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Abstract . An expeditious synthesis of salvianolic acid F 2 is described in 10% overall
yield. Tetramethyl salvianolic acid F 3 was obtained in six steps in 39% overall yield

and was converted into the target molecule using boron tribromide in 26% yield. © 1999 Elsevier
Science Ltd. All rights reserved.

INTRODUCTION

During the last 15 years, several water-soluble phenolic acids have been isolated from the genus Saivia'™®.
The first of them, named salvianolic acid A 1 (scheme 1), has been widely studied and numerous biological
properties have been found (antitumoral’, antiinflammatory'® activities, gastric H', K'-ATPase'' inhibition,
peroxidative damage to biomembranes'” inhibition and antioxidant properties'*'*). As a part of our programme
devoted to the total synthesis of salvianolic acid A 1 and to the identification of its biologically active
nharmaranhn i fcnkzionn!' oarad ¢

e ) t7s) 1 ann, N e tn ha an avidant iMqrmntl;ofn oanal
yllal avuvpnyg DGR VI IUVLW Qv L ) G }JWW LU UD LU UV Gll VYIUWIL B LIIvuLIaly E\Iﬂ.l.

ro the nronaratinn n
1%y LRIW yl \«ym BLIVVIE U

S
Rao%r\/coorzz H)\OH

R1O.A\// OH

1 R1=R3=H, Ro=X; 2. R1=Ry=R3=H;
3 R1=R3=CH3, R2=H; 4 R1=R2=H, R3=CH3

Scheme 1
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Attempts at synthesizing 2 led to the already described tetramethyl salvianolic acid F 3". Since the
demethyiation of 3 with boron tribromide gave 2 only in low yield'® and the reported synthesis of 3 was iong,
fastidious and low yielding, we embarked in an expeditious high yielding synthesis of 3. The conversion of 3 into
2 has also been reexamined.

RESULTS AND DISCUSSION
The route described here involves two stages (scheme 2): (i) access to the 1,2,3 4-substitution pattern of
the «centraly aromatic ring; (ii) conversion to the desired £, F-2-styrylcinnamic acid ring system. Qur entry into

the required 1,23 4-substitution pattern was found in the synthesis of 6-bromo-2,3-
duuct}‘u’:v‘n'.‘y'ucluyhﬁp‘ueﬂylpuospnﬁmum bromide 7. To this end, L,J-uxmﬁm’)i‘yuc“ﬁzyl&xmuﬁ} 5 was converted to
6'" in one step upon the action of bromine in chioroform involving the successive bromination of the aromatic
ring and the methyl group. 6 reacted with triphenylphosphine to give 7 in 95% yield. 7 was obtained in 85%
overall yield from 2,3-dimethoxybenzylalcohol.

With a satisfactory large scale synthesis of 7 in hand, we turned to the transformation of 7 into the
tetramethyl salvianolic acid F 3. Wittig reaction of 7 with 3,4-dimethoxybenzaldehyde yielded (£)-6-bromo-
2,3,3’,4’-tetramethoxystilbene 8 (80% yield). The bromine/lithium interconversion was accomplished in almost
quantitative yield by treatment of 8 with butyllithum at -78°C. Unfortunately, quenching with
dimethvlfnrmamldp at —78°C led to nnlv 36% of the desired al,_v__yde 9 with 58% of 233 4’-

tetramethoxystilbene 10 as main product. The use of other agent such as N-formylpiperidine'® or N-
formylmorpholine'” gave the same deceptive results. A large excess of BuLi or the use of hindered base such as
sec-Buli or terti-Buli did not increased the yieid in 9. Since the halogen-metai exchange was aimost
quantitative, the low yield in 9 should be improved by performing the reaction at elevated temperature. As
expected, best results were obtain when DMF was added at -20°C (85% yield in 9 with only 9% yield in 10). At
higher temperatures, the yield in 9 (and 10) decreased dramatically probably due to a rapid decomposition of the
aryllithium derivative (35% and 11% yields in 9 at 0°C and 20°C respectively). Alternatively 9 may be obtained
in 71% yield in a two-steps procedure involving, the hydroxymethylation reaction of the organolithium derivative
which gave 6-hydroxymethyl-2,3 3’ 4’-tetramethoxystilbene 11 in 75% vyield followed by the oxidation of the
bhenzvlic alcohol
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afforded 3 in modest yield (20%). The Wittig reaction of 9 with methyloxycarbonylmethyltriphenylphosphonium
iodide (obtained from methyl iodoacetate and triphenylphosphine quantitatively) in the presence of sodium

methylate in methanol proved to be more efficient and led to 12 as a mixture of £ and Z isomers in 70% yield.
This isomeric mixture was treated with KOH to give pure 3 (only in the E stereoisomer) in 95% yield. A more
expeditive strategy involving the Heck reaction has been envisaged. The poor yield in styrylcinnamic acid
obtained by Heck using Pd(OAc), and triphenylphosphine’' prompted us to use an acetate-bridged palladacycle
(a more stable catalyst developed by Herrmann et alzz). Prior to the conversion of 8 into 12, 1-bromo-3,4-
dimethoxybenzene was treated with this catalyst and methyl acrylate according to %. As expected, methyl 3,4-
dimethoxycinnamate was obtained in 65% vyield. Unfortunately, attempts to convert 8 into 12 using the same

patalvet gave ]u 59 of 12 as a mixture of F and 7 isomers. This noor uald wae nrnhahlv due to steric
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hindrance. Nevertheless, the use of other catalyst for the Heck reaction might lead to a substantial improvement
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a. Br;, CHClL;, rt, ih, 90% ; b. P(CsHs)s, toluene, reflux, 4h, 95%; c¢. MeOH, MeONa, then 3.,4-
dimethoxybenzaldehyde, reflux, 5h, 80% ; d. THF, BuLi, -78°C, 0.5h, then DMF, -20°C, 0.5h, 85% ; e. THF,
BuLi, -78°C, then gazeous CH,O, 75%; f MnQO,, CH)Cl,, rt, 16h, 95% ; g MeOH, MeONa, then
MeOOCCH:P"(CsHs)s T, reflux, 3h, 70% ; h. Acetate-bridged palladacycle obtained from Pd(OAc), and tri(o-
tolyl)phosphorane, methyl acrylate, diethyleneglycol di-n-butyl ether, 140°C, 24h, 5%; i. EtOH, KOH, reflux, 4h,

then HCl 3M, 95% ; j. CH(COOH),, pyridine, cat. piperidine, 20% ; k. BBr;, CH,Cl,, 20°C, 1h, 26%.
Scheme 2

The conversion of 3 into the target molecule, salvianolic acid F 2, was previously reported'®. 2 was
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obtained in only 10% yield with the monomethylated salvianolic acid F 4 as the main product (30% yieid).
Unfortunately, 2 was rapidiy converted into a mixture of 13 and 14 (Scheme 3) when stored in solution.

Since the chromatographic purification of polyhydroxylated cinnamic acids needed protic acids such as
formic acid, we felt that the instability of 2 could be due to acid traces. Moreover, it has been observed” that
salvianolic acid A 1 was converted into salvianolic acid C 15 (Scheme 3) on TLC plate impregnated with 2% of
formic acid solution. Therefore, we decided to modify the work-up of the deprotection reaction. In order to
avoid the possible conversion of 2 into 13 during the work-up, the reaction medium was poured into a saturated
solution of K;HPO,. As expected, 2 was obtained in 26% vyield with 13 (39%) and 14 (30%). Alternatively, 13
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R=X (see scheme 1)

Scheme 3

As a conclusion, the synthesis of tetramethyl salvianolic acid F 3 has been substantialty improved (39% in six
steps versus 0.2% in eleven steps'’). The sensibility of 2 to protic acids, the difficulties to accomplish the total
demethylation and the reactivity of the cinnamic ester function to BBr;>** lead us to modify our strategy for the
total synthes:s of salvianolic acid A 1, i.e., change the methyl groups by other more labile protective groups

(benzvl or allvl) or carrv out the demethvlation at a vious stage in the nresent svnthetic strateov Nevertheless
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t would not be unexpected that natural depsides with similar structure of 13 will be isolated in future.

-y

EXPERIMENTAL

TLC analyses were performed on a 3x10 cm plastic sheet precoated with silica gel 60F254 (Merck) (Solvent
system: ethyl acetate/cyclohexane 1:1). SiO,, 200-400 mesh (Merck) was used for column chromatography.
Melting points were obtained on a Reichert Thermopan melting points apparatus, equipped with a microscope
and are uncorrected. NMR spectra were obtained on a AC 200 Bruker spectrometer in the appropriate solvent
with TMS as internal reference. J values are given in Hz. Mass spectra were recorded on a Ribermag R 10-10
spectrometer (Electron Impact, 60eV) or on a Finigan MAT vision 2000 spectrometer (for the MALDI (mass
assisted laser desorption ionization). Elemental analysis were performed by CNRS laboratories (Vernaison) and
were within 0.4% of the theorical value.



V. Dalla, P. Cotelle / Tetrahedron 55 (1999) 6923-6930 6927

4-Bromo-3-bromomeinyiverairoie &

3,4-Dimethoxybenzyiaicohoi 5 (i.68g, 10mmoi) was dissoived in chioroform (100mL), and bromine (1.60g,
10mmol) was added at 0°C. The mixture was then allowed to come to room temperature. The solvent was
evaporated to give 2.79g (90%) of pure 6 as yellow crystals: mp=74°C (lit.,'” 74°C); 8z(200 MHz, CDCl;
Me,Si): 3.83 (3H, s, OMe), 3.95 (3H, s, OMe), 4.67 (2H, s, CHy), 6.75 (1H, d, *J=8.8Hz, 5-H), 7.25 (1H, d,
’J=8.8Hz, 6-H).

4-Bromo-3-triphenylphosphoniomethylveratrole bromide 7

6 (1.55g, Smmol) was dissolved in toluene (50mL), triphenylphosphine (1.31g, Smmol) was added and the
mixture was heated under reflux for 4h and then allowed to cool to room temperature. The precipitate was
Ll ___ 3 a4 _S___MNT1__INONECOBSY £ ____ ™ __ __Lc._ ______1__. _______1TLN0OM. n\ LT . n L LYWL
1t t0o ZveE £./18 (¥57s) OL pure / as wnil€ powaer: mp=i106Y°(; om MHz, CDCl;; Mmbl) T4 (o, S,
OMe), 3.77 (3H, s, OMe), 5.13 (2H, d, 2J=14.0Hz, CH,), 6.72 (iH, d, *J=8.8Hz, 5-H), 7.02 (1H, d, ’J=

8Hz,
3,0,

=8.
6-H), 7.55-7.80 (15H, m, 3 Phenyl); Elemental analysis calcd for C;;H,sBr,O,P: C, 56.67; H, 4.40; Br, 27.9
5.59; P, 5.41; found: C, 56.62; H, 4.25; Br, 27.38; O, 5.34; P, 5.14.

(E)-6-Bromo-2,3,3’ 4’-tetramethoxystitbene 8

To a solution of sodium (0.23g, 10mmol) in dry methanol (30mL) was added 7 (5.72g, 10mmol) dissotved in dry
methanol (30mL). The solution was vigorously stirred for 0.5h and 3,4-dimethoxybenzaldehyde (1.66g, 10mmol)
dissolved in dry methanol (30mL) was added. The mixture was heated under reflux for Sh. The solvent was
evaporated and the residue was crystallized from methanol to give 3.03g (80%) of pure 8 as yellow crystals :

e — OO NN WALT. T AA~ Qi ‘) "C LY -~ NRAN 2 08 /LY 2 ON MIY MRAN 2 OL /LY
HIPTOU ., UH\LUU Iviilz, CIALI3, ’ IVICAOI} 72 \211, d, I 1 J, 2.02 \2I1, b, UlVlC) 2.7V \2 I'l., , \IVIC ), 3.70 {or1,

s, OMe), 6.68 (1H, d, 'J=8.8Hz, 4-H), 6.87 (iH, d, *J=8.8Hz, 5’-H), 7.03 {iH, d, 3J=16.4Hz, C CH=), 7.05-7.11
(ZH, m, 2’-H and 6’-H), 7.30 (1H, d, 3J=8. 8Hz, 5-H), 7.35 (1H, d, ’1=16. 4Hz, CH=), 8c(50 MHz, CDCl;;
Me,Si): 55.5 (q), 55.6 (q), 56.0 (q), 59.8 (q), 109.5 (d), 111.9 (d), 112.9 (d), 114.0 (d), 119.7 (d), 121.4 (d),
128.1 (d), 130.0 (s), 130.7 (s), 135.0 (s), 147.7 (s), 149.0 (s), 149.1 (s), 152.6 (s); m/z : 380 (M"'(**Br), 62%),
378 M"(™Br), 65), 284 (67), 268 (100), 151 (88); Elemental analysis calcd for C;sH1eBrO,: C, 57.00; H, 5.05;
Br, 21.07, 0O, 16.88; found: C, 56.87, H, 4.84; Br, 21.26; O, 17.00.

(E)-6-Formyl-2,3,3’ 4’ -tetramethoxystilbene 9 and (E)-2,3,3’ 4’-tetramethoxystilbene 10 (from 8)

To a solution of 8 (1.89g, Smmol.) in dry THF (20mL) was added dropwise a solution of butyllithium in hexane
(6.25mL, 1.6M, IOmmol.) at -78°C. The mixture was stirred for 0.5h and the temperature was raised to ~20°C.
TYA ALY 7 O£ T LN IR 71N ¥ b N R SRR Y T A SR . U TTLM

vmvir (3.00MmL, Jvint ) in THF I\IUH’LL:) ‘was aaded ana une mixture was 5urreu for .58 HCl was auaeu unm

pH=1 and the soiution was extracted with ether (4x20mL). The organic layers were dried over Na,SO4. The
solvents were evaporated and the oily residue was purified by column chromatography (cyclohexane/Ethyl
acetate - 1 :1) to give 1.01g (85%) of pure 9 and 0.135g (9%) of pure 10.

(E)-6-Formyl-2,3,3’ 4’ -tetramethoxystilbene 9

61(200 MHz, CDCl; ; Me,Si): 3.80 (3H, s, OMe), 3.91 (3H, s, OMe), 3.95 (3H, s, OMe), 3.96 (3H, s, OMe),

6.75 (1H, d, 31=16. 4Hz, CH=), 6.85 (1H, d, J=8. 8Hz, 4-H), 6.95 (1H, d, 3J=8. 8Hz, 5’-H), 7.10-7.11 (2H, m,
2°-H and 6’-H), 7.40 (1H, d, >J=16.4Hz, CH=), 7.75 (1H, d, *J=8.8Hz, 5-H), 10.10 (1H, s, CHO) ; 3-(50 MHz
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CDCls ; Me,Si): 54.7 (q), 55.3 (q), 55.5 (q), 60.3 (q), 105.4 (d), 110.5 (d), 111.3 (d), 114.2 (d), 118.8 (d), 119.3
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(d), 120.1 {d), 133.2 (8), 133.5 (8), 136.4 (8), 147.3 (5), 149.1 (5), 149.2(5), 152.8(s), 186.2(d), m'z: 328 (M,
%), 300 (25), 85 (75), 57 (100), 43 (94), Eiementali anaiysis caicd for C,;sHxOs: C, 69.50; H, 6.14; O, 24.36;
found: C, 69.23; H, 6.42; O, 24.59

(E)-2,3,3’ 4’-tetramethoxystilbene 10

3u(200 MHz, CDCl; ; Me,Si): 3.84 (3H, s, OMe), 3.87 (3H, s, OMe), 3.89 (3H, s, OMe), 3.94 (3H, s, OMe),
6.81 (1H, dd, *J=8.2Hz, *J=1.3Hz, 4-H), 6.86 (1H, d, ‘J=8.8Hz, 5°-H), 7.04 (1H, d, *}=16.4Hz, CH=), 7.05-
711 3H, m, 2°-H, 5-H and 6’-H), 7.21 (1H, dd, *J=8.1Hz, “I=1.3Hz, 6-H), 7.30 (1H, d, J=16.4Hz, CH=),
R,JS() MHz CDCL: - Me.S1): 557 In\ 55 87 ln\ S5 RR (n\ 609 (n\ 100 1 {d\ 111.0 M\ 1112 (d\ 1177 (d\

ORIV VAR LG, SoATR0E3 , VARG ) - s7.00 ML AT, 2 22 i 2 a3 .k ey, A 7.7

1199 (d), 124.0 (d), 1240 (d), 1297 (d), 130.8 (5), 131.7 (s), 1467 (5), 148.9 (s), 149.1 (s), 153.0 (s); mz
ann rast T80/ ANT 21y 181 A0 Tloiae e wanl ea o S 1] O £ 71 NOo. L L1 M %1 21 Ot
iV, v (M ,‘II/ ) pAVY ] \Jl} 121 {IW}, LEICITICIILAL Al yblbh Ca 101 blsﬂm\..M \/ 1. VO,D,U.II,U, L1.31, IOUIN.
C, 72.05; H, 6.95; O, 21.48.

(E)-6-Hydroxymethyl-2,3,3’ ,4’-tetramethoxystilbene 11

To a solution of 7 (1.895g, 5Smmol.) in dry THF (20mL) was added dropwise a solution of butyllithium in hexane
(6.25mlL., 1.6M, 10mmol.) at -78°C. The mixture was stirred for 0.5h and gazeous formaldehyde was added. HCI
was immediately added until pH=1 and the solution was extracted with ether (3x20mL). The organic layers were
dried over Na,SO,. The solvents were evaporated and the oily residue was purified by column chromatography
(Hexane/Petroleum ether - 3 :2) 11 was obtained as vellow oil (2.47g, 75%) : 84(200 MHz, CDCl; ; Me,Si):1.65
(1H, br s, OH), 3.75 (3H, s, OMe), 3.87 (3H, s, OMe), 3.89 (3H, s, OMe), 3.93 (3H, s, OMe), 4.69 (2H, s,

LT NI £70 7117 4 370 QLT A IT\ £ 0 /117 A 37.0 QLY. C’ I 7TN2 /17 3T_1£ ALY.. LT T N T N0
rI20r1), V. /7 (11, U, J—0.0Il4, 4-I1), V.OJ {111, U, —0.0I14, =1}, /.Vo \1I1, U JTIU.RIT1L, \..«Il_) 1.JO=7.Vo

(ZH, m, 2’-H and 6’-H), 7.11 (IH, 4, 3j=8.8Hz, 5-H), 7.25 (IH, d, j=16.4Hz, CH=), 8c(50 MHz, CDCl;;
Me,Si): 55.8 (q), 55.92 (q), 55.95 (q), 60.3 (q), 63.7 (1), 109.1 (d), 110.7 (d), 111.2 (d), 114.5 (d), 119.8 (d),
119.9 (d), 125.0 (d), 131.1 (s), 131.4 (s), 131.5 (s), 147.3 (s), 149.0 (5), 149.1 (s), 152.6 (s); m/z: 330 M",
9%), 312 (25), 161 (75), 151 (100); Elemental analysis caled for Cio0H,,0s: C, 69.07; H, 6.72; O, 24 21; found:

C, 69.43, H, 6.82; O, 24.36.

(E)-6-Formyl-2,3,3’ 4’-tetramethoxystilbene 9 (from 11)

11 (1.65g, Smmol.) was dissolved in CH,Cl, (SmL), MnO; (8.69g, 100mmol.) was added and the solution was
allowed to cogl to room temnerature for 16h. The solution was filtered and the solvent wae evanorat 0 give 9

[ 1194 VUL WV LU WwRspwe

(3.12g, 95%) as brown oil.

Tetramethyl saivianoiic acid F 3 (from 9 via 12)

To a solution of sodium (0.127g, 5.5mmol) in dry methanol (10ml) was added methyl
triphenylphosphonioacetate (2.54g, 5.5mmol.) dissolved in dry methanol (10mL). The solution was vigorously
stirred for 0.5h. 9 (1.64g, Smmol) dissolved in dry methanol (10mL) was then added and the mixture was heated
under reflux for 3h. The solvent was evaporated and the residue was treated with ethyl acetate. The solution was
filtered, the solvent evaporated and the residual oil was purified by column chromatography (Petroleum ether/
Ethyl acetate : 3 :1) to give 1.34g (70%) of 12 as a mixture of E and Z isomers. 12 was dissolved in ethanol
(10mL) and KOH (0.112g, 2mmol) was added. The solution was heated under reflux for 4h. The solvent was

evaporated and the residue treated with HCl (SmL, 3M). The solid was filtered off, washed with iced water and
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(s, s UME), 394 (Jﬂ, 8, UMC), 3.94 (3, s UMC), SuU iR, 4, J=io.YHzZ, CH=UIT-UUUT), 0.00 (1 a,

*J=16.9Hz, CH=), 6.85 (1H, d, *J=8.8Hz, 5-H), 6.88 (1H, d, *J=8.8Hz, 5'-H), 7.04-7.09 (2H, m, 2-H and 6-H),
7.17 (1H, d, *}=16.9Hz, CH=), 7.40 (1H, d, *J=8.8Hz, 6-H), 8.08 (1H, d, *J=15.9Hz, CH=CH-COOH), 11.90
(1H, br s, COOH); 3«50 MHz, DMSO-6d ; Me,Si); 55.55 (q), 55.57 (q), 55.8 (q), 59.9 (q), 109.6 (d), 111.9
(d), 117.9 (d), 119.7 (d), 119.9 (d), 123.7 (d), 125.6 (d), 125.7 (d), 129.9 (d), 132.9 (s), 136.4 (s), 142.6 (s),
146.3 (s), 149.0 (s), 149.2 (8), 153.5 (3), 167.7 (s), m/z : 370 (M", 12%), 151(100); Elemental analysis calcd for
CHxOs: C, 68.10; H, 5.99; 0, 25.91, found: C, 68.52; H, 6.02, 0, 25.75.

Heck reaction of 1-brome-3,4-dimethoxybenzene or 8

Tha hramanarana wae traatad with mathul aneulata ansnrding ta tha mithlichad aracadiea (721 1 _Benonn 2 A4
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gave 12 in 5% yieid as a mixture of E and Z isomers (4/1).

Tetramethyl salvianolic acid F 3(from 9)

Malonic acid (0.208g, 2mmol.) and 9 (0.328g, 1mmol.) were dissolved in dry pyridine (40mL). Some drops of
piperidine were added and the solution was heated at 80°C for 1.5h, and at reflux for 3h. The solution was
allowed to cool to room temperature. HC1 (12M) was slowly added until pH=1 and the solution was extracted
with ether (4x20mL). The organic layer was dried over Na,SO4. The solvents were evaporated and the oily
residue was crystallized from ethyl acetate to give 0.148g (20%) of pure 3.

ivianolic acid F wiih boron iribromide

Wt P a_a_ - _
1

Pall

BBr; (iM in CH;Cl;, 10mi.) was added dropwise to a soiution of 3 (370mg, immoi) in CH,Cl, (25mi.) at 26°C.
The mixture was stirred for 1h, then poured at once into a saturated solution of K;HPO,. The aqueous layer was
separated and extracted with ether (3x20mL). The ethereal solution was dried over Mg,SO, and evaporated.
The crude product was dissolved in acetone (5mL) and purified by column chromatography
(methanol/chloroform/formic acid: 84/15/1) to give 82mg (26%) of pure 2, 122.5mg (39%) of pure 13 and
94.2mg (30%) of pure 14.

8u(200 MHz, CD;COCD; ; Me,Si):
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Z-H), 7.13 (iH, d, '7=8.35Hz, 6-H), 7.14 (iH, d ‘, =16.5Hz, CH=), 7.98 (1H, d, “J=i5.
OOH), m/z (MALDI') : 314 (M"), 327 (M+Na"), 353 (M+K").
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3,4-Dihydro-5,6-dihydroxy-3-(3,4-dihydroxyphenyl)-2-naphthoic acid 13

31(200 MHz, CD;:COCD; ; Me,Si): 2.99(1H, dd, *J=16 8Hz,'}=8 2Hz, 4-H), 3.41(1H, dd, *J=16.8Hz J=1.5Hz,
4-H), 4.08(1H, dd, *J=8.2Hz *J=1.5Hz, 3-H), 6.50 (1H, dd, *J=8.0Hz, *J=2.0Hz, 6'-H), 6.59 (1H, d, *J=8.0Hz,
7-H), 6.62 (1H, d, *J=2.0Hz, 2"-H), 6.73 (1H, d, *J=8.0Hz, 5'-H), 6.81 (1H, d, *J=8.0Hz, 8-H), 7.66 (1H, s, 1-
H) ; m/z (MALDI') : 314 (M"), 327 (M+Na"), 353 (M+K").
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2 T A 4% 2 WeL ___R__ & IQ A _BeR___ P N Ny A | a2 14

J-[ﬂﬁ,a-umynru-a-\wmynmxypnmylr l-nyuruxyucnw:u nyi) ]prupcuun. Ao 14

(200 MHz, CD,COCD;; WMe,Si) 3.32(iH, dd, 2’J=16.2Hz’J=7.95Hz, 3-H), 3.8i(1H, dd,
2J=16.2Hz,1=9.2Hz, 3-H), 5.75(1H, dd, *J=9.2Hz,’J=7.95Hz, 2-H), 6.25 (1H, d, *J=16.0Hz, CH=CH-COOH),
6.75-6.85 (4H, m, 2’-H, 5°-H, 6’-H and 5-H), 7.11 (1H, d, *J=8.2Hz, 6-H), 7.61 (1H, d, *J=16.0Hz, CH=CH-
COOH) ; m’z (MALDI') : 314 (M), 327 (M+Na"), 353 (M+K").
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