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Alz&act-IheFhotolysisofule7-v cpyranderivatives 
la-5ahaSbeencarriedoLlt. Uuxanmelawasfanrltou&eryoextensive 
@mtopolymrizaticm. Cbammne 2a ur&ment a rather inefficient 
phato-l;"ries~tto6-~8-aacetylderiMtiveS2b 
2r~Dia~3agavethem~tedketcple8aethemain 
prcduct, beeidee its deacetyla+m analogue 9 and chmmmne 11. 
Diav la affonkM a nuxture of fax C-acetylpnducte: lb, 
10, 2b and IC, togem with - la art3 A 2a. Finally, 
irradiaticnofchmmian5agaverisetoamIxhveofthe~possible 
photo-Fries pmducte 5b (43%) * 5c (52%). The mchanktic iaplications 
0ftheabcveresults~~wi~speciel~isonthe 
#&ozactivityof the Fheny1este.r & ccmpared wiul that of the pyran 
ring, the enol ester and the benzyl ester moieties. !lbe synthetic 
applicatime of these trartsfonr&iom are illustrated with the 
preparationofeupatorio&mmme lbandenoecdlinle. 

A mmber of Axrally oca.ming 2,2+imfsiyl-W-dunmenes carry~acetyl~, 

bgetherwithcmeormreoxyqen&edeubtituente,atthecartxsls ofthebenzenenucleue.1 

mese~,aswellaethechemistry invclvedintheeynthesieofthebaeicring 

system, are krmm formarryyears. However, no method for theacetylatibn of 2H-chmaenes 

was available until very recently, due to resin formation under the acidic ccklitims 

usuallyemployedintheFriedel-Cmfte mactione.Thiehasbeenpartiallycimmmnbdby 

usirqweakeracide, kutwhentheeletztmn~ityofthestyrenicdcublebond isi 

cmskk-ably enhamed (for instame, in the case of the 7B derivative ld) resin 

contimestobethemajorpmduct.2 

Withthis~,~decidedtocarryartthephotolysisofthe7~~ 

pyzan Mivatives la - 9a. It wae expe&ed thatFhoto_Fries v3 of the ghenyl 

eeter moiety wa,zld lead to the correspcndin h@m#ebxs Ib,c - 9b,c. Eventually, 
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ir~ersionsbetween thediffennt~FYiespmducts cold inprinciplebeatieved 

bywell-establ~procedures.~~,thepresenceofasecond~~moietywith 

relevantphotochemcalpmpertiesineuk6tratesla(pyranring),Za( armnatic ketme), 3a 

(enolester)ard4a (kenzylester)pmvidedexcellentmdelsto cmpare #mtoreactivities 

titoeStdbliShthe structurdl feature determiningthe @otodmkcal behaviour,tich 

appeared Mzm&ing frauthe fundamentdlpoimtofview. 

1 a, b,c,d,e 
Pa 

2a,b,c 

b AC 

4a,b,c 5a, b,c 

0 AC 
3s ,b,c 

0: R8,R8=Hs R7=COCt!, 

b: R80 CKH3, R7=RB= H 

c: R’=R’=H, R8=COCH3 

d: R’=R*=H . R7=CH, 

e: R8=COCH,, R7=CH,, 138~~ 

7-Acetoxy-2,2-dimethyl-2H~ (18)4 was found to be extmmely #mtolabile. 

W-irradiation of this cmpcnmd in hewne or benzene resulted in its prcgxssive 

===@im, aaxqaniedbythea@xmnceof~ingamxlnts 0fpolyW.r. NolawlIMAe- 

altar weightphatapmaucts auld be isolated fran the m?acti.on mixtums. Likewise, 

atteqxtstodetecteuch~ by (X-M -or GC-FlTR failed. 

Inaxkrast with this behaviax, 7-acetoxy-2,2AimeU1yl-4-chmmme (2a)5 

underwent a ratkr inefficient w to the 6- ard 8-acetyl derivatives 2b 

(7%)6 and 2c (7%). I&et of the &arting material (85%) was recovered unchanged after 

~ti~~~3hinhewne.N~ess,thereacticPlwasdlean,as~~~bythe 

lackofpolymr fo~~~.Ihepooryieldscbtainedf~thephato-Friespmduds~Lb2c 

clearlyi.Micatedthata suktantial part of the excitation energy was wasted a the 

triplet state ~~icofthearapaticketople~iety,insteadof~~cleaMge 

Oftheester~l~badf~theS~letstate.RLiswasnotsllrprising,Since 

acyl gmupe can be coneide.red Veactiva~l eukstituznts for the @ok-Fries 

v of at-y1 lsteI?L7 

Blockingofthecarfmrylgrulpof cb.mmmm 2a, via enol acetylation with 

isapropernllacetateinthe p==== of p-tolW~c acid, led to 

4,7-diacetoxy-2,2-l-Wrhraaene (3a). Rmtolyeie of this ccmpa& during 1 h in 
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h&2mesoluti~affordedar&&reoftheunsaturated~ 8 (26%) d 9 (W, m 

witi 3,7-2,2 d.imeUql-4- (ll,ll%) and SQPB UnreactedEkarungnvlterial 

(22%). Ihe formatian Of 8 can be explained by a #&o~!&&c!al electroc@ ic cpenkg of the 

~ring,togivethe~lide6,fdllawedby~~i_hotoiscmerizatianand 

t~~~~~~laticm. Hydrolysis of the I-aukoxy gmup, pcssibly duringthe workup, wuldgive 

risetoaaqaW9. Chmwxmellwuldarissfmmthestartingduuoms viaincorporXlticiI 

ofairoxygen,pzWably~areactive3,4-epoxide.Si3nilarpnwzsses have been 

reported for the p2uXnt 4+cetoxy-2MImEne,* alulal#linl&4tcasethemajor~ 

was a [2+2] cycl&utane dimerarrlthedegzwofring~tounsaturatedketoneswas 

markdlylcwer. Bus,thereailts &tained inthe#kotolysis of 3a showthatthe 

photoreactivity of the &ruuene systanprwailsoverthatofthearylesterandenolester 

moieties,being zeqxmsibleforthe@otc&e&calb&aviawofthisccqowKL 

I OAc 

I_ AcO 

AcO 

10 11 

catalytichydqenationofthe styrenic double bend of 3a at atnw@eric m 
gave 4,7-dk&oxy-2,2-din&hylchrmran (4a).Itsirradiatiandw&glhinhewnegavea 

llk&ureoffcurcao=tylproducts: them lb9 (14%) and lc (14%) a& the 

chmraanones 2b (4%) U 20 (4%), besides 7-acetcq-2,2-dinM1yl-4~ (2a, 16%) and 

sane starting material (8%). Wvia.Isly, @otc~Frief3 rearrangement ofthe#EqlesternIlst 

be the origin of the Ckacylated ~~xIu&S. F0nnati of the Wlbandlcwuld 

involve Lalkqwk h&rolyticclewageofthebenzylicac&Tteand dqwklaticXlofthe 

zesultirqcatic~~IZ,uhile chmmancnes2band2cwculdkethe~tofhc8nolyticcleavage 

of the same miety, followad by cmygen tqqkrq of the benzylic zadical l3.l' 

8 RXOCH, 

9 FkH 

sinceirradiatiaplof~assimilar~~~didnotleadtoU,arle,itQn 

benlledaJtthatthelZ-a&ql chmwnesIbandlcareformledbyaa&Wki~ofthesarme 

processes lxlt in the inverse order, i.e, bre&ing of the benzylic acetate prior to 

photo-FYies rearranganent. Likewise, the marked phatostability of the A 2a 
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indi~teethpvtmost0fthe~~ 2bana2oarefom?dfmlmemsa3tyl 

duxmmee 4b and 40 (nut ieolatxd), alUmqhamincrpaUway~daleohvolvethe 

i_&muhy of 28. mtem&ngly, irradiatianoftbe~48dur~30lninin 

benzene all& isolation of 7 -a&my-2,2-1-s (la) aethemajorprcdtb 

(30%), tmg&m witi lb (13%), la (13%), 2a (9%), 2b (2%), 2a (1%) and 4a (9%). I.cuqer 

irradiati~timespmducedarapiddisappearanceofthecbxnmela,aaxqmhdby 

fomationofincreae~amaunts of polymericm&erial. plis aeltmebwitithefactthat 

~==-=xPd~ IbandUS~rsmarkakly @mbehble,whi~mmtbeattrihbdto 

ulepoe&&lity of hydmgmt?xlmfer frcm ls2phenolic tc the ca&uIylm in the 

excited state, dIara&x~cof~ &&&xqql al&l lcetonemiety."~,the 

~~~intheplatdLysis0fIcrshrrwthat~~cr-dleunrage0fthe~~ 

ampeteswithpcleavage ofthebenylicester,thelatterbeingmainly~l~c in 

lxature. 

R3 

i)Ac 

4a,4b,4c 

R8 
R70 CH3 

R6 
CH3 

+ 

12 

-H+ 

02 

lr,lb.lc 

2a.2b.2c 

13 

Finally, izmdiatim of 7-ac&xy-2,2+imeU@~ 5agaverisetoamixtumof 

the two pceeible #mto-mi.ee pmducte 5b and SC in wsy gccd yields (52 and 43%, 

mepectively).Be&des,a5%ofetartbq5ewas~unchanged. Inuliscaee,the 

desired~ofthe~ester~tobethepref~pa~yfor 

deactivaticmoftheexcitedm3lecule,duetotheabence of1okmeneqy~. 

Henoe,theFhotolysieof5aisofsyntheticvalue,~ly~~~with~ti~ 

ofthe~withd((mp).lmis~f~~~~carried 

axt~theusualanditicmsarrdaffordedtheoacetyl chxmmeslb(eupatori~) 

andLcindlmostquarttitativeyields.Methylatianof~with~iodide,under~ 

tzanefer Qtalysis cmditim, follcwed by mQ c%i.datim gave 6- 

acetyl-7-n&bxy-2,2~l-W-chromene or (ememlirQg in 75% cvexall yield. 
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Generdl. Melting point3 wex72 detamkd with a Biichi 510 aFparatus and are 

uncorrected. Ir-qecba were &tained in 0214 soti with a Fe&in-Elnxzr 781 

spectroFhataneter:Vntax(a~~~) isgivenonlyforttkzmainbands. Si -nlrspectra Ware 

~inCC14witha6~Varian360P1iHstnrment;~~lshiPtsarerepartedin6 

(ppn)values,usirqln+sasi.nMnalstandard. Hassqsctxawen?. WwithaHewlett- 

F'acbrd 5988 A w; the ratios m/e and the relative inmities (%) are reported. 

lbea&ustionanalyssswereprfczn&attheInstikkodeQuimicaBio-O@nicaof 

C.S.I.C. in Barcelona. Isolation and purification were dcne by flash column chmnatcgqzhy 

on silica gel Merck 60, 70-230 mesh, using hewne as eluent, or alternatively by ~EEUU of 

aWa_ isocraticHPICequipuzntp.rovidedwitha semi- tive micrqionsil coluum, 

using~acetateaseluent. 

Preparatim of 4,7-Diacetoxy-2,2-l-2H-duanene 3a 

Tb a solution of 7-hydroxy-2,2ayl-4s (Zg, 10 mnol) in pyridine (10 

ml) was a&led aceticanhydride (Zg), andthemixtum wasrefluxed forlh. After cooling, 

theresullkqsolutionwaspuredinto coxerbated hydnxhloric acid (10 ml) and ice (50 

g), ami then extracted with dichlorcmethane. The organic layer was washed with aquems 

sodium llydmxide (10%) and water, dried a& evapozalzd to give plre 

7-acetoxy-2,2-l-4- (2a) in quantitative yield. 

The m (1 g, 4 nunol), p-to1 uenesul~c acid (0,2 g) and isqxpnyl 

acetate (25 ml) were heated bgether at about 9O"C, acetone beiq collected by 

distillation as it was formed. The reaction was monitored by MlR spectrosccw and was 

stqped at amtely 90% ampleticn The mixture was then partitim between ether 

and~~andtheorganiclayer~~with1o%~3,driedandcopymntrated.Ihe 

oily residue was purified by column ChrcmatograFy, givirg 0,75 g (75%) of 3a. Analysis: C 

65.53 Ii 6.15% (Calcd for C15H1605. C 65.21 H 5.83%): ir: 1760 (CM), hnnr: 7.00 (d, J=9 

Hz, Ui, 5-ArH), 6.53 (m, 2H, 6,8--H, 5,38 (s, Xi, 9f=), 2.20 (s, 6H, 2 x oC!DcT&), 1.46 

(s, 6H, 2 x 3); MS: 276 (6), 261(7), 219(43), 191(5), 177(100), 148(4), 137(8), 91(3). 

Preparation of 4.7 - Diacetoxy - 2,2 - dimsthylckwnn la 

The ~'KUWIE 3a (lg, 3.6 nrm01) in ethyl acetate (25 ml) was h@rqenatedinthe 

&nSenceofpdlladiumon~ (11%) (0.1 g) until consuu&on of 85 ml of a. 

Thesolutionwas filteredandcm evaporaticn afforded ths pre chxnnan la in -Mzi~ 

yield. Oil; analysis: C 64.70 Ii 6.51% (Cal& for C15H1805: C 64.97 H 6.54%); ir: 1720 and 

1750 (cM);+--Imu- : 7.23 (d, J=m, Ui, 5--A, 6.63 (m, W, 6,8-Ar 3, 5.96 (t, J=6Hz, 

m, w), 2.25 (m, w, q, 2.26 and 2.10 (s+s, 6H, 2 x CUXf&), 1.41 and 1.36 (s+s, 
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7-Hydmxy-2,2+imethyl-4-chmmmm (1 g, 5 mnol) was dissolved in dry 

teim&mm, <E"l&$ ~~tm&z?&-~~&,Tm W&iZSS ti c5+kklb*~*ti~h*~h '(mm, 3 

maol).~reactionmixturewasstirredfor2h,~withafewdrq?sofsaturated 

aqueeussodimsulpluteandpartitiomdbetken brine and ethyl acetate. l'he oxganic 
extract was washed with water, dried and evaporated. Totheresul.t@oilwasa&kd 
midine (10 ml) and acetic anhydride (2s) ard the maction mixture was refluxed for Ih. 

After coolirq the solution was then pcured into a mixture of cmcentmted hydxo&loric 

acid (10 ml) ard ice (5Ci g). Tte pmdxts weKeexka&edwithtitiBardthe 

extractswerewashedwithaquea~ scdiumhydmxide (10%) &water, driedand evaporated. 

The residue was purified by chnxrmtcqaphy on a short silica gel column U&KJ 

dichlorrmetam as eh-mnt, affording 7-acetcmy-2,2~1-2Hshmnene (la) in 60% yield. 

A stirmd solution of the chrmene la (lg, 4.6 mnl) in ethyl acetate (25 ml) was 

hydrogenated with palladiu@&mxal (10%) (0.1 g) for 2 h and then filtered. The 

msulti.rqfiltratewasevaporatedtogivetheplredmman 5a in quantitative yield. M.p. 

60°C; analysis: C 70.98 H 7.34% (C&cd for C13H1603 : C 70.88 Ii 7.33%); ir: 1740 (w); 

%I -mm : 7.10 (d, J=lO HZ, Ui, 5-AtiSS, 6.60 (m, 2H, 6,8-ArHH, 2.80 (t, J=6 HZ, 2Ii, 4%) 

2.26 (s, 3H, w): 1.80 (t, J=6Hz, 2H, 3%) 1.33 (s, 6H, 2 x %); I& : 220 (ll), 178 

(31), 163 (1'S), 123 (loo), 110 (3), 107 (3), 91 (4). 

Geneml irradiation pmcxdure. A soln of lg of the substrate in 400 ml of freshly 

distilled hexane or benzene was imadiated at r.twith a I.25 W mdium pressme mercury 

lanpinsideaquartzimnersimwell.lhe~ wereisolated,~removalofthe 

solvent, with silica gel flash-column chrunatcgraphy, using hexane as eluent, and 

scibseqrrentYby==. 

Oil; an&y&s: C 71.32 H 6.91% (Cakd for Cl3 H14 O3 : C 71.54 Ii 7.16%); ir : 1620 

(e=D>; ?mmlr: 133,D6 )s/ m, @I, 3,Db la, s=B Hz, x3/ s-WEJ, 6.43 )a, 3e, 33, 

6-ArH_),# 6.25 & 5.48 (AB, J=lOHz, 2H, C@Cfifi, 2.73 (s, 3H, C!OCI&), 1.50 (8, 6H, 2 x 

q: MS : 218 (IS), 203 (IDO), 185 (42), 161 (3), 131 (3), 128 (6), 115 (3), 94 [lo). 
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8- Acetyl-7-h~d~1xy-2,2-dimeQwl-4~ 2c 

M.p. 96°C; andtysis: C 67.23 Ii 6.04% (Cakd for C13H1404 : C 66.65 H 6.02%); jr : 

1680 (W ketone), 1620 (C+O chelated ketone); k-rm&- : 13.75 (s, US, 3, 7.92 (d, 

J=lOHz, W, 5-w) 6.50 (d, J=lOHZ, III, 6--I, 2.63 (s, 3H, (IX&), 2.58 (s, W, 5&), 

1.51 (s, 6H, 2 x cq; =: 234 (66), 219 (lOO), 201 (IS), 179 (50), 163 (60), 161 (24), 

I.50 (88). 

6-Acetyl-7-hyd~w-2,2_dimethvlchmnan 5b 

M-p. 85'C; analysis : C 70.51 Ii 7.18% (Cdkd for C13H1603 : C 70.88 H 7.33%); ir: 

1640 (m): 1H-m : l2.40 (S, 3H, a_), 7.46 (s, III, 5-iWiJ, 6,36 (s, Ui, 8-ArHH, 2.73 (t, 

J-n =r 4%), 2.56 (s, 3H, q), 1.80 (t, J=cMz, W, 3q12), 1.36 (s, 6H, 2 x CH+), 

MS : 220 (33), 205 (21), 177 (3), 165 (loo), 163 (6), 149 (7), 147 (ll), I.21 (4). 

8- k&yl-7-hydxoxy-2,2-dimethWAranan 5a 

M.p. 4445'C; analysis: C 70.57 H 7.30% (calca for C13%,03: C 70.88 H : 7.33%): ir 

: 1620 (0); +-I-nmr : 13.10 (s, IH, mi, 7.10 (d, J=8Hz, lH, 5-ArHH, 6.45 (d, J=8Hz, IH, 

6-AIiii, 2.70 (t, J=6Hz, 2H, 4%) 1.80 (t, J=6Hz, W, 3Xf&), 1.40 (s, 6H, 2 x a&); MS: 

220 (37), 205 (9), 203 (7), 177 (5), 165 (lo), 149 (91, 147 (22), I.21 (5). 

1-(2,4-Dia~l)-3-n&hyl-2-bten-l-one 8 

oil, ir : 1760 (C=O ester), 1660 (Go ketone); +Wnur: 7.66 (d, J+Xiz, lH, 6-AKHH, 

7.00 (m, 2H, 3,5--A, 6.40 (hs, lH, 

HX$ = C:z ), 1.90 (s, 3H, H;C = C:z; 

+=), 2.16 (s, 6H, 2 x CXXC$), 2.10 (s, 3H, 

); MS : 276 (0.3), 261 (ll), 219 (30), 177 (loo), 

107 (2), 69 (2). 

1-(4-Acetaxy-2-~1)-3-nn&hy1-2-bte11-1-one 9 

M-p. 53-55-C; analysis : C 66.59 H 6,36% (Cakd for C13H1404 : C 66.66 H 6.02%); 

IX: 1760 ((=O ester), 1630 (m m); +I-- : 12.80 (s, IH, CEii, 7.66 (d, J=8Hz, III, 

6--A, 6.65 (m, 3H, 3,5-&ii, -Cg=), 2.25 (s, QI, oaq3, H:c = c:%3 ), 2.03 (8, 3H, 

H:c = c:g$ ); MS : 234 (3), 219 (29), 191 (4), 177 (loo), 137 (l5), 115 (4), 108 (7). 
- 

3,7-Diac&oxy-2,2-dimethyl-4- 11 

M.p. 138-C; analysis : C 62.02 H 5.44% (CalCa for CA606 : C 61.64 H 5.51%); ir : 

1760 (C=O ester), 1700 (CXl k&one): +-I-nlw : 7.83 (d, J=9 Hz, Ui, 5-ArH_), 6.76 (m, W, 

6,8--l, 5.56 (s, IH, CI, 2.30 and 2.23 (Ws, 6H, 2 x oCSXJ$, 1.53 " 1.35 (s+s, 6H, 2 
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x c&l: I4s : 292 (7), 250 (9), 190 (19), 179 (28), I.37 (lOO), 108 (8). 

me ChKman 5b (300 mg) and mq (400 nq) in 50 ml of dq benzenewe.nzreflux&lh 

*watmosFhere- Filtration and evapomtiongavfz?thepurechmnenelbin 

quantitative yield. 

Pmxlraticslof encecalinle 

lb a ely stirred solution of 5b (300 ny, 1.3 ml) in NaCX 25% (2.5 ml) 

wereadied izem&lyldl,ml hydmsde (100 xrg, 0.68 ml) and subsqmuy methyl 

iodide (225 mg, 1.58 nmml). Ihe macticm mixture was maintained at 60-65"C for 1 h and 

then palred in water (20 ml) and exbacbdwith dichl.0. me solvettt was 

~~~andthecruderesiduewasdissolvedin50mlOfbenzeneand~~with~ 

(400 mg) for 1 h a zxflux teqezatum. Filtration and eMparatiaagave cbrunme l@ in 80% 

yield. 
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