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The effect of 1-exo- and 1-endo-methoxycarbonylmethyl groups on the course of the photo-induced Berson-
Willcott rearrangement of methyl 1la,7b-dihydro-1H-cyclopropa[a]naphthalene-l-acetate have been studied.
Different reaction rates with the same final products have been observed and are discussed from the view of the
stereochemical course of the reaction, which strongly supports the 60°-mechanism, i.e., a slither motion of C-1 with

inversion of configuration.

The photo-induced rearrangements of some ben-
zonorcaradiene derivatives have been studied ex-
tensively.1-5)

Swenton et al. demonstrated that the direct irradia-
tion of 7b-cyano-la,7b-dihydrocyclopropafa]naphtha-
lene (1) lead smoothly to products, 2 and 4, through
intermediate 3. They discussed a decrease in the
quantum yield of disappearance of 7b-methoxycar-
bonyl-la,7b-dihydrocyclopropa[a]naphthalene (5) com-
pared with that of 1 and the rearrangement towards
6, in addition to 7, on irradiation of 5 in terms of
increased peri-interaction, which retarded the forma-
tion of 7, in the intermediate 8.

Such interaction was not observed in the inter-
mediates, 3 and 9, leading to 2 and 6 respectively;
thus the formation of the latters becomes favorable.?)
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The photo-induced rearrangement of an exo-endo
mixture of methyl la,7b-dihydro-1H-cyclopropal[a]-
naphthalene-1l-acetates, (10) and (11), has been in-
vestigated and gives, in addition to naphthalene,
12, 13—16.9 The stereochemical course of the re-
arrangement of 10 and/or 11 to methyl 2a,7a-dihydro-
7H-cyclobut[a]indene-7-anti-acetate  (15) has been
reported,” However, since compounds 10 and 11
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interconvert with each other under thermal (90 °C,
5 min) and photolytic conditions, it was uncertain
as to whether either one or both of the isomeric esters
had actually rearranged to 15.

The exo-endo interconversion between 10 and 11
occurs apparently through 17 by the fission of the C;,—
C,, bond.® Since substitution on the C; with a bulky
group (R) would retard the interconversion by way
of peri-interaction, this would be expected to effect
the photochemical reaction pathways as reported by
Swenton et al. Therefore isopropyl derivatives, 18
and 19, were selected as candidates for the present
study.
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These compounds were thought to be suitable in
order to gain more profound insight into the stereo-
chemical course of the benzonorcaradiene system.
Up to date, there have been no reports about the com-
parative study on the photochemical behavior of
exo and endo isomers of l-substituted la,7b-dihydro-
1 H-cyclopropa[a]naphthalene derivatives. The endo
isomer was of special interest since it should exibit
a repulsive interaction between the pi-electron(s) on
the six-membered ring and the substituent on C-1.
The presence of such an interaction may possibly cause
an alteration of the reaction rates or pathway.

Results and Discussion

3-Isopropyl-1la,7b - dihydro - 1 H- cyclopropa[a]naph-
thalene-1-exo-carboxylic acid (20) was formed as
the main product, along with 21 and 22, from the
reaction of l-isopropylnaphthalene (23) with ethyl
diazoacetate and subsequent hydrolysis. Arndt-
Eistert reaction of 20 gave the desired compound
18, the 3-isopropyl derivative of 10, as a crystalline
product, mp 84.5—85.5 °C. Compound 18 exhibited
a well defined NMR spectrum (100 MHz); an ole-
finic proton doublet at §=6.01 and isopropyl signals
at 1.12(d) and 1.13(d) (6H) and 2.90 (1H, septet).
Signals attributable to three protons on the cyclo-
propane ring were similar in their chemical shifts
and coupling constants to those of 10,9 which indicat-
ed that the configuration of the methoxycarbonyl-
methyl group was exo. The UV spectrum was also
similar in shape to that of 109 but the maximum
(278 nm) showed a small bathochromic shift effected
by the substitution with the isopropyl group.

Heating 18 to 130 °C for 30 min, gave an equilib-
rium mixture composed of 18 and 19 in the ratio
of 3:2. Isolation of 19 from the mixture was achieved
using column chromatography on Silicic Acid with
hexane—ether (95:5 v/v) eluant. The structure of
19 was assigned on the basis of the spectral data.
The UV spectrum was superimposable with that
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of 18. The NMR spectrum of 19 showed signals
attributable to the three protons on the cyclopro-
pane ring at 6=1.6—1.9 (H,), 2.24 (H,,), and 2.57
(H,,, t). Double resonance spectrum obtained by
irradiation at H, gave the coupling constants (Jm,-m,
=Jm-8n=7.5; Jun-m.=9), which defined a cis re-
lation to each other. The endo configuration of the
methoxycarbonylmethyl group was further supported
by the higher field resonance of the methylene proton
signals compared with those of the exo-isomer 18.
When heated above 130°C, 19 gave the same
mixture of 18 and 19 as that obtained from 18 by
the same treatment.

Both 18 and 19 were found to be thermally stable
below 100 °C, and did not interconvert under the
influence of UV irradiation, as expected from the above
data.

Dirrect irradiation of 18 in methanol through a
Pyrex filter with use of a HPL for 20 min gave
23, methyl 9-isopropyl-5H-benzocycloheptene-5-acetate
(24), methyl 5-isopropyl-7H -benzocycloheptene-7-
acetate (25), exo-and endo-isomers of methyl 2a-iso-
propyl-2a,7a-dihydro- 7H-cyclobut[a]indene- 7-acetate
(26, 27), in 10, 35, 15, 12, and 69, yields, respectively,
estimated by GLC (159, polydiethylene glycol adipate

TaBLE 1. ESTIMATED YIELDS OF PRODUCTS IN THE COURSE OF IRRADIATION OF 18 Anp 19 (8 10— mol/l MecOH)
Irradiation Starting Eicosane % Yields of products”

time (h) material (%) 18or19 23 25 24 26 27
0 18 15.4 100
19 12.7 100

1 18 15.4 42.8 5.1 11.1 24.6 1.0 0.8

19 12.7 24.0 6.2 7.2 42.3 3.5 1.9

2 18 15.4 14.1 8.4 14.8 35.2 5.8 3.2

19 12.7 3.6 9.3 9.8 47.0 13.9 6.9

3 18 15.4 4.5 10.2 14.8 35.4 11.8 6.0

19 12.7 — 9.6 8.1 37.2 19.8 9.6

4 18 15.3 — 11.2 15.3 29.9 17.0 8.7

19 12.7 — 9.4 6.4 17.1 32.4 16.1

5 18 15.3 — 11.0 11.7 26.0 22.1 10.4

19 12.7 — 10.6 6.0 21.0 31.3 15.1

6 18 15.4 — 14.1 3.3 17.4 26.6 13.0

19 12.7 — 11.0 5.2 15.5 34.5 17.9

a) The amount of each compound was estimated by their peak areas relative to that of eicosane,
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on Chromosorb WAW). Photolysis of the endo isomer
(19) gave essentially the same products, except in
their yields (Table 1).

The structures of these compounds were determin-
ed on the basis of their spectral data. The UV spec-
trum of 24 showed a maximum at 271 nm which sug-
gested the presence of 5H-benzocycloheptene moiety
(Amax 275 nm).”  Although the NMR spectrum
taken at room temperature was too broad to investi-
gate spin-spin coupling, those obtained at +2——45 °C
clearly demonstrated fine splitting. The presence
of three vicinal olefinic protons was observed from the
NMR spectra (§=5.45, 5.91, 6.45; Ju,-n:=>5.5;
Jus-1,=9.5; Ju,n,=5 Hz). The coupling pattenrs
of the benzylic methine proton and the acetate-meth-
ylene protons defined the position of the substituents.

The UV spectrum of 25 was similar to that of 7H-
benzocycloheptene (Amx 228 (e 44000); 256 *® nm
(¢ 5200)." The presence of 1H signal (6=6.47),
corresponding to the proton alpha to phenyl group,
determined the position of the isopropyl group to be
C-2. The proton-proton coupling pattern of >CH-
CH,-COO [ABX type: J,z=15.5; J,x=10; Jox=
5.5 Hz] supported that of methyl 7H-benzocyclo-
heptene-7-acetate. Direct irradiation of 24 gave main-
ly a mixture of 26 and 27 in a ratio of 2 : 1. The UV
spectra, together with the coupling pattern of the ole-
finic proton signals in the NMR spectra suggested
the presence of the 2a,7a-dihydro-7H-cyclobut[a]-
indene structure. The absence of a lower field signal
characteristic of the benzylic methine proton on the
cyclobutene ring for both compounds, 26 and 27,
assigned the position of the isopropyl group on C-l.
The endo structure for 27 was assigned from a larger
separation of the two olefinic proton signals, caused
by the proximity effect of the methoxycarbonyl group,
and the larger splitting signal of the proton on C-5,
coupled with the proton on C-4, compared with those
of 26.

It was observed in the photochemical reactions of
18 and 19 that the primary rearrangement products,
24 and 25, were formed as the major products.
Benzonorcaradiene derivatives were not detected in
the products. In the photolysis of 10, 28 was not
detected and 13 was obtained in a small amount
in the photolysate; further rearranged products were
formed, even if the reaction was interupted at the
initial stage.®? Cycloheptatricnes are not planar
molecules but have the boat conformations,® therefore
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the isopropyl group in 24 and 25 appears to be fixed
in a non-coplanar position with respect to the peri
C-H bond thereby minimising the mutual steric in-
teraction. The isopropyl group on C-3 in 14 or 16
appears to be fixed near the coplanar position to
the peri C-H bond, causing a large repulsive interac-
tion. These steric repulsions give rise to interupt
further rearrangement of the primary photo-prod-
ucts, 24 and 25, to benzonorcaradienecs.

To determine the relative reactivities of the isomeric
esters, 18 and 19, they were photolyzed independently
in methanol at the same concentrations (8x10-4
mol/l). Eicosane was added as an internal standard
and the merry-go-round apparatus was used. The
products were analysed for by GLC at regular time
intervals and the results are given in Fig. 1.

At the initial stage of the reaction, it may be seen
that the rate of formation of 24 from 19 was twice
as effective as that of 24 from 18, in conjugation with
the disappearance of 19 which disappeared twice as
fast as that of 18. Initially the rate of formation of
25 from 19 looks slower than that from 18. However,
as the decrease in concentration of 19 is much faster
than that of 18, the ratio of concentrations of 25/19
and that of 25/18 at low conversion (after one hour
irradiation) are important and are almost similar
(0.30 and 0.26, respectively).

Since the UV spectra of the isomeric esters, 18
and 19, are superimposable, the methoxycarbonyl-
methyl group on C-1 appears to have little influence
on the electronic state of the cyclopropane ring.
Assuming that the electronic structures of the esters
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are quite similar to cach other except for steric re-
quirements, the differences in reactivities between 18
and 19 will be determined by the degree of steric free-
dom in the intermediates from 18 and 19. Berson,®
Woodward and Hoffman!® have suggested that the
Berson-Willcott rearrangement of simple norcaradi-
enes must follow after either one of the two possible
modes of mechanisms, i.e., the 60°- and the 120°-
mechanism. When thesc mechanisms are applied to
the present photo-induced rearrangement of 18 and
19, the change in steric interference will govern the
reaction pathway as shown in Schemes 6 and 7.
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Scheme 6.

As observed from previous expcriments on opti-
cally active 10,19 high stercospecificity of these reactions
suggests that the reaction may follow either of the
two mechanisms.

If the reactions toward Path a follow 60°-mechanism,
formation of 25 from both 18 and 19 will proceed at
similar rates. If it follows 120°-mechanism, formation
of 25 from 18 will become less than that from 19.
The results on the ratios of concentrations (25/19
and 25/18) at low conversion discussed above support
the 60°-mechanism.

Similarly, since formation of 24 from 18 is appar-
ently retarded compared with that from 19 (Fig. 1),
another Path b clearly follows the 60°-mechanism,
that is, slither motion of C-1 with inversion of the

Path b
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- >
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Scheme 7.
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configuration. This latter claim is in line with the
results obtained from the study on an photo-induced
rearrangement of optically active substance 10.%)

The data supports the 60°-mechanism for the
photo-induced rearrangement of methyl 3-isopropyl-
la,7b-dihydro- 1 H-cyclopropa[a]naphthalene-1-acetate
in both directions. The precise stereochemistry for
Path a has recently been established with use of
the optically active 3-i-butyl derivative of 10 and
the results will be reported elswhere.

Experimental

The NMR spectra were obtained on a JEOL Model PS-100
spectrometer with carbon tetrachloride as the solvent and
TMS as the internal standard, unless otherwise specified.
The chemical shifts are expressed in ppm from TMS. The
IR spectra were recorded on a JASCO spectrometer Model
IRE and the UV on a Hitachi Recording Spectrometer
Model 323. GLG analysis was carried out on a Varian
Aerograph Model 90P gas chromatograph under quoted con-
ditions. The light source for photolysis, used throughout
this experiments, was a Ushio high pressure mercury lamp,
UM-452, with Pyrex filter.

Synthesis of  3-Isopropyl-1a,7b-dikydro-1H-cyclopropalalnaphtha-
lene-7-exo-carboxylic Acid (20). Reaction of Isopropyinaph-
thalene (23) with Ethyl Diazoacetate: To 24.6 g (0.144 mol)
of 23, containing 195 mg of copper powder heated at 145—
150 °G, was added drop by drop 2.88 g (25.2 mmol) of ethyl
diazoacctate over a period of 1 h with vigorous stirring. The
mixture was further stirred for 2 h at 145 °C (gas evolution;
610 ml at 25 °C, 95%, of theoretical), and then 21.5 g of 23
was recovered by distillation (97—100 °C/7 mmHg). The
experiment was repeated three times and the collected residue
taken in CH,Cl, was filtered from copper powder and subse-
quently distilled to give 7.34 g of yellow liquid, bp 136—
140.5 °C (1 mmHg). Repeated column chromatography of
the distillate on Silicic Acid'V (hexane-ether 19 : 1 v/v) gave
three fractions: Fr. 1; 2.32 g [29+32]; Fr. 2; 1.73 g [29+
32+33]; Fr. 3; 2.08¢g [29+33].

Alkaline Hydrolysis of Fraction 3. The above Fr. 3 (2.08
g), dissolved in 0.5 M 85%, aq ethanolic KOH (32 ml) was
refluxed for 3 h. The resulting solution was then diluted
with water (32 ml) and reduced to half volume under reduced
pressure. After being washed with ether, the ice-cooled aq
solution was acidified carefully with cold 2 M HCI in the
presence of 30 ml of ether. The separated aq solution was
extracted three times with ether, and the combined ether
extracts were washed with saturated aq NaCl and dried
(anhyd Na,SO,). After subsequent evaporation of ether,
the remaining crystalline acid mixture was recrystallized from
aq methanol to give 20 (647 mg) and a 1 : 1 mixture of 20
and 22 (390 mg). 20 mp 200—201.5°C. IR »¥ut: 2650,
2560, 1680, 955 cm~t. NMR (CDCl,) 6=0.78 (1H, t, J=
3.5 Hz), 1.14 (3H, d, J=6.5Hz), 1.17 (3H, d, J=6.5 Hz),
2.75 (1H, d,d,d, J=8, 5.5, 3.5 Hz), 3.01 (1H, septet, J=6.5
Hz), 3.16 (1H, d,d, /=8, 3.5 Hz), 6.16 (1H, d, J=>5.5 Hz),
7—7.6 (4H, m), 7.9 (1H, b). Found: C, 78.66; H, 7.109%,.
Calcd for C;,H;(O,: C, 78.92; H, 7.06%,.

Preparation of Methyl 3-Isopropyl-1a,7b-dihydro-1H-cyclopropa-
[alnaphthalene-7-exo-acetate (18). To a cold solution of
20 (3.03 g, 13.3 mmol) dissolved in benzene (66 ml), was ad-
ded oxalyl chloride (10 g, 80 mmol). After stirring for 4 h
at room temperature, the solution was evaporated below
20 °C and the residue was evaporated with benzene (three
times, each 10 ml) under reduced pressure to give an acid
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chloride (30) as an orange liquid. 30 IR »35'™: 1758 cm~%

To the dried ether solution of diazomethane, prepared
from N-nitroso-N-methylurea (24 g), 50%, aq KOH (75 ml)
and ether (240 ml), was added drop by drop 30, dissolved in
benzene (15 ml), over a period of 2 h with cooling (ice-water).
After further stirring for 1.5 h at that temperature, the mix-
ture was evaporated and taken in dichloromethane. After
drying, the solution was evaporated below 20 °C under reduc-
ed pressure to give an orange solid (31) (4.06g). IR »ui':
2055, 1610 cm1.

The diazomethyl ketone (31), dissolved in 1240 ml of
methanol was divided into three portions. Each portion was
independently irradiated under nitrogen with an HPL for
40 min with external cooling (ice-water) and collected.
Subsequent evaporation of solvent left an orange liquid
(3.74 g), which was chromatographed on Silicic Acid (120 g)
using hexane-ether (9:1 v/v) as the solvent to give 18 as light
yellow crystals (1.86 g; 54.4%). Recrystallization from hex-
ane gave colorless crystals, 18, 1.26 g; mp 84.5—85.5 °C.
18 IR »Nut: 1730, 1460, 1380, 1207, 1192, 1168, 995, 762,
740 cm~t. UV 1B (log &): 224.5 (4.29), 231 (4.28), 237.5
infl.(4.13), 278 (3.77), 307irfl.nm(3.35). NMR 6=0.26 (1H,
tt, J=7, 43Hz), 1.12 (3H, d, J=6.5Hz), 1.13 (3H, d,
J=6.5Hz), 1.76 (1H, d,d,d, J=4.3, 5.5, 8.2 Hz), 2.18 (1H,
d,d, /=4.3, 8.2 Hz), 2.31 and 2.34 (-CH,~CH(, Jxz=15.8
Hz, Jyx=/gx=7Hz), 2.90 (1H, septet, J=6.5 Hz), 3.56
(3H, s), 6.01 (1H, J=5.5 Hz), 6.95—7.6 (4H, m). Found:
G, 79.60; H, 7.86%. Calcd for C;H,,O,: C, 79.65; H,
7.86%.

Methyl  3-Isopropyl-1a,7 b-dikydro-1H-cyclopropalalnaphthalene-
7-endo-acetate (19). Compound 18 (20 mg), dissolved in
DMSO-d; (0.5 ml) in a sealed NMR tube, was kept at 130 °C
to give a mixture of 18 and 19. The product ratios were
estimated every 10 min by means of the NMR spectra. Ratio
(18:19): After 10 min (2:1) 20 min (3:2); 30 min (3:2).

To obtain 19 in quantity, 18 (250 mg) was heated at 140 °C
for 30 min and the product was chromatographed on 60 g
of Silicic Acid (hexane-ether 95 : 5 v/v). Following to 18,
a mixture of 18 and 19 (rich in 19) was obtained. Further
chromatography gave a sample of 19 (50 mg) as a colorless
liquid. This was further purified by distillation at 60 °C
(1 mmHg) with the aid of a sublimation apparatus. 19
NMR 6=1.20 (3H, d, J=7Hz), 1.25 (3H, d, J=7 Hz),
1.6—1.9 (-CH,-CHY), 2.24 (H;,, m), 2.57 (Hyp, t, J=7.5
Hz), 3.06 (1H, septet, J=7 Hz), 3.53 (3H, s), 5.89 (I1H, d,
J=5.5Hz), 7.08—7.5 (4H, m). UV AEH (log &): 224.5
(4.22), 231(4.21), 237.51»11-(4.08), 278(3.70), 307i~-nm(3.21).
Mass spectrum (JMS-D300); M+ (m/e): 256.145; Calcd for
Cy;H,,0,; 256.146.

Irradiation of 18 in Methanol: Identification of Products.

Compound 18 (300 mg), dissolved in methanol (320 ml),
was irradiated using an HPL under nitrogen for 15 min with
external cooling (ice-water). After evaporation of the sol-
vent, the residue (303 mg), taken in hexane-ether (90: 10 v/v),
was developed on 30 g of Silicic Acid and elution was continu-
ed with the same solvent (95:5v/v). Each 15 ml-fraction
was collected separately and the solvent evaporated to give
fractions as follows: Fr. 1-—3, 15 mg (23); Fr. 6—7, 5mg
(26, 27, and 25); Fr. 8—9, 76 mg (25 (main) and 24
(minor)); Fr. 10, 31 mg (24); Fr. 11—15, 100 mg (18).

Fraction 8 and 9 were rechromatographed on 20 g of Silicic
Acid (hexane-ether 95 : 5 v/v) to give a pale yellow liquid
(14 mg; 25), which was purified by means of GLC [5%
Silicone OV-17 on Chromosorb WAW, 1/4”X 3 m; column
temperature, 173 °C; He flow rate, 40 ml/min; retention
time, 25 12.6 min]. 25 NMR 6=0.735 (3H, d, J=7 Hz),
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1.20 (3H, d, /=7 Hz), 2.2—2.45 (1H) and 2.48—2.65 (2H)
[AB, type], 2.93 (1H, septet, J=7 Hz), 3.60 (3H, s), 5.44
(1H, d, J=5 Hz), 5.80 (1H, d,d, J=5, 10 Hz), 6.47 (1H, d,
J=10Hz), 7.05—7.2 (3H, m), 7.24—7.65 (1H, m). UV
B (log &) : 227 (4.55), 255f-nm (3.85). Found: C, 79.66;
H, 7.90%. Calcd for C;;H,,O,: C, 79.65; H, 7.869%,.

Fraction 10 (31 mg) was rechromatographed on 8g of
Silicic Acid (hexane-ether 95 : 5 v/v) to give a sample of 24
(10 mg). This compound could not be purified by GLGC
owing to a very slow isomerization to isomer(s) with the
same retention time under these conditions. For CH ana-
lysis, GLC separation was carried out [5%, Silicone OV-17,
170 °C; He, 40 ml/min]. 24 NMR 6=0.9—1.5 (6H, bm),
2.2—3.1 (3H, bm), 3.22 (1H, septet, J=7 Hz), 3.65 (3H,
bs), 5.35—5.6 (1H, bm), 5.8—6.1 (1H, bm), 6.25—6.5 (1H,
bm), 7.0—7.7 (4H, m); (CD,OD) at +1°GC ¢=0.96 (3H,
d, J=7Hz), 1.35 (3H, d, J=7 Hz), 2.77—2.99 (1H) and
3.07 (2H) [AB, type], 3.51 (weak s, axial-COOCH; ?)!?),
3.65 (3H, s, COOCH;), 5.45 (1H, d,d, J=9.5, 5.5 Hz),
5.97 (1H, bd, d, J=9.5, 5Hz), 6.45 (1H, d, J=5.5 Hz),
7.11—7.75 (4H, m). UV B (log ¢): 271 (3.82); Amin
246 nm (3.61). Found: C, 79.68; H, 7.919%. Calcd for
Cy:HpO,: G, 79.65; H, 7.86%.

To obtain 26 and 27 in quantity, photolysis of 18 was
performed for 30 min. Fractions corresponding to Fr. 6—7
of the above mentioned chromatography were scparated
and purified by means of GLC [15%, polydiethylene glycol
adipate, 184 °C; He, 40 ml/min; retention times; 26, 10
min; 27, 12 min]. 26 (solidified) IR »h%f™: 1730, 1480,
1460, 1440, 1365, 1250, 1165, 1040, 1000, 770, 759, 742
cm~l. NMR 6=0.82(3H, d, Jj=6.5 Hz), 0.99(3H, d, J=
6.5 Hz), 2.22 (1H, septet, J=6.5Hz), 2.21 and 2.51(CH,,
AB part of ABX type, Jap=15.5Hz, Jox=10Hz, Jpx=
5.5 Hz), 2.84 (1H, bs, Aty/,=3.5Hz), 3.31 (1H, d,d,d, J=
10, 5.5, 1.5Hz), 3.62(3H,s), 6.04( 1H, d, Jj=2.7Hz), 6.25
(1H, d, J=2.7Hz), 6.98—7.18 (4H, m). UV B¢
(log &): 262 (2.89), 268.5 (3.07), 275.5 nm (3.10). Found:
G, 79.69; H, 7.91%. Caled for C;;H,,0,: C, 79.65; H,

7.86%. 27 IR yLg™=: 1730, 1480, 1460, 1440, 1390,
1366, 1165, 995, 880 ,855, 812, 778, 760, 725 cm~t. NMR

6=0.84 (3H, d, J=6.5Hz), 1.01 (3H, d, J=6.5Hz), 2.23
(IH, septet, J=6.5Hz), 2.32—3.1(2H, m), 3.48(2H, bs,
Ary,=8Hz), 3.64 (3H, s), 5.95(1H, d, J=2.7 Hz), 6.37
(IH, d, J=2.7Hz), 6.9—7.3 (4H, m). UV 2EH: 262,
268.5, 275.5 nm.

Short Period Irradiation of 18 and 19 in Methanol. Com-
pound 19 (40 mg), dissolved in methanol (105 ml), was
irradiated for 5 min using an HPL with external cooling
(ice-water) under nitrogen. After the solvent had been
carefully evaporated below 20 °C, the products were analyzed
by NMR and GLC. The NMR spectrum revealed that
the mixture did not contain any of the exo-isomer, 18. The
GLC analysis [159 polydiethylene glycol adipate on Chro-
mosorb WAW, 187 °C; He, 40 ml/min] showed it contained
six species, estimated as follows: Retention time (product ratio)
: 4.9 min (23, 7.5%), 12.8 min (26, 5.2%,), 14.4 min (27,
3.49%), 18.2 min (25, 9.0%), 21 min (24, 44%,), 28.4 min
(19, 30%).

An identical experiment using the same concentration of
18, instead of 19, in methanol was carried out. The prod-
ucts did not contain any of 19 and the ratio of products
were obtained as follows: 23, 9.79; 26, 3.2%; 27, 1.5%,
25, 14.59, 24, 33%; 18, 38.39%.

Irradiation of 24. Compound 24 (60 mg), dissolved
in methanol (130 ml), was irradiated with an HPL under
nitrogen with external cooling. The occurrence of 26 and



May, 1978]

27, in compensation for 24, was observed by monitoring
the reaction using GLC [109 Apiezone L on Chromo-
sorb WAW, 190 °C; He, 40 ml/min: Compound (retention
time); 26 (8.8 min), 27 (10 min), 24 (13.2 min)] and NMR
[26 6=6.04 (d), 6.25 (d): 27 6=5.95 (d), 6.37 (d): 24
0=>5.35—5.6 (bm)] measurements.

Competitive Photo-induced Reaction of 18 and 19, Each
15 ml of a solution of 18 or 19, (each 50 mg) dissolved in
methanol (244ml) separately, was charged in Pyrex test
tubes ($1.5x 13 cm), which were stoppered after flushing
with nitrogen. Seven tubes each were arranged in a merry-
go-round apparatus, cooled with ice-water, and irradiated
concurrently with an HPL settled in the center of the appa-
ratus. The reaction products from 18 and 19 were moni-
tored every hour using GLC [15% polydiethylene glycol
adipate on Chromosorb WAW, 175°C; He, 40 ml/min].
The results are given in Table 1.

The authors are grateful to Mr. Jun-ichi Goda
for the analytical data and to Mr. Kozo Shibata for
measurement of the high resolution mass spectrum.
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