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Use of a Baylis—Hillman adduct in the stereoselective synthesis of
syributins via a RCM protocol ™
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Abstract—The total synthesis of syributins 1 and 2 using the Baylis—Hillman adduct of 2,3-O-isopropylidene- R-glyceraldehyde-ethyl
acrylate as starting material followed by ring closing metathesis (RCM) of the acrylate derivative of the ensuing diol as the key step

is reported.
© 2004 Elsevier Ltd. All rights reserved.

The syributins along with secosyrins were isolated by
Sims and co-workers' as the co-isolates of syringolide
elicitors from pseudomonas syringea pv. tomato express-
ing virulence gene D (avrD-genes). While syringolides
are of interest due to their unusual response to resistant
soyabean plants, syributins,"* and secosyrins'** gained
importance owing to their interesting structural features
and their potential properties of providing vital clues to
the biosynthesis of syringolides. Although structurally
related they do not display the same activity profile as
syringolides. Recently, a diastereoselective Baylis—Hill-
man reaction using sugar-derived aldehydes as the chiral
electrophiles was developed in our laboratories.’ The
total synthesis of syributins 1 and 2 was undertaken to
exemplify the synthetic utility of one such Baylis-Hill-
man adduct. Herein we describe the total synthesis of
syributins 1 and 2 using the Baylis—Hillman adduct of
2,3-O-isopropylidene- R-glyceraldehyde-ethyl acrylate as
the starting material and RCM of the monoacrylate of
the ensuing diol as the key step for the construction of
the lactone ring.

Retrosynthetic analysis of 1 and 2 as delincated in
Scheme 1 revealed that the lactone 3 is an appropriate
intermediate for further manipulation to the target
compounds. Lactone 3 in turn could be envisaged from
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Scheme 1. Retrosynthetics of syributins 1 and 2.

the monoacrylate 4 by RCM and 4 could be readily
accessed from 5, a Baylis—Hillman adduct obtained by
the reaction between 2,3-O-isopropylidene-R-glycer-
aldehyde 6 and ethyl acrylate.

Accordingly, the Baylis—Hillman reaction of 2,3-O-iso-
propylidene-R-glyceraldehyde 6 with ethyl acrylate was
performed in 1,4-dioxane:water® as solvent and DABCO
as catalyst (Scheme 2). The reaction was complete in
24 h affording 5 (72%). The de of adduct 5 was found to
be 80% by 'H NMR and HPLC analysis. Although the
Baylis—Hillman reaction of 2,3-O-isopropylidene-R-
glyceraldehyde 6 with ethyl acrylate has been performed’
at high pressure (4kbar), no diastereoselectivity was
obtained. Thus the use of 1,4-dioxane:water not only
facilitates the Baylis—Hillman reaction at normal atmo-
spheric pressure and temperature but also resulted in
adduct 5 with 80% de. The absolute stereochemistry of
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Scheme 2. Reagents and conditions: (a) ethyl acrylate, DABCO, 1,4 dioxane, H,O (1;1), rt, 24 h, 72%; (b) LAH, AICl;, ether, 0°C, 2h, 65%; (c)

acryloyl chloride, N-ethyldiisopropylamine, CH,Cl,,

0°Ctort, 10 h, 4 (75%), 4a (10%); (d) Grubbs’ catalyst (A, 30 mol %), CH,Cl,, reflux, 48 h, 62%

(3/3a, 1:9); (e) PDC, CH,Cl,, tt, 12h, 95%; (f) LiEt;BH, THF, —78°C, 1.5h, 100%; (g) 9a: CH3(CH),COCI, Et;N, CH,Cl,, tt, 0.5h, 87%; 9b:

CH;(CH)sCOCI, Et;N, CH,Cly, 1t, 0.5h, 90%; (h) TsOH, MeOH, rt, 2h, 1

the major isomer of 5 was assigned as S based on lit-
erature® evidence. The observed stereoselectivity of 5
can be explained by the favorable attack of the carb-
anion from the si-face of the sugar aldehyde leading to
the ‘S’ isomer as the major product at the newly created
center according to the Felkin—-Anh model® by a non-
chelation protocol.

Adduct 5 was reduced with LAH and AICI;° to afford
diol 7, which on acryloylation (acryloyl chloride,
N-ethyldiisopropylamine, CH,Cl,, rt) afforded mono-
acylate 4 as the major product (75%) along with di-
acrylate 4a (10%). Monoacrylate 4 was subjected to RCM
with Grubbs’ catalyst'? (standard ruthenium complex A,
30 mol %, CH,Cl,, reflux) to afford 3 and 3a in a mod-
erate yield (62%, 1:9), which were separated by column
chromatography. The major isomer 3a on oxidation
with PDC afforded ketone 8, which on reduction with
super-hydride’ gave the required isomer 3. Interestingly,
lactone 3 is an important advanced intermediate used in
the total synthesis of several natural products such as
syringolides, spyhydrofurans, and secosyrins.®* Upon
acylation of 3 with hexanoyl chloride and octanoyl
chloride, 9a (87%) and 9b (90%) were obtained, respec-
tively. Deprotection of the acetonide group (PTSA in
methanol) in 9a and 9b afforded syributins 1 and 2 via a
simultaneous 1,3-acyl migration. Additionally, the total
synthesis of syributins 1 and 2 unequivocally confirmed
the stereochemistry at the newly created center of the
major isomer of 5 as S.

In conclusion, the total synthesis of syributins 1 and 2!!
was successfully accomplished in seven steps starting
from the Baylis—Hillman adduct of 2,3-O-isopropylid-

(90%); 2 (86%).

ene-R-glyceraldehyde-ethyl acrylate followed by RCM
as the key step.
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23.6 min}; [oc]]z)5 —-6.4 (c 1, CHCl;); '"H NMR (200 MHz,
CDCl;, TMS): 0 6.38 (s, 0.1H), 6.36 (s, 0.9H), 5.99 (s, 1H),
4.50 (dd, 1H, J = 4.5, 10.4Hz), 4.38-4.23 (m, 3H), 3.91 (d,
2H, J =7.5Hz), 2.94 (d, 1H, J =4.5Hz, OH), 1.45 (s,
3H), 1.38-1.32 (m, 6H); IR (neat) v 3395, 1750, 1668 cm™';
EIMS: m/z 215 (M*-15); Anal. Calcd for C;;H30s: C,
57.38, H, 7.88; found: C, 57.48, H, 7.87. Compound 3:
[cz]zD5 -12.7 (¢ 0.6, CHCl;); '"H NMR (200 MHz, CDCl;,
TMS) 6 5.97 (s, 1H), 4.87 (br. s, 2H), 4.51 (d, J = 3.7Hz,
1H), 4.18 (q, J = 5.9Hz, 1H), 4.06 (dd, J = 6.6, 8.0 Hz,
1H), 3.87 (dd, J = 5.9, 8.8 Hz, 1H), 2.78 (br. s, 1H, OH),
1.45 (s, 3H), 1.35 (s, 3H); 3C NMR (75MHz, CDCls,
TMS) o6 173.16, 168.44, 116.70, 116.30, 110.42, 96.12,
69.15, 65.66, 26.38, 24.79; FABMS: m/z 215 (M*+1),
Anal. Calcd C;(H,405: C, 56.07, H, 6.59; found: C, 56.02,
H, 6.54. 1: n = 4, [0]5) +6.4 (¢ 0.4, CHCLy); lit.** [o]7) +6.09
(c 0.8, CHClL;); 'H NMR (500 MHz, CDCl;, TMS) § 6.07
(s, 1H), 494 (ddd, J = 17.9, 1.6, 1.1 Hz, 2H), 4.62 (br. s,

1H), 4.33 (dd, J = 5.2, 11.9Hz, 1H), 4.18 (dd, J = 6.4,
11.9Hz, 1H), 3.97-3.93 (m, 1H), 2.36 (t, / = 7.6 Hz, 2H),
1.68-1.62 (m, 2H), 1.35-1.28 (m, 4H), 0.9 (t, J = 7.0 Hz,
3H); *C NMR (50 MHz, CDCl;, TMS) § 174.53, 173.33,
169.08, 116.85, 71.60, 68.87, 64.82, 34.07, 31.25, 29.70,
24.53, 22.25, 13.84; FABMS: m/z 273 (M*+1); Anal.
Calcd for C;3H»,Oq: C, 57.34, H, 7.40; found: C, 57.08, H,
7.39. 2: [o]3) +7.4 (¢ 0.4, CHCL); lit.* [4]3) +7.03 (c 0.6,
CHCl;); 'H NMR (400 MHz, CDCl;, TMS) 6 6.03 (s, 1H),
4.90 (ddd, J = 17.9, 1.8, 0.6 Hz, 2H), 4.60 (br. s, 1H), 4.21
(dd, J =52, 11.7 Hz, 1H), 4.13 (dd, J = 5.2, 11.7Hz,
1H), 3.95-3.89 (m, 1H), 2.30 (t,J/ = 6.5Hz, 2H), 1.68-1.58
(m, 2H), 1.28-1.19 (m, 8H), 0.88 (t, J = 6.5Hz, 3H); 3C
NMR (50 MHz, CDCl;, TMS) 6 174.98, 173.67, 169.27,
116.64, 72.33, 71.99, 69.37, 64.91, 34.07, 31.59, 29.02,
28.80, 24.83, 22.55, 14.02; FABMS: m/z 301 (M"+1);
Anal. Calcd C;sH»Oq: C, 59.99, H, 8.05; found: C, 59.85,
H, 8.02.
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