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Reaction of 6-methylpentacyclo[5.3.0.025,039,048decan-anti- 6-o0l (10) with fluorosulfonic acid-sulfur dioxide
‘at —50° gave the ring-opened allylic 3-methyl-endo- tricyclo{5.2.1.026]deca-4,8-dien-3-yl cation (21). anti- 6-Chlo-
ropentacyclo[5.3.0.025.039,048]decane (14) was synthesized by a photochemical ring closure; attempts to prepare
the corresponding secondary cation 1 by the reaction of 14 with antimony pentafluoride or the reaction of the cor-
responding alcohol 8 with fluorosulfonic acid-antimony pentafluoride gave either decomposition products or the
protonated alcohol. Oxymercuration-reduction of 6-methylenepentacyclo[5.3.0.025.032,048]decane (11) gave the
alcohols, 6-methylpentacyclo[5.3.0.025,03°2, 048] decan-syn- 6-ol (9) and 10, in a 50:50 ratio. The acid-catalyzed ad-
dition of formic acid to olefin 11 and the acid-catalyzed equilibration of the formate 15 of the syn alcohol 9 at 27°
gave the formate 15 and the formate 16 of the anti alcohol 10 in a 61:39 ratio, respectively. The p-nitrobenzoates
20 and 19 of alcohol 9 and of 8-phenylpentacyclo[5.3.0.025.032,048]decan-6-0l (18), respectively, were prepared,
and a brief examination of their hydrolysis reactions was made. The relationship of these reactions to the problem

of the nature of 1,3-bishomocubyl cations is discussed.

Previous papers of this series have described our efforts
to determine the nature of the 1,3-bishomocubyl cation
which is involved in solvolytic and related reactions.l2
Stereochemical and kinetic data seem most consistent with
bridged ions, 3 and 5, in the secondary system, but the clas-
sical ion 1 has not been ruled out.%2
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The data on reactions which formally involve the tertiary
carbonium ion 2 also are ambiguous with respect to the
possible involvement of bridged ions such as 4 and 6.1.2d
This paper describes our attempts to observe, by nmr, the
secondary and tertiary 1,3-bishomocubyl cations in strong
acid media in an effort to gain additional insight into the
nature of these carbonium ions. Also reported are several
other reactions which relate to the same question.

Results

The stereospecific syntheses of the requisite alcohols 7-9

have been described previously.l:2&bd The anti tertiary al-
cohol 10 was obtained only in a 56:44 mixture with the syn
H OH
OH -

CH,; OH
OH CH. CH,

isomer 9 by epoxidation of the olefin 11 followed by hy-
dride reduction.l:2d The isomer 10 was obtained pure by
fractional crystallization.!

Attempts were made to take greater advantage of the
slight inherent steric preference for attack on the one-car-
bon bridge of the 1,3-bishomocubyl skeleton from the anti
directionl?? by using the large mercury atom in oxymer-
curation reactions. Oxymercuration of the olefin 11 fol-
lowed by sodium borohydride reduction proceeded to give a
50:50 mixture of the alcohols 9 and 10. The complete lack
of stereoselectivity does not necessarily indicate the ab-
sence of unbalanced steric effects in 11, but could indicate
a thermodynamic rather than kinetic distribution of prod-
ucts. The equilibrium distribution of alcohols 9 and 10 and
of 7 and 8 is 50:50.1:2b This thermodynamic distribution
probably arises by an equilibration of the initially formed
mercurinium ions, a reaction which is well documented.? It
has been shown, however, that in many cases oxymercura-
tion is highly stereoselective and that the effects of equili-
bration can be minimized by using very short reaction
times.* In our work reaction times as short as 1 min failed
to alter the ratio of isomeric alcohols. Apparently the equil-
ibration of the mercurinium ions is extremely fast. It was
suggested that an equilibration effect can be overcome by
carrying out the reaction in acetic acid.5 This method pre-
sumably causes an acetate ligand to be transferred directly
from mercury to carbon by an SNi-type process. Applica-
tion of this technique in our work also failed to alter the
isomer ratio. ‘

Treatment of either the syn or anti isomers 9 and 10 with
fluorosulfonic acid at —78° gave complex but identical nmr
spectra at —30° (see Experimental Section). When a sam-
ple of the syn hydroxy isomer 9 was treated with fluorosul-
fonic acid-sulfur dioxide at —78° the spectrum at —50° was
different (Figure 1). At —30° the spectrum was not the
same as that obtained at —30° in fluorosulfonic acid alone;
all the original absorptions had broadened. Lowering the
temperature did not regenerate the original spectrum.
When the sample was warmed to —10° the spectrum deter-
iorated rapidly, finally becoming a broad absorption at 4-1
ppm.

All attempts at preparation of the secondary penta-
cyclo[5.3.0.02:5.03.2.048]dec-6-y] cation 1 (or a characteriza-
ble derived ion) from the alcohol 8 were futile. Dissolution
of 8 in fluorosulfonic acid alone or in fluorosulfonic acid-
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Figure 1. Nmr spectrum of species derived from alcohol 9 in fluo-
rosulfonic acid-sulfur dioxide at —50°.

antimony pentafluoride in liquid sulfur dioxide at —78°
gave a very dark solution. The nmr spectra of these solu-
tions (—30°) and the alcohol 8 (in CDCl3) were very similar,
the main difference being that the proton of the carbinol
carbon (C-6) was shifted downfield by about 1.1 ppm in the
strong acid solutions. Ice water hydrolysis of the alcohol
8-acid mixture gave only the starting alcohol 8; none of the
epimeric syn alcohol 7 was detected.

Secondary cations have been generated by reaction of an
alkyl fluoride® or chloride, etc.,” with antimony pentafluo-
ride and observed by nmr spectroscopy. A halogenated de-
rivative of 1,3-bishomocubane was needed in order to at-
tempt the generation of the secondary cation 1 by reaction
of the halogenated derivative with antimony pentafluoride.
Attempts to replace the hydroxyl group of the alcohol 8
with a chlorine atom were unsuecessful.

The anti chloride 14 was prepared from the anti allylic
chloride 13 by photochemical ring closure.® The chloride 13
was synthesized by reaction of the anti allylic alcohol 12
with thionyl chloride in pyridine. The stereochemistry of

SOCl, hv, Corex
——————
pyridine Me,CO

(73%) (78%)

12
Cl
H
14

chlorides 13 and 14 was determined readily by nmr spec-
troscopy: 13 by comparison with 12 and the syn epimer of
12, and 14 by comparison with the corresponding alcohol 8,
its epimer 7, and other derivatives,2b.?

The product which resulted from the addition of anti-
pentacyclodecyl chloride (14) to antimony pentafluoride in
sulfur dioxide at —78° produced an nmr spectrum (at
—50°) which showed only a weak, broad, unresolved ab-
sorption at 5-1 ppm. Similar results were obtained with 14
in antimony pentafluoride-sulfur dioxide-sulfuryl fluoride
at —80°,

The authentic formate esters 15 and 16 were prepared
from the corresponding alcohols 9 and 10 by reaction with
acetic—formic anhydride. The p-toluenesulfonic acid cata-
lyzed addition of formic acid to the olefin 11 produced a
61:39 mixture of syn and anti formates 15 and 16, respec-
tively. However this product distribution apparently was
thermodynamically controlled; subjection of the syn for-
mate 15 to the reaction conditions also gave a 61:39 product
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(15:16) distribution. The olefin 11 was insoluble in formic
acid, thereby precluding an attempt at the homogeneous
uncatalyzed addition. Heating either the syn (9) or anti
(10) tertiary alcohol in refluxing formic acid (~100°) for 4
hr gave the same mixture of product formates (~35%) and
decomposition products. None or very little of the unrear-
ranged formates 15 and 16 was formed. The product mix-
ture appeared to consist mainly of rearranged secondary
formates, tentatively assigned as 1,4-bishomocubyl2? deriv-
atives.

CH,
HCO,H, TsOH
27°, 3 hr
(70%)
11
H, QCHO
OCHO CH,
+
15 16
61 39

Phenylmagnesium bromide and the ketone 17 gave a
mixture of phenylcarbinols, syn-18 and anti- 18. The exact

Ph OH
Y OH Ph
17 syn-18 anti-18
Ph CH,
PNB OPNB
syn-19 20

composition of this mixture could not be determined readi-
ly. It was apparent that one isomer predominated by at
least a 4:1 ratio as determined by comparing infrared and
nmr spectra of the crude reaction mixture and the purified
major isomer which was isolated easily by recrystallization.
The major isomer presumably was the syn hydroxy com-
pound syn- 18; this assignment was based on the analogy of
the methyl Grignard reaction, methyllithium addition, and
hydride reductions!-2b of the ketone 17.

The p-nitrobenzoate ester, presumably syn-19, of the
purified phenyl carbinol was prepared by a standard proce-
dure, as was the methyl-substituted derivative 20. The
phenyl-substituted p-nitrobenzoate 19 was relatively un-
reactive in 60% aqueous dioxane; at 85°, 80% was recovered
after 16 hr. At 115°, hydrolysis of 19 was nearly complete in
72 hr. The product (91%) was probably a mixture of the syn
and anti isomers of the phenyl carbinol 18 based on spec-
troscopic data. The spectra indicated a more nearly equal
distribution of the syn and anti isomers than was formed in
the Grignard reaction with the ketone 17. However, the
exact isomer distribution could not be determined. The
methyl-substituted p- nitrobenzoate 20 was resistant to sol-
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volysis in 60% aqueous dioxane at 100°. After 240 hr, 91%
of the starting ester was recovered.

Discussion

The low-temperature (—30 or —50°) pmr spectra which
were obtained after dissolving the tertiary alcohols 9 and 10
in fluorosulfonic acid are not consistent with the cation 2.
The low-field absorption at 9.7 ppm (—50°) is consistent
with a proton on a carbon atom which bears considerable
positive charge, but not a full positive charge.® The allylic
cation 21 is a possible structure for the species that pro-
duced the spectrum in Figure 1. The protons corresponding

CH,

+

Me Me

22

to those listed in Figure 1 are shown on the structure of 21.
For comparison purposes, the cyclopentenyl cation 22 in
96% sulfuric acid exhibited proton resonances at 7.62 ppm
for HA and 2.93 ppm for HB.10 Ion 21 must be regarded as a
tentative assignment for the species derived from alcohol 9
in fluorosulfonic acid-sulfur dioxide, since attempts to iso-
late a derived alcohol by hydrolysis with ice in liquid sulfur
dioxide® gave only a black, carbonaceous material. Ion 21
appears to be the simplest structure which is qualitatively
in accord with the nmr spectrum and is easily derivable
from the parent ion 2.

The magnitude of the chemical shift of the proton on the
carbinol carbon (C-6) of the secondary alcohol 8 in deuter-
iochloroform and fluorosulfonic acid is consistent with the
formation of a protonated alcohol. The signal for the pro-
ton on the hydroxyl-bearing carbon atom of isopropyl alco-
hol (Me;CHOH) appeared at 4.00 ppm!! in deuterated
chloroform solution, while in fluorosulfonic acid-antimony
pentafluoride-sulfur dioxide at —60° this proton
(MesCHOH,*) appeared at 5.5 ppm.!2 Similar results with
other alcohols have been observed by Olah and cowork-
ers.13 In general they found that primary and secondary al-
cohols reacted with fluorosulfonic acid-antimony pentaflu-
oride to give only the protonated alcohols!? or monosul-
fates.1® The only exceptions to this rule were exo- 2-norbor-
nanol and benzhydrol, both of which gave well-resolved
nmr spectra of the corresponding carbonium ions.!® In
these cases cations are formed presumably because they are
stable.

Acetolysis of the tosylates 23 and 25 gave 63-75 and 25—
37% of the acetates 24 and 26, respectively.1,2d The differ-

CH, 0X

0X CH, /

23, X =Ts
24 X =Ac

25, X=Ts 27
26, X = Ac
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ence in behavior of the cationic species generated by the
acetolyses of these tosylates at 45° and the reaction of the
alcohol 9 in fluorosulfonic acid-sulfur dioxide at —50° is at-
tributed mainly to the much longer lifetime of the ion gen-
erated by the latter route. In the solvolyses the ion’s life-
time is too short to allow appreciable ring opening to occur.
The driving force for the ring opening probably is relief of
strain in the pentacyclic ring system (16.4 kcal/mol for the
hypothetical 17 — 27 process!4).

The p-toluenesulfonic acid catalyzed addition of acetic
acid to the olefin 11 at ~25° gave a 68:32 mixture of acet-
ates 24 and 26, respectively.! The addition of formic acid to
the olefin 11 was of interest, since one would predict the in-
termediate cation’s positive charge to be more localized in
this more polar medium than in acetic acid. If we assume,
for example, that a single cation is involved in the acetic
acid addition reaction, and that this cation has structure 4
in which 2 is the major resonance contributor and a local-
ized secondary cation is the minor contributor, then the
structure of the cation involved in the formic acid addition
reaction should be more nearly like 2 with less contribution
from' the secondary resonance form. This prediction is
based on the higher solvation energy associated with a lo-
calized positive charge as in 2 when compared with the
more diffuse positive charge in a bridged ion15 such as 4 (or
6). Thus one might predict a syn:anti formate ratio (15:16)
that was closer to 20:80 than to the 68:32 ratio observed for
the acetates 24 and 26. The 20:80 ratio was that observed

"for the syn and anti attack on the ketone 17 by metal hy-

drides and organometallic reagents.l-2b In addition the tos-
ylate anion should have less effect (less ion pairing) in for-
mic acid, which is a more highly ionizing medium than is
acetic acid. However, the 61:39 ratio of syn (15) to anti (16)
formates, obtained from the addition of formic acid to the
olefin 11 in the presence of p-toluenesulfonic acid at 27°,
apparently is the equilibrium ratio of the two formates.
Treatment of the authentic syn formate 15 under the same
reaction conditions gave the same mixture of formates.
Since the kinetic product distribution from the formic
acid-olefin 11 reaction was not determined, nothing can be
said about the character of the presumed cationic interme-
diate 2, 4, or 6 in this reaction. Interestingly the corre-
sponding tertiary acetate esters 24 and 26 were stable at
45° in acetic acid which contained 1 equiv of p-toluenesul-
fonic acid. The mechanism for isomerization of the for-
mates 15 and 16 probably involves protonation followed by
the loss of formic acid, and reversal of these processes. The
reasons for the isomerization in formic acid and the stabili-
ty of the acetates 24 and 26 in acetic acid are probably the
greater protonating ability of the p-toluenesulfonic acid-
formic acid mixture and the higher dielectric constant of
formic acid compared with acetic acid (58.5 vs. 6.1518), The
formation of charged intermediates, such as 2 and the pro-
tonated esters, would be lower energy processes in the
higher dielectric medium.

Experimental Section

General. Melting points were taken in capillary tubes and were
uncorrected. Boiling points were uncorrected. Infrared spectra
were obtained by Mr. F. L. Beman and coworkers with a Perkin-
Elmer 337 grating infrared spectrophotometer. Nmr spectra were
obtained by Mr. Beman and coworkers with a Varian A-60 analyti-
cal spectrometer operating at 60 MHz. All chemical shifts (§) are
relative to internal tetramethylsilane (positive when downfield
from the reference). Mass spectral analyses were carried out by Dr.
L. A. Shadoff and coworkers with a magnetically scanning 90° sec-
tor spectrometer, an electron ionizing voltage of 75 eV, and a sam-
ple inlet temperature of 200°. High-resolution mass spectra were
obtained with a CEC 21-110B spectrometer that had a variable-
temperature direct probe sample introduction system. Gas chro-
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matographic analyses were carried out with a F and M 500 temper-
ature-programmed gas chromatograph. Elemental analyses were
determined by Mr. R. B, Nunemaker and coworkers.

Oxymercuration of 6-Methylenepentacyclo[5.3.-
0.025,03%,048]decane (11). A. In Water. The olefin 11! (18.7 g,
0.13 mol) was added dropwise over a period of 5 min to a stirred
solution of mercuric acetate (41.5 g, 0.13 mol) in 130 ml of water
and 130 ml of tetrahydrofuran which was cooled in an ice bath.
The clear solution was stirred for an additional 5 min, and 130 ml.
of 3 M sodium hydroxide solution followed by 130 ml of a solution
3 M in sodium hydroxide and 0.5 M in sodium borohydride were
added at a rate sufficient to maintain the temperature below 25°.
The solution was stirred for another 10 min and saturated with so-
dium chloride. The organic layer was separated and dried
(Na2S0y). The tetrahydrofuran was removed under vacuum to
give 19.5 g (93%) of a 50:50 mixture (by nmrl) of syn and anti alco-
hols 9 and 10. Control experiments carried out on a small scale (10
mmol of olefin and 10 mmol of mercuric acetate) utilizing shorter
total reaction times (5, 1 min) gave consistently good yields
(>90%), but did not change the ratio of isomeric alcohols.

B. In Acetic Acid. To a stirred solution of mercuric acetate
(1.75 g, 5.5 mmol) in 15 ml of acetic acid was added the olefin 11
(0.72 g, 5.0 mmol). The mixture was stirred for 5 min and poured
into 125 ml of 5.6 M sodium hydroxide solution. The temperature
rose to 60-70° and was maintained at this temperature for 15 min.
Ten milliliters of a solution 3 M in sodium hydroxide and 0.5 M in
sodium horohydride was added. The solution was stirred for an ad-
ditional 5 min, cooled, extracted with ether, and dried (Na;SQy).
The solvent was removed under vacuum to give 0.6 g of a waxy
solid. Nmr analysis of the product indicated that it consisted of a
mixture of syn and anti alcohols (~67%) 9 and 10 (~50:50) and
unhydrolyzed syn and anti acetates (~33%) 24 and 26 (~50:50).

Low-Temperature Nmr Spectra of -syn- (9) and 6-Methyl-
pentacyclo[5.3.0.025,03.2,048]decan-anti-6-o0l (10) in Fluorosul-
fonic Acid. These spectra were obtained by adding concentrated
solutions (~0.1 g/0.1 ml) of the alcohol! in chloroform to ~1 ml of
fluorosulfonic acid at —7°. The small amount of chloroform was
used as an internal reference!? at 7.27 ppm. Both syn (9) and anti
(10) aleohols gave identical spectra at —30°; a singlet at 9.83 (1 H),
a doublet at 8.07 (1 H, J = 5 Hz), a broad absorption at 5.37 (1 H),
singlets at 3.67 (1 H), 3.27 (3 H), 2.97 (1 H), and 2.79 (1 H), a broad
singlet at 2.28 (2 H), and two doublets centered at 1.48 (1 H) and
0.64 ppm (1 H) (J = 12 Hz). Areas of these peaks could be deter-
mined only approximately, since some decomposition caused
broad absorption at 4-1 ppm. As the temperature of these solu-
tions was raised to —10° the spectra quickly degenerated into low-

~ lying broad absorption between 4 and 1 ppm. The original spectra
were not regenerated as the temperature was lowered again.

A different spectrum was obtained when the syn alcohol 9 was
dissolved in FSO3H-SO; at —78°, and the spectrum was recorded
at —50° (Figure 1). The solution was warmed to —30°; the spec-
trum degenerated, but did not revert to the spectrum obtained
originally at —30° in FSO3H alone. When the solution was warmed
to —10°, the spectrum decayed to a broad absorption between 4
and 1 ppm, and did not sharpen when the solution was cooled.

When the acid—cation solution at —=50° was hydrolyzed accord-
ing to the procedure of Olah and coworkers,® by pouring the solu-
tion into ice-SQy at —78°, only an ether-insoluble, carbonaceous
tar was formed.

Low-Temperature Nmr Spectra of anti-Pentacy-
clo[5.3.0.025,039,048]decan-6-01 (8) in Fluorosulfonic Acid.
This spectrum was obtained by adding ~1 ml of fluorosulfonic acid
at —78° to 0.1 g of the alcohol 820 at —78°, The solid alcohol dis-
solved very slowly when the mixture was shaken. A small amount
(~10 mg) of tetramethylammonium fluoroborate was added as an
internal reference (3.1 ppmi”). The spectrum was obtained at ~30°
and consisted of a singlet at 5.4 (1 H), overlapping multiplets at 3.0
and 2.9 (8 H), and two unsymmetrical doublets centered at 1.8 and
1.4 ppm (1 H each, J ~ 12 Hz). The spectrum quickly degenerat-
ed when the sample was warmed to —10°,

A good spectrum was also obtained in antimony pentafluoride—
fluorosulfonic acid-sulfur dioxide. In this case a mixture of 1.1 ml
(15 mmol) of fluorosulfonic acid and 0.5 ml (7 mmol) of antimony
pentafluoride was cooled to —~20° with stirring. Approximately 10
ml of sulfur dioxide was condensed into this mixture, which was
then cooled to —78°. The alcohol 8 (1.5 g, 10 mmol) was added
slowly to the stirred solution as a solid. After the mixture was
stirred at —78° for 1 hr, most of the solid had dissolved. The nmr
spectra at —50 to —10° were identical with the one obtained above
but did not degenerate at —10° in a period of 15 min. The total
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acid-SbF-alcohol solution was poured onto ~200 g of ice. The
main product was an ether-insoluble green solid. The soluble por-
tion was taken up in ether, washed with water, and dried. Evapora-
tion of the solvent and sublimation of the residue afforded 0.25 g
(17%) of alcohol. Analysis by nmr indicated only the starting iso-
mer 8.

endo,anti-5-Chloretricyclo[5.2.1.028]deca-3,8-diene (13).
Thionyl chloride (15.6 g, 0.13 mol) was added to a stirred solution
of endo,anti-tricyclo[5.2.1.0%6]deca-4,8-dien-3-0l (12)18 (16.0 g,
0.11 mol) in 300 ml of dry ether, and the solution was stirred at
~25° for 15 min. No apparent reaction ensued. Pyridine (25 ml,
0.31 mol) was added dropwise to the mixture with immediate for-
mation of the hydrochloride salt. After the mixture was stirred at
~25° for 1 hr, enough water (100 ml) was added to dissolve all the
solids, and the ether layer was separated and washed with water.
Drying, evaporating, and distilling the residue afforded 13.2 g
(73%) of the allylic chloride 13: bp 60—64° (1 mm); n2%D 1.5324;
Vmax (neat) 3070 (m, =CH), 2970 (s), 2910 (m) and 2875 (m) (CH),
1615 (w, cyclopentenyl C=C), 1580 (w, norbornenyl C=C), 1345
(8), 772 (s), 726 cm™! (s, cis-CH=CH-); nmr spectrum (CCly) a
multiplet at 6.3-5.4 with an intense singlet at 5.90 and another
maximum at 5.59 (4.0 H, HA), a multiplet at 4.33-4.15 with a maxi-

mum at 4.25 (HB, 0.9 H), a multiplet at 3.6-3.2 with maximum in-
tensity at 4.41 (1.0 H, HC or HP), a multiplet at 8.3-2.7 with an in-
tense maximum at 3.07 and a weaker maximum at 2.85 (3.1 H, HP
or HC, HE, HF), and two slightly overlapping unsymmetrical dou-
blets of triplets centered at 1.59 (HG, Jgu = 8.2, Jrgre = 1.6 Hz)
and 1.36 ppm (HY, Jgu = 8.1, Jerx = 1.2 Hz) (2.0 H total); mass
spectrum m/e 66 (CsHg*), 115 (M+ — HCl, CH3), 128 (M* — HCI,
H,), 129 (M* —~ HC], H), 130 (M+* — HCI), 131 (M* — Cl), 166 and
168 (M™).

Anal. Caled for C10H11Cl: nuclidic mass, 166.0549, Found: nucli-
dic mass, 166.0531.

The chloro compound 13 was unstable and turned dark in a few
days.

anti-6-Chloropentacyclo[5.3.0.025,039 048]decane (14). A so-
Iution of 10.0 g (60 mmol) of the allylic chloride 13 in 150 m] of dis-
tilled acetone was purged with oxygen-free nitrogen for 2 hr. This
solution was irradiated through a Corex filter with a 450-W Hano-
via medium-pressure mercury arc lamp in an immersion reactor.
The progress of the reaction was followed by gc analysis on a 10 ft
X 0.25 in. column packed with 20% Apiezon L on Chromosorb
WAW at 225° with a helium flow of 40 ml/min. The product chlo-
ride 14 had a retention time of 11.0 min, and the starting material
13 eluted at 9.5 min. After 4 hr there was greater than 99% reac-
tion, and the irradiation was stopped. The solvent was removed
under vacuum, leaving ~10 g of a brown oil. Distillation of the resi-
due afforded 7.8 g (78%) of a slightly yellow, partly crystalline oil:
bp 58-60° (0.5 mm); n20D 1.5351; vmax (neat) 2980 (s} and 2870
(m) (CH), 1290 (s), 1265 (s), 790 (s), 750 cm™! (s); nmr spectrum
(CCly) a singlet at 4.20 (0.9 H, HA), a multiplet at 3.3-2.1 with

al
HA

H,?

HP” *HC 14

maxima at 2.80 and 2.62 (8.0 H, HB), an unsymmetrical doublet at
1.69 (1.0 H, HS, Jep = 11.1 Hz), and an unsymmetrical doublet
centered at 1.27 ppm (1.1 H, HP, Jop = 10.9 Hz); mass spectrum
mfe 38 (CsHyt), 51 (C4Hst), 68 (CsHg™), 77 (CeHs™), 91 (C7H7™),
100 and 102 (C;HsCl*), 115 (M* — HC], CHj), 116 (M* — HCI,
CHy), 128 (M* — HCI, Hy), 129 (M*+ — HCI, H), 130 (M*+ — HCI),
131 (M* = Cl), 166 and 168 (M*).
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Anal. Caled. for CyoHy;:Cl: C, 72.06; H, 6.67; nuclidic mass,
166.0549. Found: C, 72.4; H, 6.94; nuclidic mass, 166.0536.

Low-Temperature Nmr Spectra of Chloride 14 in Antimony
Pentafluoride. A solution was made up from 2 ml of sulfur diox-
ide and 0.2 ml of antimony pentafluoride at —78°. To this stirred
solution at —78°, 0.2 ml of chloride 14 was added slowly as a fine
spray from a syringe. The dark red solution was stirred at —78° for
15 min and transferred quickly via a cold pipette to an nmr tube at

—178°. The nmr spectrum was run at —50°; one low-intensity ab- '

sorption band from ~5 to 1 ppm was observed. Because no refer-
ence material was present the position of this band is accurate to
no more than 1 ppm.

Essentially the same results were obtained when the spectrum
was obtained at —80°. Here the solvent consisted of a ~50:50 mix-
ture of sulfur dioxide and sulfuryl fluoride. Approximately the
same quantities of acid, solvent, and halide were used; the same
type of spectrum was obtained.

6-Methylpentacyclo[5.3.0.025,039,048]dec-syn-6-yl Formate
(15). A solution of acetic-formic anhydride in acetic acid was pre-
pared according to the procedure of Stevens and van Es.19 The
acetic—formic anhydride solution (0.75 ml, 5.6 mmol) was added
dropwise to the stirred syn alcohol 9! (94% pure, 6% 10) (150.5 mg,
0.928 mmol) at 0-5° over a period of ~5 min. The resulting solu-
tion was stirred at 0-5° for another 10 min and then at 24-25° for
7 days. The light yellow solution was poured into a solution of 100
ml of water and 50 ml of 5% aqueous sodium bicarbonate solution.
The aqueous mixture was extracted with methylene chloride (4 X
15 ml), and the organic extract was washed with water (2 X 30 ml).
After being dried (CaSOy), the methylene chloride was evaporated
under vacuum to give 136.1 mg (77%) of the syn formate 15 (94%
pure by nmr, 6% 16) as a yellow oil: vya, (neat) 2970 (s) and 2860
(m) (CH), 2740 (w, COH), 1725 (s, C=0), 1450 (m) and 1375 (m)
(CH3), 1172 (s, CO), 825 cm~?! (m); nmr spectrum (CDCls) a singlet
at 8.06 (1.0 H, HA), a multiplet at 3.04-2.54 with maxima at 2.81

cHF
OCH*0

HE

B > HB//
H HD’ HC

15

and 2.71 (7.9 H, HB), two unsymmetrical doublets of triplets cen-
tered at 1.66 (HC, Jeop = 11.3, Jecpc = 1.1 Hz) and 1.35 (4D,
Jepep = 1.1 Hz) (2.1 H total), and a singlet at 1.27 ppm (3.0 H,
HE); mass spectrum of mixture of formates 15 and 16 given later.
6-Methylpentacyclo[5.3.0.025,039,048]dec-anti -6-yl Formate
(16). As described in the preceding experiment, the acetic—formic
anhydride solution (0.29 ml, 2.2 mmol) was allowed to react with
the anti alcohol 10! (97% pure, 3% 9) (58.3 mg, 0.359 mmol). Work-
up as above gave 38.8 mg (57%) of the anti formate 16 (96% pure
by nmr, 4% 15) as a colorless oil: ypa, (neat) 2975 (s) and 2860 (m)
(CH), 2740 (w, COH), 1725 (s, C==0), 1450 (m) and 1380 (m)
(CH3),1172 (s,C0), 942 cm~* (m); nmr spectrum (CDCl3) a singlet
at 7.91 (1.0 H, HA), a multiplet at 3.00-2.50 with maxima at 2.82

OCH*0

16

and 2.73 (7.7 H, HB), an unsymmetrical doublet centered at 1.66
(H€) overlapping a singlet at 1.56 (HD) (4.3 H total), and an un-
symmetrical doublet centered at 1.31 ppm (1.0 H, HE, Jog = 11.2
Hz).

p-Toluenesulfonic Acid Catalyzed Addition of Formic Acid
to Olefin 11. To the olefin 11 (144.1 mg, 0.999 mmol) was added
7.0 ml of formic acid (97+%); the olefin appeared to be largely in-
soluble. p-Toluenesulfonic acid monohydrate (189.5 mg, 0.996
mmol) was added; after the mixture was shaken at ~25° for several
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minutes the olefin dissolved (0.143 M olefin 11, 0.142 M p-tolu-
enesulfonic acid). The solution was maintained at 27 & 1° for 3 hr.

‘The solution turned pale green almost immediately, and became

gradually darker as the reaction progressed. At the end of 3 hr the
dark blue-green solution was poured into 100 ml of cold water. The
aqueous mixture was extracted with methylene chloride (5 X 10
ml), and the combined extracts were washed with 20 ml of 5%
aqueous sodium bicarbonate solution and 35 ml of water. After
being dried (CaSOy), the methylene chloride was evaporated under
vacuum to give 132.2 mg (70%) of a mixture of formates 15 and 16
as a nearly colorless oil. Nmr analysis indicated a composition of
61 £ 1% syn formate 15 and 39 £ 1% anti formate 16 (by electronic
integration and planimeter area measurements of the formate pro-
ton singlets). The remainder of the nmr spectrum and the infrared
spectrum also were consistent with this composition. The mass
spectrum showed significant ion peaks at m/e: (probably structure
assignment of ion, and order of intensity, most intense = 1, etc.,
given): 43, CH3CO™*, 5; 66, CsHg™, 2; 77, CgHs™, 11; 78, CsHg*, 10;
79, CsH30* or CgHy*, 9; 91, C;H*, 7; 95, CsH4(CH;3)0O™, 8; 96,
C;H4«(CH3)OH™, 1; 124, CsH4(CH3)OCHO™, 4; 129, C10Hg*, 3; 144,
M+ ~ HCOH, 6; 145, M* ~ OCHO, 12; 145, M* — CHj3, CO, very
weak; 162, M+ — CO, very weak; 175, M+ — CHj, very weak; 190,
M+, ~0.2% of base peak.

p~Toluenesulfonic Acid Catalyzed Isomerization of For-
mate 15. A 0.147 M solution of p-toluenesulfonic acid in formic
acid was prepared by dissolving p-toluenesulfonic acid monohy-
drate (278.8 mg, 1.466 mmol) in 10.0 ml of 97+% formic acid. A so-
lution of the syn formate 15 (94% pure, 6% 16) (136.1 mg, 0.715
mmol) in 5.0 ml of the 0.147 M p-toluenesulfonic acid solution in
formic acid (0.143 M 15) turned green within a few minutes, and
was maintained at 27 & 1° for 3 hr. The deep blue-green solution
was worked up as in the preceding experiment to give 70.2 mg
(52%) of a 61 % 2:39 + 2 mixture of formates 15 and 16, respective-
ly.
6-Phenylpentacyclo[5.3.0.02:5,032,048]decan~6-0l (18). Phen-
ylmagnesium bromide was prepared by the addition of 10.7 g (68.4
mmol) of bromobenzene in 20 ml of ether to 1.82 g (75 g-atoms) of
maghesium turnings under a nitrogen atmosphere. After the reac-
tion started an additional 25 ml of ether was added; the solution
refluxed spontaneously for 20 min. To this solution was added a
solution of 5.00 g (34.2 mmol) of the ketone 17 in 30 ml of ether,
and the solution was refluxed for an additional 2 hr. A few millili-
ters of water was added, and the mixture was poured into 100 ml of
20% aqueous ammonium chloride solution. The organic layer was
separated, washed with water (3 X 100 ml), and dried (NaySO4).
The solvent was removed under vacuum to give 7.2 g of crude
product. After four recrystallizations from hexane, the white crys-
tals of 18 had constant mp 96-98°; yp.x (CCly) 3615 (m, free OH),
3450 (m, br, bonded OH}, 3070 (m) and 3035 (m} (=CH), 2980 (s)
and 2860 (m) (CH), 1505 (m) and 1455 cm™! (m) (C=C); vmax
(CSq) 766 (s), 761 (s), and 695 cm~! (s) (Ph); nmr spectrum
(CDCls) a singlet at 7.30 with minor multiplet bands at 7.56-7.1 (5.0

CHA

18

H, H#), a multiplet at 3.4-3.1 with maximum intensity at 3.25 (1.0
H, one of HB protons), a multiplet at 3.1-2.3 with maxima at 2.91
and 2.58 (6.9 H, seven of HB protons), a singlet at 1.98 (1.0 H, HS),
an unsymmetrical doublet centered at 1.72 with further ill-defined
splitting (1.0 H, HP, Jpg = 11.6 Hz), and an unsymmetrical dou-
blet centered at 1.42 ppm (1.0 H, HE); mass spectrum m/e 66
(weak, CzHg%), 91 (C;H7*), 105 (base peak, PhCO*), 119
(PhC3H20),158 (M* — CsHg), 206 (M* — H20), 209 (M* ~ CHs),
224 (M*).

Anal. Caled for C1gH160: C, 85.67; H, 7.19; mol wt, 224. Found:
C, 85.73; H, 7.24; mol wt, 224 (mass spectrometry).

Comparison of the nmr and infrared spectra of the crude reac-
tion mixture with those of the purified material 18 indicated the
crude product to contain at least 80% of the isomer which was iso-
lated in purified form (presumably the syn OH); the remainder
may have been the epimer.
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6-Phenylpentacyclo[5.3.0.02:5,039,048]dec-6-yl p-Nitroben-
zoate (19). To a solution of 1.50 g (6.7 mmol) of the alcohol 18 in
40 ml of pyridine was added 1.37 g (7.4 mmol) of p-nitrobenzoyl
chloride. The solution was stirred at ~25° for 48 hr. The solution
was poured into 200 ml of water and extracted with methylene
chloride (4 X 25 ml). The combined extracts were washed with
water (2 X 10 ml), 0.1 N hydrochloric acid (100 ml), and again with
water. The solution was dried (NazS0Qy), and the solvent was evap-
orated to yield 2.4 g of yellow solid. Recrystallization from metha-
nol-ethanol afforded 2.2 g (88%) of crystals of 19: mp 139.5-141.5°;
vmax (CCly) 3070 (m) and 3040 (m) (=CH), 2985 (s) and 2870 (m)
(CH), 1730 (s, C=0), 1620 {m, C=C), 1535 (s, NO3), 1505 (m) and
1455 (m) (C==C), 1360 cm™! (m, NOg); vmax (CS2) 1275 (s, CO), 720
(s), 698 cm™1! (s, Ph); nmr spectrum (CDCls) a singlet at 8.20 (4.0
H, HA), a multiplet at 7.6-7.1 with maximum intensity at 7.33 (5.0

A A
C.HSE H H

0Co NO,
H,C

HE" ¥yP
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H, HB), a multiplet at 3.8-3.5 with maximum intensity at 3.62 (1.0
H, one of HC protons), a multiplet at 3.5-3.3 with maximum inten-
sity at 3.40 (1.0 H, one of HC protons), a multiplet at 3.3-2.4 with
maxima at 3.11, 2.84, and 2.63 (6.0 H, six H® protons), an unsym-
metrical doublet centered at 1.78 (1.0 H, HP, Jpg = 11.3 Hz), and
an unsymmetrical doublet centered at 1.44 ppm (1.0 H, HE, Jpgp =
11.4 Hz); mass spectrum m/e 77 (C¢Hs™), 150 (0aNCgH,CO™), 206
(M* — O9NCgH,CO:H), 223 (M+ — 0:NCgH,CO), 307 (M+ -
CsHg), 373 (M"') ’

Anal. Caled for CosH19NOy4: C, 73.98; H, 5.13; N, 3.75; mol wt,
378. Found: C, 74.06; H, 5.08; N, 3.86; mol wt, 373 (mass spectrom-
etry).

6-Methylpentacyclof5.3.0.025.03°,048]dec-syn -6-yl p-Nitro-
benzoate (20). To a solution of 1.50 g (9.25 mmol) of the syn alco-
hol 9124 in 10 ml of ether and 1 ml of pyridine was added 1.86 g (10
mmol) of p-nitrobenzoyl chloride. The solution was stirred for 48
hr at ~25°. Ether (50 ml) was added and the solution was washed
with water (3 X 50 ml). After being dried (NasS0O,), evaporation of
the solvent afforded 2.75 g of yellow solid. Recrystallization from
methonol gave 2.2 g (77%) of pale yellow crystals of 20: mp 110-
112°; ymax (CCly) 2980 (s) and 2870 (m) (CH), 1730 (s, C==0), 1620
(m, C=C), 1535 (s, NO3), 1455 (m) and 1385 (m) (CHj3), 1360 cm—!
(m, NOg); rmax (CS2) 1283 (s) and 1276 cm~? (s) (CO); nmr spec-
trum (CDClg) a singlet at 8.26 (3.9 H, HA), a multiplet at 3.2-2.6

HA

NO,

with maximum intensity at 2.81 (8.0 H, HB), an unsymmetrical
doublet centered at 1.69 (1.1 H, HC, Jcg = 11.2 Hz), and an in-
tense singlet at 1.40 (HP) partially overlapping the stronger low-
field branch of an unsymmetrical doublet centered at 1.36 ppm
(HE) (4.0 H total); mass spectrum m/e 129 (M*+ — CHs, OsN-
CeH4COgH), 144 (M* ~ O2NCgH,CO,H), 150 (02NCgH4CO™), 161
(M* — 03NCgH,CO), 245 (M* — C5Hg), 311 (M™).

Anal. Caled for C1gH7NOy: C, 69.44; H, 5.50; N, 4.50; mol wt,
311. Found: C, 69.17; H, 5.48; N, 4.62; mol wt, 311 (mass spectrom-
etry). :

Hydrolysis of Phenyl p-Nitrobenzoate 19. A. At 115°. A solu-
tion of 0.748 g (2.0 mmol) of the ester 19 in 80 ml of a 60% dioxane—
40% water (by volume) mixture (0.025 M 19) was placed in & glass
pressure bottle, heated to reflux, sealed, and heated at 115 + 5° for
72 hr. The solution was cooled, and the solvent was removed under
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vacuum. The residual orange solid was dissolved in 50 ml of ether,
washed successively with 50 ml of a 5% sodium bicarbonate solu-
tion and 50 ml of water, and dried (NasSQO,). Evaporation of the
ether afforded 0.42 g (91%) of an orange oil. The infrared spectrum
was identical with that of the purified alcohol 18 except for some
very weak bands in the fingerprint region. The nmr spectrum also
was quite similar to that of the alcohol 18 except that the aromatic
proton absorption was a multiplet and the methylene region was
quite complex. These data indicate that the proc  >robably is a
mixture of syn and anti isomers of 18.

B. At 85°. The reaction in part A was duplicated except that the
solution was heated at 85 £ 1° for 16 hr. The solution was cooled,
and the solvent was removed under vacuum to give a pale yellow
solid. This solid was dissolved in methylene chloride, and the solu-
tion was washed successively with water, sodium bicarbonate solu-
tion, and water. After being dried, the methylene chloride was
evaporated under vacuum to give 0.60 g (80% recovery) of a white
solid, which was identified as the starting ester by its infrared and
nmr spectra. No significant amount of other products could be de-
tected from the spectra.

Attempted Hydrolysis of Methyl syn-p-Nitrobenzoate 20. A
solution of 0.934 g (3.0 mmol) of the ester 20 in 60 ml of a 60% di-
oxane-40% water (by volume) mixture (0.05 M 20) was placed in a
glass pressure bottle, heated to reflux, sealed, and heated at 100 +
5°. After 240 hr the reaction mixture was cooled, and the solvent
was removed under vacuum. The residual yellow solid was dis-
solved in 50 ml of ether, washed with 5% sodium bicarbonate solu-
tion, and dried (NagsSOy4). Evaporation of the ether afforded 0.85 g
(91%) of yellow crystals. The infrared and nmr spectra were identi-
cal with those of the starting material. There was no evidence for
the presence of any hydrolysis products.
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