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Abetmct. The n&o photocycloaddition of anisole to 2.3- and 
2.5-dihydrofuran, 1,3-dioxole and ethyl vinyl ether is des- 
cribed. The BMR data of the adducts are presented. The reaction 
yields mixtures of en& and 03~) adducts. The sndofexo ratio is 
strongly influenced by the presence of one or two oxyBen atms 
next to the double bond of the alkene. A mechanism is presented 
in which a svitterionic intermediate is formed from the excited 
anisole and the alkene. 

IBTRODUCTIOB 

Several mechanisms have been proposed 

derivatives to alkenes. 1.2.3.4 

Prefulvene. which is also supposed to 

excited benzene, has been invoked as an 

for the intriguing meto photocycloaddition of benzene 

play a role in the formation of beaevalene from si@et 

intermediate. ’ ’ 5 

In an alternative pathway the primary chemical step consists of bond formation between the 

termini of the olefinic bond and tvo meto carbon ata of the excited benzene. 3.6.7 

Closure of the three membered ring occurs in the second step. The intermediate might be a di- 

radical or a rvitterion. 7 

A fully concerted reaction has been considered unlikely because it cannot be reconciled vith the 

observed regio- and stereoselectivity of the r&u photocycloaddition reaction. 3.8 
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capwad r, 1uthory-6-oxa-mo-tetr.cycloC6.3.0.0z~”.03g7 lundec-9-ene, is the major coaponeot 

of th fraction with the shortest retention tire on SE 30. A comparison of its NMK spectrum with 

that of the edduct formd fros aniaole end cyclopeoteoe 
14 show that the cmpound mmt be a meiz 

pbotoadduct. 

~ha signals et 5.55 and 5.64 ppo can be l ssigoed to the olefioic protons. The singlet at 3.36 

ppm must be ascribed to the Pathoxy group. A NOE difference experiment on this group shows en 

effect on the doublet at 1.87 ppm end on the double doublet et 2.23 ppm. The letter proton couples 

with the former end also with one of the olefioic protons (5.64 ppm) as can be seen frCp the SBCSY 

plot. Tbe uthoxy group is not situated et position 8 or II since there is oo NOE oo the olefioic 

protons. Therefore, the Pcthoxy group must be either at position 1 or et position 2. This implies 

that cerboo ataPI 8 and II ast bear a hydrogen atom. Kach of the olefioic protons vi11 therefore 

couple vith the other olefioic proton and vith one other proton. The olefioic proton et 5.55 ppm 

couples vith the proton et 3.40 ppm. A NOE difference experiment oo this proton shows that it is 

clore to the olefioic proton and to the proton resonating et 4.00 pp. The letter proton must be 

H-3 or 0-7, i.e. et a carbon et- next to oxygen, It can nov be concluded that the proton et 3.40 

ppm is H-6 because this is the only proton in the vicinity of the lov field proton et 4.00 ppm 

that is coupled vith an olefioic H. This implies that 8-7 is et 4.00 ppm end that the oxygen et- 

occupies positiou 6. The proton resonating et 5.55 ppm must be H-9 end the one et 5.64 ppm is thus 

H-IO. Tlw latter couples with the ooe at 2.23 pm vhich must therefore be H-11. The signal et 1.87 

ppm is tbat of one of the cyclopropeoe protons because it couples with H-11. The NOB difference 

l xperkot oo E-8 (3.40 ppm) does oot change the doublet et 1.87 ppm. Thus, this doublet cannot 

originate from E-1, but must belong to H-2. The methoxy group is situated et position 1. 

Neither H-8 oor H-2 shove any coupling vith a bridgehead proton (H-7 end E-3, respectively). 

This shove that the adduct has the eaw configuration. 13 

Campound 2, the minor compooeot of the fraction vith the shortest retention time, could be shovn 

to be Ilsthory-4-oxe-&o-tetrecycloC6.3.0.02~~’.03g7 lundec-9-eoe. Asriglreot of the NMg signals 

vaa perforud as in the case of conpound 1, on the basis of NOB difference experiments end the tvo 

diuosional shift correlated spectrum (SECST). 10 this compound the oxygen et- is et position 4, 

es is evident from the shift to low field of H-3 (4.06 ppm). The absence of coupling betveeo H-7 

and g-8 and between H-2 end H-3 shows that this molecule her the azo configuration. 

Compound 3, the product vith the longest retention time , ves identified es Ilcthoxy-6-oxa-ando- 

tatracycloC6.3.0.02”‘.03’7 lundec-9-enc. The NMt spectrtn ves analyzed in a similar vay es that of 

capound 1. A No% difference experiment oo the methoxy group shoved iocreesed intensity of the 

signals of protons H-2 (2.04 p& end E-II (2.16 ppm). The SECST plot show the couplings betveeo 

H-7 and H-8 and between H-2 end H-3, characteristic of the an& configuration. 

The chemical shifts and coupling coosteots of ccmpounds I, _ 2 and 2 are presented in Table I. 

Table I. Chhcal shifts (ppm) and coupling consteots (Hz) of compounds 1, 2 end 2 in CDC13 
(300 Mk) et 298 I. 

proton 

0CH3 
E-2 

H-3 

H-4.4 

H-5.5’ 

H-6.6’ 

H-7 

H-8 

H-9 

3.36(s) 

1.87(d); J2 ,, 

2.40(n); J3’7 

1.92(m)/2.12im) 

3.78(m)/4.ll(q) 

4.00(m) 

3.40(d); J8 g 
. 

5.55(dd); Jg,,o 

3.32(s) 3.35(s) 

- 8.2 2.15(d); J2 - II 9.1 2.04(dd); J2 3 - 7.2; 

4.06(d); J3’7 
' 

J2 - 8.7 
* 
,, 

- 4.3 = 6.0 3.25(m); 53.7 - 8.6 
* 

1.70(n)/1.80(m) 

3.7O(m)/4.01(m) 3.88(q)/4.08(dt) 

1.95 - 2.05 (2m) 

2.58(m) S.Ib(dd); J7 ’ 8 - 6.9 

- 2.7 3.22(d); J8 - g 2.2 3.36(d) 
I 

= 5.7 

a-10 5.64tdd); JIo ,, = 2.4 
5.55(n) 

. 
5.73(m) 

Ii-11 2.23(dd) 2.25(dd); J,] ,. - 2.4 
t 

2.16(dd); J,, lo - 2.4 
* 



After irradiation of a solution of anirole (1 M) and 2.5-dihydrofuran (3.5 kl) in methanol with 

light of 254 nm for 80 hOUr6, two product6 could be detected by means of analytical CLC (DES) in 

the ratio of I : 16. These product6 were separated by preparative GLC on the same column material. 

The product with the shortest retention tim, compound 4, could be identified by means of 300 Mk 

‘8 KKK spectroscopy as I-methory-5-ora-sw-tetrocyclo[6.3.O.O2~”.03’7lundec-9-ene and the major 

product, compound 2, as I-methoxy-5-ora-endo-tetracycloC6.3.O.O2~”.03’7]undec-9-ene. 

The chemical shift6 and coupling constants of colnpounds 4 and 2 are presented in Table 2. 

Table 2. Chemical shifts (ppm) and coupling constants (Kr) of 
cc61pound6 4 and 2 in CDC13 (300 EPIz) at 298 K. 

‘proton 4 5 

-3 
n-2 

H-3 

D-4.4’ 

E-6.6’ 

K-7 

H-8 

H-9 

n-10 

H-11 

3.34(S) 

1.94(d); J2 ,, - 8.7 

2.41(dt) * 

3.83(dd)/3.98(t) 

3.75(t)/3.94(dd) 

2.56(q) 

3.40(d); J8 g - 2.3 
* 

5.64(m) 

2.18(dd); J,. 
. 

,, - 2.1 

3.40(S) 

2.08(t); J2 3 

3.28(m) ’ 

3.42(m). 3.68(m) 

3.52(m). 3.64(m) 

3.57(m); J7 8 
* 

3.31(dd); J8,g 

5.68(dd); Jg,,o 

5.78(dd); J,. ,, 
* 

2.16(dd); J,,,2 

- 7.4 

- 6.8 

- 2.6 

- 5.7 

= 2.3 

= 8.4 

Anlkok and etlqlt l&q/t ether 

A solution of ani6ole (1 M) in ethyl vinyl ether was irradiated for 72 hour6 with light of 254 

1110. The presence of three product6 in the ratio of 1.5 : 2 : I Wa6 detected by mean6 of l MlytiCa1 

CX (capillar OV 101). Theee product6 were separated by preparative CLC (6 m, 20 % SE 30). 

w”,,., qOCH2CH3 $“” 

The first product (which has the 6hOrteEt retention time) could be identified a6 I-methomndo- 

7-ethoxytricycloC3.3.0.02’8 loct-3-ene (compound 5) on the baei6 of the following HMR data. 

The 500 Ml6 ‘B HMR spectrum (Figure 2) show6 the resonance of two olefinic proton6 at 5.76 and 

5.67 ppm. The sharp 6inglot at 3.39 ppm must be due to the methoxy group; the two multiplets at 

3.46 and 3.32 ppm belong to the 0CH2 group in the ethoxy substituent, while the CE3 part of that 
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Ppml 

Pig. 

group gives rise to a 

located at the carbon 

5 2 

2. 500 BEit ‘8 WIP spectrum of compoumi 2 in CDC13 at 298 K. 

triplet at 1.14 pp~. The Pultiplet at 4.43 ppm lust be due to the proton 

atom with the ethoxy substituent. When this oultiplet is decoupled, the 

folloviq couplings disappear: an 8.5 Hz coupling from the mltiplet at 2.45 ppm, a 5.6 Itz coupl- 

ing from the multiplet at 2.28 ppm and a 1.5 Hz coupling from the double doublet at 3.19 ppa. This 

last coupling is either J5 , or J6 8, long range couplings which are usually found in m&u photo- 

cycloadducts. 15.16,17 ’ ’ 

Irradiation experiments indicate that the proton vith the signal at 3.19 pp~ has a coupling of 

2.4 Es vith an olefiaic proton (5.67 ppm) and one of 6.5 Hz vith a proton vith a arltiplet at 2.45 

ppm. The signal at 3.t9 pp mst be due to H-5 since this is the only proton having a coupling vith 

an olefinic proton azvi a U-relationship, vhich Il*Lst be vith E-7. The double doublet at 2.45 ppm is 

frca E-6 (J5 6 - 6.5 Hz), which also has a 13.5 Hz coupling vith H-6’ at 1.82 pp. 

On the basis of its coupling of 5.6 Hz with the multiplet at 4.43 pm (H-7). the double doublet 

at 2.28 ppm can be ascribed to H-8. The other coupling (8.4 Hz) of this proton is vitb the double 

doublet at 2.23 pp. This proton, vhich must be H-2. has a 2.0 Hz coupling vith the olefinic proton 

at 5.76 ppm (E-3). 

The position of the methoxy group can be deduced from the following two facts: the existence of 

a cyclopropaoe proton (H-2) vith a coupling vitb an olefinic proton and the existence of another 

cyclopropane proton with a 5.6 Es coupling vitb a proton originating frown the ethyl vinyl ether. 

The only raining position for the methoxy group is therefore at C-l. 

Similar decoupling experiments at 300 mr shov that the second product, compound 1, is I-methoxy- 

sco-6-ethoxytricycloC3.3.0.02S810ct-3-ene. 

Also on the basis of 300 !lEz ‘H NNR spectroscopy the third product could be identified as 

I-metboxy-an&-6-ethoxytricycloC3.3.0.02’8loct-3-ene (cappound ,). 

The chemical shifts and coupling constants of compounds a, 1 and g are presented in Table 3. 

Anzkoto and 1,3-&0x& 

After irradiation of a solution of anisole (1 M) and 1.3-dioxole (3 M) in cyclohexane vith a lov 

pressure mercury arc (Hanau TNN 15/32) for 24 hours, CLC analysis (IO X SE 30) of the crude mixture 

showed the presence of tvo photoproducts in the ratio of 3 : 1. The products vere separated by 

preparative GLC. Their structures could be elucidated by 300 !Oir ‘Ii NMK spectroscopy. The msjor 

product (compound 2) vas identified aa Iethoxy-4,6-dioxa-azo-tetracycloC6.3.0.0 2*1’.03*7,undcc_ 

9-ene and the minor product (compound 2) as l-metboxy-4,6-dioxa-en&-tetracyclo[6.3.O.O2~”.O3~7I- 

undec-9-ene. The NMR data of these compounds will be published elsevbere. 
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Table 3. Chemical shifts (ppm) and coupling constants (Dx) of compounds 5, 1 and i in CDC13 at 
298 Y. (H-6 and H-7 are 63~0; H-6’ and H-7’ are en&). 

ccqmund OCH3 =2CH3 lXH2CH3 H-2 H-3 H-4 H-S H-6 H-6’ H-7 H-7’ H-6 

a 3.39 3.4613.32 I.14 2.23 5.76 5.67 3.19 2.45 1.02 4.43 2.28 

7 3.40 3.45 1.20 2.26 5.58 5.49 3.28 3.63 1.98 1.62 2.19 

s 3.34 3.48 1.18 2.15 5.73 5.66 3.40 4.18 2.15 1.32 1.84 

compound 
‘2.3 J2,4 J2.0 J3.4 ‘4.5 J5,6 ‘5.7 ‘6.6’ ‘6.7 ‘6,7’ ‘6’,7’ ‘7.7’ J7,8 J7’,8 

a 2.0 8.4 5.5 2.4 6.5 1.5 13.5 6.5 5.6 

1 2.3 1.4 8.3 5.7 2.6 2.5 4.4 14.6 6.0 

0 2.3 1.4 8.2 5.0 2.4 5.5 7.9 9.5 13.0 6.6 1.5 

bCH, 

DISCUSSION 

The mata photocycloaddition of aoisole to cyclopeotene yields the endo and ezo adducts 
13 

in the 

ratio of 9 : 1. 10 both adducts the wthoxy group ir at position I. The results reported in this 

paper show that the presence of one or two oxygen atas next to the double bond in the alkeoe has 

a pronounced influence on the endo/exo ratio. The results are summarized below. 

xmdo x exe 

cyclopenteoe 90 10 

2,3-dihydrofuran 50 50 

ethyl vinyl ether 55 45 

l,3-diorole 25 75 

2,5-dihydrofurao 94 6 

A similer trend is found in the photocycloadditioo of benseoe to cyclopeoteoe and 1.3-dioxole. 

Bryce-Smith and Gilbert et a1.7 reported an mdolazo ratio of 69 : II for benzene with cyclopeot- 

ene, whereas for benzene with l,3-dioxole Mattay et al. 
4 

have found that the em isomer is the 

major msta photoadduct. 

With aoisole, all olefins show similar regiorelectivity. The methoxy group is invariably found 

at position I in the adduct. The results are difficult te reconcile with a mechanism in which 

prefulveoe plays e role. Prm aoieole. four msthoxyprefulveoes are possible: 

bCH, 

Ouly I-methoxyprefulveoe would , upon reaction with the elkeoe, give rise to e I-methoxy- 

substituted adduct. To explain the exclusive formation of meto photoadduct with methoxy at 
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position I ooe would have to amum either that only one methoxyprefulvene is forwd fra excited 

auirole or that only one of the methoxyprefulveoer cao react uith the olefio. Neither of there two 

porribilitier seem likely. I-Methoxyprefulveoe, with the methoxy group at a bridgehead carbon, is 

not expected to be the moat rtable iaaer. Thio fact is io itself not mfficieot to discard the 

prefulveoe mechania. The supposed iotemediater are formad from ao excited species and it is oot 

uucomoo in photocheaistry that the therwdyuuically least stable immers are preferentially 

formed. If I-methoxyprefulveoe would be the predcmioaot iatetmdiate ooe would, houever, expect the 

species to be able to react with the olefio in two different ways. uia. at the poclitiooe 2 aud 6 or 

at the positions 4 and 6. These processes would lead to the I-methoxy- or the Il-methoxy-rubrtitu- 

ted adduct. respectively. However, the I-methoxy ircmer is found exclusively. If ateric factors 

were to play a role, one would oot expect the exclusive formation of thin iraaer. 

The prefulveoe can react with the alkene to give the en& and the em adduct. Model studies show 

that there is little difference in rteric requirements for formation of the two types of adduct. 

If sterif factors are involved at all, they are expected to favour the formation of exe adduct. 

The en&/at0 ratio in the anisole-cyclopeoteoe system is, hovever, 9 : I. That this ratio changes 

in favour of the ezo adduct in going from cyclopenteoe to 1,3-dioxole cannot be the result of 

rteric factors. 

IO the other possible mechaoim the bonddr betveeo cyclopeoteoe and aoirole are supposed to be 

formed first. Products that would derive from an ioterpediate in which ooly ooe of these boods has 

been formed have oever been detected. Furthermore. the addition of open chain alkeoes to beoteoe 

derivatives alvays taker place with retention of the stereochemistry in the alkeoe. 
16.19,20 

It my therefore be arsmed that the boodr are formed simultaneously. This mode of addition would 

create a diradical or a xvitterioo: 

The poarible intermediacy of such species has also been meotiooed by Bryce-Smith aud Gilbert. 3,6 

The rtabilitiop influence of the methoxy group on the carbonium ion or the radical ceotre nicely 

explains the activatiiq l od directing effect of thin group oo the photoeddition. The intermediate 

has a plane of symetry and the txo modes of formation of the three membered ring are degenerate. 

Thus, by assuniog the intermediacy of the diradical or the auitterioo, it follows naturally that 

ooly one product will be found in the c8se of aoieole with a symetric alkeoe. 

The formation of such an intermediate may be preceded by an exciplex between the excited aromatic 

molecule and the olefio. Such an exciplex haa been proposed by Srioivaean and co-workers’ to ex- 

plain the predc&nancy of the endo isomer. e.g. in the m&u photocycloadditioo of toluene to cyclo- 

buteoe. In the exciplex leadiog to em adduct there would be severe steric interaction betveen the 

subatitueot and the methylene groups of the cyclic olefin. 

Bond formation betueeo carbon stores 2 and 6 of anisole and carbon at-8 I and 2 of cyclopenteoe 

(either directly from the excited state or via the exciplex) yields a species which in our view 

can best be represented aa a zvitterion. 

The results obtained with the oxa- and dioxa-cyclopenteoes demonstrate that the presence of one 

or two oxygeo atoms in the five membered ring has a pronouoced effect on the en&/or0 ratio. 

Replacement of a methylene group next to the double bond by ao oxygen atom causes the en&le.zo 

ratio to drop from 90/10 to SO/SO. When the second allylic methyleoe group is also replaced by 

oxygen the ratio becomas 25/?5 and is almost inverted compared to cyclopentene. We attribute this 

stroql effect to an electronic interaction between the oxygeo atom(s) and the negatively charged 

allylic moiety in the en& xvitterion. Repulsion between the lone pair electrons on oxygen and the 

electroos of the ally1 aoioo will render this zwitterion lees stable than the en& zwitterion 

obtained from cyclopeotene. The BZO zwitterion doea not suffer from this effect. 
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The iromr distribution in tba case of anisole and 2,Sdihpdrofuran uay be rationalized as 

follow. Due to the presence of the oxygen atom, the charge distribution in the ally1 anion vi11 

be asmtric in such a way that most negative charge will be concentrated on the carbon atom that 

is farthest away from the oxygen. The ring closure is expected to take place preferentially to 

this atcnn. This yields the 6-0x0-1??& isacer uhich is in fact the only one of the tuo possible 

en& adducts that has been found. In contrast, both possible esw adducts have been isolated. 

They are formsd in the ratio of 2 : I, with the 6-oxa-mu isomer predcainating. The xsjor isomer 

is forvd by ring closure between the carbon atom bearing the methoxy group and the negatively 

charged carbon atom that is farthest away frms the oxygen atom. 

0 7% -2. * 
/ 

+ / 

H,CO' 

The oxygen am in the exe svitterion is sufficiently far away from the l llylic anion for direct 

repulsive interaction to be negligible. The switterion is, however. asymetric and the dipole of 

the C-O bond may be responsible for an asyrmrctric distortion of the distribution of charge in the 

allylic auion. The expected charge distribution is in agreement with formation of the 6-oxa-em 

isomer as the major e.w adduct. 

Ethyl vinyl ether is electronically similar to 2,3-dihydrofuran. The eu&/exo ratios of the tvo 

empounds are almost equal. From ethyl vinyl ether and a&sole only one 820 adduct has been found. 

The position of the oxygen atm in this adduct is the sass as that of the oxygen atom in the major 

am adduct frou 2,3_dihydrofuran, i.e. farthest away from the three msabered ring. Thus, the 

similarity of the tuo compounds is reflected in their behaviour in the addition reaction. There is, 

houever. one difference. From 2.34ihydrofuran only one en& adduct is forusd and it was argued 

that this compound arises from the ruitterion by ring closure to the carbon atom farthest away frca 

the oxygen. Ethyl vinyl ether and anisole, hovever, give rise to tuo undo adducts in the ratio of 

1.5 : I and the major isomer is formsd by ring closure to the carbon atom nearest to oxygen. 

At present w do not have a satisfactory explanation for this discrepancy. The greater flexibility 

of the open chain alkene and of the resulting svitterion might play a role. 

The photoreaction of ethyl vinyl ether with anisole has also been studied by Gilbert et al. 
21 

The formation of four derivatives of tricycloC3.3.0.02’* loct-3-ene is reported, all with the OCi13 

group at position 1 and the ethoxy group at one of the positions 6 or 7. Qualitatively the results 

reported by us are very similar to those of Gilbert et al. A quantitative comparison is impossible 

because these authors have not separately identified the four photoproducts: three products were 

obtained as a mixture. 

Interestingly, Gilbert et al. 
21 have found a solvent effect on the msta photocycloaddition of 

anisole to ethyl vinyl ether. The quantum yield increases markedly in the series cyclohexane ((P-0.2) 

< methanol < ethyl acetate < acetonitrile (hO.4). The authors propose that this effect msy be 

explained in terms of the polarity of an intermediate formed by 2.6-bonding of the ethyl vinyl 

ether to excited anisole. This is nou corroborated by the results presented in this paper. 

In the svitterion formed from anisole and 2,5-dihydrofuran. the oxygen atom is not only farther 

auay from the ally1 anion, but, perhaps more important, it nou faces the central carbon atom which 

bears much less negative charge than the carbon atoms at either end. As a result, the endo/eJco 

ratio is almost aqua1 to that in the case of anisole with cyclopentene and the oxygen atom appears 

to have no effect. 
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In this paper we report only about photocycloadditions of anisole and our conclusions regarding 

the mechanisn are therefore only valid for this molecule. However. as has been pointed out by 

Mattay et al. 
4 , the fact that benzene. like anisole, yield8 more au, than endo adduct in its 

reaction with 1,3-dioxole indicates that a awitterionic rpecies may alro play a role in this caoe. 

The witterionic mechanism would.aleo give an explanation for the formation of a tricyclic ketone 

from phenol and cyclopentene. Srinivaclan et al. 
12 

have reported that the photochemical addition of 

these two compounds yields tricycloC5.3.1.0.2’6 lundec-E-en-II-one instead of the expected l-hydroxy- 

undo-tetracycloC6.3.0.02*1’.03’7 lundec-9-ene. They explained this result by assuming that the 

I-hydroxy-substituted adduct undergoes ring opening in the acidic (phenol) Pedicna. If our mechanism 

is correct, one does not have to assume that the tetracyclic adduct is first formed and then 

destroyed. The positively charged moiety of the zvitterion formed from phenol is in fact a proton- 

ated ketone. It will easily lose a proton, whereas the allylic anion will pick up a proton from 

the medium: 

Q 0 

OH 

+ 0 I 

In conclurion, we can say that our experiments with oxygen-containing alkenes have provided 

strong indications for the occurrence of a tvitterionic intermediate in the tn&z photocyclo- 

addition to mieole. 

EXPERIMENTAL 

Anirole, 2,3-dihydrofuran. ethyl vinyl ether and CDC13 were products of Aldrich Europe. Cyclo- 
pentene was a product of Merck-Schuchardt. 1,3-Dioxole vaa prepared by Dr. J. Mattay of the 
Kheinisch WeetfZlische Technieche Eochechule. Aachen. Germany, via a method described in the 
literature.22 2.5-Dihydrofuran was prepared by dehydration of but-2-en-1.4-diol.23 

Irmdiution Conditim and work-up 

The irradiations (except the one vith 1,3-dioxole) were carried out in a quartz tube (30 X 3.5 
cm) containing 200 - 300 ml of a solution of I Bl anieole and 3.5 M alkene. For the addition of 
anisole to ethyl vinyl ether, the latter compound was used as the solvent. The tube was placed in 
a Kayonet RPR 200 Photoche&cal Reactor, fitted with eight 254 m lamps. 

The irradiation mixture wa8 checked by analytical GLC every 20 hours. After irradiation for 72 - 
80 hours the reaction mixture wae analyzed by analytical GLC. After removing the solvent and the 
starting materials by distillation, a 20 - 30 X rolution in cyclohexane or in a mixture of ethyl 
acetate and hexane (1 : 19) waB prepared from the crude mixture and then separated by preparative 
GLC. Only those products were separated that were likely to be m&z photoadducte on the basin of 
their Cc-k6 data or by comparison of their GC retention times with those of the anisole-cyclo- 
pentene photoadducts. 

The following instruments were used for analytical GLC: Hewlett Packard P h M 5750 Scientific 
Research Chrooltograph; Column I: IO X SK 30 on Chrososorb UAW 80 - 100 mesh, glass. 2 m x 3.2 nm; 
Column 2: 10 X DKGS on Chrwsorb UAW 80 - 100 mesh. glass, 2 0 x 4 mn. The injection port temper- 
ature vaa 190’ and the oven temperature was in the range 135 - 150’. Eevlett Packard 5700 A Gas 
Chratograph. Column: Capillar OV 101, 
ature of the injection port was 180’. 

film thickness 0.3 wn. glass, 50 m x 0.35 mo. The temper- 
the oven temperature was 130’. 

For the preparative GC separations we used: Varian Aerograph Hodel 90-P. Column 1: 20 X DBGS on 
Chroweorb WAY 40 - 60 meah. glans, 6 m X 8 m; Column 2: 20 X SE 30 on Chromosorb WAY 40 - 60 
mesh. glass, 6 m X 8 PID. The temperature of the injection port was l9Oo, the oven temperature 150’. 

hwR spaotroeoop# 

The 300 MEz N!4K spectra vere recorded at 298 K in CDCl on a Bruker UM 300 spectrometer. The 
acquisition parroters v*re: sweep widths of 2400 Hz, 4. i 
4 us. where a 90’ flip angle corresponds to 6 ~8. 

B acquisition time and a pulse width of 

The 500 Ml?. spectrum (compound 6> vas recorded on a Bruker An 500 spectrometer (Free University 
of Brussels. Belgium) at 298 K in CDC13. The acquisition parameters were: weep vidths of 4000 Et. 
4 s acquisition time and a pulse width of 2 )I#. where a 90’ flip angle corresponds to 12 pa. 

Both instruments were interfaced with an Aspect 2000 computer. fitted with a CDC disk drive 
(96 M bytes). 

The SECST experimanta on coopounds 1. 1 and 2 were recorded on the Broker UM 300 spectroaeter in 
CDCl3 at 298 K. Typical parametera: PI - f 1000 iit, 12 - 2000 Hz. NS - 16, NE - 128. SI - 16 K, 
1.5 s recycle delay, At = 0.00025 s, zero filling in PI to 512 v. sine bell shifted in both 
dimensions. 4 
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