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Simmons~Smith reaction of trienone 4 and its ketal 7 led to the cyclopropyl ketones 5, 6, 10, and 11; reduction
provides 14-17. The homologous ketone 21 is similarly prepared from 23. Photolysis of reduced ketones 15 and 16
leads to mixtures of monocyclic olefins through decarbonylation and opening of the cyclopropane rings, and these
reactions are rationalized by stepwise biradical pathways. Irradiation of 6 furnishes only the tetrahydronaphthal-
ene 43, which is considered to result from thermal cyclization of the cyclodecatetraene 42, Both 5 and 10 undergo
decarbonylation with formation of bicyclo[6.1.0]nonatriene 44. The apparent photostability of 11 is rationalized
as the result of a rapid, degenerate 1,3-acyl shift interconverting the enantiomers 11a and 11b.

Photochemical decarbonylation of ketones is relatively
rare in solution, but it has been recognized for some years that
a number of structural features lead to exceptions to this
general observation.! Among these are the systems repre-
sented by 3,5-cycloheptadien-1-one (1),% 3-cyclopenten-1-one
(2),3 and bicyclo[3.1.0]hexan-3-one (3)* and their derivatives.?
In this report we describe the preparation and photochemistry
of a number of 3,7-cyclopropyl ketones that incorporate one
or more of these features and that are accessible from the
readily available bicyclic trienone 4.8 Photolysis of these
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compounds typically led to decarbonylation and formation
of medium ring unsaturated systems as the primary prod-
ucts.

Preparative Experiments. Simmons-Smith cyclopro-
panations’ of 4 and its ketal 7 are summarized in Scheme L
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The ketal is available on careful reaction of 4 with ethylene
glycol in the presence of a limited amount of p-toluenesulfonic
acid. Long reaction times or increased amounts of catalyst led
to formation of the ketal of 1-indanone (12) by way of an
acid-catalyzed rearrangement known®® to occur in related
compounds of this series. Difficulty in preparing 7 has been
noted in the past.? The most interesting and synthetically
useful finding here is that cyclopropanation of 4 is directed
exclusively toward the diene side of the molecule, while ketal
7 reacts preferentially at the isolated double bond. These
differences presumably reflect both the nonclassical electronic
interaction between the olefinic and carbonyl double bonds
of 4,59 as well as a directive effect of the ketal oxygens in 7.10
The structures of the four product ketones 5, 6, 10, and 11 are
fully supported by IR and NMR spectroscopic properties
recorded in the Experimental Section. As previously noted,8
the ultraviolet spectrum of trienone 4 is anomalous and sub-
stantially different from that of 3,5-cycloheptadien-1-one (1).
In Table I are presented the ultraviolet spectra of 4, the related
dienone 13, and the four new ketones; from these data it is
clear that, of the new compounds, only ketone 10 retains a
spectrum similar to that of 4. Comparison of the spectra of 10
and 13 suggests some contribution from the cyclopropane
electrons of 10 to this chromophore.

The indicated exo stereochemistry of all the cyclopropyl
rings in these products is plausible on the basis of a sterically
favored exo approach of the Simmons—Smith reagent in 4 and
from the anticipated directive influence of the ketal grouping
of 7. Previous experiencel® had shown, however, that this
latter effect fails to control cyclopropanation in two other
bicyclic olefinic ketals, and with this in mind we have inde-
pendently confirmed the assigned strereochemistry through
lanthanide-shift NMR experiments. In the NMR spectra of
ketones 5 and 10 one of the geminal cyclopropane protons
moves rapidly downfield on addition of Eu(fod)s;!! in spectra
of 6 a two-proton signal behaves in a similar manner, and for
11 two separate one-proton signals move rapidly downfield,
but at different rates. In all cases the rates of displacement of
these signals were greater than those of the adjacent tertiary
bridgehead cyclopropane hydrogens. In 5, 6, and 10 these
rapidly moving signals could be independently ascribed to
endo geminal protons by virtue of their relatively small (~4
Hz) trans vicinal coupling constants with the tertiary cyclo-
propane hydrogens;!2 the spectrum of 11 was too complex to
permit this independent assignment. Further confirmation
of the cyclopropane stereochemistry of 10 and 11 comes from
the relative deshielding of the endo geminal protons in the
corresponding ketals 8 and 9,!2 from independent formation
of 11 on Simmons-Smith reaction of 10, and from other
chemical observations described below.

Hydrogenation of 8 over 5% palladium on carbon in meth-
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anol could be controlled to permit saturation of one or both
double bonds. Deketalization of the products furnished ke-
tones 14 and 15. Alternatively, 14 was available through partial
reduction of dienone 10, Similar hydrogenation of 6 furnished
16. The completely reduced ketone 15 was thermally quite
stable, being recovered (87%) unchanged after 8 h at ~250 °C.
This behavior strongly favors the assignment of exo stereo-
chemistry to the cyclopropane ring of 15 (and therefore 10)
since the corresponding endo cyclopropyl ketone should de-

carbonylate readily under much milder conditions.415
Reduction of 10 with sodium borohydride in methanol gave
exclusively the alcohol 17, the stereochemistry of which was
assigned from its NMR spectrum. The carbinyl proton Hy
appears at 6 4.18 ppm (dt, J = 12, 5 Hz) in close agreement
with the signal for corresponding proton in trienol 18 (4.26,
dt, J = 12, 6 Hz).5® Comparison of this latter value with the
signals for Hy (1.92, dt, J = 11.3, 6.2 Hz) and Hg (1.30,d,J =
11.3 Hz) in the related hydrocarbon 191617 had been employed
earlier in assigning the stereochemistry of 18.% This stereo-
chemistry for 17 is also in agreement with lanthanide-shifted
spectra. With increasing concentration of Eu(fod)s the original
broad four-proton olefin signal splits into two two-proton
signals, and these resonances are moved downfield much more
rapidly than the cyclopropane signals. The stereospecificity
in reduction of 10 to 17 is analogous to that in hydride re-
duction of 4, which yields only 18.% Since examination of
molecular models suggests considerable steric hindrance by
the cyclopropyl methylene group to the required approach of
hydride reagent in 10, this result implies that electronic factors

may play a role in determining the course of reduction.
We were interested in extending these cyclopropanation
reactions to the homologous trienone 20,8 particularly with
the purpose of preparing the simple tricyclic ketone 21, which

was wanted for other investigations. However, products par-
allel to those from ketone 4 and ketal 7 were not obtained in
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Table L. Ultraviolet Spectra of Compounds Related to

Ketone 4
Amax; nm(e)
40 5b.d 6be 10/ 11¢ 13¢
198 (5580) 197 196 (3370) 198 (5660)
(2770)
216 (3080) 214 sh
(3250)
232 sh
(530)
257 (2590)
269 (4010) 266 (3970) 264 (3300)
277 (3820) 277 (3800)
293 (90)
325 (567) 318 (550) 313 (500)

@ Reference 6. ® These ketones showed typical, unenhanced
n7* absorption. ¢ Reference 9. ¢ Registry no. 69140-31-4. € Re-
gistry no. 69140-32-5. / Registry no. 68285-77-8. ¢ Registry no.
69140-33-6.

this second series. Neither ketone 20 nor its @-acetoxy deriv-
ative® reacted under the Simmons-Smith conditions suc-
cessful with 4. Attempts to ketalize 20 with ethylene glycol
under the conditions used for 4 or under a variety of other,
milder conditions!® led to a single substance isomeric with the
desired ketal, but quite stable to aqueous acid. This stability
suggests a molecular rearrangement during reaction of 20 with
glycol, and a plausible product that is in accord both with
spectroscopic properties and also with previously observed®
bond switching reactions of carbonium ions related to 20 is the
triene ether 22. Additional work will be necessary, however,
to establish the structure of this substance with certainty. The
specific problem of preparing 21 was solved through selective
hydrogenation of 20 to the tetrahydro ketone 23. This sub-
stance readily yielded an ethylene ketal, which on cyclopro-
panation and deketalization furnished 21. These steps closely
followed conversion of the lower homologue 24 to 25;19 as ex-
pected, physical properties of the related compounds of these
two series are quite similar.20

Photochemical Experiments. We turn now to a survey
of the photochemical behavior of six of these new cyclopropyl
ketones, compounds 5, 6, 10, 11, 15, and 16. Each of these was
ifradiated in benzene containing 3% methanol through Pyrex
(A >2800 A) using a 450-W Hanovia lamp;2! products were
separated and purified by vapor phase chromatography
(VPC).

Irradiation of the saturated tricyclic ketone 15 resulted in
decarbonylation and fragmentation of the three-membered
ring to yield ~78% of the two 1,4-cyclononadienes 26 and 27
in the ratio ~69:31 (26-27).22 The cis,cis diene 27 was identi-
fied by direct comparison with an authentic sample.23 The
cis,trans diene 26 is new and was identified by its spectroscopic
properties, which require both diallylic and allylic hydrogen
atoms along with both a cis and a trans disubstituted double
bond. Data on the time course of the reaction?? indicate that
both dienes are primary products of the photolysis. This
conclusion is supported by the observation that exposure of
26 to the reaction conditions led to only slow isomerization to
27 (26-27 90:10 after 25 h), although we cannot rule out some
additional sensitized isomerization of 26 to 27 in the presence
of ketone 15.

Several lines of evidence indicate that 26 is thermody-
namically less stable than the cis,cis isomer 27. Previous
studies of the equilibration of various 1,2-, 1,3-, 1,4-, and
1,5-cyclononadienes led to formation of 27 but not 26,2425
From examination of molecular models it appears that 26 is
more strained than 27; in the related monoalkenes it is known
from heats of hydrogenation that cis-cyclononene is more
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stable (AAH) than the trans isomer by 2.9 kcal/mol.28 These
various observations suggest then that photolysis of 15 does
not proceed by way of long-lived biradical intermediates and
that some detailed explanation for the selective formation of
the less stable diene product 26 is desirable.

It appears inappropriate to ascribe this result to a combi-
nation of linear and nonlinear (and therefore conrotatory and
disrotatory) concerted pathways,?’ such as have been invoked
in the decarbonylation of substituted 3-cyclopenten-1-ones,3
since the exo stereochemistry of the cyclopropane ring is un-
favorable for the occurrence of such processes.1> We suggest,
however, that these very structural constraints in 15 permit
the operation of a biradical mechanism that leads to selective
formation of the trans double bond of 26. In 15 « cleavage
should give an acyl cyclopropylcarbinyl biradical in which the
initial geometry, as shown in 28, is quite favorable for
stereoelectronically controlled fragmentation?® with formation
of the trans-homoallyl biradical 29; decarbonylation of 29 then
would furnish 26.2° The geometry necessary for formation of
the cis,cis diene 27 requires conversion of 28 to the alternative
conformer 30, which can then fragment (31)2° and decar-
bonylate to yield 27. This conformational change, however,
should be hindered in 28 by transannular interactions in the
eight-membered ring, thus permitting preferential, kinetically
controlled cleavage to the trans double bond with formation
of the observed major product 26. Our findings here with 15
then provide significant evidence for a biradical pathway in
decarbonylation of a derivative of bicyclo[3.1.0]hexan-3-one
(3). In an earlier study of the photodecarbonylation of (—)-
thujone (32) and (+)-isothujone (33) a biradical mechanism

H
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was favored, and only a fortuitous combination of concerted
pathways could provide an alternative explanation of the re-
sults.

Irradiation of the bis(cyclopropyl) ketone 16 yielded ~50%
of a mixture of at least three cyclodecatrienes. The all-cis
triene 34 was purified by preparative VPC, but the remaining
isomers could not be separated under any conditions tried.
Re-exposure of this inseparable mixture of isomers to the
photolytic conditions produced no detectable change in its
properties. From the data given below, which were obtained
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on the purified mixture, we conclude that it consists of the
cis,cis,trans isomer 35, the cis,trans,cis isomer 36, and possibly
{but not necessarily) the cis,trans,trans isomer 37. The 1, 4,
7 positioning of the double bonds in the components of the
mixture follows from the absence of an ultraviolet maximum
above 200 nm and from a 1H NMR spectrum requiring six
olefinic, four allylic, and four diallylic hydrogen atoms [6 5.42
(m, 6 H), 2.75 (m, 4 H), 2.02 (m, 4 H)]. No other positions of
three double bonds in a ten-membered ring satisfy these re-
quirements. Reduction of the mixture with 1 equiv of hydro-
gen over palladium on carbon furnished a mixture of three
cyclodecadienes plus very small amounts of cis-cyclodecene
and unreacted trienes. The three dienes were separated by
preparative VPC and identified as cis,cis-1,4-cyclodecadiene
(38), cis,trans-1,5-cyclodecadiene (39), and cis,cis-1,5-cy-
clodecadiene (40) from their IR and NMR spectra. In each
case the NMR spectrum contained resonances for the ap-
propriate number of olefinic, diallylic, allylic, and saturated
hydrogens and the IR spectrum showed appropriate bands
for cis and trans disubstituted double bonds. The spectra of
all three cyclodecadienes were in accord with information on
record for these compounds.3® Since the all-cis triene 34 is
ahsent from the mixture hydrogenated, and since the trienes
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cis,cis,cis-34  cis,cis, trans-35 cis, trans, cis-36
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are all 1,4,7-cyclodecatrienes, formation of 38 and 40 is direct
evidence for 35 and 36, respectively, in the triene mixture. The
cis,trans diene 39 could arise from an alternative mode of re-
duction of 35, or possibly from the isomeric cis,trans,trans
triene 37. While we suspect that 37 would have separated
chromatographically from the structurally more closely re-
lated trienes 35 and 36, as did the all-cis isomer 34, we cannot
rigorously exclude its presence. The structure of 34 is assigned
on the basis of NMR evidence similar to that described above
for the mixture, along with an IR spectrum that contains
strong absorption for cis double bonds at 710 cm™! but no
absorption for trans double bonds. From the amount of 34
found, together with the relative amounts of dienes 38-40
formed on reduction of the triene mixture, we calculate the
following approximate composition of the hydrocarbon
products obtained on photolysis of 16: 34 (2%), 35 (24-30%),
36 (19%), and 37 (0-6%).

The stereochemistry of the cyclopropane rings of 16 is un-
favorable for concerted decarbonylation, as we noted above
for 15, and the formation of such an assortment of products
is indeed in line with a stepwise biradical mechanism. Here
again the molecular geometry should favor initial formation
of a trans double bond by way of rearrangement of the cyclo-
propylcarbinyl radical of 41 in its original conformation. The
lower yields of trienes isolated from 16 and the only approxi-
mate analysis of this product mixture prevent a thorough test
of the prediction in this case, but ~60% of the trienes found
on decarbonylation of 16 do have a terminal trans double
bond.

In contrast to the behavior of 15 and 16, photolysis of the
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unsaturated bis(cyclopropyl) ketone 6 followed by preparative
VPC gave a single product in 80% yield. This was shown to be
the tetrahydronaphthalene 43 from the following evidence.
Reduction of this hydrocarbon with 3 equiv of hydrogen yields
trans-decalin unaccompanied by the cis isomer. The positions
of the three double bonds were apparent from spectroscopic
evidence requiring a cyclohexadiene chromophore [Amax = 259
nm (3540)],3! olefinic and saturated hydrogens in the ratio 1:1
(*H NMR), and molecular symmetry leading to a five-line 13C
NMR spectrum. Triene 43 is the product expected from sec-
ondary cyclization of a cyclodecatetraene produced on pho-
tochemical decarbonylation and isomerization of 6. The in-
dicated stereochemistry of the unisolated intermediate te-
traene 42 is that required for symmetry-allowed,?? thermal,
disrotatory closure to 43. Similar thermal cyclizations of re-
lated cyclodecapentaenes to cis- and trans-9,10-dihydrona-
phthalenes at temperatures below 0° C32 and of a conjugated
cyclodecatriene at 220° C33 have been known for some time.
The alternative possibility that 43 arises in a secondary con-
rotatory, photochemical cyclization of an appropriate geo-
metric isomer of 42 seems unlikely. Even in the early stage of
photolysis of 6, the only observed product is 43, implying that
this is reached by a thermal rather than photochemical
path.

The inferred formation of a single cyclodecatetraene with
the stereochemistry shown in 42 suggests that photolysis of
6 is probably mechanistically different from that of 16. Al-
though the presence of a trans double bond in the appropriate
position of 42 is in line with the behavior of 15 and 16, it is not
obvious in models that stepwise opening of the cyclopropane
rings of 6 should lead tc a unique product rather than a mix-
ture such as is formed from 16. It seems possible that decar-
bonylation of 6 is a conrotatory process related to the con-
certed loss of carbon monoxide believed to occur upon irra-
diation of simpler 3-cyclopenten-1-ones.? More information,
including isolation of the primary photoproduct that is the
precursor of 43, is needed to clarify this matter,

We turn attention now to the cyclopropy! dienone 10. Ir-
radiation of this ketone followed by preparative VPC fur-
nished cis-2,4,6-bicyclo[6.1.0]nonatriene (44, ~46%) and the
tetracyclic ketone 45 (5%), along with the secondary products
trans- and cis-dihydroindenes 46 (~3%) and 47 (~7%). The
known hydrocarbons 44, 46, and 47 were identified by com-
parison of their spectroscopic properties with those previously
reported.3 The structure of 45 was assigned through com-
parison of its IR and NMR spectra with those of the tricyclic
model compounds 482 and 49,35 along with the knowledge that
cyclization of the butadiene to a cyclobutene is a process
common to the photochemistry of 4,8 its dihydro derivative
13,2 and other compounds similarly related to 10. In particular
the IR carbonyl frequency at 1780 cm™? in 45 compares fa-
vorably with 1770 for 482 and 1775 for 49,35 and the value of
4 Hz for the coupling constant Jgc in 45 agrees with that of
48 (4.7 Hz) and a number of related compounds,? thus indi-
cating that 45 has the same endo stereochemistry of the new
cyclobutene ring as do these analogues. Detailed analysis of
the 220-MHz NMR spectrum of 45 is given in the Experi-
mental Section.

Previous investigations have shown that complex thermal
and photochemical interconversions occur among 44, 46, 47,
cyclononatetraenes, and other CoHyo hydrocarbons.3436 This
accounts for the presence of dihydroindenes 46 and 47 among
the products from 10, but it also means that it is not yet certain
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whether photolysis of 10 furnishes initially cyclononate-
traene(s) or alternatively leads directly to 44 through simple
decarbonylation (or both). However, direct photolysis of di-
enone 13 rapidly yields 1,3,5-cyclooctatriene as the major
product, and both this and related reactions have been re-
garded as concerted processes.? It is then plausible that 10
follow a similar path directly to 44.

Cyclopropyl diene 5 is formally an allylic isomer of 10, so
that it was of some interest to compare the behavior of these
two compounds and to determine whether they are inter-
converted by a photochemical 1,3-acyl shift.? Irradiation of
5 yielded a mixture of 44, 46, and 47 in essentially the same
ratio as these are formed from 10; the amount of 45, however,
was only ~19%, or only ~20% as great as from 10. Reaction of
10 is rapid and complete in ~45 min, and the resulting reaction
mixture undergoes no detectable change over 7.25 h of addi-
tional illumination. Reaction of 5 is much slower and requires
~8 h under identical conditions. Neither starting ketone is
detected during reaction of its allylic isomer. From these ob-
servations we can conclude firmly that 10 does not rearrange
photochemically to the more slowly destroyed 5. However, on
the reasonable assumption that isomerization of 5 to 45 does
not occur directly, the formation of ~1% of 45 from 5 is evi-
dence that ~20% of the reaction of 5 proceeds by way of prior
1,3-acyl shift to 10, With its much more rapid reaction and
much higher extinction coefficient (Table I), the steady state
concentration of 10 in photolysis of 5 could well be low enough
to remain undetected. The other ~80% of 5 presumably
undergoes direct decarbonylation to the same products as does
10.

In contrast to the smooth photochemical reactions of the
substrates discussed above, ketone 11 is remarkably stable to
irradiation. Photolysis under the general conditions previously
described, or through quartz, or in acetone as solvent, all for
times of 17-19 h, led to virtually no observable reaction and
recovery of starting material in high yield. We suggest that this
apparent unreactivity is due to a degenerate, energy-wasting
1,3-acyl shift,> which merely interconverts the optical anti-
podes 11a and 11b, This explanation requires that the 1,3-acyl
shift be rapid and not pass through a biradical intermediate
free to undergo either cyclopropylcarbinyl-homoally! rear-
rangement or decarbonylation. In this regard we note our
earlier report that irradiation of the simpler 3,v-unsaturated
B’ ,v'-cyclopropyl ketone 50 gives 91% of its isomer 51 through
1,3-acyl shift with no evidence of competing fragmentation
of the three-membered ring.3” We interpreted this behavior

o 4

48
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as evidence against involvement of biradical 52, in which the
three-membered ring should fragment readily. This behavior
of 50 provides useful precedent for the suggested degenerate
rearrangement of 11.

The photochemical behavior of these six ketones under the
conditions employed suggests the following relative rates for
the processes observed: decarbonylation of the 3,5-cyclo-
heptadien-1-one system (as 10) > decarbonylation of the 3-
cyclopenten-1-one system (as 5 and possibly 6) ~ 1,3-acyl shift
(as 5 and 11) > « cleavage and stepwise decarbonylation (as
15 and 16). This order is in general agreement with available
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quantitative information and estimates in various other sys-
tems,? although the lack of concomitant a-cleavage processes
in 11 (and also 50) is exceptional. This survey of the photo-
chemistry of these tri- and tetracyclic ketones provides both
insight into the mechanistic pathways followed on irradiation
as well as novel entry into several cyclic unsaturated sys-
tems.

Experimental Section

Materials and Equipment. These have been previously de-
scribed.? In this work the following VPC columns were used: A, 15-16
g of 20% Carbowax 20 M, 5 ft; B, 33 g of 20% DEGS, 11 ft; C, 25% QF-1,
15 ft; D, 27-28 g of 20% SE-30, 12 ft; E, 15-16 g of 20% SE-30, 7 ft; F,
29 g of 20% DEGS, 9.7 ft; G, 31 g of 20% EGA, 10 ft; H, 14 g of 25%
QF-1,5ft; [, 14 g of 20% EGS, 5 ft; J, 38 g of 20% DEGS, 12.2 ft; and
K, 28 g of 15% SILAR-10 C, 10 ft. Chromosorb P, mesh 60/80, was used
as the solid support for columns A, B, F, G, I, J, and K; Chromosorb
W, mesh 45/60, was used for columns C, D, E, and H. All columns were
constructed of standard aluminum tubing having %-in. i.d. Ultra-
violet spectra were obtained on a Cary Model 14PM spectropho-
tometer {95% aqueous EtOH solution). Infrared spectra were recorded
on a Perkin-Elmer Model 621 or on a Perkin-Elmer Model 237B
grating infrared spectrophotometer. tH-NMR spectra were obtained
on a Varian Model T-60 (60 MHz) instrument; 13C spectra were ob-
tained on a Bruker HX-90 (22.63 MHz) instrument. Exceptions to
the above are noted. Unless otherwise noted all pure compounds were
obtained as colorless oils.

All photolyses were carried out in benzene (distilled, J. T. Baker)
solution containing 3.0% (by volume) methanol through a double
Pyrex filter (A >2800 A) using a 450-W Hanovia lamp. Details of the
procedure are described elsewhere.?! All yields reported are based on
converted starting material. Exceptions of the above are noted.

Cyclopropanation of 4. A mixture of 4 (207 mg, 1.57 mmol) freshly
purified by VPC on column A, diiodomethane (1.68 g, 4 equiv),
zinc--copper couple (615 mg, 6 equiv), and a catalytic amount of iodine
in dry ether (25 mL) was heated at reflux for 41 h.!9 Preparative VPC
on column A (165 °C, 74 mL/min) gave exo-tricyclo[5.2.1.024]deca-
5,8-dien-10-one (5) (31 min, 19 mg, 8%) and exo,exo-tetracy-
clo[6.2.1.0240% undec-9-en-11-one (6) (47 min, 95 mg, 38%). For 5:
UV Amax (€) 214 sh (3250), 198 (5580) nm; IR 3060 (w), 3020 (m), 3000
(m), 2925 (m), 1780 (m), 1755 (s), 1635 {m), 1145 {m), 1115 (m), 1030
(m), 1015 (m), 975 (w), 945 (w), 925 (w), 905 (w), 880 (w), 845 (m), 700
(m), 675 (m) em~!; NMR (60 MHz) § 0.35 (m, 1 H), 0.60-1.60 (m, 3
Hj, 3.18 (m, 2 H), 5.33-6.47 {m, 4 H). NMR (60 MHz) of 5 (5.3 mg,
0.0363 mmol, 0.0806 M) in the presence of Eu(fod)s (24.6 mg, 0.0237
mmol, 0.0527 M) § 2.43 (m, 1 H), 3.03 (m, 1 H), 3.48 (m, 1 H), 5.65 (m,
1 H), 7.67 (m, 2 H), 8.12 (m, 2 H), 8.63 (m, 1 H), 9.02 (m, 1 H).

Anal. Caled for C1oH100: C, 82.16; H, 6.90. Found: C, 81.90; H,
6.99.
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For 6: mp 55-57 °C; UV Apay (€) 197 (2770); IR 3475 (w), 3060 (m),
3000 (s), 2910 (m), 1805 (w), 1755 (s), 1740 (s), 1665 (w), 1595 (w), 1455
(m), 1375 (w), 1360 (m), 1245 (s), 1195 (w), 1155 (m), 1125 (m), 1105
(m), 1035 (s), 1015 (m), 950 (m), 860 (m), 845 (s), 825 (s), 720 (s), 665
(s), 640 (w) cm~% NMR (60 MHz) 6 0.17 (m, 2 H), 0.52 (m, 2 H), 1.12
(m, 4 H), 2,92 (m, 2 H), 6.30 (s, 2 H). NMR (60 MHz) of 6 (13.5 mg,
0.0843 mmol, 0.172 M) in the presence of Eu(fod); (68.2 mg, 0.0657
mmol, 0.134 M) 6 2.30 (m, 2 H), 3.42 (m, 4 H), 6.68 (m, 2 H), 8.33 (s,
2 H), 9.50 (m, 2 H).

Anal. Caled for C11H120: C, 82.46; H, 7.58. Found: C, 82.48; H,
7.63.

Bicyclo[4.2.1.]nona-2,4,7-trien-9-one Ethylene Acetal (7).°
Trienone 4 (4.09 g, 30.9 mmol)® was ketalized with ethylene glycol (4.0
mL) and p-toluenesulfonic acid (72 mg) in refluxing benzene (100
mL), with continuous removal of water, for 2.5 h. Distillation of the
crude product gave 4.15 g (76%) of a colorless liquid, bp 78-82 °C (0.4
mm). An excessive amount of catalyst and/or prolonged reaction
period led to a mixture of 7 and 12. A sample of 7 purified by VPC on
column A had the following properties: IR 3050 (m), 3020 (s), 2975
(m), 2930 (s), 2875 (s), 1610 (w), 1595 (w), 1335 (s), 1270 (s), 1125 (s),
1100 (s), 1035 (s), 995 (m), 940 (m), 870 (m), 845 (s), 720 (m), 665 (s)
cm~ NMR (60 MHz) 6 2.72 (m, 2 H), 3.83 (s, 4 H), 5.23 (m, 2 H), 5.72
(m, 4 H).

Anal. Caled for Cy;H20: C, 74.98; H, 6.86. Found: C, 75.01; H,
7.08.

Cyclopropanation of 7. A mixture of 7 (1.394 g, 7.911 mmol), di-
jodomethane (9.42 g, 4 equiv), zinc-copper couple (3.45 g, 6 equiv),
and a catalytic amount of iodine in dry ether (55 mL) was heated at
reflux for 23 h and worked up as previously described.!® Preparative
VPC on column C (145 °C, 71 mL/min) gave exo-tricyclo[4.3.1.079]-
deca-2,4-dien-10-one ethylene acetal (8) (41 min, 534 mg, 35%), and
exo,exo-tetracyclo[5.3.1.024.081% undec-5-en-11-one ethylene acetal
(9) (59 min, 170 mg, 11%). For 8: UV Apax (€) 287 (1560), 276 (3100),
266 (3330), 260 sh (2790), 198 (2850) nm; IR 3025 (m), 2980 (m), 2950
(m), 2920 (m), 2875 (m), 1595 (w}, 1365 (m), 1305 (m), 1265 (m), 1125
(m), 1090 (m), 1030 (s), 1000 (m), 945 (m), 860 (m), 820 (m), 680 (s)
cm~%; NMR (60 MHz) 6 —0.25 (dt,J = 5.5,8 Hz, 1 H), 0.70 (dt, J =
5.5,4 Hz, 1 H), 1.45 (dd,J = 8,4 Hz, 2 H), 2.02 (m, 2 H), 3.78 (m, 4 H),
5.57 (m, 4 H). Irradiation at ~0.25 simplified the absorptions at 0.70
and 1.45. Irradiation at 2.02 simplified the absorption at 1.45. Irra-
diation at 5.57 caused collapse of m at 2.02 into a sharp s.

Anal. Caled for C1sH 1404 C, 75.76; H, 7.42. Found: C, 75.57; H,
7.53.

For 9: UV Apay (¢) 198 nm (7760); IR 3005 (s), 2980 (m}), 2950 (m),
2905 (m), 2875 (m), 1645 (w), 1305 (m), 1260 (m), 1120 (s), 1105 (m),
1095 (m), 1045 (m), 1035 (s), 1025 (s}, 1005 (m), 940 (m), 820 (m), 700
(m) cm™; NMR (60 MHz) 6 0.067-1.47 (m, 8 H), 2.20 (d, J = 8 Hz,
1H),2.35(d,J = 3Hz, 1 H), 3.67 (m, 4 H), 5.17-5.97 (m, 2 H).

Anal. Caled for C;13H ;609 C, 76.44; H, 7.90. Found: C, 76.22; H,
7.89.

exo-Tricyclo[4.3.1.07)deca-2,4-dien-10-one (10). Acetal 8 (171
mg, 0.899 mmol) was hydrolyzed by stirring it with an equivolume
solution of 10% aqueous HCl-methanol at room temperature for 15
h. Preparative VPC on column D gave 109 mg (83%) of a white solid:
mp 70-71 °C (sealed tube): UV Apay (€) 318 (550), 277 (3800), 266
(3970), 257 (2590), 196 (3370) nm; IR 3495 (w), 3065 (w), 3030 (m),
2985 (w), 2940 (w), 1825 (w), 1795 (w), 1755 (s), 1715 (w), 1595 (w),
1440 (w), 1235 (w), 1150 (m), 1040 (m), 1020 (w), 990 (w), 960 (w), 925
(w), 855 (m), 825 (m), 710 (m), 685 (m), 665 (w) em™!; NMR (60 MHz)
6 —0.32 (dt, J = 6.5,4 Hz, 1 H), 0.28 (dt,J = 6.5, 7.5 Hz, 1 H), 1.85 (dd,
J =1.5,4 Hz, 2 H), 2.62 (m, 2 H), 5.63 (m, 4 H). Partial NMR (60
MHz) (20.4 mg, 0.140 mmol, 0.264 M) in the presence of Eu(fod)s (78.5
mg, 0.0757 mmol, 0.143 M) § 2.02 (dt, J = 6.5, 7.5 Hz, 1 H), 3.76 (dt,
J =6.5,4Hz, 1 H),4.32 (dd,J = 7.5,4 Hz, 2 H).

Anal. Caled for CioH100: C, 82.16; H, 6.89. Found: C, 81.98; H,
6.99.

exo,exo-Tetracyclo[5.3.1.024.0%'Jundec-5-en-11-one (11).
Acetal 9 (80 mg, 0.392 mmol) was deketalized with an equivolume
solution of 10% aqueous HCl-methanol. Purification by VPC on
column A gave 44 mg (70%) of a white solid: mp 31-34 °C (sealed
tube); UV Apax (€) 293 (90), 232 sh (530), 198 (5660) nm; IR 3065 (w),
3020 (w), 3000 (w), 2920 (w), 1750 (s), 1640 (w), 1445 (w), 1255 (w),
1235 (w), 1160 (w), 1120 (w), 1040 (w), 1030 (m), 1020 (w), 965 (w), 890
(w), 855 (w), 710 (m) cm~1; NMR (60 MHz) 6 0.13 (m, 2 H), 0.60-1.57
(m, 6 H), 2.60 (d,J = 8Hz, 1 H), 2.77 (d,J = 4 Hz, 1 H), 5.37-6.10 (m,
2 H). NMR (60 MHz) (17.9 mg, 0.112 mmol, 0.220 M) in the presence
of Eu(fod)z (74.0 mg, 0.0713 mmol, 0.140 M) 6 2.67 (m, 2 H), 3.324.42
(m, 5 H),7.02 (m, 1 H), 8.27 (m, 2 H), 10.3 (d,J = 8 Hz, 1 H), 10.7 (d,
J =4 Hz, 1H).

Anal. Caled for C1H;20: C, 82.46; H, 7.55. Found: C, 82.52; H,



Photochemical Reactions of 8,y-Cyclopropyl Ketones

7.61.

Cyclopropanation of dienone 10 (22 mg, 0.150 mmol) with diio-
domethane (4 equiv) and zinc-copper couple (8 equiv) for 21 h gave
largely starting 10 and a small amount of 11.

exo-Tricyclo[4.3.1.0791dec-2-en-10-one (14). Partial hydroge-
nation of 8 with 5% Pd/C in methanol followed by preparative VPC
on column A gave the ethylene acetal of 14 as a colorless liquid: IR
3005 (m), 2970 (m), 2940 (m), 2910 (s), 2820 (m), 1655 (w), 1640 (w),
1445 (m), 1420 (m), 1310 (m), 1210 (m), 1160 (m), 1120 (s), 1095 (m),
1035 (s), 1000 (m), 940 (m), 895 (m), 810 (m), 710 (w), 660 (m), 645 (m)
em~1; NMR (60 MHz) 6 0.30 (m, 1 H), 0.60-1.37 (m, 3 H), 1.37-2.70
with major absorption of 2.08 (m, 6 H), 3.72 (m, 4 H), 5.33 (m, 1 H),
5.60 {m, 1 H). Irradiation at 0.93 simplified the absorptions at 0.30
and 2.08. Irradiation of 2.08 caused collapse of m at 5.33 into s and
simplified the absorption at 5.60.

Anal. Caled for C1oH1602: C, 74.97; H, 8.39. Found: C, 74.84; H,
8.55.

Deketalization of the acetal with an equivolume solution of 10%
aqueous HCl-methanol and subsequent purification by VPC on
column A afforded 14: IE. 3060 (w), 3010 (w), 2980 (w), 2920 (m), 2830
(w), 1750 (s), 1650 (w), 1430 (m), 1170 (m), 1155 (m), 1040 (m), 985
(w), 850 (W), 695 (w), 645 (m) cm™1; NMR (60 MHz) § —0.10 (m, 1 H),
0.70 (m, 1 H), 1.10 (m, 2 H), 2.27 (m, 6 H), 5.50 (m, 2 H).

Anal. Caled for CioH120: C, 81.04; H, 8.16. Found: C, 81.03; H,
8.21.

Ketone 14 could also be prepared by partial hydrogenation of 10
under the same conditions.

exo-Tricyclo[4.3.1.079]decan-10-one (15). Hydrogenation of 8
(118 mg, 0.620 mmol) with 5% Pd/C (51 mg) in methanol (10 mL)
followed by preparative VPC on column A gave 90 mg (75%) of the
ethylene acetal of 15 as a colorless liquid: IR 3005 (m), 2945 (s), 2915
(s), 2855 (s), 1450 (m), 1445 (m), 1375 (m), 1325 (m), 1270 (m), 1180
(m), 1185 (m), 1115 (s), 1080 (m), 1050 (m), 1025 (s), 990 (s}, 940 (m),
880 (m), 830 (m), 805 (m), 670 (m) cm~%; NMR (60 MHz) 6 0.37 (m,
1 H), 0.90 (m, 3 H), 1.10-2.13 with major absorptions at 1.63, 1.93 (m,
10 H), 3.73 (s, 4 H).

Anal. Caled for C12H1802: C, 74.19; H, 9.34. Found: C, 74.42; H,
9.54.

This acetal (55 mg, 0.283 mmol) was deketalized with an equivol-
ume solution of 10% aqueous HCl-methanol and purified by VPC on
column A to give 32 mg (75%) of a colorless semisolid. In a different
experiment, hydrogenation of 8 and deketalization of the crude
product followed by VPC isolation gave 15 (70%, based on 8): mp
36-38 °C (sealed tube); IR 3455 (w), 3060 (w), 3020 (w), 2980 (w), 2820
(s), 2855 (m), 1745 (s), 1455 (m), 1440 (m), 1290 (w), 1280 (w), 1195
(w), 1165 (m), 1055 (m), 1040 (w), 1025 (m), 1010 (w), 975 (w), 905 (w),
670 (w), 660 (m) cm~!; NMR (60 MHz) § —0.058 (m, 1 H), 0.58-1.00
(m, 1 H), 1.00-2.11 with major absorption at 1.61 (m, 10 H), 2.33 (m,
2 H).

Anal. Caled for C1oH140: C, 79.96; H, 9.39. Found: C, 79.77; H,
9.24.

exo,exo-Tetracyclo[6.2.1.024.0% Jundecan-11-one (16). Hy-
drogenation of 6 (43 mg, 0.27 mmol) with 5% Pd/C (50 mg) in meth-
anol (5.0 mL) followed by preparative VPC gave 40 mg (92%) of a
white solid: mp 61-63 °C (sealed tube); IR 3085 (w), 3000 (m), 2950
(m), 2870 (w), 1755 (1), 1740 (s), 1460 (w), 1445 (w), 1375 (w), 1360
(w), 1345 (w), 1300 (w), 1235 (w), 1200 (w}, 1170 (w), 1130 (w), 1060
(w), 1035 (m), 1025 (m), 845 (w) cm~%; NMR (60 MHz) 6 —0.083 (m,
2 H), 0.20-1.60 (m, 6 H), 1.60-2.80 with major absorptions at 2.02, 2.45
(m, 6 H).

Anal. Caled for C11H140: C, 81.44; H, 8.70. Found: C, 81.36; H,
8.67.

exo-Tricyclo[4.3.1.07?]deca-2,4-dien-syn-10-ol (17). Dienone
10 (61.7 mg, 0.422 mmo}) was reduced with NaBHy as described® for
the reduction of 4. Preparative VPC on column A (140 °C, 78 mL/min)
yielded two fractions identified as starting 10 (86 min, 20.4 mg) and
17 (74 min, 31.1 mg, 74% based on unrecovered 10). For 17: mp 30-31
o (sealed tube); IR 3560 (m), 3450 (w), 3060 (w), 3020 (s), 3000 (m},
2945 (m), 2910 (m), 1595 (w), 1455 (w), 1425 (m), 1405 (m), 1390 (w),
1310 (m), 1265 (m), 1245 (m), 1225 (m), 1110 (s), 1105 (s}, 1090 (s),
1055 (m), 1015 (m), 965 (m), 880 (m), 870 (m), 830 (m), 690 (s) cm™Y;
NMR (60 MHz) 4 from —0.37 to 0.30 (m, 2 H), 1.50 (dd, J = 8, 4 Hz,
2 H),1.87 (d,J = 12Hz, 1 H), 2.75 (m, 2 H), 4.18 (dt, J = 12,5 Hz, 1
H), 5.77 (m, 4 H). Partial NMR (60 MHz) (13.8 mg, 0.0931 mmol, 0.217
M) in the presence of Eu(fod); (63.1 mg, 0.0608 mmol, 0.141 M) 4 1.48
(m, 1 H), 2.38 (m, 1 H), 4.32 (dd, J = 8,4 Hz, 2 H), 9.6 (m, 2 H), 10.0
(m, 2 H), 10.4 (m, 2 H), 184 (br, 1 H), hydroxy! signal not re-
corded.

Anal. Caled for C10H1:20: C, 81.04; H, 8.16. Found: C, 81.09; H,
8.22.
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Attempted Ketalization of 20. A mixture of 20° (2.19 g, 15.0
mmol), ethylene glycol (4.0 mL), and p-toluenesulfonic acid (62 mg)
in benzene (100 mL) was heated at reflux with continuous removal
of water for 3 h. Workup and distillation gave 2.28 g (80%) of product,
bp 88-92 °C (0.4 mm). The same product was also obtained under a
variety of other conditions.!® This substance had the following
properties: IR 3060 (w), 3030 (m), 2955 (m), 2935 (m), 2890 (m), 2865
(m), 2850 (m), 1645 (w), 1610 (w), 1445 (m), 1390 (m), 1360 (m), 1265
{m), 1240 {m), 1100 (s), 1080 (s), 1030 (m), 995 (s}, 965 (m), 950 (s),
915 (m), 900 (m), 700 (s) cm~!; NMR (60 MHz) 6 1.45 (dd, J = 12,~1
Hz, 1 H), 2.40-3.97 with s at 3.63 (m, 7 H), 4.97-6.23 (m, 6 H).

Anal. Caled for C12H1402: C, 75.76; H, 7.42. Found: C, 75.60; H,
7.48.

Bicyclo[4.2.2]dec-9-en-7-one (23). Trienone 208 (213 mg, 1.46
mmol) was reduced with 2.2 equiv of hydrogen over 5% Pd/C (25 mg,
pre-equilibrated with hydrogen) in methanol (10 mL) at room tem-
perature and atmospheric pressure (hydrogenation time ~0.5 h).
Preparative VPC on column A (150 °C, 78 mL/min) afforded a white
solid identified as 23 (40 min, 97 mg, 44%) and five additional un-
identified fractions (97 mg, 44%) of greater retention times. The re-
action was equally satisfactory on a 1.0-g scale. For 23: mp 141-143
°C (sealed tube); IR 3030 (m), 2920 (s), 2860 (m), 1750 (w), 1710 (s),
1645 (w), 1455 (m), 1445 (m), 1440 (m), 1400 (m), 1355 (w), 1235 (m),
1185 (w), 1125 (m), 1100 (w), 1085 (w), 845 (w), 685 (w) cm~1; NMR
(60 MHz) 6 0.50~2.17 with major absorption at 1.65 (m, 8 H), 2.30 (m,
2 H), 2.80 {m, 2 H), 5.70 (dd, J = 10,6 Hz, 1 H),6.18 (dd, J = 10,7 Hz,
1 H).

Anal. Caled for C10H140: C, 79.95; H, 9.39. Found: C, 79.63; H,
9.36.

Bicyclo[4.2.2]dec-9-en-7-one Ethylene Acetal. Ketalization of
23 (109 mg) with ethylene glycol and p-toluenesulfonic acid in re-
fluxing benzene for 17 h as described above gave a viscous oil which
was purified by VPC on column E to obtain 129 mg (91%) of a colorless
liquid: IR 3025 (m), 2920 (s), 2850 (m), 1650 (vw), 1460 (w), 1435 (m),
1385 (w), 1370 (w), 1340 (w), 1305 (w), 1240 (w), 1134 (m), 1105 (s),
1095 (s), 1030 (m), 1015 (m), 985 (w), 955 (w), 940 (w), 915 (w), 845 (w)
cm~1; NMR (60 MHz) 6 0.99-2.96 with major absorption at 1.59 (m,
12 H), 3.86 (s, 4 H), 5.77 (m, 2 H).

Anal, Caled for C19H1:09: C, 74.19; H, 9.34. Found: C, 74.10; H,
9.32.

exo-Tricyclo[4.3.2.07°Jundecan-10-one (21). A mixture of the
above crude ketal (~600 mg), dilodomethane (2.42 g, 3 equiv), zinc-
copper couple (1.18 g, 6 equiv), and a catalytic amount of iodine in
ether (30 mL) was heated at reflux for 22 h.19 After workup, the crude
product was hydrolyzed by stirring overnight with an equivolume
solution of 10% aqueous HCI-THF at room temperature, and the
crude product was purified by preparative VPC on column E (160 °C,
78 mL/min) to obtain a white solid (17 min, 24 mg) identified as re-
covered ketone 23 (95% conversion for three steps), a second white
solid (32 min, 309 mg, 66% based on consumed 23) identified as 21,
and an unidentified colorless liquid (85 min, 92 mg). For 21: mp
150-153 °C (sealed tube); IR 3065 (w), 3000 (m), 2925 (s), 2855 (m),
1700 (s), 1455 (m), 1440 (m), 1415 (w), 1380 (w), 1360 (w), 1340 (w),
1330 (w), 1325 (w), 1285 (w), 1235 (w), 1230 (w), 1185 (w), 1135 (w),
1085 (w), 1075 (w), 1015 (m), 1005 (w), 850 (w), 820 (w) cm~1; NMR
(60 MHz) 6 0.20-2.17 (m, 14 H), 2.37-2.98 (m, 2 H).

Anal. Caled for Cy1Hi60: C, 80.44; H, 9.83. Found: C, 80.59; H,
9.81.

Photolysis of exo-Tricyclo[4.3.1.079]decan-10-one (15). Ketone
15 (84 mg, 0.56 mmol, 0.021 M, 27.0 mL solution) was irradiated in
the usual manner.2! Samples were withdrawn at appropriate intervals
and analyzed by VPC on column C (initial column temperature and
flow rate 90 °C, 78 mL/min, respectively, raised to 160 °C and 113
mL/min after 58 min) using p-xylene (36 min) and o-methylaceto-
phenone (97 min) as internal area standards. Conversion after 44 h
was 81%, with products 26 and 27 formed in the ratio 69:31 and a total
yield of 84%. Data on yields and conversion at other times have been
reported.?2 The major product (47 min) was identified as cis,trans-
1,4-cyclononadiene (26): IR 3010 (s), 1665 (w), 1625 (w), 975 (s), 700
(s) em~; IR (CSs) 785 (m), 735 (m) cm~1; NMR 6 0.67-3.27 with major
absorptions at 1.08, 1.37, 1.78,1.92, 2.27, and 2.77 (m, 10 H), 552 (m,
4 H).

Anal. Caled for CoHyg: C, 88.45; H, 11.55. Found: C, 88.42; H,
11.50.

The minor product was identified as cis,cis-1,4-cyclononadiene (27)
by comparison of IR and NMR spectra with those of the authentic
diene.23

Photolysis of cis,trans-Cyclononadiene (25). cis,trans-Cyclo-
nonadiene 26 (3.5 mg, 0.029 mmol, 0.0048 M) was irradiated for 25.0
h in benzene-3% methanol (6.0 mL). VPC analysis on column C with
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p-xylene as internal area standard indicated starting 26 (86%) and
27 (9.2%).

Photolysis of exo,exo-Tetracyclo[6.2.1.024.05"Jundecan-11-one
(16). Ketone 16 (110 mg, 0.678 mmol, 13.6 mM, 50.0 mL solution) was
irradiated for 66 h. Preparative VPC on column F (initial column
temperature 88 °C, raised to 160 °C after 53 min, 71 mL/min) afforded
starting 16 (91 min, 3.8 mg, 96% conversion), four unidentified frac-
tions totaling 6.0 mg, a colorless liquid identified as a mixture of 35,
36, and possibly 37 (39 min, 40.5 mg, 46%), and a second colorless
liquid identified as 34 (48 min, 1.8 mg, 2.1%). For 35-37: UV A (€)
198 (11 990); IR 3005 (s), 2975 (m), 2930 (s), 2890 (m), 2860 (m), 2835
(m), 1665 (w), 1635 (w), 1450 (m), 1440 (m), 1430 (m), 1200 (w), 1175
(w), 1070 (w), 1010 (w), 965 {w), 915 (m), 905 (m), 890 (w), 700 (s)
cm~ ! NMR (60 MHz) 6 2.02 (m, 4 H), 2.75 (m, 4 H), 5.42 (m, 6 H).

Anal. Caled for CioHig: C, 89.49; H, 10.51. Found: C, 89.28; H,
10.43.

For 34: IR 3005 (s), 2955 (m), 2925 (m), 2895 (m), 2860 (m), 1655
(w), 1640 (w), 1465 (m), 1450 (m), 1430 (m), 940 (m), 915 (m), 885 (m),
710 (s), 695 (m) cm~; NMR (60 MHz) 6 2.17 (m, 4 H), 2.78 (m, 4 H),
5.32 (m, 6 H).

Anal. Caled for CioHis: C, 89.49; H, 10.51. Found: C, 89.56; H,
10.17.

Irradiation of Mixture 35-37: Mixture 35-37 (11.4 mg, 0.0849
mmol, 4.24 mM, 20.0 mL solution) was irradiated for 47.0 h under the
above conditions. Analytical VPC on column F indicated less than
~2% isomerization to 34. The NMR and infrared spectra of the major
fraction were identical with those of the starting mixture.

Partial Hydrogenation of Mixture 35-37. The mixture (69.1 mg,
0.515 mmol) was hydrogenated with ~1 equiv of hydrogen over 5%
Pd/C (17 mg) in cyclohexane (10 mL) at room temperature and at-
mospheric pressure. Careful distillation of the solvent at atmospheric
pressure, followed by preparative VPC on column J (88 °C, 71 mL/
min), afforded starting 35-37 (57 min, 1.6 mg, 98% conversion), cis-
cyclodecene (29 min, ~2 mg, ~3%, identified from NMR spectrum
and by comparison of IR spectrum with the published curve®), a
partially resolved mixture of cis,cis- 1,5-cyclodecadiene (40, 36 min)
and cis,trans-1,5-cyclodecadiene (39, 38 min) [total of 24.3 mg, 35%,
~3.5:1 (40-39)], and cis,cis- 1,4-cyclodecadiene (38, 47 min, 22.4 mg,
33%). To obtain analytically pure samples of the 1,5-dienes, their
mixture was further separated on column K (88 °C, 72 mL/min) to
give cis,cis-1,5-cyclodecadiene (40, 35 min) as a white solid and cis,-
trans-1,5-cyclodecadiene (39, 40 min) as a colorless liquid. For 40:3°
mp 28-29 °C (sealed tube, previously reported®® as a liquid); IR 2990
(s), 2950 (s), 2910 (s), 2875 (s), 2845 (s), 1650 (vw), 1450 (s}, 1340 (w),
1320 (w), 1255 (w), 1155 (w), 1020 (w), 1000 (w), 845 (w), 700 (s) cm ™1,
The NMR spectrum of this material compared favorably with those
reported.3® For 39:30 IR 3025 (w), 2995 (m), 2975 (m), 2920 (s), 2845
(m), 1660 (w), 1440 (m), 1435 (m), 960 (m), 900 (w), 685 (m) cm™!;
NMR (60 MHz) § 1.50 and 2.07 (m, 12 H), 5.13 (m, 4 H). For 88:25 IR
3000 (s), 2970 (m), 2915 (s), 2845 (s), 1655 (w), 1470 (m), 1440 (m), 1390
(w), 1350 (w), 1820 (w), 1250 (w), 1040 (w), 970 (w), 925 (m), 865 (m),
700 (s) cm™!; NMR (60 MHz) 6 1.43 (m, 6 H), 2.30 (m, 4 H), 2.77 (dd,
J =8,8Hz,2H),535(m,4H).

Anal. Caled for CigHie: C. 88.16; H, 11.84. Found: C, 88.11; H,
11.67.

Photolysis of exo,exo-Tetracyclo[6.2.1.0%4.0%7Jundec-9-en-
11-one (6). Ketone 6 (69.7 mg, 0.435 mmol, 0.0174 M, 25.0 mL solu-
tion) was irradiated for 8.7 h. Preparative VPC on column F (initial
column temperature 87 °C, raised to 160 °C after 42 min, 78 mL/min)
gave 1,4,4ac,8a83-tetrahydronaphthalene (43) (34 min, 38.1 mg, 80%)
and starting 6 (78 min, 12.2 mg, 82% conversion). For 43: UV Ay (€)
259 (3540), 198 (5920) nm; IR 3050 (w), 3025 (s), 2990 (w), 2960 (w),
2900 (s), 2880 (s), 2830 (s), 2810 (m), 1650 (w), 1430 (m), 1175 (w), 1140
{w), 1090 (w), 980 (m), 865 (w), 685 (s} cm~!; NMR (60 MHz) 4 2.12
(m, 6 H), 5.65 {m, 6 H); BC NMR (CDCls) dMeqsi 32.0, 36.0, 124.2,
126.7, 132.0.

Anal. Caled for CigHip: C, 90.85; H, 9.15. Found: C, 90.73; H,
9.12.

Hydrogenation of 43 (10 mg, 0.076 mmol) over 5% Pd/C (~5 mg)
in methanol (1 mL) at room temperature and ~1 atm, followed by
preparative VPC, gave a colorless liquid (7 mg, 70%) that had identical
physical and spectroscopic properties with those of an authentic
sample of trans-decalin and different from those of an authentic
sample of cis-decalin.

Photolysis of exo-Tricyclo[5.2.1.024]deca-5,8-dien-10-one (5).
Ketone 5 (49.9 mg, 0.341 mmol, 11.4 mM, 30.0 mL solution) was ir-
radiated for 8.0 h. Preparative VPC on column J (injector tempera-
ture, ~35 °C; column temperature, 55 °C; detector temperature, 50
°C; flow rate 182 mL/min; filament current, 175 mA) afforded cis-
bieyclo|6.1.0]nona-2,4,6-triene (44, 140 min): IR 3065 (w), 2995 (s),
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1635 (s), 1610 (w), 1445 (w), 1225 (w), 1120 (m), 1020 (m), 995 (w), 940
(w), 835 (m), 680 (s) cm™~!; the 60-MHz NMR spectrum of this ma-
terial was identical with the curve published for authentic 44.3¢ Pre-
parative VPC of the photolysate soltuion on column F (initial column
temperature 75 °C, raised to 150 °C after 57 min, 78 mL/min) afforded
5 (89 min, 1.6 mg, 97% conversion), 46 (21 min, ~3%), 47 (35 min,
~7%), 44 (52 min, ~46%, contaminated with variable amounts of 47
presumably formed in detector), and 45 (78 min, ~1%). In another
experiment the time course of the reaction was followed; 45 increased
steadily over 7 h, and 10 was never observed. The trans-dihydroindene
46 was identified from its NMR spectrum:34 (220 MHz) § 1.99-2.09
(m, 1H),2.17-2.34 (m, 2 H), 2.82 (br d, J = 19 Hz, 1 H), 5.77-5.96 and
6.21-6.49 (2 m, 6 H). This sample was contaminated with an un-
identified impurity. The cis isomer 47 was identified through identity
of its 60-MHz NMR spectrum with the curve published3* and from
its IR spectrum: 3050 (s), 3030 (s), 2905 (s), 2845 (s), 1585 (w), 1445
(w), 1365 (w), 1330 (w), 940 (m), 700 (s) cm™1, 45 was identified from
the following data: IR 3105 (w), 3065 (w), 3035 (m), 2990 (m), 2940 (m),
1780 (s), 1755 (m), 1735 (m), 1445 (w), 1295 (m), 1250 (w), 1210 (w),
1155 (w), 1115 (m), 1070 (w), 1035 (m), 960 (m), 900 (w) cm~1; NMR
(220 MHz) 6 0.331 (dt,J = 6.8,3.5 Hz, 1 H, Hg), 0.459 (dt J = 6.8, 6.8
Hz,1H, Hyp), 1.04 (dd, J = 6.8,3.5Hz, 2 H, Hp}, 2.28 (d,J = 4 Hz, 2
H,H¢), 2.98 (d, J = 4 Hz, 2 H, Hp), 6.26 (s, 2 H, Ha).

Anal. Caled for C10H00: C, 82.16; H, 6.90. Found: C, 82.01; H,
7.06.

Photolysis of exo-Tricyclo[4.3.1.07?]deca-2,4-dien-10-one (10).
Ketone 10 (59.7 mg, 0.408 mmol, 20.4 mM, 20.0 mL solution) was 1r-
radiated for 45.0 min as described for 5 above. Preparative VPC on
columns J and F was carried out as for 5 with essentially identical
results, except that 45 was isolated in 5.4% yield. The time course of
the photolysis of 10 was followed over 8.0 h. Isomeric ketone 5 was not
observed; the concentration of 45 increased over the first 45 min of
reaction and then remained unchanged throughout the remainder
of the irradiation.

Irradiation of exo,exo-Tetracyclo[5.3.1.024.051%undec-5-
en-11-one (11), Irradiation of 11 (3.2 mg. 0.057 mmol, 10 mL solution)
under the standard conditions through Pyrex for 18.1 h, or through
quartz for 17.4 h, followed by VPC analysis, gave only recovered
starting material, Irradiation of a similar acetone solution through
Pyrex for 19.1 h followed by VPC analysis indicated the formation
of only very small amounts of at least three compounds that were not
identified.
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Two complementary routes have been developed for the synthesis of 4-(acetoxymethyl)-1,2,3,5-tetra-O-acetyl-
D-erythro-pentofuranose (9). The first of these involves a mixed aldol condensation between 1,2-O-isopropylidene-
a-D-xvlo-pentodialdofurancse and formaldehyde which gives, as its major product, 4-(hydroxymethyl)-1,2-O-iso-
propylidene-8-L-threo-pentofuranose (5a). Inversion of configuration at Cj is achieved via an oxidation-reduction
sequence, and subsequent acetolysis furnishes 9. A more efficient route to 9 involves a mixed aldol condensation
between 3-0-benzyl-1,2-0-isopropylidene-a-D-ribo-pentodialdofuranose (12a) and formaldehyde followed by de-
benzylation, acetylation, and acetolysis. The condensation of 9 with a number of purine and pyrimidine bases and
their analogues led to the preparation of a variety of 4’-hydroxymethyl nucleosides that have been screened for po-

tential hiological activities.

Recent work from this Laboratory has led to the develop-
ment of methods for the synthesis of ribonucleosides substi-
tuted at the 4’ position by fluoro,l-3 methoxyl,*5 and azido®
groups. Most of these aspects have been reviewed.® Nucleo-
sides such as those above bearing electronegative substituents
at Cy are frequently rather labile, particularly when the hy-
droxyl functions are all unsubstituted.13-6 Hence, it was of
interest to undertake the synthesis of nucleosides bearing
stable carbon—carbon linked substituents at the Cy position.
Such syntheses could, ir: principle, be carried out via addition
reactions to the vinyl ether function of 4/,5’-unsaturated nu-
cleosides, this method being the one used successfully for the

preparation of the 4’-fluoro, -methoxy, and -azido compounds.
Preliminary attempts to introduce, e.g., a 4’-cyano function
by this route were not, however, overly promising.

An alternate approach for the introduction of 4’ substitu-
ents is based upon the reactions of nucleoside 5'-aldehydes,
a subject that has been of interest to us for some years.” This
approach has been carried on in parallel with that reported
in the present paper and is described separately.8¢ This latter
work did, indeed, lead to the preparation of several 4’-hy-
droxymethyl nucleosides via crossed aldol condensations
between suitably protected nucleoside 5'-aldehydes and for-
maldehyde.®b:¢ As an alternative to this introduction of a Cy
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