1850 J. Org. Chem., Vol. 39, No. 13, 1974

References and Notes

(1) Recipient of a Public Health Service Research Career Development
Award (1KO4-GM-23756) from the National institute of General
Medical Sciences, 1971-1976.

(2) NDEA Predoctoral Fellow, 1971-1973,

(3) K. Biemann, Tetrahedron Lett., No. 15, 9 (1960).

(4) K. Biemann, Progr. Chem. Org. Natur. Prod., 24, 1 (1966).

(5) H. Budzikiewicz, C. Djerassi, and D. H. Williams, “Structure Eluci-
dation of Natural Products by Mass Spectrometry,” Vol. |, Holden-
Day, San Francisco, Calif., 1964,

(6) L. D. Antonaccio, N. A, Pereira, B. Gilbert, H. Vorbrueggen, H.
Budzikiewicz, J. M. Wilson, L. J. Durham, and C. Djerassi, J.
Amer. Chem. Soc., 84, 2161 (1962).

(7) Only one rigorous study of any tetrahydro-8-carbolines has been
reported: R. T. Coutts, R. A, Locock, and G. W. A. Slywka, Org.
Mass Spectrom., 3,879 (1970).

(8)_S. R. Johns, J. A. Lamberton, and J. L. Occolowitz, Chem. Com-

mun., 421 (1966); Aust. J. Chem., 19, 1951 (1966).

} Reference 4, p 41,

(10) Reference 5, Chapter 5.

} M. Hussain, J. S. Robertson, and T. R. Watson, Aust. J. Chem., 23,

773 (1970).

(12) As in the sarpagine alkaloid ring system: K. Biemann, J. Amer.
Chem. Soc., 83, 4301 (1961).

(13) J. H. Beynon, “‘Mass Spectrometry and Its Applications to Organic

Chemistry,” American Eisevier, New York, N. Y., 1960, pp 397-403.

4) L.J. Dolby and G. W. Gribble, Tetrahedron, 24, 6377 (1968).

) G. W. Gribble, J. Org. Chem., 37, 1833 (1972).

(18) (a) G. W. Gribble and R. B. Nelson, J. Org. Chem., 38, 2831
(1873); (b) J. Skolik, P. J. Krueger, and M. Wiewiorowski, Tetrahe-
dron, 24, 5439 (1968).

(17) G. Spiteller and M. Spiteller-Friedmann, Monatsh. Chem., 93, 795
(1962).

Sauers and Henderson

(18) B. Gilbert, J. A. Brissolese, N. Finch, W. I. Taylor, H. Budzikiewicz,
J. M. Wiison, and C. Djerassi, J. Amer. Chem. Soc., 85, 1523
(1963).

(19) A. M. Duffield, H. Budzikiewicz, D. H. Williams, and C. Djerassi, J.
Amer. Chem. Soc., 87, 810 (1965).

(20) Q. N. Porter and J. Baldas, “"Mass Spectrometry of Heterocyclic
Compounds,” Wiley-interscience, New York, N. Y., 1971, Chapter
11

(21) Reference 5, p 46.

(22) Reference 5, pp 49-51.

(23) M. Marx and C. Djerassi, J. Amer. Chern. Soc., 90, 678 (1968).

(24) H. Budzikiewicz, C. Djerassi, and D. H. Williams, “Mass Spectrom-
etry of Organic Compounds,” Holden-Day, San Francisco, Calif.,
1967, p 611.

(25) S. Safe, W. D. Jamieson, and O. Hutzinger, Org. Mass Spectrom.
6, 33 (1972).

(26) Unpublished resulits.

(27) J. Martel and G. Costerousse, Chem. Abstr., 77, 152432V (1872).
(28) 6(21.9795) Nelson and G. W. Gribble, Org. Prep. Proced.. 5, 55
) E. Ochiai and M. Takahashi, Chem. Pharm. Bull., 13, 618 (1965).
(30) We wish to thank Professor L. J. Doiby (University of Oregon) for a

sample of this material.
) D. C. Tompkins, Ph.D. Thesis, University of Oregon, 1968, p 60.
(32) For the preparation of 98% d,-labeied amines by reduction of lac-
tams with lithium aluminum deuteride, see A. M.. Duffield, H. Bud-
zikiewicz, D. H. Williams, and C. Djerassi, J. Amer. Chem. Soc.,
87, 816 (1965).
(33) For the preparation of 84-95% d»-labeled amines from lactams by
base-catalyzed exchange and lithium aluminum hydride reduction,
see ref 32 and A. M. Duffield, H. Budzikiewicz, and C. Djerassi, J.
Amer. Chem. Soc., 88, 5541 (1964).
(34) K. Biemann, “Mass Spectrometry,”
1962, Chapter 5.

McGraw-Hill, New York, N. Y.,

Photochemistry of Polycyclic 5-Acylnorbornenes!

Ronald R. Sauers* and Thomas R. Henderson

School of Chemistry, Rutgers University, New Brunswick, New Jersey 08903

Received January 24, 1974

Ketones 3X, 3N, 4X, and 4N were synthesized and irradiated with ultraviolet light. Compounds 3X and 3N
gave products, enal 6 and oxetane 3, respectively, which are believed to have been formed from n,r* states of the
carbonyl groups. Ketones 4X and 4N gave products, 8 and 7, respectively, which were probably formed from

«,7* states of the double bonds.

Earlier studies of the photochemistry of simple endo-5-
acylnorbornenes?-3 (1) have revealed a photocycloaddition
reaction of significant synthetic versatility as well as one
which involves intriguing mechanistic subtleties. It has
been shown? that oxetanes of structure 2 are formed from
1 with quantum efficiencies ranging from 0.10 to 0.22 and

313 nm
—_—
CsH,

0=C—R 0" "R
1 2

that essentially no other products are produced. In partic-
ular, type 1 and type II cleavages were not competitive
even in favorable cases, e.g, R = t-C4Hy, i-CsHiyit
Preliminary studies with exo-5-acylnorbornenes did not
yield well-defined product mixtures, on the other hand.
Thus, these results raised several questions concerning the
factors which control the efficiency of oxetane formation
and the general structural limitations of this reaction. In
addition, the behavior of the exo systems was perplexing
and a more detailed investigation was clearly of interest in
view of the paucity of data on the behavior of constrained
v,0-unsaturated ketones.?

To these ends, an investigation of the synthesis and
photochemistry of the following four ketones was initiat-
ed: 3X, 3N, 4X, and 4N.

A Ay
m%%

4X

The choice of these systems was governed by the rela-
tively fixed geometrical orientations of the chromophores.
From the drawings shown below, it can be seen that only

£, N

aN

in 3N is the n orbital of the carbonyl group suitably posi-
tioned with respect to the double bond to permit the
mode of interaction proposed for exciplex formation in the
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‘oxetane reaction.® On the other hand, the situation in 4N
is such that only the = orbitals of the carbonyl group can
interact with the double bond. The behavior of the two
exo isomers 3X and 4X was of intrinsic interest (see above)
in the realm of photochemistry of unsaturated carbonyl
.systems and it was instructive to use them as model sys-
tems for the corresponding endo systems.

We report here the major chemical consequences of ir-
radiations of these four ketones, and assign some tentative
mechanistic schemes to rationalize the observed products.

Results

Syntheses. The spiro ketones 3X and 3N were conve-
niently prepared as a 10:1 mixture by the reaction of cy-
clopentadiene with the Mannich base of cyclopentanone.?
Presumably, this reaction involves the intermediacy of -
methylenecyclopentanone, which undergoes a Diels-Alder
reaction with the diene (eq 1). In agreement with recent

CH,

0
m+&( — 3X + 3N (8]

studies of the stereochemistry of Diels-Alder reactions of
methylated dienophiles,® we assign the endo stereochem-
istry to the minor isomer 3N. Qur structural assignment
was also based on nmr data which pertains to the chemi-
cal shifts of the 3-endo protons in these isomers. This pro-
ton in the exo isomer 3X appeared as a four-line multiplet
centered at & 0.80. The larger coupling (J = 10.7 Hz) is
attributed to geminal splitting and the smaller one (J =
2.8 Hz) is the result of long-range coupling with the anti
C-7 proton.? The origin of the upfield shift of this proton
has been attributed® to the anisotropy of the carbon-car-
bon bond at C-2.19

Similarly, the ketones 4X and 4N were obtained via a
Diels-Alder reaction between 2-cyclopentenone and cyclo-
pentadiene (eq 2). It was advantageous to use aluminum

0]
B T o D

chloride as a catalyst in this sequence, since the yield was
doubled under milder reaction conditions.’! The predomi-
nant isomer (80%) was identified as the endo ketone (4N)
by spectral comparisons with data from an authentic sam-
ple.12

Irradiations. All four ketones were irradiated in deoxy-
genated benzene with Pyrex-filtered light. Two volatile
products in the ratio 98:2 were produced from 3N. The
major component showed no hydroxyl or carbonyl absorp-
tions in the infrared region and no nmr absorptions below
6 4.48. The latter absorption appeared as a one-proton
doublet of doublets and is typical? of oxetanes of structure
2. In view of the earlier precedent, structure 5 is assigned
to this photoproduct. Further evidence in support of this

3N —
0

5
assignment was deduced from the mass spectral cracking
pattern of 5. The base peak at m/e 106 corresponds to the
molecular ion less the elements of acrolein. The break-
down may be rationalized in terms of oxetane cleavage
followed by a reverse Diels-Alder reaction® (eq 3).
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Compound 3X led to a five-component product mixture,
two components of which were shown to be 3N (6.5%) and
5 (17%). The other two minor products totaled 5% and
were not examined. The major product (72%) displayed
absorptions attributable to aldehydic and olefinic groups
in both the nmr and ir spectra. This data, the microana-
lytical results, and the mass spectrum all support the enal
structure 6 for this product.

T &\/(ﬁl
CH
6

Irradiation of 4N gave a product which was neither an
oxetane nor an enal as evidenced by the absence of unsat-
uration and the presence of a carbonyl group at 5.67 .
Attempts to define the structure of this compound by var-
ious chemical and spectral means failed to point to an
unambiguous answer. The crystalline 2,4-dinitrophenylhy-
drazone derivative was therefore subjected to X-ray crys-
tallographic analysis.1¢ This procedure led only to struc-
ture 7, a finding which is consistent with all other data.

AN —>

0]
7

The last ketone to be studied, 4X, was found to produce
as many as nine products upon irradiation in benzene.
Since isolation and identification of these products did
not appear feasible, other conditions were exarnined. Irra-
diation in methanol proceeded more cleanly to produce
one major product which was further degraded on longer
irradiation. The initial photoproduct was isolated and
identified as the saturated ketone 8 and the degradation
products as 9 and 10. This overall sequence (8 — 9 — 10)
had been observed in an earlier study'® and was con-
firmed in this work.

44X — —
0
8
;bq - ﬂ%
CH
H ) 0
0 10
9
Discussion

The notable features of these results may be best appre-
ciated by comparisons of behavior within the two main
structural and stereochemical groups, i.e., 3X vs. 3N, 3X
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Table I
Quantum Yield and Quenching Data for 4N — 7
Norbornene,
Determination 4N, M M ¢®
Consumption of
4N 0.139 0 0.26 = 0.03
0.139 1.445 0.20 4 0,02
Formation of 7 0.139 0 0.095 & 0.005
0.139 1.445 0.026 £ 0.003
Formation of exo,-
trans,endo dimer
of norbornene? 0.139 1.445 0.009 & 0.002

e Conversions varied from 9 to 14%. ® Other dimers were
formed to a minor extent.

vs. 4X, etc. In this way the influence of the effect of struc-
ture and stereochemistry on the photoreactions may be
assessed,

Thus, in the exo, endo pair 3X, 3N, it is clear that the
proximity and accessibility of the double bond is the deci-
sive factor which diverts the endo ketone away from type
I cleavage. Since the efficiency of oxetane formation (0.21)
equaled that of ketone loss, it is concluded that rapid ex-
ciplex formation8-16 followed by oxetane formation and
radiationless decay account for the fate of most of the ex-
cited state(s) of 3N.6:16 It is pertinent to note that the ab-
sorption spectrum of 3N exhibits an enhanced intensity
characteristic of systems in which the n orbital interacts
with the = system.l7 Interestingly, the n — =* absorption

Aiax (CeHyz) 302 nm

OZ %
‘ 3N
OZ %
11 (e274)

of the exo isomer 3X also shows enhanced intensity and a
red shift. These chromophores have a relative geometry

0 0
)\max (CEHL‘?)
301, 215 nm (sh)
3X

(e 55,3200) 12

which is ideally suited for o coupling as defined by Cook-
son and coworkers.}8 Although the overall course of the
reaction 3X — 6 is not abnormal, the consequences of ¢
interactions may not be apparent until one takes into ac-
count all of the parameters which define excited-state be-
havior.

Neither of the fused ketones 4X and 4N undergoes reac-
tions typical of cyclopentanones, e.g., type I cleavage or
photoreduction, in contrast to the behavior of the saturat-
ed analogs.1® The observed reactions both involved reduc-
tion of the double bond, a process which is characteristic
of 7,7* states of strained olefing.’® In these systems a like-
ly sequence of events would entail energy transfer steps
from the T state of the excited carbonyl groups to the
ground-state olefins.20 There is precedent in both cases for
the requisite subsequent processes. Thus, the triplet olefin
in 4N could undergo intramolecular abstraction followed

>\max (CeHm) 807 nm
(eb4.4)

>\max (CGle)
300 nm
(€ 26.9)
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by cyclization (eq 4) in a fashion analogous to that ob-
served by Scharf?? (eq 5).

AN — — T( — 7 (4)
1 i
0 g
H H H H H
hy
*—'M ©
I

CH;CCH,

The overall reaction AN — 7 could be quenched by
added norbornene with the concurrent production of di-
mers. From the data in Table I it can be seen that most
of the product (7) arises from the quenchable state (¢o/¢
= 3.6). The most straightforward interpretation of this
data involves competitive excitation transfer from triplet
carbonyl to norbornene or 4N.22 The data also demand
that a nonquenchable state is involved in those other pro-
cesses which consume 4N but which do not lead to 7.

In the exo system 4X, energy transfer is followed by a
series of radical abstraction reactions® which ultimately
produce the saturated ketone 8 (eq 6). This sequence par-

CH,0H
—_—s —> 8 (6)

4X — — (
T

allels the photoreduction of norbornenes, which can be
sensitized by acetone or aromatic donors.?3

The contrast in behavior between 3N and 4N is instruc-
tive in the context of the overall behavior of endo-5-acyl-
norbornene photochemistry. On the one hand, 3N rapidly
forms an oxetane in competition with what must be a fac-
ile type I cleavage. On the other hand, the behavior of ke-
tone 4N resembles that of an isolated carbonyl system.
Thus, in constrast to simple endo-5-acylnorbornenes,
quenchable triplet states of 4N are formed. We conclude
that the singlet state is relatively long lived as a conse-
quence of weak or negligible exciplex formation. These re-
sults lend support to the ideas® discussed above con-
cerning the geometrical requirements for exciplex forma-
tion.

The contrasting behavior between 3X and 4X is proba-
bly the result of differences in ease of o cleavage toward
tertiary and secondary centers.?* These differences in turn
are the deciding factors which control the extent of energy
transfer to the ground state molecules.

The results of a related study in which the behavior of
13 and 14 was studied was recently reported.?s It was

i
e A
o CHOH
14
0
13

K CH==CH,

CH,CO.CH,
15
found that irradiation of both isomers produced ester 15,

but that chemical yields were significantly lower in the
case of 14. Conceivably, these reactions may involve ener-
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J0Ce16m1
EXPERIMENTAL SECTION

Infrared spectra were determined on @ Perkin-Bimer Model 137 spectro-
meter. Nuclear magnetic resonsnce spectra (in GGl, or ODCL,) ware obtalned fzom
Varian A-60 or T60 spectrometers ard chemical shifts sre veiative to inceroal
cocramethylsilane. Ultzaviolet spectrs vere decermined on & Cary l4 apactro-
photometer. Praparstiva and analytical ges chromatography was carried out on
Aerograph A-90-F inetruments using the following columae: A, 16% QF-1: 4%
Caxbowax 20M (6 ft x 0,25 in); B, 4% QF-l: 1% Carbowax 20M {1Z ft x 0.18 in);
C, 4% QF-1: 1% Carbowsx 208 (15 fc « 0,08 in); D, 4s% QF-1: 3% Cacbowax 20K
(35 fr x 0.18 1n); B, 3 QF-1: 2% Carbowex 20M (i2 £& % 0,18 &n); F, 4% QF-l:
1% Carbowax 20M {18 £t x 0.1§ in). Miss spectrs were kecorded on An Hitachi
Perkin-Elmer RMU-7 spectrometer,

endg, g5o piro-i'= (3end ). The
Hannich base uas prepared from cycl forcaldehyde, and

hydrochloride.?® A solutton of 36.6 & (0.26 mol) of the Mamnich baze asd 1.0 g
of bydroguinona n 25,8 g (0.39 mol) of Ereshly prepaxad 1,3~cyclopentadiene was
baated in a ssaled tube at 125" for 4 hr, The crude product wes dissolved in
ether vhich was washed with dilute hydrochloric acd, aqueous sodium carbonats,
dried, and ovaporated. The residue (36.6 ) was distilled to gve 19.8 g (47%)
of & 9191 mixture of isomers, bp 497 (4.5 am) (LLt., by 74-74.5°/12 m), The
Ssomers ware separatad by partition chropatography on silica gel (Beker 50-200
mesh) using benzene as an eluent,

The sndo-ketons (minor component) 3 showed the following propertics:
no (C01,) 5 5.9 (ostes, 24), complex sbsovpticn from § 2.9 o L3 (12 B} i
(£5lz) 5,78 (C=0) end 13.98 (HOCH) 3 mass spectrum a/e 162 (0.19, molecular
ton), 97 (0.40), 66 (1.0)3 A%gH12 207 nm (o 54.8), 2%gH6 305 nm (5 76); semts
carbazone mp 188,5-189° (dec).

fnal, Galed for CLHLNDL G, 6730 K, 7L N, 186
Found: G, 66.00: M, 8.02; N, 19.09.

The exg-iscmer 3Y showed the follwiing properties: nmr § 6.15 (m, 28),
complex ebsarption betwean § 3.0 to 1.0 (1L H), and a one proton quattst centered
ac 6 0,80 (J w26, 10.7 He); ir (CCL,) 5.80 (G0) and 13,89 (s, HC=CH) i wass
spectrum afe 162 (0.02, wokecular ton), 96 (0.21), and 66 (1,0); g1z 301 »m
(€ 55.3), 15456 298 an (£ 93); semicarbazone mp 211-212° (dec).

Apel. Found: C, 65.86; K, 7.84; N, 15.10.

The satuzated ketones 1) and 12 were prepared by hydrogenaticn of the

pure ketanes 3§ and JK in nethancl using 10% pallediun on carbon as the catalyst.
Ketene 1} showed the following propertics: ir (CCl,) 5.79 (C0) p; masa specs

JOGm26e?
added slowly to a stirzed, ice-cooled suspension of 13.35 g (0.1 mol) of anhy-
drous eluminua chloride in 100 ml of dry methylens chloride. After the exother-
mic reaction subsided, the ica bath was removed and 33.0 g (0.5 mol) of freshly
distilled cyclopentadiene in 100 ml of dry methylens chlovide was added over 2
period of 30 min. The remction mixture was cocled snd treated with 300 ml of
1§ hydrochloric acid, The organic phase was sepsrated and vashed with water,
dried (N 80,) and avaporazed to give 35.5 g of # dsrk Gil, The benzene koludle
materlal was chromatographed on silica sel. Elution with benzene gave §.03 g
(41%) of 4 20:80 mixture of 4% and 4§, respectively.

The apdg- itomer was puritied further by sublimation, mp 9394 (ltt,,
wp 100-103°) and showed Ly and nne spectzs {denticsl with thoke of an authencic
wacote;? A5 306 nm e 18,9), Agl6 304 ow (5 21,403 she 2,4edtnitror
shenylhydrazone derivative had op 180.5~181" after crystallization from ethamol.

Anad, Caled for G M 0,1 C, 36,501 K, 491 K, 17,0
Found: C, 38.555 B, 4.90; N, 16.99.

The gxg+ ketono (45) had the folloving properties: bp 51-32° (0.5 ma);
sar § 6.2 (5, ), 3.201.2 (complan abeorptions, 10 0)); & (GG} 375 (©)
and 13.60 (HGRGK) n; wAas spectrum mle 149 (molecular tond; Mopi2 307 mm
(e 39.3), A%g¥s 304 tm (42.8); cthe 2,4~dinierophenylhydrazone darivativa bed
up 201-201.5% sfter crystallization from ethasol-ethyl acetate.

Found: C, 58.52; H, 5.06; W, 12.03.

Photolysge, Irradiationa were carzied out in sitrogen-purged solvants
with & 430 vatt Hanovis mercury lamp (Type L). Pyrex £ilters were usad for ir
radiations of 35, 2§, and 4N, end & Corex £ilter was used with 4%, The benzene
used was purified by washing with conceatrared sulfuric acid, watar, sguecus
sodtun carbonate sod water. After drylng over CaCly it was dtstillad fiom 2,0,
Spectroquality methanol wes used 4in the case of 4%, Internal standards were
purified in 2 similac mAnner to benzene.

etracyelofs,2,1.0%8.0% Y secnn3one (1), A volutton of 1.481 g
(0.610 wol) of kevona 4§ in 225 al of banvene was frradiated for 93 hr. G

anslysis (B) ravealed foux componenets in the photolysate.

The major constituent (86.5%) was isolated by column chromdtography on
silica gel (benzeme eluant) and had mp 174+175°, yiald 0.713 g (48%); o
6§ 1.22 (dyd, I % 12,6 B, M), 1,62 (d,d J = 12,5,5 Ke, LK), 152 (4, J = L8 Be,
20y, L.83-1.95 (m, &), 2,25 (q, J = & He, 1MW), 2.36 (q, J =5 Mg, W), 2.43-
2,59 (m, 20); Lr (GCL)) 5.67 (Cw)} masa spactrum mfe 148 (molecular {on);
2, 4-dtntteophenylhydrazone derivative, mp 190-192°.
Agal, Caled fok O By 8,00 €, 58.53 B, 491 N, 17.06
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36
Mothanol, A eclution of 0.120 g (0,0088 mol) of ketone 4% in 1qu:§ ai ?
methanol uas irradiated for 29 hr. Concurrently, the irradiation of n similar
selurion of ketone § was inttiated, Tne go retention time (D, 84-160°) of the
inivial product from 4% coincided with thac for §, Gradually, ketons § produced
9 and 10 tn both cases. Preparative go snd ir comparisons confirmed the idan:-
ity of the products from 4X,

18.2,2,0%%,0% %07 Y 40secane (). ot a
solutien of 0.500 § (0.00338 mol) of 3 Ln 110 ml of henzene for 23 hr gave &
photosylace whish shaved two products bn the gc (B, 120°), The major product
was isolated by prepatative ge (A, 121°) as a colorless vil, yleld 0.22 g (44%);
nar 5 448 (4,0, 1= 3.5, 2.1 e, 1), 3,25 (&, J = 3.9 br, 1), 1225 (m,
1219,%%  4x 9,14, 9.5, 9.80, 10.32, 11,16, 11.36 (all @ p; maps spactrum m/e
162 (0.36, molecular lom), 106 (1.0), S1 (0.83),

Apal, Caled for Gy K 00 nuclidic mass 162,106
Found: nuclidic mass 162.1045,

Irradiation of 3X. Irrsdigtion of & solutfon of 0,648 g (0.0040 mol)
of ketone 3% in 110 al of benzent for 9.5 hr gave & five component product aix-
ture ae shown by g¢ (B). The idemtity of che products and cthair relative pro-
portions are given a6 followa: § (,17), 3§ (0.065), two unidentified peaks
(0.043) and § (0.72). Aldehyde 6 had the following charscteristics: namr & 9.66
(m, H-OW0), 1H); 6.04 (m, NO=, 2H), 5.2 (m, HOm, lH), 1.2-3.5 (m, WO K); fx
372 (HCOY, 5.82 (Cw), 10,05 (KOWCH) 1) Aggii2 235 nm (e 37): mase spectrum
mfe 162 lecular fon); 2,4-dinitraph wp 107.5-109°
Amb, Caded for C R MO C, 55,665 B, 5.30; ¥, 16.37
Found: ¢, §9.40; #, 5.39; N, 16.46.

Quantug Yield A $¥1
40 13 x 100 rm Pyrex teat tubes which had been degassed by four freeze~thaw

were rn in duplicace

cycles and sesled under vacwum (5 % 107 Torr), A potasaium chromate-codiva
carbonate filter solution wes placed in a reaction flask which surrounded the
tmersion lsmp. Solutions to be irradinted were optically dense over 1 cm at
313 nmj concentrations of ketones ranged from 0.0913 to 0,139 M, The actimo~
meter systen used way the photocyciization reaction of | (R=CH,) to 2 for vhich
2 quantun yisld of 0,14 haa bean meapured” using henzaphenone-benzhydrol actino-
metry,

These analyses were tarried out using ge and known concentrations of an
appropriate internsl standerd, uesually, s saturaced straight chein hydrocarbos.
Norbornene dimers were a gift from P, v. R, Bchleyer, Priaceton Univerelity.

In addicion to the data in Table I, the following results were obtained:

trun w/e 164 (molecular don), 97 (base puak); AC§ALL 302 nm (€ 27.4). Xetone
12 shoved the folloving properties: 1t (GL) 5.79 (Ca0) b wvass spectrum nfe
164 (molecular ion), 97 (base peak); 12 300 na (e 26.9).

8.2 g (0.1 mol) of 2-cyclopentencny

s, endo-Tricyelo(5.2.1,02%] decsBesne3one (4f 4.

Ireadiations of 4. Benzepe.

A solution of

n 100 ml of dry methylene chloride was
isolation feasible,

gy transfer steps which compete to differing extents with
the type I cleavages.

Summary. The widely disparate behavior of these four
ketones exemplifies the subtleties implicit in the photo-
chemistry of complex molecules. We have rationalized the
results in terms of reasonable assumptions about the rela-
tive magnitudes of the rates of competing processes. In
any case, these results have led to a better understanding
of the geometrical requirements for exciplex and oxetane
formation and to a useful synthesis of a new tetracyclic
ring system (7).30
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