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Abstract - An cxparinuntal study on the photochemistry of the 4_wthyl, b-ethyl 

dirubstitutcd 3-alkylidcnc-2-naphthalonol dcrivstivcs 18,b and Sr,b is presented. It 

is shown thsc occurrence of a [1,3)-OH shift is dependent only on the ground-state 

conformation of the substrate. Ihfs conformation in its turn is fired by the 

chirality at C2 and C4. In caoc of corpoundc 1a.b the hydroxyl group is located in 

the plant of the exocycllc double bond. Excitation of this favourablc conformation 

results in s 90’-twist of the exocyclic double bond. Due to the intcrsction bctwccn 

the rubstituents at Cq md C9 prcferentisl forrrtion of just one twisted geometry 

takes place. The stereochemical outcome of the resulting [1,3]-Oli shift agrees well 

with the one cxpccted in cwc of a planar shift. Further cvidcncc in favour of the 

occurrence of a non-boodward and lioffvnn reaction psth is obtained from the irradi- 

stlon of 5a.b; despite s fsvourablc ([round-state conformation for a l uprafacial shift 

to occur, this shift does not take place. Inrtcrd a 90*-twisted intcrlvdiatc is 

foreed, from which solely a rsdirtionlcrs trsnsition to the ground state is 

observable. The stcrcostructurc of the photoproducts formed was ercsblirhed by acms 

of low tcmpcrsturc WOE mcaturcmcnts. 

introduction 

During our investiqations on the photochemistry of rigid l,%dienes it was 

found that irradiation of Ghydroxyqtrmacrene B leads to an exclusive [1,3]-OH 

shiftl. Following the Woodward and Hoffmann rules of conservation of orbital 

symmet ry2, a photochemical L1,31 siqmatropic shift is expected to proceed in a 

suprafacial way. However, the orbital symmetry arguments deal only with strictly 

concerted conversions and no attention is paid to local qaometry changes which 

effectuate the course of the overall process. Yet it is well-known in alkene 

photochemistry that twisting of the excited double band occurs in order to dimin- 

ish electronic repulsion between the antibondinq p-orbitals, In unsymmetrically 
substituted alkenes this twist will b8 accompani8d by a complete cbarqe sepa- 

ration in the orthogonal situation3. Eased on this phenomenon, known as *Sudden 
Polarization’, we proposed a mechanism for photochemical sigmatropic roactionr as 

depicted in Fiqura 1 for the photochemical [1,31-OH shift in Z-propen-l-oil. 
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Figure 1. The proposed mechanism of the planar [1,3)-OH shift in 2-propen-l-01. 

For 2-propen-l-01 (I) this polarization leads to a positive charqe on the 

terminal carbon atom and a neqative charge on the central carbon atom (II). The 

hydroxyl group, which has a partially neqative charge, may now shift towards the 

positively charqed terminus b the plane of the carbon atoms via a transition 

state of C2v-sysxnetxy (III). After a radiationless transition from a second 

twisted conformation (IV) the reaction proceeds on the ground state potential 

surface towards the shifted product (V). WNDO-CI calculations for various photo- 

chemical shifts showed the activation energy for this planar mechanism to be 

considerably smaller than for the mechanism based on the Woodward and Hoffmann 

rules5. 

Up to now relatively little attention has been paid to the stereochemical aspects 

of photochemical sigmatropic rearrangements. Most of this work was directed to 

[1,31-C shifts, which were studied in detail by Cookson and co-workers6. Irradi- 

ation of cyano-3-phenylcyclohexylidene methyl acetate showed that E-Z equili- 

bration is faster than the [1,31-benzylic shift and therefore no conclusions 

reqarding the stereochemical fate of the allylic terminus could be obtained (See 

Figure 2. Photochemistry of cyano-3-phenylcyclohexylidene methyl acetate. 

In the absccnce of steric factors the twisting motion of the exocyclic double 

bond takes place in two opposite directions, thus accounting for the scramblinq 

of the chirality at the terminal carbon atoms. 
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We now wish to report the results of an experimental study on the photochemistry 

of the I-methyl, 4-ethyl disubstitutcd 3-alkylidenc-2-napht~lenol derivatives 

la,b and 5a,b. Irradirtion of these diasteKeoisomeric compounds leads, because of 

the large steric interiction between the allylic ethyl group and the vinylic 

alkyl group, to a preferential twisting of the exocycffc double bond into one 

direction. The stereochemical outcome of the subsequent [1,3]-OH shift delivers 

to our knowledge the first experimental evidence of the occurrence of a planar 

photochemical [1,31 sigmatropic shift in acyclic alkenes. 

Results 

Upon direct irradiation of (2RS,QSR)-la in n-hexane fast E-Z isometization 

around the exocyclic double bond could be observed. This led to the formation of 

a mixture of the E- and Z-isomers 2a and 18 respectively in a ratio of approxi- 

mately SO:SO. Further irradiation of this mixture resulted in the clean formation 

of the diastereoisomeric product mixtures 3a and 48 in a ratio of 85:15. 

The influence of the Cg-alkyl group becomes clear from the observed photochemical 

behaviour of the product formed by substitution of the Cg(He) by the more bulky 

ethyl group (compound lb), Irradiation of the rapidly formed SO:50 mixture of lb 

and 2b results in an even more stereoselective [1,3f-OH shift, yielding 3b and 4b 

in a ratio of 93:? (see Figure 3). 
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Figure 3. Photochemistry of (2RS,4SR)-I8,b upon irradiJtion in n-herane. 

Irradiation of either (2SR,4SR)-58 or (ZSR,QSR)-Sb in n-hexanc also gave rise to 

the initial formation of a 50:50 mixture of the E- and z-isomers 68,b and 5a,b 

respectively. However upon prolonged irrrdiation no further photoproducts were 

formed. This clearly demonstrates the unique properties of the compounds studied. 

Dependent on the chirality at C2 and C4, either a highly stereospecific [1,3]-OH 

shift takes place or no shift at all is observed. Initial formation of a 5O:SO 

mixture of 5r,b and 6a,b WJS also observed upon irradiation of sa,b in methanol. 
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Figure 4. Photochemistry of (2SR,4SR)-5s,b upon irradiation in methanol. 

Besides this general behaviour the two additional photoproducts 7a,b and %a,b 

were formed in ratios af 60:QO. These products arise from the addition of 

methanol to the excited double bond of either 5a,b or 68,b. No 11,31-OH shift 

could be established (see Figure 4). 
The fact that the [i,31-OH shift does not occur for compounds 5a.b and 6a,b in 

n-hexane indicates a lower reactivity than for compounds la,b and 2a,b, but does 

not exclude the possibility of its appearance in methanol. Therefore a control 

cxper iment was set UQ in order to make sure no photochemical substitution 

reaction occurs which would convert 3a,b and 4a.b into ?a,b and %a,b. No reaction 

could be observed upon prolonged irradiation of both 3a,b and 4a,b in methanol. 

Discussion 

The obssrvation of an unequal product distribution upon irradiation of the 

50:50 mixture of la,b and 2a,b,clsarly indicates the occurrence of a non-Woodward 

and Hoffmann teaction psth for photochemical sigmatropic [1,3]-OH shifts. For 

following the Woodulrd and Hoffmann rules of conservation of orbital ayaxaetry, a 

photochemical [1,31-OH shift is predicted to proceed in a suprafacial fashion. A 

suprafacial [1,3]-OH shift will always be accompanied with complete transfer of 

the chirality at C2 in the starting products towards Cg in the photoproducts 3a,b 

and la,b. 

As shown in Figure 5 a relative configuration of 2RIS(ZSIR) of the Z-isomers la,b 

will lead to the formation of a 4S9R(4ROS)-configuration of the products formed 

upon suprafacial migration of the hydroxyl group. Similarly the same relative 

configuration of 2R4S(ZS4R) of the E-isomers 2a.b wily result in a tS9S(tR9R)-Con- 

figuration of the photoproducts. 
Because of the presence of the unequal substituenta at C2 and C4 the transition 

states for these two suprafacial shifts would be diastereoisomeric Of nature. 

Going from the starting geometry to the transition state, the interaction between 

the trans oriented vinylic substituent at C9 and the alkyl substituents at C4 

will increase. This interaction will be largest in cLae of a trans oriented 
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Figure 7. Preferential conformation of (2)~254S-Sa. 

Table I. Heats of Formation (AHff and Relative Populations (at 0 *C) of All 

Stable Conformers of (Z)-(2S4S)-5a. 

99.9936 

Table II. Heats of Form&ion (AlIf) and Relative Populations (at 0 l c) of ~11 
Stable Conformers of (E)-(ZSIS)-61. 

Concerning the mechanism of a photodbtrmical [1,31-OH shift, the conformation in 

which the hydroryl group is located in the plane of the exocyclic double bond is 

in favour for a planar shift to occur. Regsrding the very low relative popula- 

tions of this (S)-conformation in both 5a and 68 (t0.03%), a planar [1,31-OH 

shift is not very likely in these compounds. On the other hand, a location of the 

hydroxyl group out of the plane of the erocyclic bond is necessary for a supra- 

facial shift to take place, Thus the non-occurrence of a [1,3]-OH shift upon irra- 

diation of a 30:30 mixture of 5a.b and Lr,b gives an extra indication in favour 

of a non-Woodward and Hoffmann reaction path. Despite the favourable ground-state 

conformation of Sa,b and 6a,b for a ruprafacial shift to occur, this shift does 

not take place. Instead a 90*-twisted (polarized) intermediate is formed (as 

could be proven by irradiation of 3a,b in methanol), from which solely a radir- 

tionless transition to the ground strtt is observable. 

Besides this, the absence of products derived from a [1,31-0X shift in the 

irradiation of Sa,b and 6a,b likely indicates the occurrence of a non-radical 

process. For in that cast cleavage of the C2-hydroxyl 

recombination of the hereby formed (bi)radicals. 

independent of the conformation of the substrate. 

biradicrlar intermediate is expected to give rise 

photochemical [1,3]-OH shift in l lX substrates. 

bond will be followed by 

This recombin*tion is 

Hence formation of 8 

to the occurrence of a 
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Experimental Section 

Synthesis of Reactants of Interest 

The reaction route for the synthesis of the diastereoisomeric mixtures of 

(2RS,4SR)- and (2RS,4RS)-3,4-dihydro-4-ethyl-l,l,4-trimethyl-(Z)-3-ethylidene-2- 

(lH)-naphthalenol (la and Sa respectively), (2RS,4SR)- and (2RS,QRS)-3,4-dihydro- 

4-ethyl-l,l,4-trimethyl-(2)-3-prop~idene-2(1H)-naphthalenol (lb and 5b respec- 

tively) is outlined in Scheme I. 

Nr Et 
16o.RmN~ 

b.R =Et 

lTa.RaN. 
b.R=El 

IT o.R=Nr 
b.R.Et 

2R1S la.R=Nr 2SLR 
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2RLR 
sa.R=Nr 

b.R.El 

Scheme I. Reaction Route for the Synthesis of the Photochemical Reactants la,b 

and 5a,b. 
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Hydration of the acetylonic y-dial 11. in the prtsance of Wg604 yielded a mixture 

of tht iromeric tettahydrofurrnone8 12 and 13 in an equ81 titio. Upon Friedel- 

Crrfts cyclirlkylrtion of this mixture with benzene in the pttrtnce of AlC13, the 

tetrrsubrtituted nqhthiltnone derivative 14 could be isol8ted. Upon SeO2-oxi- 

dation rnd aubrtqutnt Wittig-reaction of tht resulting diketont Xi, using the 

l lkylidsnephosphorrnea Ma and lbb, the isomeric a,&-untrturated ketones 178.b 

rnd 168,b were obtained in r8tios of 40:60. In order to distinguish the l-ethyl- 

1,4,4-trimethyl and 4-ethyl-1,1,4-trimethyl derivativer, 1x NWR Eu(fod)3 shift 

experiments were carried out. As indicattd in Figure 8 for the 3-cthylidtne deri- 

vatives 17s and 168, the results show clearly that the Cl-methylene protons in 

Case Of compound 18r displry a larger shift than the corresponding C4-methylene 

protons of compound 17a. 

Besides this, addition of Eu(fod)3 to compound 178 ceumea a rather large shift of 

the two Cl(He) groups. In c8se of compound 188 however only one Cl(We) group 

displays this bebaviour. As Eu(Iodj3 is known to form stable complexes with the 

carbonyi group, thest rssultr sttonqly confirm the proposed struatares. Thcre- 

upon+ a Z-configuration of both exocyclic double bonds could be dtduced from 

comparison of the induced chemical shifts of the vinylic methyl and hydrogen 

substitutnts upon addition of Eu(fod)3 (sea Figure 8). 

Similarly, lH NHR Eu(fod)3 shift experiments on l?b and lib enabled an unrmbi- 

guous structure determination of these COmQOundS, 

Figure 8. Plot of the induced chemic8f. shift, dv, versuu tzht amount of rddsd 

shift reagent for protons of 178 and Me. 

Stpacdtion of the isomerie ketones Z?a,b 8nd IBr,b could be accomplished by using 

atgentrtion ~hro~tograph~. Upon LiAfH4-reduction of the racemie mixturt of f7a 

(17&j, thr diastereoiso~ic rllylic 8fcohols Ia. (lb) and 58 (rjb) wttt formed in 

ratios of 10:90. Thus nearly complete 8s~trfC induction OCCUZS. An explanation 

of this phenomenon is baaed on the confornrtian of the substr8tt. As the bulky 

ethyl grwp shields one side of the plrns of the ctrbonyl group, hydridt-rttack 

is more likely to occur from the opporitt sfdt. This implies thrt a R(S)-configu- 

rrtion on C4 rtsults in a prafarentill hydridt-8ttrck yitlding predomin8nt~y an 

R(S)-configuration on C2* 
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Structural Assignment of Photoproducts 

The structure elucidation of the various phOtOprOduCtS was accomplished by 

comparison of the relative positions and multiplicities of the lo- and l3C-NKR 

resonances. The relative configurations at C4 and C9 of the products derived from 

a ~1,314Xi shift, 3a,b and la,b, were deduced from tht relative configorations of 

the corresponding methyl ethers 78,b and 8a,b. In order to correlate these pro- 

ducts, the ailylic alcohols 3a,b and 4a,b were separately methylatcd to yield 

8a,b and 7a,b respectively (as shown by GLC). Since this reaction does not affect 

the chirrlity at tither C4 or C9, the correlation betwctn 3a,b, 8atb and 4a,b, 

7a,b is evident. In order to establish the stereostructure of both 7e,b and 8a,b, 

low ttmparature difference nuclear Ovtrhaustr tnhanctmtnt (NOE) mtasuremtnts Wert 

performtdl8*11. Irradiation of the methoxy group produced tnhrncemtnt of several 

other proton resonances in each case. AS shown in Tables III and IV, the most 

signiticant result of thcst measurements is the observation of enhancement of the 

vinylic C2(H) in 7a,b and not in 8a,b, at temperatures below -20 l C. 

Ttbla III. Observed WOE (%) of C2(H) upon Irradiation of Cg(OHe) at 

Ttmperatures for Compounds 7a and 88. 

I 

Temperature (K) Compound 78 Compound 8a 

293 1.3 0.2 

273 0.9 0.6 

253 3.2 0.3 

233 4.8 0.9 

I 213 203 7.4 9.3 0.8 1.1 

Several 

Table IV. Observed NOE (8) of C2(H) upon Irradiation of Cg(One) at Several 

Temperatures for Compounds 7b and 8b. 

Temperature (K) 

293 

273 

253 

233 

213 

283 

Compound 7b 

-0.3 

0.6 

1.5 

3.6 

5.3 

6.8 

Compound 8b 

0.2 

8.4 

8.3 

1.0 

0.8 

0.9 

Since a linear relationship bttween tht observed NOE and the sixth power of tht 

internuclear distrnce has bttn tstablishtd by Bell and Saundtrs12, these ‘results 

indicatt that at low temperatures the internuclear C2(H)-C9(OHe) distance in 

compounds 7a,b is considtrrbly smaller than in case of compounds 88,b. Dreiding 

molecular models show that in the preferential conformation of both 78,b and 8a.b 

the Cg(H) is located in an anti-Qorition to the C2-C3 doublt bond, thereby mini- 

mixing the interaction bttween tht substituents at C9 and C4. In case of a rela- 

tive (4SR,BSR)-configuration, C9(0&?) and C4(Et) art locrttd on tht samt sidt of 

tht plane of tht C2-C3 double bond. A relative (4SR,9RS~-configuration on the 

other hand implies a location of the Cg(OHe) and the C4(Et) on opposite sides of 

the plane of the C2-C3 double bond, Dependent on the chirality at C4 the C4(Et) 

shields one side of this plane. This means that in cast of a rtlative (ISR,BSR)- 

configuration the Cg(OMc) is dirtcttd away from the C4(Et), which leads to an in- 

crease of the C2(H)- Cq(OHs) internuclear distance. Thus, based on the results of 

the low temperature NOE trpcrimtnts, a (4SR,9SR)-configuration can be assigned to 

compounds 8a.b and 38,b. AS in case of a relative (4SR,SRS)-configuration the 

C4(Et)-Cg(OHe) internuclear distance is much larger, the C9fOMe) will hardly be 
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influenced by this substituent. This implies tbat in the pteftrtnti81 confor- 

m8tfon the Cg(OYe) is Located near the vinylie C2(H), thus accounting fat the 

observed enhancement of the 1~ NHR signal of thir proton upon irradiation of the 

Cg(OHe) resonance, So compounds 7a.b and Ir,b hrve a (ISR,9RS)-configuration. 

natett8Is and PItthods, Prtoer8tfon of comoounds 

1~ and l3c NkIR spectra wart rtcorded at 200 respectively 50 MHz on a Bruker AC 

200 NNR spectrometer, interfaced with an ASPECT 3000 computer. An internal field- 

frequency lock was used. Chemical shifts were referenced against tetramcthyisi- 

lane (6- 0 ppm), which was added as a small trace. NOE differtnct spectra were 

obtained using the method of Hall and Sanders 10 with the following timings: prc- 

irradiation (5 Set), delay (50 msec), 90. pulse (3 rsec) and acquire one tran- 

sient (2.7 See). Eiqht transients were collected at s8ch site during each pass 

around the full frequency list until 200 transients had been accumulated at every 

site. Thorouqhly deqassed CD2Cl2 was used as a solvent. Gas chromatograms were re- 

corded using a Kipp Analytic8 8200 equipped with s flame-ionization detector. 

Columns used were Chromp8ck fustd silica wall, open tubulrr columns with CP Wax 

51 as liquid phrse (25 m x 0.23 mm). The W messurtments were performed on a 

Perkin-Elmer 124 spsctrofotometer. Argentation chromatography was performed using 

impreqnlted silica, prepared by evrporatinq to dryness of a slurry of silica 

(type 60, Werck) and 101 AgWO3 in CH$ZN. 

Irradiation Pro~edurs 

Irradi8tions were performed using 8 500 Watt medium pressure mercury lamp 

(Hanau TQ718) throuqh quartz. Cooling of the lamp rnd the reaction vtssel w8s 

accomplished by me8ns of a clostd circuit filled with methanol. The temperature 

in tht reaction vessel was maintained at 2 0 ‘C. A 6 x 10s3 molar solution of the 

v8rious compound8 in n-hexane or mtthsnol (both p.a.) was ustd. Before ‘814 during 

irrldiation, the rs8ction mizture ~8s purged by a stream of dry nitrogen in order 

to remove all tracts of oxygen. All irradirtions were followed by means of GLC. 

Upon GLC indicating the presence of sufficitnt amounts of photoproducts to he 

identified by means of lH and 13C NI4R spectroscopy (usually at approximately 5% 

conversion), the irradiation was stopped and the solvent removed on a rotatory 

evaporator. The crude reaction mixture was Seplr8ted by means of repe8ted rrgen- 

tation chromatography. 

2-Ethyldihydro-2,5,5-triaethyl-3(2H)-furenone (12) and S-etbyldihydro-2,2,5- 

tri~thyl-3(2H)-fur~none (i3)‘3. 

To a mixture of 27 g of HqO, 30 mL of cont. H2SO4 and 100 mL of water was added 

with cooling 300 g (1.92 mol) 2,5-dimethyl-3-heptyn2,5-diol (11). The mixture was 

stirred for 2h at 70 l C. After cooling to room temperature and filtration, the 

aqueous layer was extracted with two 300-mL portions of ether. The combined 

organic extracts were neutralized with a saturated NaHC03-solution, washed with 

brine, dried over XqSO4 and evaporated. Distillrtion (20 sun, 73-74 l C) afforded 

269 9 (69%) of I2 rnd 13 in a ratio of SO:50 (as indicated by GLcf. 

‘R NmR (CbC13) 6 -65 (t,3H), 0.94 (tr3H), 1.23 (3,6Hl, 1.24 (s,3Hf, 1.31 (s,3H), 

1.34 (s,3H), 1.40 (s,3H), 1.56 (m,4H), 2.43 (m,lH); T3c NMR (c~cl3) 6 214.49 (s), 

214.15 (s)~ 63.72 (s), 80.48 (s). 78.64 (S), 75.98 (31, 49.72 (t), 46.44 (t), 

35.26 (t)s 32.34 (t), 30.66 (q), 30.31 tql, 27.79 (q), 26.66 (q), 26.27 (q), 

24.61 (q), 8.79 (q), 8.51 (9). 
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3,4-Dihydro~~thyl-l,1,4-tr~thyl-2(1H)-nrphthalonone (14)14. 

To a stirred solution of 208 g (1.33 mol) of 12 end 13 in 750 mL of anhydrous 

benzene was added gradually anhydrous, powdered AlC13 (316 g, 2.37 mol) .while 

maintaining the temperature between 40 and 50 l C by externsl cooling. The 

solution was then heated at reflux for Zh, cooled and poured into one liter of 

ice and water containing 150 mL of cont. HCl. The aqueous lryer WIL washed with 

four 200-mL portions of ether. The combined organic layers were washed with a 

saturated NaHC03-solution, dried over f4gSO4 and concentrated in vacua. 

Chromrtogrsphy (silica 60, n-hexane-ether 3:l (v/v)) rffordod 50.7 g (la%) of 14. 

lR NMR (CDC13) 6 .60 (t,3H), 1.27 (s,3H), 1.30 (s,3H), 1.40 (s,3H), 1.79 (q,ZH), 

2.57 (AB-q, A 2.50, B 2.64, JAB- 12.8 Hz, ZH), 7.89-7.45 (m,4H); 13C NMR (CDC13) 

6 213.89 (5). 145.19 (s), 142.36 (s), 127.82 (d), 127.68 (d), 127.33 (d), 125.49 

(d), 53.32 (s), 53.22 (s), 38.85 (t), 34.79 (t), 32.10 (q), 31.47 (q), 29.26 (q), 

10.79 (9). 

1,4-Dihydro-l-sthyl-l,4,4-trimethyl-2,3-nsphthalen~ione (15). 

TO a solution of 50.7 g (0.23 mol) of 14 in 250 mL of glacial acetic acid was 

added 30 g (0.27 mol) SeO2. The mixture was heated at reflux for 4h. The cooled 

solution was thoraughly filtered and the solvent removed in vacua. The residu was 

dissolved in 200 rnL of ether, washed with wster and a srturated NaHCOj-solution. 

The organic layer was dried over HgSO4 and concentrated under reduced pressure. 

This afforded 52.8 g (97%) of 15. 

1~ NMR (CDC13) 6 -71 (t,3H), 1.43 (s,3H), 1.48 (s,3H), 1.54 (s,3H), 1.87 (m,2H), 

7.13-7.48 (m,lH); l3C NMR (CDC13) 6 206.32 (s), 206.10 (s), 141.84 (s), 139.80 

(L), 128.91 (d), 128.11 (d), 127.33 (d), 127.15 (d), 56.34’ (s), 51.74 (s), 35.40 

(t), 28.73 (q), 26.00 (q), 23.96 (q), 9.97 (4). 

3,4-Dihydro-4-ethyl-l,l,4-trinethyl-(Z)-3-ethylidene-2(lH)-nsphthslenone and 

3,4-dihydro-l-ethyl-l,4,4-trimethyl-(2)-3-ethylidene-2(1H)-naphthrlenone (17a and 

18a respectively). 

n-Butyllithium (187 mL of a 1.6 M solution in n-hexane, 0.30 mol) was added 

dropwise to a stirred suspension of 102.2 g (0.28 mol) (ethyl)triphenylphospho- 

nium bromide in 200 mL of anhydrous ether, whereupon the deep red color of the 

ethylidenephosphorane 161 was produced. The mixture was then stirred for 2h at 

room temperature. At the end of this period 52.8 g (0.23 mol) of 15 was added 

dropwise, whereupon a white precipitate formed. The mixture was then cooled and 

filtered by suction. The filtrate was washed with water, the organic layer sepa- 

rated and dried over MgSO4. Removal of ether left a residue which was separated 

by repeated argentation chromatography using n-hexane-ether 95:5 (v/v) as eluent. 

Thus 3.2 q of 17a and 4.5 g of 18s could be obtained (total yield = 14%). The cor- 

responding E-isomers were not detected as byproducts. GLC showed the original 

product mixture to contain 17s and 113s in a ratio of 40:60. 

17a; lH NMR (CDC13) 6 .70(t,3H), 1.38 (s,3H), 1.40 (s,3H), 1.46 (s,3H), 1.78 

(d,3H), 2.05 (q,ZH), 5.74 (q,lH), 7.10-7.46 (m,lH); l3C NUR (CDC13) 6 209.98 (s), 

145.27 (s), 144.08 (s), 143.83 (I), 129.05 (d), 127.73 (d), 127.63 (d), 125.52 

(d) 0 125.30 (d), 50.19 (s), 43.08 (s), 38.89 (t), 30.63 (q), 28.66 (q), 24.16 

(q), 16.13 (q), 9.77 (q). 

Ma; 1H NPIR (CDC13) 6 .63 (t,3H), 1.37 (s,3H), 1.42 (s,3H), 1.49 (s,3H). 1.80 

(d,3H) l 2.09 (q,2H), 5.81 (q,lH), 7.10-7.49 (m,lH); l3C NHR (CDC13) 6 210.25 (s). 

147.09 (s), 144.87 (s), 141.92 (s), 129.30 (d), 127.79 (d), 127.40 (d), 126.00 

(d), 125.75 (d), 54.49 (s), 46.84 (s), 35.09 (t), 31.61 (q), 30.60 (9). 27.03 

(q), 16.02 (9). 10.72 (q). 
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3,4-Dihydro-4-ethy1-1,1,4-trimt~y1-(2)-3-propy~iden~-2(1H)-n~phth~1~~ and 

3,4-dihydro-l-eth~l~l,4,4-trlwthyl-(Z)-3-ptopylid~-2(~H)-naphthalsnoae (17b 

and 1Rb respectively). 

The same procedure was used as for the preparation of 17a and Ma. Starting from 

50.0 g (0.22 mol) of 15, 3.0 g of 17b and 3.9 g of lllb were obtained after repeat- 

ed argentation chromatography using n-hexane-ether 9:l (v/v) as eluent. 

17b; lH NWR (CDC13) 6 .63 (t,3H), 1.00 (t,3H), 1.40 (s,3H), 1.43 (s,3H), 1.49 

(s,3H), 2.10 (q,lH), 2.20 (m,ZH), 5.63 (t,lH), 7.09-7.46 (m,4H); 13C NMR (CDC13) 

6 209.73 (s), 145.17 (s), 143.78 (s), 141.88 (s), 127.87 (d), 127.72 (d), 126.93 

(d) a 126.13 (d), 125.35 (d), 54.30 (s), 42.66 (I), 34.99 (t), 32.18 (t), 29.39 

(q), 24.31 (q), 23.55 (q), 15.27 (q), 10.62 (q). 

16b; lH RRR (CDCl3) 6 .67 (t,3H), 1.00 (t,3H), 1.42 (r,3H), 1.43 (a,3H), 1.50 

(s,3H), 2.12 (q,2H). 2.19 (m,2H), 5.67 (t,lH), 7.14-7.53 (m,(H); 13C WnR (CDC13) 

6 210.12 (s). 145.58 (s), 144.01 (s), 143.24 (s), 128.79 (d), 127.70 (d), 127.30 

(d) 0 125.94 (d), 124.16 (d), 53.55 (s), 49.92 (s), 38.84 (t), 31.24 (t), 30.79 

(a), 27.50 (q), 23.62 (q), 15.54 (q), 9.63 (q). 

(2RS,ISR)- and (2RS,4RS)-3,4-Dihydro-4-ethyl-l,l,4-triPcthyl-(Z)-3-propylidene- 

Z(lH)-napbthalcnol (lb and 5b respectively). 

The same procedure uas used as for the reduction of 17a. Starting from 3.0 g 

(11.7 ~101) of 17b, 3.0 g of a mixture of lb and 5b was obtained. GLC showed this 

mixture to contain 101 of lb and 90% of 5b. Separation was accomplished using 

repeated l rgentation chromatography with n-hexane-ether 9:l (v/v) as eluent. 

lb; ‘H NMR (C)X13) 6 .66 (t,3H), 1.05 (t,3H), 1.20 (s,3H), 1.41 (s,3H), 1.51 

(s,3H), 2.03 (q,ZH), 2.22 On,ZH), 4.47 (s,lH), 5.53 (t,lH), 6.97-7.33 (m,lH); 13~ 

NXR (cw13) 6 143.64 (S), 142.82 (S), 140.74 (S), 129.63 (d), 126.61 (d), 128.39 

(d) e 127.85 (d), 126.79 (d), 75.65 (d), 44.26 (s), 40.22 (s), 38.69 (t), 36.81 

(t), 31.06 (q). 27.62 (q), 21.71 (q), 15.81 (q), 10.57 (q). 

Uv (EtOH) Xmax 250 nm. 

(2RS,4SR)- and (2RS,4RS)-3,4-Dihydro-4-sthyl-l,l,4-trirsthyl-(Z)-3-ethylidene- 

2(1H)-naphthalenol (la and 5a respectively). 

To a stirred suspension of 0.5 g (13.2 nvnol) of LiAlH4 in 50 mL of anhydrous 

ether was added dropwise, at 0 ‘C, a solution of 3.2 g (13.2 mmol) of 171 in 25 

mL ether. After 30 min. additional stirring the reaction mixture was allowed to 

warm to room temperature. After addition of respectively 1 mL of water, 1 mL of a 

5N NaOH solution and 5 mL of water, filtration, separation of the organic layer 

and removal of the solvent afforded 3.0 g (94\) of a mixture of la and 5a. GLC 

showed a composition of 10% of la and 90% of 5a. Separation was accomplished by 

using repeated argentation chromatography with n-hexana-ether 9:l (v/v) as eluent. 

la; ‘h NM (CDCl3) 6 .73 (t,3H), 1.24 (s,3H), 1.32 (s,3H), 1.40 (s,3H), 1.80 

(d,3H), 2.03 (q,2H), 4.53 (s,lH), 5.80 (q,lH), 7.03-7.33 (m,lH); 13C NNR (CDC13) 

6 145.13 (s), 143.78 (s), 142.73 (s), 128.43 (d), 127.81 (d), 127.50 (d), 127.02 

(d), 126.36 (d), 75.50 (d), 43.49 (II), 40.63 (s), 36.20 (t), 32.62 (q), 29.40 

(q), 20.31 (q), 15.14 (q), 10.17 (q); W (EtOH) X,,x 240 nm. 

51; ‘H NHR (CDC13) 6 .S7 (t,3H), 1.26 (s,3H), 1.35 (s,3H), 1.49 (s,3H), 1.81 

(d,3H), 1.97 (q,2H), 4.47 (s,lH), 5.69 (q,lH), 7.07-7.38 (m,4H); 13C NHR (CDC13) 

6 l44.57 (s), 143.04 (s), 141.94 (s). 129.23 (d), 127.87 (d), 127.58 (d), 127.14 

(d), 127.01 (d), 75.02 (d), 45.65 (S), 43.64 (s), 39.05 (t), 31.10 (q), 27.07 

(9)s 23.69 (q), 14.21 (q), 10.69 (q); lJV (EtOH) Xmax 245 nm. 
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5b; ‘H-NM (c=13) 6 1.05 (tr3H)r 1.10 (t,3H), 1.15 (6,3H), 1.45 (8,3X), ‘1.5‘7 

(s,3tf), 2.00 jq,ZH), 2.23 (m,2H), 4.75 (r,lH), 5.69 (t,lH), 7.00-7.43 (m,4H)t 1% 

NWR 1CDCl3) 6 145.43 (s), 144.58 (s), 143.20 (s), 130.07 fd), 128.39 (d), 127.47 

(d), 127.26 (d), 126.48 (df, 70.29 (d), 42.23 (s), 39.45 (s), 37.82 (t). 34.30 

(t), 30.57 (q)r 27.65 tq), 21.71 (q), 15.99 (q), 9.36 (q). 

UV (EtOH) A,,, 240 nm. 

A mixture Of 0.015 Q (0.63 ~~31) of NaH and 15 mL of THF was heated to 40 l C, 

followed by addition of 0.1 g (0.7 axnoi) of cH31. A solution of 0.1 g (0.41 nxnol) 

Of la in 10 mL of THF was added dropwise. Then the mixture was kept at 40 l C for 

90 min. After cooling the reaction mixture, hydrolysis was performed by dropwise 

addition of excess of water. The aqueous layer was separated and extracted twice 

with ether. The COmblIked organic layers were washed with brine and dried over 

WqSO4 - GLC showed 7a to be the main product present. No traces of 811 could be 

detected. Evaporation and subsequent co 1 umn chromatography (Woelm silica, 

n-hexane-ether 95:5 (v/v)) yielded 0.055 g (52%) of 7a. 

IH NMR (CDCl3) 6 .50 (t,3H), 1.26 (s,3H), 1.32 (d,3H), 1.35 (s,3H), 1.42 (s,3H), 

1.79 (q,ZH), 3.23 (s,3H), 3.91 (q,lH), 5.84 (s,lH), 7.11-7.38 (m,lH); 13C Nl4R 

(CDC13) 6 148.54 (s), 143.25 (s), 138.73 (s), 133.49 (d), 127.43 Id), 127.10 

(d,2xI, 126.98 (d), 75.74 (d), 57.05 (q), 43.16 (s), 41.92 (s), 34.92 (t), 34.57 

(q), 33.88 (9). 24.99 (q), 23.75 (q), 11.02 (q). 

flSR,9SR)-l,4-Dihydro-l-ethyl-l,4,4-triu?thyl-2(i-atthoxyethyl)-naphtha~r)ne 

(aa). 

Starting from 0.14 g (0.58 mnol) of 3a, the same procedure was used as for the 

methylation of 4a. GLC indicated 0a to be the main product formed, no traces of 

7a could be detected, Column chromatography (Woelm silica, n-hexane-ether 95:5 

(v/v)) yielded 0.09 Q (61%) of 8a. 

hi NMR (CDC13) 6 .43 (t,3H), 1.28 (s,3H), 1.34 (d,3H), 1.36 (s,3H), 1.42 [s,JH), 

1.76 (q,ZH), 3.28 (s,3H), 3.97 (q,lH), 5.87 (s,lH), 7.15-7.40 (m,4H); l3C NMR 

(CDCi3) 6 146.78 (s), 141.56 (s), 139.51 (s), 134.12 (d), 328.11 (d), 127.31 (d), 

126.98 (d), 126.70 (d), 74.92 (d), 56.33 (q), 44.03 (s), 39.86 (s), 35.13 (t), 

34.11 (q), 33.70 (q), 24.40 (q), 23.47 (q), 10.81 (q). 

~1SR,9RS)-l,4-Dihydro-l-ethyl-l,4,4-trimethyl-2(l-netboxypropyl)-naphthalene 

(7hI. 

The same procedure was used as far the preparation of compounds 7s and 88. 

Startinq from 0.1 Q (0.39 nxnol) of Ib, 8 20 % conversion was achieved after 

stirrinq for 5 h. CLC indicated 7b to be the main product present, 0b could not 

be detected. Column chromatography (Woelm silica, n-hexane-ether 99:l (v/v)) 

yielded O.Olg (46%) of 7b. 

1H NWR (CDC13) 6 .59 (t,3H), ‘87 (t,3H), 1.25 (s,3H), 1.36 (s,3H), 1.43 (s,3R)1 

1.73 (q,2H), 2.01 (m,2H), 3.27 (s,3H), 4.06 (t,lH), 5.57 (s,lH), 7.13-7.42 

fm,4H) : 13C NMR (CDC13) 6 145.37 (s), 142.11 (s), 141.47 (s), 133.57 (d), 13x.94 

id), 129.88 (d), 126.94 (d), 126.73 (d), 78.32 (d), 57.16 fq), 40.85 (s), 38.17 

(s), 33.54 (t), 32.72 (t), 31.23 (q), 30.02 (q), 24.07 (q), 15.19 (q), 12.33 (9). 



hkhankm rodrtmwchemistry ofaphotochcmicrl[l.3]-OH shift 4835 

(lSR,9SR)-1,4-Dihydro-l-ethyl-l,4,4-trinrsthyl-2(I-nathorypropyl)-naphthalene 

(ab) - 
Compound 8b ~1s prepared in the same way as compounds 7a,b and 88. Starting from 

0.2 g of 3b, column chromatography (Woclm silica, n-hexane-ether 99:l (v/v)) 

yielded 0.04 g (20%) of 8b. As indicated by GLC, 8a was not present in the crude 

reaction mixture. 

lH NMR (CDC13) 6 .52 (t,3H), .95 (t,3H), 1.28 (s,3H), 1.39 (s,3H), 1.48 (s,3H), 

1.69 (q,2H), 2.06 (m,?H), 3.24 (s,3H), 4.03 (t,LH), 5.55 (s,lH), 7.10-7.38 

(m,4H); 13C NMR (CDC13) 6 145.85 (s), 142.06 (s), 140.80 (IS), 132.68 (d), 131.86 

(d), 130.14 (d), 127.98 (d), 125.61 (d), 77.92 (d), 56.77 (q), 40.89 (s), 37.82 

(s), 33.35 (t), 33.01 (t), 31.55 (q), 30.52 (q), 24.85 (q), 15.37 (q), 11.96 (q). 

Spectral Data for the Remaining Photoproducts 

2a; 

3a; 

la; 

6a; 

2b; 

3b; 

lH NRR (CDC13) 6 .63 (t,3H), 1.21 (s,3H), 1.27 (s,3H), 1.43 (s,3H), 1.88 

(d,3H), 2.13 (q.ZH), 4.29 (s,lH). 5.73 (q,lH), 7.11-7.35 (m,4H); l3C NRR 

(CDC13) 6 144.23 (s), 143.53 (s), 143.48 (s), 129.24 (d), 128.93 (d), 

127.85 (d), 127.04 (d), 126.62 (d), 78.32 (d), 45.31 (s), 42.44 (s), 40.46 

(t), 28.00 (q), 24.51 (q), 21.78 (q), 15.20 (q), 11.50 (9). 

‘H NM (CDC13) 6 .47 (t.3H), 1.30 (s,3H), 1.31 (d,3H), 1.33 (s,3H), 1.36 

(sr3H), 1.81 (q.2H), 3.89 (q,lH). 5.58 (s,lH), 7.10-7.40 (m.4H); 13~ NHR 

(CDCl3) 6 345.54 (s), 142.09 (s), 140.16 (s), 132.16 (d), 128.32 (d), 

127.26 (d). 126.85 (d), 126.74 (d), 72.98 (d), 43.83 (s), 40.37 (s), 35.07 

(t), 33.81 (q), 33.12 (q). 25.06 (q), 24.21 (q), 11.16 (q). 

‘H NMR (CDC13) 6 .49 (t,3H), 1.24 (s,3H), 1.30 (d,3H), 1.36 (s,3H), 1.39 

(s.3H), 1.82 (qn2H), 3.94 (q,lH), 5.81 (s,lH), 7.13-7.39 (m,4H); 13C NRR 

(CDC13) 6 146.39 (s), 143.87 (s), 139.96 (s), 132.76 (d), 127.83 (d), 

127.51 (d), 127.06 (d), 126.54 (d), 73.14 (d), 43.27 (s), 40.83 (s), 35.01 

(t), 34.36 (q), 33.67 (q), 25.48 (q), 23.73 (q), 11.05 (q). 

‘H NW (CDC13) 6 .70 (t.3H), 1.20 (s,3H), 1.25 (s,3H), 1.41 (s,3H), 1.79 

(d,3H), 2.11 (q,ZH). 4.21 (S,lH), 5.64 (q,lH), 7.05-7.40 (m, 4H); l3C NMR 

(CDCl3) 6 145.64 (s), 143.92 (s), 142.83 (s), 129.77 (d), 128.79 (d), 

i27.27 (d), 127.06 (d), 126.83 (d), 77.06 (d), 45.09 (S), 43.09 (S), 37.64 

(t), 30.56 (q), 26.63 (q), 23.47 (q), 13.95 (q), 10.43 (q). 

'H NMR (CDC13) 6 .97 (t,3H;. 1.10 (t,3H), 1.22 (s,3H), 1.38 (s,3H), 1.45 

(s,3H), 2.05 (q,2H), 2.37 (m,ZH). 3.95 (S,lH), 5.44 (t,lH), 7.00-7.43 

(m,lH); 13c NW (CDC13) 6 144.02 (s). 141.77 (s), 141.58 (s), 129.15 (cl), 

128.19 (d), 127.69 (d), 126.92 (d), 125.02 (d), 77.38 (d), 45.86 (s), 43.36 

(s), 40.29 (t), 37.84 (t), 29.03 (q), 26.49 (q), 22.36 (q), 15.89 (q), 

10.23 (9). 

'H NRR (CDC13) 6 .62 (t,3H), .98 (t,3H), 1.21 (s,3H), 1.31 (s,3H), 1.48 

(s.3H), 1.65 (q,2H). 1.89 (m.2R), 3.86 (t,lH), 5.49 (s,lH), 7.10-7.36 

(m,4H); 13c WR (CDC13) 5 146.13 (s), 143.62 (s), 140.17 (s), 130.81 (d), 

129.36 (d), 129.21 (a), 128.60 (d), 126.81 (d), 75.41 (d), 42.32 (S), 39.86 

(s), 37.18 (t). 34.36 (q), 34.25 (t), 31.27 (q), 25.13 (q), 15.88 (q), 

12.02 (9). 
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Ib> 1H NW fCDC13) 6 .65 (t,JH), 1.01 (t,3H), 1.17 (s,SH), 1.33 (s,3H), 1.41 

(s,3H) 0 1.71 (q,2H), 1.93 (m,2H), 3.91 (t,lH), 5.51 (s,lH), 7.0E1’?.32 

(m,4H) ; 13c NMR (~0~1~) 6 145.51 (s), 144.51 (s), 140.86 (s), 131.35 (a), 
130.10 (d), 129.63 (d), 127.98 (d), 126.47 (d), 74.92 (d), 41.81 (a), 39.23 

(s), 6.73 (t), 33.92 (t), 33.71 (q), 31.61 (q), 25.01 (q), 16.12 (q), 12.23 

(9) * 

6b; lH NMR (CDC13) 6 1.01 ft,3H), 1.19 (t,3H), 1.22 (s,3H), 1.41 (a,3H), 1.59 

(s,3N), 2.12 (q,2H), 2.30 (m,ZH), 4.05 (s,lH), 5.45 (t,lH), 7.10-7.40 

(m.4H); 13C NMR (CDC13) 6 144.45 (s), 142.95 (s), 141.59 (s), 130.10 (d), 

128.22 (d), 127.77 (d), 127.50 (d), 126.93 (d), 75.31 (d), 43.52 (s), 40.44 

(s), 39.03 (t), 34.81 (t), 31.34 (q), 27.02 (q), 21.84 (q), 15.10 (q), 

10.79 (9). 
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