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Summary: Several y-hydroxy-c-amino acid systems were prepared stereoselectively
from 2-amino-4-pentenoic acid derivatives using electrophilic lactoni-
zation. This strategy was applied to the synthesis of a highly function-
alized proline analogue, (-)-bulgecinine (4).

Recently, significant attention has been focused on the stereoselective syn-
thesis of 1,3-amino hydroxyl systems which are found in a variety of nitrogen
containing natural products.l In view of the syntheses of unusual amino acids with
a y-hydroxy-oa-amino acid moiety, the strategy of using an electrophilic lactoni-
zation2 in an acyclic v,d8-unsaturated-c-amino acid systems is of interest (eq 1).
Although a high stereoselectivity was observed in the halolactonization of 3-
substituted-4-pentenoic acidSZb’c’3 (stereocontrol directed by the allylic substi-
tuent), stereoselectivity in the 2-substituted-4-pentenoic acids was not expected
to be high due to the conformational flexibility of the 5-membered ring transi-
tion state (stereocontrol by the homoallylic group). b,d On the other hand,
significant cis-selective Y—butyrolactonizations4 in 2-amino-4-pentenoic acid
derivatives were reported (1~ 2; vide infra). However, the role of amino group
during halolactonization re&aiﬂed unsolved. In this report, we wish to describe
the C2 and C5 substituent effect in the electrophilic lactonization, and the syn-
thesis of (-)-bulgecinine (4),7 which is a constituent amino acid of the novel
glycopeptide bulgecin8 (chagacterized by its induction of morphological changes
in Gram-negative bacteria in cooperation with B-lactam antibiotics such as
sulfazecin) .

N-Substituent effect in-the halolactonization of 2-amino-4-pentenoic acid
derivatives were examined first as summarized in Table I.9 These results indicated
that a relatively high cis selectivity was observed in lb lf in contrast to those
of non-polar substituents (la). The product ratios were 1ndependent of the prop-
erties of the N—substituentgksuch as steric bulkiness, electronegativity, the

10

absence of amide hydrogen, etc. It was assumed that the reaction proceeded via

cyclic intermediate A in which the bromonium ion is stereocelectronically stabili-
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Table I. Halolactonization of 2-substituted-4-pentenoic acids.a’b
HOL Electrophile H 0O 0 H. 0~£0 '
MR (solvent) //<:LR * ['K;E Yield (%)
} E o A (ratio)© E 5 M R

%f R=Me or phenyl 12 Ef (3 : 2) %fzb’d'4

1b R=NHZ NBS (THF) 2b (8 B 1) 3b 80

]T; R=NHBocC NBS (THF) 5; (8 : 1) ;;: 82

14 R=NHCHO NBS (THF) 2d (8 :1) 3d 40

le R=NPht NBS (THF) 2 (6 : 1) 3e 81

1f  R=NHTs NBS (THF) 28 (8.8 : 1) 3 100

@A11 reactions were carried out at 0 °C under nitrogen. bAbbriviations of amino
protecting groups: Z=benzyloxycarbonyl; Boc=t-butoxycarbonyl; Pht=phthaloyl; Ts=

. . 1 .
p-toluenesulfonyl. “Product ratios were determined by "H NMR and HPLC analysis.

zed by the amino group.ll

The present results seemed to be applicable to the 5-substituted derivatives
5 and 7, where a relatively rigid conformation in the transition state and a high
;tereo;electivity of product formation were expected. The synthesis of bulgecinine
(4) was planned from (2§,4§,5§)—y—butyrolactone 6a as the key intermediate which
w;uld be derived via a halolactonization of the E:allyl alcohol 5 (Scheme I). Al-
though a large steric repulsion between the amino group and the &5 substituent
seems not to favour the hypothetical desired transition state B, we expected that
a stereoelectronic stabilization of the amino group to the bro&onium ion which is
only possible in B should lead to the desired 6a.

The Z-allyl glcohol 5 prepared from N*E—Bg;—%—allylglycine methyl ester 1312
was thus treated with N—b;omosuccinimide (NBS) in tetrahydrofuran (THI), 0 °C7N5
min, to give 8.8 : 1 mixture of the v-butyrolactones 6a and 6b in 95% yield.13 The

configuration of the major isomer, purified by recrystallization (CHClB/hexane),
mp 139-142 °C, [1]38 +44.7° (c 0.78, MeOH), to be cis was suggested by its lH NMR
data [¢&2.24 (3gH, ddd, J=10, 11, and 12 Hz), 2.88 (3aH, ddd, J=6, 9, and 12 Hz)],9

and finally determined by converting it to 4. Deprotection of 6a with trifluoro-

acetic acid (TFA), cyclization with 0.1 N Ba(OH)2 (pH 9, room temperature, 3 h),

and the subsequent treatment with Dowex 50W x 4 (elution with 1 N NH3
bulgecinine (4) in 85% from 5 [amorphous solid, [“]57 -13.3° (c 1.5, HZO)]’Of

) provided

which spectroécopic data were identical with those reported.7
On the other hand, treatment of the E-isomer 7 in the same manner as above

gave the cis-y-butyrolactone ?E as the major produ;t [§§/§E:6.3/1: §f7 oil, [u]g9
-3.6° (c 1.25,CHC13)], which was converted to ?, the C5 epimer of 4, amorphous
solid, [a]é8 +5.7° (¢ 1.47, HZO)’ In addition, SN2' lactonizationl5 using Z and E
allyl chloride, 10 and 11,12 was examined. Treatment of 10 with silver trifluoro-
methanesulfonateMTAgOTf;YTHF, 2,6~1utidine, room temperagare, 20 h) gave the cis-
4-vinyl-vy-butyrolactone 12a as the major product (73%, 12a/12b=6/1): 1l2a; mp 124-

5 -
125 °¢, [a]D8 +42.8° (c 1.15, CHClB). The same ratio of products {92%) was ob-
tained from the reaction of the E-allyl chloride 11. These results suggested that
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the reaction (10->12) proceeded through the intermediate E: in which allyl cation
is stabilized 1::; t}:; amino group to give the cis-ybutyrolactone 1l2a, predominantly,
due to the same reason as in the halolactonization above. o

In conclusion, electrophilic lactonization strategy of 2-amino-4-pentenoic
acid derivatives provides a method for the synthesis of the useful chiral inter-
mediates (§, §, }3) as a masked erythro 1,3-amino hydroxyl system.
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