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Mctu-arene-alkcne photocycloaddition produces 3-tricyc10[3.2.1.~~*]octene derivatives, which are 

convenient and useful synthetic intermediates for polycyclic compcunds.1 Our idea to access optically active 

annpwndsbychisreactionisthatifthearcncandthepochiralalLcncareammcted with an optically &ve 

linking bridge pior to the reaction and are subjected to Intramolecular reaction by photc+irradiatiou, highly 

repi@ and stereocontrolled qdauldition could take place.2 We report herein a novel meto-areneakene 

pbntocydo&iitioa to give an enantianerically pure tricyclic compound. Optically active 2,4-pentanedid3 and 

its analogs were employed as the chital linking bridge, and phenyl and vinyi groups were connected with the 

bridge though ether bonds. Regie and diastereo-chemical courses of this reaction are shown in Scheme 1. By 

analogy with the reaction between anisde and alkenes, the photo&&t& site of the arene. moiety wzs expected 

to be the 2.6-positions.4 Thus, factom to he controlled by the linking bridge 8ce the disscereofrpce of the 

prochiml alkenc in the addition step and the position of the subsequent cycle ring formation step. The 

expected cyclcadducts are two pairs of diaste-reomers. 2 to 5. 

The substrates 1 (a-e) wen easily prqared from the corresponding dids.5 pho&Anadiation of 1 in 

pentane (ca. 1 mmol/l) with a low pressure mercury lamp (30 W) through Vycor filter at room temperature 

produced a mixture of cyclcudducts from which each isomer was isolated by MPLC.6 The isolated yields and 

calculated differentiation rati= are shown in TabIe 1 .7 Ofthetwoa&reogeuicoenters,thearenesideandthe 

alkeue side, on the linking bridge, the staeogeuic center of the arene side was found to play an essential role in 

the diastenzdaciai diffenzntiation of the alkeue moiety in the additioa step (1 a, 1 b). Even in the absence of the 

stereogenic center on tbe alkene side, ccmplete diastmeoface differentiation tcok place (1 e). On the otiw hand, 
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the dkcne side stereogenic center did not participate sufficiently in the stereocontrol. despite its close proximity 

to the pro&i& reaction site. As for the regiocontrol, substrate 1 b bright about perfect results. Although the 

substituenti and relative configuration of linking bridge were evidently responsible for the ratio of the 

regioisomers, no systematic Nles for elucidating individual cases were observed. Regioisomers, 2 and 4, were 

interconvertible under photo-irradiation. When either 2 or 4 was phocolyzcd under the same conditions as in the 

cycloaddition, the ratio obtained for 2 and 4 was as same as that in the cycloaddition. In this respect, the ratio 

of the regioisomers was determined to he the composition of the pho@stationary state (photo equilibrated 

mixture) of each maction system.8 

2 6 

la: RI= R3= Me, R’= H 

lb: R’= R2= MC, R”= H 
le: R’=Me, K”=R3=H 

Id: R’=R2=H, R3=Me 

le: R’=R’=R”=H 
Scheme 1 

Table 1. Isdated product Yields and Differentiation Ratios of the photolysis of 1 

Isolated Produd ykki 
- Reaction Olefln addItiona 

time 2 3 4 5 ddkk’maUed poallbn:posltlon 

18 ‘;T 9h 40% - 15% - loo : 0 73 : 27 

lb "La,' 4h - - 70% - loo : 0 0 : 100 

1C 'eLno 10 h 16% - 27% - loo : 0 3%: 62 

ld OCY 9h 9% 34% <l%= <l%c 20 : 80 z-98 : <2 

10 OQ 44h 18% - - 100: 0 
(racenmc rn~xture) 

a. Dime differentiatiaa af alkenc ~(16 CelaJacd with the isolated ploducc yid& ar si-attadr = (2+4) sod rrdtalr = (3+5). 
h. Kegio amud of ring dv WBP calculated with the iaolatcd pmdud yidds BP) 28po6ilioa = (2+3) and 4,8-position = (4+5). 
C. Traa amcmnm d two cydm were ddd in the reac&m mixture, but were Do( isolatal aoogb to &tine their yidda. 
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The structures of the cycloudducts were determined by their H-H spin couplings on lH-NMR spectra 

The stereochemistry was cbemuzally correlated with the stemochemn!ally establisheJ compound 8” as shown in 

scheme 2. From 2 (2a. 2b and 2~). (-)-( lR.5.9,6&8 was obtained in an enantiomerically pure statem 

through acid cataly7& opening of the qclqopane ring, hydrogenation of the olelin, acetali7tion with ethylene 

glycd, and elimination of Bc chiml auxibary. From 3d. (+)-( lS,5R,6S)-8 was prodti in tbe same way. On 

the other hand, acid treatment of 4 resulted in a complex mixture, so thaw the olefin in 4 (4a and 4b) was 

hydnrgenated and then cyclopropyl ring was opened by oxymennnationlreduCon procedure to give 7. By the 

elimination of chiral diol from this, enantiomerically pure (-)-8 was obtained. 

a 
* 

bf 
w 

&$yJgo” 
R’ 

c,d,e 
t-I-8 

OH 

7 

a: 4N HCllacetone, b: H#d-C. c: ethylene glycol/TsOH, d: PCC 
e: K2C03/MeOH-H,O, 1: Hg(OAc), then NaBH, 

Scheme 2 

In conclusion, the chiral linkage Lnidgc of 1 b fully controlled the overall &on resulting in the sin& 

cycloadduct. which could be ozmverted to enantiomerically pure bicyclic compounds. The flexible nature of the 

chiral auxiliarly in our present and reported3 substrates gave us further tasks about the diastereoface 

diffcmntiation con&d mechanism, eitbcr by equilibrium constanta between confamational isomers of the 

substrates (thermodynamic control) or by activation energy difference (kinetic control).~~ -formational 

analysis of the substrates and application of the present reaction lo various substituted substrates is now on 

progress. 

References and Notes 

I. Wender, P. A.; Siggel, L.; Nusa, J. M., Oqanik Photo&n&try (Vol. IO) Marce Dekker, Inc.: New 

York and Basel, 1989, Chapter 4. Comelisse. J.. Gem. Rev. 1993, 93, 615. 

2. Intramo1ecular me&arene-alkene photoadditions in the fdlowing IitemIure resulted in pmtial control of the 

product stemochemistry by a chin&y on the carbon linking bridw. Wender, P. A.; delong. M. A. 

Tetmhednm L&t. 1990, 31, 5432. Wen&r, P. A.; Fisher, K. J. Tetrahednm L.ett. 1986, If375 

Wender, P. A.; Temansky, R. J. Tetmkhn L&t. 1985, 2625. Wender, P. A.; Singh, S. K. 

Termhedron Len. 1985. 5986. Mani, J.; Cho. J. H.; Astik, R R; Slamm, E,; Bigler, P.; Meyer, V.; 



1166 T. %JGMJRA et a!. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

11. 

Keese, R. Helv. Chim. Acta 1984. 67, 1930. Wender, P. A.; Howbert, J. J. J. Am. Chem. Sot. 

198 1, 103,688. Wender, P. A.; Howbert, J. J. J. Am. Chem. Sot. 1980, 52,26CN. 

This compound of C2 symmeby has heen proved to he an excellent bidentate chiml auxiliary for 

diastemofa differentiating cyclc&dition. In thrs case, the monoend ether of the did can ccotdinate 

with the reagent through the hydroxy group in making a substrate-reagent complex in situ, 90 tbt the 

reaction was pqceed to take place by a quasi-intramolecular mechanism resulting in a high diastcreofacial 

control. Sugimum. T.; Nishiyama, N.; Tai. A. Tetruhedron: Aqmmetry 1993.4.434. Sugimura. T.; 

Katagiri. T.;Tai, A. Tetrahedron Lett. 1992, 33,367-m. Sugimura, T.; Futagawa, T.; Tai, A. Chem. 

I_&?. 1990,229l. Sugimura, T.; Ycehikawa, M.; Futagawa, T.; Tai, A. Tetmhebon 1990, 46. 5955. 

Sugimura. T.; Futqawa, T.; Yoshikawa. M.; Tai. A. Tetrahedron L.ett. 1989, 30.3837. Sugimum. T.; 

Futagawa, T.; Tai, A. Tetrahedron Lett. 1988. 29.5775. 

Matlay, J.;Rumhach,T.;Runsink. J. J. Org. Chem. 1990, 55, 5691. Jam. A. W. H.; Arkel, B.; Dijk - 

Knepper. J. J.; Comelisse, J. Tehnhedron, 1984. 40, 5071. Om, J. A.; Srinivasan. R. J. Org. Chem. 

1977, 42. 1321. 

The suhsbatc 1 a was prepad from (;?R,4R)-pentanediol and cyclohexanone in fcur steps as follows: I) 

formation of the ketal by dehydration catalyzed by acid (96 % yield), 2) dibmmination at the 2.6pos~uon 

d the cyclohexane ring by treatment with pyridinium bromide perbromide (79 %). 3) elimination of 

tnnrnine and atomatization with sodium methoxide in DMSO at room temperature (93 %). 4) ether 

exchange reaction with ethyl vinyl ether and mercuric acetate under mflux (79 %). The substrate 1 b was 

obtained from the pnduct of the ahove step3 by epimetimtion at the 2-position by the Mitsunobu reaction 

(66 %) followed by vinyl ether formation (74.3 %I). The substrate, 1 c and Id. were prepared from the 

cyclohexanone ketal of (3 R)-1.3~butanediol (22.4 96 and 14.4 96 yield, respectively). and 1 e was 

prepared from cyclohexanone acetal of 1.3~pmpanediol (55.9 8 yield) by the same procedure employed 

for the synthesis of 1 a. 

All photocycloadducts were over 99 8 d.e. as determined by capillary GLC analysis (OV-I. 25 m. 150 

“C) of their hydrogenation product (I+/ Pd-C). 

The sohrtion was photdyzd until no substrate was detected in all cases. Major side reaction was 

elimination cf vinyl group from the substrate. 

The cycloadducts, 2 to 5, showed similar UV spectm, and their absorbances at 254nmwereahnostsame 

(E of 2b at 254nm = 240 in pentane). Thus. the ratios of the regioisomers depended cm the quantum 

yields of their photo-isomerization.3. 

Lightner, D. A.; Crist, B. V.; Kalyanam, N.; May, L. M.; Jackman, D. E, J. Org. Chem. 198 5, 50, 

3867. 

Enantiomcric purity of 8 was confirmed by t9FNMR of its Mcshcr’s ester in CDCl3 with Eu(fodh. For 

detail, see ref. 9. 

Mekz-arcnc-alkcne photocyclcoddition was expected to proceed through exciplex. Thus, the 

conformational equilitx-ation should be considered both in ground state and in locally excited state 

including equilibrium between locally excited state and exciplex. The ztivauon energy to go to the &duct 

is revealed as quantum yield from the exciplex. De Vaal. P.; Loddar, G.; Comelisse, J.. J. Phys. Org. 

Chem. 1992. 5.581. Comelisse, J. Chem. Rev. 1993. 93,615 and references tberem. 

(Received in Japan 11 April 1994; accepted 11 May 1994) 


