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Abstract.~ Ring-opening of methoxywethylidens-substituted howophthalic
anhydride (1) by wathoxide occurs by two modes. Attack at the I-positfon
("benzoate" carbonyl) lead! to & cigble acid-ester. A combination of
unambiguous syntheses and "H~- and "~ “C-n.m.r. spectroscopy has beaen used to
show that this satarial has the "benzoats sster, acrylic acid" structure
(5). This corrects the structure sasignment given sarlier for this
material, which incorrectly concluded "benroic acid, acrylate ester", (2).
Compound (2), resulting frow attack st the "scrylate” carbonyl, is a
co~product of {5), but 1s uustable. It recyclises in an slternative
tashion to give (dihydro)isocoumarin-type products (15) and (16).

The aipha-substituted beta-slkoxyacrylate substructure, R'OCH-C(R)COzk". is found in & variety
of natural products, including indole alkaloids of several families, the oudca.mun1 and

ltrobilurinlb‘2

fungal matsbolites, and a secologanin derivative related to the secoiridoid,
xylo-nllin.3 Synthetically, it has been ussd as an acyclic precursor to various hctotocycits.‘
Our own interest in this substructure derives from the recent discovery that it confers
fungicidal sctivity on some :oleculou.s A rc;ort6 op the ssthoxide~induced ring-opening of the
howophthalic anhydride derivative (1) to give a methoxyacrylats derivative, assigned structure
(2), was therefore of particular relevance to us. However, our subsequent attempts to modify
the putative (2) led us to doubt its structural assignment, which was in any case based solely
on reasoning by analo;y.6 Furtherwors, on the basis of the known instability of the related
molecule (3) with respect to ring closure to (&).7 1t ssemed unlikely that structure (2) would
withstand the highly basic conditions of its preparation.

We therafore set out to determina unambiguously the nature of the alkoxide-induced
ting-opsned products of (1). The results of these studies sre the subject of this paper. By
means of & combination of unambiguous syntheses and n.m.r. spectroscopy, we conclude that the
acid-ester originally assigned structure (2) is in fact ite regioisomer (5), with
{E)~sterecchemistry. However, the structures of co-products of (5) imply strongly that (2} i
indeed also formed, but that it is unatable with respsct to ring closura, as expected.
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RESULTS AND DISCUSSION

The Acrylate Ester—Acid from (1).- Repetition of the published procedure led to isolation of a
carboxylic acid with the same properties as those roportcd6 for structure (2) (Scheme 1). Ve
shall refer to this compound as (A).

Methylation of (A) lad to the diester (6) in quantitative yield. The same 6lf¢r1|1 vas
prepared from dimethyl homophthalate via a Clatsen condensation with methyl formate followed by
O-methylation (Scheme 1), thus defining the skeleton of (A). The (E)-stereochemistry about the
doudble bond follows from that assigued definftively, below, for unsymmetrical diesters.
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(1) Me0™, ﬁ.OE; (11) MeI, K COJ. DMF; (111) NaH, HCOIHA; (1v) 30250‘, 12C03. oMr.

2

SCHEME 1

The key observation concerning the structure of (A) came from n.m.r. experiments. The
proton-coupled 13C-n.-.r. spectrum of (A) showed that an ester carbonyl resonance at § 167.24
P.p.B. was coupled to the three protoms of a methyl group (gcu ca.é4 Hz) and to one other proton
(gcn ca.4 Rz). A second carbonyl resonance at 8§ 172.58 p.p.m., assigned to the carboxylic acid
group, was only coupled to a single proton Qgc“ 3.7 Hz). Low power irradiation of the vinylic

laC—reson-nce. but left the former

proton singlet at § 7.58 p.p.m. caused collapse of the latter
unaffacted, Irradiation of aromatic protons did not change the carboxylic acid carbonyl, dut
caused some pesk shape alteration of the ester carbonyl. These results alone are highly
indicative that (A) has structure (5), and not (2).

The alternative interpretation {s hardly tenable. This would entail the vinylic proton
coupling through five bonds to the carboxylic acid carbonyl in (2), but not vis thres bonds to
the ester in (2). Furthermore, an aromatic proton would be coupling via four bonds to the ester
carboroyl, but there would be no 3- or more-bond coupling to the carboxylic acid carbonyl., We
believe this combination of events to be unlikely. However, we sought conclusive evidence for
(5) by means of dnlnblguoul syntheses.

Stereoisomers of the mixed ethyl methyl diesters corresponding to (6) were prepared by two
routes (Scheme 2). In the first, the glyoxylate diester (7) wvas obtained from phthalonic acid
(8) vias its anhydride (9) by standard reactions. Specifically, it is reported that
methanolysis of (9) results in esterification at the glyoxylate cnrbonyl.a This i{s confirmed
by the presence of just two carbonyl-carbon resopances and an acetal-type carbon resonance in
the 13C—n.l.r. spectrum, as well as a distinct O-B stretch in the infrared spectrum, indicating
that the derived monoester intermediate existes In the phthalide form (10). Ethylation of (10)
gives the ring-opened diester (7), which now shows three carbonyl resonances in its 13C-n.-.r.
spectrum, and 8 characteristic infrared spectrus. The methoxymethylidene Wittig reagent gave a
6:1 mixture of two isomers (lla) and (11b) in 84X yield (Path 1, Scheme 2).
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SCREME 2

Isomer (11b) was more effictently prepared by the second route shown in Scheme 2, starting
with diester (12) formed from homophthalic acid, first by esterification with acidic methanol,
then alkylation with ethyl fodide. Classical degradation studies had established that
monoesterification of homophthalic acid results in the arylacetic acid being essterified first,
in preference to the benzoic acid group.9 The positions of attachment of the two different
alkyl groups are thus well deflncd.lo The methoxymethyl{dene group was then introduced by a
lod!flcationll of the Mukaiyama routol2 based on mixed ketene acctalll3 (Path 2, Scheme 2).
Under our covditions, in the presence of excess TICI‘. the dimethoxyacetal intermediats
eliminated methanol spontanecusly to give the beta-methoxyacrylate ester.

The geometries of the isomers of (11) were defined unambiguously by means of several n.m.r.
experiments. (a) Irradiation of the vinylic proton of the isomer (lla) resulted in a nuclear
Overhauser enhancement for the adjacent aromstic proton. No such nOe was found for fsomer
(11b).  (b) The proton-coupled 13C-n.l.r. spectrum of (1la) showed a coupling of 10.2 Hz
between the vinylic proton and the acrylate carbonyl carbon. The corresponding coupling for

(11%) was ouly 3.7 Hz, Literature precedent indicates that 3£CH across a double bond is



3730 M. G. HurcHings ef al.

invariably greater for the trans-relstionship between C and H (in this case, the (Z)-isomer)
than for the nltarnntivo.l‘ (c) Finally, the beta-vinylic proton chemical shifts for the two
isomers of beta-monosubstituted acrylate estars are chlracfnriltic: that for the (B)-isomer is
invariably downfield from that for the (5)—ilo-¢r.ls The shifts observed for (lla) and (11b)
were & 6.42 and 7.46 p.p.m., respectively. All these data are consistent with (lls) being the
(Z)-1somer, and (11b) the (E)-isomer.

The two carbonyl resonances in the proton-coupled lsc-n.n.r. spectrum of (1) showed 3~bond
H-C couplings of 3.5 and 4.6 Hz. On the basis of the values observed for the two isomwers of
(11), (1) therefore has (B)-stereochemistry about the double bond.

Acid (A) was ethylated as before, but the methyl ethyl diestsr (13) obtained vas not the
same as either of the two isomers of (11). 1In particular, the two methyl resonances in its
lH-n.l.r. spectrum were almost the same, whereas those for both isomers of (11) are well split
(see Experimental). The chemical shift of the vinylic proton (6 7.50 p.p.a.) indicates
(E)-stereochemistry. Since the alternative regiochemistry of ring-opening of (1) was already
suspected, it remained to synthesise the corresponding regioisomeric ethyl methyl diester
unambiguously. This vas readily effected by the chemistry of Scheme 2, Path 2, to give (13),
starting from the knovnlo alternative sthyl methyl diester of homophthalic acid (14). Cowmpound
(13) vas identicel in all respects to the ethylation product of (A), thus demonstrating
conclusively that (A) does not have the structure (2) previously llai'ﬂ.d.s but rather is the
regloisomeric acid (5) of (E)-stersochemistry.

Acrylate Ester-Acid (2).- Since (5) was only ever isolated in about 60% yield, despite

dieappearance of all starting material (1), ve searched for avidence of other products,
particularly the acid (2). Three peaks corresponding to non-acidic msterials were also
observed in the h.p.l.c. trace of the crude reaction mixture. A methanol solution of this
nixture readily deposited white crystals of (15a). Flash chromatography of the mother liquores
led first to isolation of {socoumarin (16). Its structure assignment follews from its physical
properties and comparison with literature duta.6 Later fractions contained a mixture of (15a)
and (15b), which could not be separated chromatographically. However, fractional
crystallisation of a methanol solution of the mixture (4:1) gave more pure (15a) and eventually
led to a fraction enriched 1o (15b) ((158)/(15b) = 1:2). However, (15b) could not bs obtained
pure. The gross constitutions of (15a) and (15b) follow from their spectral and analytical
properties: they are isomers of the dihydroisocoumarin (15). In particular, each showed an AB
n.m.r. spectral pattern for H-3 and H-4, with the former at a chemical shift typical for an
acetal-type proton (& ca. 5.6 p.p.m.). Other spectral data are recorded in the Experimentsl
section. On the basis of proton-coupled 13C-n.-.r. spectra including selective proton-
decoupling and heteronuclear 2D-J experiments, we believe the crystalline isomer (15a) has
trans-stereocheamistry, and the other (15b) 1s cis. However, s degree of embiguity remains i
these stereochemistry assigoments, and so full discussion is postponed until definitive evidence

is forthcoming.

A control experiment showed that the dihydroisocoumarins (15) lose methanol to give
{socoumarin (16) under the conditions of the initial anhydride ring-opening. The structures of
the isomers of (15) lead us to propose that they result from base-induced ring-closure of the
elusive acid-ester (2).

The important conclusion to emanate from the fsolation of (15) and (16) is that the
alternative regiotisomer (2) from methoxide-induced ring-opening of (1) is indeed formed, but as
expected is unstable under the strongly basic conditions.

The analytical yield of (5) 1s 622, (15a) 15.2%, (15b) 3.0X, and (16) 4.4X., We have been
unable to account for the remsining 152 of (1), but suspect that highly polar species are
formed. The relative propensity for alkoxide attack of (1) at the acrylate carbonyl compared
with the benzoate carbonyl is therefore about 3:1.

Competing reversible Michael attack of methoxide at the methoxymethylidene group of (1)

capoot be ruled out, since reaction of (1) with ethanolic ethoxide gave (17), where the
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methoxide group already present in (1) is aleso substituted. Alterpatively, methoxide and
ethoxide could be exchanging after ring-opening.
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EXPERIMENTAL

Starting materiale were commarcially available, or came from the ICI speciman collection.
Solvents vere distilled defore use and stored over molecular sieves (4A). Organic extracts vere
dried over magnesium sulphate unless stated othérvise, prior to evaporation under reduced
pressure. Flash chromatography was carried out over Merck 60H silica, using a gradient of
diethyl ether in hexans, unless otherwvise stated. M.p.s were determined in capillaries in a
Buchi melting point apparatus, and are uncorrected. Ir spectra were recorded as films or nujol
mulls on a Perkin-Elmer 883 Infrared Spectrophotometer. B-N.m.r. spectra were recorded at
60MHz on a Perkin-Elmer R24A spectrometer, or at 250MBz on a Bruker WM250 instrument,
deuterochloroform unless otherwise stated, and vere referenced to tetramethylsilane. C-N.a.r.
Tgcctr- were recorded on a Bruker WM250 instrument at 62.9MHz. Reported multiplicities in

C-n.m.r. spectra (s, d, etc.) refer to one-bond couplings only. Electron impact mass spectra
were recorded oh s AEI MS9 instruseat. Chemical ionfsation spectrs wvere recorded on a Fimnigan
MAT 8200. In general, fragmentation patterns vere unmexceptional gnd full data sre not reported
here. Microahalyses vare determined in-house. Purity of samples was also checked by t.l.c. on
Kodak Chromagram silica sheets, and reversed phase h.p.l.c. on a Hewlett-Packard 10848 Liquid
Chromatograph, using a Michrom ODS Rypersil stationary phase eluted with solutions of
scetonitrile fa dietilled water,



3732 M. G. HUTCHINGS et al.

E) -4 -Metho; thyleng-3,4-dihydro-1A-2-benzopyran~1,3-dtone (1).- This was prepared by the
procedure of Wolfbeis by refluxing together homophthalic acid (22g), acatic anhydride (60g),
and trimethyl orthoformate (16g). Recrystallisation from hot chlorogonzont gave the product
anhydtig. (1) (15.6%g, 62.8%) as white needles, m.p. 185-186°C (1it. 182°C) (Found: C, 64.4; B,
4.03; M 204, Cllgl for C,.H 0‘: C, 64.7; H, 3.9%; M 204); V (nujol) 3123w, 1758, 1730,
1707, and 1605 cu 1; 6_(2bfls? a -DMs0, 313K) 4.30 T38, s, ocB}; 7.37 (18, t, ArB), 7.77 (1R,
t, AcH), 8.08 (1M, d, XrR), 8.17 C1H, s, =CH), 8.20 (18, d, Art) p.p.m. & (d5-DHSO, 313K)
168.80 (4, =CB), 162.15 (s, *J._ 3.5 Bz), 161.07 (s, 2J., 4.6 Hz), 135.28 (d, Ar), 133.50 (s,
Ar), 129.75 (d, Ar), 127.23 (dSPAr), 125.48 (d, Ar), 118795 (s, Ar), 99.81 (s, =GC0), 65.07 (q.
OCH,) p.p.m. The value of the coupling constant to the vinylic proton indicates a
cis=relationship between this proton and the carbonyl group (cf. Discussion).).

Reaction between (1) apd sodium methoxjde in methanol.- This was carried out by the procedure
described by Wolfbeis, by treating the homophthalic anhydride derivative (1) (10g) under N
with methanolic sodium methoxide. The product (!)-3-lcthoxy-2-(2'-cthoxycarbonylpgenyl)-
propenoic acid (5) was recrzltalli-id from methanol (6.84g, 59.1%) m.p. 147°C (1lic.” 149°C)
(FPoynd: C, 60.7; H, 5.2X; M7236, Calc:lfor C1 R .0.: C, 61.0; H, 5.1%; M 236, ¥ (nujol)
2400-3300b, 1719, 1685, 1655, 1639 ca . 6, t28bahe) 3.85 (6n, o, 2 x OCH,), ¥13-7.5 (W, w,
ArR), 7.58 (14, s, =CH), 7.95 (1H, m, ArH), 7,58 (1H, s, =CB), 7.95 (1H, m, ArR), 11.05 (1H, s,
exch., CO H) p.p.m. & 172,58, 167.24, 159.51, 133.22, 132.08, 131.35, 130.51, 130.12, 127.40,
111.70, 6%.73. 51.56 p.p.m.). A parallel reaction was worked up differently. The crude
reaction product was dissolved in dichloromethane, extracted with aqueous sodium carbonate and
vater, and the organic phase dried. The neutral product obtained contained three components
(h.p.l.c.). This was taken into warm methanol, and after cooling in a freezer, white
crystalline 3--tho¥y-4-othoxydihydroilocou-nrin (15a) was deposited (0.48g) m.p. 95°C (Found:
C,_?I.O; H, 4.9%; M 236. Cl Hl 0, requires: C, 61.0; H, 5.13; M 236, Vv (nujol) 1730, 1706
en™l. 8, (250MBe) 3.55 (38,'%,'%mden,), 3.72 (3R, s, CO,CH,), 4,10 (1R, }7J 2.7 Bx, CHCO,Ke),
5.73 (IHE d, J 2.4 Hz, CHOMe), 7.35 (IH, bd, ArH), 7.46 {1H, dt, Arf), 7.61 (18, dt, ArH),“8.12
(18, bd, ArH) p.p.m. & 168.72 (s, EOZH.), 162.63 (s, AxC=0), 134.20 (d, Ar), 133.92 (s, ArCH),
130.03 (d, Ar), 128.86 fd, Ar), 128.73°(d, Ar), 124.46 (s, ArC=0), 102.05 (d, CHOMe), 57.01 (q,
CHOCH,), 52.94 (g, CO,CR,), 48.74 (d, CHCO Me) p.p.m.). The mother liquors were concentrated
and fillh chro-ntogrlgioa (hcxlno/othor/lcghlnol gradients). The first componeng obtained vas
the white crystalline 6-.tkoxycarbonylilocoulltiu (16) (40mg) m.p. 93-95°C (1it.  97°C)

(Found: C, 64.4; R, 4,1X; . 204. Calc. for C 15 0‘: C, 64.7; H, 3.952; M 204. Vv (nujol)
3124w, 1761, 1717, 1619 cm ', 6. (60Muz) 3.88 (3wt s, ocH,), 7.178.8 (4H, m, ArA}*8.18 (1H, s,
=CB)). Later fractions contained a mixture of (15a) and {fs isomer. Repeated fractional
crystallisation deposited more pure (152), and sn oil{ residue containing (15b) and (15a) in a
ratio of 2:1. (Por (iSb): Vv___(film) 1736, 1605 cm . &  (250MHz) 3.60 (3H, s, CHOCH.}, 3.75
(34, s, C02C§3). 4.26 (1R, 4, J73.69 Hz, cgcozno). 5.58 (lg. d, J 3.69 He, CROMs), 7.3-7.65 (3H,
w, ArB), 8712°(1€, bd, ArR) p.p.m. &, 167.93°(s, CO Me), 163.27 (s, AzC=0), 134.16 (d, Ar),
133.68 (s, ArCH), 130.36 (d, Ar), 128781 (d, Ar), 128.18 (d, Ar), 124.88 (s, ArC=0), 101.39 ( 4,
CHOMe), 57.41 (q, CHOCH,), 52.70 (q, CO,CH,), 47.96 (d, CRCO,Me) p.p.m.). Quantitative h.p.l.c.

analysis using wmethyl bznxonto as an 1nE: al standard gave §ields for the products: (5) 62%;
(15a) 15.2X; (15b) 3.0%; (16) &.4X.

enoate (6).-

E)-3-Methoxy-2-(2"-met oxycarbonylphenyl)propenoic acid (5) (1.08g) was stirred at room
temperature in DMP (15ml) with methyl fodide (lml, excess) sand potassium carbonate (0.7g).

After about 2h the solution was diluted with water and extracted into ether. The organic phase
was vashad tvice with water, dried (MgSO,) and stripped to give the product as a colourless oil
(0.98g, 85.2%) (Found: C, 62,4; B, S.7X;‘N 2%0. C H1 O, requires: C, 62,4; B 5.6X; M 250.

v (f11m) 17095, 1637 cm . 6. (soMme) 3.62, 3.12,'%$.36 (each 3M, o, OMe), 7.1-7.6 (36, =,
Arf3%°7.48 (1B, s, =CH), 7.95 (1H, w, ArH) p.p.s.). The material vas identical in all respects
to a sample prepared from dimethyl homophthalate by coudensation with methyl formate promoted by
sodium hydride, followed by methylation in DMF with dimethyl sulphate and potassium carbonate.

3-Bydroxy-3-(msthoxycarbonyl)phthalide (10).- Phthalonic acid (8) (lg) vas varmed briefly with
acetic anhydride (2ml) on a steam bath. The solution vas immediately cooled on ice, and the
pale yellow phthalonic anhydride (9) was filtevred rapidly at the pump. This was dissolved
immediately and without washing in excess dry wethanol. After about lh, excess methanol vas
stripped, and the residue was distributed between watar and chloroform, separated and the
aqueous layer re-extracted with chloroform. The cowbined organic phase was dried (Na,SO,) and
stripped to give a colourless oil which slowly cryntlllifsd (1.118). A small sample vas
recrystallised from toluene/hexane: m.p. 71-71.5°C (lit.”" 94°C from benzene) j{ound: C, 57.6;
H, 3.8%; calc. for C, \H O.: C, 57.7; R, 3.9%. ¥ (film) 3480b, 1775, 1745 cm . 5. (60MHz)
3,72 (36, s, OCH,), 8013 {18, s, exch.), 7.4-8.8°¥4H, m, ArR) p.p.m. 6. 168.63, 167.65, 164.77,
134.89, 131.48, ?27.0#. 125.78, 122.77, 99.69, 54.43 p.p.m. This .pocirun can only be assigned
to the phthalide structure giveg. Ring-opened varsions would require 3 C=0 peaks; only 2 are
observed. MS: EI m/z 149 (no M ); CI/NH3 n/z 191 (M-OH), 209 (M+H), 226 (H+NE‘), 417(2M+R) .

Methyl 2-ethoxycarbonylphenylglyoxylate (7).~ Phthalide derivative (10) (0.5g) was stirred in

DMF (5ml) contsining excess ethyl iodide and potassium carbonste. After lh, water vas added and
the mixture extracted with ether, vashed vi‘h water, dried and stripped to give s colourless oil
(0.26g, 45.3%). (Pound: C, 57.8; H, 4.0X; M 236. Cl Rl 05 requires: C, 57.7; B, 3.9%; M 236.

8, (60MRg) 1.33 (3H, t, J 78z, CH C§3). 3.81 (38, s, OMeS,74.32 (28, q, J 7Rz, OCH)), 7.1-7.7
5. w, Ar), 8.0 (IR, m, ArR) p.f.m: 8 187.04 (s, COCO.Me), 166.4 (3, CO,EL), 181.3 (s,
CO.Me), 138.7, 130.2 (each s, Ar), 132.9, 131.4, 129.5, 139.0 (each s, Axi), 62.2 (¢, OCHz).

$3%0 (q, OCH,), 14.1 (q, OCH,CH,) p.p.m.).
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Methyl J-methoxy~2-(1'-et srbonylphenyl)propenocate (11) (a) Pach ] Escm ).~
Hethoxywethyltt Ipbeuylphosphonium chioride (1.24g, Jeqvt) was stirred snder N, in ether (20ml).
Potassium t-dutoxide (0.36g, 2.7eqvt) was added, and the yellow-orange sclutidn was stirred
vigorously for 0.5h at room temperaturs. The glyoxylate (7} (0.26g) was then sdded in ather
(5a1). &fter 1.5h at room temperaturs, saturated aqueous sodium scetate solution was added, the
layers werw sepaveted, and the orgemic phass washed twice with water. The aqueous washings
were back-extrected with ether, the combined organics were dried snd stripped to give an orsnge
oil, Treatment with hexane/ether caused precipitation of triphenylphosphine ozide. The organic
solution was flash chromstographed through silica using & slow hexana/ether gradient. The first
material i;oland was the (f)~iscmer (11a) as a colourless o1l (34 mg; 11.7X) (Pound: C, 63.9;
H, 6.0%; X' 264. C, 481 0¢ Yequires: C, 63.6; H, 6.1X; M 264. V. (f41m) 1711, 1636 cm . Ga
(250iz) T.33 (38, '4,'8 7 ms, cu ). 3.67° (3R, 8, CO,cE,), 3.M(3m, 8, ~CHOCH,), 4.28 ( 28,
q. 1 7 Bz, CO,CB,), 7.25-7.55 (38, %, ArB), 7.51 (IR, 3, 4CH), 7.99 (18, dd, 3-APE) p.p.u.
Irradfation .3 6°3.81 p.p.m. lcd3to signal euhancement at § 7.51 p.p.m. No other nOes vare
observed. 6. 167.85 (s, CO.Me, “J . 3.7 He), 167.09 (s, COEt), 158.05 (d, =CR), 133.77 (s,
1-Ar), 132,28 (4, Ar), 131.%2 (o, KB, 130.77 (e, 2-Ar), 130.29 (4, Ar), 127.50 (4, Ar), 112.41
(s, =€CO,), 61.78 (q, =CHOCR.), 60.82 (t, CO,CH,), 51.42 (g, CO,CH.}, 14.16 (q, CH ca3) p.-pm).
Later frZEtlono eluted the ~{gomer (11d) &s Ohite crystale (0.21g; 72.2%) w.p. %TS—IH‘C
(lound:_?. 63.9; B, 6.0%; M 264, C1 Hl O, requires: C, 63.6; B, 6.1X; M 264, v (nujol) 1708,
1618 cn'. 6, (250 Mix) 1.34 (3R,'4,'3 7 ns, ocH,CH)), 3.66 (3n, s, COcH,), 3 (30, .,
=CoCR.), 4.31°(24, q, J 7 Hx, OCH,CH,), 6.59 (IH,”s, =CH), 7.21 (1E, bd, 6=ArH), 7.38 (18, bt,
Ar8),”7.49 (18, bt, Ard), 7.97 (!ﬁ, gd. 3-ArH) p.p.m. Irradiation of the peak at 4 6.59 p.p.m.
led to enhancement of the signal at 6§ 7.21 p.p.m. Irradiation at § 3.95 p.p.m. led to signal
enhancement at § 6.59 p.p.m. & 157.35 (s, CO Et), 165.36 (s, CO,Me, %J_ 10.2 Rz), 157.73 (4,
=CHOMa), 136,63 (s, 1-Ar), 131.52 (d, 2 x ArY,%131.71 (s, 2-Ar), 130.39 1d, Ar), 127.57 (4. Ar),
112.45 (s, =CCO,), 82.51 (q, =CHOCB,), 61.00 (t, CO,CR,), 51.12 (q, €O 083). 14.23 (q, 032533)
p.p.m.). Path 3 (Scheme z%.- Trimethylsilyl triflafe £2.22g, 1.93m1) Gas-added slowly to’a
solutfon of triethylamfae (1.01g, 1.39ml) in ether {(10wl) under nitrogen, contseined in «
dropping funnel at room tsmperaturs, with swirling. Aftar about [5mine, the clear solution vas
sdded to methyl 2-sthoxycarbonylphenylacetats (12) (1.8g) in ether (I10ml) st 0O°C, and stirred at
room temeprature for about lh, A 2-phase mixture resulted, contsining the mixed ketsne silyl
methyl acetal. A separats flask purged with N, and cooled to ~70°C was charged with trimethyl
orthoformate (l.1g, 1.l4m1) in methylene chlorfde {i5ml). To this was slowly added nc1‘ {1.9g,
1.1ml) 1n wethylens chloride (Sml) with stirring. A pale cream precipitate developed. Tha
ketene silyl acetal solution was transferred to the dropping funnel with the aid of
dichloromethane (5ml) and added slowly to the 'I‘iCI,‘/(HcO) CH mixture at -70°C. Vhen the
add{tion was complete, the temparature was allowed to rh} spontaneously to room temperature,
and stirring was continued for about lh, after which time a brownish solution had developed.

The solution was poured into excess aqueous sodium carbonate solution, with stirring. The
white precipitate was removed by filtration, and the filtrates separated. The organic layer
was washed thrae times with water, while the aquecus layer wes back-axtracted with ether, and
the combined organic phase dried and stripped. The crude psle brown oil was separated by flash
chromatography on silica. FEarly fractions contained recovered starting material (0.98g, 54.4%).
The (E)-isomer of (11) produced was obtained as s colourless oil (0.72g, 33.6%), followed by a
small amount of the (Z)-isomer (0.02g., 0.9%). 1In esch csse, the spectroscopic and
chrometographic properties were exactly as thoss rsported for the mstarisls prepared by Path 1
{above). Subsequent experiments on related systems showed that the yield of product could be
increased {f the silylation was carried out in dichloromethsne instead of ether.

Mathyl 2-carboxyphanylacetate.- Homophthalic acid (50g) was refluxed {n sathansl (200wml)
containing concentrated sulphuric acid (15 drops) for 1.5h, Methanol was removed on the rotary
evVApOrator, water was added to the resulting yellow oil and the phases separated. The organic
phane solidified to an off-white mass vhich was taken into dilute sgueous sodium bicarbonate
solution, and extracted twice with diathyl ether. The aqueous phase was then acidified to pH 4.
The precipitate vas filtered off, wuhdlsopiouoly with vater, and dried to givo+off-vhtu
powder (&4.4g, 82.4%), =.p.95-96°C (1lit. 96-97°C) )} (Found: C, 61.6; H 5.2%; X ._}9‘. Calc.
for Cl ): | OO : C, 61.85; B, 5.2T; M 194. V {nujol) 2400-3300, 1723, and 1677 cm ; 81!
(60!0(:9 i.éﬁ (3H, s, CH ), 3.99 (2R, s, CK;,’,"?.t}S«?.s(BH, =, ArB), B.08 (lH, dd, 3-ArR),
€2.10.8 (1K, s, exch., G0.) p.p.m.).

Methyl 2-sthoxycsrbonyiphenylacetate (12).~ Monomathyl homophthalate (1.94g) was stirred in
dimathyl formamide (15wl] with anhydrous potassium carbonate (1.3g) and ethyl fodide (1.5g) at
roow temperature for lh. Ether and water were added, and the two phases separated. The organic
lsyer was vashed with water, dried, and the aglvcnt removed to give the product as a colourless
oil (1.83g, 82.4%) (Found: C, 64,6; H,6.3%; N 222. Calc. for C 2“160 1 €, 64.85; H, 6.35%; M
222, ¥ ax (film) 1731, 1710 em *. & (6OMHZ) 1.31 (3H, ¢, 3 '} HX, CE2C§ }., 3.61 (3H, s, OMe),
3.97 MG, CH,), 4.28 (2R, q, J 7 HZ, OCH,CH,), 7.1-7.5 (3H, w, ArH), 8.0 (i, m, ArR)
Pep.m.).

Ethyl 2-carboxyphenylacetatsa.- This was prepared as the methyl ester above. The crude white
product was recrystallised ss fine nceilcc from hot water (17.3%g, 66.7%) m.p. 107-108°C (1lft.
107-108°C) (Pound; C, 63.0; H, 5.8%, !_tzoa. Calc. for C lH 0‘: C, 63.45; H, 5.8%; M 208.
vu (nujol) 2400-3200b, 1731, 1679 cm 53 (60MRz) 1.21 (& s tr, J 7 He, OCH CES)' 3.98 (2n,
2'¥R,), 411 (2R, q, 3 7 Fz, OCH,CRy), 7.177.6 (3R, w, ArH), 8.10 (1N, m, ArHS plp.m.).
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Ethyl 2-uthogurbonﬁhonlhccuto (14) .~ This was prepared in the sama way as the
regiolsomeric homopht te dlester (12), above, by alkylstion of the homophthsalate half
(methyl) ester by means of ethyl 1odide in dimethyl formsmidas containing potassius carbonate.
The crude brown ofl which was obtained solidified on stirring. This vulauriuod by flash
chromatography to give fine white needles (1.77g, 84.6X) m.p. 49°C (1ic. ~ 48-49°C) (Found; C,
64_._1; H, 6.3%; M 222. Ca}e. for C 1‘0 : C, 64.85; B, 6.35%; M 222, V¥ (mujol) 1729, 1714
o', B (6oMEE) 1.22 (38, er, 3 JEE 8cucm), 3.81 (3K, s, CMe), 3.9%°%2M, 8, CH,), 4.09
(28, q, 3 7 Bz, OCH,CB,), 7.1-7.6 (3, m, APE)] 7.95 (1R, =, Ard) p.p.a.).

encate (13).- (a) Prom arylacrylic
in dimethyl formamide (15m1) and stirred with
diethyl sulphate (0.39g) and potassium carbonate (0.35g) and the reaction stood overnight. It
wvas poured into aqueous potsssium carbonste, and extracted with ether. The organic layer wss
wvashed twice with water, dried and stripped. The crude product was flgsh chromatographed to
give pure product as an oil (0.37g, 65.0%) (Pouad:_?. 63.3; B, 6.3%; M 264. c1 R 60 requires:
C, 63.6; H, 6.1X; N 264. Vv (film) 1710, 1640 ca . (60MHe) 1.15 (38, t, ’ , ocsza_s ,
3.68 (3H, s, Oms), 3.72 (3B'*s, OMe), 4.08 (28, q, J 7 Hz, OCH.CH,), 7.1-7.5 (3K, m, ArH), 7.26
(18, s, =CH), 7.95 (1H, m, ArR) p.p.m.). (b) From ethyl 2-(mefhofycarbonyl)phenylacatats (14).-
The homophthalate diester (14) was treated firstly with trimethy yltriflate/trieothylamine,
then TiCl,/trimsthyl orthoformate in dichloromethane, as in the preparation of (11) by Path 2,
above. Patincntion of the product by flash chromatography gave material identical to tha
prepared by method (a). .

anhydride 0.51g) was treate ium ethoxide (from ca. 0.06g Na). A bright
yellow colour resulted which faded on stirring at room temperature 1.5h. The wixture was
acidified to pR 6 with acetic acid and stripped to give a yellow-white solid. This wvas taken
into saturated sodium bicarbonate solution and extracted with ether and dichloromethane. After
acidification, the aquecus layer was extracted with ether snd chloroform, the organic layer
washed, dried and stripped. Recrystallisation from met 1 gave white crystales of the product
(0.53g, 84.1%) m.p. 165-166° (Found: C, 63.5; H, 6.5§i N 264. C Hl 05 requirees, C, 63.6; H,
6.13; M 264. V__  (nujol) 2400-3400b, 1702, 1669 cm 1. & (60ih8, 8 Spmuso) 1.16 (68, m, 2 x
OCH,CH.), 3.98 ¥2E; q."J 7 Mz, OCH,CH,), 4.10 (28, q, J 7 B, OCH,CH,J, 7.05-7.8 (48, m, ArB),
7.53 (?B. s, =CE) p.p.m.).
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