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Abstract: The iron carbonyl promoted reaction of polybromo ketones and pyrrole derivatives is applied to the synthesis of tro-
pane alkaloids. The {3 + 4] cyclocoupling between a,a,a’,a’-tetrabromoacetone and N-carbomethoxypyrrole leads to N-car-
bomethoxy-2,4-dibromo-8-azabicyclo{3.2.1]oct-6-en-3-ones. Hydrogenation of the adducts in ethanol over Pd/C gives N-car-
bomethoxy-8-azabicyclo{3.2.1]octan-3-one, which is reduced with diisobutylaluminum hydride to tropine. Treatment of the
unsaturated bicyclic dibromo adducts with zinc-copper couple in methanol containing ammonium chloride affords N-carbo-
methoxy-8-azabicyclo[3.2.1]oct-6-en-3-one, which upon reduction with diisobutylaluminum hydride is converted selectively
to N-methyl-8-azabicyclo{3.2.1]oct-6-en-3a-o0l (6,7-dehydrotropine). Since the product can be transformed to all naturally
occurring tropane derivatives, the present procedure marks the realization of a new, general synthesis of the alkaloid family.

Tropane alkaloids-> have received a great deal of atten-
tion because of their remarkable pharmaceutical significance.
Therefore a variety of synthetic approaches to tropane alka-
loids have been investigated.5”7 We feel, however, that most
of them reported so far are able to produce derivatives of only
certain types. This paper describes a new synthesis of tropane
alkaloids based on the polybromo ketone-iron carbonyl reac-
tion!-® which allows the preparation of a wide variety of natural
and unnatural alkaloids.

Basic Design. Since the first discovery of the 4-cyclohep-
tenone synthesis via the iron carbony! promoted cyclocoupling
between «,o/-dibromo ketones and 1,3-dienes,® we have hoped
to apply the reaction to the synthesis of tropanes. The cyclo-
coupling reaction with cyclic dienes such as furan!© and cy-
clopentadiene® proceeds quite facilely, yielding the bicyclic [3
+ 4] adducts. Therefore, we expected that the cyclocoupling
of dibromoacetone and N-methylpyrrole as cyclic 1,3-diene
may lead directly to 6,7-dehydrotropinone (1). At the outset
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of the examination, however, the original plan resulted totally
in failure because of the following three limitations. The first
is that dibromoacetone, unlike ordinary dibromo ketones with
long alkyls, does not react with dienes for the reasons described
previously.® The second is that reaction of «,a’-dibromo ke-
tones and N-methylpyrrole cannot afford the expected cy-
clocoupling products but gives the monocyclic substitution
products.®11 The third limitation arises from the instability
of 6,7-dehydrotropinones under the present reaction conditions
that form FeBr; with the progress of reaction.!213

Fortunately, we could unravel these problems by adopting
the following modifications. The first impediment was removed
by the use of a,a,o,o/-tetrabromoacetone as the starting
three-carbon unit followed by removal of bromine atoms from
the initially formed diene adduct.!® The second and third
problems, which are likely caused by the presence of free lone
pair electrons on the nitrogen atom, were concurrently solved
by the use of N-carbomethoxypyrrole in place of N-methyl-
pyrrole 811

Synthesis of Tropine. Scheme I shows a new route to tropine.
The Fe,(CO)g-aided reaction of tetrabromoacetone and N-
carbomethoxypyrrole (3:3:1 mole ratio) in benzene at 50 °C
gave a 2:1 mixture of the desired cycloadducts 2 and 3 having
a tropane skeleton in 70% yield (52% isolated). Both diaste-
reomers were quite stable during usual workup and silica gel
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chromatography. Stereochemistry of these isomers was verified
on the basis of the NMR signals due to the CHBr protons.!
The cis isomer 2 showed a two-proton doublet (J = 4.0 Hz) at
d 4.80, indicating the presence of two equivalent methine
protons at C, and C4, whereas the trans isomer 3 exhibited two
one-proton doublets at § 4.27 (J = 2.0 Hz) and 5.11 (J = 3.5
Hz) arising from the two nonequivalent methine protons. Other
signals of 2 occurred with a symmetrical pattern, but those of
3 did not.

The yield of the cyclocoupling products was affected by the
mole ratio of the starting materials employed. When Fe (CO)g
was used in excess to the tetrabromide, overreduction of the
resulting 2 and 3 occurred to afford a monobromide. The use
of an excess of N-carbomethoxypyrrole to the tetrabromide
caused a drastic decrease in yield of the products. For example,
the desired adducts 2 and 3 were obtained in <10% yield in the
reduction using the pyrrole and tetrabromoacetone in 3-7:1
mole ratio. Fe(CO)s in place of Fe;(CO)y failed to give the
cyclocoupling products in satisfactory yield. Zinc-copper
couple may be used as reducing agent.'6 Thus, when the re-
duction of tetrabromoacetone with zinc-copper couple in the
presence of N-carbomethoxypyrrole (1:1.2:2 mole ratio) was
performed in 1,2-dimethoxyethane (DME) at —5 °C to room
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Table I. Stereoselectivity in the Reduction of N-Carbomethoxynortropinone (4)¢
Temp, °C Product
Run Reducing agent Solvent (time, h) ratio, 5/6%
1 DIBAH THF =78 (10) and 25 (10) 90:10
2 DIBAH 1:1 THF-pentane =20 (19) and 25 (24) 80:20
3 DIBAH 1:1 THF-pentane 25 (22) 70:30
4 DIBAH 1:1 ether-pentane 25 (24) 65:35
5 DIBAH 1:1 2-MeTHF<-pentane 25(22) 65:35
6 DIBAH 1:1 DME-pentane 25(2) 60:40
7 DIBAH 1:1 benzene-pentane 25(19) 60:40
8 LiAlI(O-t-C4Ho),H, 4 THF 25(18) 60:40
9 LiAl{O-t-C4Ho)3H? THF 25 (18) 60:40
10 NaAl(OCH,CH,;OCHj3),H> Benzene 25(22) 60:40
11 LiAlH,4 THF 25 (5) 55:45
12¢ TIBA 1:1 benzene-pentane 25 (23) 80:20

a Unless otherwise stated, the experiment afforded 5 and 6 in >90% yield. & Determined by NMR analysis (benzene as interna! standard).
¢ 2-Methyltetrahydrofuran. 4 This reagent did not reduce the carbamate function. Further reduction was achieved by adding LiAlH, after

completion of the carbonyl reduction. ¢ Result obtained with tropinone.

temperature, 2 was obtained as a single product in 25-30%
yield,

The cycloadducts 2 and 3 can be transformed via only two
steps to tropine (§), a representative naturally occurring al-
kaloid. Catalytic reduction of a mixture of 2 and 3 over 10%
Pd/C in ethanol afforded the ketone 4 in quantitative yield.
The structure of 4 was confirmed by comparison of all respects
with an authentic sample which had been independently pre-
pared from tropinone and methy! chloroformate.!’

Diisobutylaluminum hydride (DIBAH) can readily trans-
form a carbony! group into a secondary hydroxyl and at the
same time a carbamate function into N-methyl.!® Thus the
ketone 4 was reduced with 10 equiv of DIBAH in tetrahy-
drofuran (THF) at —~78 °C for 10 h and then at room tem-
perature for 10 h, producing a 90:10 mixture of tropine (§) and
pseudotropine (6) in 96% combined yield.1® Both compounds
corresponded to authentic samples in all respects.?? In order
to gain the desired a alcohol selectively, choice of the reaction
conditions is crucial. The degree of stereoselectivity of the re-
duction, 5 (« alcohol) /6 (3 alcohol), was highly dependent on
the reagent, solvent, and temperature used. As shown in Table
I, the use of DIBAH as reducing agent and THF as solvent
gave the greatest selectivity. Use of nonpolar solvents such as
hydrocarbons resulted in lower selectivity. Attempted hydro-
genation of 4 over Pd catalysts (10 atm, 25 °C, ethanol) failed
to afford the alcoholic products but resulted in recovery of the
starting compound.?!

General Tropane Synthesis. When the dibromo ketones 2
and 3 were treated with zinc-copper in methanol saturated
with ammonium chloride at room temperature for a short
period, the debromination product 7 was obtained in quanti-
tative yield. In actual practice, rigorous purification of 2 and
3 is not necessary; the [3 + 4] cyclocoupling between tetra-
bromoacetone and N-carbomethoxypyrrole followed by direct
zinc-copper couple reduction gave 7 in 57% overall yield. The
ketones 7 and 1 (or the C, or C4 alkylated derivatives) equally
have a trop-6-en-3-one structure but show marked difference
in stability. The bicyclic ketone 7, having an electron-with-
drawing group at the nitrogen atom, is much more stable than
the N-methyl derivatives and can exist without any decom-
position under the Lewis acid forming reaction conditions as
well as workup conditions.

Reduction of 7 with an excess of DIBAH in THF at —78 °C
and then at room temperature led to a mixture of the alcohols
8, melting at 36 °C,22:23 and 9 in 92% combined yield. Here
again the « alcohol 8 was produced stereoselectively (93:7
ratio). Stereochemical elucidation of these isomers was aided
by NMR analysis. Catalytic hydrogenation of 8 and 9 over
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10% Pt/C in ethanol led to tropine (5) and pseudotropine (6),
respectively.

Esterification of 8 can be attained readily. For instance,
(—)-dehydrohyoscyamine (10)2> was prepared in 88% yield
by treatment of the p-toluenesulfonic acid salt of 8 with (—)-
O-acetyltropyl chloride followed by removal of the acetyl group
with hydrochloric acid.?6 The unsaturated amine 10 upon
catalytic hydrogenation over Pd/C afforded hyoscyamine
(11).

6,7-Dehydrotropine (8) is a very important compound as
a common intermediate for the tropane alkaloid synthesis, as
shown in Scheme 11.3%# This compound is generally converted
to alkaloids bearing oxygen function(s) at the C¢ (AND C7)
position(s) by a suitable oxidative modification of the double
bond. Scopine (12) can be synthesized by epoxidation with
trifluoroperacetic acid,?225%27 hydrogen peroxide in formic
acid,2%® or hydrogen peroxide in the presence of tungstic
acid.25¢ Valerine (or tropanediol) (13) is obtained by hydro-
genolysis of the epoxide function of 12 over Raney nickel?” or
Pd catalysts.2? Oxidation with potassium permanganate yields
teloidine (14).4

Apparently the success of the new synthesis of 8 depends on
both effectiveness of the [3 + 4] cyclocoupling reaction con-
structing the azabicyclic skeleton and the high stereoselectivity
in the carbonyl reduction affording the secondary alcohol of
a stereochemistry. A great deal of effort was directed toward
the stereoselective preparation of « alcohols, because most
tropane bases occurring in natural field have this configuration.
Nevertheless, few methods have been offered as the practical
tool of the selective transformation. As to the reduction of
tropinone, only catalytic hydrogenation has been employed
for this purpose,2! whereas chemical reductions, irrespective
of kinetically controlled (metal hydrides20:3%) or thermody-
namically controlled ones (sodium in alcoholic solvents0), are
known to produce unnatural pseudotropine (6) predominantly.
Treatment with zinc-hydriodic acid leads to the preferential
formation of the « alcohol 5 but the selectivity is rather poor
(5:6 = 5:2).% In contrast, DIBAH serves as a practical reagent
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that produces the « alcohol with a high stereoselectivity; re-
duction of tropinone with DIBAH in THF at =78 °C gave a
97:3 mixture of 5 and 6 in high yield.?! The reagent thus effects
the desired stereoselective reduction of a carbonyl moiety of
a trop-6-en-3-one leaving the carbon-carbon double bond
intact.

Advantages of the Present Tropane Synthesis. The present
approach to tropane alkaloids has the following attractive
features compared with the existing synthetic processes: (1)
the directness, (2) the ready, economical availability of the
starting materials, (3) the efficiency of the general synthesis
of various alkaloids via a single common intermediate, and (4)
the flexibility which allows the preparation of a number of
artificial analogues not occurring in plant tissues. Among the
syntheses so far reported, the Robinson method has the widest
generality and can prepare a number of tropinone-like com-
pounds by the use of various four-carbon dialdehydes or keto
aldehydes.32 Unfortunately, however, the method failed to
employ malealdehyde33:37 and epoxysuccinaldehyde,3® and
hence it could not produce directly scopine (12) (one of the
most important alkaloids in the tropane family) and 8 (a pre-
cursor of 12). The present general synthesis can construct any
natural alkaloids, including 12, through the intermediate 8.
Synthetic flexibility is the key in achieving an effective drug
design, because skeletal modification of natural products often
increases or improves the specific physiological activities.3® The
present method has found widespread utility in the synthesis
of not only natural products but also various unnatural an-
alogues bearing alkyl and other substituents,!! and discovery
of novel physiological activities is expected with these analo-
gues.

Experimental Section

General, All melting points are uncorrected. Infrared (IR) and
nuclear magnetic resonance (NMR) spectra were taken in chloroform
and deuteriochloroform solutions, respectively. IR spectra were ob-
tained on a JASCO Model IRA-I or JASCO Model DS-402G spec-
trometer. A JEOL Model C-60H or Varian Model HA-100D spec-
trometer was used for NMR measurement, Mass spectra were de-
termined on a Hitachi RMU-6C mass spectrometer with a heating
or direct inlet system operating at an ionization energy of 70 eV. A
JASCO Model DIP-4 spectrometer was used for measurement of
degree of optical rotation. Elemental analyses were performed at the
Research Laboratory of Fujisawa Pharmaceutical Co. E. Merck
GFasq silica gel plates (0.25 mm) or Woelm basic alumina (activity
I) plates (0.25 mm) were used for analytical thin layer chromatog-

Journal of the American Chemical Society | 100:6 /| March 15, 1978

raphy (TLC). Preparative scale TLC was done with a plate coated
with 1.0-mm thickness of E. Merck GF3s4 silica gel. Column chro-
matography was performed by the use of Kieselgel 60 (70-230 mesh)
or basic alumina (activity 1I-11I) purchased from E. Merck Co.
Catalytic hydrogenation was carried out using a simple balloon
technique.

Materials. «,a,a’ ,o’-Tetrabromoacetone,*® N-carbomethoxypyr-
role,*! Fey(CO)o,*2 zinc-copper couple,*3 LiAl(O-t-C4Hs),H>,4¢
LiAl(O-t-C4Ho)3H 44 and O-acetyltropic acid*® were prepared by
the known procedures. Tropine (Tokyo Kasei), tropinone (Aldrich),
DIBAH (Alfa Inorganics), 15% TIBA in hexane solution (Tokyo
Kasei), 70% NaAl(OCH,CH>OCHj;);H5> in benzene solution (Al-
drich), tropic acid (Tokyo Kasei), and all other common reagents were
used as supplied commercially. Aprotic solvents (pentane, benzene,
ether, THF, 2-MeTHF, and DME) were used for reactions after
distillation from LiAlH4. Anhydrous Na,SO4 was used as a drying
agent of organic extracts.

Reaction of N-Carbomethoxypyrrole and Tetrabromoacetone. A.
With Fez(CO)s. Into Fe(CO)o (1.09 g, 3.00 mmol) was poured a so-
lution of tetrabromoacetone (1.13 g, 3.00 mmol) in benzene (7.5 mL).
The mixture was heated at 50 °C with stirring for 5 min. To the re-
sulting mixture was added N-carbomethoxypyrrole (125 mg, 1.00
mmol) and then the mixture was allowed to stand at the same tem-
perature with stirring for 72 h. The dark brown reaction mixture was
diluted with ethyl acetate (15 mL) and the remaining insoluble ma-
terials were removed by filtration through a Celite 545 pad. The fil-
trate was concentrated under reduced pressure leaving a black, tarry
residue. The NMR analysis by use of 1,1,2,2-tetrachloroethane as
standard showed that the desired 1:1 adducts, N-carbomethoxy-
2a,4a-dibromo-8-azabicyclo{3.2.1]oct-6-en-3-one (2) and N-car-
bomethoxy-2q,43-dibromo-8-azabicyclo{3.2.1]oct-6-en-3-one (3),
were formed in 70% yield (2:1 ratio). Preparative TLC of the tar with
1:3 ethyl acetate-hexane afforded a mixture of 2 and 3 (R; 0.6-0.7,
145 mg, 52% yield). Fractional recrystallizations from ethyl ace-
tate-hexane afforded an analytical sample of 2 as colorless crystals,
mp 155-157 °C. The mother liquor was concentrated and subjected
to further TLC using 1:3 ethyl acetate-hexane as eluent, yielding pure
3 (R;0.60), mp 112-114 °C from ethyl acetate-hexane.

2: IR 1748 (C=0), 1710 cm™! (NCOOCH3;); NMR 4 3.82 (s,
OCH,),4.80(d,/ = 4.0 Hz, CHBr), 5.11 (dd, J = 1.0 and 4.0 Hz,
NCH), 6.53 (t-like, /= 1.0 Hz, =CH); mass spectrum m/e 341, 339,
337 (1:2:1 ratio, M), 310, 308, 306 (1:2:1 ratio, M* — OCH3), 282,
280, 278 (1:2:1 ratio, M+ — COOCH3), 260, 258 (base peaks, 1:1
ratio, M+ — Br). Anal. (CoHgNO3Br;) C, H, N, Br.

3: IR 1740 (C=0), 1710 cm™! (NCOOCH3); NMR 4§ 3.82 (s,
OCH3),4.27 (d,J = 2.0 Hz, CH¢oBr), 5.11 (d, J = 3.5 Hz, CH,«Br),
5.0-5.3 (m, NCH), 6.36 and 6.61 (dd,J = 2.0and 6.0 Hz, | H each,
=CH); mass spectrum m/e 341, 339, 337 (1:2:1 ratio, M*), 310, 308,
306 (1:2:1 ratio, M+ — OCH3), 282, 280, 278 (1:2:1 ratio, M* —
COOCH;), 260, 258 (basc peaks, 1:1 ratio, M* — Br). Anal.
(CoHoNO;Bry) C, H, N, Br.

B. With Zinc-Copper Couple. In a round-bottomed flask were
placed zinc-copper couple {1.60 g, 24.0 mg-atoms), DME (20 mL),
and N-carbomethoxypyrrole (5.00 g, 40.0 mmol). The mixture was
cooled at —35 °C and then a solution of tetrabromoacetone (7.50 g, 20.0
mmol) in DME (20 mL) was added dropwise over a 30-min period
with stirring. Stirring was continued at the same temperature for 30
min and then at room temperature for 2 h. The reaction mixture was
evaporated under reduced pressure and the residue was diluted with
water (80 mL). The insoluble materials were filtered off and the filter
cake was rinsed with ethyl acetate. The filtrate was diluted with ethyl
acetate (30 mL) and the organic layer was separated. The aqueous
layer was extracted with ethyl acetate (30 mL X 3). The organic ex-
tracts were combined, washed with brine, dried, and concentrated to
afford a dark brown oil (10 g). Its NMR analysis (1,1,2,2-tetrachlo-
roethane as internal standard) showed that 2 {a sole 1:1 adduct) was
produced in 25-30% yield. Column chromatography (silica gel, 400
g, 1:20, and then 1:] ethyl acetate-hexane as eluent) of the oil gave
2 (ca. 1.8 g) contaminated with a considerable amount of N-carbo-
methoxypyrrole. The pure product (680 mg, 10% yield) was obtained
by recrystallization from ethyl acetate-hexane.

Hydrogenation of a Mixture of 2 and 3 in Ethanol. A mixture of 2
and 3 (200 mg, 0.59 mmol) and 10% Pd/C (100 mg) in ethanol (4.0
mL) was stirred under atmospheric pressure of hydrogen at room
temperature for 16 h. The catalyst was removed by filtration and the
filtrate was concentrated under reduced pressure, producing a yellow
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oil. The residue was dissolved in ethyl acetate (10 mL) and the solution
was treated with solid NaHCO; for a few minutes. The insoluble
materials were filtered off. Concentration of the filtrate left N-car-
bomethoxy-8-azabicyclo{3.2.1]octan-3-one (4) as colorless crystals
(115 mg). Recrystallization from benzene-hexane at —20 °C afforded
an analytical sample (99 mg, 92% yield): mp 60-61 °C; IR 1713
(C=0), 1695 cm™! (NCOOCHj3;); NMR 6 1.5-3.0 (m, CH3), 3.76
(s, OCH3), 4.55 (m, NCH); mass spectrum m/e 183 (M*). Anal.
(CoH13NO3) C, H, N.

Reduction of 2 with DIBAH. To a solution of 3 (166 mg, 0.91 mmol)
in THF (3.0 mL) chilled at =78 °C was added a | M THF solution
of DIBAH (9.00 mL, 9.00 mmol). The mixture was stirred for 10 h
at —78 °C and for an additional 10 h at room temperature, and then
quenched by adding a few drops of water. After stirring at room
temperature for 30 min, the resulting voluminous gel was well crashed
and extracted with ethyl acetate thoroughly. The organic washings
were dried and concentrated, affording a colorless oil (180 mg) which
consisted of tropine (5) and pseudotropine (6) (90:10 ratio as deter-
mined by NMR analysis). The oil was subjected to column chroma-
tography on alumina (7.2 g) using ethyl acetate and then 5:95 meth-
anol-ethyl acetate as eluent. The course of elution was monitored by
analytical TLC on alumina. Concentration of fractions that contained
only 5 afforded colorless crystals (111 mg, 86% yield). Recrystalli-
zation from benzene produced an analytical sample, mp and mmp
62-63 °C (1it.2046 63-64 °C), identical with natural 5, Then there
was collected a ca. 1:1 mixture of 5 and 6 (8 mg). Fractions containing
only 6 were evaporated to give colorless crystals (8 mg, 5% yield).
Recrystallization from benzene-hexane left an analytical sample, mp
and mmp 106-108 °C (lit. 108,56 109-110 °C20), superimposable in
all respects on an authentic sample.

Conversion of the Dibromides 2 and 3 to 7. A mixture of 2 and 3 (300
mg, 0.87 mmol) and zinc-copper couple (750 mg, 11.5 mg-atoms) in
methanol (15 mL) saturated with NH4Cl was stirred at room tem-
perature for 10 min. To this mixture was added ethyl acetate (30 mL)
and insoluble materials were removed by filtration. The filtrate was
concentrated to afford an oil containing some solid, to which was
added 1:1 ethyl acetate-hexane (20 mL). Remaining insoluble pre-
cipitates were removed by decantation and rinsed with 1:1 ethyl ace-
tate-hexane. The organic layers were combined, washed with a small
amount of water, dried, and evaporated to give N-carbomethoxy-8-
azabicyclo[3.2.1]oct-6-en-3-one (7, 160 mg, 100% yield) as colorless
crystals. Recrystallization from hexane produced an analytical
specimen: mp 69-70 °C; IR 3005 (=C-H), 1700-1710 (C=0 and
NCOOQCH3;), 1600 cm™! (C=C); NMR §2.40 (dd,J = 16.5and 1.5
Hz, equatorial protons at C, and Cy4), 2.80 (dd, J = 16.5 and 4.5 Hz,
axial protons at C; and Cy), 3.84 (s, OCH3), 4.90 (br d, J = 4.5 Hz,
NCH), 6.27 (t-like, J = 1.0 Hz, =CH); mass spectrum m/e 181
(M+), 138. Anal. (C9H11N03) C, H, N.

Simple Synthesis of 7. A. With Fey(CO)s. A mixture of Fep(CO)o
(10.9 g, 30.0 mmol) and tetrabromoacetone (11.2 g, 30.0 mmol) in
benzene (50 mL) was heated at 50 °C for 5 min with stirring under
nitrogen and then was added a solution of N-carbomethoxypyrrole
(1.25 g, 10.0 mmol) in benzene (50 mL). The resulting mixture was
stirred at the same temperature for 72 h. The mixture was diluted with
methylene chloride (200 mL), washed with saturated ethylenediam-
inetetraacetic acid disodium salt (Na,Hjedta) solution (100 mL X
2) and brine (20 mL). The organic layer was dried and concentrated
to afford a resinous material (ca. 10 g). This residue was dissolved in
methylene chloride (100 mL) and then methanol (100 mL) saturated
with NH4Cl was added. Then zinc-copper couple (20.0 g, 308 mg-
atoms) was added in small portions over 10 min with vigorous stirring.
After the addition was complete, stirring was continued at room
temperature for 3 h. The reaction mixture was quenched with satu-
rated Na,Hjedta solution. The resulting insoluble materials were
removed by passing through a Celite 545 pad (16.5 cm diameter X
2 cm thickness) and the pad was washed with methylene chloride
thoroughly (ca. 300 mL). The organic layer was separated and the
aqueous layer was extracted with methylene chloride (10 mL X 3).
The organic layers were combined, washed with brine (30 mL), and
dried. Removal of the solvent left a black, tarry oil (ca. 2.5 g). Column
chromatography of the oil (silica gel, 100 g, 1:3 ethyl acetate-hexane)
gave crystalline 7 (1.03 g, 57% yield), Ry 0.3 on analytical TLC with
1:1 ethyl acetate-hexane. An analytical specimen, mp 69-70 °C, was
obtained by recrystallization from hexane.

B. With Zinc-Copper Couple. To a stirred mixture of zinc-copper
couple (300 mg, 4.62 mg-atoms) and N-carbomethoxypyrrole (500
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mg, 4.00 mmol) in DME (4.0 mL) was added dropwise a solution of
tetrabromoacetone (1.50 g, 4.00 mmol) in DME (20 mL)at —5t0 0
°C over a period of 30 min. The resulting brown mixture was stirred
at the same temperature for an additional 30 min, warmed up grad-
ually to room temperature, and maintained for 2 h. The whole mixture
was evaporated directly to give a dark brown oil which contained
mainly N-carbomethoxypyrrole (Rr0.7) and 2 (Rr0.5) (TLC onssilica
gel, 1:3 ether-hexane). The oil was dissolved in methanol (5 mL) and
to the solution with vigorous stirring was added zinc—copper couple
(600 mg, 9.24 mg-atoms) in ca. 100-mg portions over 5 min at room
temperature. The resulting mixture was stirred for an additional 30
min. On concentration of the reaction mixture there was obtained a
brown liquid. This was diluted with ethyl acetate and washed with
Na,H; edta solution. The aqueous layer was extracted with a small
portion of ethyl acetate. The organic layers were combined and dried.
Residual oil obtained after removal of the solvent was treated with
ether. The resulting insoluble materials were removed by filtration
and the filtrate was concentrated, yielding a black oil (500 mg).
Subsequent preparative TLC (1:1 ethyl acetate-hexane, two devel-
opments) produced 7 (Ry 0.3, 180 mg, 25% yield) as crystals. Re-
crystallization from hexane gave an analytical sample, mp 69-70
°C.

Reduction of 7 with DIBAH. A solution of 7 (400 mg, 2.21 mmol)
in THF (1.0 mL) was cooled at =78 °C and to this was added 1 M
solution of DIBAH in THF (22.0 mL, 22.0 mmol) in a dropwise
manner. The mixture was stirred at the same temperature for 23 h and
then warmed to room temperature. After 3 h addition of the DIBAH
solution (5.0 mL, 5.0 mmol) was renewed and stirring was continued
for 5 h. The resulting mixture was quenched by the addition of water
(ca. 1 mL) over a 30-min period and allowed to stand for 30 min, re-
sulting in the formation of a voluminous gel. The gel was mixed with
ethyl acetate and filtered through a Celite 545 pad. The pad was
washed with ethyl acetate repeatedly and the filtrate and washings
were combined, dried, and evaporated, affording an oily residue (ca.
400 mg). NMR analysis showed that the oil contained a 93:7 mixture
of dehydrotropine (8) and pseudodehydrotropine (9). The oil was
subjected to column chromatography on alumina (16 g) with ethyl
acetate, 1:10 methanol-ethyl acetate, and 1:5 methanol-ethyl acetate
as eluent. The elution course was monitored by analytical TLC on
alumina plates and fractions were collected. The a alcohol 8 (268 mg,
87% yield) was obtained from fractions eluted with ethyl acetate and
1:10 methanol-ethyl acetate. An analytical sample was obtained as
colorless crystals by bulb-to-bulb distillation (bath temperature 70-90
°C, 0.2 mm), mp 36 °C (lit.22 an oil). Its picrate melted at 273 °C
(1it.22 278 °C). Spectral characteristics of 8 follow: IR 3600 (OH),
3060 cm™! (=C-H); NMR 6 1.69 (br d, J = 14 Hz, equatorial pro-
tons at C; and Cy4), 1.8-2.5 (m, OH and axial protons at C, and Cs),
2.18 (s, NCH3), 3.33 (m, NCH), 3.71 (t,J = 6.3 Hz, CHOH), 6.17
(narrow m, W/2 = 2.2 Hz, =CH); mass spectrum m/e 139 (M%),
122 (M* — OH). Fractions eluted with 1:5 methanol-ethyl acetate
gave the 3 alcohol 9 as a semisolid (16 mg, 5% yield) contaminated
with a trace amount of 8: IR 3600 (OH), 3060 cm~! (=C-H); NMR
6 1.47 (ddd, J = 12,9.5, and 3.0 Hz, equatorial protons at C; and Ca),
1.84 (ddd, J = 12, 6.5, and 2.5 Hz, axial protons at C and Cy4), 2.14
(s, NCH3), 2.30 (br s, OH), 3.40 (m, NCH), 3.56 (dd, / = 9.5 and
6.5 Hz, CHOH), 5.82 (narrow m, W/2 = 2.0 Hz, =CH); mass
spectrum m/e 139 (M*), 122 (M* — OH).

Hydrogenation of 8, The unsaturated alcohol 8 (4.0 mg, 0.03 mmol)
and a catalytic amount of 10% Pt/C were mixed in ethanol (0.5 mL)
and stirred at room temperature under atmospheric pressure of hy-
drogen for 16 h. The mixture was passed through a Celite 545 pad.
Removal of the solvent afforded tropine (5) as an oil (4 mg, 100%
yield). Its spectral properties (IR, NMR, and mass spectra) and
chromatographic behavior (TLC on alumina with 1:10 methanol-
ethyl acetate, Ry 0.4) were identical with those of the natural one.

Hydrogenation of 9. A mixture of 9 (4.0 mg, 0.03 mmol) and a
catalytic amount of 10% Pt/C in ethanol (0.5 mL) was left at room
temperature under 1 atm hydrogen with stirring. After 16 h, the
catalyst was removed by filtration and the filtrate was concentrated.
The resulting oil was taken up in a small amount of ethyl acetate and
the occurring insoluble materials were filtered off. Evaporation of the
filtrate gave pseudotropine (6, 4 mg, 100% yield) as an oil, whose
spectral (IR, NMR, and mass spectra) and TLC behaviors (alumina,
1:10 methanol-ethyl acetate, Ry 0.2) were identical with those of an
authentic sample.20

Synthesis of (—)-Dehydrohyoscyamine (10). A mixture of (=)-O-
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acetyltropic acid ([«]?°p —72°, C;H;sOH, ¢ 1.50) (60 mg, 0.28
mmol), thionyl chloride (160 mg, 1.30 mmol), and benzene (0.10 ml)
was heated at 60 °C for 2.5 h under nitrogen and then evaporated (25
°C, 2 mm). To the resulting viscous oil was added dehydrotropinium
p-toluenesulfonate (89 mg, 0.28 mmol) and the mixture was heated
at 82 °C for 2 h under nitrogen, giving a viscous, colorless oil. The oil
was mixed with 6 N HCI (0.3 mL) and allowed to stand at room
temperature for 6 h. The reaction mixture was dissolved in 1:1
methanol-chloroform (10 mL) and dried over Na,SOy. The organic
layer was concentrated to afford an oil, which was diluted with 1:5
methanol-chloroform (20 mL). Crystals formed by this treatment
were removed by decantation and the organic solution was passed
through a short alumina-Na»SO4 column. Evaporation of the organic
solution yielded a pale yellow oil (320 mg), which was subjected to
column chromatography (alumina, 15 g, chloroform), giving rise to
10 (71 mg, 88% yield) as a semisolid, [«]?2p —13° (CH3O0H, ¢ 0.268).
Recrystallizations from hexane afforded an analytical sample as
plates, mp 63-64 °C, {«]?3p —14° (CH30H, ¢ 0.130). This product
displayed a mass spectrum identical with the reported one.252 The IR
and NMR data (unreported so far) follow: IR 3600 (OH), 1720 cm™!
(ester C=0); NMR 6 1.57 (br t, J = 15 Hz, equatorial protons of
NCHCH3), 1.9-2.4 (m, axial protons of NCHCH3), 2.30 (s, NCH3),
3,25 (brs, OH), 3.36 (m, NCH), 3.4-4.2 (ABC-type m, COCHCH>),
4.99 (t, J = 5.0 Hz, COOCH), 5.44 and 5.83 (dd, J = 5.0 and 2.0 Hz,
I1H each, NCHCHz), 7.28 (m, C6H5). Anal. (C17H21NO3) C, H,
N.

Hydrogenation of 10. A balloon technique was employed for this
catalytic hydrogenation. A mixture of 10 (22 mg, 7.67 X 10~2 mmol)
and 10% Pd/C (10 mg) in ethanol (1.3 mL) was magnetically stirred
under | atm hydrogen at room temperature for 22 h. The catalyst was
removed by passing through a short alumina column and washed with
chloroform (10 mL). The combined filtrates were evaporated, af-
fording hyoscyamine (11, 22 mg, 99% yield) as colorless crystals, mp
101-105 °C. The magnitude of rotation of the crude material, {«]2%p,
was —20° (CH;0H, ¢ 0.202), and identical with that of natural hy-
oscyamine, {a]20p —20° (CH3OH, ¢ 0.200). The NMR spectrum was
superimposable on that of authentic natural product. Recrystalliza-
tions from hexane gave a pure specimen, mp and mmp 106-107 °C,
[a]?2p —20° (CH;0H, ¢ 0.232).
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Iron Carbonyl Promoted Reaction of «,a’-Dibromo
Ketones and Aromatic Olefins Leading to
3-Arylcyclopentanones. The [3 + 2] Cycloaddition
Involving an Allylic Cation!-2
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Abstract: Reactive oxyallyl-Fe(II) intermediates, generated from secondary or tertiary o,a’-dibromo ketones and iron carbon-
yls, cycloadd across aryl-substituted olefins in 3 + 2 — 5 manner, producing 3-arylcyclopentanones in fair to good yields. As
the by-product open-chain olefinic ketones via electrophilic olefinic substitution are formed. In certain cases, 2-alkylidenete-
trahydrofurans are produced as well. As the olefinic substrate, styrene, alkylated styrenes, anethole, indene, 1,1- and 1,2-di-
phenylethylene, ferrocenylethylene, etc., may be used. In order to achieve smooth reaction, placement of a carbocation-stabi-
lizing group at the arylated olefinic carbon or in the aromatic ring is favorable. Competition experiments have revealed that
the relative reactivities decrease in the order of a-methylstyrene > styrene > S-methylstyrene, implying that both electronic
and steric factors are controlling the ease of the cycloaddition. The {2 + 2]-type cycloaddition forming cyclopentanones is
fully accounted for in terms of a stepwise mechanism involving a zwitterionic intermediate. The experiment by use of cis-3-
deuteriostyrene has indicated that the [3 + 2] cycloaddition proceeds in a stereospecific fashion regardless of the stepwise na-
ture, whereas the electrophilic substitution goes in a nonstereospecific manner. Possible structures of the zwitterions involved

in these reactions are discussed.

Synthesis of five-membered carbocycles is usually accom-
plished by intramolecular cyclization of open-chain bifunc-
tional compounds.®# In certain cases, ring contraction of cy-
clohexanones’ and ring enlargement of cyclobutane deriva-
tivesé are employed for this purpose. In contrast, there are only
little syntheses by intermolecular cyclocombination of odd-
and even-numbered carbon units, viz.,a 1l + 4 —>50r3+2 —
5 manner.>7 The latter is apparently ascribed to the scarcity
of odd-numbered reactive species which are capable of par-
ticipating in such cyclocoupling reactions. This paper describes
a new reaction which falls into this category.

General Consideration

Recently reactive allylic moieties have been highlighted as
a promising three-carbon unit. Their cycloaddition across
olefinic double bonds has received considerable attention from
not only theoretical or mechanistic interest but also from
synthetic importance. The possible [3 + 2] cycloadditions are
formally classified into three cases, eq 1-3, according to the

symmetry
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number of = electrons present in the allylic system. Among
them the cycloaddition between allyl anions and olefins, eq 1,
is regarded as a thermally allowed [,4; + 2] reaction,? and
several examples of this anionic cycloaddition are known.?
Cycloaddition of an allyl radical and olefin, given by eq 2, is
viewed as a [35 + »25] process and might be taken as a ther-
mally allowed reaction according to the simple orbital-sym-
metry consideration® but some doubts arose about this analysis
as well.10 In practice, no example is known for the cycloaddi-
tion of this type. The relevant reverse reaction, decomposition
of cyclopentyl radicals to allyl radicals and olefins, was ex-
amined in some detail and the stereochemical results indicated
the retrocycloaddition to be stepwise in nature.!! The third type
of reaction via a four-electron transition state, eq 3, is imposed
to be thermally forbidden by the orbital symmetry factors and
has not been investigated to any great extent. To date, no evi-
dence has been provided for the cationic [3 + 2] cycloaddition
occurring in a concerted manner. This type of cycloaddition,
though not attained in a synchronous fashion, may take place
by a two-step mechanism under certain circumstances, how-
ever.!2 Such scheme, as outlined in eq 4, consists of initial

<+ + ] = @ +<j @)

electrophilic attack of an allyl cation onto olefinic substrate
and subsequent cyclization of the cationic intermediate 1 to
form the cyclopentyl cation 2. Each step in this process is in
principle microscopically reversible and hence the following
demands must be satisfied in order that the equilibrium shifts
so far to the right, thereby completing the formal [3 + 2] ¢y-
cloaddition. Firstly, the intermediate 1 must have stability

-
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