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Abotract - The reaction of br orougacrium pbenolatao I in toluene with 0, 
B-unretuteted xcyl chlorides 2 et room terpcreture provide, l rtraightfonard 

highly selective xyntherir of o,B-uaoeturxted Z-hydroxyxrylketoner 3. 
2’-Hydroxychxlconex, ortho-•orbylphenols including rorbicillin 31, and 
ortho-propiolylphenols were ursfully ryntherixed by thir vxy. This rexction 
provrder a further example of the l yothetic verrxtilicy of the 
chelation-controlled approach in the elaboration of phenol derivatives. 

The l cylation of phenol* with l cyl halide8 ir a topic of continuing interest to orSenic chemirts, 

offering x rich sod fruitful xrea for study end xynthetic application. 
2 

Our previour experience with the chelation-controlled reSiorpecific l leccrophilic 

rubrtitutions to mecal pheaolxter 
3 prompted ue to reexamine the uee of xcyl chloride. xx xcylxting 

l gent~, ruggesting x simple xod highly selective lrthod to xcylete phenol. xc the ortho-poririon 

under mild conditioas. More specifically, this paper deals with the reaction of metal phenoletes 1 

with o,S-unsaturated l cyl chlorides 2 providing a streightforuard entry to o,S-unsaturated 

2-hydroxyarylketoner 3 including ortho-cinnxmyl-, ortho-sorbyl-, xnd orrho-propiolylphenols, l 

~1x0s of irportxnt naturally occurring capouadx end rynthecrc ~ntermed~ater. 4,s 
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The most useful syntheses of there rubrtencer involve conventional Priedel-Crefte l cyletion,’ 

Prier-type reerrrngemsnt of ruiteble l ryl esters, 6 end cross-•ldol condenrec ion between 

ortho-hydroxyscctophenones end ruiteble l ldchyder. ’ These procedures hovever suffer romewhet from 

diradvanrager such l e Ieck of selectivity, limited l pplicebrlrty, end l ultirtep procedures. And 

such e limitecion is en indication rhet the regiocontrol of the scyletion process of phenol 

deriverives is still on open problem end thet further synthetic studies l re l ppropriere. 

Our route sterts from highly co-ordinetrng mete1 phenoleter , in general broaomegnrsium reltr 

1 end o,Cunrecurrted l cyl chlorides 2 vorking at esbienr tempcreture in poorly donatiw medie 

(Scheme 1). The a,$-unsecursted ortho-hydroxyarylketones 3m-b listed in the Teble were obtrined 

by rhlr v.y. free from pare-•cylrted Leomere, along vrth only l few percent yield (IO-15X) of 

oxygen-ecyleted capounde. 

Table. Syntheeir of o,g-unrecureted 2-hydroxyerylkctoner 3m-b. 
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Cinnemyl chlorides (entry l-3) produced 2 ‘-hydroxychelconer in 55-70X iroleted yield, end 

rorbyl chloride (entry 4-7) gave rise to ortho-rorbylphenols (SE-782 yield), including the 

Penicillium Chryrogenw rstebolite l orbicillin 38. Sirilerly, phenylpropiolyl chloride (entry 8) 

yielded 3b with nearly quenritrtive ortho-selectivity. 

All the compounda in thlr study , vhore purity verchocked by HPLC sad TLC techniques, verc 

cherecterited by combined rpectrorcopic rthodr end, in perticuler, the ebrolute C,C-geometry of 

the hexedienoyl side-chain in 31 wes l steblirbed by high field 
1 ii NHR rpectroscopy, l leo in 

cwrison with the reported structure 8 
l s well es rimulerion experiment*. 

The ortho-•cylphenolr produced in chic reection correspond to the expected producte of l 

mtel-templere unuruel Friedrl-Crafts ecyletion. As dewmstreted by II end 
13 C HIS meesure~nte in 

recent vorke, l cyl chlorides undergo sdductr with Levis scide in which the mete1 center 

co-ordinster the crrboxy-group prcferentielly. 9 On the berie of cheer obeervetionr end foccusing 

prcvioue rtudier on the cheletion of l ldehydic cerbonyl-group vith bromoae gnesiur phenolace*, lo we 

l uggeet the rchenietic Path outlined in Schw 2 for thie ortho-rpccificelly directed l cylation. 
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Scheme ? 

Ye emph..irc that the b.rir of the rem.rk.ble ortho-rclcct~vlty ir due to the Inltlal 

inter.ctron between the phenolic metal ion and the .cyl chloride 2 le.ding to the oriented complex 

5. Electrophilic attack at the rro-.tic nucleour c.n then only occur at the proxim.te 

ortho-poeition (route .J. On the other h.nd , nucleophilic di.pl.cemt of 2 by r.n. of phenol.te 

.nion produce. l .tera b I. .ide product. (route bJ. Ye exclude inrte.d . Frier-type ortho-.pecific 

re.rr.ngement (4-a) uinly bec.ure the re.ction of both l ryl cinnrmetes (4, Z--CH=CHAr) and l ryl 

rorb.te. (b, Z~-(CHmCH)2-~e) with a rtoichiometric l wmnt of bromomgnerium phenoride uoder our 

reaction condition8 rerulted in complete recovery of unchanged starting esters. 

In conclusion, the usefulnerr of the chelation-controlled approach in the ortho-.pecifie 

l ub.titution to phenol* with l lectrophilic reagents is firmly established, and the prerent work 

represents l further .umple of the synthetic verrrtillty. 

the in.trument.tion employed in UV, ‘II NNR, .od “C NMR 1~ .lyre. . . well . . equipment 
dercriptioo were given in the preceeding p.per. of thir l eriee. 
(At) Y.. prep.red by reduction of 2,4-dihydroxy-3-wthylbenx.ldehyd.; 
3,4-methylenedioxycion.roy1 chloride (2bJ, rorbyl chloride (SC), .nd phcnylpropiolyl chloride 
(2dJ wre preprred fra the correrponding .cidr .nd thionyl chloride. 

a,$-Unr.tur.ted 2-hydrory.rylketoner (1). General acylation procedure. To . l olution of 
l thylaegnesLum bralde (0.01 mold in diethyl ether (25 rLJ . .olutioo of the relected phenol 1 
(0.01 801) in diethyl ether (25 rLJ Y.. .dded under rtirring .t room temperaura. The ether wae 
removed capletely under vacuum and .nhydrour toluene (50 ml.) v.s d&d. To thr rerutting rlurry, 
the .ppropri.te .cyl chloride 2 (0.01 rolJ in toluene (15 mL) Y.. tided dropwire .nd the 
yellow-or.nge rurpenrion Y.. rtirred .t room tempereturt for 5 hr. The mixture Y.. poured in 
.qucour .mmonium chloride rolution .nd then l xtr.cted with diethyl ether (3x50 mLJ. Drying 
(N. SO ) md rewv.1 of the solvent gave l syrup from which 2-hydrory.ry1keton.r 3 were obt.insd 
.a follow, : ch.lcona. 3r-c end propiolylphenol 3b, by fl..h chroutoyafiy 00 l ilic. gel by wing 
hexme/ethyl l cetnte elu.nt mixture; .orbylphenol. 34-Y by 21 radium hydroxydc ertr.ctioa, 
.cidific.tion (1N HClJ, ether extraction, drying (Ia2S0,,), re-or.1 of the rolvent, .ad 
cryrt.llit.tion of the re.iduc from beorcne or hex.ne/benxene .olvent mixtureo. The following 
compound. were obtrined by thi. procedure: 

2’-Hydroxy-4’5’-methylen.dioxych.lcone (3aJ. Yellow cryrtrlr fra benxcne/hex.na l:l, yield 
1.88 g (70X); ti.p. )ll-119°C troued: C, 71.49; N, 4.69. C.lc. for Cl l120c: 
IS. (Ylr) 1638 cm- ? 

c, 71.63; H, 4.51X); 
(C-0); w A 

end 3.96); US ml. 268 CM*, 
204, 228, 218, 331, .nd 390 nm log c 4.38, 4.05. 3.93,34.20, 

3OIJ, pdf OZgJ, 164 (100tJ. 136 (18%). 103 (441). 77 (?ZfJ; C m 
(DMSOJ 698.2 TCz3’J, 102.3 (O-CH -OJ, 107.6 (C-6’), 112.4 (C-l’), 121.3 (C-W, 12g.8 .ad 129.2 
(C-2, C-6, c-3, c-5). 130.7 (ClbJ, 134.6 (C-l), 140.6 (C-S’J, 144.2 (C-BJ, 154.6 (C-G’J, 163.0 
(C-2’), 191.3 (C-0). 

2’-H droxy-3’-tert-butyl-3,b-uthyAened~oxychaAcow (3,). Yella, cryetelr from bwixeae, yield 
1.78 8 -+A) ; ..el rsk27”C (lamd: C, 74.26; H, 6 ~16 - Ca 1 c - 
IR (KBrJ 1638 cm 
tn., 

(C-oJ; uv A 2D6, 266, .od 375 M (log C 4.31, 
531). 209 OltJ, 179 (S?ff, 175 (27%). 161 02fJ. 148 

29.1 (!I. CJ, 34.5 (ne CJ, 101.6 (O-CH -0) 101.7 (C-5), 
119.4 &‘J, 126.5 &oJ, 128.8 (C-64, lie.9 (C-l), 

108.4 (C-2), 118.1 (C-5’). 118.9 (C-6), 
133.3 (C-4;). 137.4 (C-3’), 145.2 tc-gJ, 

148.0 .nd 149.9 (C-b .nd C-3), 162.3 (C-2’), 194.4 (C-0). 
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2’-hydroxychslconc (3~). Orenat crystels from benzene, yield 
C, 65.51; H, 3.68. Cslc. for C H 0 : C, 65.38; H, 3.87X); 
3, 237, 294, 340, sod 395 nm (1oB E ” ‘Z $9 4.03 4.03 4.01 

68 (5X), 191 (9X), 164 142X), 148 11OOi);135 (lit), 7i 118X): 
01.2 snd 102.2 (O-CH2-0). 107.3 (C-6), 126.5 (C-a), 129.2 (C-l), 

140.5 (C-5’). 144.4 (C-B), 148.1 snd 149.7 (C-4 sod C-3), 154.3 (C-4’). 162.9 (C-l’), 191.3 (C-0). 

5-&thoxy-2-sorbylphcnol 134). Orange crystelr from hcxens/bentena 1:1. yield 1.53 B (70X); 
rn.fi 106-108”~ (Pound: : C, 71.54; I, 6.47X); ‘0 tKBr) 1642 
CD (C-0); W i 207, 311, and 334 nr llogC4.30, 
1100X), 177 (62X):uf61 127X), 151 (81X), 124 128X), 95 lj71); 
lo-c”3), 100.8 (C-6), 107.1 (c-4), 113.4 (c-2), 122.0 (C-a), 130.2 (C-Y), 131.8 (C-3), 141.6 
(C-Q, 144.5 (C-B), 165.3 sod 165.7 (C-1 sod C-5), 191.7 (C-O). 

4,5-Hechylencdioxy-2-sorbylphenol 13e). OrmKe needles fra bamm~, yield 1.81 8 (7BX); =-El 
158-160°C (Pound: C, 67.09; I, 5.26. Celc. for C H 0 - C, 67.23; 8. 5.211); IU (F.Br) 1650 Cm+ 
(C-0); w A 203, 239, 306, end 385 nm (log C 
100X), 217 %3), 

%#,‘;.97, 4.25, sad ‘.9t),i lYam/‘z;~ cl”8 1 
191 134X), 175 115X), 164 198X), 136 115X), 107 (22X); . 

(c-c), 97.9 (C-6), 101.9 lo-cH2-0), 106.3 (c-3), 112.1 (C-l), 122.3 (C-a), 130.2 (C-Y), 140.1 
(C-5), 141.1 (C-6), 144.3 (c-6). 153.9 (C-S), 162.3 (C-1). 191.3 (C-0). 

l I-Sorbyl-2-hydroxynsphthalensl3f). Orsnga cryrtals from benzene yield 1.38 8 158X); l -El 
U5-86°C (Pouad: C, 80.58; H, 5.96. Cslc. 
(C-0); w A 

for C H1402: C, 80.64; 1, 5.92X);+Il (Idr) 1620 cm 
225, 282, end 370 am (logc4.56, 4.y6, end 3.65); “ljsll~ ;:,:,“:tr,;~‘,:“,“~;; 

197 (38X), flbf 148X), 170 (82X), 142 138X). 115 (100X), 95 (28X); 
120.2, 123.5, 126.8, 127.9, 128.0, 130.0, 131.1, end 131.6 (eroutics), 122.2 iCwa), 130.3 (C-Y), 
140.0 (c-6), 144.2 (c-B), 153.4 (c-2), 191.8 (C-0). 

G,b-Dimrhyl-S-hydroxy-2-sorbylphenol (sorbicillin) (38). TellW riCroCryStal0 frol beaseae, 
yield 1.74 B 175X); m.p. 123-125°C (Pound: C, 72.46; H, 7.09. Celc. for C 
6.94X); IR 1Klr) 1630 cm-l (C-0); W 1 204 and 323 nm (log ~4.39 sod 
48X), 217 (64) 191 132X). 165 145X), 136 t%OX), 107 125X), 95 185X). 77 1481); 
8.2 (Me-C6), 16.2 (M-c~), 18.6 (C-C), 110.5, 112.2, end 115.8 (C-2, C-4, end C-6), 122.2 (C-a]. 
128.7 (C-3), 130.4 (C-Y), 140.5 (C-6), 143.6 (c-B), 166.6 snd 161.9 (C-1 sod C-5), 191.5 lC*); ” 
?DQ~ lCDC1 ) 6 1.90 (d, 3”, J - 6.5 HZ, W-C), 2.16 end 2.23 ls, 3” eech, )(s-Ar), 5.45 ls, 1”. 
OH-5), 6.36 lqdd, 1”, J - 15.4, 6.5, 2.0 “s, H-6), 6.34 (ddd, 1”, J - 15.4, 11.0, 1.0 “s, H-y), 

6.94 ld, I”, J - 15.4 HZ, “-a), 7.46 (ddd, I”, J - 15.4, 11.0, 2.0 Hz, H-B), 7.45 ls, 111, H-3), 
13.61 ls, l”, OH-l). 

1-(2’-“ydroxy-4’,5’-methylanedioxyphcnyl)-3-pbenylpropyoone (ah). Yellow crysts1s from 
benrane/heune 2:1, yield 2.37 B (89X); m-p. 12S-127°C (Po_yod: C, 72.19; 1, 3.85. Celc. for 

* c, 72.18; H, 3.791); II (KBr) 2190 (C-C), 1618 cm rf-0)’ wa 218, 267, 299, 309, 
(10gc4.25, 4.11, 4.14, 4.15, sad 4.06); ns m/s 266 ln , 83X), 1Rx182X), 101 167X), 77 
NHR (MSO) 6 85.4 (C-a), 95.0 (C-B), 98.0 (C-_)3, 102.6 (0-C” -O), 107.8 (C-6’), 113.5 

(C-l’), 119.0 (C-l), 128.9 (c-3 sod C-5). 131.2 (C-4), 132.8 (C-2 s o&-6), 140.9 (C-S’), 155.4 
(C-4’), 162.1 (C-2’). 178.3 (C-0). 
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