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Abetset.- Riru-opening of uthox~rhylid~nr-clubstitutsd bourphthalic 
anhydride (1) by msthoxidc occurs by tvo modes. Atuck at the I-position 
(“bonroats” carbonyl) lcadf to s qgbls mid-srtcr. A ccmbinrtlon of 
uaubi~ous 8yntb8tc8 snd Ii- and C-8.a.r. spectroscopy tus been used to 
aha that this utuial hsr the “bwaxoste eater. acrylic acid” structurs 
(5). I’hie cornets the structure l #eSgrtmt (livwi rarliw for this 
uterial, vhlch Incorrectly concluded “bcnroic scid, revlate satw”. (2). 
Conpound (2). rraultlng frou attack at th *‘acrylat+” csrbonyl, So a 
co-product of (Sls but lu uastsbla. It rocyclise* in an 8ltomatfvc 
fsshlon to Rlvs (dfhydro)isocouurfn-type products (13) snd (16). 

Ihe alphs-substituted hots-alkoxyscrylate substructure, R’OCW-C(RPX~R”. is found in x wrictp 

of natursl products, iacIuding lndolt l llcsloida of srvwsl fraillw, the oud-#in’ and 

strobtlurfn1b’2 funpal ast~bolltts, and a secolopsnin derfvstive rclatsd to the sscoiridoid, 

xyloIloilln.3 Synth*tfcslly. it hss bsen used 88 sn acyclic precursor to vsrlous hsttrocycias.’ 

Our ovn intcrort in this suh~tructurc dorive@ from ths recsnt dfscovoty thst it confsrn 

fungfcfdsl activity on ame rol~ule..~ A report6 on the arthoxidt-inducsd rfnR-opening of the 

huaophthsllc anhydride dsrivatfvc (1) to give s uthoxyxcryiato dsriowive. sssigaed #truetwo 

(2). vss therefore of particular rslcvancc to u.. Hovovsr, our substquoat l ttrmpts to modify 

the putative (2) lrd us co doubt ftx structural sssfgnunt , which VW in sny case bssed l olsly 

on tsssonfnd; by sna10#y.~ Purthcrwors, on thr bssis of the known fo#cabflity of the relstcd 

rolcculc (3) vfth raopoct to ring clorure to (1),’ it smwsd unlikely that atructurs (2) would 

withstand th* highly basic condition8 of it8 preparation. 

UC thsrrfota set out to detcrrlne unsrbiguously the nsture of the alkoxids-Induced 

rtnR-opsncd product8 of (1). The results of those xtudica are the subject of this peper. By 

mean8 of s conbinstiun of unubiguour syntheses snd n,s.r. spsctroacopy. vt conclude that the 

scid-aster originally l #signed structure (2) Is in fact ito rtgiolsomrr (5). vith 

(s>-etrrrochafstry. Hovevtr, the etructure8 of co-products of (5) faply sttongly that (2) ix 

indeed sIso foxmtd, but that it is unstable vith reepwzt to riag cloxur~, ss expected. 
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RJISULTS AItD DISCUSSION 

Iho Acryleto Ester-Acid frm (Q.- kepotltlon of the published procoduro led to lsolstlon of a 

csrboxyllc ecld with the @ama proportlos so those reported’ for structure (2) (Scheme 1). We 

oh.11 rsfer to this compound es (A). 

Iletbylstioa of (A) I&to rho dlest.; (6) la qumtltstlvo yisld. The sai titerIs uss 

propsrod from divthyl howphthelst. vi... Clsls.d’cond.nsitlon with methyl fokt. folloved by 

_O-uthylstlon (Scheme 1). thus dsfinlnD the skelston of (A). The (e)-stereochaistry shout the 

double bond follow from thet aseQned deflultlv.ly, bslou. for unsymetrlcsl dlesters. 

0) 

(0 tie-r ndnl; (ii) ns1, K2u13, DW; (iii) NsE. RCO2he; (iv) lie2S04, KzCOj, DWI. 

Ph. key obssrvstlon concerning the structure of (A) cmc from n.m.r. experiments. The 

proton-coupled 13C-n.m.r. spectrum of (A) shoved thet sn ester csrbonyl reronenc. et 6 167.24 

p.p.m. “es coupled to the thres protons of . methyl group QN c2.b Be) end to on. other protoo 

Qce g.4 Nr). A second csrbonyl resonsncs st b 172.58 p.p.m., .ssiSmd to the cerboxyllc l cld 

group, wes only coupled to s sln~le proton (JcN 3.7 Us). Lou paver lrredietion of the viayllc 

proton singlet et 6 7.58 p.p.r. cased colleps. of the lstter 
13 C-resonsnc., but left the foruer 

unsffected. Irrsdl.tlon of sroutlc protons did not chsnge ths csrboxyllc scld csrbonyl, but 

csussd some peek shrpe sltsrrtion of the ester csrbonyl. Theme results slow sr. highly 

indlcetivo thet (A) hes structure (5). end not (2). 

Ph. slternetiv. lnterpretstion Is herdly tensblc. This vould cntell the vlnylic proton 

coupling tbroqh five bonds to the cerboxyllc scld csrbonyl In (Z), but not vls three bonds to - 

the aster In (2). Furthsraore, sn sromstlc proton vould be coupllnS vi. four bonds to the ester - 

csrbonyl, but there would be no 3- or more-bond couplfnU to the csrboxyllc l cld csrbonyl. Ye 

belfco. thl. comblnstlon of event. to be unlikely. Amevor, v. sought concluslv~ evidence for 

(5) by meens of unublguous syntheses. 

Stereolsomors of the mixed ethyl methyl diosters corrcspondlnp to (6) uer. prepered by tvo 

routes (Scheme 2). In the first, the glyoxylst. diester (7) Vss obtslned from phthelonic l cid 

(8) vls its l ahydridc (9) by steoderd reectione. Speclficslly, It is reported thst 

wthsnolysls of (9) results In l sterlficstlon st the glyoxylet. csrbonyl. 
8 This is conflmd 

by the presence of just NO cerbonyl-csrbon resonences end en sc.tsI-type csrbon resonenc. in 

the I3 C-n.r.r. l pectrum, es wll u s distinct O-II stretch In the lnfrsred rpsctrum. lndlcetln8 

thst the derived monoester latermedlst. exists in the phthslldt form (10). zthylstlon of (IO) 

Sires the r--opened diester (7). uhich nov shows three csrbonyl resonances in Its 
13 

C-n.8.r. 

spectrum. snd s chsrscterletlc lafrered spectrum. The wthoxymrthy11d.n. UittiS re.S.nt SW. l 

6:l mixture of two Isomers (11s) end (lib) In 84% yield (Peth 1, Schen 2). 
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(12) R-Me, R’=Et 

(14) R=Et. R’=Me 

‘CQ Et CQ Et 

la) (1 lb) 

(7) 

04 I PATH 1 

For (14): 

I 

(vi),(vii) PATH 2 

(1) Ac20; (Ii) NcOR; (Iii) RI, K2C03, DW; (iv) Ph3PCE2CW t-BuOU; (v) ROB. II+; 

(vi) MejSIOTf. ttjN; (vii) (M3)+3L Ml,; (viii) R’I. K2COg, DKP. 

sCRp)& 2 

Isomer (llb) wa more l fflcieatly prepared by the second route rhow~ in Scheme 2, etarting 

vlth diertar (12) formed from homophthalfc acid, firat by crt~rificstion vith acidic methanol, 

then l lkylation with ethyl iodide. Classical degradation #Cudfar had establishad that 

wnocstcriflcation of houophthallc acid reaulta in the l rylacatic acid being l etcrifiod flret, 

in preference to the bentolc acid group.’ The porltions of attachment of the tvo dlffcrant 

alkyl group. l r. thus well defined. 
10 

The methoxymathylfdenc group was then introduced by l 

modification” of the Muk~iyama route 
12 

based on mixed ketcno acetale l3 (Path 2, Scheme 2). 

Under our conditlonr, la the praronce of l xcoee TiCl,, tha dfmcthoxyacctrl intermediate 

climinatad methanol qontantoumly to give tha betalcthoxyacrylatc eater. 

The geaetrlem of tha isomcre of (11) vero defined unambiguourly by means of l weral n.m.r. 

l xperfm*nto. (a) Irradiation of the vinylic proton of the l#orer (lla) resulted in a nuclear 

Overhaueer enhancement for the adjacent aromatic proton. No ruch nOe ~a. found for laomar 

(lib). (b) The proton-coupled 13C-n.m.r. rpcctrum of (lla) ahowed l coupling of 10.2 AZ 

between tha vinylfc proton and tha acrylatr carbony carbon. The corrorpondfng couplfng for 

(lib) Y.. only 3.7 EZ. Literature precedent ladlcatco that acrow l double bond ia 
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inverlebly gr..tar for the rel.tlon.hlp bctva.n C .od E (In thl. c.... th. (z)-1~a.r) 

th.o for tb. .lt.rn.tlve. 
14 

(c) Pln.lly, th. b.t.-rlnylic protoo ch.rlc.l rhift. for the two 

l.our. of bot.-monomb.tltut.d .cryl.t. ..t.r. .re ch.r.ct.ri.tlc: thet for th. I-l.omer Is 

lov.rf.bly douofleld from that for th. (z)-ieowr. 
15 

Ih. rhlft. ob.orved for (11.) .nd (lib) 

wr. d 6.42 aud 7.46 p.p.m., re.p.ctlv.ly. All th..e da. .r. coa.l.t.ot with (II.) belug the 

(k)-l.owr, .od (Ilb) the (g)-ieomr. 

The two cerbonyl r..on.n~.. in th. proton-coup1.d 
13 

C-n.r.r. l pectnm of (1) @howed 3-band 

H-C coupling. of 3.5 end 4.6 Ax. 011 the b..i. of th. v.1u.r ob..rv.d for the tvo Isomer. of 

(11). (1) therofor. hi. (g)-.t.reochal.try *bout the double bond. 

Acid (A) w.. .thyl.tod . . before, but the methyl ethyl di..t.r (13) obt.1n.d v.. not the 

came . . clther of the two lrcwr. of (11). In p.rticu1.r. the two methyl r..oo.oce. In it. 
1 
ii-n.m.r. opoctnm uor. l laort th. l em. , uhero.. tho.. for both 1oar.r. of (11) .re well l pllt 

(..I Exp.rfwot.1). Ihc chraic.1 l hlft of the vlnyllc proton (6 7.50 p.p.m.) 1odic.t.e 

(C)-rtereoehomiatry. Slnco th. .ltoro.tlvc r.glocheml.try of rlng-oponlng of (1) we l lready 

ruepected. it remei.n.d to l ynth.ai.e the correrpondlng rogialeouric *thy1 m.thyl di.rtor 

unublflourly. Thl. v.. rmdili cffoctad by th. ch.ai.try of Schcu 2, P.th 2. to live (13). 

.t.rtlng from th. known lo .lt.rn.tlv. *thy1 -thy1 dl..ter of horophth.lic .cid (14). wound 

(13) we. idmtlc.1 in .ll r.rp.ct. to th. .thyl.tlon product of (A), thu. demon.tr.ting 
6 

conclu.lvely th.t (A) do.. not h.v. the .tructur. (2) preolourly . ..1~.d. but r.th.r I. the 

rc~lolrourlc .cld (5) of (e)-.t.r.och.mlstry. 

Acry1.t. Eat.r-Acid (2).- Since (5) Y.. only ever l.ol.tod In *bout 60% yield, deepit. 

dl..ppcar.oce of ~11 starting mt.rl.1 (I), we l rerched for .vid.nce of oth.r product., 

perticulwly the ecid (2). Three peek8 correoponding to non-.cldlc uteri.lr wre .leo 

0b.ew.d in the h.p.1.c. tree. of the crude re.ction rixtur.. A neth.nol .olutlon of this 

mixture re.dily dep0.ft.d white cryet.1. of (1s.). Pl..h chroutogr.phy of the mother liquor. 

led firot to irol.tlon of l.ocouurin (16). It. etructur. ..eignm.nt follow. from It. phy.ical 

propertic. .nd comp.riaon with llter.tur. d.tss6 L.t.r fr.ction. coot.1n.d . mlxtur. of (15.) 

.ud (ISb), which could oot be .ep.r.t.d chrom.togr.phlc.lly. Hovov*r, fr.ctlon.1 

cry.t.ll1..tlon of e m.th.nol l olutlon of th. rfxtur. (4:l) g.v. mar. pure (15.) end l veatu.lly 

led to . fraction .nriched in (1Sb) ((lS.)/(lSb) - 1:2). Povev.r, (1Sb) could not b. obt.1n.d 

pure. The gro.. constitution. of (15.) .nd (1Sb) follw from their .p.ctr.l .nd .n.lytlc.l 

prop.rti..: they ere 1.cm.r. of the dihydrolrocouurln (15). IO p.rtfcu1.r. e.ch .houed .n AB 

0.m.r. ap.ctr.1 p.ttem for E-3 *ad E-4, vlth the forwr et l chaic.1 .hlft typic.1 for .n 

.cet.l-type proton (6 E. 5.6 p.p.m.1. Other l pectr.1 d.t. .re rec0rd.d In the Experluntrl 

l *ction. On th. be.1. of proton-coupled 
13 

C-0.m.r. .pectr. including ..l.ctirc proton- 

decoupling .nd h.t.ronuc1o.r ZD-J l xpcrim.nt., Y. b.ll.ve th. cxy.t.lline 1.cm.r (15.) h.. 

treor-.t.reochmistry, .nd th. other (15b) 1. cf.. - Hovevor, . d.gree of .mblgu¶ty rcm.lo. in 

the.. .t.r.och.mlmtry . ..Ignwnt.. .nd .o full d1.cun.1on la portponed until d.finitlv. .vid.nce 

1. forthcoming. 

A control cxporiment .hov.d th.t the dlhydrol.ocou8erln. (15) lo.. uth.nol to give 

ioocouurln (16) under th. conditloo. of the initf.1 .ohydrld. ring-opcnln#. Th. l tructurrs of 

the i.ourm of (15) 1e.d U. to propomc th.t th.y re.ult from b...-ioduc.d ring-clo.ure of th. 

.lu.Ive .cid-..tcr (2). 

The important conclurion to l un.t. fror the IeoLatlon of (15) end (16) 1. thet th. 

.ltona.tiv. r.gloi.omer (2) from rthoxide-induced rioa-opening of (1) 1. Indeed f0rm.d. but . . 

.xp.ct.d I. un.t.bl. under the .trongly b..ic condition.. 

Th. .n.lytic.l yield of (5) 1. 62X. (15.) 15.22, (1Sb) 3.0X, .od (16) 4.4%. UC have b..n 

unable to l coount for th. r.ulnin6 152 of (1). but .u.p.ct that highly po1.r .pec1.. .re 

formed. The reletlv. propeoeity for .lkoxld. .tt.ck of (1) .t th. l cry1.t. c.rbonyl corp.r.d 

with th. b8nxo.t. c.rbonyl fa ther.for. *bout 3:l. 

Corp=tfng r.vor.ibl. Klch..l .tt.ck of rethoxide .t the m.thoxyuthyl1d.n. group of (1) 

c.auot be ruled out, *inc. re.ctlon of (1) vith .th.nolic l thoxid. 8.v. (17), uhmr tha 
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(16) 

methoxfde Broup l lroedy prrrent in (1) ir alro l ubetltutrd. Altcrnetively. wthoxlde end 

l thoxlde could be l xcbenglng after rfng-opening. 
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Solvente were dietilled before we end rtorod over molecular alevee (4A). Organic extracts vere 
dried over upeeicn eulphetr unle~e *rated othrrvire, prior to evaporation under reduced 
preesurc. Flesh chrarto8raphy wee carried out over Merck 608 rilice. wins l gradient of 
diethyl ether la hexane, uolcee othervire etated. M.p.e wro detsdaed in caplllariee in a 
Bucbf ultiag point apparatus, and l re uncorrected. Ir l fectre were recorded l e film or aujol 
rulle OII e Perkln-tloer 083 Infrered Spectraphotometer. 8-W.m.r. l peetre were recorded et 
601Plt on l Perkin-Elmer kZ4A rpectrontcr , or at 25OnSr on a Bruker MS0 lnrtrument, 
deuterochloroforr unleee othenrfee etated, end wwe referenced to tetruethyloilene. 

j.g 
C-L.r.r. 

fgectre were recorded on e Brukcr vlu50 lnatrunnt et 62.9)41x. Keportod 8ultiplicftiee lo 
C-n.m.r. 4pectra (e, d. etc.) refer to oue-bond eouplirqe only. Electron iapeet mea l pectra 

were recorded ti a Al!1 NS9 ia~c-at. Chale~l ionleaclon l pectre vere recorded on l Pianl~an 
MT B200. in. l nerel, frepcntetioa pattrtnr were unoxceptlonel end full data are not reported 
here. t Hlcroa l lyoee ware detemloed In-houee. Purlty of s-lee wee eleo checked by t.1.c. on 
Kodak Chrau(ram rflica abeeta , and rereraed phue h.p.1.e. on l Hewlett-Packard 1084B Liquid 
Chrouto#raph. wing l llfchra ODS Rypereil l tetionery phaao l luted with l olutlone of 
l cotonitrlle la dietilled vater. 
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JE)~~etho~thyl~u9-3,44ihydro-18-2-benropyr~-l,3-bfone (l).- Ihim vss prepsrod by the 
procoduro of Wolfbeim’by rsfluxinr toKeth*r homopbcbslic scid (22s). l estic sohydride (6OK). 
kd trimethyl orthoformks (161). -K&yetslllmst&m fra hot chlo;o~xrma gsve the prod&t 
sobydri$a (1) (15.61~. 62.82) ss vhlto noedlu, l .p. 185-186.C (lit. 182-C) (louad: C, 64.4; B, 
4.0%; fi 204. C8kI for C E 04: C, 64.7; 8. 3.9%; Bl 204); V (nujol) 312%. 1758. 1730. 
1707. snd 1605 cm ; 6 (2&k. d -DlSO, 313K) 4.30 73E, l . odty: 7.47 (LA. t, ArE), 7.77 (lR, 
t, ArE), 8.08 (la, d. k). 8.17?16, l , -00. 8.20 (ltl, d, Arli? p.p.m. 6 (d -DMSO, 313K) 
168.80 (d, -CE). 162.15 (e, ‘J 3.5 Rr). 161.07 (s, ‘J 4.6 Ax). 135.28C(d?Ar), 133.50 (e, 
Ar), 129.75 (d, Ar), 127.23 (FAr), 125.48 (d, Ar), 1%!95 (s, Ar), 99.81 (s, -($O>, 65.07 (q. 
OCH,) p.p.m. Tha vslue of the couplioK con~tsnt to the vlnylic proton lndicatss s 
cis-rslstionship betveen thle proton sod the cerbooyl Kroup (cf. Discussion).). 

Reectlor, bstvron (1) sgd l odium wtboxido In utbsnola- him vse csrrlcd out by the procedure 
deocrlbed by Yolfbelr.’ br trestlna the bcaophthslic l ohydridr dsrlvstlve (1) (10s) under W, 
vith rthsaklc l odi& wtboxid.. - Tba product (L)-3-metirory-2-(21-thoxycsrbonyip~nyl)- ‘ 
propmoic scld (5) vsm recqstsllfssd from methsool (6.841, 59.12) m.p. 147.C (lit. 149-C) 

2400-3300b. 1719, 1685, 1655, 1639 cm . 6 t2f%tr) 3.85 (6R, l , 2 x OCR ) 
(Found: C. 60.7: 8, 5.2X; n 236. CslcLlfor Cl A 0 : C, 61.0; 8, 5.12; n 236. 9 

ArR). 7.58 (lit. l , -CH), 7.95 (ill, m, Ar8).87.58 (Ill, I, Ice). 7.95 (la, rn! k). 11.05 (le. s. 
l xch . , CO Ii) p.p.m. 6 172.58, 167.24, 159.51, 133.22, 132.08, 131.35. 130.51, 130.12, 127.40, 
111.70, 61.73, 51.56 p!p...). A psrsllel resction vse vorkod up differently. The crude 
resction product vss diesolved in dichlorouthsne , l xtrscted vith squeour *odium cerbooete snd 
vster, snd the orgsnic phase dried. The nsutrsl product obtsioed cootsiosd three componente 
(h.p.1.c.). This vse t&en ioto vsm methsnol, snd aftrr coolloK in l freezer, vhlte 
cryetslllne 3*ethoq-4_wthoxydihydroleoc-rln (15s) vso depoeited (0.688) m.p. 95-C Wound: 
C, 91.0; B. 4.9X; E 236. Cl ii1 0 requires: C, 61.0; R, 5.1X; n 236. v (nujol) 1730. 1706 
cm- . 6 (250KEr) 3.55 (3R. i, k&E ), 3.72 (3R, l , CO CH ). 4.10 (IR, r=J 2.7 Ez, CHCO Me). 
5.73 (12 d, J 2.4 Ilr. CHOMe), 7.35 T?E, bd, ArH). 7.46 fli! dt. Ad). 7.61 ?lS, dt, ArH).28.12 
(18. bd, ArH)-p.p.m. 6 168.72 (s, CO Ms), 162.63 (s, Arc-O). 134.20 (d, Ar), 133.92 (e, ArCH). 
130.03 (d, Ar). 128.86 Fd, Ar). 128.S32(d, Ar). 124.46 (sy Arc-O). 102.05 (d, CHOHe). 57.0?-(9, 
CROCH ), 52.94 (q. CO CR ). 
snd-f ksh chromstogrs~e~ 

48.74 (d, 2X0 Me) p.p.m.). Thrmother liquors veT* concentrsted 
(hexsos/ether/me&snol Krrdieotr). The first componsn& obtsfned vss 

the white crystslline 4qet$oxycsrbooylimocoumsrio (16) (4OmK) m.p. 93-95.C (lit. 97-C) 
(Found: C, 64.4; II, 4.12: g, 204. Cslc. for C ,R 04: C, 64.7; II, 3.95X; E 204. V (nuJo1) 
3124”. 1741. 1717. 1619 cm . 6 (601Qlr) 3.8b (311. ., OCH ). 7.1-8.8 (4H. l , A#%.18 (1Hr 0. 
-CR)) . Lster frsctions contslne ! a mixture of (15s) snd i& isomer. Repested frsctionsl 
cryetsllisstion deposited mors pure (15s). snd sn oily residue contsiniog (15b) sod (15s) in s 
rstfo of 2:l. (For (15b): V (film) 1736. 1605 cm 6 (25OMHr) 3.60 (3H. s, CHOCM ). 3.75 
(3H. s, CO CH ). 4.26 (1R. d,y3.69 ti, CHCO MS). 5.5; (11. d, J 3.69 Hr. CROMe). 7.3=?.65 (3R. 
m, ArE), 8fl?3(lE. bd, ArR) p.p.m. 6 167T932(e, CO Me), 163.27-(s, Arc-O),-134.16 (d, Ar), 
133.66 (e. ASH). 130.36 (d. Air), 128hl (d, Ar). iZd.18 (d. Ar), 126.8x (e, Arc-O). 101.39 ( dt 
CIiOMe). 57.z (q, CEOCH ). 
i~slysis using methyl-ba 

52.70 (q. CO CE ), 
nzoste ss sn in l 2-l-i 

47.96 (d, PC0 He) 
3 

p.p.m.). QuS;;titstive h.p.1.c. 
sl stsndsrd gsvs lsldr for the products: (5) 62X; 

(15s) 15.2X; (15b) 3.0%; (16) 4.4X. 

Methyl (E)-3-methoxy-2-(2’-methoxycarbooylphenyl)propeaoste (6).- 
(E~-3-Hethoxr-2-(2’-methoxycsrbooylpheoyl)pro~enoic scid (5) (1.08K) vss l tlrred st room 
&persture -ti Dlk (lhl) kth meb;l ibdlbe ilml , excess) snd potssslrn csrbomste (0.78). 
After sbout 2h the solution vss diluted with vster snd l xtrsctsd into ether. The orgsolc phase 
vss vsrhsd twice vith vster, dried (IQSO ) snd l trfpped to give the product se s colourlese oil 
(0.988. 85.2X) (Found: C. 62 4; 8, 5.&M+ 250. C H 0 

(film) 1709b. 1637 em-‘. 
requirer: C. 62.4; H 5.6X; M 250. 

9 6 (6OMBrT 3.62, 3.)2,‘9.36 (esch 3H, s, CM.), 7.1-7.6 738, mr 
Arfftt’7.48 (1A. s, -CH). 7.95 (1Siy m, ArA) p.p.m.). The msrerisl vsc idemticsl lo sll respects 
to s ssmple prspsred from dimethyl homophthslste by condenestion vith methyl formste promoted by 
sodium hydride, followed by ncthylstion in DXF vith dimethyl l ulphste sad potsssium csrbonste. 

3-Bydroxy-3-(methorycsrbonyl)phthslide (lO).- Phthslonic scid (8) (1~) vse vsrmed briefly vith 
scetlc snhydrlde (2111) on s stesm bsth. The l olutlon vse irsdlstely cooled on ice, sod the 
psle yellow phthslooic sohydride (9) vss filtered rspidly at the pump. This vse dissolved 
tiedistely sod without vsehing in excess dry uthsnol. After shout lh, l xcsss rethsnol vss 
l trippsd, snd the rssidue vse dletrlbutsd between vstsr sod chloroform, sepsrsted snd the 
squeoue lsyer ro-•xtrscted vith chlorofom. Tbe combioed orasntc phsse vss dried (Ns2S04) sad 
stripped to give s colourlerr oil vhfch slovly crystsllifgd (l.llg). A smsll es&e ~a# 
recrystsllised fror toluene/hsxsne: m.p. 71-71.5-C (lit. 
8, 3.8X; cslc. for C H 0 : C, 57.7; R, 3.9X. V 

94.C from benzone) jyound: C, 57.6; 
(film) 3480b. 1775. 1745 cm . 6H (601111~) 

3.72 (38, s, oCB ). d?19 i!lE, s, sxch.), 7.4~8.w4E, I, ArA) p.p... 
134.89, 131.48, ?27.04, 125.78, 122.77, 99.69, 54.43 p.p... 

6 
This rpac F 

168.63. 167.65. 144.77. 
rum cm only be sseiced 

to the phthsllde structure &ive$. Bin&-opened rsrelonr vould require 3 C-O peck@; only 2 sre 
obeerved. M: EI m/z 149 (00 g ); CI/NH3 m/t 191 W-OH), 209 (WH), 226 (M,), 417(2wS). 

Methyl 2-•tho~csrbooylphsoyl~lyoxylste (7).- Phthslide derivstlvs (10) (0.56) vss stirred in 
DW (kl) coatsloin l xcsse ethyl iodide sod potsssium csrborute. After lh, vster vse sdded snd 
the mixture l xtrscted vith ether, vaehed vi&h vster, dried snd stripped to give s colourlees oil 
(0.261, 45.32). (Pound: c, 57.8; 8. 4.0X; n 236. Cl R, O5 requirer: C. 5T.7; 8. 3.9x; l236. 
6 (6OHR1) 1.33 (3H. t, J 7Br, CE CB ). 3.31 (3E. sr he?, 4.32 (2R. q, J 7&OCR ). 7.1-7.7 
(%. l , ArH). 8.0 (lR, mTArR) p.s.;? 6 187.04 (s, COCO Me), 166.4 (sawm Et). 181.3 (s. 
~,Ne,, 138.7. 130.2 (esch s. Ar), 132.9: 131.A. 129.:, l&.0 (esch s. ArEIf 62.2 (t. 0CH2), 
53.0 (q. 0CH3). 14.1 (q, oCA2~R3) p.p.m.). 



Rinpopning of I homophthalic anhydride 3733 

r I, in l tbar (2Oa.l). 
~ota&m t&&.ctxik &XI& 2.?eqvt) warn &dad, and the y~lluu-oraa(lb l olut& ~8s Hirred 
vigorously-for 0.5lt at tom twporaurm. T?m &oxyhte (7) (0.268) va8 then added in l rhu 
(5Dl) l litet 1.5h et roa taperatura, saturated aqueous sodium acrtate mlutim nw added, the 
layrro uara repa=t*d, and the orguic pharr vuhod tvico vith water. The l qwour urhiny 
ware baek+xtractod tit81 ether, t&o cabined ar8snica were dried sod srrlppad to give an orawe 
oil. l’rsatunt with huanr/ettir caused prripitatian of triphroylphaxphime amide. the or8anit 
solution vs# flash cbrouto8raphed throu8h oiltea using l slov haunelether Xridieat. Ths first 
utwrial i$ol@ted UNB the.(E)-i-r (118) a$ l cofourleao oil (34 y; 11.7X) (lmmd: C,l63.9; 
H. 6.0%; It 26b. C B 0 requires: C, 63.6;‘R. 6.1X; H 264. V (ill& 1711. 1636 CI 
(250~~2) i.33 (3~~t.19 3 Br, ~a CR j1 3.67 (3~. 8, ~0% ). 3.Wtar, n, +wzg ), 4.28 i 2g, 

6, 

q. 3 7 Br, CO CB ). 7.?5-7.fS (3&-4, AtBl, 7.51 (18, &-&I%), 7.99 (18, dd, 5-A&0 p.p.r. 
Irr~dfation l z 623.81 p.p.r. lad to ofgnaT ouhancommt at 6 7.51 p.p.r. 

6 167.85 (0. CO XI, 3J 
No other nOe# Vera 

observed. 3.7 Rr), 167.09 (e, Co Lt), 158.05 (d, -CR), 139.77 (s. 
1-M). 132.26 (d, At), UT.32 (d,-@), 130.77 (8. 2-Ar), T-ja.29 fd, At), 127.50 (d. Ar). 112.U 
(a, “CC0 >, 61.78 (q, mg )t 60.82 (t. CO Cli 3, 51.42 <q, CO CK 1. 14.16 (q, CR Cll ) p.p.r.). 
Later fr f- ctfonm l htcd tin &- imcmor (Ilb) k&tit. cryotrfe f&218; 72.21) m.p. ~8~119’C 
(Found:_$, 63.9; 8, 6.0X; 3 264. Cl Al 0 roqulraa: C, 63.6; 8, 6.1X; M 264. v (nujol) 1705, 
1618 cm . 6 (250 I+lr> 1.34 (3& t, 9 3 Hx, OCR CIl ), 3.66 (3%. D, co’ CE ). 3%*(3ll, l 

-CO0 ), 4.31E(2E, qr J 7 Hz. OCR Cll >y 6.59 (lll,2aT3q). 7.21 (Ill, bd? 6&R), 7.38 (la: bt, 
Ar11)13?.49 (18, bt, A&. 7.97 &, ad, 3-&R> p.p.r. Irredistion of the pult at d 6.59 p.p.r. 
led to cnhaacamont of the 8lgaal at 6 7.21 p.p.m. Irradiation at d 3.95 p.p.m. led to l ign~l 
l nhencesent at 6 6.59 p.p.r. 6 167.35 (8. C5 gc), 165.36 (I, CO Ho, ‘J 
-CliO_) , 136.63 (s. I-Ar), 131.62 (d, 2 

10.2 HZ), lS7.73 (d, 

li2.45 (8, %CO ), 62.51 (q, 
x ArJ.2131.?1 (e, 2-Ar)T ~30.39~. Ar). 127.57 (d, Ar), 

p.p.m.). Path 1 (richame 2{.- 
MBiOCB 1, 61.00 (t, Co Cli ), f1.12 (q, CO Cp f. 11.23 (q, CRp3) 

Trf;;?hyl.ilyl tr!f& t2.221, 1.93m.l) &aa3add.d #lowly to a 
solution of triethytl’aaioe l.Olg, 1.3ALl in ether (1011) under nitroXtn, toutaImed in a 
dropping funnel at room teratura, vith m&Hog. After about l%fnm, the clear rolution VW 
l dded to ncrthyl 2-~tho~corbonylphonyl~c*~to. (12) (1.8~) in ether (IOmI) at O*C, end rtirred at 
room tampratura for about lh. A 2-phase mixture rnsultti, containing the mixad k&ens ally1 
mtFhy1 acetal. A wparata flask purged uith W snd cooled to 
orthofomata (l.lg, 1.14rl) in methylen* chforfd. (15ml). 

-70% us8 charged with trfrethyl 

1.181) la aethylene chloride (Sml) with stirring. 
To this was l lauly addad TiC14 (1.9& 

A palt cret18 precipitate developed. The 
knton* oily1 l cetal #olutloo van tranrftrrrd to thr droppin funnel vith the aid of 
dtchloromethsn~ (Sal) and added slowly to the fiClq/(kO) CE( rixturc lit -7O.C. When the 
addition VW conplttt, tbt tempwaturt was allowed to rfs 2 *pontantourly to room tomptraturt, 
and rtfrring vaa continued for about lh, after vhich tiwe a brownish solution had developed. 
Thr solution wan poured into .XE.W aqueous rodium carbonate eolution, with rtfrring. The 
white precipftata vas rtwvtd by ffltration, and the filtrxrts separated. The organic iay*r 
WB wshtd three tiseo with uater, ubllo the aqurouo layer VW beck-•xtrrtcted virh ether, and 
the combined organic phase dried and ntripptd. The etude pslr brovn oil wa8 stparated by flmh 
chromatography on silica. Early fractiona contrlnrd racovcred atarring uterial (0.986, 54.4X). 
The (If--in-r of (11) produced mm‘ obtained ax x colourless oil (0,7281 33.6X). follarrtd b7 a 
null emount of the Q)-IBomer (0.028. 0.9X). IO each cua, cht spectroscopic and 
chrometographic properties utr8 tx~ctly as tho8a roporttd for the mxterl.ala prtpared by Path I 
(abow). Sub*tquent rxpwlmenta on rtlated l ywams rhovcd that the yield of product could be 
incraascd if the nilylatioo was csrriad out in dichlorowthane instrod of cthor. 

t&thy1 2-cerboxyphw%y18cet8tt.- Bonophthallc 8cid (SOg) ua8 rcflurod in methanol (2OOml) 
containing conccntratod wlphuric acid (I5 dropa) for l.Sh. Mrtbol wen rouwed on the rotrry 
evaporator, water was added to tht remltiag ytllw oil and the phawa separated. The orpoic 
phart l oIidified to an off-uhitc ~88 which was taka into dilute aqueoru aodfun bicarbonate 
solution, end extracted tvice with diathyl ether. The aqutouo phuc wan thrn acidified to pll 6. 
The prtcipiatc YM filtwad off, ua~hdl~opiou~ly with vator, and dried to 61w+off_uhitt 
powder (L&.&g, 82.&X), r.p.95-96-C (lit. 
for C I! 0 : C* 61.85; 8, 5.2x; n 190. V 

96-97W ) (lowi: C, 61.6; H S.ZX; 5 ,_t9’. Calc. 
(nujol) 2400-3300, 1723, and 16?7 ED ; sH 

(60& 3!6f) (3H, 8, CH >, 3.99 (%l, s, cRjsf?‘7.05-7.6(38, u, A&), 8.08 (ll, dd, 3-ArEI), 
%.10.&l (lit, ., txch., 202fi> p.p.a.). 

Methyl 2-•thoxycarbonylpheaylacotstr (12).- Xonouthyl haophthslatr (l.%g) vao stirred in 
dimrthvl foruaidt II!iml) with l nhvdrow ootasaium carbonate (1.1~) and l tbvl iodide (1.3~) at 
room t&pwature fo; lh.. Ether a&l wttr‘rwe added, and th‘t&-9har.s w&tad. & o;ganic 
leyer was washed with vattr, dried, aad the s$lvent removed to give the product as a colourltst 
oil (1.838, 82.4X) (Found: C, 6216; H.6.3X; N 222. Calc, for C H 0 : C, 64.85; B. 6.35X; n 
222. V (fiIl) 1731, 1710 cm * & (60&, 1.31 (3lI, t, J +‘it!! dCR CR ), 3.61 (3H, ., &ef, 
3.97 (2RP&, CH2). h.28 (28. q, 2 7 HP, OC~,CX,). 7.1-7.5 (3%. m, Arl),‘Eya (lH, I, ArR) 
p.p.r.). 

gthyl 2-carboxrphanylacetata.- Thi8 vas properad as tht mathy tster above, l%t crude white 
product uaa racryetrlllaed as fina nrt$lrs from hot watmr (17.350, 66.71) r.p. 107-108*C (lit,’ 
107-108.C) (Found; C, 63.0; 1(, 5.8X. rl208. Calc. for C H 

(oujoif 2400-32OOb, 1731, 1679 tm 6 (60?4ir) l,tfl(js 
0,: C, 63.45; H. 5.8X; n 208. 
, tr. J 7 Hz, OCR Cl! ), 3.98 (2H, 

:%f2), 6.11 (ZA, q, J 7 AZ, OC~,CR,), 7.1E7.6 f3R, xi* ArR), 8.10 TlH, 1, ArWf ;!p.m.). 



M. G. HIJTCHINM CI al. 

This VU ptaparod IO the man usy l o tha 
(12). abow, by dkyhtion bf the haophthlta lulf 

(methyl) wtor by naoo of ethyl IodMa IO dlnthyl formnIdacont~IoIoSpat~~~Iu carbcwto. 
The crud. bran oil wblcb um obtalnod mlidlflad on l tIrrIp& Thlm mml~urIfIed by ftisb 
chroutogmphy t+ glw floe white needleo (1.771. 64.6X) m.p. 49’C (lit. 48-49.C) (louad; c. 
64:i; a, 6.3X; U 222. tile. for C al40 : C, 64.85; II, 6.35X; z 222. V 
cm 6 (SC&) 1.22 (3R. tr, J %z. bcp CU.,), 

(nujol) 1729, 1714 
3.81 m. a, cm), 3.9Wia. S, cn2), 4.09 

(28,‘q. f 7 Br. OClI,CB3), 7.1-7.5 (3% m, AhiT, 7.95 (la, 0. ArW p.p.m.). 

(13) .- (a) cnm l ylacryl,Ic 
forrride (1511) and l lrrd tith 

bhAta (0.39~) uid vot88#Ium cArboo8te (0.3%) and the ructloo stood owmIIht. It 
mm p&red into a&~~~ potukm carborutr , and cxtr&tod with l tbor. The or8aoIc l&r usa 
varhad tuIcc with mtmr, drlod and #trIppad. Tbbr cruda product uam fl@ chroutographad to 
give pura product as l o oil (0.371, 65.0X) (?ound:_v, 
C. 63.6; 8. 6.1X; N 264. v (film) 1710, 1640 a 

6.3X; i 264. Cl R 6O raqulrom: 

3.68 (3H. a. Otta),-3.72 (3r1, W). 4.08 (28. q, 5’7 
(6OMEz) 1.15 (3% t, 1 + l& OCR CE ), 

CE ). 7.1-7.5 (3R. l , Arli).27TJ6 
(1R. #r -CU. 7.95 (la, I, ArR) p.p.m.). bo&bon,k)p~JWae.t.t. (14) .- 
The harophthkte diemtor (14) VW treated flrmtly ulth trintbyl~ily1trff.&to/trIothylqinc. 
then TIC1 /trimthy1 orthoforute In dlchloromothaoe 
above. Pik 

, u In tha preparation of (11) by Path 2. 
IfIcHIoo of the product by flash chromatoRr8phy 8.v. material Idootlcal to that 

prepwmd by method (a). 

(E)-3-l!thor)_2-(2’-~thoxyc~rbooylph~oyl)uro~ooIc acid (II).- 4-IWhoxyuthylIdsoe homophthlle 
anhydride (1) (O.SlK) VU trutod vith rt&nolIc wdlw &wxId* (fra ea. 0.061 W. A brIW 
yellow colour resulted uhlch faded on l tlrrl~ at room tqraturo 1.5h. The titurr warn 
acidified to pR 6 vith acetic acid and stripped to glvo a yellou-uhlte l olld. l’blr vu than 
ioto raturatod l odlu bicarbonate l olutloo md extractad with l thar md dichlorcmotbuw. Afta 
l cIdIfIcatIoor tha aquooua layer vu utractod vith ether mnd chloroform, tha orgaolc layor 
ramhod. dried mod rtrlppod. Rec~~ta.llI~atIoo from mot*1 WV* uhlto cryotalm of the product 
(O.S3$, 84.1X) l .p. 165-166. (Found: C. 63.5; 8. 6.5Xi 5 264. C Al 0) requltar, C, 63.6; R. 
6.1X: l4 264. U (nuiol) 2400-3400b. 1702. 1669 cm . 6, (60ldit. i,-DMSO) 1.16 (all, ., 2 x 

OCR k-1, 3.98 t%: -q.-J i ax. oCz2cRi), 4. io (28, q, J 7 ft. ocg2cA3Y. 7.05-7.0 (4fi. m, AriO, 
7.56 ??a , l , -cl0 p.p.mT). 
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