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1380, 1090, 1030, 915, and 735 cm~1; 'H NMR (CDCl3, 220 MHz) §
1.10(3H,s),1.47(3H,s), 1.58 (3H,s), 1.60 (3 H, s), 1.68 (3 H, 5), 5.01
(1H,brd,J =8Hz),514 (2H, br m),and 5.31 (1 H, brt,J = 6 Hz);
H NMR (benzene-dg, 220 MHz) 6 1.15 (3 H, s), 1.34 (3H,5), 1.49 (3
H,s),1.61(3H,s),1.69(3H,s),4.86 (1 H,brm),4.87 (1H, brd,J =
8 Hz),5.07 (1 H, brd, J = 8 Hz), and 5.26 (1 H, br t, J = 6 Hz); 13C
NMR (CDCls, 20 MHz) é 16.6, 17.7, 23.5, 24.4, 24.7, 25.7, 41.5, 68.8
(d), 76.6 (s), 124.4 (d), 131.7 (s), and 133.3 (s); MS m/e 288 (M+ —
H.0), 278, 270, 255, 219, 207,187,177, 167, 147, 135, 121, 119, 109, 94,
83, 81, 79, 69, 55, 43, and 41; calculated for CooH3,0 (M* — H0)
288.245, found 288.245.

Acetylation of Hydroxydilophol (1). A solution of 28 mg (0.096
mmol) of 1 and excess acetic anhydride in 2 mL of anhydrous pyridine
was allowed to react at room temperature for 24 h. Approximately 2
mL of distilled water was added, and the mixture was extracted with
three 5-mL portions of CCly. After drying with anhydrous MgSQy,,
concentrating, and TLC in 5:5:1 hexane—dichloromethane—ethyl ac-
etate, 10 mg (30%) of & was obtained as an oil: IR (CCly) rpax 3600,
2950, 2870, 1730, 1450, 1380, 1250, 1220, 1025, 985, and 855 cm™1; 1H
NMR (CCly) 6 1.06 (3 H,s), 1.56 (6 H, s), 1.61 (3 H, s), 1.68 (3 H, 5),
1.99(3H,s),479 (1 H,brd,J =8Hz),4.89 (1 H,brdd, J = 14,7 Hz),
5.08 (1 H,brt,J =6Hz),and 5.77 (1 H, brd,J = 8 Hz); MS m/e 288
(M* - AcOH), 270, 255, 227, 203, 185, 173, 161, 159, 147, 133, 119, 109,
105, 93, 91, 81, 79, 69, 55, 43, and 41.

Ozonolysis of Hydroxydilophol (1). Ozone was bubbled through
a solution of 1 (170 mg, 0.56 mmol) in 20 mL of CH5Cl; at —78 °C until
the solution became blue. The solvent was removed in vacuo, the
residue taken up in acetone, and Jones’ reagent added until an orange
color persisted. The solution was stirred an additional 10 min, then
diluted with water and extracted with diethyl ether. The ether extract
was dried with MgSO;, and concentrated in vacuo to give a brown oil.
Preparative silica gel TLC of this oil in ethyl acetate gave 20 mg of
levulinic acid (31%) as a colorless oil. 'H NMR, infrared, and mass
spectra obtained from this product were identical with those obtained
from a commercial sample.

Tetrahydrohydroxydilophol (4). A solution of 183 mg (0.598
mmol) of 1 in 10 mL of CH3;0H and 40 mg of 10% palladium on carbon
catalyst, was stirred for 48 h under an atmosphere of hydrogen. The
catalyst was filtered off and the solvent was removed in vacuo to yield
a yellow oil which when purified by LC (u-Porasil, 20% EtOAc-hex-
anes) gave 69 mg (37%) of the tetrahydro derivative 4 as a colorless
oil: IR (CCly) rmax 3380, 2960, 1470, 1380, 1105, 1020, 935, 910, and
850 em~1; 1TH NMR (CDCls, 220 MHz) 6 0.86 (3H, d,J = 7 Hz), 0.88
(3H,d,J = 7THz),1.00(3H,d,J =7Hz),1.20 (8 H, s), 1.71 (3 H, s),
2.09 (1H,brdd,J = 13,6 Hz), 2.59 (1 H,dddd, J = 13, 13, 13, 4 Hz),
2.66 (1 H, brs, D20 exch), 2.76 (1 H, brdd,J = 13,13 Hz),3.41 (1 H,
brs, Do0 exch), 4.50 (1 H, brdd, J = 13,6 Hz), and 5.17 (1H, br dd,
J =13, 4 Hz); 13C NMR, (CDCl3, 20 MHz) 6 19.9, 22.4, 22.5, 22.8, 23.8,
24.9,25.9, 26.4, 27.2, 28.0, 36.5, 37.7, 38.1, 39.7, 40.2, 42.7, 69.6 (d), 77.1
(s), 127.9 (d), and 131.3 (s); MS m/e 310 (M%), 292, 277, 274, 225, 207,
189, 179, 161, 149, 137, 121, 111, 109, 95, 81, 71, 69, 57, 55, 43, and
41,

Jones’ Oxidation of Tetrahydrohydroxydilophol (4). Jones’
reagent was cautiously added to an ice-cooled solution of 60 mg (0.194
mmol) of 4 in 5 mL of acetone until the orange color persisted. After
stirring for an additional 15 min, the mixture was diluted with water
and extracted with diethyl ether. The ether extract was dried (an-
hydrous MgS04) and reduced in vacuo to give the ketone 5 (84%) as
a colorless oil: IR (CCly) vmax 3350, 2960, 1700, 1540, 1460, 1370, and
980 em~1; 'H NMR (CDCls, 220 MHz) 6 0.87 (6 H, d, J = 6 Hz), 0.90
(3H,d,J =6Hz),1.16 (3H,s),1.89 (3H,s),2.17 (1 H,dddd, J = 12,
12,12, 4 Hz), 2.40 (1 H, br s, D20 exch), 2.82 (1 H, br d, J = 18 Hz},
3.14 (1 H,dd,dJ = 12,3 Hz),3.37 (1 H, br d,J = 18 Hz),and 5.38 (1 H,
brdd, J = 12, 4 Hz); MS m/e 308 (M), 290, 275, 265, 237, 223, 205,
180, 155, 137, 123, 111, 109, 95, 81, 69, 55, 45, 43.

1,5-Dimethylcyclodecen-7-one (6). Two milliliters of an aqueous
saturated NaoCOj3 solution was combined with a solution of 5 (44 mg,
0.143 mmol) in 5 mL of methanol and stirred for 24 h. The solution
was diluted with water and extracted with 3 X 5 mL portions of pen-
tane. The combined perntane extracts were dried (anhydrous MgSQO,)
and concentrated in vacuo to yield a colorless oil: IR (CCly) vmax 2950,
1700, 1460, and 1125 em~1; *H NMR (CDCl3, 220 MHz) 6 0.88 (3 H,
d,J =6Hz),1.83(3H,s),2.28 (1 H,dddd, J = 11, 11, 11, 5 Hz), 2.70
(1H,brd,J =17Hz),2.79 (1 H,ddd, J = 12,12,3 Hz),3.47 (1 H, br
d,J =17Hz),5.36 (1H,brdd,J = 11,5 Hz); MS m/e 180 (M+), 185,
149, 137, 121, 109, 105, 97, 95, 93, 81, 79, 69, 67, 55, 43, and 41.

Transannular Cyclization of 1. A solution of 1 (40 mg, 0.131
mmol) in 3 mL of dioxane was heated to reflux for 8 h. The dioxane
was removed in vacuo and the residue was purified by preparative
silica gel TLC (2:2:1, hexanes—CH>Clo—EtOAc). Starting material (15
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mg, 37%) was recovered, along with the diol 7 (12 mg, 30%) which il-
lustrated the following spectral features: IR (CCly) vmax 3450, 2940,
2870, 1450, 1370, and 1120 cm™!; 'H NMR (CDCl3, 220 MHz) 6 1.19
(3H,s),1.23(3H,s),1.60(3H,s),1.68(6H,s),2.67(1H,brd,J =8
Hz), 3.19 (1 H, br s, D20 exch), 3.45 (1 H, br s, D20 exch), 3.91 (1 H,
brd,J = 8Hz),5.08 (1H,t,J =6Hz),and 5.25 (1H, brt,J = 6 Hz);
MS m/e 306 (M+), 288, 270, 237, 221, 203, 179, 161, 145, 135, 120, 109,
93, 81, 69, 55, 43, and 41.
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The reaction of Zeise’s dimerl2 (1) with most monosubsti-
tuted cyclopropanes was reported to occur with platinum
insertion into the least substituted bond of the cyclopropane.!b
Thus, the reaction of phenylcyclopropane with 1 followed by
treatment with 2 equiv of pyridine was reported to give 3.1 The
structure of 3 was based upon its 'H NMR spectrum. How-
ever, Puddephatt and Tipper established that the initial
product was not 3 but 2 which resulted from platinum inser-
tion into the substituted bond.2 Furthermore, they established
that 2 could be partially converted into 3 by heating at 50 °C
for 45 min in chloroform.? The structures 2 and 3 were easily
distinguished by 13C NMR.2

h CHC1
1+ Ph<] =% OPiClpy) = Ph—<>PtC1_,<pyJ;
2 py 50 °C

3
Ph

2
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Scheme 1
)P\h Ph
<\/I’tCl~,(py)J -:A + PtCl(py), = Ph—CPtClu(py),
2 3

McQuillin has reported that the unsubstituted platinacycle,
prepared from 1 and cyclopropane, could exchange with
phenylcyclopropane to give the phenyl-substituted platina-
cyclobutane.! While no experimental details of this reaction
were given, a more complete study of this exchange with
substituted cyclopropanes in THF has been recently reported
by Puddephatt.4

These two events have led to speculation that the rear-
rangement of 2 to 3 may involve an intermediate derived from
2 and external phenyleyclopropane.> Hence, the rearrange-
ment process may occur by an exchange mechanism wherein
the more favored 3 predominates. The two reports cited above
clearly indicate that phenylcyclopropane can displace cyclo-
propane from a platinacyclobutane. However, the evolution
of cyclopropane would certainly favor this process. In this
instance, we shall be concerned about the ability of phenyl-
cyclopropane to displace another phenylcyclopropane from
a platinacyclobutane.

Unlike the exchange experiments of McQuillin and Pud-
dephatt, the rearrangement of 2 to 3 occurs without the ad-
dition of phenylcyclopropane. However, it has been estab-
lished that the platinacyclobutane 2 thermally decomposes
to give phenylcyclopropane and dichlorobis(pyridine)pla-
tinum(I1).6 Indeed, small amounts of phenylcyclopropane are
found in solutions of 2, Consequently, a source of phenylcy-
clopropane is available.

We can envision two possible modes by which phenylcy-

_clopropane may participate in the rearrangement of 2 to 3.
Scheme I depicts a dissociation-association mechanism
wherein phenylcyclopropane dissociates and readds to form
the favored platinacyclobutane 3. If the mechanism depicted
in Scheme I was operating, then one should be able to prepare
the platinacyclobutane 2 (or 3) from dichlorobis(pyridine)-
platinum(Il) and phenylcyclopropane. Both cis- and trans-
dichlorobis(pyridine)platinum(II) were prepared according
to literature methods” and were exposed to phenylcyclopro-
pane under the rearrangement conditions. We were unable
to detect either of the platinacyclobutanes in this reaction.
Thus, it would seem unlikely that the mechanism depicted in
Scheme I would be operating.

Alternatively, the mechanism depicted in Scheme II re-
quires the initial dissociation of pyridine to give the unsatu-
rated platinacycle 4, which could then undergo addition of
phenylcyclopropane to form 5. Intermediate 5 could equili-
brate with 6, which upon loss of phenylcyclopropane would
give 7. The addition of pyridine to 7 would give the isomerized
platinacyclobutane 3. This mechanism requires the disso-
ciation of a pyridine ligand and small amounts of free phen-
vlcyclopropane. The phenylcyclopropane could be provided
by a small amount of thermal decomposition of 2. The disso-
ciation of pyridine has been previously suggested by Pudde-
phatt? by noting that the rearrangement process is retarded
in the presence of excess pyridine. We have obtained addi-
tional confirmation of the pyridine dissociation process by
carrying out the rearrangement of 2 in the presence of free
pyridine-ds. Mass spectral analysis of the recovered platina-
cyclobutane revealed a complete equilibration of pyridine-ds
and pyridine-dg in the complex.

If Scheme IT were operating in the rearrangement of 2 to 3,
then one should be able to carry out a phenylcyclopropane
exchange reaction to the extent that 2 rearranges to 3. This
hypothesis was tested by reacting 2 with phenylcyclopro-
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Scheme II
Ph Ph Ph
PtCl(py), == py + PtCl(py) == PtClipy}
2 4 \ ’ 7
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5
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Ph 6 7

5
<P;‘l_,(py) 2, Ph——<>PtCl,,(py)_,

3

Ph
7

pane-d, (89% enriched), 1:1, in chloroform under the rear-
rangement conditions. Mass spectral analysis of the recovered
phenylcyclopropane revealed that it was now 85% enriched.
Similar analysis of the recovered platinacyclobutane gave a
deuterium enrichment of 5%. Clearly, a phenylcyclopropane
exchange does occur, but the amount of exchange is too
modest to account for the observed amount of rearrange-
ment.8

Theoretically, chloride ion could also be dissociating during
the rearrangement. To test for possible chloride ion disso-
ciation, a sample of 2 was treated with radioactive chloride-38°
under rearrangement conditions. Recovery and subsequent
analysis of the platinacyclobutane revealed no incorporation
of chloride-38. Therefore, under rearrangement conditions,
chloride ion appears not to be dissociating.

These results are consistent with a mechanism proposed
by Puddephatt and Tipper? where an intramolecular rear-
rangement process occurs.® They envisioned the initial loss
of a pyridine ligand followed by a concerted rearrangement,
shown as 8, to give 7. Pyridine addition to 7 would give 3.

v .
=4 == " Ptll(py) == 7~=3

Ph
8

These results also rule against mechanisms requiring phen-
yleyclopropane exchange as a step in the rearrangement.

Experimental Section

The platinacyclobutane 2 and phenylcyclopropane-d; were pre-
pared according to the procedure of McQuillin.! The rearrangement
reactions were all carried out according to the procedure of Pudde-
phatt and Tipper.2 Mass spectral data were obtained from an AEI-
MS30 double-beam spectrometer, and NMR spectra were obtained
from a Varian XL-100 spectrometer. Pyridine-ds was purchased from
Stohler Isotopes and was 99% deuterium enriched. Chloride-38 was
obtained from the Kansas State University reactor and was used
immediately.
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Weissgerber? reported in 1911 the preparation of a dimer
of 1H-indene (diindene) in nearly quantitative yield, a col-
orless solid, mp 51 °C (recrystallized from acetic acid), by
refluxing 1H-indene with acetic or phosphoric acids. He
suggested as possibilities two cyclobutane ([2 + 2]cycloadduct)
structures. Stobbe and Farber? reported in 1924 that repeti-
tion of the preparation with phosphoric acid gave a colorless
sample, mp 50-51 (solidified oil) and 57-58 °C (from acetic
acid or ethanol, with a little water). The latter sample was
converted to a dibromide, mp 120-121 °C, indicating that a
double bond was present, and was oxidized with chromium-
(VD) oxide to 2,3-dihydro-1H-inden-1-one. On the basis of
their evidence, they suggested possible structures 2a and 3a.
Similarly, Marion* obtained from a sample of diindene re-
crystallized from ethanol, mp 55-56 °C, a dibromide, mp 126
°C. Stobbe and Farber? left open the question whether the
lower melting solidified oil and the higher melting recrystal-
lized sample were isomers or were the same compound in
differing states of purity. The possibility of dimorphism does
not seem to have been considered. The only appreciable dif-
ference they noted was that the lower melting form was au-
toxidized much more rapidly than the higher melting form.
Dansi and Pasini,® who prepared their diindene with stronger
acid (48% sulfuric acid), argued that at least two isomers were
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present since their diindene, when crystallized from ethanol
or acetic acid, gave fractions having different and variable
melting points. Furthermore, they obtained two different
dibromides, mp 131-133 and 131-132 °C, and fractions of
intermediate and depressed melting points, which were re-
ported to be of different stability and formed in differing
yields depending on which sample of diindene they were de-
rived from. On the basis of this evidence they assigned
structure 2a to the lower melting diindene and suggested that
the higher melting form was probably structure 4. It should
R R

’cO
 QE

a,R=H;b,R=CH3

be noted, however, that 2a could give rise to two diastereo-
meric dibromides. One, the trans, would be the result of nor-
mal anti addition of bromine to the double bond, and the
other, the cis, could result from syn addition of bromine or
from epimerization of a bromine at the benzyl (1) or tertiary
(2) carbon atoms of the trans dibromide.

In the present work indene was refluxed with 1:1 water-85%
phosphoric acid according to the procedure of Weissgerber,?
giving diindene in 77% yield as a colorless blue fluorescent oil,
bp 158-161 °C (0.9 mm), which solidified on cooling to an
extremely hard white crystalline solid, mp 42-52 °C. Two
recrystallizations from acetic acid gave white needles, mp
59-60 °C. The NMR spectra of the two samples are the same,
indicating that they are dimorphs, except for an impurity peak
in the former at ¢ 0.98. Since the orientation of protonation
and carbocation attack on the 1H-indene double bond would
be expected to produce a benzyl cation, structure 2a is more
probable than 3a (or 4), a likelihood which was also recog-
nized® before the acceptance of carbonium ion theory. The
NMR spectra of diindene are consistent with structure 2a
since the indenyl vinyl proton and methylene group appear
as broad singlets (in carbon tetrachloride) at 6 6.53 (W12 =
3.5 Hz) and 3.21 (W5 = 3 Hz), respectively, rather than being
split by each other as would be expected for structures 3a or
4.

Dimerization of 3-methyl-1H -indene with phosphoric acid
under corresponding conditions gave a dimer as a light yellow
viscous oil, bp 162-166 °C (0.8 mm), n2*p 1.6088, having an
NMR spectrum {in carbon tetrachloride) consistent with the
corresponding structure 2b (rather than 3b) since there is no
vinyl proton peak and the 2,3-dihydroindenyl methyl peak
appears as a singlet at 6 1.52. The indenyl methyl absorption
at 0 1.66 appears as a triplet (J ~ 1.7 Hz), however, apparently
being involved in five-bond zigzag long range coupling” with
the indenyl methylene group, whose absorption at 6 3.24 ap-
pears as an incompletely resolved quartet (J = 1.7, W10 = 5.5
Hz).

The lower melting solidified form of diindene was markedly
triboluminescent;® when broken, struck, or scratched vigor-
ously it emitted flashes of blue light. The higher melting re-
crystallized form (white needles) was not triboluminescent
under the same conditions. The surface of solidified diindene
turns yellow on contact with air, apparently the result of au-
toxidation which can be retarded by storage in a brown bottle

© 1979 American Chemical Society



