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(Reboeived 26 hy 1965) 

We recently reported that ~-ben6ylidemanillne (I) failed to undergo 

oxidative photocyclication to phenanthridine (II) under the condition6 that 

6tilbsn6 is readily converted photochemically to phenanthr6ne.1 Similar 

observations have been reported by Others. 2.3.4 
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SUbEeqUently, the 6UCC666fUl photOconV6rEion Of the anil III t0 th6 

corresponding phenanthridine derivative IV wa6 described. 
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This unexpected discrepancy has led U6 to re-exunine our earli6r Work, d 

in 60 doing to confirm that ultraviolet irradiation of 4 X 10-3 fi 6olution6 

of I in cyclohexane, benzene, or ethanol in quartz or Pyrex tube6 at 30-k)' 

in the presence of di66Olv6d oxygen or iodine leads to the destruction of I 

l Photochemistry of Stilbenas. V. For part IV 666 C. 3. Wood and F. B. 
Mallory. J. Cra. Chem. a, 3373 (1964). 
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dthout producing detectabl.' emouutr of II at my stage. 

We believe that this observed failure of I to undergo photoconversion 

to II is satiafaotorily aooouuted for stereoahemioally. By analogy with 

the photooyelisatlou of rtllbene, whioh has been denonstratad*e to occur 

cmly fellouiug photoexoltation of the &g iaamer aud not the w isamr, 

we ruggoat that tb photooyallaation of I might also be expected to occur 

ouly by photoexcitation of the f&2 isomer. It has been shown recently316 

that the .thermal g&+w isowrization of I is extraordinarily fast, 

the half life of tb &g ironer being about1 sec. at rocxtemperature; 

thus, although u-1 is knmn to undergo photoisouierlzation to &-I. 

the photoetationary ois/trans oonoentratiou ratio has been found to be 

l xtroxely smell uoept at low temperatures. 3.6 

Ihis 6toreoohemloil interpretation for the laok of photocycliaation of 

I has beer. supparted by two types of experiment. First, by irradiating 

solutions of I that uere maintaimd at 10' in order to deorease the thermal 

&-+a rate aud henoe Increase the photostatlonavy concentration of 

the Qlaomer, it UM possible to deteot* up to 2% oommrslon to II during 

the early stages of irradiation. *** Seoond, fl-diphe~lzmthyleneard.line (V). 

a compound whose photocyclization Is not subject to the type of stereo- 

ohemlcal prohibition suggested above for the photocycllzation of I. was 

found to be converted photochemically to 6-phe~lphenantbridina (VI) uuder 

(C6%)2cxh-C6H5 
hv 

0, or I2 
V 

. Gas-liquid chromatography dth flame ionization detection was used 
under oonditiozs that 0.1% conversion of I to II would easily have 
been observed. 

l * 
For p:rtinent referenoes, see Ref. 1. 

**+ 
Continued irradiation resulted In the destruction of both I and II; 
no characterizable products were obtained. 



No.30 2645 

the irrailation aouditiom normally employed for the conversion of 

triphenylethylene to q-phenylphenanthrenel exoept that the required 

irradiation time was much greater. Thus, a solution of 322 mg. (1.25 

mmole) of V and 16 mg. (5 mole-$) of iodine in 250 ml. of redistilled 

ayalohexane uas stirred magnetically and irradiated int.ernLUy for 67 hr. 

with a mcdified &O-watt G. E. mercury lamp' contained in a water-oooled 

quartz probe. The arude product was purified by ahromatography on alumina 

using 60-70' ligroin as eluant, by rearystalllzation frou 30-40° petroleum 

ether, and by vacuum sublimation to give 146 ng. (465) af 6-pheml- 

phenanthridine (VI). m.p. 105.0-lG6.0° (lit.7 a.p. 106')t the y&crate 

melted at 251.0~252.5'(dea.) (lit.7 m.p. 25l'(dea.)). 

The photcconversion of V to VI does not occur In the abseme cf iodine 

axxl oxygen in thoroughly dega8sed oyalohexane solutions. This suggest6 

that the photoreaction proceeds by way of an inten8ediat.e dlhydro- 

phenanthridine derivative (VII) analogous to the dihydrophenanthrenes that 

are oonsideredtobeintermediates in the photocyolizationa of stllbene~.~ 

hv . pr, 

VII 

The m configuration is suggested for the two tertlarg hydrogens in VII 

by analogy with the 

previously' for the 

theoretical support 

tentative assigrunent of a crtereochemietry made 

related dihydrophenanthrenes; there irr inoreaaing 

for this assignment.8*9 

Qlautum yields were measured in order to aompare quantitatively the 

efficiency of photocyclization of V with that of triphanylethylene. 

Magnetically stirred, 3_ml.. 5 x 1O-3 i solutions of V ud of trlpbenyl- 

ethylene were irradiated in a l-cm. quartz cell at 25' using 313 mu light 

from a mercury am and a grating monochranator. The extant of aonveraion 
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to YI and 9-phenylphenanthrene. respectively, was in the range of O&10$ 

smA was determimd by gas-liquid chromatography with disc integration. The 

light intensity was measured by ferrloxalata aotinometry.lo The quantum 

yield for formation of 9-phenylphenanthrene was foundll to be 5 x lo4 a& 

the quantum yield for formation of VI was found to be 3 x 10d; the latter 

value is known only approdmately owing to the experimental difficulties in 

determinIng a quantum yield of such a small magnitude. 

The fact that the quantum yield for photooyclisation of V is more than 

three ordsrs of magnitude smaller than that for triphenylethylens oan be 

given rsrious interpretations. For exaqile, it might be that stilbenes of 

related molecules undergo this type of oyclisation with reasonable 

efficiency (i.e., with quantum yields greater than 10S2) only when they sre 

in their lowest n+n* exoited singlet states (ln,n*) as has been argued 

previously,1 and that in the case of the anil V the lowest excited singlet 

state is of the n+x* type (ln,n*) such that the lifetime of the 'v ox* 

excited molecules would bs almost prohibitively short as far as cyclisation 

is concerned owing to a rapid internal conversion to give 'n,+ excited 

molecules. Unfortunately, we are unable to provide rupport for this 

interpretation by direct and definitive spectroscopic evidence that the 

lowest-energy excited singlet state of V is its *n,m*state: thus, although 

the msxirezm of the long wave length band in the ultraviolet absorption 

spectrum Iof V does undergo a shift in 955 ethanol solution (333 mv) 

relative 'to cyclohexane solution (342.5 mu) that is in the direction 

characteristic for M n-_,n*absorption band, the molar absorptivity at the 

maximum (2.560 1. mcle'1 cm .-1 in 95s ethanol, 2420 1. mole'1 cm.-1 in 

cyclohexane) seems too high for an ndn* transition. However, the 

assignmen'; I2 of tha'n,n* state ae the lowest-energy excited singlet state 

of the re:!ated anil I gives indirect support for the interpretation given 

above for the low photoreactivity of V. This interpretation is also 
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consistent with the report13 that phenanthridine (II) Is produced in 

substantial yield by csrrying out the irradiation of I in 98% sulfuric aoid 

as a solvent: the spacles undergoing cycllsation ur&r these conditions is 

probably the cation which is derived from I by proton&Ion on nitrogen and 

which therefore would not have a ln,v*st&e as its lowest excited singlet 

state. 

In view of the extremely small quantum yield for the photoconversion 

of V to VI, it is not at all unreasonable that this photoreaction escaped 

discovery in previous investigations 316.14 in which solutions of V were 

irrsdiated. 
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