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The asymmetric synthesis of (+)-dictamnol is described, based on the rhodium catalyzed [5 + 2] cycloaddition of an allene and vinylcyclopropane.
This cycloaddition methodology provides the basis for a general and efficient route to various bicyclo[5.3.0]decenes, ring systems common
to a wide range of natural and designed compounds of structural and medicinal interest.

We have been investigating the use of metal catalysts to

utility of these new reactions, we are exploring the use of

effect reactions that in the absence of catalysts are forbiddenthe [5+ 2] cycloaddition in total synthesis with an emphasis

or require harsh experimental conditions. This program has
thus far produced the first examples of the metal-catalyzed
intramolecular [4+ 4] cycloadditions of bis-dienes and the
[4 + 2] cycloadditions of dienes and-systems:?> More
recently, we have reported a new reaction for the formation
of seven-membered rings based on the-[8] cycloadditions

of vinylcyclopropanes and alkynes, alkenes, and alléres.
part of our interest in defining the scope, limitations, and
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on developing new and effective routes to commonly
encountered ring systems. Dictamnb) incorporates a core
ring system common to a wide range of natural and designed
compounds, many representing significant medicinal leads
such as the phorbol estémnd resiniferatoxih (Figure 1).

In this communication, we describe a concise total synthesis
of (+)-dictamnol (1) that represents a general approach to
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A. J. Am. Chem. Socin press.

(4) For lead references and the total synthesis, see: Evans, F. J., Ed.
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(5) For lead references and the total synthesis, see: Wender, P. A,
Jesudason, C. D.; Nakahira, H.; Tamura, N.; Tebbe, A. L.; Uenq].Y.
Am. Chem. Sod 997,119, 12976-12977.



in the formation of6 and if that stereochemistry could be
used in turn to control the ring fusion stereochemistry, an
asymmetric synthesis would be realized. We describe below
the execution of this plan.
Our synthesis starts with the preparation of the cyclo-

g » addition precursob via a convergent approach from com-
M. 6H1 mercially available cyclopropanecarboxyaldehyde. Toward
Dictammnol this goal, cyclopropanecarboxaldehyde was converted to
Weinreb amide4 in 90% vyield under standard Horner
Emmons conditions using a commercially available phos-
phonoacetate (Scheme 2). Weinreb amiddeas converted
to ketoneb with the lithium anion of10 in 82% yield?!?

Scheme 2
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structures of this type. In addition, this study provides an
effective procedure for the construction of cycloaddition lc
precursors (i.e., tethered allenes and vinylcyclopropanes), a
test of relative and exoendo stereoselectivity, and a strategy
based on these selectivities that allows for the overall control
absolute stereochemistry in synthetic applications.
Dictamnol (1) is a trinorguaiane sesquiterpene isolated 3 " 6
from the roots ofDictamnus dascarpu§URCZS While
dictamnol was originally proposed to haveia ring fusion
and a synthesis of the natural isomer was descried,

subsequent synthetic studies by the group of De Groot $ o o
insightfully revealed that dictamnol containedrans ring + eo—p__Jl_ ove
fusion? Further evidence on this assignment was provided Ho”L i 0™ T
in a subsequent synthesis by Lange and co-workers in 997. i H 2

9

The approach described herein is based on the observation
that ketone8 is an established precursor of dictamh@n (a) $=Commercially available. 2, NaH, THF; 3, RT, 2 h, 90%.
the basis of the use of the {5 2] cycloaddition as a strategy (b) BuLi, 1-iodo-3 4-butadiene (10), EtO, -78°C -> RT, 82%.
level reaction! this bicyclic compound could potentially be

X . (c) (R)-2-methyl-CBS-oxazaborolidine, BH;, RT, THF, 78%, 91% ee
derived from allene-cyclopropagScheme 1). In principle,

(d) 2.5 mol % [Rh(CO),Cl],, dichloroethane, 80 °C, 0.025M, 7 h, 76%.
(¢) Dess-Martin periodinane, CH,Cl,, 80% (f) MeMgBr, 0°C, Et,0,
50% (1:1 of 1:9)

Scheme 1

H
:> g:ﬁb Attempts to cyclize ketongor its acetal were unsuccessful
using various rhodium(l) catalysts. In contrast, the unpro-

Ho : tected alcohol derived from Luche reductionfo$erved as
1
,l\, N (7) Koike, T.; Yamazaki, K.; Fukumoto, N.; Yashiro, K.; Takeuchi, N.;
Key 5+2 MeO’ M Tobinaga, SChem. Pharm. Bull1996,44, 646—652.
Cycloaddition & 0 4 (8) The absolute stereochemistry of dictamnol was assigned by inde-
2 :> pendent synthesis starting with chiral diong-8#,8,8a-tetrahydro-8a/
HO + methyl-2H,7H-naphthalene-1,6-dione, see ref 7.
6 I\/\/ (9) Piet, D. P.; Orru, R. V. A; Jenniskens, L. H. D.; Van de Harr, C.;
Van Beek, T. A.; Franssen, M. C. R.; Wijnberg, J. B. P. A.; De Groot, A.
10 Chem. Pharm. Bull1996,44, 1406-1403.

(10) Lange, G. L.; Merica, A.; Chimanikire, Metrahedron Lett1997,
38,6371—-6374.
. ) . (11) For general approaches to seven-membered ring synthesis, see: ref
the corresponding ketone could be used in this step. Howeverz.d Wender, P. A, Lovfe, j. A. IAduanceslin Cycloadditilon; Harmata, 1\/|
; ; _ Ed.; JAI Press: Stamford, CT, 1999; Vol. 5, pp45. Nola, E.; Dzwiniel,
if the absolute stereochemistry of C-8 could be controlled T. L. Schweibert, K. E.. Stryker. J. M. Am. Chem, S04998 120, 9702
9703. Molander, G. AAcc. Chem. Red.998,31, 603—609.
(6) Takeuchi, N.; Fujita, T.; Goto, K.; Morisaki, N.; Osone, N.; Tobinaga, (12) Dauben, W. G.; Shaprio, Q. Org. Chem1984,49, 4252—4258.
S. Chem. Pharm. Bull1993,41, 923—-925. Crandall, J. K.; Ayers, T. AJ. Org. Chem1992,57, 2993-2995.
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an effective substrate for a rhodium(l)-mediated cyclo- tection of the TBS group, cycloaddu@twas obtained in
addition. On the basis of this finding, methods for the 70% yield as asingle diastereomer (over two steps).
asymmetric reduction of ketorn® were screened. Among Oxidation of alcohol7 using Dess—Martin periodinane,
these the use of theRj-2-methyl-CBS-oxazaborolidine followed by exposure of theis-fused ketone to silica gel
catalyst with BH proved effective for the asymmetric chromatography, allowed for isomerization to affarans-
reduction of prochiral ketonB. Alcohol 6 was obtained in  fused ketoneB as the sole product isolated in 80% yield.

78% vyield and in 92% enantiomeric excé3$ Finally, addition of methylmagnesium bromide8@rovided

The cycloaddition of alcohd using 10 mol % Rh(PRs- a 1:1 mixture of dictamnoll) andepidictamnol Q) in 50%
Cl in toluene (0.01 M) at 90C provided cycloadducT in yield.?® This synthesis produces dictamnd) (n six steps
3 hin 72% yield with high stereoselectivity (8:F)Increas-  from 3 (nine steps overall) in 9% yield.

ing the concentration of reactants was not possible due This work establishes several new advances bearing on
presumably to the occurrence of competing oligomerization the use of rhodium-catalyzed {6 2] cycloadditions. First,
reactions. Using [Rh(CGQZI]; in toluene at 80C provided it provides a convergent and concise method (2—3 steps)
comparable yields (7675%) and reaction times to those for the preparation of cycloaddition precursors (e.g., allenyl-
obtained using Rh(PRRCI. The best cycloaddition condi-  Vinylcyclopropanes) that can be readily applied to alkynyl

tions involved heating in dichloroethane at 80C for 7 h and alkenyl systems. Second, it establishes a strategy for the
in the presence of commercially available [Rh(@T), (2.5 asymmetric synthesis of target rings in which asymmetry
mol %) which provided7 in 76% yield (9:1 ratio of introduced in the assembly of the tether is used to control
diastereomers favoring the desired C-8 epimiert is relative stereochemistry during the cycloaddition process. The

especially noteworthy that the unprotected alcohol can be finding that unprotected hydroxyl groups can be used in the
used in this reaction and that principally one isomeric cycloaddition bodes well for economy in design in this and
cycloadduct is formed. This selectivity is derived from the other applications. Finally, this study provides a concise and
existing stereochemistry at C-8, which controls stereogenesisefficient route to bothcis- and trans-fused 5,7 bicyclic

at C-1 and C-#7 systems and specifically teH)-dictamnol.

The stereochemical outcome of the cycloaddition is  acknowledgment. This research was supported by a
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sion of a rhodiabicyclo[5.3.0]octane, in which the larger of \ass spectra were provided by the Mass Spectrometry
the C-8 substituents (OB H) assumes a position on the  Eacjlity, University of California-San Francisco. Fellowship
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American Chemical Society Division of Organic Chemistry,
Sponsored by Eli Lilly (J.A.L.), Pharmacia-Upjohn and
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(16) For a representative example, [Rh(@C)), (5 mol %) is added in
one batch to a base-washed, oven-dried Schlenk flask under an argon
atmosphere and is dissolved in oxygen-free dichloroethane (50 mL). The

analysis, the TBS—protected analogue, in which coordination solution is stirred for 5 min at room temperature, after which allene-

. . vinylcyclopropane6 (204 mg, 1.24 mmol) is added over 10 s and the

!S excluded, reacts m.the presence of 1 mo'_% RhégReh solution is heated to 8@C for 7 h. After cooling, the reaction mixture is

in toluene (0.05 M) with even greater selectivity due to the filtered through a plug of alumina and concentrated. Flash chromatography
; ; _ ; _ (silica gel, 10% ethyl acetate in hexane) gives 154.1 mg of cycloadduct

effect|vely Iarger size of the C-8 substltuéﬁUpon depro in 76% yield (9:1 ratio of diastereomers favoring the desired C-8 epimer)

as a colorless oil.

(13) Assignment of stereochemistry ®fvas based on correlation with (17) The relative and absolute stereochemistry wfas determined via
(+)-dictamnol and analogy to model systems as described by Corey et al.: decoupling and n.O.e. experiments, as well as by conversiontjo (
Corey, E. J.; Bakshi, R. K.; Shibata, S.; Chen, C.; Singh, VJKAm. dictamnol.

Chem. Soc1987,109, 7925—7926. For an additional use of the model, (18) The mechanism of the [b 2] cycloaddition has not been established
see: Bach, J.; Berenger, R.; Farras, J.; Garcia, J.; Meseguer, J.; Vilarrasaand is proposed with the intention of aiding in the rationalization of the
J. Tetrahedron: Asymmetry995,6, 2683-2686. stereochemical outcome of the product. For additional discussion on the

(14) The enantiomeric excess 6f was determined to be 92% by  mechanism, see ref 3.
conversion of both enantiomers 6fto the correspondingR)-mandelate (19) The NMR data of syntheticH)-1 is identical to that reported
esters andH NMR analysis of the resulting diastereomeric mixture. previously (see refs 6, 7, and 9). In addition, the optical rotation is in

(15) The minor isomer is the C-8 epimer of agreement with the natural produet§4.2,+55 lit.5).
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