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Akatract-Application of the polybromo ketone-iron carbonyl reaction to natural product synthesis is 
summarixed. The general synthesis of tropane alkaloids has been achieved via the reductive [3+4] 
cyclocoupling ofsym-tetrabromoacetone with N-methoxycarbonylpyrrole as the key step. Ready availability 
of 8-oxabicyclo[3.2.l]oct-6-en-3~ne from the tetrabromoacetone and furan has opened a new, efficient entry 
to natural C-nucleosides including pseudouridine, pseudocytidine, and showdomycin. The artificial 
analogues such as 2-thiopseudouridine, 6-azapseudouridine, pseudoisocytidine, etc., are also obtainable. The 
oxabicydic ketonea bearing an isopropyl substituent at the appropriate position serve as intermediates for the 
synthesis of naturally occurring troponoids, nexukone, a-thujaplicin, and hinokitiol (Bthujaplicin). 
Carbocamphenilone and camphenic acid have been prepared through the [3 + 43 reaction of 1,1,3-tribromo- 
3-methylbutan-2-one and cydopentadiene. The [3 + 23 cyclocondensation of an a,ddibromo ketone and a 
styrene derivative leads to the single-step synthesis of a-cuparenone. 1,3-Dibromo-3,7dimethyloct-f&m-2- 
one derived from nerol (or geraniol) undergoes the biogenetic-type double cyclixation. The iron carbonyl- 
assisted intramolecular [3 + 23 cyclocoupling gives camphor accompanied by other monoterpenic ketones. A 
mixture of campherenone and epicampherenone has been obtained from related dibromo ketone prepared 
from famesols. The hetero [3+2] reaction by use of dibromo ketones and N,Ndimethylcarboxamides, 
forming 3 (ZH)-furanones, is employable for the preparation of muscarine alkaloid derivatives. 

The chemistry of transition-metal carbonyls originates 
from the discovery of nickel carbony 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.3 
Additional utility of such neutral metal carbonyls arises 
from the high reducibility or nucleophihcity 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),-reduction of 1,3dichloro-2-methylene- 
propane5 incited us to examine the reduction of a,d- 
dibromo ketones (0x0 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 complex 3.‘j The 
reaction proceeds smoothly even in hydrocarbon 
solvents. Usually, both mononuclear Fe(CO), and 
dinuclear Fe,(CO), may be used for the reduction, but 

the latter is of general use. The unique reactivity of this 
new type of allylic bipolar species, acting as both a uni- 
and bifunctional three-carbon electropbile, relies 
heavily on the presence of the central oxygen group. 
Particularly noteworthy is the endowment of 
electrophilic character to a carbon a to the original keto 
group. Thus the parent ketones can be functionalixed 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-cycloheptenonea.8*9 In addition, 
the cycloaddition with cyclic dienes including 
cyclopentadienes*‘O and hetero aromatics such as 
pyrroless~” and furans**‘2 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 regioseleo 
tivity controlled by the frontier molecular orbitals of 
the two reactants.13 Behavior of the C3 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 oletins in a [3 +2] manner, 
producing five-membered ketones.14*‘5 The 
symmetry-forbidden reaction occurs in a stepwise 
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enones 

Scheme 1. 

fashion, where regioseiectivity is determined by the 
relative stability of the xwitterionic intermediatesI 
The hetero [3 + 21 cycloadditions are also possible with 
some substrates possessing a C=X bond (X = hetero 
atom).16 

The discovery of the iron carbonyl-promoted [3 + 23 
and [3 + 43 annulations has enabled us to make a wide 
range oforganic frameworks. This paper will survey the 
application to the synthesis of a variety of naturally 
occurring products. 

Alkdoids 
Of synthetical importance is the presence of an 

ole6nic bond in the [3 + 43 adducts which serves as a 
key for the further functionalixation. The utility of the 
[3 +4] reaction was displayed by realization of a 
general synthesis of tropane alkaloids having an 8- 
azabicyclo[3.2.l]octane system.” What appeared to 
be solved in the original synthetic design outlined 
below were: (1) incapability of dibromoacetone of 
generating the oxyallyl ~pe=cies,~ (2) predominant 
aromatic rather than dienic character of N- 
methylpyrrole which results in electrophilic substi- 
tution instead of the desired cycloaddition,“*r2 and (3) 
instability of 4 under the reaction conditions. These 

9 
+ F$CO,S A 

problems were overcome simply by replacing 
dibromoacetone by sym-tetrabromoacetone (5)s and 
N-methylpyrrole by N-methoxycarbonylpyrrole 
(6).8*12 The electron-accepting alkoxycarbonyl group 
increases the diene character in the starting pyrrole 
derivative and the stability of the [3 + 43 adducts. Thus, 
when 5 was treated with Fe2(C0)9’in the presence of 6 

followed by Zn/Cu couple in methanol, the azabicyclic 
ketone 7 was obtained in 57% yield. Reduction of7 with 
diisobutylaluminum hydride gave stereoselectively 6,7- 
dehydrotropine (8) having the natural a-hydroxyl 
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function in 92% yield (a//l = 93 : 7).18 The carbamate 
moiety was reduced to N-methyl 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 (lo), tropanediol (ll), teloidine (12). etc.19 
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(-)-Hyosciamine (13) was prepared via esteritication 
of 8 with (-).O-acetyltropyl chloride followed by 
deacetylation with hydrochloric acid and catalytic 
hydrogenation over Pd/C. 

The [3 + 43 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.‘O 

Br 9-r \-/ 
5 1C 

R 

o- 
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15 

Iron carbonyls effect reductive coupling of a;d- 
dibromo ketones and carboxamides of type 16. The 
hetero [3 + 23 annulation involving the C=O linkage 
followed by elimination of dialkylamines gives 3 (2H)- 
furanones of type 17. I6 An analogue of muscarine 
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alkaloids was prepared from 2,4dibromopentan-3-one 
and DMF by way of 17 (R = CH,, R’ = H).“j 

C-Nucleosides 
C-Nucleosides possess a multitude of biological 

properties such as antibiotic as well as anticancer and 
antiviral activitie~,~’ 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-l’ stereochemistry are the major 
challenges issued to the approach starting from non- 
carbohydrate precursors. The successful use of sym- 
tetrabromoacetone as a Cs unit in the iron carbonyl- 
aided [3 + 43 cyclocouphn process has opened a new 
route to such compounds. f ‘*” 

Our synthesis starts with the readily available 
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oxabicyclic ketone 14. When 14 was subjected to 
osmium tetraoxide-catalyxed dihydration using t-butyl 
hydroperoxide” followed by acetonidation, the 
oxygen functions wem introduced to the double bond 
solely from the less hindered side to give the acetonide 
18 as a single isomer in 68% yield Subsequent Baeyer- 
Villiger oxidation of 18 with trifluoroperacetic acid?’ 
afforded in 81% yield the key compound 19 possessing 
an adequate C-~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,26 and then relactonization. Reaction 
of the optically active lactone ~-19 with bis(dimethyl- 
amino)-t-butoxymethane” produced the a-dimethyl- 
aminomethylene lactone D-u), 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 

I-CLH9’XH~N(CH~212 
HN(CH& 

20 

naturally occurring pseudouridine (21) in 60% yield. In 
addition, pseudouridine acetonide is convertible to 
pseudocytidine (22),2” another natural product, and 6 
axapseudouridine,29 an artificial analogue. When D-2l.I 
was treated with thiourea under the basic conditions 
and then with an acid, 2-thiopseudouridine (23) was 
produced in WA yield. In a similar fashion, the base- 
assisted condensation of o-20 with guanidine and the 
subsequent acid hydrolysis formed pseudoisocytidine 
(24). a chemotherapeutically sign&ant synthetic C- 
nucleoside, in 700/, yield. 
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Showdomycin (26), a natural maleimide C- 
nucleoside, was synthesized through o-19 or D-#) in 
two diKerent ways. Ozonolysis of o-u) followed by 
reductive workup with dimethyl sultlde gave the a-keto 
lactone, n-25. Its Wittig olefination with (C,H,),P- 
CHCONHI, causing simultaneous ring closure to give 
a maleimide structure, followed by deprotection by 
acid treatment afforded the C-nucleoside 26 in 30”/, 
overall yield. z2 Another synthesis of 26 via ~-19 was 
achieved through the sequence which involves (1) aldol 
reaction with furfural followed by dehydration using 
pivaloyl chloride, yielding the corresponding a- 
furfurylidene lactone, (2) methanolysis of the lac- 
tone, (3) t-butyldimethylsilylation of the 5’-hydroxyl 
of the resulting ribosyl derivative, (4) oxonolysis 
giving ~-27, (5) the Wittig condensation using 

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 positi~ns.~~ 
Homo-C-nucleosides were also obtained by similar 
synthetic operationsJ3 

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 + 43 adducts of the polybromo ketones 
and furan derivatives3* Thus, nexukone (30) was 
conveniently prepared using 28 as the starting material, 

1 fwtl.ral 

2 ,.C&HgcOC~ TBDMSO 

3 CHpl I (C&+HC3Nn~ HO OH 

4. TBCMSC, 

19 27 

TBDMS r t-C/,Hg(CH3)25 

(CsH,),PCHCONH,, and (6) deprotection by acid 
hydrolysis.30 

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 ofthe rigid bicyclic system, resulting in preservation 
of the natural stereochemical integrity at the C-l’ 
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. ” Furthermore, since the key 
[3 + 43 cyclocondensation is applicable to a wide range 
of polybromo ketones and furans, this approach is 

$ :.zY_ $ 

26 29 

I n 
1 H2/Pd-C 

, n 

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 usin ~3dichloro-5,6dicyano-1,4benxoquinone 
@DQ).34.8s In a similar fashion, the bicyclic adduct 31 
was converted to 2Gopropyltropone (32), and its a- 
hydroxylation according to the standard method, viz, 
a-amination with hydraxine hydrate followed by basic 
hydrolysis, produced a-thujaplicin(33).34*36 Hinokitiol 
(B-thujaplicin) (36) was also synthesized via similar 
reaction sequence involving 34 and 35 as the key 
intermediates.34*36 

The product 37, derived from methyl isopropyl 
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ketone tribromide and cyclopentadiene, was employed 
for the synthesis of (f)-carbocamphenilone (38).t” 
Thus, catalytic hydrogenation of37 and the subsequent 
selenium dioxide oxidation afforded8 in 86% overall 
yield. Potassium permanpate oxidation of 38 led to 
( f )-camphenic acid (39). 

a,a’-Dibromo ketones underwent the [3 +2] 
q&coupling with aromatic olefins, producing 3- 
arylated cyclopentanones.14 The regioselective re- 
action of unsymmetrically substituted dibromides 
allowed the single-step synthesis of a cuparane-type 
sesquiterpene. Thus, (f )-a-cuparenone (42) was 
directly prepared though in 18% yield by the reaction of 
the dibromide 40 and the olefin 41 with the aid of 
Fe2(C0)9.3s 

$J.$==J-- _O 3 \ / 
40 41 

42 

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

p,j - -i?,- 

44 

- [h] - -&f 
45, 2. H.OH. or 0 

intramolecular [3 +2] process provided a chemical 
analogue of this bioconversion.39 When the Cl0 
dibromo ketone 46 was reduced with Fe2(C0)9, (Jo)- 
camphor (47) among other minor monoterpenic 
ketones was obtained in 380/, yield. Here, besides the 
oxygen atom, the methyl substituents are crucially 
@oan~&$xj$l~~s~ed&to~n~~ 

reduction of the Crs analog& 48 with Fe(CO),‘gave 
(f)-cam~l==o= (49 accompanied by (*h 
epicampherenone (so) (49/W = 2: 1 ratio) in 58% 
combined yield The reaction using the geometrical 
isomer, (Z)-48, atforded a 1: 2 mixture of 49 and 58 in 
38% yieldJ9 
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46. R = CH3 

48, R = CH2CH2CH=C(CH3)2 
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47, R’ q R2 I CH3 

49, R’ = CH3: 

R2 = CH2CH$H=CcH3)2 

50, R’ E CH2CH2CH=C(CH3)2: 

R2= CH3 

OhTS 
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. ( f )-Norm&c acid(52) was synthesiaed*’ through 
51.’ The ketone 53s served for the construction of the 
right-half block of ( f )-pederin (54).4z Preparation of a 
thromboxane At analogue !%*” was accomplished 
starting from 14.* 

33 

5,,R’=R3=CH3:R2=H 52 

53, R’ = R2 z CH3: R3 : H 

EXPERIMENTAL 
Elecause 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 product% 
which are omitted here. Diiron ennc%=ubonyl [Fe#ZO).J, 
though commercially available, was prepared by the method 
of Kinp and used after drying over KOH in a vacuum 
desiccator. All reactions were performed under argon 
atmospherc.Unlcssothemistnotbd,thcrtactionmixturewas 
usually worked up as follows: (1) quenching with satu- 
rated disodium dihydrogen ethyknediaminetetraacetate 
(Na,H,edta) soln, (2) extraction by suitable organic solvents 
and, if ntassary, filtration, (3) dryness of the extracta, and (4) 
conamtration. Chromatography was done on a silica-gel 
column. 
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8-Methoxycmbonyl-8~ozabicyclo[3.2.l]~t~n-~~ (7) 
The key intermediate for the tr&&akd~id~ synth&. A 

mixtureofsym-5(11.2a.30.0mmol)andFe,(C0).(10.9e30.0 
mmol) in b&z& (50 ml) was stirrdd at 5@%R&Xm&to the 
resulting mixture was added 6 (125 g, 10.0 mmol) and stirring 
was continued at the same temp for an additional 72 hr. Usual 
workup afforded a viscous oil &XI 10 g), which was dissolved in 
CHXl, (100 ml) and then to the soln was added NH.Cl- 
s&a& MeOH (100 ml). Subsequently, Zn/Cu couple (20.0 
g, 308 mg-atoms) was added in small portions over 1Omin 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 (co 2.5 g), whose column 
chromatography (1: 3 EtOAc-hexane) produced 7 as crystals 
(1.03 g, 57% yield), m.p. 69-70”. 

8-OxabicycIo[3.2.l]octd-en-3-one (14) 

sample,m_p. 37-39”, wasobtained by bulb-t&ulbdistiRation 
at bath temp of 50-80” (0.01 mm). The ketone 14 was also 
conveniently 
agent.*’ 

dble by using Zn/Ag couple as the reducing 

2,4-DImethyl-3(2H)ra~~ (17, R = CH,, R’ = H). A 
mixture of 2&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. 

The key intemtediate for the synthesis of Gnucleosides and 

After the usual workup gave a brown oil (4.06 g), to which was 

thebasicskeletonoflolium~oidP. Amixtureof5(3.73g, 10.0 
mmol) and Fe,(CO), (3.46 g, 10.0 mmol) in furan (40 ml) was 

added petroleum ether (80 ml), and the occurring ppts were 

stirred at refluxing temp for 48 hr. The mixture was worked 
up in a usual manner to afiord a brown oil, which was sub- 

removed by filtration. Evaporation of the filtrate followed by 

jected to column chromatography (1: 10 EtOAc-hexane), 
giving a diastereomeric mixture of 2,4dibromo-8- 

bulb-to-bulb distillation (25-70”, 0.2 mm) a5orded 2,4- 

oxabicyclo[3.21]oct-6-exGonea (1.76 g, 63% yield) as 

dimethyl-3(2H)-furanone (2.11 g, 53% yield). 

colorlfirs crystals. A mixture of the dibromidol(300 mg, 1.06 
mmol) was stirred with Zn/Cu couple (1.00 8.15.3 mg-atoms) 
in MeOH (10 ml) saturated with NH&I at room temp for 15 
min. After removal of insolubk materials by filtration, the 

6-lsopropyl-8-oxabicyclo[3.2.l]ocGen-3-one (28) 

liltrate was subjected to usual extractive workup. The 
resulting organic extract was concentrated at atmospheric 
pressure through a 2O-cm Vigreux column. Finally the residue 
was lightly sucked by an aspirator at room temp to leave 14 
(130mg,1~~yieldfromthedibromides).Thepurecrystalline 

stirred at 60” for 2 hr. Usual workup followed by treatment 
with Zn/Cu couple (70.0 II. 1.07 n-atoms) in MeOH I300 ml) at 
room temp for % hrgaveabro< oil(4.4g). Puticaiion o&is 
crudematerialwithashortaluminacolumnleR34(3.09g,47”/, 
yield based on Zisopropylfuran), m.p. 35-37”. 

2,2-Dimethylbicyclo[3.2.l]oc&-en-3-one (37) 
The intermediate for preparation of carbocamphenilone and 

camphenic acid. To a stirred mixture qf cyclopentadienc (1.0 
ml),Fe(CO),(1.17g,5.98mmol),THF(l.Oml),andbenxene(lO 
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: 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&l- 
saturated MeOH (12.0 ml) and shaken with Zn/Cu couple 
(3.80 g, 57.8 mg-atoms) for 20 min. Usual workup afiorded an 
oily residue, which was dissolved in CH,Cl, (20 ml). Tbe soln 
was added in small portions to vigorously stirred hexane (200 
ml)andthercsultinginsolublepptawereremovedbyfiltration. 
Concentration of the filtrate followed by c&mn chromatog- 
raphy(1: 10EtOA~hexane)gaveanoily37(9S%pureby1H- 
NMR, 520 mg, 66% yield), which produced a pure a-ystalline 
sample, m.p. 4%t8”, by bulb-to-bulb distillation at 70-120” 
(bath temp) (2 mm). 

Bulb-to-buld disti&ion of the&omatogra$ed ma&al at 
1~200” (bath temp) (0.1 mm) afforded a pure sample of 42 
(42 mg. 18% yield). 

Reaction of 1,3-dibromo-3,7-dimethyloc&en-2~ne (46) with 
Fe&O), 

Formation of camphor. A mixture of46(156 mg.O.50 mmol) 
and Fe,(COk (218 mg, 0.60 mmol) in benzne (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 cericammoniumnitratesolnin 80”/,aqueousacetonitrile(3 
ml) at room temp for 1 hr. After usual workup, the resulting 

a-Cuparenone (42). Solns of 40 (245 mg, 1.00 mmol) in 

crude product was subjected to VPC [3 mm x 2 m 5% 1,2,3- 

benzene(1.5ml)and41(528mg,4.00mmol)inbenzene(1.5m1) 

tris(2cycloethoxy)propane (TCEP), 130”], indicating the 

were introduced separately using two motor-driven syringes 
to a vigorously stirred suspension of Fc,(CO)~ (510 mg, 1.40 

formationof47(te 5.8min)in 38”/,vield,accom~aniedbvother 

mmol) in benizne (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 ethcr-hexane) to yield a 
colorless oil (54 mp, ) containing 42 as the maior comuonent. 

The intermediate fir n&d&e synthesis. To g &xture of 5 
(7.50 g, 20.0 mmol), 3-isoDroDvlfuran IO.88 K. 8.00 mmoll. and 
FeddO), (5.50 g, is.0 &olj h benzene (2Fml) was stir&d at 
60” for 2.5 hr. The mixture was coolal and to this were added 
Zn/Cu couple (10.0 g, 150 mg-atoms), NH&l-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) alTorded 28 (945 mg, 71% yield based on 3- 
isopropylfuran) as an oil. 

2-lsopropyl-8-oxabicyccycIoC3.2l-Joct-6-en-3-one (31) 
The synthetic intemaediate of a-thujaplicin. A mixture of 

1,1,3-tribromo4methylpentan-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 d&k brown oil (1.3 g). Treatmeni of this oil with Zn/Cu 
couple (3.6 g, 55.0 mg-atoms) in NH&l-saturated MeOH (15 
ml)at room tempfor 1.5 hrfollowcd by preparativeTLC( 1 : 10 
EtOAc-hexane) atTorded 31(290 mg, 35% yield). 

l-lsopropyl-8-oxabicyclo[32.l]oc&en-3-one (34) 
Theintennediateforpreparationofhinokitiol. AmixtureofS 

(40.0 g, 107 mmol), Fe,(CO)+ (27.3 g 75.0 mmol), and 2- 
isopropylfuran (5.50 & 50.0 mmol) in benzene (100 ml) was 

several minor &&ts. PrepaGve *PC (7 &n x 3 m 10% 
Apiez.on grease L, 130”) galie 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&O), (196 mg, 1.00 
mmol) in benzene (10 ml) in a pressure bottle was heated at 
loo” for 4.5 hr. and then worked up to give an oily product (300 
mg). The VPC analysis (3 mm x 2 m 10% AgNO,-10% TCEP, 
1OO”)showed theformationof49(~,24min)andSQ(t,26min) 
in a 2 : 1 ratio in 58% combined yield. The pure samplea of them 
were collected by preparative VPC (10 mm x 2 m 10% 
AgNO,-loo/. TCEP, 1 lo”). 

~2a,~-D&ethyl-8-o&cyclo[3.2.l]occt-6-en-3-one(51) 
and its 2a,4gdimethyl isomer. A mixture of 2,4dibromo- 
pcntan-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.OOmmol) was added, and 
the mixture was maintainad at this temp for an additional 29 
hr. Workup afforded a 44: 56 mixture of 51 and its 2u,4/3- 
dimethyl isomw (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.4s 

2.2 - Dimethyl - 8 - oxabicyclo[3.2.l]oct - 6 -en- 3 - one(53). A 
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mixture of 1,1.3-tribrom~3-methylbutan-2~ne(646 mg, 2.00 
mmol), Fc,(CO)~ (728 mg, 2.00 mmol), and furan (10 ml) was 
stirred at refluxing tanp for 40 hr. Usual workup afforded 
2a-bromo-4,4-dimethyl-8-oxabicyclo[3.2.lJoct-6-en-3-onc 
as colorless crystals (371 mg, 93% yield), m.p. 93-94”. The 
cvcloadduc4 149 me 0.21 mmol) was then treated with zn/cu 
&uple (400 & 6.5 mg-atom;) in NH&l-saturated M&H 
(2.0 ml) at 25” for 30 min. Removal of insoluble materials by 
filtration followed by cxtractive workup gave rise to the 
crystalline 53 (33 mg, 100% yield from the bicyciic bromide), 
m.p. 47-W. The Zn/Ag couple-media&d cydocondensation 
also afforded 53.*’ 
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