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ABSTRACT

Norrisolide (1) belongs to a family of marine diterpenes that are characterized by the assembly of a bicyclic core with a unique and highly
oxygenated side chain (norrisane side chain). As a prelude to the synthesis of 1, we present herein a short, efficient, and enantioselective
synthesis of the norrisane side chain 4. The synthetic route toward 4 departs from D-mannose and is short (11 steps), efficient, and
enantioselective.

Norrisolide (1) is a marine natural product, initially isolated
by Faulkner and co-workers from the nudibranchChromo-
doris norrisi, collected in the Gulf of California.1 The
structure and relative stereochemistry of1 were established
by extensive spectroscopic and crystallographic studies,
which revealed a unique assembly of a perhydroindane core
to a side chain containing a fusedγ-lactone-γ-lactol ring
system. This peculiar side chain was subsequently identified
as a structural motif of other members of the norrisane
family, which currently include macfarlandin C (2) and
dendrillolide A (3) (Figure 1).2

The surprising lack of any synthetic studies toward
norrisolide and related compounds may be attributed to their
initially reported poor antimicrobial activity.2b Recent studies,
however, have indicated that norrisolide (1) interferes with
the structure and promotes the vesiculation of the Golgi
apparatus in vivo.3 Among the few natural products known

to affect the Golgi organization,1 distinguishes itself as being
the only compound known to induce an irreversible effect.4

The observed inability of the treated cells to recover may
imply that norrisolide forms a covalent interaction with its
biological receptor and points to the side chain of1 as the
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Figure 1. Marine natural products of the norrisane family.
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potential site where such an interaction can occur. Our
interest in these aspects of this class of compounds led us to
envision a convergent synthesis of norrisolide (1). As a
prelude to this effort, we report herein the construction of
the norrisane side chain4. Our strategy also represents the
first synthetic entry to this type of fused bicyclicγ-lactone-
γ-lactol ring system.5

Respectful of the inherent reactivity of the bicyclic array
of 4 toward nucleophilic attack or acid treatment (oxonium
ion formation), we sought to design its synthesis starting from
the less oxygenated and more stable lactone5. Installation
of the C16 acetoxy group was then envisioned to occur at
the last step of the synthesis by oxidizing ketone5 under
Baeyer-Villiger conditions (Figure 2).6 This oxidation was

advantageous since it proceeds under mild conditions and is
regio- and stereoselective.7 The fused bicyclic system5 was
expected to be formed from ester6 via a sequence of
reactions involving cyclopropane opening followed by lac-
tone formation. Further disassembly of the cyclopropyl ester
at the C12 and C15 centers suggested the mannose-derived
glycal 7 as a putative starting material. Taking advantage of
the facial differentiation of7, a substrate-controlled cyclo-
propanation could introduce the desired chirality at C12
center, ultimately dictating the stereochemical outcome at
the C15 center. Moreover, the chirality inherited from the
structure ofD-mannose at the C16 center could be translated

to the desired stereochemistry of the acetoxy group of4
during the Baeyer-Villiger oxidation. Our efforts to bring
this strategy to fruition are shown in Scheme 1.

Our synthetic venture departed with transformation of
D-mannose (8) to the known bisacetonide9 (Scheme 1).8

Superior results were obtained using iodine as a catalyst (as
compared to H2SO4 treatment) and delivered9 in 85% yield

(5) For a catalytic asymmetric Diels-Alder approach to a related tricyclic
γ-lactone-γ-lactol ring system, see: Corey, E. J.; Letavic, M. A.J. Am.
Chem. Soc.1995,117, 9616-9617.

(6) For an impressive demonstration of the Baeyer-Villiger reaction in
total synthesis, see: Corey, E. J.; Trybulski, E. J.; Melvin, L. S., Jr.;
Nicolaou, K. C.; Secrist, J. A.; Lett, R.; Sheldrake, P. W.; Falk, J. R.;
Brunelle, D. J.; Haslanger, M. F.; Kim, S.; Yoo, S.J. Am. Chem. Soc.1978,
100, 4618-4620. Corey, E. J.; Kim, S.; Yoo, S.; Nicolaou, K. C.; Melvin,
L. S., Jr.; Brunelle, D. J.; Falk, J. R.; Trybulski, E. J.; Lett, R.; Sheldrake,
P. W. J. Am. Chem. Soc.1978,100, 4620-4622.

(7) (a) Hudlicky, M. Oxidations in Organic Chemistry; American
Chemical Society: Washington, DC, 1990; pp 186-195. (b) Cooper, M.
S.; Heaney, H.; Newbold, A. J.; Sanderson, W. R.Synlett1990, 533-535.
(c) Mislow, K.; Brenner, J.J. Am. Chem. Soc.1953,75, 2318-2322. For
a discussion on the migratory aptitude involved in Baeyer-Villiger
oxidations, see: (d) Goodman, R. M.; Kishi, Y.J. Am. Chem. Soc.1998,
120, 9392-9393. (8) Kartha, K. P. R.Tetrahedron Lett.1986,27, 3415-3416.

Figure 2. Retrosynthesis of fragment4 (norrisane side chain).

Scheme 1.a Synthesis of Norrisane Side Chain4
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after a simple filtration and crystallization. Treatment of9
with p-toluenesulfonyl chloride and triethylamine afforded
the desired glycosyl chloride10,9 which upon slow addition
to a stirring mixture of sodium naphthalenide in THF gave
rise to glycal11 in 48% overall yield.10 Compound11proved
to be labile upon standing (presumably due to self-oligo-
merization) and was immediately benzylated (BnBr, NaH,
n-Bu4I) to produce vinyl ether7 in 90% yield. We anticipated
that the bulky acetonide group at C16 in conjuction with
the benzyl ether group at C11 would shield the top face of
vinyl ether7 and direct the sterically cumbersome rhodium
acetate carbenoid from theâ-face of the molecule. Indeed,
this cyclopropanation furnished ester6 with the desired
configuration at C12 center, albeit in only 45% yield.11,12

To improve upon the yield of this reaction, we altered the
temperature (0°C to 80 °C in refluxing benzene), rate of
addition, and concentration of reagents. An increase in
temperature had no observable effect in product formation;
however, the reagent concentration appeared to be crucial,
since under dilute conditions an increased amount of byprod-
ucts arising from dimerization of the ethyl diazoacetate was
observed. Best results were obtained upon syringe pump
addition of ethyl diazoacetate (0.1 M in CH2Cl2) into a
concentrated mixture of7 (2 M in CH2Cl2) and rhodium(II)
acetate at 25°C. The only diastereomers acquired during
this reaction were produced at the C13 center (4:1 ratio in
favor of theexoadduct) and both were taken forward.

Exposure of6 to a dilute ethanolic solution of sulfuric
acid induced acetonide deprotection followed by concomitant
opening of the cyclopropane ring afforded compound12 in
78% overall yield.13,14 After oxidative cleavage of diol12
(NaIO4), the resulting aldehyde was methylated upon treat-
ment with MeTi(i-OPr)3 (formed in situ by mixing TiCl4,
Ti(iOPr)4, and MeLi)15 to produce13 in 63% combined yield.
This addition proceeded with excellent chemoselectivity (no

interference with the ester functionality) and diastereoselec-
tivity (about 10:1 mixture of diastereomers at the C17 center,
presumably arising from a chelation-controlled addition).
Oxidation of13 under Swern conditions gave rise to ketone
14 (79% yield). A series of Brönsted acids or Lewis acids
(TiCl4, BF3‚Et2O, AlCl3, H2SO4, MeSO3H) were evaluated
for the conversion of14 to 5. Although all these acids
effected the desired transformation in variable yields, best
yields were obtained using methanesulfonic acid, which at
0 °C produced bicycle5 as a single isomer in 67% yield.16

The stage was now set for the crucial Baeyer-Villiger
oxidation. Several peracids were tested, such asm-CPBA
and H2O2 (30% aqueous), but these proved to be ineffective.
The conversion of5 to 4 was ultimately achieved using
urea-hydrogen peroxide and trifluoroacetic anhydride and
gave rise to the desired material in 69% yield.17 As predicted,
a single isomer was obtained during this oxidation, the
structure of which was established by COSY and NOE
experiments.18

In conclusion, we have presented herein a concise,
enantioselective approach to the C11-C18 fragment of
norrisolide 1. Our approach departs from commercially
availableD-mannose (8) and delivers the fusedγ-lactone-
γ-lactol ring system4 in 11 steps and good overall yield.
The synthetic route takes advantage of the inherent chirality
of D-mannose and is highlighted by a rhodium-catalyzed
substrate-controlled cyclopropanation, followed by an acid-
catalyzed conversion of a cyclopropane ester to a five-
membered lactone and subsequent Baeyer-Villiger oxidation
of a methyl ketone. Extension of the above strategy to the
synthesis of norrisolide (1) and related compounds is
currently underway in our laboratories.
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