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Abstract—Application of the polybromo ketone-iron carbonyl reaction to natural product synthesis is
summarized. The general synthesis of tropane alkaloids has been achieved via the reductive [3+4]
cyclocoupling of sym-tetrabromoacetone with N-methoxycarbonylpyrrole as the key step. Ready availability
of 8-oxabicyclo[3.2.1]Joct-6-en-3-one from the tetrabromoacetone and furan has opened a new, efficient entry
to natural C-nucleosides including pscudouridine, pseudocytidine, and showdomycin, The artificial
analogues such as 2-thiopseudouridine, 6-azapseudouridine, pscudoisocytidine, etc., are also obtainable. The
oxabicyclic ketones bearing an isopropyl substituent at the appropriate position serve as intermediates for the
synthesis of naturally occurring troponoids, nezukone, a-thujaplicin, and hinokitiol (8-thujaplicin).
Carbocamphenilone and camphenic acid have been prepared through the [3 + 4] reaction of 1,1,3-tribromo-
3-methylbutan-2-one and cyclopentadiene. The [3 + 2] cyclocondensation of an a,&’-dibromo ketone and a
styrene derivative leads to the single-step synthesis of a-cuparenone. 1,3-Dibromo-3,7-dimethyloct-6-en-2-
one derived from nerol (or geraniol) undergoes the biogenetic-type double cyclization. The iron carbonyl-
assisted intramolecular [3 + 2] cyclocoupling gives camphor accompanied by other monoterpenic ketones. A
mixture of campherenone and epicampherenone has been obtained from related dibromo ketone prepared
from farnesols. The hetero {3 +2] reaction by use of dibromo ketones and N,N-dimethylcarboxamides,

0040-4020/85 $3.00+ .00
Pergamon Press Ltd.

forming 3 (2H)-furanones, is employable for the preparation of muscarine alkaloid derivatives.

The chemistry of transition-metal carbonyls originates
from the discovery of nickel carbonyl by Mond in 1890.
During the next one hundred years, there have been
elaborated numerous complexes having versatile
reactivity applicable both as catalysts and as
stoichiometric reagents to a wide range of organic
syntheses; for example, activation or protection of
unsaturated compounds, isomerization of dienic
substrates, fixation of unstable molecules such as
cyclobutadienes' and carbenes,? carbonylation, etc.?
Additional utility of such neutral metal carbonyls arises
from the high reducibility or nucleophilicity based on
the low oxidation states of the central metal atoms.
Here, the reduction generally requires the stoichio-
metric use of reagents, and therefore iron carbonyls,
perhaps the lowest-cost metal carbonyls, may be
among the most conveniently employable for this
purpose. In fact, the reduction with iron carbonyls has
been frequently applied as the key process to a number
of organic syntheses.* The successful preparation of
trimethylenemethane—iron carbonyl complex by
the Fe,(CO)y-reduction of 1,3-dichloro-2-methylene-
propane® incited us to examine the reduction of a,o’-
dibromo ketones (oxo analogues of the dihalo olefin)
with iron carbonyls in hopes of generating a new
reactive species usable for organic syntheses. The
mechanistic investigation has provided many lines
of evidence for the reduction initiated by two-
electron reduction of the dibromo ketone 1 (directly or
via oxidative addition of the C-Br bond) to give the
enolate 2, which then eliminates the allylic bromine
atom to produce the oxyallyl-iron(II) complex 3.5 The
reaction proceeds smoothly even in hydrocarbon
solvents. Usually, both mononuclear Fe(CO); and
dinuclear Fe,(CO), may be used for the reduction, but
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the latter is of general use. The unique reactivity of this
new type of allylic dipolar species, acting as both a uni-
and bifunctional three-carbon electrophile, relies
heavily on the presence of the central oxygen group.
Particularly noteworthy is the endowment of
electrophilic character toa carbon a to the original keto
group. Thus the parent ketones can be functionalized in
a variety of ways in a nonbasic environment. Scheme 1
illustrates various kinds of valuable reactions.” Among
all, the most important property is the capability of
undergoing the cycloaddition with a variety of
unsaturated substrates.” For instance, 3 underwent
[3+ 4] cycloaddition with open-chain dienes produc-
ing substituted 4-cycloheptenones.®® In addition,
the cycloaddition with cyclic dienes including
cyclopentadiene®!® and hetero aromatics such as.
pyrroles®!! and furans®'? gives bridged ketone
systems. The [3+4] annulation is classified as the
symmetry-allowed [,2+ ,4] process related to well-
known Diels—Alder reaction. The reaction with furans
proceeds by a concerted process with the regioselec-
tivity controlled by the frontier molecular orbitals of
the two reactants.!®> Behavior of the C, unit in
cycloaddition is reminiscent of reactivities of some
highly electron-deficient olefins such as tetracyano-
ethylene. The oxyallyl cations react with not only
dienes but also certain olefins in a [3+2] manner,
producing  five-membered  ketones.!*!5  The
symmetry-forbidden reaction occurs in a stepwise
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fashion, where regioselectivity is determined by the
relative stability of the zwitterionic intermediates.!?
Thehetero [3 +2] cycloadditions are also possible with
some substrates possessing a C=X bond (X = hetero
atom).'$

The discovery of the iron carbonyl-promoted [3 + 2}
and [3 +4] annulations has enabled us to make a wide
range of organic frameworks. This paper will survey the
application to the synthesis of a variety of naturally
occurring products.

Alkaloids

Of synthetical importance is the presence of an
olefinic bond in the [3 +4] adducts which serves as a
key for the further functionalization. The utility of the
[3+4] reaction was displayed by realization of a
general synthesis of tropane alkaloids having an 8-
azabicyclo[3.2.1]octane system.!” What appeared to
be solved in the original synthetic design outlined
below were: (1) incapability of dibromoacetone of
generating the oxyallyl species,® (2) predominant
aromatic rather than dienic character of N-
methylpyrrole which results in electrophilic substi-
tution instead of the desired cycloaddition,®!2 and (3)
instability of 4 under the reaction conditions. These
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problems were overcome simply by replacing
dibromoacetone by sym-tetrabromoacetone (5)® and
N-methylpyrrole by N-methoxycarbonylpyrrole
(6).8*2 The electron-accepting alkoxycarbonyl group
increases the diene character in the starting pyrrole
derivative and the stability of the [3 + 4] adducts. Thus,
when § was treated with Fe,(CO), 'in the presence of 6

followed by Zn/Cu couple in methanol, the azabicyclic
ketone 7 was obtained in 57%; yield. Reduction of 7 with
diisobutylaluminum hydride gave stereoselectively 6,7-
dehydrotropine (8) having the natural e-hydroxyl
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function in 929 yield («/8 = 93:7).!® The carbamate
moiety was reduced to N-methy] at the same time. The
alcohol 8 is convertible through appropriate reductive
or oxidative modification of the double bond to most
naturally occurring tropane alkaloids such as tropine
(9), scopine (10), tropanediol (11), teloidine (12), etc.'?
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Polybromo ketone-iron carbonyl reaction

(—)-Hyosciamine (13) was prepared via esterification
of 8 with (—)-O-acetyltropyl chloride followed by
deacetylation with hydrochloric acid and catalytic
hydrogenation over Pd/C.

The [3 + 4] cyclocondensation allows easy synthesis
of the oxabicyclic ketone 14 from 5 and furan (63%,
yield).® The basic skeleton of lolium alkaloids (15) has

been constructed from it.2°
1. FeACOlg Q
Br 8r 2. ZniCu, CHyOH |
——
5
Br 8r

5 14

15

Iron carbonyls effect reductive coupling of a,o’-
dibromo ketones and carboxamides of type 16. The
hetero [3 +2] annulation involving the C=0O linkage
followed by elimination of dialkylamines gives 3 (2H)-
furanones of type 17.'® An analogue of muscarine

0 ) 1. Fe,{CO)g 0
R R R 2. -NH(CH3)y

+ >=O
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alkaloids was prepared from 2,4-dibromopentan-3-one
and DMF by way of 17 (R = CH,, R’ = H).!¢

C-Nucleosides

C-Nucleosides possess a multitude of biological
properties such as antibiotic as well as anticancer and
antiviral activities,2! and the chemical synthesis is a
subject of current interest. Creation of the four
contiguous chiral centers in the ribose skeleton and
control of the C-1’ stereochemistry are the major
challenges issued to the approach starting from non-
carbohydrate precursors. The successful use of sym-
tetrabromoacetone as a C; unit in the iron carbonyl-
aided [3+4] cyclocoupling process has opened a new
route to such compounds.*2-23

Our synthesis starts with the readily available
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oxabicyclic ketone 14. When 14 was subjected to
osmium tetraoxide-catalyzed dihydration using t-butyl
hydroperoxide®* followed by acetonidation, the
oxygen functions were introduced to the double bond
solely from the less hindered side to give the acetonide
18 as a single isomer in 687 yield. Subsequent Baeyer—
Villiger oxidation of 18 with trifluoroperacetic acid?®
afforded in 819 yield the key compound 19 possessing
an adequate C-f-glycoside structure. The optically
pure lactone was obtained through methanolysis of
racemic 19 to the seco acid, its optical resolution by the
Pirkle’s method, 2% and then relactonization. Reaction
of the optically active lactone D-19 with bis(dimethyl-
amino)-t-butoxymethane?” produced the a-dimethyl-
aminomethylene lactone D-20, a common synthetic
intermediate for pyrimidine C-nucleosides, in 91%
yield. Exposure of D-20 to urea in the presence of
ethanolic sodium ethoxide, followed by removal of the
glycol protective group with an acid furnished

o 1. 0s0,, 0 o]
#-C4HgOOH 0
2. CH3COCHg, H' CF3CO00H 0
0 0_0
1% N PaN
18 19
0
0 HN(CH3),
1-C HgOCHIN(CH),], )
%
20

naturally occurring pseudouridine (21) in 60%; yield. In
addition, pseudouridine acetonide is convertible to
pseudocytidine (22),2® another natural product, and 6-
azapseudouridine,?® an artificial analogue. When D-20
was treated with thiourea under the basic conditions
and then with an acid, 2-thiopseudouridine (23) was
produced in 60%; yield. In a similar fashjon, the base-
assisted condensation of D-20 with guanidine and the
subsequent acid hydrolysis formed pseudoisocytidine
(24), a chemotherapeutically significant synthetic C-
nucleoside, in 709, yield.
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Showdomycin (26), a natural maleimide C-
nucleoside, was synthesized through p-19 or p-20 in
two different ways. Ozonolysis of D-20 followed by
reductive workup with dimethyl sulfide gave the a-keto
lactone, D-25. Its Wittig olefination with (C4H;);P-
CHCONH,, causing simultaneous ring closure to give
a maleimide structure, followed by deprotection by
acid treatment afforded the C-nucleoside 26 in 309
overall yield.22 Another synthesis of 26 via p-19 was
achieved through the sequence which involves (1) aldol!
reaction with furfural followed by dehydration using
pivaloyl chloride, yielding the corresponding o-
furfurylidene lactone, (2) methanolysis of the lac-
tone, (3) t-butyldimethylsilylation of the 5-hydroxyl
of the resulting ribosyl derivative, (4) ozonolysis
giving D-27, (5) the Wittig condensation using
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capable of preparing various kinds of artificial C-
nucleoside analogues, particularly those with un-
natural carbohydrates possessing alkyl or hydroxy-
alkyl substituents at the appropriate positions.3?
Homo-C-nucleosides were also obtained by similar
synthetic operations.33

Terpenes

The new cyclocoupling was further applied to the
syntheses of terpenoids and related compounds. An
example is the synthesis of naturally occurring
troponoids achieved via sequence of simple reactions
starting from [3 + 4] adducts of the polybromo ketones
and furan derivatives.3* Thus, nezukone (30) was
conveniently prepared using 28 as the starting material,

Y 0
0 HN(CH3)5 e )
° O3 0 1. (CgH51PCHCONH,
2. Hy0*
% 0){) \ HN (o]
20 25 0PN
HO
0 1. turtural COOCH3 (o]
0 2 1-CHgCoct  TBOMSO
0 3 CH3OH o} 1 CgghPCHCONH; sy gy
2. H 0"
4. TBCMSCI 3 26
00 59 O)<0

19 27

TBDMS = t-Cy4Hg(CH3)2Si

(CsHs);PCHCONH,, and (6) deprotection by acid
hydrolysis.3° :

Thus, the highly chiral C-nucleosides were prepared
expeditiously from simple, achiral materials, acetone
and furan. The salient feature of this total synthesis is
use of the rigid bicyclicsystem, resulting in preservation
of the natural stereochemical integrity at the C-1’
position of the ribose skeleton throughout the overall
transformation. Most synthetic approaches presented
so far are based on introduction of the heterocyclic base
into the ribose aomeric center, and does not allow strict
stereochemical control.3! Furthermore, since the key
[3 +4] cyclocondensation is applicable to a wide range
of polybromo ketones and furans, this approach is

obtainable from sym-tetrabromoacetone and 3-
isopropylfuran, through its hydrogenation on Pd/C,
dehydration with fluorosulfonic acid, giving the
cross conjugated dienone 29, and then dehydrogen-
ation using 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ).34-3% In a similar fashion, the bicyclic adduct 31
was converted to 2-isopropyltropone (32), and its a-
hydroxylation according to the standard method, viz.,
a-amination with hydrazine hydrate followed by basic
hydrolysis, produced a-thujaplicin (33).>4-3¢ Hinokitiol
(B-thujaplicin) (36) was also synthesized via similar
reaction sequence involving 34 and 35 as the key
intermediates.34-3¢

The product 37, derived from methyl isopropyl

9 1 HylPd-C ? 2
2.FSO3H p oDa p
28 29 30
1 HafPd-C
9 2.F503H 9 1. NHoRH H,0 9 oH
e 3.00Q 2. KOH
3 32 33
[e] Q
1. H IPd-C 1. NHyNHyH,0 OH
2. BF3/Acz0 2. KOH O
3. Al;04
4. 000
34 35 36



Polybromo ketone—iron carbonyl reaction
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ketone tribromide and cyclopentadiene, was employed
for the synthesis of (+)<carbocamphenilone (38).'°
Thus, catalytic hydrogenation of 37 and the subsequent
selenium dioxide oxidation afforded 38 in 80% overall
yield. Potassium pcrmanga.natc oxidation of 38 led to
(+ )-camphenic acid (39).3”

ao’-Dibromo ketones underwent the [3+2]
cyclocoupling with aromatic olefins, producing 3-
arylated cyclopentanones.’* The regioselective re-
action of unsymmetrically substituted dibromides
allowed the single-step synthesis of a cuparane-type
sesquiterpene. Thus, (+)-a-cuparenone (42) was

directly prepared though in 187 yield by the reaction of
the dibromide 40 and the olefin 41 with the aid of

Fe,(CO)y.3®
o]
g Fe,(COlg g
4
42

Terpenes bearing a bicyclo[2.2.1]heptane skeleton
like 45 are conceived to be biosynthesized by the double
cyclization of the allylic cation 44 generated from the
pyrophosphate 43. The iron carbonyl-promoted

o
>
Br Br
40

enzyme

45, 2= H,0H, or O

intramolecular [3+2] process provided a chemical
analogue of this bioconversion.®* When the C,,
dibromo ketone 46 was reduced with Fe,(CO),, (+)-
camphor (47) among other minor monoterpenic
ketones was obtained in 389 yield. Here, besides the
oxygen atom, the methyl substituents are crucially
important for the ox;sullg] intermediate to undergo the’
double cyclization.’®*° In a similar manner, the
reduction of the C, s analogue 48 with Fe(CO)4 gave
(t)-campherenone (49) accompanied by (+)
epicampherenone (30) (49/50 = 2:1 ratio) in 58%
combined yield. The reaction using the geometrical
isomer, (Z)-48, afforded a 1:2 mixture of 49 and 50 in
389 yield.>®
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47, R' =R?= CHy
49, R' = CHy;:
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Others

There have been also achieved syntheses of other
natural products and their analogues via the [3+4]
reaction of the polybromo ketones and furan as the key
step.( + }-Nonactic acid (52) was synthesized*! through
51.° The ketone 53° served for the construction of the
right-half block of (£ )-pederin (54).42 Preparation of a
thromboxane A, analogue 554 was accomplished
starting from 14.%

ST s
H H toom

51, R =R3 = CHy:RZ=H 52
53 R' = R? = CHy: R = H
OCH;0  GCHy
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EXPERIMENTAL

Because of the space limitation, herein only procedures of
the key iron carbonyl-promoted cyclocoupling reactions are
described. Original papers cited in the text report the
experimental detail of other standard reactions. The original
reports also mention the spectral characteristics of products,
which are omitted here. Diiron enneacarbonyl {Fe,(CO),],
though commercially available, was prepared by the method
of King** and used after drying over KOH in a vacuum
desiccator. All reactions were performed under argon
atmosphere. Unless otherwise noted, the reaction mixture was
usually worked up as follows: (1) quenching with satu-
rated disodium dihydrogen ethylenediaminetetraacetate
(Na,H ;edta) soln, (2) extraction by suitable organic solvents
and, if necessary, filtration, (3) dryness of the extracts, and (4)
concentration. Chromatography was done on a silica-gel
column.
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8-Methoxycarbonyl-8-azabicyclo[3.2.1]oct-6-en-3-one (7)

The key intermediate for the tropane alkaloids synthesis. A
mixture of sym-§(11.2 g, 30.0 mmol) and Fe,(CO),(10.9 g, 30.0
mmol) in benzene (50 ml) was stirred at 50°. After 5 min, to the
resulting mixture was added 6 (12.5 g, 10.0 mmol) and stirring
was continued at the same temp for an additional 72 hr. Usual
workup afforded a viscous oil (ca 10 g), which was dissolved in
CH,Cl, (100 ml) and then to the soln was added NH,Cl-
saturated MeOH (100 ml). Subsequently, Zn/Cu couple (20.0
g, 308 mg-atoms) was added in small portions over 10min with
vigorous stirring. After the addition was completed, stirring
was continued at room temp for 3 hr. The mixture was usually
worked up to leave a black tar (ca 2.5 g), whose column
chromatography (1: 3 EtOAc-hexane) produced 7 as crystals
(1.03 g, 57% yield), m.p. 69-70°.

8-Oxabicyclo[3.2.1]oct-6-en-3-one (14)

The key intermediate for the synthesis of C-nucleosides and
the basic skeleton of lolium alkaloids. A mixture of §(3.73 g, 10.0
mmol) and Fe,(CO), (3.46 g, 10.0 mmol) in furan (40 ml) was
stirred at refluxing temp for 48 hr. The mixture was worked
up in a usual manner to afford a brown oil, which was sub-
jected to column chromatography (1:10 EtOAc-hexane),
giving a diasterecomeric mixture of 2,4-dibromo-8-
oxabicyclo[3.2.1]oct-6-en-3-ones (1.76 g, 63% yield) as
colorless crystals. A mixture of the dibromides (300 mg, 1.06
mmol) was stirred with Zn/Cu couple (1.00 g, 15.3 mg-atoms)
in MeOH (10 ml) saturated with NHCl at room temp for 15
min. After removal of insoluble materials by filtration, the
filtrate was subjected to usual extractive workup. The
resulting organic extract was concentrated at atmospheric
pressure through a 20-cm Vigreux column. Finally the residue
was lightly sucked by an aspirator at room temp to leave 14
(130mg, 1007, yield from the dibromides). The pure crystalline
sample, m.p. 37-39°, was obtained by bulb-to-bulb distillation
at bath temp of 50-80° (0.01 mm). The ketone 14 was also
conveniently accessible by using Zn/Ag couple as the reducing
agent.*?

2,4-Dimethyl-3(2H)-furanone (17, R = CH,, R'=H). A
mixture of 2,4-dibromopentan-3-one (8.70 g, 35.6 mmol),
Fe(CO), (15.6 g, 42.8 mmol), and Na,H,edta (18.0 g, 53.3
mmol) in DMF (180 ml) was stirred at room temp for 12 hr.
After the usual workup gave a brown 0il (4.06 g), to which was
added petroleum ether (80 ml), and the occurring ppts were
removed by filtration. Evaporation of the filtrate followed by
bulb-to-bulb distillation (25-70°, 0.2 mm) afforded 2,4-
dimethyl-3(2H)-furanone (2.11 g, 53% yield).

6-Isopropyl-8-oxabicyclo(3.2.1]oct-6-en-3-one (28)

The intermediate for nezukone synthesis. To a mixture of 5
(7.50 g, 20.0 mmol), 3-isopropylfuran (0.88 g, 8.00 mmol), and
Fe,(CO), (5.50 g, 15.0 mmol) in benzene (20 ml) was stirred at
60° for 2.5 hr. The mixture was cooled and to this were added
Zn/Cu couple (100 g, 150 mg-atoms), NH,Cl-saturated
MeOH (15 ml), and benzene (40 ml). The mixture was
vigorously stirred at room temp for 20 min. Standard workup
followed by purification by column chromatography (1:10
ether—benzene) afforded 28 (945 mg, 719 yield based on 3-
isopropylfuran) as an oil.

2-Isopropyl-8-oxabicyclo[3.2.1]oct-6-en-3-one (31)

The synthetic intermediate of a-thujaplicin. A mixture of
1,1,3-tribromo-4-methylpentan-2-one (1.68 g, 5.00 mmol),
Fe,(CO), (2.20 g, 6.04 mmol), and furan (15 ml) was heated at
refluxing temp for 16 hr and worked up in a usual manner to
give a dark brown oil (1.3 g). Treatment of this oil with Zn/Cu
couple (3.6 g, 55.0 mg-atoms) in NH (Cl-saturated MeOH (15
ml)at room temp for 1.5 hr followed by preparative TLC(1 : 10
EtOAc-hexanc) afforded 31 (290 mg, 35%; yield).

1-Isopropyl-8-oxabicyclo[3.2.1]Joct-6-en-3-one (34)

T he intermediate for preparation of kinokitiol. A mixture of §
(40.0 g, 107 mmol), Fe,(CO), (27.3 g, 75.0 mmol), and 2-
isopropylfuran (5.50 g, 50.0 mmol) in benzene (100 mi) was
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stirred at 60° for 2 hr. Usual workup followed by treatment
with Zn/Cu couple (70.0 g, 1.07 g-atoms) in MeOH (300 ml) at
room temp for 30 hr gave a brown oil (4.4 g). Purification of this
crude material with a short alumina column left 34(3.09 g,47%,
yield based on 2-isopropylfuran), m.p. 35-37°.

2,2-Dimethylbicyclo( 3.2.1]oct-6-en-3-one (37)

The intermediate for preparation of carbocamphenilone and
camphenic acid. To a stirred mixture of cyclopentadiene (1.0
ml), Fe(CO),(1.17 g,5.98 mmol), THF (1.0 ml), and benzene (10
ml) was added at 80° a soln of 1,1,3-tribromo-3-methylbutan-
2-one(1.62 g, 50.0 mmol) in a 1 : | mixture of cyclopentadiene
and benzene (7.5 ml) over 25 min. The resulting mixture was
stirred for an additional 45-min period at the same temp. After
cooling, the mixture was quenched by addition of NH,Cl-
saturated MeOH (12.0 ml) and shaken with Zn/Cu couple
(3.80 g, 57.8 mg-atoms) for 20 min. Usual workup afforded an
oily residue, which was dissolved in CH,Cl, (20 mi). The soln
was added in small portions to vigorously stirred hexane (200
mi)and the resulting insoluble ppts were removed by filtration.
Concentration of the filtrate followed by column chromatog-
raphy (1:10 EtOAc-hexane) gave an oily 37 (95%, pure by 'H-
NMR, 520 mg, 66%; yield), which produced a pure crystalline
sample, m.p. 45-48°, by bulb-to-bulb distillation at 70-120°
(bath temp) (2 mm).

a-Cuparenone (42). Solns of 40 (245 mg, 1.00 mmol) in
benzene (1.5 ml)and 41 (528 mg, 4.00 mmol) in benzene (1.5 ml)
were introduced separately using two motor-driven syringes
to a vigorously stirred suspension of Fe,(CO), (510 mg, 1.40
mmol)in benzene (0.5 ml) over 40 min at 55°. The mixture was.
stirred at the same temp for an additional 15 hr and then
worked up usually to give an oil (668 mg), which was subjected

- to column chromatography (1:10 ether—hexane) to yield a

colorless oil (54 mg ) containing 42 as the major component.
Bulb-to-bulb distillation of the chromatographed material at
100-200° (bath temp) (0.1 mm) afforded a pure sample of 42
(42 mg, 18%; yield).

Reaction of 1,3-dibromo-3,7-dimethyloct-6-en-2-one (46) with
Fe,(CO),

Formation of camphor. A mixture of 46 (156 mg, 0.50 mmol)
and Fe,(CO), (218 mg, 0.60 mmol) in benzene (25 ml) in a
pressure bottle was heated at 100-110° for 1.5 hr with
magnetical stirring. The resulting mixture was treated with 2
M cericammonium nitrate soln in 80% aqueous acetonitrile (3
ml) at room temp for 1 hr. After usual workup, the resulting
crude product was subjected to VPC [3 mm x 2 m 5% 1,2,3-
tris(2-cycloethoxy)propane (TCEP), 130°], indicating the
formation of 47 (t, 5.8 min)in 38% yield, accompanied by other
several minor products. Preparative VPC (7 mm x 3 m 10%
Apiezon grease L, 130°) gave an analytical sample of 47.

Reaction of (E)- 1,3 - dibromo - 3,7,11 - trimethyldodeca - 6,10 -
dien - 2 - one (48) and Fe(CO),

Preparation of campherenone and epicampherenone. A
mixture of 48 (380 mg, 1.00 mmol) and Fe(CO), (196 mg, 1.00
mmol) in benzene (10 ml) in a pressure bottle was heated at
100° for 4.5 hr, and then worked up to give an oily product (300
mg). The VPC analysis (3mm x 2m 109, AgNO,~10% TCEP,
100°) showed the formation of 49 (t; 24 min) and 50 (¢, 26 min)
ina2: 1 ratioin 58%; combined yield. The pure samples of them
were collected by preparative VPC (10 mmx2 m 10%
AgNO,;-10% TCEP, 110°).

2a,4a - Dimethyl - 8 - oxabicyclo[3.2.1]oct - 6 -en- 3 - one (51)
and its 2a,4p-dimethyl isomer. A mixture of 2,4-dibromo-
pentan-3-one (1.22 g, 5.00 mmol), Fe,(CO), (2.18 g, 6.00
mmol), and furan (50 ml) was stirred at 40°. After 24 hr, the
second portion of Fe,(CO), (1.09 g, 3.00mmol) was added, and
the mixture was maintained at this temp for an additional 29
hr. Workup afforded a 44:56 mixture of 51 and its 2¢,4f-
dimethyl isomer (883 mg, 90%;, combined yield). The derivative
51 was also obtainable as the single isomer by the reaction
using Zn/Ag couple as the reducing agent.*$

2,2- Dimethyl -8 - oxabicyclo[3.2.1]oct - 6-en- 3 - one(53). A



Polybromo ketone—iron carbonyl reaction

mixture of 1,1,3-tribromo-3-methylbutan-2-one (646 mg, 2.00
mmol), Fe,(CO), (728 mg, 2.00 mmot), and furan (10 m}) was
stirred at refluxing temp for 40 hr. Usual workup afforded
2a-bromo-4,4-dimethy!-8-oxabicyclo[3.2.1Joct-6-en-3-one
as colorless crystals (371 mg, 93% yield), m.p. 93-94°. The
cycloadduct (49 mg, 0.21 mmol) was then treated with Zn/Cu
couple (400 mg, 6.12 mg-atoms) in NH,Cl-saturated MeOH
(2.0 l) at 25° for 30 min. Removal of insoluble materials by
filtration followed by extractive workup gave ris¢ to the
crystalline 53 (33 mg, 100% yield from the bicyclic bromide),
m.p. 47-50°. The Zn/Ag couple-mediated cyclocondensation
also afforded 53.4%
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