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Summary: The photolyses of anisole (1) and pentyl chloroaoetate (2b)inilumpic~pfoduce 
both alkylation pradwts 3b4b ad dipcntyl shtc tab). In a- and @-CD complexes in aqucym solutions, 
6bwasabscntandthco-allrylationproduct3bwsspredominant. Acagceffectandgeon~~contmlare 
attributed to the obsemed selective product distribution in a- and &CD complexes in aqueous solutions. 

Cyclodextlins (CDS) are koown as host molemles to indocc select&&y in pact reactions of 

encapsulated guest molecule~.~ In most of the phomeacdons stud&& however, CDs wem used to 

demonstrate mmiction ln molecular motions of the generated fragments of a single reactant molecule. Tht 

produced fkagtncnts, then, chose. selactively one of several possible tea&on pathways? In contrast, only a 

few bimolecukw photochemical mactions in CDs have been repomd3.’ Here we wish to present prcIiiary 

results on the fmt intermolecular photoalkoxycarbonyl.mthylation of anisolc 1 in CDs. 
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Earlier, in orgdc solvents, the influx photochemical &yIation of 1 by ethyl chlotmceme 

(2a) in the presence and absence of Lewis acids was mporteds Dkect irradiation (36 h) of an ethyl acetate 

@WAC) solution containing l(1 MI and 2a (0.1 M). but m Lewis acid, pxwhxd rhc alkylation products 3%. 

4a and Se in a mtio of ca. 5:2:1. xespcctively (14% yield). Only trace amounts of dicthyl succinate (Srr) wert 

found. Higher yields (38%) wem obmved fmm the ptilysis of auisole:cthyl acetate (91) solutions 

containing 0.1 M of 2a. It was also noted that chloroacetate quenches the fluoresce nce of 1.5*6 In the absence 

of Lewis acids, the authors5 suggested a mechanism involving &ergy transfer from the exeited singlet state of 

1 to Chkmuacctatc followed by C-Cl bond homoIysis, Our intemit was focused on bringing together both 1 

and pentyl chlomacetatc (Zb) into &c CD cavity and smdying their phommcti vilyintheCD 

udcmenvkntmnt. 

In the present study, the results of the solvent photolyses’ of 1 and pentyl chkmacetare (2b) ,are 

presented and compamd with those obtainc4l kom CD complexes in aqueous solution (CD_). When an 

EtOAc solution containing equal eoncentmtions of l(O.1 M) and 2b (0.1 M) was photolymd for 2.4 h. both 
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alkylation (o-, m- and p-) products 3b5b and dipentyl sue&art (bb) wem observed in a ratio of ca. 41 

(Table 1X8 The ratio of o:m:~ was ca. 1.5:1:1, nspectively (Table 1). However, at a higher concentration of 
1 ([I] = 1 M; [2b] = 0.1 M) in an EtOAc solution, the alkyUon/succimue prodnet ratio decma!& to 3:l 
whiltthe~~d~productratioc~~slfghdy(o:m.p~cr.3:1:1). Inaprotiesolvent,suchssmethanol, 

the yield of o-tdkylation product 3b was incrtased, while the formation oftib was kweicd (Tabk 1). 

Medium (1:Zb) 
Photolysis 

Time (h) 3b 4b Sb 6b 

EtOAc (O.lM:O.lM) 24 34 20 25 21 

EtOAc (lMzO.lM) 24 44 15 16 25 
MeOH (O~lM:O.lM) 24 65 17 8 10 
MeOH (l~~.l~ 24 69 7 13 11 
a-CD (3~~~~~3x1~3~ 5 go 5 15 0 
@-CD (3x10-3fuI:3x10-3M) 5 67 8 25 0 

r-CD (3~1O-~M:3x10%) 5 53 10 28 9 

Additi~of1(3x10=JM)and2b(3x1~3M)toansquebussolutionsa~inCDproduceda 

white precipitate which was filtered off, washed fmt with distilled water, then diethylether and finally 

air-dried. The obttdned solid was mdissolved in water to get a ttanspatunt solution for the phonies_’ The 

photolysis of a- and &Co, gave a product mixture in which 6b was non-existent (Table 1) and a 

dramatically altad alkylation pmduct tatio of o:m:p [ca. 13: 1:2 (a-CD*) and 8:1:3 (B-CD,)] was obtaimd 

However, in y-CD, the photopmduct distribution was similar tu that found in organic solvents: 6b was 

observed along with the alkylation products (ratio o:m:p = c& 2.3:1:1.6). It is noteworthy that as the CD 

cavity size increases, the yield of the o-aikylation pmduct 3b deceases while a systematic increa~ in yields 

of m- ~~~y~~n product formation 4b and Sb, xwpectively, takes place. 

Evidence for the formation of a ternary complex I + 2 + @-CD was obtained iiom spectmphotometrk 

as well as ‘H NMR ~tudies.~ As mported, lo while the presence of @-CD in aqueous solution did not change 

the absorption maximum, it incteased the optical density (at 274 nm) of 1. The higher the @-CD 

concentration, the greater the absorption (ODz7,) of 1. This msult indicates the presence of 1 encapsulated in 

the CD cavity. In a set of separate experiments, however, flvc different aqueous solutions of &CD (lo4 M to 

9 x 10” M) were made and constant concentrations of l(5.07 x lo4 M) and 2 (6.06 x 10-4 M) were added to 

each of the solutions. In this case, a gradual inueaqc in [&CD] caused a pronounced deuease in the 

absorption of 1.” ‘Ihe combination of the ahove results indicates that 2b ismracts with 1 inside the CD 

cavity. Ftim, the presence of 2b in @-CD_ qmders the tnicmenvironment of 1 more polar than in 

&CD, solution alone. Further cvkknce for #the tenuuy complex was obtained from the ‘H NMR spectrsl 

data. 1 + 2 + &CD solid complex was dissolved in DMSO-de solution and its ‘H NMR spectrum clearly 

showed the si@ of individual protons corresponding to &-CD. 1 and 2. The upfield shitst2 observed for 

protons H-3 and H-5 of &CD in D,O can be attributed to the diamagnetic anisotropic shielding effect of the 
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Based on limited studies on quenching and photoakylation, Yoaemitsu er uZ. suggested that 

chloluWXtate esters would pmbably behave similarly to cm.‘” As shown in Scheme 2. after 

enerwaansfmtht tmcba&m for the fkmuation of alkylation pmducts 3b-5b might involve either (A) C-U 

boadhomolysisa(B)electroatnursfertoOiveanioaradical~followedbyC-Qboadheaerolysis.The 

SpLIcanr: of the rcsnltig u-chlam&xta& esteranionradicalinmm&atepemGtstbcbemolysisoftbeC-Cl 

bonda,prodPctaneupalradicalwhichissrabiliztdbyrbtcarbonylgroup.RIoro~~~,rhc 

diffusion of CH$OOR radicals into the solvent followed by mmmbination affords 6b. 

3b, 44 Sb, 6b 

1 2 
b Rr(CH&H3 

Scheme2 

The obscrv4 results can bc rational&d as follows: The absemcc of 6b in a- and @CD,,, is ataibuted 

to the prcventcd diffusion of a CH$OOR radical by CD. Such a cage effect by CD on frtc xadicals was 

mportedearlier? The presence of 6b in y-Q), suggests that due to the large size of the cavity, 

photogeneratcd free radicals cscapc fnzcly like in solvents. In an organic solvent such as EtOAc. O-alkylation 

is prcfcrrcd over palkylation. In a- and @CD complexes, o-selectivity is seen at rhc expense of m-alkylation. 

The prefenmce for O-alkylation does not seem to conespond with the electron spin density values of the 

aromatic ring of 1.14 

a b 
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tic samples were synthesi& by 
?& ~~x~~ny~tic acids. All the esters (2C 

so@atalyzcd “terific”i”“” of the el$ 
) wem cy;p2 by H NMR. 
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