-(2-hydroxyethyl)-1-
(toluene-4-sulfonyl)pyrazolidin-3-one (11i): Colourless crystals. —
M.p. = 164-166°C. — R = 0.17 (n-hexane/EtAcO, 1:1). —
[@]p®® = —-205 (c = 1, DMSO). — 'H NMR (300 MHz,
[Dg]DMSO): § = —0.04 (m, 1 H, CH,CH,CH), 0.86 (m, 1 H,
CH,CH,CH), 1.27 (d, J = 6.7 Hz, 3H, CH3), 2.28 (m, 1 H, CHC=
0), 2.40 (s, 3 H, CHz—arom.), 2.69 (m, 1 H, CHN), 3.30 (d, J =
13.3 Hz, 2 H, CH;N), 3.37 (m, 2 H, OCH,), 3.74 (m, 1 H, CH5;CH),
3.81 (d, J = 13.3 Hz, 2 H, CH;,N), 7.29 (m, 10 H, CH—arom.),
7.48 (d, J = 8.1 Hz, 2 H, CH—arom.), 7.69 (d, J = 8.1 Hz, 2 H,
CH—arom.) 10.96 (s, 1 H, NH). — 3C NMR (755 MHz,
[Dg]DMSO): & = 10.1 (CH3), 21.4 (CHs), 32.5 (CH,), 42.0 (CH),
55.0 (2 X CH,), 55.9 (CH,), 68.1 (CH), 127.2, 128.5, 129.4, 129.9,
130.3 (CH—arom.), 130.3 (C) 140.0 (C), 145.6 (C), 176.0 (C=0).
— C2gH33N30,4S (507.6): calcd. C 66.25, H 6.55, N 8.28; found: C
65.81, H 6.57, N 7.97.

(4S,5R,4'S)-5-(2,2-Dimethyl[1,3]dioxolan-4-yl)-4-(3-hydroxy-
propyl)-1-(toluene-4-sulfonyl) pyrazolidin-3-one (11k): Colourless
crystals. — M.p. = 75—77°C. — R¢ = 0.27 (CHCI;/MeOH, 95:5).
— [a]p?® = +14.3 (c = 1, CHCI3). — *H NMR (300 Mhz, CDCly):
8 = 0.01 (m, 1 H, CH,CH), 0.85 (m, 1 H, CH,CH), 1.17 (s, 3 H,
CHs), 1.20 (m, 2 H, OCH,CH,), 1.24 (s, 3 H, CHj3), 2.29 (s, 3 H,
CHs;—arom.), 2.32 (m, 1 H, CHC=0), 3.19 (t, J = 6.3 Hz, 2 H,
OCH,CH,), 359 (t, J = 3.2 Hz, 1 H, CHN), 3.92 (m, 2 H,
OCH,CH), 4.12 (m, 1 H, OCH,CH), ), 7.24 (d, J = 8.0 Hz, 2 H,
CH-arom.), 7.63 (d, J = 8.0 Hz, 2 H, CH—arom.), 8.9 (s, 1 H,
NH). — 3C NMR (75.5 MHz, CDCl): 8 = 22.0 (CH3), 25.2
(CHy), 26.4 (CHs5), 30.4 (CH,), 61.8 (CH,), 63.9 (CH), 65.4 (CH,),
76.9 (CH), 110.1 (C), 129.0 (2 X CH), 130.6 (2 X CH), 132.4 (C),
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146.5 (C), 176.5 (C=0). — Cy5H.6N,04S (398.4): calcd. C 54.26,
H 6.58, N 7.03; found: C 53.89, H 6.75, N 6.77.

Crystal Structure Determination for the Compound 8:[34 Crystals
were obtained by recrystallisation from hot hexane/EtOAc (7:3). A
colourless crystal of 8 with the dimensions 1.03 X 0.67 X 0.30
mm? was measured on a STOE Stadi4 diffractometer using Mo-K,
radiation (A = 0.71073 A). Crystal data: C;5H,004 , M = 264.35,
monoclinic space group P2;, a = 9.879(5), b = 6.546 (8), ¢ =
10.833(6) A, B = 96.36(5)°, V = 696.3(10) A%, Z = 2, D, = 1.261
g.cm~3, F(000) = 284, p(Mo-K,) = 0.053 mm~1. At 295(2) K in
the range of 1.89° < ® < 27.04°, 3378 reflections were measured
(Resigy = 0.0724) of which 1663 were unique (R(ny = 0.0718) and
1345, flagged as observed, had intensities larger than 2c(l). The
structure was solved by direct methods and refined by a least
squares procedure within the SHELX program system. The final
residuals were WR2 ;) = 0.0694, Rl = 0.0465 and Ry ops) =
0.0345. The maximum and minimum peaks in the final difmap were
0.149 and —0.126 /A3, respectively.

Crystal Structure Determination for the Compound 11d B% Crys-
tals were obtained by recrystallisation from hot toluene. A colour-
less crystal of 11d with the dimensions 0.56 X 0.56 X 0.32 mm?3
was measured on a STOE Ipds diffractometer using Mo-K,, radi-
ation (A = 0.71073 A). Crystal data: C1;H»,N,0¢S, M = 384.44,
monoclinic space group P2;, a = 10.695(3), b = 7.990(2), ¢ =
11.373(3) A, B = 95.40(3)°, V = 967.6(4) A%, Z = 2, D, = 1.320
g.cm~3, F(000) = 408, w(Mo—K,) = 0.202 mm~*, At 200(2) K in
the range of 2.75° < ® < 26.09°, 7863 reflections were measured
(Rsigy = 0.0769) of which 3606 were unique (Rn; = 0.1343) and
3138, flagged as observed, had intensities larger than 2c(l). The
structure was solved by direct methods and refined by least-squares
procedure within the SHELX program system. The final residuals
were WRZ(a”) = 0.1067, Rl(a”) = 0.0525 and R1 (obs) = 0.0440. The
maximum and minimum peaks in the final difmap were 0.261 and
—0.335 e/A3, respectively.

Crystal Structure Determination for the Compound 11h-
CH3;COCH;B: Crystals were obtained by recrystallisation from
hot acetone. A colourless crystal of 11h with the dimensions 1.00
X 0.82 X 0.24 mm?* was measured on a STOE Ipds diffractometer
using Mo-K,, radiation (. = 0.71073 A). Crystal data: C»;H33N303,
M = 411.53, monoclinic space group P2;, a = 11.209(3), b =
8.173(2), ¢ = 13.540(3) A, B = 109.35(3)°, V = 1170.4(5) A3, Z =
2, D, = 1.168 g.cm~3, F(000) = 444, p(Mo-K,) = 0.077 mm~1. At
180(2) K in the range of 2.88° < ® < 25.25°, 7178 reflections were
measured (Rgigy = 0.0494) of which 4045 were unique (Rgny =
0.0404) and 3604, flagged as observed, had intensities larger than
20(1). The structure was solved by direct methods and refined by
least-squares procedure within the SHELX program system. The
final residuals were WR2q; = 0.0723, Rlg, = 0.0356 and
R1(onsy = 0.0302. The maximum and minimum peaks in the final
difmap were 0.133 and —0.125 /A3, respectively.
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