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Abstract: On treatment with 10% HF, butenolides 4a and 4b afforded enantiopure (-)-syringolides 1 (1a)
and 2 (1b) respectively in much higher yields. Unprecedentedly, the cyclic acetal 5a was also converted to
Ia by reacting with an excess of p-TsOH. The structure of the synthetic (-}-syringolide 1 (Ia) was
substantiated by an X-ray crystallographic study. © 1998 Elsevier Science Ltd. All rights reserved.
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elicitors, were isolated from Pseudomonas syrmgae pv. tomaio in 1993.1 At present, no less than six to

.--

cr'

syntheses of syringolides have been reported,? in which some reactions of the proposed biosynthetic pathway!
were imitated. In this connection, the intramolecular Knoevenagel condensation, the intramolecular Michael
addition and the hemiacetalization steps are common themes. Notwithstanding this success, the concluding
syringolide skeleton construction via deprotection, cyclization and purification steps was usually accomplished
in merely 6-23% yields, due presumably to the inherent instability of syringolides.2 We recently reported that

the optically pure butenolide 2, prepared in several steps from 3-tri-n-butylstannylfuran or 3-bromofuran, was a

key intermediate in the enantioselective total synthesis of the four coproducts of syringolides, namely (+)-
S, ‘L. Y Al nove P T7Y mrmamadireas Fomen rrhisah amantiamiiea

secosynns and \-I-)-ay 1DUtINS (Sui‘i 11i 1) 3 Herein we 1 port an iiuyiuvcd piuucduw from which e 1antiopure (-

)-syringolides 1 (1a) and 2 (1b) were afforded from 2 in acceptable total yields, thereby achieving a formal
total synthesis of 1a and 1b. Structural confirmation of the synthetic (-)-syringolide 1 (1a) by an X-ray
crystallographic study has also been achieved.
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Me,'BuSiQ Me(CHy o H OH Me(CH),._ O HQ OH
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2 1a Syringolide | n=4 Secosyrin 1 n=4  Syributin 1 n=4 o
1b Syringolide 2 Secosyrin 2 n=6 Syritubin 2 n=6
Interestingly, Honda?f had also demonstrated that 1a and 1b could be procured from 2 via compeunds
20 An nnd 2l AL allait 5 o Aanly 1N _ 110 tntal vialds Witk a anffialamt Arvnemtiter A8 oot nm A1 0,0 D 2o el wxsn Lnd
Jd, 4d dlil JU, 90 UGCIL M ULy 1UT11 70 Widl YICKDDY. VYU a dSULLICITIN ualltity Ul UDULCHIVLIIUC & 111 tdalid, we 11dU
also tried to prepare 3a and 3b by utilizing the Baylis-Hillman reaction.# Unfortunately, it turned out that the
bulkiness of the 3-substituent in Z somehow impeded the attack of DABCO on the alkene.
Scheme 2
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| 52%
I

R 60%

g’ 7-TsOH
acetone/H,0

Sa (1:1)

The pivotal ketones 4a and 4b were at length prepared by employing Honda's procedure as well.2f The
failure of securing syringolides in good yields via various literature cyclization methodologies? prompted us to
look for milder conditions. After several unsuccessful trials, 10% aqueous HF solution in MeCN was finally
chosen to remove concomitantly both the acetonide group and the silyl group and to induce cyclization.
Noteworthy is that a too dilute or a too concentrated HF aqueous solution resulted only in much longer reaction
complex products. After stirring 4a in 10% HF for 60 hours, the sample was analyzed on TLC plates

&2 i = = Al
) with ethyl acetate-hexanes (2:1) as cluent, a smglc UV-invisible compound (Rf = 0.43) was
1.
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light-visualized component (Rf = 0.53, ethyl acetate - hexanes 2:1) was instead collected as the major product,

which was identified by 'H-NMR spectroscopic study to be the known cyclic acetals ¢ yield).2e.2f.2g
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The deviation of chromatographic results implied that silica gel might play a harmful role in promoting the
a wvia wmeacnwahly tha teinl £a T ilbawmion ~hersintococelc cala A ~Asia
4, Yia présumaoiy ue i iol 6a. Likewise » CHIOMatograpny on alumina gave
unsatisfactory outcome. By way of an iﬁ‘]pl"c‘r\fea work-up procedure, 1a and ib were consistently realized in
acceptable yields from 4a and 4b, respectively. Pure syringolides 1a and 1b form relatively air-stable needles
from CHCl3-hexanes. Perhaps more fascinating is the hitherto unknown p-TsOH-induced rearrangement of 5a

to syringolide 1 (1a), which was obtained in 52% yield (Scheme 2).

Single crystals of the synthetic {-)-syringolide

el as c
Et0 and its structure was confirmed by X-ray crystallo granhi; an_lysis (Figure). Noteworthy is that this is the
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iret ¥_rav crvetallaoeranhic reenlts of svrinonlide 1 (1a) while -ray oructallagranmbisa ctndy ~Ff natiira
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Figure: ORTEP plot of synthetic (-)-syringolide 1 (1a)
In conclusion, it is likely that all literature syringolide syntheses did suffer from the same low yield

problem because of the chosen cyclization cenditions and/or the purification step. Our work-up procedure may
be useful in securing sufficient amounts of syringolides for biological evaluation

Experimental

(1’R, 2’R)-3-[1’-(tert-Butyldimethylsiloxy)-2’, 3’-(isopropylidenedioxy)propyl]-2-(1”’-hydroxy
hexyl)-2-buten-4-olide (3a).2f To a stirred solution of butenolide 23 (250 mg, 0.76 mmol) in THF (5 mL),

IPrr t (0.53 mL. 3.05 mm ] added at 0 °C and 2 1.0 M CH-Cl, solution of BusBOTf (1.6 mL. 1.6
L12800 (V.22 dida, 2.U0 2332 a(lde 2.0 0 LI SO0 O DUV LT \WLLWO T, 1.0
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auenching with water (5 mL) extraction (EtQAc. 3 30 mL), drving (MoS0.,4) and evangration of tha
Mutaaaling Wik Bl (W RSy PARGLAIDLN ESVAL, 2 A DV L), B UWigo V4 allG CVapiradin O uic
cenlyant tha cacidva trne murifiad hy cilica oal anhimen nk-—amn.nn«nnk 18 5 hoavacmoe atlos 1 ompbata L1y
SOIVCII, Uit ITMHUUT W Julliivl Uy suita got COLGHNL CIHOINatOgIapiy (10 g, uc.\auc:b-cmyx alllLdic O.1) to
a

>
give the diastereomeric mixture 3a (269 mg, 83%) as a colorless oil: 1H NMR (CDCls3) 8 0.03 (s, 3H), 0.10
(s, 3H), 0.86-0.89 (m, 12H), 1.25-1.41 (m, 12H), 1.73 (m, 2H), 3.89 (two d, J = 6 Hz, 1H), 4.02 (m, 1H),
4.23 (m, 1H), 4.55 (m, 1H), 4.80 (d, J = 18 Hz, 1H), 4.91 (d, J = 18 Hz, 1H), 5.07 (d, J = 3 Hz, 0.6H), 5.31
(d, J = 6 Hz, 0.3H). 13C NMR (CDCl3) & -5.91, -4.95, 13.97, 18.02, 22.54, 24.79, 25.16, 25.37, 25.56,
25.95, 26.15, 31.50, 31.61, 35.74, 36.49, 64.76, 65.11, 67.58, 67.69, 67.96, 68.25, 70.85, 71.02, 78.30,
110.16, 110.49, 128.72, 130.53, 159.43, 160.29, 173.02, 173.44; MS m/z 429 (MHT).

(I’R, 2’R)-3-[1’-(tert-Butyldimethylsiloxy)-2’, 3’-(isopropylidenedioxy)propyl]-2-hexanoyl-2-
buten-4-olide (4a).2f To a stirred solution of alcohol 3a (./_Ou mg, 0.47 mmol) in CHyCl, (10 mL) was added
portionwise Dess-Martin periodinate (300 mg, 0.71 mmol), and the mixture was stirred for 30 min at rt
under Nj. After adding saturated aqueous NaHCOj3 solution (5 mL), the mixture was extracted with Et2O (3
X 40 mL), dried over MgSOy4 and concentrated in vacuo. Then the residue was purified by silica gel column
chromatography (15 g, hexanes-ethyl acetate 7:1) to give ketone 4a (180 mg, 91%) as a colorless oil: 'H
NMR (CDCl3) & -0.04 (s, 3H), 0.08 (s, 3H), 0.86-0.90 (m, 12H), 1.29 (s, 3H), 1.31 (m, 4H), 1.42 (s, 3H),
1.63 (m, 2H), 2.99 (t, J = 7.3 Hz, 2H), 3.95 (dd, J = 6.0, 9.0 Hz, 2H), 4.07 (dd, / = 6.0, 9.0 Hz, 1H), 4.34 (m,
1H), 4.90 (d, J = 21.0 Hz, 1H), 5.15 (d, J = 18.0 Hz, 1H), 5.39 (s, 1H). 13C NMR (CDCl3) § -5.35, -5.00,
41.95, 65.36, 68.87, 71.25, 77.74

s, U ’ nkindy

13.88, 17.97, 22.47, 22.88, 25.35, 25.54, 25.97, 31.17

1J.00, 1 . )

170.66, 179.50, 197.66. MS m/z 427 (MH™).

(1’R, 2’R)-3-[1’-(tert-Butyldimethylsiloxy)-2’, 3’-(isopropylidenedioxy)propyl]-2-(1>-hydroxy
octyl)-2-buten-4-olide (3b).2f This reaction was performed with butenolide 2 (250 mg, 0.76 mmol) and 1-
octanal (0.18 mL, 1.15 mmol) in the same manner as described for the preparation of alcohol 3a to give
alcohol 3b (305 mg, 88%) as a colorless oil: 1H NMR (CDCl3) § 0.02-0.09 (m, 6H), 0.83-0.89 (m, 12H),
1.25-1.38 (m, 16H), 1.73 (m, 2ZH), 3.90 (m, 0.65H), 4.00 (m, 1.35H), 4.22 (m, 1H), 4.55 (m, 1H), 4.87 (m,

2H), 5.07 (d, J = 3.6 Hz, 0.57H), 5.29 (d, J = 4.5 Hz, 0.33H). 13C NMR (CDCl3) 6 -5.22, -4.98, 14.00,
317

1700 272 86 24 70 25 1¢ 5¢ 4 25 25 2 8] 2 35 1. 35.78. 36.51
L1077, Ll JdU0, L.i7y adidiT, Lo TV, I, L y Ty A y o g 7 3 Ty Ly 200, VI3,
LA T L& 1N £7 £2 £77 0977 £Q AN "INQA 71 NN 77029 11N 1N 11N AD 170 £77 12N A1 180 &7 14N 20
O«4.//7, 03.1V, O/.03, V/.0/, UO.LV, /U.O, [1.UU, /0,04, 11V.1V, 1IVU.9L, 140,07, 1OVUS], 127.0/7, 1UV.D0Z,
P e W T LATm A ATT LN
173.03, 173.45. MS m/z 457 (MH™).

(1°R, 2 ’R)-3-[1’-(tert-Butyldimethylsiloxy)-2’, 3’-(isopropylidenedioxy)propyl]-2-octanoyl-2-
buten-4-olide (4b).2{ This reaction was performed with alcohol 3b (500 mg, 1.18mmol) and Dess-Martin
periodinate (600 mg, 1.42 mmol) in the same manner as described for the preparation of ketone 4a to give
ketone 4b (445 mg, 89%) as a colorless oil: 1H NMR (CDCls) 6 -0.03 (s, 3H), 0.10 (s, 3H), 0.90 (m, 12H),
1.28-1.43 (n, 16H), 1.61 (m, 2H), 3.01 (t, /= 7.5 Hz, 2H), 3.97 (dd, J = 6.0, 9.0 Hz, 1H), 4.09 (dd, J = 6.0,

9.0 Hz, 1H), 4.35 (m, 1H), 4.93 (d, J = 18 Hz, 1H), 5.17 (d4, J = 1.2, 21 Hz, 1H), 5.40 (s, 1H). 13C NMR
g

(COTYIY S K124 gnNn 14085 1708 272 2Q NN 20 () 21 A8 AD NN £5 27
\VCil3) O -0.09, —J.UU, 1T.UJ,y 17.70, L. LUV, LZ. VT, JL.UJ, L. UU, UJ.J i,

vl

.67. MS m/z 455 (MHT).
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a polyethylene bottle was added 10% HF (4 mL) uxture was stirred f 1at rit. After neutralized
with saturated NaHCO3 solution to pH 7, the mixture was extracted with EtOAc, washed with water (1 x 10

R W Sl Vo PR S | = A\ VL)

mi), dried (MgoUg) and concentrated in vacuo. The residue was filtered dpl(lly on silica geil g, EtOAc) to
give the crude product, which after washing with hexanes (2 x 1 mL) gave pure syringolide 1 (1a) (15.3 mg,
56%): mp 111-112.5°C, lit1b mp 112.5-114.5°C, [a]p?0 = -81.3 (¢ 0.38, CHCIy), lit!b[a]p24 = -83.66 (¢
0.15, CHCl3); 'H NMR (acetone-dg) 8§ 0.91 (t, J = 6.9 Hz, 3H), 1.33-1.37 (m, 4H), 1.52 (m, 1H), 1.66 (m,
1H), 1.92 (t, J = 7.8 Hz, 2H), 3.13 (s, 1H), 3.79 (dd, J = 3.0, 10.2 Hz, 1H), 3.99 (dd, / = 0.9, 9.9 Hz, 1H),
4.18 (m, 1H), 4.36 (d, J = 10.2 Hz, 1H), 4.40 (d, / = 3.9 Hz, 1H), 4.52 (s, 1H), 4.71(d, J = 10.5 Hz, 1H), 5.45
d,J= 1 Hz, 1H); 13C NMR (acetone-dg) & 14.05, 22.82, 29.04, 32.27, 38.81, 59.46, 74.48, 74.76, 75.55,
5

/= 272 (AMHEH
Fa i ).

1
s 4 . > T AYANT T, 1.7 \1V1

(-)- byrmgohde 2 (ib). In the same manner as described above, ketone 4b (40 mg, 0.088 mmol)
yielded syringolide 2 (1b) (13.6 mg, 52%): mp 120-122°C, lit!d mp 123-124°C, [a]p20 = -74.7 (¢ 0.10,
CHClg), lit!b [a]p24 = -75.91 (c 0.22, CHCl3). !H NMR (acetone-dg) & 0.90 (m, 3H), 1.30 (m, 8H), 1.50 (m,
1H) 1.60 (m, 1H), 1.90 (m, 2H), 3.09 (s, 1H), 3.82 (dd, J = 2.7, 9.9 Hz, 1H), 3.96 (dd, J = 0.9, 9.9 Hz, 1H),
4.14 (d, J = 2.4 Hz, 1H), 4.32 (d, /= 10.5 Hz, 1H), 4.48 (s, 1H), 4.67 (d, /= 10.2 Hz, 1H), 543 (d, /= 1.5
Hz, 1H); 13C NMR (acetone-dg) & 14.10, 22.96, 29.03, 32.20, 38.88, 59.45, 74.48, 74.76, 75.53, 91.52,
98.70, 108.57, 173.36; 13C NMR (CDCl1) & 14.05, 22.59, 23.50, 29.09, 29.40, 31.71, 38.82, 59.10, 74.24,

74.70,91.41, 97.62, 108.22, 172.41. MS m/z 301 (MH).

Acetal 5a.2¢-8 To a stirred solution of ketone 4a (40 mg, 0.094 mmol) in MeCN (3 mL) inside a
polyethylene bottle was added 10% HF (3 mL), and the resulting solution was stirred for 43 h at rt. After
neutralized with saturated NaHCQj solution (pH = 7), the mixture was extracted with EtOAc (3 X 30 mL).
The extract was washed with brine (1 X 10 mL), dried over MgSQ4 and concentrated in vacuo. The residue
was isolated by column chromatography on silica gel (10 g, hexanes-ethyl acetate 1:1) gave 5a as major
product (14.3 mg, 60%): [a]2°p = -29.6 (c 1.0 CHCl3), lit. [a]?%p = -33.1 (c 0.4, CHCl3); H NMR (CDCl3) &

0.88 (1, J = 6.9 Hz, 3H), 1.24-1.46 (m, 6H), 2.05 (m, 1H), 2.24 (m, 1H), 3.31 (br d, J = 6.0 Hz, 1H), 4.03 (ddd,
J=12 §2 Q7H> THY A00(dd J=24 8% z 1THY AR3(m. 1M 476 (4dd. J =12 18 Hz 1H). 400 (4. J
o= L.Jy J.O, O.F Lilyy 1Ad), T\, v hta™Ty Vel Kdduy LAi)y TToNIud \LRly LAd)y T T \MUy Laduy 20 Lddsyg 111)y TTed 7 \Ny v
=122 1, 1IN £0Q rhr THY: 130 NMR (CDCI:Y S 1202 2245 22581 2107 2170 5185 6662 50.02
= 10.0 nZ, inx), 5.V0 \Ui, 111y, COINIVAR (LT3 ) O 10,72, L4590, £44.01, 51V, J1.17, UJ.0J, UU.UL, U7V,

2
75.42, 104.19, 128.84, 163.00, 169.93. MS m/z 255 (MH™). Further elution with the same solvent system
provided the minor product syringolide 1 (1a) (2.2 mg, 8.6%).

From 5a2e-g to (-)-syringolide 1 (1a). To a solution of 5a (14 mg, 0.055mmol) in acetone/water (1:1, 2
mL) was added p-TSOH'HQO (105 mg, 0.55 mmol). After 50 h, the mixture was neutralized with NaHCO3
aqueous solution. Extraction (EtOAc, 3 X 20 mL) was followed by washing with water (1 X 3 mL), drying
(MgSO4) and solvent evaporation, ngmg essentially pure syrmgohde 1 (1a) (7.8 mg, 52%) which was further
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Crystal data of synthetic (-)-syringolide 1 (1a). Cj3H200¢ = 272.29, monoclinic, space group P2; (No.
4),a=8.073(2) A, b=5.802(1) A, c = 14.691(3) A, B =95.66(3)", V=684.8(2) A3,Z=2, D = 1.316 Mg/m3,

F(000) = 290, Mo Kq radiation A = 0.71073 A. Intensity data were collected with AFC7R Rigaku
t 43 i 54<0<24.99°,0<h<9,0<k<6,-17<

—= Iy =

1 reflections collected in the ranca 17. 1224
ilret $ collected 1n the e 17; 1334

IA

4<8 l
il‘ld"pc‘:“idc’i"xt (Rint = 0.0141), 1334 observed [/ > 26(D)]. muauuupx&, '"p acement parameters were used for
nonhydrogen atoms. The hydrogen atoms were located by difference Fourier map and refined isotropically.
The final agreement was R; = 0.0415. Tables of fractional atomic coordinates, atomic displacement
parameters, bond lengths and angles have been deposited at the Cambridge Crystallographic Data Centre, 12

Union Road, Cambridge CB2 1EZ, United Kingdom.
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