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The title ketone was brominated to afford equatorial and axial 2-bromo ketones 6 and 7, respectively, as well as
the axial,axial 2,4-dibromo ketone 8. Chlorination results were similar, Preparative routes to the individual brom-
inated products were developed. The spectral characteristics of 6, 7, and 8 were quite like those of the nonbenzo
analogs. The Favorskii reaction of either bromo ketone led to ring contraction and to the formation of the epimer-
ic methyl benzonorbornene-2-carboxylates in good yield. The composition of the ester product did not depend
significantly upon the reactant used but it did depend upon the solvent employed. The more polar solvent metha-
nol (sodium methoxide was the base) largely favored the exo ester (exo:endo 80:20), whereas the less polar solvent
glyme (same base) allowed an increase in the endo ester (exo:endo 58.5:41.5). The results are rationalized in terms
of a cyclopropanone-mediated pathway from the bromo ketones to the esters. Subsequent base-catalyzed epimer-
ization of the esters (solvent dependent) to the observed mixtures limited definitive conclusions about the Favor-

skii process.

Although monocyclic ring contraction by means of the
Favorskii reaction is well known, such contraction in bicy-
clic molecules is less common.? In particular, this conver-
sion in common bicyclic systems seems limited to bridge-
head bromo ketones.3 As part of a general program in ben-
zonorbornene chemistry, it was of interest to investigate
the reaction shown in eq 1.* Aside from the immediate
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question about the feasibility of reaction 1, two other spe-
cific points seemed worthwhile for investigation. First,
would epimeric halo ketones yield epimerically related
products, i.e., is reaction (1) stereospecific?® Second, could
the solvent effect noted in earlier Favorskii reactions’ be
used to enhance the production of the endo 2-substituted
product in eq 1—a type of compound generally less avail-
able than its exo counterpart?
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Results

Benzo[6,7]bicyclo[3.2.1]oct-6-en-3-one (4) was prepared
by the method of Lansbury and Nienhouse,? as shown in eq
2. The yields for the sequence were considerably below
those reported. Moreover, in our preparations, the (chlo-
roallyl)indene 2 accompanied the reported product 1, mak-
ing the separation of these isomers an additional complica-
tion.? Another isomeric possibility, compound 5, was ab-
sent on the basis of both NMR and uv data.

CHCCl=CH,

5

Bromination of 4 under most conditions tried led to
product mixtures of the equatorial 2-bromo ketone 6, the
axial 2-bromo ketone 7, and the axial,axial 2,4-dibromo ke-
tone 8, shown in eq 3. N-Bromosuccinimide (NBS) was
more selective, however, and its use constituted a good
route to 7. Some results are given in Table I.
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Chlorination of 4 was less satisfactory but quite analo-
gous to bromination. When sulfuryl chloride was used, the
axial,axial dichloro ketone (8-Cl) was isolable. Only crude
samples of the axial chloro ketone 7-Cl were obtained, and
evidence for the equatorial isomer 6-Cl was indirect. Use of
N-chlorosuccinimide appeared to favor 7-Cl.

The structure proofs for the bromo ketones 6-8 rest en-
tirely upon their spectra. As may be seen in Table II, these
bromo ketones were easily identified, nonetheless, because
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Table
Bromination of Benzobicyclooctenone 4
Products, %

Study Reactants Conditions 6 7 8

a 4 + Br, HOAc, 20° 10-20 3040 3040

b 4 + Br, HOAc, NaOAc, 20° Trace 40-50 40-50

c 4 + PhN(CH,);"Bry THF, 20° Trace Trace 40-50

d 4 + NBS + Bz,0, ccl, e Trace 90-98 Trace

Table II
Selected Spectral Characteristics of Bromo Ketones®
Mmax (n,r*), am (€) uc=o,bcm'1 Jy Hz
Ketones e~CgH1 2 CH3CN CHCl3 CH3CN ﬁH-ZC 1,2 2, anti-8

4 288 (30) 1704 2.38 (m)
4a 280 (19) 1711
6 285 (29) 283 (32) 17217 1728 4.93 (d) 3.6 0
8a 284 (33) 1738 (4.93) 3. 0
" 315 (188) 308 (172) 1720 1718 4,28 (m) 3.2 1.6
Ta 315 (105) 313 (96) 1715 1715 (4.22) 3.0 2.0
8 335 (105) 332 (236) 1722 1722 4.28 (dd): 3.2 2.2
8a 342 (195) 341 (190) 1725 1722 (4.28) 8.0 1.

@ Ketone 4a is bicyclo[3.2..1]octan-3-one. Ketones 6a-8a are its bromo derivatives related to 6-8. Data for the ketones 4a and 6a-8a are
taken from ref 10b, ® Ca. 3% solutions in the given solvent, ¢ CDCl; solvent. The values in parentheses are the observed values (ref 10b) +
0.25, an increment added to adjust these values taken in CClg solvent to the CDClg values.

their spectra closely resembled those of their nonbenzo an-
alogs.10

As Table I indicates, the axial bromo ketone 7 was best
synthesized using NBS, The dibromo ketone 8 was best ob-
tained using phenyltrimethylammonium tribromide. The
equatorial bromo ketone 6 was not easily producible from
ketone 4, however. Rather, epimerization of 7 with hydro-
gen bromide in acetic acid was employed. A mixture of 6
and 7 in a ca. 1:2 ratio was produced in this way. Separa-
tion by chromatography on silica gel then gave pure 6. Ep-
imerization of 7 to 6 with lithium bromide in acetone was
unsuccessful. Characterization of 6 and 7 by their 2,4.DNP
derivatives was complicated. Bromo ketone 6 afforded a
product containing bromine, Amax (CHCls) 357 nm (log ¢
4.35), which analyzed correctly for 6 2,4-DNP. Thin layer
chromatography showed that it was a mixture of two major
and a number of minor components, however. Bromo ke-
tone 7 produced an axial 2-ethoxy ketone 2,4-DNP deriva-
tive, Amax (CHCls) 359 nm (log ¢ 4.36).

Application of the Favorskii reaction on pure 8 or 7,
using sodium methoxide as the base, gave benzonorbornene
products, as shown in eq 4. Moreover, the yields of esters 9

6 7

NaOCH,; NaOCH;
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solvent

coocH, T 4)

COOCH,
9 10

and 10 were good (70-94%) and the esters were separable.
Two solvents were employed, methanol and 1,2-dimethoxy-
ethane (glyme). Choice of solvent affected the reaction, as
shown in Table III. Studies indicated, however, that this
solvent effect involved epimerization. Placement of pure
sster ¥ in the basic medium used in each case gave compa-
rable product mixtures of esters 9 and 10 as did the Favor-
skii reactions themselves.

Table III
Favorskii Reaction on Bromo Ketones

Bromo Ester Composition by ce?
ketone Solvente yield, % %9 % 10
8 CH,0H 82 83.3 (90) 16.7 (10)
" CH,0H 70 79.9 20.1
8 Glyme 94 58.5 (58) 41,5 (42)
7 Glyme 75 58.5 41,5

@ Excess sodium methoxide was present in all cases. See Experi-
mental Section. ¢ Values in parentheses are the percentage compo-
sitions obtained by epimerization of pure ester 9 in the given
solvent-base system.

The exo ester 9 and its corresponding acid obtained by
saponification were identical with samples available by an-
other route.!! Unreported at the outset of this study,l?e
endo ester 10 and its acid were initially characterized
structurally only by spectra (see Discussion). In response to
a referee’s challenge on its structure, however, ester 10 (and
its acid) were independently synthesized!2® for comparison.

Discussion

The structural evidence for and the origin of (chloroal-
lyl)indene 2 in the sequence of eq 2 deserve comment.
While there were slight differences between 1 and 2 in their
ir and uv spectra, substantial structural evidence was best
obtained from their NMR spectra. In 1, the chloroallylic
methylene protons were clearly nonequivalent because of
the adjacent asymmetric center. An AB multiplet centered
at 6 2.53 was evident.13 In 2, however, these methylene pro-
tons were equivalent as expected and a broad singlet reso-
nance at § 3.63 was observed. Additionally, 2 possessed an-
other pair of methylene protons (benzylic), seen as a nar-
row doublet at 6 3.40. Finally, 1 exhibited four vinyl pro-
tons whereas 2 exhibited three. The origin of 2 probably
was a base-promoted isomerization of 1 by excess indenyl
Grignard reagent. The recommended procedure? utilized
inverse addition (the Grignard reagent was slowly added to
the dichloropropene). Such a procedure should minimize
such an isomerization because locally high base (Grignard
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reagent) concentrations are avoided. Nonetheless, as 1
builds in concentration, opportunity for contact with the
entering Grignard reagent increases. While not thoroughly
investigated, the rate of addition of the Grignard reagent
seemed important. Slow (ca. 10 min) addition gave 10% of
2, while addition in toto gave 27% of 2, In none of our tries,
however, was the formation of some 2 avoided.14

The possibility that the by-product was 5 seems remote.
The NMR spectrum of 5 should present an AA’BB’ pattern
for the methylene protons and its uv spectrum should re-
semble that of 3-chloro-1-phenylbutadiene [lit.}6 Ayax 283
nm (e 20,400)]. However, the by-product showed no such
NMR pattern and had Apax 250 nm (e 6712).

The bromination of ketone 4 proceeded largely as antici-
pated. Axial bromination via enol intermediates is well
documented'® in 4a and the preponderance of 7 over 6 is
unexceptional. Comparison of studies a and b in Table I in-
dicates that 6 is not a kinetic product. In the presence of a
hydrogen bromide scavenger (sodium acetate), the forma-
tion of 6 was suppressed. Most likely, therefore, it formed
in study a by an acid-catalyzed epimerization of 7. Studies
a—c do show one interesting feature: a,a’-dibromination to
8 is a serious side reaction in all cases, but particularly in
tetrahydrofuran. The recent report!” that dibromination
follows a different mechanistic pathway than monobromi-
nation may find further exemplification here. If 8 had re-
sulted from a second bromination of 7 (as has been custom-
arily believed for such dibromo products), then about half
of 7 was so changed in a and b. However, this same fate
should have befallen 6, and 5-10% of an equatorial, axial
2,4-dibromo ketone should have resulted. The absence of
this product lends support to the idea that 4 is itself the
source of 8 via a bromo enol as in eq 5. The improved for-
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mation of 8 in tetrahydrofuran in study c is in accord with
the contention!’ that aprotic nonpolar media should assist
dibromination relative to monobromination. Study d em-
ployed a radical bromination pathway. In the absence of
benzoyl peroxide no reaction took place. The absence of 8
as a product is explicable because enols do not mediate
such pathways. The formation of 7 must result from the
lack of other easy reaction sites and the known exo (axial
here) preference for chain transfer in related bicyclic sys-
tems.!8

The structures for 6-8 that are based upon spectra seem
secure.!® In brief, equatorial a-bromo substituents in ke-
tones are known to cause little change in the n,7* absorp-
tion in the uv, either in Ay or in ¢, compared to the parent
ketone. In contrast, a significant shift to higher frequency
in the ir carbonyl stretch is observed. Bromo ketones 6 and
6a show such behavior relative to 4 and 4a. Essentially the
reverse effects are caused by axial a-bromo substituents, as
illustrated by 7, 7a, 8, and 8a relative to the parent ketones.
One point deserves more comment. The ir shift for the car-
bonyl stretch between 4 and 7 is greater than that between
4a and 7a (16 vs. 4 ecm~1) even though the bromo substitu-
ent is axial in both 7 and 7a. This results from the more
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skewed axial position of the bromine in 7 caused by the
[6,7]benzo ring. This skewing decreases the axial character
at C-2 somewhat and increases the shift in the ir. The close
similarity of the spectra of the benzo and nonbenzo ketones
in Table II demonstrates that in these cases the aromatic =
system does not seriously perturb the situation, a point
that had been a concern to others.10¢

From the spectral data just discussed, an axial or an
equatorial position for the bromide in the bromo ketones
may be assigned. So 6 is either Ce or Be, 7 is either Ca or
Ba, and 8 is either Caa’ or Baa’, as shown in Chart I, pro-
vided that only extreme chair or boat conformers are con-
sidered. Various data indicate that the chair conformers in
Chart I predominate. The carbonyl stretching frequencies

Chart 1
0O
Br Br
0
Ce Be
0
Br
) Br
Ca Ba
Br Y
Br
/ /
Y [ e Brg,

Caa’ Baa’

of these compounds remained essentially constant in either
cyclohexane or acetonitrile, as did the molar absorptivities
of the n,7* uv transition. Both of these features imply a
high degree of conformational rigidity.!® The symmetrical
structure given for 8 (Caa’) was assigned from its revealing
NMR spectrum. The bromomethine protons were identical
and exhibited a doubled doublet at & 4.28, with vicinal and
long-range coupling constants in accord only with a chair
conformer.!? The similarity in those selected spectral char-
acteristics presented in Table II between 8 and 7 clearly es-
tablish the chair conformation Ca for 7 as well. The bro-
momethine proton in 6 appeared as a sharp doublet at é
4.93. Spin-decoupling experiments?®® showed that vicinal
coupling alone was present. The value of J1 3 here (3.6 Hz)
was in better accord with the vicinal dihedral angle of 60°
present in Ce than with one of 100° present in Be. The lat-
ter would be expected to have J1 2 =~ 0 Hz, especially so be-
cause the bromine atom would nearly eclipse H-1 and con-
tribute to the vanishing of the coupling.?!

The formation of an ethoxy ketone 2,4-DNP derivative
from 7 is not unexpected.?? Bromo ketone 7 was itself sta-

_ble in acidic alcohol; so the derivative was probably formed

from solvolysis of the 7 2,4-DNP first formed. The mixture
of derivatives formed from 6 may be E,Z isomers or skele-
tally rearranged products.2®> No work was done on this
point, however.

Favorskii product 9 was identified by comparison with a
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known sample.!l The structure of ester 10 was most con-
vincingly evidenced by comparison with 9. In particular,
three spectral features were sought and found that helped
to distinguish the two. First, the exo methine proton H-2 in
10 was deshielded relative to the endo H-2 in 9 (8 3.17 vs.
2.38, respectively). Second, the cis coupling for exo H-2 and
the adjacent exo H-3 in 10 was greater?? than the trans cou-
pling for endo H-2 and the adjacent exo H-3in 9 (10 vs. 5
Hz, respectively). Third, the methoxy protons in 10, being
closer to the aromatic ring, were upfield relative to those in
925 (5 3.49 vs. 3.72, respectively). Additionally, however,
ester 10 was shown to be identical with a sample prepared
by an unambiguous path.!2b

The literature on the Favorskii reaction is voluminous.
The current “normal” mechanism is a cyclopropanone-
mediated pathway with intervening dipolar ion species.26
“Abnormal” Favorskii reactions have been rationalized via
a semibenzilic acid rearrangement mechanism.?’” The
scheme given in Chart II is based on the more common
“normal” mechanism as a guide. Because our studies do
not bear significantly on the Favorskii pathway itself, par-
ticularly as kinetic control was absent owing to the ready
epimerization of ester 9,28 it seems best to accommodate
our results to the generally accepted mechanism. In dilute
base (0.1 M sodium methoxide in methanol) 6 and 7 equili-
brated rapidly, presumably via enolate E-1. The bromo ke-
tones were additionally slowly consumed in the Favorskii
process. The alternative enolates E-2 and E-3 formed from
7 and 6 should afford the zwitterion Z easily because the
bromine in each is similarly positioned for departure. The
disrotatory closure of Z to the exo cyclopropanone CP-x
can then readily occur. Though symmetry-allowed, such
analogous closure of Z to the endo cyclopropanone CP-n
appears from molecular models to be somewhat unfavor-
able for steric reasons, although our data cannot exclude it.
The carbonyl and ring 7 systems are severely close and the
transition state leading to CP-n should be disfavored for
this reason. Also, some torsional strain between the bridge-
head hydrogens and H-2,4 would develop as they pass by
one another in the formation of CP-n. Nonetheless, either
CP-x and CP-n would yield the esters 9 and 10 via base-

promoted ring opening and subsequent epimerization. Fi-
nally, the different compositions of esters found in the two
solvents used may reflect different solvation effects on the
equilibria involved, but no further studies were made on
this point.

Experimental Section

Melting points and boiling points are uncorrected. The former
were taken in capillaries in a Thomas-Hoover oil bath apparatus.
All thin layer chromatography (TLC) was performed on Silicar-
7GF coated plates or on commercial Analtech S. G. F. plates. Spec-
tra were determined on the following instruments: NMR, Varian
A-60, T-60, or HA-100 spectrometers; ir, Perkin-Elmer 421 or 521
spectrophotometers; and uv, Cary 11 or Beckman Octa V spectro-
photometers. Gas chromatography (GLC) was conducted on a Var-
ian Aerograph 1520 instrument with helium carrier gas. Microana-
lyses were done by Abbott Laboratories, North Chicago, Il

Benzo[6,7]bicyclo[3.2.1]oct-6-en-3-one (4). This ketone was
obtained as reported, mp 66-67° (1it.8* mp 64-66°). Selected spec-
tral features are given in Table I1.22

3-(2-Chloroallyl)indene (2). In the preparation of 4, reaction
of indenylmagnesium bromide with 2,3-dichloropropene in te-
trahydrofuran gave the reported product 18 and varying amounts
of 2, depending upon the time of addition of the Grignard reagent
(see Discussion). Indene 2 was isolated in one preparation by GLC
on a column of fluorosilicone oil (QF-1, 15% on Chromosorb W) at
140°: » (CCly) 1394 cm™! (trisubstituted alkene); 6 (CCly) 7.40 (m,
ArH), 6.43 (m, H-2), 5.33, 5.28 (m, =CHy), 3.63 (broad s, allylic
CHy), 8.40 (narrow d, 1-CHy); Amax (hexane) 250 nm (e 6712).30

Anal. Caled for C19H;;Cl: C, 75.59; H, 5.82. Found: C, 75.45; H,
5.98.

(a)-2-Bromobenzo[6,7]bicyclo[3.2.1]Joct-6-en-3-one (7). Ke-
tone 4 (12 g, 70 mmol), N-bromosuccinimide (freshly recrystallized
from water, 12.4 g, 70 mmol), benzoyl peroxide (0.96 g), and carbon
tetrachloride (60 ml) were heated under reflux for 8 hr. The mate-
rial was chilled and separated from the precipitate of succinimide.
Evaporation under reduced pressure left a yellow oil (17.5 g, ca.
100%) which was indicated by TLC to be mainly 7. The pure prod-
uct was obtained by chromatography on silica gel using chloroform
hexane mixtures as eluents as a colorless oil: 17.1 g (97%); »
(CHCl3) 1720 ecm™! (C==0); 6 (CDCl3) 7.22 (m, ArH), 4.23 (m, H-
2), 3.31 (m, H-1, axial 4, 5), 2.48 (m, 8-CHy, equatorial H-4); Amax
(cyclohexane) 315 nm (e 188). Other spectral data are in Table I1.22
The bromo ketone should be stored below 0°.

Anal. Caled for C1oH110Br: C, 57.39; H, 4.42. Found: C, 57.58; H,
4.53.

Reaction of 7 (0.4 g) with 2,4-DNP reagent in alcohol-sulfuric
acid slowly gave an orange precipitate (0.46 g, mp 74-84° dec). Re-
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crystallization from acetone-water (no exchange to an acetone de-
rivative occurred) gave a bromine-free pure product, mp 172.5-
174.5° dec, 87 mg (14%), Amax (CHCl3) 359 nm (¢ 22,912). The pres-
ence of an ethoxy group was clear in the NMR spectrum, § (CDCl3)
3.58 (q), 1.26 (t). The derivative was presumably the 2,4-DNP de-
rivative of the axial 2-ethoxybenzo[6,7]bicyclo[3.2.1]oct-6-en-3-
one. .

Anal. Caled for CooHogOsNy: C, 60.60; H, 5.09; N, 14.13. Found:
C,60.73; H, 5.11; N, 14.32.

Bromo ketone 7 did not solvolyze in acidic aleohol under these
conditions. Therefore the ethoxy derivative is believed to form
from 7 2,4-DNP by ethanolysis. .

(e)-2-Bromobenzo[6,7]bicyclo[3.2.1]oct-6-en-3-one (6). Hy-
drogen bromide (8.75 g) was gently bubbled into bromo ketone 7
(17.5 g, 70 mmol) dissolved in acetic acid (875 ml). The solution
was allowed to stand at room temperature. Analysis by TLC after
1.5 days indicated an epimeric mixture of 6 and 7, together with
small amounts of the parent ketone 4 and dibromo ketone 8, No
further change was observed in the time period 1.5-5 days. The
mixture was poured into water and extracted with ether. Upon re-
moval of the solvent from the dried extracts, a crude mixture of
mostly 6 and 7 was obtained as a brown oil (16.1 g, 92%). Analysis
by NMR indicated ca. two parts of 7 to one part of 6. In chroma-
tography on silica gel with chloroform-hexane, the elution order
was 8, 7, 6, and lastly 4. In this way was isolated pure 6, 3.77 g
{21%), mp 108-109° from hexane: » (CHClg) 1727 em~! (C=0); 6
(CDClg) 7.27 (m, ArH), 4.93 (d, H-2), 3.75 (m, H-1), 3.45 (m, H-5),
2.78 (finely structured m, 4-CHjy), 2.38 (m, 8-CHj); Amax (cyclohex-
ane) 285 nm (e 28.8). Other spectral data are in Table 11.2°

Anal. Caled for C1oH1;0Br: C, 57.39; H, 4.42. Found: C, 57.37; H,
4.48.

Use of catalytic amounts of hydrogen bromide in acetic acid, or
formic acid, or carbon tetrachloride under various conditions was
less effective in the epimerization. Pyridine failed to promote the
reaction after 1 week at 25°. Under these last conditions lithium
bromide in acetone was similarly ineffective. Sodium methoxide in
methanol (0.1 M) at 25° rapidly isomerized 7 to 6 and vice versa.
The process was complicated by loss of reactant to the Favorskii
reaction, however.

Reaction of 6 (100 mg) with 2,4-DNP reagent in alcohol-sulfuric
acid gave a precipitate, 160 mg, mp 138-143°. The orange solid was
recrystallized from acetone (no exchange), mp 169-173° dec, Amax
(CHCl3) 357 nm (e 22,514). Analysis by TLC indicated two major
and several minor components. While no definite structures were
assigned to these components, it is clear that no bromine loss oc-
curred in this derivatization (cf. 7 above).

Anal. Caled for CisHi1504BrNg: C, 50.13; H, 3.51; N, 12.99.
Found: C, 50.18; H, 3.54; N, 13.04.

(a,a)-2-4-Dibromobenzo[6,7]bicyclo[3.2.1]oct-6-en-3-one
(8). To a solution of ketone 4 (0.5 g, 2.9 mmol) in anhydrous te-
trahydrofuran (20 ml) held at 20° there was added phenyltri-
methylammonium tribromide (Aldrich, 1.6 g, 4 mmol). After 1 hr
the solution was added to a saturated solution of sodium bicarbon-
ate (12.5 ml) combined with sodium thiosulfate (0.1 N, 25 ml). The
product was extracted with ethyl acetate. The extracts were dried
and evaporated to afford crystalline 8. Recrystallization from ether
gave pure 8, 0.44 g (46%), mp 166-169°: » (CHCl3) 1723 cm™!
(C=0); 6 (CDCly) 7.27 (s, ArH), 4.28 (dd, H-2, 4), 8.63 (m, H-1, 5),
3.27 (d, J = 13 Hz, H-8 anti to aromatic ring), 2.42 (m, H-8 syn to
aromatic ring); Amax (cyclohexane) 335 nm (e 233). Other spectral
data are given in Table I1.2°

Anal. Caled for C12H;90Bry: C, 43.67; H, 3.05. Found: C, 43.65;
H, 3.21.

Other Bromination Studies. (1) Bromination of ketone 4 in
glacial acetic acid (equimolar reactants at 20° with illumination
from a 275-W sun lamp) gave a mixture of 6, 7, and 8. See Table 1.
Analysis was by TLC, although crystalline 8, which settled out
upon completion of the reaction, could be isolated directly. This
represented the fastest method to obtain 8, but the yield was
somewhat lower than the method described above. (2) Ketone 4
(0.5 g, 3 mmol) in glacial acetic acid (15 ml) containing 1 drop of
acetic acid saturated with hydrogen bromide was treated dropwise
with bromine (0.53 g) and anhydrous sodium acetate (0.27 g) in
acetic acid (15 ml) over a 45-min period. Water (75 ml) was added
and the crystalline precipitate was filtered off. The filtrate was ex-
tracted with ether thoroughly. Analysis by TLC of the precipitate
and the solvent-free extracts indicated a ca. 1:1 ratio of 7:8. Only a
trace of 6 was detected. See Table I. (3) Bromination of ketone 4 in
carbon tetrachloride as in part 1 led to a similar set of products but
in ca. one-half the yield. (4) Attempted reaction of ketone 4 with
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NBS (equimolar, 1-hr reflux) gave an 80% recovery of 4 with no
apparent bromination. (5) Attempted reaction as in 4 with NBS
and a trace of benzoyl peroxide at 25° for 8 hr likewise was unsuc-
cessful (94% recovery of 4).

Chlorination Studies. (1) Ketone 4 (1.0 g, 5.8 mmol) in dry car-
bon tetrachloride (29 ml) was treated dropwise with sulfuryl chlo-
ride (5.2 ml, 6.4 mmol) in carbon tetrachloride (8 ml) at ambient
temperature. After 2 hr the solution was poured into ice water.
The organic layer was neutralized with sodium bicarbonate solu-
tion, separated, dried, and evaporated. The residue (1.42 g) was
analyzed by TLC. By comparison of relative Ry values with the
bromo analogs, the product consisted principally of the axial chlo-
ro ketone 7-Cl and the axial,axial’ dichloro ketone 8-Cl, with a
trace of the equatorial chloro ketone 6-Cl. The dichloro ketone was
the only pure product isolated: mp 153-~155° from cyclohexane—
hexane; § (CDCls, partial spectrum) 4.15 (dd, H-2, 4).

Anal. Caled for C13H100Clg: C, 59.78; H, 4.18. Found: C, 60.11;
H, 4.31.

Impure 7-Cl, mp 54-64° from hexane, was also isolated, &
(CDCls, partial spectrum) 4.02 (m, H-2). (2) Reaction of ketone 4
(0.5 g), benzoyl peroxide (40 mg), and N-chlorosuccinimide (0.4 g)
in carbon tetrachloride under reflux for 8 hr gave crude 7-Cl in
quantitative yield (0.6 g). Only trace amounts of the other chloro
ketones were evident by TLC analysis. ’

Favorskii Reaction of Bromo Ketone 6. A. In Methanol. A
solution of sodium methoxide in methanol (2 M, 20 ml) was stirred
with bromo ketone 6 (0.25 g, 1.0 mmol) at 25° for 4 hr. The solu-
tion was chilled to 0° and neutralized with glacial acetic acid.
Ether (80 ml) was added and the precipitate of sodium acetate was
separated. The ether was evaporated from the filtrate and the re-
sidual yellow oil (0.18 g) was analyzed by GLC on a silicone gum
rubber column (10% SE-52 on Chromosorb W) at 180°. The chro-
matograms were calibrated with known samples. The yield of com-
bined esters was 82%; the percentage composition was 9:10, 88.3:

16.7. Under these conditions endo ester 10 eluted before its exo

isomer 9 (relative retention times 0.95:1).

Methyl benzonorbornene-exo-2-carboxylate (9) was identi-
cal with an authentic sample!! as was the corresponding acid, mp
112-113° (lit.1* mp 112-113°), obtained from it by saponification.

Methyl benzonorbornene-endo-2-carboxylate (10) was ob-
tained as a colorless oil: » (CHCl3) 1728 cm™t (C==0); é (DCDIl3)
7.11 (m, ArH), 3.65 (m, H-1), 3.49 (5, COOCH3), 3.37 (m, H-4), 3.17
(doublet of triplets, H-2, J2ex0-3 = 10, J1,2 = J2,endo-3 = 4 Hz), 2.10
(eight-line multiplet, exo H-3), 1.9-1.5 (m, endo H-3, 7-CHa).

Anal. Caled for Cy3H1404: C, 77.20; H, 6.98. Found: C, 76.89; H,
6.67.

Ester 10 was identical with a sample prepared in a totally inde-
pendent fashion.!2® Saponification of 10 with 1 N aqueous metha-
nolic sodium hydroxide (25°, 20 hr) afforded benzonorbornene-
endo-2-carboxylic acid: mp 131-132° from hexane; » (CHCl3) 3540,
3300-2500 (broad), 1750 (sh), 1710 cm~! (COOH); § (CDCl3) 9.03
(broad, COOH), 7.12 (m, ArH), 3.67 (m, H-1), 3.40 (m, H-4), 3.20
(doublet of triplets, H-2, J’s as in ester 10), 2.10 (eight-line multi-
plet, exo H-3), 1.9-1.45 (m, endo H-3, 7-CHy).

Anal. Caled for C12H1202: C, 76.57; H, 6.43. Found: C, 76.52; H,
6.41.

Use of dilute sodium methoxide (0.1 M) in the above reaction
for 52 hr was less satisfactory. The reaction led to ester 9 in only
44% yield and a number of uncharacterized by-products were ob-
served. No endo ester 10 was detected although small amounts
could have been overlooked in the complex GLC and NMR traces.
Early stages of the reaction were followed by TLC. Partial isomer-
ization of bromo ketone 6 to the axial isomer 7 was pronounced in
the initial stages. Seemingly, the two were “equilibrated” in ca. 3
hr. Thereafter 7 afforded 9 while 6 slowly disappeared, at least
partially, through isomerization to 7.

B. In 1,2-Dimethoxyethane (Glyme). A suspension of sodium
methoxide in glyme was prepared from sodium metal (0.12 g, 5
mg-atoms) and methanol (0.55 g) in hot solvent (7 ml). At 25°,
bromo ketone 6 (0.25 g, 1.0 mmol) in glyme (1 ml) was added and
the mixture was stirred for 1 hr. The reaction material was chilled
to 0° and processed as described above. The yield of esters was
94.2% and the percentage composition was 9:10, 58.5:41.5.

Favorskii Reaction of Bromo Ketone 7. These reactions were
performed in exactly the same manner as described for 6. The re-
sults are given in Table I1I.

Epimerization Studies. A. In Methanol. Ester 9 (1 mmol) was
substituted for bromo ketone 6 in the procedure given above for
the Favorskii reaction of the latter in methanol. The procedure
used was identical and the recovered ester was analyzed by GLC as
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stated there. Recovery was essentially quantitative. The percent-
age composition determined by GLC was 9:10, 90.2:9.8. The com-
position determined by NMR analysis was 9:10, 87:13.

B. In Glyme. Ester 9 {1 mmol) was substituted for bromo ke-
tone 6 in the procedure given above for the Favorskii reaction of
the latter in glyme. The procedure used was identical and the re-
covered ester (~100%) was analyzed: by GLC, 9:10, 58.1:41.9; by
NMR, 9:10, 60:40.
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Room temperature addition of the title two reactants (diene in excess) led to all of the monoadducts possible
(40-55%) in roughly comparable amounts except for the exo-syn adduct, which was formed in very low yield.
Minor amounts of bis adducts were observed. Some factors involved in this nonselective 1,3-dipolar cycloaddition
are discussed. Pyrolysis of the adducts led to the corresponding tricyclic ethers in high yield. These ethers serve as
convenient entries into the exo- and endo-3,3-diphenyltricyclo[3.2.1.0%4]octane systems. As examples of some
transformations possible with these ethers, the exo-anti ether was converted via acetolysis and hydrolysis to its al-
cohol with complete retention of configuration. Similarly, the endo-syn ether was converted to its alcohol and
eventually to the interesting parent hydrocarbon, endo-3,3-diphenyltricyclo{3.2.1.0%#|octene. The endo-anti and
exo-syn ethers did not behave analogously. The former underwent an apparently deep-seated change upon acetol-
ysis, whereas the latter smoothly rearranged to a bicyclo{3.2.1Joctene derivative. The pathways of these reactions
are discussed briefly, along with the presentation of confirmatory physical data for the structures assigned.

Work on another aspect of this general area® necessi-
tated the synthesis of alcohol 6-OH (vide infra). The first
step in its preparation was the 1,3-dipolar cycloaddition of

diphenyldiazomethane to 7-tert-butoxynorbornadiene.
This addition resulted in a variety of adducts, all of which
have potential utility in the study of 3,3-diphenyltricy-



