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Abstract: The photocycloadditions of vinylnaphthalenes 1 to naphthalenophanes 
5 - 8 were affected significantly by the length of tethers between naphthalene 
rings and by substituents at vinyl groups. 

Vinylarenes have been extensively studied in the synthesis of cyclophanes 

by means of 12 + 21 photocycloaddition.3 We recently found highly stereoselec- 

tive reactions of olefins 1 toward several naphthalenophanes like 5 to 8. The 

selectivity seems to primarily attributed to the conformational rigidity of olefi- 

nit substituents on the C-l position of the naphthalene ring. We now report here- 

in these reactions, focusing on their synthesis and effects of the tether length 

and substituents. 

Reaction conditions, yields, and physical properties of products are 

a) b) 

Figure 1 ORTEP drawing of the structure of 1 fR=0.088). 
Figure b) shows the structure turned 15’ around Y axe from Figure a). 
Thermal ellipsoids are at 50% probability level for carbon atoms. The 
hydrogen atoms are shown as the points. The estimated standard deviations 
for bond distances lie between 0.003 and 0.007 A. 
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Table I Preparation of Naphthalenophanesa 

Olefin Reac- Prod- Yield, Hp, Anal. Calcd (Found) 

tion uct 

n R Rl R2 mN Time, h x 'C C, X; H, X 

la 3 H HeH 8 24 4 21 167-8 92.50(92.40); 7.50f7.59) 
lb 4 H He H 12 24 5b 6 127-9 Icb5H 92.26f92.30); 7.74c7.66) Me H 10 36 

s3H PhH 2 36 
2 3H Me H 6 24 II 1 47-8 91.97f91.70); 8.03(7.97) 
3a 3 H Me H 6 24 2 15 133-4 3bb4H 92.50(92.46); 7.5Of7.48) MeH 4 24 

h3Me H $ 1: 13 8a 18 202-3 92.50f92.65); 7.5Of7.27) 
If4Me H 36 sa 17 187-8 92.26f92.04); 7.74c7.90) 
% 3 iPr H !' 10 12 8c 24 158-9 91.61f91.83); 8.39(8.17) 
Ih 3 tBu H 10 24 
3 3 3 Me Ph H He HC HC 4 5 12 16 8d 24 102-3 93.56f93.65); 6.44f6.35) 

U3H 8 l2 11 3 COOHe He:E H 5 18 8e 76 212-4 80.15(79.87); 6.07f6.26) 

a Reaction conditions: 
sure mercury lamp. 

in benzene through a Pyrex filter with a 400bW high pres- 
See ref. 3b and d for the detailed procedure. No naphtha- 

lenophanes were obtained. c At photostationary state R2 should be equal to R. 
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summarized in Table I. The yields are fair for these structurally interesting 

materials, compared with those of other synthetic methods.415 

Under irradiation, olefin h formed cage compound 4 instead of naphthaleno- 

phane a, although its regioisomer a gave the expected one 1 (vide infra). 

Compound 4 showed an attractive photochromism and underwent the thermal cyclo- 

reversion to &. The cycloreversion cleanly proceeded without any byproducts, so 

that we were prompted to measure the rate. The first-order rate constant (kl) was 

0.948x10-4 s-l at 110 “C, 2.77~10~~ s-l at 120 ‘C, 6.34~10~~ s-l at 130 “C, 16.1 

x10s4 s-l at 140 “C, and 35.6x10-* s -l at 150 “C. The thermodynamic parameters 

are as follows: AH* = 28.3 f. 0.5 kcal/mol. A& = -3.63 f 0.07 e-u., and Aii*11o *C 

= 29.6 f 0.3 kcal/mol. Since no intermediates were detected in the reaction 

mixture by ‘H NHR spectroscopy, this reverse process could be concerted or rapid- 

ly stepwise. 

The structure of 4 was determined by X-ray crystallography, whose ORTEP draw- 

ing is depicted in Figure 1.6 It has the very intriguing structure generated for- 

mally through doubly occurred Cx4s + n2sI reaction, during the Cz2s + x2sl cyclo- 

addition of 2-propenyl groups, although there have not been any conclusive evi- 

dences on whether these processes occur in a concerted or stepwise mechanism. This 

transannular reaction product is structurally similar to dibenzoequinene obtained 

from anti-E2.21(1.4)naphthalenophane.7*8 Generally speaking, however, naphtha- 

lenophanes are apt to give products of singly occurred Cn4s + x4sl reaction under 

photoirradiation.’ Therefore it is one of the uncommon examples in the photo- 

reaction of naphthalenophanes. 

Yet reactlon (1) became not to proceed at all under the same reaction 

conditions, when tetramethylene was used as the tether like in monomer la. Alter- 

natively reaction (2) took place to afford naphthalenophane B in a 6% yield. The 

structure of u is of the endo configuration for the cyclobutane ring system. 

This endo.cis-isomer is not actually the least strained one among possible iso- 

mers.l’ but the second highest strained one, according to the HN2 calculation. 

As one of the explanations, it is believed that the small difference of the bulki- 

ness between methyl (He-C=) and methylene (-C=CH2) groups determines the reac- 

tion path. The kind of cyclization (2) also occurred with olefins z and a. 

When the longer methylene chains were used as the tether (fi and 3b). 

photoirradiation of the I-substituted olefins did not give any cycloadducts or 

naphthalenophane derivatives. This seems to be due to the loss of entropy 

aavantage. 3c Eventually it is notable that only one methylene group difference at 

tne tether dramatically changed the reaction course from the transannular one, 

via the normal C2 + 21 cycloaddition.3b to none of intramolecular cyclizations. 

Substituents at the vinyl B-position show apparent steric hindrance on this 

photocyclization. The introduction of two alkyl R,Rl- or RL,R2-substituents Cli 

and =I completely prevented it from occurring, even if they are small methyl 

groups. The R-substituents affected it less significantly than the above ones: 

i.e., olefin m with isopropyl groups gave naphthalenophane m in a 24% yield. 

The reaction, however, did not proceed with t-butyl groups (IhI. This is attri- 
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buted to the extremely high strain loaded on the cyclobutane ring at the cycliza- 

tion. Phenylll and carbomethoxy groupl* for R substituents gave desired naph- 

thalenophanes in reasonable yields. When R substi tuents are bigger than and 

equal to methyl group, trans-isomers 8 are obtained exclusively. 

Detailed mechanistic and further 

will be reported elsewhere. 
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