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Abstract: The base catalysed dimerisation of 2-[(E)-1'-pentenyl]-3-methyl maleic anhydride
has been extensively reinvestigated and the relative stereochemistry of an isoglaucanic acid
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been improved and the work up has been simplified, doubling the yield. Further co-products
have been isolated and characterised from which a stepwise mechanism is proposed. © 1999 Elsevier

Science Ltd. All rights reserved.
Recently two new natural products, CP-225,917 (1) and CP-263,114 (2), have been isolated at the
Pfizer Central Research Laboratories from an unidentified fungus.! They are inhibitors of the

squalene synthase and the Ras-farnesyl transferase, thus they are of great interest for cancer
chemotherapy as well as in the control of the cholesterol levels. Indeed their unusual structure and the
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isoglaucanic acid structure (3), stabilised by an additional C-C bond, joining the nine membered ring
on to one of the anhydride carbonyls.? In the isoglaucanic acid molecule the relative stereochemistry is
different from the one of the 'CP'- compounds (1 and 2). In 3 the methyl side chain is trans to the
first ethyl side chain, whereas the corresponding substituents are cis in the molecules 1 and 2.

A biomimetic approach to CP-225,917 (1) and CP-263,114 (2) would be to construct the nine
membered ring via an analogous 67 + 471 cyclodimerisation as proposed by Sutherland for the
simpler nonadride isoglaucanic acid (3) (Scheme 2).8.9 Likewise (1) and (2) contain a (Z)-
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trisubstituted alkene whereas the trisubstituted double bond in isoglaucanic acid (3) i
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Scheme 2

As the relative ereochermstry of Sutherland's isoglaucanic acid has not been absolutely proven and

n samanle mcalioian i baesa calaiccanel .

Y he reaction mechanism we have lClllVCbugdlCU this dimerisation step,
with a view to establishing its potential for a biomimetic synthesis of CP-225,917 (1) and CP-
263,114 (2). Sutherland proposed the stereochemistry of 3 based on comparison to a stereoisomer,

naturally occurring glaucanic acid (cis relative stereochemistry for ethyl groups).

Results and discussion

A shorter and more efficient route to an anhydride having a pentenyl (7) side chain instead of butenyl
{AY ac amnlaved hv Quntherland wace canocht Starting fram commearcial dimethvyl acetvlene
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synthesi
[(E)-1'-pentenyl]-3-methyl dimethyl maleate (6) by a palladlum cross coupling reaction with [(E)-1'-

based upon known organocopper chemistry.!

pentenyl]-1,3,2-benzodioxaborole.11-12 During the reaction partial trans-esterification occurred,
resulting in a mixture of dimethyl, diethyl and methyl ethyl ester. In an attempt to avoid trans-
esterification the reaction was also carried out in methanol, however only very low yield (26%) was
obtained. The mixture of esters was transformed into the desired anhydride 7 under basic reaction
conditions with subsequent acidic work up.? The anhydride was stable and could be stored for

R

several weeks at RT, however, decomp0s1t1on was seen on silica gel even when adding formic acid to
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The dimerisation reaction reported by Sutherland was carried out in DMF with sodium hydride or
triethylamine as a base with 2% and 4% yield respectively.® In our hands different parameters in the
reaction were varied: solvent, temperature, base and the addition of metal salts in an attempt to
optimise dimerisation of 7. Experimental results are summarised in Table 1. In all cases
polymerisation of 7 was found to be the major pathway, however three compounds (10, 11 and 12)

were isolated (Scheme 4).
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DMSO (entry a, Table i) from DMF (entry b), better resuits were obtained. Less polar solvents

1

appeared to disfavour the formation of the anion 8 (deep purple colour), thus impeding any reaction.
Temperature dependence was investigated for the triethylamine and DMF/ DMSO system. In DMF the
reaction seemed to reach completion after a shorter reaction time at higher temperature (within 3 hours
at 80 °C). Cooling to 0 - 10 °C however not only slowed down the reaction but also favoured the
formation of the spiro compound 11 (entry c). Heating the reaction in DMSO did not show any

improvement and almost no dimeric products could be detected by 'H NMR.
Cutherland and racwarlore rennrtad an inereaace nf tha dimaricatinn viald 1icing trathulamina inctand
AFULLIVE TGN A VUT WL AWIG TPV AL TV VAdh UL (UG UHTHIVHIDAUUHL YIWIU WDl g UiVl y laiilne iustivau

of sodium hydride. Experiments using dimethylaminopyridine showed only little dimeric product
upon heating to 100 °C, whereas use of pyridine or dimethylaniline as a base didn't form any dimeric
material.

A further possibility, that the anhydride may undergo metal complexation to assist dimerisation at the
expense of polymerisation, was investigated. This was tried with anhydrous MgCl;, being added to

the anhydride in DMSO prior to the base. As listed in Table 1 (entry a and d), a clear influence is

evident.
The best result to bias dimerisation to 10 was obtained using a ratio of 1:2 (MgCly/ anhydride, entry
u;mllur o vt r‘nlllf‘ CIIQI\ ]'\F. nhcnr\lﬂﬂ IIC;“" nM ne g Ln]\lﬂ\n" NOAUVOT O TNIIN ]nnnnr "ﬂﬂl'\t;[\n
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success. To show that a coordinative effect was involved, the reaction was repeated with LiCl to
check the effect of the ionic strength of the reaction. This showed no influence on the product
distribution compared to the system without any addition of metal salts (entry a).

exp. condition product ratio isolated yield
10 11 7

a DMSO/ NEt; (0.66 eq.) ! 1.5 1.8 45%of 10
b DMF/ NEt3 (0.66 eq.) 1 23 42 125%of11
c DMF/ NEt; (0.66 eq.), 0-10 °C, 90 h i 2.9 2.1 notisolated

d DMSO/ NEt; (0.66 eq.)/ MgCl; (0.5 eq.) 1 0.7 1.1 85%of 10
e DMSO/ NEt3 (0.66 eq.)/ CaCl; (0.5 eq.) 1 <0.1 2.5 notisolated

f DMSO/ MgBr((CH3),CHNCgH;3) (0.25 eq.) 1 04 1.6 65 %of10
g DMSOY/ CaH, (0.66 eq.) 1 <0.1 4.8 notisolated

Table 1: The ratio between the different products is determined comparing the integrals of the clearly separated
olefinic signals between 6.9 and 6.2 ppm in the 'H NMR of the crude product. All reactions were stirred at RT for
24 h unless otherwise stated.

However it was found that adding small amounts of water had a detrimental effect to the influence of
MgCl,. This is a clear hint to the coordination of the anhydride. Water, being a better ligand for

Me?+ will occunv the free coordination 1 refore u atio

Mg?+, will occ upy the free coord

ligande (Ma2+ alen nenally chawe a atrnna cnardinatinn tandencvy tn aride 13 cn anhvdrane Call, wac
llsallua- wda AlOoU ududail D1V YYD A Ol Ulls NAUTIURILIARIVEL LWl AW dAWwidd,y OV ALl wsMiIVUuo \1“\4‘1& YY &4
tested too (entry €). In this case almost no formation of the spiro compound (11) could be observed.
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investigated. Thus it was found with both substances CaH, and bromomagnesium(isopropyl-
cyclohexylamide), a higher selectivity towards the desired product in the ratio isoglaucanic acid (10)/
spiro compound (11) was observed (entry g and f).

Attemnpted dimerisation starting from the more stable ester 6 gave no dimeric products at all. Instead
the anhydride 7 was partially formed, along with unchanged starting material. Some of the discussed
results are listed in Table 1.

From adding known amounts of naph

acid in the reaction using o, in NMQO fantrv 4Y wag ectimatad hy [ NIRD 14 ha arannd 10 0
AN XL IV LVARVIIVIL BOLIEE AYREN 1) 1L LZLIVIUINT (il W Wwad Loullialivu Uy T1l LWVID U UL alVuLlig Ly /0.

Thic svintalad tha waveednd Sondnend YR IR, Ry, LN B PR Y
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Purification of 10 was simplified by using flash chromatography and slow crystallisation from ether
after an aqueous work up instead of the much more complicated purification process as published.8
From a slowly evaporating ether solution rhombohedral crystals of the isoglaucanic acid derivative 10
were obtained. The crystals consisted of a 1:1 mixture of enantiomers as demonstrated by X-ray
crystallography which likewise gave proof of the relative stereochemistry of this nonadride.!4 One of
the enantiomers is shown below (Scheme 5).
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As Sutherland and co-workers suggested for isoglaucanic acid (3), the two alkyl side chains are
situated trans to each other, while the one closer to the methyl group (C1 to C3) is trans to (C16). So

7 w1

the stereochemistry for this analogue of isoglaucanic acid is clearly different to the one of CP-

1

From the various crude reaction mixtures, three different dimers have been successfully isolated and
characterised spectroscopically (Scheme 6). The two major products are the isoglaucanic acid
derivative 10 and a new spiro compound 11, where one anhydride has opened to the diacid. A third
product has been tentatively assigned as 12. However about 70 % of all crude reaction material
remained on the column, which showed no olefinic protons in the 'H NMR when washed from the

column.
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In the spiro compound 11 the ring opened anhydride is situated on the six membered ring whereas

the spiro anhydride remains unchanged, consistent with evidence which was obtained from

heteronuclear long range coupling experiments (interaction from C17 to H16). In principle four

different stereoisomers are possible within the six membered ring. Analysis by ROESY experiment!3

gave the observed enhancements shown in Scheme 7. From this data one isomer is strongly

suggested. As in the isoglaucanic acid derivative 10 the propyl group of 11 is zrans to the C16-

methyl next to the anhydride.



ructure for 11 is consistent with no J-coupling from the olefinic proton in the six membered

PO, T

ring to the neighbouring aliphatic one because with this configuration the dihedral angle is almost 90"
This would not be the case if the propyl and methyl groups were of cis relative stereochemistry.

T N\ )

3

The olefinic proton adjacent to the intact anhydride shows ROESY !4 enhancement to the other olefinic
proton and to the propyi side chain but none to the methyl group. Therefore the C;o-C,5 side chain is
proposed to point into the same direction as the C;-C3 propyl group.

The third isolated product showed a strong yellow fluorescence and was only isolated in small
amounts (< 2%). It was proposed to be a dimer, formed after an elimination of one water molecule
(Scheme 6). In this case there is only possible isomer because the seven membered ring consists of

five sp? carbon centres. The structure proposed was consistent with heteronuclear long range
coupling experiments and UV/vis data (Ayax: 368 nm).
Comparing the three isolated dimeric products one can easily see that they all show the same partial

h <

¥0 anhydride moieties via a CH, bridge. A stepwise Michael addition is an
alternative reaction mechanism to a concerted 61 + 47 cycioaddition and this seems even more
reasonable because the anion intermediate 9 is able to attack at different electrophilic positions,
forming the observed three different products (Scheme 6). The same relative stereochemistry between
the propyl and the methyl group in the spiro compound (11) is also seen in the nine membered

isoglaucanic acid derivative 10.

The reversibility of the reaction was also checked by treating the dimers 10 and 11 with base. The
spiro compound 11 remained Ln.chang_d after work up, however the isoglaucanic acid derivative
decempcsed partially, giving different products, the major product being the anhydride 7. Hence the

In summary an efficient and short synthesis of an anhydride 7 was developed, which under basic
conditions gave an isoglaucanic acid derivative (10) whose structure was proven by X-ray
crystallography. This proves Sutherland's original assignment of isoglaucanic acid (3). The presence
of isolated biproducts (11, 12) during the base induced dimerisation to 10 suggests a stepwise
mechanism via Michael addition for the formation of 10,

Further investigations to a biomimetic approach to the compounds 1 and 2 are underway.
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Meiting points were obtained using a Biichi 510 capiilary apparatus and are uncorrected, Infrared
spectra were recorded using a Perkin-Elmer Paragon 1000 Fourier transform spectrometer with major
absorbances only being quoted. The following abbreviations are used: w, weak; m, medium; s,
strong.

TH NMR spectra were recorded at 200 and 400 MHz using Varian Gemini 200, Bruker AC200, and
Bruker DPX400 instruments. For 'H spectra recorded in CDCl3, chemical shifts are quoted in parts

ner million and are referenced to the residual solvent neak. The followino ahhreviationsg are us g
per million and are referenced (o the residual solvent peak 1€ toilowing abbreviations are used: s,
cinglat: A Annhlate t trinlat: A4 Aartat v mnltinlat Oaonlin naotante ar nntad tn tha nanract N &
Blllsl\at’ U, uvuuvIvi, ‘-llylbl, \-l, \-lual Wty 111, ll‘ulllyl'ﬁl‘c \./Uuyl tUAL U U 1Al OOl V.J

CIXT TAR AU N TR mam N T NT SNANOTES TRISTITN

DPX400 instruments. Special expenments (300 ms ROESY, HMBC, HMQC, DQF-COSY, DEPT)
to assist structural assignment of 10, 11 and 12 were carried out on Bruker DPX400 Bruker
AMXS00 and Bruker AM500 instruments.!5 Chemical shifts are quoted in parts per million and are
referenced to CDCls.

Low resolution mass spectra were recorded on V.G. Micromass ZAB 1F (FAB / CI/DCI) and V.G.
Masslab 20-250 (CI / DCI) instruments as appropriate with only molecular ions, fragments from

molecular ions and other major peaks being reported. High resolution mass spectra were recorded on
a VG ZABR.E instn

out on a Perkin Eimer L.ambda 2 instrument.

Flash chromatography was carried out using Sorbsil™ C60 (40-63 wm, 230-40 mesh) silica gel as
stationary phase. Thin layer chromatography was carried out on aluminium plates pre-coated with
Merck silica gel 60 F2s54 which were visualised by quenching of UV fluorescence or by staining with
iodine vapour or 10% w/v ammonium molybdate in 2M sulphuric acid (followed by heat) as

appropriate.

All solvents and reagents were purified by standard techniques or used as supplied from commercial
sources as appropriate.16 Light petroleum refers to the fraction of light petroleum ether beiling
between 40-60 °C

2-Iodo-3-methyl dimethyl maleate (5)

In a 500 ml three necked flask fitted with a dropping funnel and low temperature thermometer, a
suspension of copper(I) bromide-dimethyl sulphide complex (4.52 g/ 22.0 mmol) in dry THF (120
ml) was set under argon and cooled to -40 °C. A MeMgBr solution (7.3 ml/ 3.0M solution in ether/
22.0 mmol) was added and the yellow mixture was stirred for 30 minutes. After cooling to -72 °C a

solution of dimethyl acetylene dlcarboxylate (2.46 ml/ 2.84 g/ 20.0 mmol) in THF (30 ml) was added
e of -67 °C. A colour

wice aover a2 period of 30 mim
1Iseoverapenod of U \ u

mnu

1 >
@
-4
.

g o~ YT 1742} \ I

¢/ 23.0 mmol), dissoived in THF (60 mi), was added dropwise over a period of ap

_—~
wn
3 &

inutes, maintaining the same internal temperature. The mixture turned dark. After additional
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getirring far M) minntac at TN 0 o acnanne anlintinn of ammaniiimm allacida (Q £ 2\ ... water (IM 1
SLILILNE 1UL TV IUHUICD 4l ~ /U U, a aljuluud sUIUuLiu Ul aiiitnoniuil Cinvl iae 7.9 ) 1l watkl (1uv 1)
was added and the mixture was allowed to warm to RT. The mixture was poured onto a further

portion of water (50 ml) and extracted four times with ether (75 ml). The combined organic layers
were washed with 0.2M Na»S,03 (2 x 100 ml), water (100 ml) and saturated brine (50 ml). After
drying over MgSOj the solvent was removed in vacuo and the crude yellowish liquid was purified by
flash chromatography (SiO;, light petroleum/ ether: 4:1 v/v; Ry 0.20). A colourless liquid was
obtained (5.30 g/ 18.7 mmol/ 93%).

Ry 0.20 (SiO;y, light petroleum/ ether: 4:1 v/v); 'H NMR (200 MHz, CDCls): 8y 3.83 (3H, s,
OCHa), 3.78 (3H, s, OCHa3), 2.21 (3H, s, C-CH3); 13C NMR (50.3 MHz, CDCl,): 8¢ 166.5

ivitl e

(€COO0), 165.0 (COO), 122.0 (C=C-I), 100.2 (C=C-I), 53.5 (OCH3), 52.8 (OCH3), 24.4 (C-CH3);

IR (Film): 2y farm-I) 2020 1779Q (ONMDY 181N 1A240m 17400 11200~ 1NENG ML (T 200
AEN (R1LBID). U \bul ) £7JJkl, L1400 \\\AJUIN), 1ULULLL, 170511, 14470, 110711, 1VUJVILL, IV L \\,l} UL
(M+NHg*), 285 (M+H*), 253, 159, 137, 102, 85; Anal. Caicd. for CyHslO4: C, 29.60; H: 3.19.

Found: C, 29.59; H, 3.04.

2-[(E)-1'-Pentenyl]-3-methyl dimethyl maleate (6)

In a 250 ml round bottom flask palladium acetate (125 mg/ 0.55 mmol), triphenylphosphine (306 mg/

1.17 mmol) and potassium carbonate (4.64 g/ 33.6 mmol) were suspended in absolute ethanol (90
ml). Then the iodide 4 (5.30 g/ 18.7 mmol), dissolved in 20 ml ethanol, was added first, followed by

CRAILIC LY IO )5 Ul AN 7 RAAL R4V a2 aatiu 14

0

[{FEY-1"-nantenvil.1 2 Y_hanzadiaoxaharnlell (2 80 o/ 10 3 mmnl) dicealved in 20 ml athanal Tha
LA 71 TPUICH Y1 7 1, 3,4 UCR4UULIVAQUULIUIL AP0V EF 17.0 0uiUL; WISSULYLVAM il LV Hii CUlaui. 1av
et i wdiremn rxino hantad A wafliswy FAanw 2 e Tha Ann~lad cea v saadiwes o s e ke ANN a1
YCIIUW HIALLH was ne€ailca 1o refux 10r 5 11. 1A COOIEq green miXwire was umeii pULllb 010 suu M

o

water and extracted with ether (3 x 100 ml). The combined organic layers were washed with water (2
x 150 ml) and saturated brine (50 ml). After drying over MgSQj4 the solvent was removed in vacuo
yielding 4.42 g of crude material.

During this reaction trans-esterification occurred giving methyl ethyl (major) and diethyl ester. The
crude product was purified by flash chromatography (SiO,, light petroleum/ ether: 7:3 v/v). The
fractions from Ry 0.50 to 0.30 were collected yielding 3.84 g of yellow liquid.

IH NMR (methy! ethyl ester only) (200 MHz, CDCl»): 8y 6.34 (1H, d, J = 15.5 Hz, CH=CH-CH,),

592 (IH, dt, J, = 15.5 Hz, J, = 7 Hz, CH-CHCHz) 4.17 (2H, q,J—?Hz -OCH;-), 3.84 (3H,

2-[(E)-1'-Pentenyl]-3-methyl maleic anhydride (7)

In a 1 1 round bottom flask 3.84 g of ester mixture 6 was dissolved in 180 ml ethanol and 226 ml of
2M NaOH was added. The reaction was stirred under argon for 24 h at RT. Then 200 ml of 4 %
Na,S0, solution were added and the mixture was acidified to pH 2 using 3M HCl (ca. 120 ml). The

mixture was extracted four times with ether (80 ml each). The combined organic layers were washed

with water (100 mD and saturated brine (100 m)), treated with activated charcoal, dried over MeSQ.
1th water (10U m!) and saturated prne (100 ml), treated with activated charcoal, dried over vMigoUy
and tha cnluvante ayanmaratad 3n vanss VA2 g (1A A mmaly of nl‘nl\f v yvallaw lianid wag nhtainad
anda e SOIVENS evaporaita i vacuod, £.05 g (14.0 MiNoi; 01 signuy yeuow 1juia was Gotainca

b
(77% over two steps from 5). This anhydride was used without further purification.
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J = 16 Hz, CH=CH-CH,), 2.25 (2H, q, J = 7 Hz, =CH-CH,), 2.10 (3H, s, C-CH3), 1.51 (2H, m,
-CH;-CH,-CH3), 0.94 (3H, t, J = 7.5 Hz, CH;-CH3); 13C NMR (50.3 MHz, CDCl3): 8¢ 166.4
(COO0), 164.5 (COO0), 147.7 (CH=CH-CH>), 137.2 (C=C), 135.0 (C=C), 117.2 (CH=CH-CH,),
36.3 (CHy), 21.6 (CH), 13.6 (CH3), 9.2 (CH3); IR (film): v (cm-1) 2962m, 2933m, 2874w,
1860w, 1766s (anhydride), 1652m, 1465w, 1390w, 1274s, 1140m, 974m, 926s, 897m, 731m; M/z
(APCI): 179 (M-H*), 153, 150, 129, 109; HRMS: calc.: 198.1130, found: 198.1125 for

Ci0H16NO3 (M+NH4).

a3

Dimerisation of 2-[(E)-1'-pentenyl]-3-methyl maleic anhydride (7): Typical
procedure

The anhydride 7 (720 mg/ 4.0 mmol) and anhydrous MgCl, (190 mg/ 2.0 mmol) were stirred under
argon in dry DMSO (60 ml). After 5 min (370 pl/ 2.6 mmol) triethylamine was added. The solution
turned purple and stirring was continued for 24 h at RT. The reaction was quenched by adding it to
200 ml of 3M HCI. The cooled orange reaction mixture was then extracted with ether (3 x 50 ml).
The combined organic layers were washed with water (2 x 100 ml) and saturated brine (50 ml). After

drying over MgSQOy the solvent was removed in vacuo affording 739 mg of crude material.

The crude material was dissolved in a little dichloromethane and loaded onto a flash chromatography
3 H . 3\ d alitad with Lght tryl | athae! form A7:-17.1
column {diameter: 32 mm, height. 36 Cim) ana eiutcd wiln 1gnt pelroicuny emner/ 10rmic acCia £oii4ll
11 -~y 2. T o1
/

v/v, collecting small fractions (5 - 7 ml). The fractions with Ry 0.15, containing the isoglaucanic acid
derivative 10, were combined and the solvent was removed in vacuo. The sticky yellow material was
completely redissolved in ether and left for slow evaporation. Colourless crystalline material was
obtained (62 mg/ 0.17 mmol/ 8.5 %).

The spiro compound 11 with Ry 0.10 (light petroleunV/ ether/ formic acid 28:12:1 v/v) can, if
necessary, be further purified using a second column of the same size and a solvent mixture of light
petroleun/ ether/ formic acid 24:16:1 v/v (R¢ 0.15). The yellow fluorescent biproduct 12 (R¢ 0.40 in

light petroleuny/ ether/ formic acid 28:12:1 v/v) can be further nurified with a less s polar eluent (light

d?2 rther i 1
petroleumny/ ether/ Tormic acid 287120 can be further pu thal lar eluent (ight

petroleunmy/ ether/ formic acid 69:12:1 v/v (R 0.30)). The residue on the column was washed down
with aceione yielding 510 mg/ ca. 70 % of sticky, acidic material which was not further investigated.

Isoglaucanic acid derivative 10
R¢ 0.15 (Si0, light petroleuny/ ether/ formic acid: 28:12:1 v/v); mp: 153-154 °C; 'H NMR (400
MHz, CDCls): dy 6.94 (1H, d, J = 11.5 Hz, 5-H), 3.26 (1H, d, J = 13.5 Hz, 8-H), 2.78 (1H, dd,
Jy =13 Hz, J, = 3 Hz, 11-H), 2.65 (1H, d, J = 13.5 Hz, 8-H), 2.36 (1H, dd, J; = 13 Hz, J, = 4.5
Hz, 11-H), 2.02 - 1.81 (3H, m, 12-H, 4-H, 2-H), 1.71 - 1.54 (2H, m, 13-H, 3-H), 1.53 (34, s,
16-H), 1.35 (1H, m, 2-H), 1.29 - 1.13 (3H, m, 3-H, 13-H, 14-H), 1.04 (1H,

10U=11 LYY 25 1

t 1;75Hz 1-H), 0.90 (3H, t
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1835m (anhvdride). 1777s {anhvdride). 1668 1487w 1721 118Qyw Q&0 0O1Q RA/> LA DT

SJAREN \QRILE Y ULV /y 4 /7 70 \ QU YULIULY ), LUVUOW, 1FJ0W, 14Lolill, 11J0W, ZJ4HL, ZIO0W, IVVL ATl ).
2EQ /AL TTEY VA Q1L MNQOQ 10N 170, TIDRAQ. .1 AMQ IN1T £ 3. ArQ IN17 & YT WTA
JJ7 Uvi-11’ ), 04/, 313, L0D, 10U, 1/Y, IIKKIVID. CAIC,, D/76.1¥1 /7, TOUNQA: 3/8.1¥1/ 10T b20ﬂ28NU6
(M+NH,4*); X-ray data avaiiabie.!

Spiro compound 11

Rt 0.10 (SiO,, light petroleum/ ether/ formic acid: 28:12:1 v/v); 1H NMR (400 MHz, CDCl3): 8y
10.7 - 9.7 (2H, bs, COOH, concentration dependent), 7.31 (1H, s, 5-H), 6.56 (1H, dd, J; = 8.5
Hz, J, = 2 Hz, 11-H), 3.00 (1H, m, 4-H), 2.92 (1H, m, 12-H), 2.66 (1H, d, J = 14.5 Hz, 8-H),
2.21 (1H, d, J = 14,5 Hz, 8-H), 1.70 (3H, s GH\ISQ(IHm’)H , 1.45

A 245 27 \~F23s 8, i1, 1.0

»
by
“
*

H o 2.1 NO7TMH ¢ T =7
i, Ikl O=X1), U.77 \J1, 4, J = /

1
YV TIR-TI(MAH m 14-H 2.1 12571
Ja 1.0 EXTSE T € ) 4

. H, m, 14-H, 2-H), 1,
Hz, 1-H), 094 3H, ¢, J =7 Hz, 15-H); 13C NMR (100.6 MHz, CDCl3): 8¢ 181.5 (17-C), 175.1
(i9-C), 171.7 (i8-C), 162.9 (20-C), 154.1 (11-C), 145.7 (5-C), 132.1 (6-C), 122.9 (10-C), 51.7
(9-C), 45.1 (8-C), 42.6 (7-C), 41.0 (4-C), 33.4 (3-C), 30.9 (13-0), 29.2 (12-C), 27.8 (16-C), 23.0
(14-C), 20.7 (2-C), 14.2 (1-C), 14.1 (15-C); IR (KBr): v (cm-1) 3433w, 2963m, 1832m
(anhydride), 1774s (anhydride), 1703s (acid), 1666m, 1460m, 1261s, 1104m, 935m, 802w; M/z
(APCI): 378 (M*), 377 (M-H*), 359 (M-H,0-H+), 333, 315, 289, 179; HRMS: calc.: 396.2025,
found: 396.2022 for CyoH3gNO7 (M+NH,*). Remarks: exists in CDCl; probably as dimer (NOE did

not show clear results).

faanids Q.11 AN JET NIRMAD 780N MYT. ANy . S
IIMIC dACIU. £0.14.1 V/V), *I1 INIVIK (OUU WVII1Z, UIALI3) O
1 J=

7.26 (1H, s, 5-H), 7.18 (1H, m including J = 16 Hz, 12-H), 6.29 (1H, d, 16 Hz, 11-H), 3.43
(1H, d, J = 16 Hz, 8-H), 2.81 (1H, d, ] = 16 Hz, 8-H), 2.61 (1H, m, 3-H), 2.55 (1H, m, 3-H),
2.32 (2H, m, 13-H), 1.68-1.58 (2H, m, 2-H), 1.61-1.55 (2H, m, 14-H), 1.47 (3H, s, 16-H), 1.01
(6H, m, 1-H, 15-H); 13C NMR (125.7 MHz, CDCl3): 8¢ 173.9 (17-C), 165.9 (20-C), 163.1 (18-
), 153.2 (19-C), 144.8 (12-C), 136.9 (5-C), 129.5, 129.0 (6-C, 10-C), 124.0 (9-C), 121.1 (4-C),
117.1 (11-C), 44.5 (7-C), 36.5 (13-C), 34.2 (3-C), 30.7 (8-C), 22.4, 21.9 (2-C, 14-C), 18.3 (16-
C), 13.8, 13.6 (1-C, 15-C); IR (KBr): v (cm- 1) 2928m, 2868w, 1831w, 1769s, 1655w, 1578w,

1460w, 1241w, 1162w; M/z (CI): 360 (M+NH4*), 343 (M+H*), 314, 300, 271, 256, 241, 227,

£20 «PA...-.A QALY VEAR Fam LITEN TTUT S

10&. TLTDAAQ. ~al - 2A 1 AT
L1207, 10UV, 0901090 1UL 20n23u5 \IVITH }, U VIVID \Nu:un) I\'max
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