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Summary. Proximity as origia of unusual ph0tOxeactivity is baii cxplorcd: In the naphtbdenc 5 (X-my analysis), 

direct or scnsitkcd photaxcitaticn induct an &icicnt mkx&ition to the naphthalmc nuti, otik+3- 

is not cnibrced. Naphthoknm cyc@ti to, however, is pkto&micauy “inut”. Structurally mlatcd bau&x.s 

4 and 17 undcrgc phokx@ibraticn (2: 1) with the respective [6+2]+yclc&iucts. 

Cycloadditions to aromatic rings, particularly arenekene photodimerizations, make up a syntheGcaUy as well as 

theoreticslly attractive chapter of organic photochemistry.2 To us, the discovery of the ~photoequili- 

bration Aa e Ba3 became of utmost importance as key step in our pagodane + do- route (C + D).4 

Subsequent studies uncovered a very delicate structure dependancy for this o.o’-photocycloaddition: It similarly oc- 

curred in Ab,d (+ Bb,d) but not in Ac.5 

The question was raised whether specific properties of the Aa skeleton - inter alia very short u,cdhnce, al- 

most perfect syn-p&planar alignment of the orbitals involved - could be exploited for the reakation of other 

unusual arene cycloaddition modes such as Ee,e,f + Fc,e,f6 There are good reasons why the known o-additions to 

the naphthalene nucleus involve the 1.2~bond. 293 It could be although speculated that in Ec,e,f s&straw steric 

constraint or exciplex formation could outweight the orbital symmetry restrictions and enforce the participation of 

the naphthalene-2,3-bond as formulated in Table 1. The kinetic stability of the reqective nap- (Fe) and 

naphtho/naphtho “diiers” (Ff) should profit, similarly to the benz&enzo “dhners” B (a Fd)7, from skeletal rigidity. 

Yet, the uncertainty with respect to the photoreactivity of the scrupled polyenes F rernak1.8 

E 

Table 1: Calculated (MMX, version 87.200) tmnsammlar ~,~-distances d [A], interorbital angles o [“I, and 

Werences in enthalpy and strain [Wmol] for the photoisomers E and F. 

The synthesis of naphthokne 5 and of naphthoknzo substrate 10 as presentbd in Scheme 19 follows proven 

procedures but needs comments with respect to complications arising from given proximity and cage situations. 

During the reaction of 1 with 2 (prepared in situ ikom tetrabrom~qlene),l” the primary adduct looses HBr spon- 
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taneously to give 3 (31%, not optimized). For dehalogenation of 3. Lii$I’HP was the only productive reagent 

but also caused Birch reduction, thus necessitating an additional oxidation step [5: colorless crystals, mp 1 l2OC, 

& (&) = 226 nm (61410), 265 (8120), 275 (6790), 285 (3750), 312 (660), 326 (800) ~2% = 11940]. In the addi- 

tion of tetrachlorothiophene dioxide (TCTD) to 5, conversion had to be restricted to ca. 60% in order to avoid sub- 

stantial material loss by secondary reactions. The standard procedure to trans8orm 7 (X = Cl) into 10, sequential 

base-catalyzed isomerization, HCI elimination and dehalogenation, had to be modified, when 7 with its etfbctive 

protection through the opposite naphtho ring [&1(14)-H = 2.66; CDCIs] withstood all attempts for aromatization 

(KOH/CH3OH, reflux; KOH/DMSO, 160°C). Prior dehalogenation to 8 (X = H) was expected to provide remedy. 

Yet, a&r exposure of 7 to the conditions applied to 3, the isolated product was not 8 but 9; Birch reduction in the 

naphthalene part and subsequent dyotropic hydrogen transfer reasonably explain the event. Oxidation with DDQ 

povided 10 [colorless crystals, mp 178’C, & (E) = 208 nm (54400), 249 (18540), 272 (6470) 278 (6180; sh), 

292 (4120; sh), 328 (650). %54 = 158601. 

6 m B la 

Scheme 1: (a) 3 eq 2, NaI, DMP, 4 h, 3 lY& (b) NH3/LUTHP, -78T, 15 min, 6 1%; Figure 1: Schakalplotof5 [A] 

(c) DDQ, benzene, 2S°C, 15 min, 99%. (d) PdX, Hz. ethyl acetate, 25°C. %“& (e) CQ-CS: 1.427(4); CX-CZO: 1.352(4); 

tetmchlorothiophene dioxide, toluene, 1 lOT, 2 h, 54%; (fj NH3/LiRHP, -78T, csc13: 1.347(4); c13c14: 1.420(4); 

1.5 h, 43%; (g) DDQ, toluene. 1 lOT, 20 h, 78% (C4C5Cl3C14Cl9C2O)/(ClClOC9C8) ca. So 

o,o’-Naphtholnaphtho cyclophane 15 became not available along these lines since naphthokne 5 resisted the 

addition of 2. With the sterically less demanding unsubstituted o-quinodimethane 13 (prepared from 1,4-dihydro- 

5,6-benzoxathiin-3-oxide)*0 a 1: 1 adduct was indeed generated (54%, mp 178OC) which turned out to be not the 

wanted 14 but 12, presumably the result of a proximity-assisted four-step radical - formal [4+4+2] - addition. An 

16 17 18 10 

analogous addition mode was established for the reaction of 5 with diphenylisobenzoikan (88Oh 11, mp 252OC). In 

another fitile approach to 15, implying a double benzanellation to well available 16, via double TCTD addition to 

18 to give 19, the general difficulty in bringing about twofold Birch reduction in 16, and the evasion of 17 (26% 

isolated) to be reduced to 18, are Guther manifestations of the prize to be paid for “proximity”. * 1 
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The X-ray structure of 5 (Figure 1, distortion from C,-symme@y)l2 demonstrates very good m with 

the calculated data (Table 1) and thus the very favorable geometrical situation for transarmular bond ibrmation [cf. 

the d/o values for the benzo/benu, structure 16: 3.04 & 161.4’1. The proximity of the ~periplanar rr-chromo- 

phores in 5 and 10 finds its standard spectral expressions: e. g. a diamagnetic shifl of the 1’(49-1H NME signal (0.26 

and 0.69 ppm, resp.) and a charge transfer maximum (a longer-wavelength absorption, 4 - 6 nm) in the UV spectra 

(6 as reference compound: &,,sx = 322 mn).3*13 

The photochemical behavior of benxo/enes 17 and 4 (cf. Eb + Fb) is unexceptional for rigid photosub- 

strates.l*3~14~15 After irradiation of ca. lOA M deoxygenated etheral solutions of 17 with monochromatic 254 nm 

light (Hanau TNN 15/32 low pressure Hg lamp), a 2: 1 equilibrium with 20 is established; the latter is chromatogra- 

phicaliy separated [mp 45°C. &,,ex = 288 nm (& = 1600)]. Analogously, benxo/ene 4 forms an 2:1 equilibrium mix- 

ture with 21, from which the latter is isolated by chromatography [mp 69“C, &,ax = 291 nm (a = 2230)]. In prepa- 

rative runs (100 mg scale) material loss up to 20% is due to polymerization. 

17 20 4 11 

Irradiation of naphtho/ene 5, direct with polychromatic or monochromatic light @ = 254 nm, > 270 mn, > 300 

run; ether; -78”, O’, 25OC) or sensitized (acetone), exclusively (NMR, TLC) produced an isomeric, colorless com- 

pound (MS, 80-85% isolated, mp 126’C) for which the NIKR analysis tNOE, two-dimensional correlation) unequi- 

vocally confnmed the non-symmetrical benzenoid structure 26 (Lw/” ca. 20 kcal/mol smaller than that of 24) the 

result of an unusually selective intramolecular m-addition of an alkene to the naphthalene nucleus.2s 16 At direct ir- 

radiation (room temp.), a yellow coloration of the reaction solution appears momentarily which survives for ca. 1 

min in the dark (for ca. 10 min at -78OC). The absence of an adduct 22 when 5 is irradiated (254 nm) in the presence 

of 23 makes, however, 24 highly improbable as a low-percentage equilibrium component (for comparison, the pho- 

toisomer Ba could be quantitatively intercepted).1 

22 24 5 25 26 

A formidable substituent effect upon the course of this photoreaction surfaces from the dii (254 nm) and 

sensitized (acetone) excitation of the hexachioro naphtholene 3 (-20’. O”, 25“C). The latter stays intact for hours 

and after long irradiation times (5-10 h) ends up in polymers. Naphtho/henzo cyclophane 10 (Ee), in contrast to S 

and 16, under multiply varied conditions of direct and indirect excitation, proved photostable for long irradiation 

times - in spite of d/o values close to that of 5 (16) and of strong transannular u,x-interaction as measured by PE 

spectroscopy.17 Still, it cannot be excluded that a diradical resulting from t ransammlar bond formation (cf. 25) does 

not close for thermodynamic reasons (cf. Uf” = 52.1 kcal/mol for Ee + Fe). More insight into the fate of the 

non-productive excited states of these rigid o,o’-cyclophanes is expected Tom photophysical stt1dies.1~ 
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