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Introduction

In the last decade, much attention has been paid to the interaction of
aromatic compounds in the excited state with dienes, olefins, and amines in
the ground state. A photoexcited molecule may be deactivated by another
ground state molecule even if the energy transfer from the excited molecule
to the other molecule is energetically unfavourable. In these deactivation,
exciplexes have been suggésted as the intermediates.l—'9 The term, 'exci-
plex', which was derived from 'exci(ted com)plex' by analogy to ‘'excimer' (
='exci(ted di)mer") is a stoichiometric molecular complex which is formed
only in an electronically excited state and is dissociative in the ground
state.l The initial work of the chemistry of exciplex has been spectro-
scopically investigated by Weller,2 Mataga,3 and Hammond4, who have provided
a lot of information about the formation and decay processes of emissive or
non-emissive exciplexes. On the basis of these information, possible
mechanistic pathways from exciplex and exciplex dynamics are shown as

following scheme:

Possible Pathways from Exciplex and Exciplex Dynamics

Ky k

1 . c s
A+ D ;::i::::ﬁ [Exciplex] —> Cycloaddition etc.
-r %_ +
hv ||1/T kg A + D (ionic reaction)
kigl k
A A+ D+ (h) 3A +D Singlet energy transfer
| B +
(kd kd ke + kis)
0 ké + kc + ki
Pp/Pp = 1L+ k TID] kg ‘% rrisx +x 0%
-r d c i

A; electron acceptor, D; electron donor

In organic photochemistry,l10 ¢he following evidences are required for

exciplex intermediacy: as basic requirements; 1) electronically excited
nature, 2) finite life-time, and as experimental evidence; 3) endothermic
fluorescence quenching, 4) appearance of new emission accompanied by 3), 5)
linear relationship between log kg and ionisation potentials or reduction

potentials of A (EA—/A) of quencher, 6) apparent negative temperature de-



pendency of kq,7 7) selective quenching of exciplex.8 Based on these _
evidences, exciplex intermediacy has been suggested in 1) photocycloaddition
'reaction, 2) photo-electron transfer reaction, 3) singlet energy transfer
reaction, 4) other photoreactions such as proton transfer reaction or proton
addition reaction etc., although direct and confirmative evidences are al-
most lacking. Among these photoreactions, photocycloadditions of un-
saturated compounds to aromatic rings, which are inert in the ground state,
have been inyestigated as synthetic routes for novel cyclic compounds and
recently the stereochemistry, implying synthetically important means, of
photocycloaddition to aromatic rings has been discussed in terms of exci-
plexes. However, a clear elucidation for the relationship between the
stereochemistry of the photocycloadducts and the role of exciplexes has not
been afforded in the present stage.

The main purpose of this thesis is to investigate the photochemical
reactions of aromatic nitriles as electron acceptor with some electron
donating molecules with the view to developing a new synthetic route
utilizing the advantages of the photochemical reactions and obtaining the
fundamental information about the relationship between the stereochemistry
in the photocycloaddition to aromatic rings and the role of exciplexes.
Moreover, the reaction of cation radicals of aromatic hydrocarbons formed
in polar solvents with nucleophiles are also investigated.

In chapter 1, the photochemical (4 + 4) cycloadditions of 9-cyano-
anthracene with furan and methylated furans have been described. The
mechanism has been discussed on the basis of kinetic results and fluo-
rescence measurements. Chapter 2 deals with the photoreaction of 9-
cyanophenanthrene with electron rich olefins. Excited species of these
photoreactions have been discussed on the basis of Michler's ketone sensi-
tisation, isoprene gquenching experiments, kinetic studies, fluorescence
measurements and solvent effects. In chapter 3, a novel photoreaction
of 2-naphthonitrile and alkyl vinyl ethers have been described. In oxder
to elucidate the mechanistic pathways affording products, photochemical and
thermal interconversions have been investigated. In chapter 4, the
stereochemistry on photocycloaddition to aromatic rings have been described.
Stereoselective and/or stereospecific photocycloadditions to aromatic
nitriles have been discussed in terms of exciplexes. Chapter 5 deals with .
the photo-Michael reaction of silyl enol ethers with l-naphthonitrile.
Reductive alkylation of aromatic nitriles has been described. Chapter 6

deals with the efficient photo-Birch reduction and photo-cyanation of aro-



matic hydrocarbons by sodium borohydride and sodium cyanide in the presence

of 1,4-dicyanobenzene in polar solvents have been described.

10

References
J. B. Birks, "Photophysics of Aromatic Molecules," Wiley, New York, N.
Y., 1970.
A. Weller, Pure Appl. Chem., 16, 115(1968).

N. Mataga and T. Kubota, "Molecular Interaction and Electronic Spectra,"

Marcel Dekker, New York, 1970.
L. M. Stephenson and G. S. Hammond, Pure Appl. Chem., 16, 125(1968).
M. Ottolenghi, Accounts Chem. Res., 6, 153(1973).

D. A. Labianca, G. N. Taylor, and G. S. Hammond, J. Amer. Chem. Soc., 94,
3679(1972); G. N. Taylor and G. S. Hammond, ibid., 94, 3684(1972); G. N.
Taylor, Chem. Phys. Lett., 10, 355(1971).

0. L. Chapman and R. D. Lura, J. Amer. Chem. Soc., 92, 6352(1970); J.
Saltiel, J. T. D'Agostino, O. L. Chapman, and R. D. Lura, ibid., 93,
2804 (1971) .

R. A. Caldwell and L. Smith, J. Amer. Chem. Soc., 96, 2994(1974).

N. C. Yang, D. M. Shold, and J. K. McVey, J. Amer. Chem. Soc., 97, 5004

(1975) and references cited therein.

For a review of exciplex reactions see A. Lablache-Combier, Bull. Chim.

Soc. Fr., 4792(1972).



Chapter 1 Photocycloaddition of 9-Cyanoanthracene to Furan

~and Mono- and Dimethyl-furan

1-1 Introduction

Photocycloadditions of unsaturated compounds to aromatic rings have

been investigated as synthetic routes for novel cyclic compounds and

1.3 Recent papers have

have been discussed in relation to exciplexes.
described several new examples of photocycloaddition to anthracene, viz.
(4 + 2n) photocycloaddition of conjugated dienes4 and cycloheptatriene

to anthracene, intramolecular photocycloaddition of 1l-(9-anthryl)-3-(1-
naphthyl)-propane,6 and photochemical crossdimerisations between two
different anthracenes7 and between anthracenes and tetracene. It has
been suggested that these photoreactions involve exciplexes, but evidence
is lacking.

However, photocycloaddition of heteroaromatic compounds to anthracene
has not been reported. In this chapter, the author describes the
photoreactions 6f 9-cyanoanthracene (9-CA) with furan (la), the methylated
furans (lb-d), l-methylpyrrole (5) and thiophene (6) and provide evidence

for the formation of exciplexes between the excited singlet 9-CA and the

heterocyclic compounds.

1-2 Results

Irradiation of a benzene solution of 9~CA containing a large excess
of la gave a l:l-cycloadduct (2a) in 50% isolated yield, accompanied by
20% of 9-CA photodimer (4). The product (2a) was isolated by chromato-

CN

1 2 3
1 2
R R 3 mp (°C) yield (%) mp (°C)
a H H H 144-145 50 175-175.5
b Me H 'H decomp. (>90) 164.5-165.5
c H H Me 165 93 -_—
d Me Me H decomp. (> 90) 160.5-161.5"



graphy on silica gel and characterised by spectroscopic methods. The mass
spectrum of 2a showed no molecular ion but intense fragment peaks at m/e
203 and 68, while the dihydro-isomer (3a) exhibited a molecular ionvat m/e
273. The u.v. spectrum of 2a showed similar absorption maxima to that
of 9,lO-dimethyl—9,lO-dihydroanthracene,9 indicating the presence of the 9,
10-dihydroanthracene chromophor. The i.r. spectrum showed absorptions
at 2240(-C=N), 1628(C=C), and 1052 cm~1(C-0-C)
N.m.r. spectra10 were ‘recorded at 60 and CN
100 MHz. In the 60 MHz spectra the signals
of H-14 and -15 appeared as a broad singlet O"O
( §5.92) at a similar chemical shift to the
olefinic protons of 2,5-dihydrofuran [ § 5.78 @ O
br (s)],ll indicating the nearly symmetrical
nature of the double bond. Ne
Photochemical (4 + 4) addition of the 4
methyl-substituted furans (lb-d) to 9-CA to give the adducts (2b-d) oc-
curred similarly. 3-Methylfuran (lc) gave a quantitative yield of the
adduct (2c). The location of the methyl group in 2¢c at C-15 was assigned
from the n.m.r.>data; the signal of H-13 is broadened by'a small coupling
(J 1.0 Hz) with H-14 whereas the signal of H-1l1l appears as a sharp doublet.
2-Methylfuran (lb) and 2,5-dimethylfuran (1d) at 0-5 °C gave the (4 +
4) cycloadducts (2b) and (2d) in quantitative yields, respectively. The

Figure 1 N.m.xr. spectrum of 2a in CDCl3 (100 MHz)



adducts (2b) and especially (2d) were thermally unstable and rapidly decom-
posed into 9-CA at room temperature, so that they could not be isolated in
pure form. Irradiation at ambient temperature did not lead to accumu-
lation of the adducts, but only resulted in the gradual formation of 4, so
procedures involving these adducts were carried out at < 0 °C. For
example, after irradiation of 9-CA and 1lb at 0-5 °C, evaporation of vola-
tile materials below O °C under high vacuum left solid 2b exclusively,
whose structure was determined from the n.m.r. spectrum of a mixture con-
taining a small amount of 9~CA (Table 1). Since 2d immediately decom-
posed at > 5 °C, the n.m.r. spectrum was not recorded.

After irradiation at 0-5 °C, however, hydrogenation of the solutions
over palladium-charcoal gave the dihydrocompounds (3b) and (3d) (Table 1)
were in accord with the structures assigned.

In contrast to the photoreactions with furan, irradiation of 9-CA with
l-methylpyrrole (5) or thiophene (6) gave no crossadduct and resulted in

guantitative formation of the dimer (4).

1-3 Discussion

A singlet mechanism for the photocyclcaddition with la was established
by quantum yield measurements and fluorescence quenching studies. The
quantum yield measurements are shown in Figure 2. From the slope (44 mol
dm~1) and the intercept (5.0), the qu value was calculated as 0.1l1 dm3
mol~l, which was in excellent agreement with the value (0.1 ¥ 0.03 dm3 mol-1)
obtained from fluorescence quenching studies. In the case of lb-d,
guantum yield measurements were not carried out, because of difficulties

owing to rapid decomposition of the adducts (2b) and (24). However,

Table 1

Spectfal data of products

Product N.m.r.* (3(CDCl,) (J in H2)] vmax (KX Br)/cm*? nile

za’  407(1H, d, J,,, 6:5), 471 (1H, dd, 1), 486 (1H, d 1), 58 2
2 ore 6, BN ), 735 (S m{n.u ) (1H, 4, J15.1¢1), 5:88 (1H, dd, 2240, 1628, 1052, 1039 203, 68

2b ¢4 164 (3H.'s), 4-03 (1H, d, 7), 4-68 (1H, dd, -6), 5-

2c 1-5568()3?3Z)(lfdsd%l)i;'g éﬁ'nme))-m 4-45) (mddd)j:-.r;:)1 o ( I:{ o 6 o o
2c S 1l 4 v d, Jyo.11 68), , d), (1H, s), 5:42br (1H,s), 2245, 1640, 1042 203, 82
3a¢ 1-649 5(5}(11,&:.:)&‘1-]93 (.2}7{) 2)3.54(-3;;{ (13, d, Jionn M 442 (1H, t, J1 0 7). 2240, 1055 273 (M4
3b 1.5793(531(18, };) n11;60 (4H,'m), 407 (1H, d, J10.y 7). 4-40 (IH, t, J110s 7). 2237, 1045 ggg'(?\?*)
3d 1-40 (3H, s), 1:60 (3H, s), 1-70br (4H, 5), 3-84 (1H, s), 7-35 (8H, m) 2250, 1070 gg?'(%%)

203, 98

* 100 MHz. 3, (CH,CN) 262 (¢ 720), 269 : 7 7
o 00 MHz. With(a S,mal)l 262 o(:nt ())f 9-((:111\3.0), and 277 nm (1640). ¢ Auay, (CH,CN) 267%¢ 487), 271 (403), and 276 nm (768) |



it is reasonable to propose a common singlet mechanism for the photocyclo-

addition with la-d, since fluorescence quenching was more efficient with lb
and 1d than with la. Since the photocycloaddition with furan occurs from
a singlet exciplex,lb an exciplex mechanism can also be expected to operate

in the photocycloaddition of 9-CA with la-d.

80+

201 o
3 ! !
0 0:5 1-0
[lgj_l/dm3 mo1 ™t
Figure 2 Plots of ¢_A'1 vs. [lgj'l for degassed éyclo-

hexane solutions, where [9-CA] = 1.3 x 104 mol dam~3

In this regard, it is interesting that qu values obtained from fluo-
rescence quenching increase as the ionisation potentials of the quenchers

decrease, indicating the charge-transfer nature of the fluorescence

Intensity in arbitrary units

Alnm
Fluorescence spectra of 9-CA solutions [9-CA]

Figure 3
5 x 1074 mol am™3: I, in cyclohexane in the absence

of quencher; I, in cyclohexane in the presence of 1.0

mol dm™3 (1d); and II, in cyclohexane in the presence

of 1.0 mol dm~3 (5)



quenching. Moreover, fluorescence quenching by ld and 5 was accompanied
by enhancement of the longer wavelength (Figure 3). This observation can
not be ascribed to a solvent effect of the added quenchers on the fluo-
rescence of 9-CA, since the fluorescence spectrum of a tetrahydrofuran so-
lution of 9-CA exhibited a simple bathochromic shift accompanied by some
broadening but no new emission. Appearance of a new emission provides
direct evidence for the formation of exciplexes.l2 Thus, these obser-
vations appear to support an exciplex mechanism for both the fluorescence

quenching and the photocycloaddition.

k k
r .
9-CA(S1) + ©Q ——;——4 Exciplex _———S—a Product
-r
hv ||1/T kn
A; 9-CA
9-CcA + 0 9-CA + Q Q; la-d
FO/F =1+ kq'r Q] i . (1)
1 = (1 + oo ii
/8_p = ( l/qu o1 @ + kn/kc) (i)
k = +
q kr(kn kc)/(k-r + kn + kc)

As simplified exciplex mechanism is shown in the Scheme from which
rate equations (i) and (ii) are derived. The decay pathways of 9-Ca
(S1) and exciplex involve all the unimolecular processes except the product
forming path. The reversible dissociation of exciplex should be taken
into account, since exciplex formation of l-naphthonitrile-furan is known
to be reversible.lP

Table 2

Values of qu from fluorescence quenching

» Ionisation qu/ 10'9kq/
Quencher potential am3 mo1-1 2@ am3 mo1-1 s b
_ (ev)
la 9.04¢ 0.1 * 0.03 0.03
1b 8.31° 2.7 % 0.03 0.9
1d 8.01¢,d 22.0 7.3
5 7.95% 130.6 10.2

b The

a Air-saturated cyclohexane solution; [9-CA}l = 5 x 1074 mol am™3.
value of kq is calculated by estimating the life-time of the excited singlet
9-CA as 3 ns; see ref. 13. € D. W. Turner, Adv. Phys. Org. Chem., 4, 31(
1966).d Estimated value from the ionisation potential of 2,3-dimethylfuran.
€ A. D. Baker, D. Betterridge, N. R. Kemp, and R. E. Kirby, Analyt. Chem.,

42, 1064(1970).



The value of kq with each quencher can be calculated by estimating the
life-time of excited singlet 9-CA as 3-4 ns, from the oxygen quenching
method.13 On the basis of the assumption proposed by Hammond et al.,14
a linear relationship between ionisation potentials and logarifhmic kq
values is obtained (Table 2 and Figure 4), again probably supporting the
exciplex mechanism. A relatively high value of the limited quantum
yield for disappearance of 9-CA [¢_A = 0.2] would eliminate a triplet mecha-
nism, since the fluorescence efficiency of 9-CA is reported to be higher

than 0.8.15

10-0[=~0q
_ 90—
-
o
2
8-0j—
Q
- ~
7-0f— .
! ] !
8-0 85 5.0
Vertical I.P. (eV]
Figure 4 Correlation of quencher rate constants (kq) for

9-CA with the vertical ionisation potentials of the quencher

The stereochemistry of this photocycloaddition can be discussed in
terms of the intermediates. Only (4 + 4) addition took place, unlike

4b and of anthracene with

the photoaddition of 9-CA with acyclic 1,3-dienes
cyclopentadiene4C and cycloheptatriene,® which were interpreted by the
sequence exciplex —» biradical —»cycloadduct. Moreover, the photocyclo-
additions with 1lb and lc were regiospecific. Although it is uncertain
whether the.photoaddition of 9-CA with la-d is stepwise or concerted, these
observations would appear to suggest a different mechanism from the birad-
cal mechanism and to imply important effects of the exciplex-configuration
on both the addition mode and orientation, such that the exciplexes of 9-CA-
la-d possess a finite sandwich type configuration favourable to (4 + 4) ad-
dition. Finally, it éhould be noted that l-methylpyrrole (5) quenched
fluorescence of 9-CA in an diffusion-controlled rate via exciplex formation
but gave no adduct. Since the pyrrole ring is well known to be more
aromatic than furan, cycloaddition to pyrrole would require a higher acti-
vation energy, and this would disfavour this reaction. Thus, ionisation

potentials of quenchers are important in exciplex formation, but the exci-

plex-s product pathway appears to depend on the chemical nature of quencher.



1-4 Experimental

General. —— U.v. spectra were measured with a Hitachi 124 and i.r.
spectra with a Hitachi EPI-S2 spectrophotometer. N.m.r. spectra were
obtained with a Hitachi-Perkin-Elmer R—24 spectrophotometer (60 MHz) and
a JEOL JNM JS-100 instrument (100 MHz) for solutions in deuteriochloroform
containing tetramethylsilane as internal standard. Mass spectra were
recorded with a Hitachi MPF-2A spectrofluorometer. Analytical g.l.c. was
carried out with a Shimadzu GC-2C machine equipped with a flame-ionisation
detector using a column of SE-30 (5% on Shimalite W, 0.75 m) at 200 °C.
M.p.s. were measured for samples in capillaries.

Irradiation in preparative experiments was carried out with an Eikosha
PIH 300 W high-pressure mercury arc for benzene solutions (30 ml) con-
taining 9-CA (0.3 g) and la-d (5 ml) in test-tube. Column chromatography
was carried out on silica gel (Merck kieselgel 60). Elemental analyses

and spectral data are listed in Table 1 and 3.

Materials. 9-Cyanoanthracene (9-CA) was prepared from anthracene-

9-carbaldehyde according to the reported method and was recrystallised
three times from glacial acetic acid (80% yield, m.p. 179 °C)16 and lc was

17 Com-

prepared according to the method described in the literature.
mercial la, lb, 1d, 5, and 6 (Tokyo Kasei) were refluxed and distilled

over calcium chloride under a nitrogen stream prior to use. Benzene
18

was purified as described previously and spectrograde cyclohexane (Naka-

rai Chemicals) was used without further purification.

Table 3

Elemental analyses of products

Found (%) - Required(%)

Product C H N Formula C H N
2a° 84.1 4.85 5.15 CloH13NO  83.9 4.55 5.0
208 84.2 5.3 4.9 CooH1sNO  84.25 5.05 4.7
3a® 83.5 5.55 5.15 CigHisNO  83.3 5.3 4.9
3p® 83.6 5.95 4.9 CooHy7NO  83.45 5.75 4.7
3P 83.7 6.35 4.64 C, H gNO  83.5 6.15 4.45

% From methanol. b From methanol-benzene.

-10~



Quantum Yields. Cyclohexane was used as solvent and the concen-
tration of 9-CA was 1.28 x 1074 mol dm~3. Monochromatic light at 365 nm
was isolated from a high-pressure mercury arc (450 W) by using a combined
glass filter of Toshiba UV-35 and UV-DIB and the light intensity (1) was
determined with a potassium ferrioxalate actinometer to be 3.014 x 10~
einstein cm™2 min"l. Samples placed in an optical cell (10 x 10 x 45
mm) were thoroughly degassed by four freeze-thaw cycles under a high vacu-
um ( € 10”3 mmHg) and then irradiated by 365 nm light. Decrease of
the absorbance at 362 nm (€cd) during the irradiation was monitored at
appropriate time intervals (t/min). Plots of natural logarithmus of
(e€Cd - 1) vs. t were linear. Quantum yields [¢_A] for the disap-
pearance of 9-CA were obtained from the slopes or the lines by applying the
equation 1n(e€°d - 1) = -1000e@_pIgt + C, where € is the molar absorption

coefficient of 9-CA at 362 nm (6.73 x 104 dm2 mol'l) and C is a constant.

Photoreaction with Furan. After irradiation for 60 h at ambient
temperature, a precipitate was filtered off to yield the photodimer 4 (10
mg, 3.3%). Column chromatography with benzene-hexane (3 : 1) as eluent
gave 9-CA (70 mg, 23.3% recovered) and then 9-cyano-9,10,11,13-tetrahydro-
9,10[2',5"}-furanoanthracene (2a) (195 mg, 50%) which was recrystallised

from methanol, m.p. 144.5 °C (decomp.). Further elution with benzene
gave the dimer (4) (50 mg, 16.7%). Hydrogenation of a methanolic so-
lution of 2a (50 mg) over Pd-charcoal gave 9-cyano-9,10,11,13,14,15-hexa-

hydro-9,10[2’,5']1-furanoanthracene (3a) , in quantitative yield.

Photoreaction with 2-Methylfuran. Irradiation for 40 h at 0-5 °C
resulted in complete disappearance of the yellow colour of 9-CA, and t.l.c.
of the solution on silica gel show the formation of a product. Removal
of solvent and 1lb in vacuo at 0 °C left a white solid, which contained ex-
clusively 2b (t.l.c. and n.m.x.). The solid gradually turned yellow,
owing to formation of 2-CA. Pd-charcoal (ca. 10 mg) was added to the
irradiated solution and then the solution was stirred under hydrogen at 0O-

5 °C for 24 h. Filtration of the catalyst and evaporation of the solvent

and 1b left a solid which was recrystallised from methanol to yield pure 9-

cyano—9,10,ll,13,14,lS-hexahydro—lB—methyl—g,10[2’,5']—furanoanthracene(}g).

Photoreaction with 3-Methylfuran. After irradiation at ambient
temperature (37 h), removal of solvent and unchanged lc in vacuo left a
solid, which was fairly pure 2c. (n.m.r.). The solid was recrystallised
from methanol to yield pure 9-cyano-9,10,11,13-tetrafydro-15-methyl-9,10{2’,

5']-furanoanthracene (2¢) (390 mg, 93%).
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Photoreaction with 2,5-Dimethylfuran.

After irradiation for 20 h
at 0-5 °C, the irradiated solution was hydrogenated over Pd-charcoal (10 mg)
at 0-5 °C for 24 h. Filtration of Pd-charcoal and evaporation of solvent
and 1d left a white solid which was recrystallised from methanol-benzene to
yield pure 9-cyano-9,10,11,13,14,15-hexahydro-11,13-dimethyl1-9,10[2',5']-

furanoanthracene (34).

Photoreaction of l-Methylpyrrole and Thiophene. Irradiation of a
benzene solution containing 9-CA and l-methylpyrrole (5) gave the dimer (4)
(270 mg, 90%). Similarly, photoreaction with thiophene (6) afforded
4 (280 mg, 93%). In both cases, t.l.c. analyses of the irradiated so-

lutions showed only starting materials and 4 and no crossadducts.
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Chapter 2 Photoreactions of Electron Rich Olefins to 9-

Cyanophenanthrene

2-1 Introduction

Photocycloaddition to various aromatic nitriles, occurring across
. . 1-5 . . . s
aromatic rings, usually proceed via excited singlet nitriles, and the

. . . . . . 1,3
mechanism are discussed in relation with exciplexes.™’

However, it
has been reported that benzonitrile undergoes photocycloaddition to tetra-
substituted, very electron-rich ethylenes at the nitrile function in an
excited singlet state, whereas that occurs to less electron-rich olefins
across the benzene ring from T,T*-triplet state.5a This divergency
in mechanism depending on olefins is interesting, since exciplexes would
appear to play important roles. In this chapter, the author describes
the photoreaction of 9-cyanophenanthrene (9-CP) with methyl vinyl ether
(la), ethyl vinyl ether (1lb), 2-methyl-2-butene (lc), 2,3-dimethyl-2-butene
(1d), and 2,5-dimethyl-2,4-hexadiene (le) to yield common cyclobutane com-
pounds in a stereoselective manner and show that photoreactions with the

former three olefins occur from triplet 9-CP, whereas in the latter two

cases singlet exciplexes play important roles.

2-2 Results and Discussion

Irradiation of a benzene solution of 9-CP in the presence of 1a—e6
gave a l:l-cycloadduct (2a-e) (Scheme); in each case, only a single isomer

was isolated. Analytical and spectral data were in accord with the

R1 R2 R3 R4 mp (°C) Yield (%)
a OMe H H H 141 80(60)
b OEt H H H 117-118 80 (60)
c Me Me H " Me 212-213 100(>90)
d Me Me Me Me 186-188 100 (>90)
e Me Me H -CH=CMe 97.5-98.5 100 (»65)
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assigned structufes, and the assignment were based mainly on n.m.r. spectra
(Table 3 and 4).7 V.p.c. and n.m.r. analyses of pho