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Methylenecyclobutanols 1, conveniently obtained by 1,2-cycladiene condensation of ketone enolates,
were used as starting materials for the easy preparation of polycyclic cyclopentane derivatives. Thus,
the transposition and transposition—elimination of triol derivatives 3, 5, and 6 led to the synthesis
of a series of polycyclic cyclopentan- or cyclopentenones. The stereochemistries of the transpositions
were studied and mechanisms were proposed.

Introduction Scheme I
The ubiquity of carbocyclic five-membered rings! jus- 1) NaNH, - Q’ °
tifies the very active current interest of organic chemists o ¢l THF L )
in the synthesis of mono- as well as polycyclic cyclopen- Ej — @T mo ol "
tanoid derivatives. Obviously, a strategy using easily o " oH
obtained and inexpensive starting materials would be 1
particularly appreciated if, however, they would lead to
structures containing functional groups allowing further Table I
derivatizations if needed.
0s0, 2 % mol.

On the other hand, among the large variety of pathways

. N - Fe (CN)
leading to cyclopentane derivatives, one-carbon ring ol lCls

expansion of cyclobutanes is particularly attractive. A Bﬁgﬁiz o
number of years ago,? we showed for the first time that
appropriate cyclanones could be used as very simple
starting materials to easily construct methylene cyclo- 2
butanols 1 according to the general pathway reported in entry R m n % yield of 3¢
Scheme I for unsubstituted substrates. 1 COCH; 1 1 95
We demonstrated that ketone enolates activated? 2 CH,q 1 1 76
NaNH;giving nucleophilic complex bases* able togenerate 3 COCH, 1 2 72
1,2-cycladienes from the corresponding 1-chlorocycloalk- g gl(-)l(ale % g gg
enes. 6 COCH; 2 1 100
Taking the above observations into account, we decided 7 COCH; 2 2 71
to investigate the use of alcohols 1 as starting material in 8 COCH;, 2 3 69
the synthesis of cyclopentanoid structures. Inthe present e Iolated yield.
paper we would like to report the results obtained in this
area using the bishydroxylated derivatives of 1 as starting Table II
substrates. A few preliminary experiments have been
reported elsewhere.’
Bishydroxylation of Alcohol 1 Derivatives. Ex-
ploratory study dealing with the bishydroxylation of 1 led 0s0, 2 % mol
, . . o KqFe [CN)g
to the following conclusions: (i) the sensitive hydroxy
group must be protected as easily obtained (see Exper- Bﬁgﬁ;{zo
imental Section) ether or ester derivatives, and (ii) the
best bishydroxylation yields were obtained with the 4 5
. o A
;‘zarrc}:gﬁ g?ﬁlﬁﬁ%byTsuﬁ etal® Theresultsarereported o R - - % yield of 5°
The structure and stereochemistry of 3 (R = Me, m = é 8?{CH8 i i gg
1,n = 2) were deduced from the X-ray diffraction analysis™ 3 CO?JHS 2 1 95
4 COCH; 2 2 65
;Université de Nancy I 5 COCH;s 2 3 71
(1I)J mr::g%gle‘: tggz.dkg)a‘rsg.zy 11, 141. @ Isolated yield. ® Formation of 5% of the isomer 6 which comes
(2) (a) Caubere, P.; Brunet, J.J. Tetrahedron 1972, 28,4835. (b) Brunet, from a cis hydroxylation relative to acetate group.
dJ. J.; Fixari, B.; Caubgre, P. Tetrahedron 1974, 30, 1237. . . :
22; 8:3&::, g 172_;; Iéiiirog’tlzg Ci’;fl’g 71399:é 4,78 pegormed Olcll tllle‘co;res;;orédmg tﬂo}i3 ;l?l: HA m= 1,;
o Top. Curr. - 1978, 73, 49. s = 2) prepared elsewhere.®) Compounds =Ac,m=2,
P, (;ztim;grzgeggeig.i?;zsg& 1;1.., Ianelli, S.; Nardelli, M.; Caubére, n=2),5(R=Me,m=1,n=1),and5 (R=Ac,m=2,
(6) Minato, M.; Yamamoto, K.; Tsuji, J. J. Org. Chem. 1990, 55, 766. n = 3) were identified by X-ray diffraction analysis.”
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Table III Table IV
B, Moy STEP 1 oMs 4 o
Method A or B2 s? MsCl 1.2 eq., STEP 2 : u
“See Table 1 +for 3me PYridine 100 eq , EtsN2eg | °°
H R b CH,Cly, 20°C cnac12 42°c ]
Sm=1 HoRr "
9 10
entry n R method® t(h) % yieldof7® % yield of 8 stepl step 2
1 Me A 60 7 60 yield® (%) yield® (%)  yields (%)
2 1 Me B 10 15¢ 30¢ entry n R ¢ (h) of9 m=1) th) of7 (m=1) ofl0(m=1)
3 1 Ac A 36 56 1 1 Me 72 69 22 0 61
4 1 Ac B 36 64 2 1 Ac 15 85 40 81 0
5 2 Me A 24 65 3 2 Ac 24 75 80 5 74
6 2 Ac A 20 75 4 3 Ac 48 52 92 0 80
7 2 Ac B 25 62
8 3 Ac A 72 65 ¢ Isolated yields.
¢ Method A: MsCl, 1.2 equiv; pyridine, 100 equiv; CH;Cly, 44 °C. Table V
Method B: MsCl, 1.2 equiv; triethylamine, 2 equiv; CH;Cly, 42 °C.
® Isolated yields. © Formation of 23% of a compound corresponding )
to a bismesylation of 3 (m = 1). 9(n=2,R=4A¢c) — Tmr=2+10(r=2,R=Ac)
CHyCly, 42 °C
The stereochemistry of compound 3 (R =Me, m =1,
n = 1) was established by X-ray diffraction data’ of the yield (%) yield (%)
corresponding bismesylate® obtained elsewhere (see Table condns th) of7T(n=2° of10(n=2)e
I). The structures of the remaining compounds were none _ 3 70
deduced by comparison of their 13C NMR data (see g:sﬁ' %1%‘}“‘1" ) 80 5 75
Experimental Section) with those of compounds which Et:N: 1 eq;livequw 5 5
structures were established by X ray diffraction. pyridine, 2 equiv 8 80
The Os04 hydroxylation mechanism has been exten- pyridine, 1 equiv 3,5 80
sively described and is well known as proceeding from a pyrgg}ne,llblgl, 1 equiv 80
syn addition.® The reaction was directed by steric gﬁ; dﬁ: looegll:;' 70 5
hindrance and took place highly regioselectively on the pyridine, HC), 1 equiv 20 80
less hindered faces of 2 and 4. Such a pathway also led .
2 Isolated yields.

to the less strained compounds 5 possessing an A/B cis
junction. Note that starting from 4 (m =2, n = 1) we once
observed the formation of 5% of 6 possessing a A/B trans
junction.

Transposition of 3 (m=1,n=1-3). Wefirstintended
to prepare a potentially easily solvolized derivative and
turned toward the mesylation of the secondary hydroxy
group of 3 (m = 1, n = 1-3). In fact, under the conditions
used we were unable to isolate any mesylate and observed
only the formation of transposed derivatives in good to
very good yields (T'able ITI). Curiously, in one case (entry
2), we observed the unexpected formation of 23% of the
corresponding bismesylate whose structure was established
from X-ray diffraction data.’

The above results showed that these reactions, which
may be easily performed on a large scale, constituted a
good access to cyclopentanoid structures 7 and in one case
to 8.

In order to elucidate the mechanism of these transpo-
sitions we first tried to prepare the monomesylates
suspected of being the transient intermediates. Under
careful conditions we were able to obtain a number of
monomesylates 9 which, warmed in the presence of
triethylamine, led to 10, isomers of 8, where the stereo-
chemistry of the starting materials was preserved. Intwo
cases the formation of 7 was also observed. The results
obtained are gathered in Table IV. The structures of
compounds 7, 8, and 10 were established by 'H and 13C
NMR (see Experimental Section).

(7) (a) lanelli, S.; Nardelli, M.; Belletti, D.; Jamart-Grégoire, B.; Brosse,
N.; Caubére, P. Acta Crystallogr., in press. (b) Ianelli, S.; Nardelli, M.;
Belletti, D.; Jamart-Grégoire, B.; Broase, N.; Caubére, P. Acta Crystallogr.,
in press. (c¢) To be published.

(8) Lohray, B. B. Tetrahedron Asymmetry 1992, 3,1317 and references
cited therein.

Study of the thermal behavior of 9 (n = 2, R = Ac) as
well as in the presence of amines and ammonium chlo-
rohydrates (which is the salt formed during the interme-
diate step of mesylation of 3 and 5) brought some
interesting clues on the mechanism of the transposition
step. Thus, from the datareported in Table V it appeared
that simple warming of 9 (n = 2, R = Ac) at 42 °C led
rapidly to 7 (n = 2). Twoequivof triethylamine decreased
the rate of the transposition-elimination of 9 (n = 2,R =
Ac) and led to 10 as main product. This base effect was
nearly completely reversed in the presence of EtsN, HCI.
Interestingly enough, in the presence of 2 equiv of pyridine
the reaction was much faster than in the presence of EtsN
and led to 7. A large excess of pyridine was necessary to
strongly postpone the transposition—elimination and to
allow the formation of a small amount of 10. As observed
with Et3N, addition of pyridine hydrochloride partly
compensated the inhibiting pyridine effect.

Keeping in mind that with no amine added free MsOH
was formed in the reaction medium, it clearly appeared
from these data that these rearrangements were electro-
philically catalyzed and that the very first step was the
formation of 10 with retention of configuration of the
mesylated carbon.

On the other hand it is well known® that internal
electrophilic assistance may take place during a number
of rearrangements implicating two vicinal functions. From
Sybyl analysis it appeared that a hydrogen bond could be
easily established between the hydroxy and mesyl groups
(Scheme II), and we thus suspected such a structure as

(9) Tsuchihashi, G.; Tomooka, K,; Suzuki, K. Tetrahedron Lett. 1984,
25, 4253.
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Scheme 11

Scheme III
Et,N, HCl 1 eq.
+
Et;N, CH,SO; H leg.
10 R=Me,n=1 _tL#_fi
CH,Cl, 42°C
12h

H OMe
8 R=Me,n=1
100 %

11b

H OMe

playing an important part in the first step of the
transposition. This hypothesis was completely confirmed.
Indeed, warming the acetate of 9 (n = 2, R = Ac)
(preparation given in the Experimental Section), in which
such hydrogen bonding was suppressed, led to no rear-
rangement after 24 h.

Thus, we concluded that the first step of the rearrange-
ments took place according to the mechanism reported in
Scheme II. The transition state proposed looks like the
one described in the literaturel® to explain such a kind of
transposition taking place with a so-called “formal
inversion™.1% In the presence of EtgN or pyridine a
competition between the mesyl group and the nitrogen of
the amines for the formation of a hydrogen bond with the
hydroxzyl group had as a consequence a decrease of the
transposition rate.

Concerning the transformation of 10 (n = 2) into 7 (n
= 2) a number of experiments, not presently reported,
showed that the reaction was very slow in the absence of
a proton source, such as ammonium salts. Moreover, in
one case, reported in Scheme ITI, we were able to epimerize
the keto ether 10 (R = Me, n = 1) into the more stable
isomer 8 (R = Me, n = 1). The stereochemistry of 8 (R
= Me, n = 1) was established by X-ray diffraction analysis
performed on the corresponding alcohol 11a obtained by
reduction with LiAlH,.

Thus, the mechanisms reported in Scheme IV appear
reasonable.

Both pathways may take place simultaneously. How-
ever, due to the relief of ring strain, path A must be
considered as strongly favored.

Extension tothe Synthesis of New Cyclopentanoid
Derivatives. Thanks to the reactions evidenced we were
able to synthesize a palet of new polycyclopentane
derivatives gathered in Table VI.

(10) (a) Cremlyn, R. J. W.; Garmaise, D. L.; Shoppee, C. W. J. Chem.
Soc. 1953, 1847. (b) Nussim, M.; Mazur, Y. Tetrahedron 1968, 24, 56337.

Formation of 12 (m = 1,n = 1) (H; and H; in a position)
with no elimination product (entries 1 to 4) may be
reasonably attributed to steric strain which after the
transposition favored an epimerization to reach a cis
junction but empeded elimination, whose consequence
would be to increase the steric strain in the molecule. In
fact, from the data of Table VI it appears that the five-
membered ring (n = 1) empeded the elimination step.

It clearly appears that the performed reactions were
run by the mechanism described above. However, it is
difficult to enter into more details to seriously discuss the
stereochemistry of the reaction which proceeds from a
delicate balance between strain energy and experimental
conditions.

Finally, in addition to the synthesis mentioned above,
a number of polycyclic cyclopentenones 13 were obtained
in excellent yields from the corresponding acetates 12 (R
= Ac) by reaction with tBuOK in tBuOH (Table VII).

Starting from acetates 12 (R = Ac) with A/B trans
junction an epimerization was, of course, observed during
the elimination in order to reach the less strained A/B cis
structure.

Conclusion

From this first paper in the series it appears that
derivatives of methylene cyclobutanols 1 are interesting
starting materials in the preparation of polycyclic cyclo-
pentanoid structures. The mechanisms governing these
transformations have been elucidated and are helpful in
our current investigations.

Finally it must be kept in mind that methylene
cyclobutanols 1 are very easily obtained from current
starting material thanks to elimination—additions due to
complex bases underlining the richness of these reactions
and reagents.

Experimental Section

General Methods. Melting points were determined on a
Totoli melting point apparatus and are uncorrected. *C NMR
spectra were recorded with a Bruker AM 400 or a Bruker 300-
MHz spectrometer (attached proton test method, APT). 'H
NMR spectra were recorded on a Jeol PMX 60 at 60 MHz or a
Brucker AM 400 instrument at 400 MHz. Me,Siwas the internal
standard. Infrared (IR) spectra of thin liquid films between NaCl
plates or KBr pellets were recorded with a Perkin-Elmer 841
instrument. Elemental analyses were performed by CNRS
Laboratory (Vernaison). Mass spectra were recorded on a
Hewlett-Packard 5971A instrument or by the Laboratory of Mass
Spectroscopy, Faculté de Pharmacie (Nancy). Thin-layer chro-
matography (TLC) was performed with plates coated with
Kieselgel G (Merck). The plates were developed with petroleum
ether/EtOAc. The silica gels used for column chromatography
and flash chromatography were kieselgels of 0.063-0.2 mm and
0.04-0.063 mm particle size, respectively. High-pressure liquid
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Scheme IV
H 9 O-H H O-H H
: A w H 9 {
e (= O, — O
ath A
H G P {EN HIH H )ff
10 1 L
pak H O O-H
= Ly~ T
s </
Table VI (DME) was distilled from sodium and was stored under sodium
Ol until used. The reaction of ketone enolates with 1,2-cycladienes
OHH leading to'the formation of 1 has been previously described.?
‘.O MethodAorB Synthesis of 8-Acetoxytricyclo[6.3.0.027]-2-undecene (2,
of — ( See Table I m=1,n=1,R= Ac). The typical procedure used a workup
H r described in the literature.!! A mixture of alcohol 1, im=1,n
3.50r6 =1) (5.0g,30mM), triethylamine (35 mM, 3.6 g), aceticanhydride
(35 mM, 3.6 g), and DMAP (5 mM, 610 mg) in CH:Cl; (100 mL)
H 9 was allowed to stand at 25 °C for 24 h. The solution was
H partitioned between ether and diluted HCI; the organic phase
wl O‘ +/or was washed with saturated NaHCOg solution, dried over MgSO,,
5 ) and evaporated in vacuo. The residue was chromatographed
HOR " through silica gel with 3% petroleum ether/EtOAc¢ mixture to
12 13 give 59 g (90%) of 2(m =1,n = 1, R = Ac); IR (NaCl) 1739
- cm! (C==0); 'H NMR (60 MHz, CCl,) 4 5.7-5.3 (1 H, m =CH),
com- t 12 18 3.3-2.8 (2 H, m, CH), 2.5-1 (15 H, m, 6 CH, with s at 2, OAc);
entry pound m n R method ( He H % H Hg % 13C NMR (CDCly) 5 169.6 (C=0), 137.5 (C=),117.0 (CH=), 89.4
T 8 11 Me A 5 = =« o1 0 (COAc), 55.1, 50.5 (2 CH), 32.3, 28.1, 26.4, 25.0, 22.1, 21.3 (6
2 1 1 Me B 3 a a 90 0 CHz), 21.3 (Me); MS m/e206. Anal. Calcd for C]_sHlsOg C, 7570,
3 1 1 Ac A 5 a a 9 0 H, 8.79. Found: C, 75.25; H, 8.49.
4 1 1 Ac B 5 a a 96 0 Synthesis of 8-Methoxytricyclo[6.3.0.027}-2-undecene (2,
5 2 1 Ac A 183 g o 100 0 m=1,n=1,R =CH,). A typical procedure used a workup
S g ; 22 E 23 g Z 32 g described in the literature.l? To a mixture of alcohol 1 (m =1,
8 2 2 Ac B 72 0 8 g 170 n =1) (8.7 g, 53 mM), CHyCl; (100 mL), 50%. NaOH (150 mL),
9 2 3 Ac A 40 8 B 35 B o 36 and NBuBr (3 mM, 1.0 g) was added 2 equiv of Me,SO, (110
10 2 3 Ac B a4 0 8 B8 61 mM, 10mL). Thesolution mixture was vigorously stirred during
11 3 2 1 Ac A 9 a g 97 0 48 h at room temperature. An excess of 32% ammonia solution
12 2 1 Ac B 9 a g 97 0 was added, and the stirring was continued for about 10 min. The
13 2 2 Ac A 18 o 8 68 a B 25 layers were separated, and the aqueous phase was extracted with
14 2 2 Ac B 5 a« 8 3 g g 3 CH,C),. The combined organic extracts were washed with diluted
15 2 83Ac A 18 a B 58 a 8 15 HC], dried (MgSO,), and concentrated at reduced pressure. The
16 2 3 Ac B 8 0 8 B 60 crude product was chromatographed through silica gel with a
17 6§ 21 A A 8 8 £ % 0 2% petroleum ether/EtOAc mixture to give 8.4 g (82%) of 2 (m
¢ Isolated yields.  « down the plane; 8 up the plane. =1,n=1,R =Me): IR (NaCl) 1690 cm-! (C—C); 'H NMR (60
MHz, CCly) § 5.3~5.1 (1 H, m, =CH), 3.3-2.6 (5H, m, 2CH with
Table VII s at 3.1, OCHy), 2.2-1.0 (12H, m, 6 CHy); 13C NMR (CDCl;) &
o H, o 137.5 (C==), 116.2 (CH==), 89.8 (C-OMe) 54.1, 51.6, 48.1 (2 CH,
My H OMe); 30.1, 28.5, 26.3, 24.9, 22.5, 21.5 (6 CHy); MS m/e 178. Anal.
p o» BuOK @» Caled for C1oHy40: C, 80.85; H, 10.17. Found: C, 80.42; H 9.97.
e BuOH @ Synthesis of cis,syn,cis-8-Acetoxytricyclo[6.3.0.027]-
¥ A Jo 25°C H Jo undecane-2,3-diol (8, m = 1, n = 1, R = Me) or of cis,anti,cis-
12 R=Ac 18 H,pHy B 8-Acetoxytricyclo[6.3.0.02"Jundecane-2,3-diol (5, m=1,n =
: v 1,R=Ac) (TablesIand IT). A typical procedureused aworkup
12 yield (%) of described in the literature.® Preparation of the 0sO, solution:
m n H*  Hp t (h) 13% (H,8 HiB) a solution of 080, was prepared by dissolving OsOy (1 g) in tert-
butyl alcohol (80 mL) followed by addition of several drops of
1 1 a a 6 60 70% tBuOOH. Each milliliter should contain 0.05 mmol of OsO.
9 é « g g 5 gg To a solution of the olefin2 m =1,n =1, R = Me) (3.55 g,
3 Z 8 0' 5 100 20 mM) in tert-butyl alcohol (100 mL) and water (100 mL) were
1 8 o 4 75 added KsFe(CN)g (60 mM, 19.8 g), K.CO; (60 mM, 8.3 g), and
2 2 8 o 0.5 90 the 0sO, solution previously prepared (1.2 mM, 8 mL). ’I:he
3 B o 0.5 95 mixture was stirred for 48 h at room temperature. To thissolution

@ Isolated yield. > « down the plane, 8 up the plane.

chromatography was performed with a Waters PREP 500
chromatograph equipped with a silica gel column.

Materials. Sodium amide powder was obtained commercially
(Merck). Reagent-grade tetrahydrofuran (THF) (BASF) was
distilled from sodium benzophenone ketyl. 1,2-Dimethoxyethane

was then added a proper quantity of Na;S;05, and stirring was
continued for an additional hour. The solution was concentrated
under reduced pressure, and the residue was extracted with three
portions of ether. The combinated extracts were dried (MgSQO,)

(11) Hofle, G.; Treglich, W.; Vorbruggen, H. Synthesis 1978, 619.
(12) Ogawa, H.; Ichimura, Y.; Chihara, T.; Teratani, S.; Taya, K. Bull.
Chem. Soc. Jpn. 1986, 59, 2481.



4576 J. Org. Chem., Vol. 58, No. 17, 1993

and evaporated. Theresidual il was purified by chromatography
to give 3.0 g (70%) of 3 (m = 1, n = 1, R = Me): IR (KBr)
3600-3100 cm-! (OH); 'H NMR (400 MHz, CDCly) 4 4.12-3.80
(1 H, m, OH exchanged with D;0), 4.62 (1 H, dd, (CHOH), 3.44~
3.20 (1 H, m, OH exchanged with D,0), 3.14 (3 H, 8, OMe), 2.66—
2.44 (2H, m,2 CH), 1.89-1.35 (12 H, m, 6 CH,); *C NMR (CDCl;)
8 86.2 (C-OMe), 70.0 (COH), 67.3 (CHOH), 57.0 (CH A/B ring
junction), 51.1 (OMe), 48.0 (CH B/C ring junction), 30.4, 27.8,
27.1, 26.2, 20.9, 20.0 (6CHz); MS m/e 262. Anal. Calcd for
Ci12Hx%O0g: C, 67.89; H, 9.49. Found: C, 67.78; H, 9.62. X-ray
diffraction data were also collected on the corresponding bis-
mesylated compounds (vide infra).

Starting from 4 (m = 1, n = 1, R = Me) (2.1 g, 12 mM), 2.0
g (80%) of 5 in = 1, n = 1, R = Me) was obtained: IR (KBr)
3600-3100 cm! (OH); *H NMR (400 MHz, CDCl;) 6 4.87 (1 H,
dd, CHOH) 3.23 (3 H, 5, OMe), 2.44 (1 H,d, CH), 2.23 (1 H, dd,
CH), 3.14 (1 H, 5, OMe), 2.56-2.44 (1 H, m, 2 CH), 1.90-1.40 (14
H, m, 6 CH; and 2 OH exchanged with D,0); 13C NMR (CDCly)
4 86.6 (C-OMe), 74.2 (CHOH), 69.4 (C-OH), 51.6 (OMe), 49.1
(CH A/B ring junction), 47.7 (CH B/C ring junction), 33.4, 27.6,
25.2, 24.8, 21.4, 16.7 (6 CH,); mp (petroleum ether~AcOEt) 124
°C. Anal. Caled for CisHaoOs: C, 67.89; H, 9.49. Found: C,
67.71; H, 9.52. X-ray diffraction data were also collected. Note
that for compound 3 (m = 1, n = 1, R = Me) the underlined
chemical shift of (CH A/B ring junction) §7.0 ppm is higher than
for compounds 5 (m = 1, n = 1, R = Me) at 49.1 ppm; on the
contrary, the chemical shift of the (CHOH) is higher for compound
5(m=1,n=1R = Me) at 74.2 ppm than for the compound
3(m=1,n=1R=Me)at 67.3 ppm. These observations led
us to attribute the stereochemistry of all the other products to
these two series.

Synthesis of 7 (n = 1) and 8 (n = 1) (Table III). Method
A. To a solution of diol 3 or 5 (2 mM) in CH,Cl; (80 mL) and
pyridine (16 mL) was added the mesyl chloride (2.4 mM, 280
mg). The solution was heated to reflux for the time indicated
in Tables III and V1. After the mixture was poured into ice—
diluted HC], the organic layer was separated and water layer was
extracted with CH,Cl;. The combinated organic extract was
washed with diluted HC], dried over MgSO,, and evaporated in
vacuo. The residue was purified by liquid chromatography.

Method B (using a procedure described in the literature®).
To a solution of diol 3 or 5 (2 mM) in EtgN (4 mM, 400 mg) in
CH,Cl; (100 mL) was added the mesyl chloride (2.4 mM, 280
mg). The solution was heated to reflux for the time indicated
in Tables III and VI. After the mixture was poured into ice—
water, the organic layer was separated, and water layer was
extracted with CH3Cl;. The combinated organic extract was
washed with diluted HC, dried over MgSO,, and evaporated in
vacuo. The residue was purified by liquid chromatography.

cis-Tricyclo[6.3.0.03"Jundec-1(8)-en-2-one (7, m=1,n =
1): IR (NaCl) 1695 cm-! (C=0), 1633 cm-! (C=C); 'H NMR
(400 MHz, CDCl) 4 3.19-3.07 (2 H, m, 2 CH), 2.58-2.27 (6 H,
m), 1.97-1.87 (1 H, m), 1.71-1.53 (4 H, m), and 1.34-1.22 (1 H,
m) (6 CHy); 1*C NMR (CDCls) 6 206.6 (C=0),188.9,149.3 (C=C),
57.4, 44.7 (2 CH), 30.3, 29.3, 27.8, 27.6, 24.5, 24.3 (6 CH,); MS
caled for C;;H (O m/e 162. Its spectroscopic data (IR, NMR)
were identical with those described in the literature.4

cis-Tricyclo[6.4.0.0%7)dodec-1(8)-en-2-one (7, m =1, n =
2): IR (NaCl) 1695 (C=0), 1645 cm-! (C=C); 'H NMR (400
MHz, CDClg) 6 3.04~2.97 (1 H, m, CH), 2.66 (1 H, dd, J; = 10
Hz, J; = 6 Hz, CH), 2.38-2.28 (1 H, m), 2.21-2.11 (1 H, m), 2.08—
2.02 (2 H, m), 1.84-1.78 (1 H, m), and 1.70-1.42 (9 H, m) (7 CHy);
13C NMR (CDCly) 6 208.0 (C=0), 174.9, 138.8 (C=C), 50.7, 47.0
(2CH), 28.7, 28.0, 26.4, 23.6, 22.0, 21.5, 19.7 (7 CHy); UV (MeOH)
A (log ¢) 243 (4.1); MS caled for C1oH;60 m/e 176.

cis-Tricyclo[6.5.0.0*7]tridec-1(8)-en-2-one (7, m = 1, n =
3): IR (NaCl) 1694 (C=0), 16456 cm-! (C=C); 'H NMR (400
MHz, CDClg) 6 3.19-3.07 (1 H, m,2CH), 2.71 (1 H,dd, J;: = 10
Hz, J; = 5.5 Hz, CH), 2.57-2.43 (2 H, m), 2.38-2.21 (2 H, m),
1.93~1.39 (10 H, m), and 1.24-1.11 (2 H, m) (8 CHy); 13C NMR
(CDCly) § 210.1 (C==0), 177.7, 142.3 (C==C), 49.4, 47.8 (2 CH),

(13) Crossland, R. K.; Servis, K. L. J. Org. Chem. 1970, 35, 3195.
(14) McIntosh, J. M.; Cassidy, K. C. Tetrahedron Asymetry 1991, 2,
1053.
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31.5, 31.0, 29.2, 29.1, 27.5, 26.1, 26.0, 22.7 (8 CH,). Anal. Caled
for C;3H130N: C, 76.05; H, 9.27; N, 6.81. Found: C, 75.90; H,
9.29; N, 6.65.

cis,syn,cis-T-Methoxytricyclo[6.4.0.026]undecan-2-one (8,
m=1,n=1): IR (NaCl) 1738 cm-! (C=0); 'H NMR (400 MHz,
CDCls) 4 3.20 (3 H, 8, OMe), 3.06 (1 H,dddd, J; = 10 Hz, J, =
10 Hz, J;3 = 5 Hz, J, = 2 Hz, CH), 2.86 (1 H, m, CH), 2.78 (1 H,
ddd, J; = 9 Hz, J; = 4 Hz, J; = 2 Hz, CH), 1.84-1.58 (6 H, m)
and 1.51-1.24 (6 H, m), (6 CHy); 13C NMR (CDCls) 4 220.0 (C=0),
89.0 (COMe), 55.6, 55.1, 52.0 (3 CH), 49.5 (OMe), 37.0, 35.9, 33.9,
33.1, 24.2, 18.4 (6 CH;); MS caled for C13H150, m/e 194, X-ray
diffraction data have been collected on the corresponding alcohol
(11a) (vide infra).

cis,syn,cis-8-Methoxy-2,3-bis[ (methanesulfonyl)oxy]-
tricyclo[6.3.0.02"Jundecane (see footnote b in Table III): 'H
NMR 60 MHz (CCL) é 4.8 (1 H, dd, J; = 10 Hz, J;, = 7 Hz,
CHOMs), 3.5-2.8 (11 H, m with 3s at 3.2, 3.1, 3.0, 2 SO,CHj,,
OCHj,, 2 CH), 2.2-1.3 (12 H, m, 6 CHj); 13C NMR (CDCly) & 86.6,
85.3 (COMs, COMe), 77.7 (CHOMS), 54.7, 51.3, 49.5 (3 OCHjy),
41.0, 39.7 (2CH), 30.2, 217.5, 25.6, 24.6, 19.8, 19.2 (6 CH); mp 112
°C. X-ray diffraction data were collected.

Synthesis of cis,syn,cis-8-Acetoxy-3-[ (methanesulfonyl)-
oxy]tricyclo[6.4.0.02"]dodecan-2-0l (9, n = 2) (Table IV). A
typical procedure: To asolution of diol3 (m =1,n=2,R = Ac)
(510 mg, 2 mM) in CH;Cl; (80 mL) and pyridine (16 mL) was
added mesyl chloride (2.4 mM, 280 mg). The solution wasstirred
for the appropriate time (see Table IV) at room temperature.
After the usual workup, the crude product was purified by column
chromatography on silica gel to give 500 mg (75%) of 9 (n = 2,
R = Ac): IR (KBr) 3528 (OH), 1737 cm™! (OAc); 'H NMR 60
MHz (CHCl,) 6 5.4-5.1 (1 H, m, OH exchanged with D,0), 5.0-
4.5 (1 H, m, CHOMSs), 3.0 (3 H, s, 0SO;Me), 2.9-1.1 (19 H, m,
7 CH,, 2 CH with s at 1.9, OAc); 13C NMR (CDCly) 6 169.8 (OAc),
82.0 (CHOMs), 75.9, 70.3 (COAc and COH), 53.5, 50.0, 40.0 (2
CH and SO,CHy3), 26.5, 25.6, 21.4, 21.3 (OCOMe), 20.8, 18.7, 18.6,
18.5 (7 CHy); mp 106 °C. Anal. Calcd for C;sH23S0q: C, 54.38;
H, 7.29; S, 9.68. Found: C, 54.43; H, 7.19; S. 9.60.

Synthesis of cis,syn,cis-2,8-Diacetoxy-3-[(methane-
sulfonyl)oxy]tricyclo[6.4.0.0*7]dodecane (the Acetate of 9
(m=1L,n=2R=Ac). Amixtureof9(m=1,n=2,R = Ac)
(1.0 g, 3 mM), acetic anhydride (3.5 mM, 200 mg), triethylamine
(3.5 mM, 350 mg), and DMAP (0.5 mM, 60 mg) in CH;Cl; (25
mL) was heated to reflux during 24 h. The mixture was poured
into 30 mL of ice-water and extracted with CH,Cl,. The
combined organic layers were washed with diluted HCl and dried
over MgSO,. The residue after evaporation was purified by
chromatography to give 220 mg (20% ) of acetate: IR (KBr) 1741
cm-! (OAc); 'tH NMR 400 MHz (CHCly) 6 5.07 (LH,dd, J1 =5
Hz, J> = 16 Hz, CHOMs), 3.02 (3 H, s, 0SO,Me), 2.90-2.80 (2
H, m, 2 CH), 2.26-2.19 (1 H, m) and 2.07-1.94 (7T H, m with 2 s
at 2.06 and 2.00) (3 CH;, 2 OAc), 1.90-1.23 (13 H, m); 13C NMR
(CDCly) 5169.6,169.2 (20Ac), 79.1 (CHOMS), 77.5,77.3 (2COAc),
53.1,48.5 (2CH), 39.4 (SO,CH3), 27.3, 25.8, 21.6, 21.5 (2 OCOMe),
21.3, 20.5, 19.7, 18.6, 18.2 (7 CHy); mp 100 °C. Anal. Calcd for
Ci17H250+8 C, 54.89; H, 7.11; S, 8.49. Found: C, 54.75; H, 6.94;
S, 8.60.

Transformation of 9 to 7 and 10 (Tables IV and V). To
a solution of 9 (2 mM) in CH;Cl; was added Et3N (2 equiv, 400
mg). The mixture was heated to reflux during the appropriate
time (see Table IV). After the usual workup, the residue was
purified by chromatography.

To a solution of 9 (0.5 mM, 170 mg) in CH;Cl; (20 mL) was
added Et;N (1 equiv, 50 mg) and freshly prepared Et;N-HCI (1
equiv, 70 mg), The mixture was heated to reflux during 5§ h.
After the usual workup, the crude product was purified by liquid
chromatography.

To a solution of 9 (0.5 mM) in CH;Cl; (20 mL) was added
pyridine (2 equiv, 80 mg). The mixture was heated to reflux
during 8 h. After the usual workup, 7 was purified by liquid
chromatography.

To a solution of 9 (0.5 mM, 170 mg) in CH;Cl, (20 mL) was
added pyridine (100 equiv, 4 mL). The solution was heated to
reflux during 80 h and then poured into ice—diluted HCl. The
organic layer was separated, and the water layer was extracted
with CH,Cl,. The combinated organic extract was washed with
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diluted HCI, dried over MgSO,, and evaporated under reduced
pressure. The residue was purified by liquid chromatography.

To a solution of 9 (0.5 mM, 170 mg) in CH;Cl; was added 100
equiv of pyridine (4mL) and 1 equiv of freshly prepared pyridine,
HC1 (60 mg). The mixture was refluxed during 20 h. After the
usual workup, 6 was purified by chromatography.

To a solution of 9 (0.5 mM, 170 mg) in CH,Cl; (20 mL) was
added pyridine (100 equiv, 4 mL) and freshly prepared pyridine,
HCI (1 equiv, 60 mg). The mixture is heated to reflux during 20
h. After the usual workup, 7 was purified by liquid chroma-
tography.

Compounds 7 were described above. The A/B trans junction
of all compounds 10 was assigned by measuring the coupling
constant between the hydrogens of the A/B ring junction: J =
16-17 Hz.

(1SR2RS, 6 RS,8RS)-7-Methoxytricyclo[6.4.0.0*¢Jundecan-
2-onel0(m=1,n=1,R=Me): IR (NaCl) 1743 cm-};'H NMR
400 MHz (CDCly) 4 3.26 (3 H, 5, OMe), 2.79 (1 H, dd, J; = 6 Hz,
J3 = 10 Hz, CH, COCHCOMe); 2.53 (L H,ddd, J; = 7T Hz, J, =
11 HZ, Jg =16 HZ) and 2.33 Q H, ddd, J1 =6 HZ, Jz =12 Hz,
J3 =16 Hz) (2CH), 2.16-1.35 (12 H, m, 6 CH,); 3*C NMR (CDCly)
4211.5 (C=0), 89.5 (COMe), 66.3, 58.7, 53.5 (3 CH), 51.5 (OMe),
29.6, 28.3, 27.2, 27.1, 24.2, 18.2 (6 CHy). Anal. Caled for
C1oH1405: C, 68.55; H, 8.62. Found: C, 68.42; H, 8.57.

(1SR,2RS,6RS,8RS)-8-Acetoxytricyclo[6.4.0.02¢]dodecan-
2-one10,m=1,n=2,R = Ac): IR (NaCl) 1741 cm (C=0);
1H NMR (400 MHz, CDClg) 6 2.71 (1 H, pd), 2.57-2.561 (1 H, m,
1/2 CHy), 2.44 (1 H, ddd, J, = 8 Hz, J,; = 10 Hz, J; = 16 Hz) and
2.38 (1 H, ddd, J, = 5 Hz, J; = 12 Hz, J3 = 16 Hz) (2 CH),
2.11-1.85 (8 H, m, 6.5 CH; with s at 2.04, OAc), 1.80-1.30 (8 H,
m); 13C NMR (CDClg) 6 211.1 (C==0), 169.9 (OAc), 81.4 (COAc),
62.1, 60.2, 55.8 (3 CH), 26.3, 24.6, 23.8, 23.0, 22.1 (56 CHy), 21.9
(Me), 20.2, 19.7 (2 CHy); mp 55 °C. Anal. Caled for C1HgOs:
C, 71.16; H, 8.53. Found: C, 70.71; H, 8.49.

(1SR,2RS,6RS S RS)-9-Acetoxytricyclo[6.4.0.02¢]tridecan-
2-one (10, m=1,n = 3,R = Ac): IR (NaCl) 1741 cm! (C==0);
H NMR (400 MHz, CDCly) 4 2.84-2.74 (2 H, m, COCHCOAc,
1/2 CHy), 2.79 (1 H,ddd, J; = 7 Hz, J; = 11 Hz, J5 = 17 Hz) and
2.59 (1 H, ddd, J; = 7 Hz, J; = 12 Hz, J3 = 17 Hz) (2 CHy),
2.16-1.21 (18 H, m, 7.5 CH, with s at 2.06, OAc); *C NMR (CDCly)
5211.5(C=0),169.7 (OAc), 86.6 (C-OAc),67.5,58.2,57.6 (3CH),
31.3, 29.8, 26.6, 26.4, 26.2, 24.7, 23.0 (7 CHy), 21.8 (Me), 18.9 (1
CHy); mp 68 °C. Anal. Caled for C;;H0s: C, 71.96; H, 8.86.
Found: C, 71.21; H, 8.56.

Alcohols 11a and 11b were prepared by treatment of 8 (m =
1, n = 1) with 6 equiv of LiAlH, in anhydrous ether. 1la: IR
(KBr) 3600-3200 cm-! (OH); 'H NMR (400 MHz, CHCl,) & 3.95
(1 H, dd, J, = J; = 6 Hz, CHOH), 3.19 (3 H, 5, OMe), 2.88-2.79
(1 H, m) and 2.57-2.49 (2 H, m) (3 CH), 1.86-1.45 (13 H, m, 6
CH,, OH exchanged with D;0); 3C NMR (CDCls) 5 98.6 (COMe),
74.2 (CHOH), 59.11, 51.3, 50.6, 49.6 (3 CH and OCHy3), 29.6, 29.5,
28.6, 26.2, 25.4, 23.3 (6 CHy); mp 56 °C. Anal. Calcd for
CisH02: C, 73.43; H, 10.27. Found: C, 73.63; H, 10.27. X-ray
diffraction data were also collected. 11b: IR (KBr) 36003100
cm-! (OH); 'H NMR (400 MHz, CHCly) 6 3.25-3.11 (1 H, m, OH
exchanged with D;0), 3.15 (3 H, s, OMe), 3.13 (1 H, dd, CHOH),
2.62-2.53 (1 H, m), 2.52-2.40 (1 H, m), and 2.31-2.27 (1 H, m)
(3 CH), 1.82-1.32 (12 H, m, 6 CHy); 1*C NMR (CDCls) 6 98.6
COMe), 74.2 (CHOH), 59.11, 51.3, 50.6, 49.6 (3 CH and OCHy,),
30.7, 29.7, 28.8, 27.1, 26.8, 24.7 (6 CHy); MS calcd for Cy3H20,
m/e 196,

Synthesis of 12 and 13 (Table VI). See methods A and B
described for the preparation of 7 and 8. The stereochemistry
of compounds 12 was assigned by measuring the coupling constant
of the hydrogens of the A/B ring junction (J = 12-13 Hz for a
trans junction and J = 8 Hz for a cis junction) or by comparison
of the 13C resonance of the carbonyl group. Infact, as it has been
described in the literature!® § (C=0) for a cis junction is higher
than for a trans junction (§ (C=0) = 215.5 ppm for 12 (m = 2,
n = 1, HiaHs8 or H;8Hse) and § (C=0) = 218 ppm for 12 (m
= 2, n = 1 H,8H:H).

(15) Eaton, P. E.; Giordano, C.; Schloemer, G.; Vogel, U. J. Org. Chem.
1978, 41, 2238.
(16) Lo Cicero, B.; Weisbuch, F.; Dana, G. J. Org. Chem. 1981, 46, 914.
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(1SR,2RS,7TRS,9RS)-7-Acetoxytricyclo[7.4.0.0*"]dodecan-
2-one (12, HiaH8 m=2,n=1,R = Ac): IR (NaCl) 1739 cm™?
(C=0); 'H NMR (400 MHz, CDCl) § 2.97 (1 H,dd, J1 = 10 Hz,
J2 = 4 Hz, COCHCOAc), 2.30-1.95 (8 H, m with s at 2.0, OAc),
1.90-1.72 (4 H, m), 1.67-1.55 (2 H, m), and 1.39-1.01 (6 H, m)
(OAc, 2 CH, 7 CHy); 13C NMR (CDCly) 6 215.5 (C=0), 169.9
(OAc), 94.8 (COAc¢), 57.9, 51.9, 47.8 (3 CH), 32.8, 29.7, 27.6, 26 4,
25.4,24.9 (6 CHy), 21.6 (OMe); mp 170-175 °C. Anal. Calcd for
the corresponding oxime C;Hz O3N: C, 66.90; H, 8.42; N, 5.57.
Found: C, 66.56; H, 8.66; N, 5.24.

(1SR,2RS,7RS,9RS)-8-Acetoxytricyclo[7.4.0.0*"Jtridecan-
2-one (12, Hia Hy8 m = 2, n = 2, R = OAc): IR (NaCl) 1743
cemt (C=0) with sh at 1740; 'H NMR (400 MHz, CDCly) 5 3.14
(1H,d,J = 7Hz, COCHCOACc), 2.45-2.38 (1 H, ddd, J, = 12 Hz,
Ja = 12 Hz, J3 = 2 Hz, Hj), 2.05-2.30 (8 H, m with s at 2.06, OAc),
1.75-1.90 (2 H, m), and 1.10-1.06 (10 H, m) (CH, OAc, 8 CH,);
13C NMR (CDCly) & 214.0 (C==0), 170.3 (OAc), 85.8 (COAc),
53.0, 52.9, 47.3 (3 CH), 27.6, 25.8, 25.7, 25.8, 22.5 (5 CHy), 22.0
(COAc), 21.7, 20.6, 20.0 (3 CHy); mp 170-175 °C. Anal. Caled
for the corresponding oxime C;sHz3OsN: C, 67.89; H, 8.73; N,
5.27. Found: C, 67.48; H, 8.59; N, 4.88.

(1LSR,2RS,7RS9RS)-9-Acetoxytricyclo[7.4.0.0* Jtetradecan-
2-one (12, Hioc Hy8 m=2,n=3,R = Ac): IR (NaCl) 1742 cm™!
(C=0); 'H NMR (400 MHz, CDCls) § 2.94-2.81 (1 H, m,
COCHCOAc), 2.32 (1 H, dd, J, = J, = 12 Hz, Hy), 2.21-1.05 (22
H, m, (Hs, 9 CH,) with s at 2.04, OAc); ¥*C NMR (CDCl) § 214.8
(C=0), 169.3 (COCHsy), 90.6 (COAc), 59.6 (0=CCCOAU0), 52.0,
50.0 (2 CH), 30.0, 28.6, 28.1, 27.7, 25.7, 25.6, 25.3, 24.8, 22.5 (9
CHby), 21.6 (OAc). Anal. Caled for C;sH,0s: C, 72.69; H, 9.15.
Found: C, 72.41; H, 9.05.

(1SR,2SR,6RS,8RS)-7-Acetoxytricyclo[7.4.0.0>"]dodecan-
2-one (12, Hif Hsgam=2,n=1,R = Ac): IR (NaCl) 1740 cm-!
(C=0); *H NMR 400 MHz (CDCly) 6 3.09 (1 H, dd, J, = 11 Hz,
Jy = 2 Hz, COCHCOAc), 2.33 (1 H,ddd, J; = 14 Hz, J; = 11 Hz,
J3 = 4 Hz, Hy), 2.26-2.16 (1 H, m), 2.11-1.78 (11 H, m with s at
2.07 OAc), and 1.53-1.01 (6 H, m) (OAc, H;, 7 CHy); 1°C NMR
(CDCly) 6§ 215.2 (C==0), 169.7 (COCHjy), 92.9 (COAc), 56.3
(OCCHCOAC), 50.4, 49.1 (2 CH), 34.0, 25.7, 25.6, 25.4, 25.1, 24.7,
24.5 (7 CHy), 21.2 (OAc); mp 65 °C. Anal. Caled for C;H3O3:
C, 71.15; H, 8.53. Found: C, 71.14; H, 8.59.

(LSR,2SR,7TRS,8RS)-8-Acetoxytricyclo[7.4.0.0¥"Jtridecan-
2-one (12, H S Hsam=2,n=2,R = Ac): IR (NaCl) 1743 cm™!
with sh at 1740 (C==0); 'H NMR (400 MHz, CDCly) 4 3.11 (1 H,
dd, J; = 12 Hz, J, = 8 Hz, COCHCOQAc), 2.40 (1 H,ddd, J; =
13 Hz, J, = 13 Hz, J3 = 5 Hz, H,), 2.24-1.63 (13 H, m, with s at
2, OAc) and 1.50-1 (7 H, m) (OAc, H;, 8CH,); 1°C NMR (CDCly)
$ 217.1 (C==0), 170.2 (COCHy), 86.8 (C-OAc), 50.9, 50.1, 45.3 (3
CH), 26.8, 26.0, 25.9, 25.7, 25.6, 24.6, 23.0, 22.7 (8 CHp), 22.0
(OAc); mp 104-106 °C. X-ray diffraction data were also collected.

(1SR2SR,7RSSRS)-9-Acetoxytricyclo[7.4.0.04"Jtetradecan-
2-one (12, H)§ Hsam=2,n=3,R = Ac): IR (NaCl) 1738 cm™!
(C=0); 'H NMR (400 MHz, CDCl;) 6 2.97-2.84 (1 H, m,
COCHCOACc), 2.29 1 H, dd, J, = J; = 12 Hz, H;), 2.14-1.43 (16
H, m with s at 2.04, OAc) and 1.33-1.03 (6 H, m) (OAc¢, Hg, 9CH,);
18C (CDClg) & 216.9 (C=0), 170.5 (OAc), 91.3 (COAc), 58.1
(OCCHOAC), 49.21, 48.8 (2 CH), 32.4, 31.0, 27.26, 26.55, 25.9,
25.3, 25.1, 23.7 (8 CHy); mp 83 °C. Anal. Caled for C;HyOs:
C, 72.69; H, 8.15. Found: C, 72.37; H, 9.27.

cis,anti,cis-7-Methoxytricyclo[6.4.0.0*¢Jundecan-2-one (12,
Hi8HS m=1,n=1,R=Me): IR (NaCl) 1749 ¢cm™! (C=0);
1H NMR (400 MHz, CDCly) § 3.23 (3 H, s, OMe), 2.42-2.38 (1
H, m, COCHCOMe), 2.24 (1 H, dd, J; = 8 Hz, J; = 5.5 Hz, Hy),
1.17-1.74 (7 H, m), 1.58-1.36 (3 H, m), and 1.23-1.13 (3 H, m)
(H;, 6CH,); 3C NMR (CDCly) 5 219.5 (C=0),93.2 (COMe), 61.0,
54.9 (2 CH), 50.5 (OMe), 45.7 (CH), 31.4, 29.7, 27.2, 27.0, 25.2,
25.1 (6 CHy); MS caled for C12H150, m/e 194.

cis,anti,cis-7-Acetoxytricyclo[6.4,0.0#¢Jundecan-2-one (12,
HAH;Sm=1,n=1R = Ac): IR (NaCl) 1740 cm! (C=0)
(with sh at 1740); tH NMR (400 MHz, CDCly) é 2.96-2.88 (1 H,
m, COCHCOAc), 2.56 (1 H, dd, J, = 8 Hz, J, = 5 Hz, H;), 2.33-
1.46 (15 H, m) and 1.33-1.21 (1 H, m) (OAc, H;, 6CHy); *C NMR
(CDCly) 5 218.4 (C==0), 169.6 (OCOMe), 90.4 (COAc), 56.2, 53.3,
48.8 (3 CH), 39.4, 36.5, 33.3, 33.0, 24.1 (5 CHy), 20.6 (Me), 18.1
(CH,); mp 135 °C. Anal. Caled for the corresponding oxime
CmHmOgNI C, 6580, H, 8.07; N, 5.90. Found: C, 65.85‘, H, 7.85;
N, 5.96.
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cis,anti,cis-7-Acetoxytricyclo[7.4.0.04"]dodecan-2-one (12,
HpfHpSm=2,n=1R=Ac): IR (NaCl) 1738 cm-! (C=0);
1H NMR (400 MHz, CDCly) 6 2.96 (1 H, ddd, J; = 13 Hz, J; =
8 Hz, J3 = 8 Hz, H)), 2.71 (1 H, pd, COCHCOACc), 2.47-2.3 (2 H,
m), 2.24-2 (6 H, m with s at 2.05), 1.87-1.77 (2 H, m), 1.71-1.49
(4 H, m), 1.43-1.31 (1 H, m), and 1.20-0.83 (3 H, m), (OAc, H;,
7 CHy); 13C NMR (CDCly) 4 217.6 (C=0), 170.2 (COCHy), 94.3
(COAc), 56.8 (OCCHCOALC), 49.3, 42.8 (2 CH), 38.8, 29.8, 26.4,
26.3, 24.0, 22.3, 21.9 (7 CHy), 21.3 (OAc); mp 86 °C. X-ray
diffraction data were also collected.

trans-Tricyclo[7.3.0.0%#}dodec-1(9)-en-2-one (13, Hya Hy8
m=2n=1) IR (NaCl) 1703 (C==0), 1619 cm™! (C=C); 1H
NMR (60 MHz, CCL) 4 2.8~1.0 (m); 1*C NMR (CDCly) 8 202.1
(C==0), 182.2, 145.9 (C=C), 60.5, 45.2 (2 CH), 29.2, 28.0, 26.5,
26.1,25.7, 24.3, 23.9 (7 CHz). Anal. Caled for C;oH;60: C, 81.77;
H, 9.15. Found: C, 81.58; H, 9.13.

trans-Tricyclo[7.4.0.0*%]tridec-1(9)-en-2-one (13, H;a Hs8
m=2,n=2) IR (NaCl) 1703 (C=0), 1634 cm~! (C=C); 'H
NMR (60 MHz, CCL) é 2.5-1.0 (m); 13C NMR (CDClg) & 206.9
(C=0), 169.5, 136.5 (C=C), 55.9, 48.5 (2 CH), 27.8, 26.5, 26.2,
24.9, 24.0, 21.8, 21.7,19.6 (8 CH;). Anal. Caled for CigH;50: C,
82.06; H, 9.63. Found: C, 81.85; H, 9.45.

trans-Tricyclo[7.5.0.0%,8]tetradec-1(9)-en-2-one (13, Hia
Hgf m =2, n = 8): IR (NaCl) 1706 (C=0), 1628 cm-! (C=C);
H NMR (60 MHz, CCLy) 5 2.7-1.0 (m); 13C NMR (CDCl) § 206.4
(C=0), 171.8, 139.9 (C=C), 55.25, 48.5 (2 CH), 30.8, 28.6, 27.9,
26.6, 26.4, 26.1, 25.9, 23.9, 22.4 (9 CH;). Anal. Caled for
C1Hz0: C, 82.30; H, 9.87. Found: C, 82.04; H, 9.51.

Transformation of 12 (R = Ac) to 13 (H,8 Hyf). To a
solution of 12 (R = Ac) (1 mM) in ¢tBuOH (20 mL) was added
2 equiv of tBuOK (2 mM, 220 mg). The mixture was stirred at
25 °C during the time indicated in Table VII. Water (50 mL)
was added, and the mixture was extracted with ether (2 X 30
mL). The combinated organic layer was dried over MgSO, and
evaporated in vacuo. 13 (H;8 and H,8) was purified by
chromatography.
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cis-Tricyclo[7.3.0.034)dodec-1(9)-en-2-one (13, H,s He8 m
=2, n=1): IR (NaCl) 1695 (C=0), 1634 cm-! (C=C); 'H NMR
(60 MHz, CCl) 4 3-0.9 (m); 13C NMR (CDCly) 4 203.8 (C==0),
187.8, 145.5 (C=C), 50.6, 36.5 (2 CH), 29.0, 26.3, 25.6, 23.6, 21.8,
20.0, 19.9 (7 CHy). Anal. Caled for CoH;60: C, 81.77; H, 9.15.
Found: C, 81.44; H, 9.02.

cis-Tricyclo[7.4.0.0*8]tridec-1(9)-en-2-one (13, H,f Hy8 m
=2, n=2): IR (NaCl) 1698 (C=0), 1645 cm~! (C==C); tTH NMR
(60 MHz, CCl) § 3-1 (m); 3C NMR (CDCly) & 210.2 (C==0),
176.7, 136.5 (C=C), 46.4, 41.3 (2 CH), 26.6, 26.1, 22.4, 22.3, 22.1,
21.7,20.9,19.7 (8 CH;). Anal. Calcd for the corresponding oxime
CisH1oON: C, 76.05; H, 9.27; N, 6.81. Found: C, 75.83; H, 9.27;
N, 6.61.

cis-Tricyclo[7.5.0.03%]tetradec-1(9)-en-2-one (13, H,8 H8
m=2,n=3) IR (NaCl) 1698 (C=0), 1643 cm~! (C=C); 'H
NMR (60 MHz, CCl,) § 3-0.8 (m); 13C NMR (CDCly) 5 209.8
(C==0), 178.7, 140.1 (C=C), 45.2, 42.8 (2 CH), 31.3, 31.1, 26.8,
26.5, 26.2, 23.1, 22.2, 21.0, 20.7 (9 CH;). Anal. Calcd for
CiuHg0: C, 82.30; H, 9.87. Found: C, 81.84 H, 9.59.

The structure of the enone 13 (Hi;f Hi8 m = 2, n = 2) was
determined by the method described by Eaton et al.l® for the
determination of the structure of 7 (m = 1,n = 1). The structure
of the remaining compounds 13 was deduced by comparison of
their 12C NMR and IR data.
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