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HALOAMIDATION OF 3-HYDROXY-4-PENTENYLAMIDES: STEREOSELECTIVE SYNTHESIS

OF cis-1-HALOMETHYL-2-HYDROXYPYRROLIDINES

*
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Department of Synthetic Chemistry, Faculty of Engineering, Kyoto University, Yoshida,
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Summary: Haloamidation of N-p-toluenesulfonyl 3-hydroxy-4-pentenamides, irrespectively of
substitution pattern, provides N-p-toluenesulfonyl cis-1-halomethyl-2-hydroxypyrrolidines with

high selectivity (> 95 %) and in high yield.

Recently we1 and others2 have reported that halolactonization of 3-hydroxy-4-alkenoic
amides and acids provides cis-3~hydroxy-4-halomethyl-)-butyrolactones in high stereochemical
purity. As an extension of this synthetically useful reaction, we examined an intramolecular
haloamidation of 3-hydroxy-4-pentenylamines in the expectation of the stereoselective formation
of cis-1-halomethyl-2-hydroxypyrrolidines (equation 1). The product not only shares the
partial structure with many types of interesting alkaloid (e.g., anisomycin 1,3 stronecine 2,4
and slaframine 3,5 etc.), but also is assembled with halomethyl functionality, desirable for the

further manipulation to the total synthesis of these alkaloids.
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1. H), prepared by a sequential standard method,6 was exposed

Carbamate 4 (R = OMe, R
to 12 (2 equiv) and NaHCO3 (2 equiv) in 1,2—dimethoxyethane—H20 (5 : 2 v/v) at ambient
temperature for 4 days. TLC monitoring indicates that the reaction is slow and would not
reach a completion even after prolonged reaction times, however, the reaction is clean only
providing a single spot except for the one corresponding to the starting material. A mixture
of 5 and 6 (R = OMe, R1 = H, in a ratio of 93 : 7) was isolated in 83% yield (based on 66%
conversion). The cis structure of the predominant product was established by the higher field
. resonance of the jodomethyl group in 5 (as a benzoate derivative:s 1.32 ppm) compared with

3C NMR spectra.7 The authentic

that in 6 (as a benzoate derivative:§ 5.53 ppm) in the 1
sample of the latter was prepared from 5 by a specific inversion (Mitsunobu reac’cion).8

Although being successful with unsubstituted carbamate, the iodoamidation with substituted
carbamate 4 (R = OMe, R1 = Me) was troubled with instability of the product. As judged from
1H NMR spectrum and TLC monitoring of the crude extract, the clean intramolecular
iodoamidation is apparent, but the product decomposed gradually at ambient temperature to
provide some polar material (TLC).9

Despite our extensive examinations, the intramolecular haloamidatoin of the amide

derivatives 4 (R = Me or Ph, R1

= Me) was totally unsuccessful. Under the above and
somewhat modified conditions, no cyclization took place, instead iodohydrines were obtained in
quantitative yield. Under anhydrous conditions, these amides were unreactive and recovered
completely (12 in CH3CN, N-iodosuccinimide in THF in the presence or absence of tBuOK).

It has been frequently pointed out that the course of the reaction and the yields of this
type of olefin amidation is a subject of the basicity of amines.10 And hence next we examined
the haloamidation with p-toluenesulfonamide derivatives. All the sulfonamides, irrespectively of
the substitution pattern, were cyclized to give rise to the expected N-toluenesulfonyl
cis-1-halomethyl-2-hydroxypyrrolidines in high selectivity and in high yield. Results, together
with the reaction conditions, were summarized in Table I. All the products were stable and
could be purified by means of preparative TLC., Compared with the carbamate derivatives 4
(R = OMe), the reaction with sulfonamides was much faster and attained completion in short
periods of reaction time even at the temperatures lower than ambient temperature. The
reaction can be successfully undertaken both in aqueous media (dimethoxyethane-HZO or
EtZO—HZO (two phase)) and in anhydrous media (dichloromethane), while in acetonitrile
considerable amount of by-product(s) was detected on TLC.

We are now under extensive study on a clarification of scope of the present reaction and
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Table I. Halosulfoamidation of N-p~Toluenesulfonyl 3-Hydroxy-4-pentenamides
substrate main product reaction conditions? product ratlob vield of€
{equiv) cis/trans products
E(®) OF
N
SOZTol
NBS (1.1), DME—H20, -5°,1h 95 : 5 88
12 (1.5), NaHCO3 (1.5), EtZO—HZO, - 5°, 4 h 96 : 4 86
I, (1.1), CHyCN, 0 °C, 2 h 94 : 6 534
HO\é OH
NHSO,Tol (LX
N
SOZTol
NBs (1.1), DME-H,0, r.t., 5 min 90 : 10 56
NBS (1.1), DME—HZO, - 50 °C, 1h 95 ¢ 5 95
NBS (1.1), CH2C12, - 78 °C, 2 h 93 : 7 100
NIs (1.1), CH,CI,, - 50 °c, 4 h 89 : 11 100
HO, OH
\[jj;;sozTol X
N 2,
502T01
NBS (1.1), DME- HZO - 5 °C, 15 min 94 : 6 82
12 (1.5), NaHCO3 (1.5), EtZO—H20, ~5¢°, 4h 95 : 5 91
%, OH
\[ijHSO Tol Br
N
80yTol \ps (1.1), DME-H,0, 0 °C, 1 h 97 : 3 774
HO
J/jNHSO Tol m
SozT"l NBS (1.1), DME-H,0, 0 °C, 1 h 97 : 3 80
\‘\ NHSO.?TOI [&/
2 N
SO Tol NBS (1.1), DME-H20, 0 °C, 1 h, 97 : 3 82

a) Reaction conditions are given in the following order: reagents (equiv to
substrate in parenthesis), solvent, bath temperature, and reaction time. NBS =
N-Bromosuccinimide, NIS = N-Iodosuccinimide, DME = 1,2~Dimethoxyethane.

DME-H,O = DME (5 mL) and HZO (2 mL) to 1 mmol of substrate. Et 0-H,0 = ether
(5 mL? and H,O0 (2 mL) to 1°mmol of substrate. Acetonitrile and dlcﬁloromethane

were dried oVer P,0. and CaH,, respectively. h = hour, min = minute. b)
Product ratio was“determined®based on the area intensity in carbon-13 NMR
spectra. c) Yield (%) refers to the isolated and chromatographically pure

materials. d) Single spot was detected at the larger rf value than those of the
listed compounds. The structure of this product is under investigation.
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its mechanism. Short total syntheses of 1, 2, and the related alkaloids are also our strong
11
concern.
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