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The MacMillan group has been engaged in the design of 
novel enantioselective transformations that utilize small, organic 
compounds as catalysts. Chiral secondary amines emulate the 
LUMO-lowering activation of Lewis acid catalysis (eq. 1) via 
the reversible condensation with a,,8-unsaturated aldehydes to 
form activated iminium complexes (eq. 2). This catalysis 
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concept has been established as a platform of reactivity that 
functions with high levels of stereocontrol and finds broad 
applicability in diverse transformations, enabling access to 
privileged architectures and synthons in organic chemistry. 

I. Enantioselective, Organocatalytic Epoxidation of a,,8-
Aldehydes using a Hypervalent Iodine Reagent 

We initiated studies to develop a novel organocatalytic 
strategy for the asymmetric epoxidation of electron-deficient 
olefins based upon the activation principle of iminium catalysis. 
Building on previous successes in organocatalytic 
cycloadditions and 1,4-conjugate additions, it was envisaged 
that a nucleophilic oxygen equipped with a leaving group would 
add with enantiofacial selectivity to an iminium-activated enal. 
The nascent enamine would subsequently attack the pendent 
electrophilic oxygen and concomitantly expel the tethered 
leaving group to produce an oxirane (Scheme 1 ). 
Scheme 1. Imidazolidinone-Catalyzed Epoxidation with Iodosobenzene 
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With well-known involvement in alkene epoxidations, one 
of the most important oxygen transfer agents in metal-oxo and 
oxy-functionalization processes is iodosobenzene (Phl=O). 
Though the oxidative properties of hypervalent 'A,3 -iodanes are 
predominantly attributed to the electrophilic nature of the 
iodine, this research represents a rare case in which the oxygen 
of iodosobenzene possesses sufficient ylide character to 
participate in an enantioselective 1,4-heteroconjugate addition. 
Gratifyingly, exposure of crotonaldehyde and catalyst 1 to 
Phl=O furnished the desired 1,2-epoxy aldehyde product in 
excellent yield and enantioselectivity (eq. 3). 

In depth NMR studies with 15N-labeled imidazolidinone 
(1 5N-1) revealed a competitive catalyst oxidation pathway, 
which impacted the overall catalyst efficacy via the formation of 
amidine 2, aminol 3 and the corresponding trans catalyst isomer 
4 (eq. 4). To resolve this issue, we focused on identifying 
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alternative sources of hypervalent 'A,3 -iodane that could slowly 
generate reactive iodosobenzene monomer in situ and in doing 
so function as a type of "internal syringe pump." Thus, 
imidazolidinone 1 would be partitioned predominantly towards 
iminium formation with the aldehyde substrate and thereby 
avoid catalyst oxidation. 

Examination of a range of hypervalent 'A,3 -iodanes led to the 
discovery that [(nosylimino)iodo]benzene (NsNIPh) under acidic 
conditions released reactive iodosobenzene into solution at a 
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constant rate, as observed by 1H NMR (eq. 5). To our great 
delight, a variety of a,,8-unsaturated aldehydes were 
successfully epoxidized by utilizing NsNIPh with both high 
stereoselectivity and efficiency (Table 1 f 
Table 1. Organocatalyzed Enantioselective Epoxidation Substrate Scope of 
Representative a ,,8-Unsaturated Aldehydes 
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II. Organocatalyzed and Asymmetric Conjugate Addition of 
Potassium Trifluoro(organoborate) Salts 

Boronic acids were first utilized in a rhodium-catalyzed 
Michael reaction by Miyaura in 1997 and since its inception, 
this technology has rapidly developed to include asymmetric 
variants and a broad scope of Michael acceptors. However, 
despite these advances, it has remained a transition metal
mediated process. We sought to create a novel metal-free 
"coupling" procedure for enantioselective C-C bond 
construction with the development of an organocatalytic 
conjugate addition by exploiting the latent nucleophilicity of 
organoboron reagents. 



Summary of Doctoral Research 

MacMillan Research Group 

We discovered that boronic acids could be activated via 
formation of a boronate complex, and function as a competent 
nucleophile in 1,4-addition reactions with iminium-activated 
enals (Fig. 1). Exposure of HF to styrenyl boronic acid yields 
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Figure l. Addition ofOrganoboron Reagents to Crotonaldehyde 

the desired adduct 6 (eq. 7) of crotonaldehyde catalyzed by 
imidazolidinone 5. Direct use of potassium styryltrifluoroborate 
increased reaction efficiency over its boronic acid counterpart 
under identical reaction conditions (96% yield, 87% ee, eq. 8). 

The enantioselective formation of vinylic and benzylic 
stereocenters is an immensely versatile strategy in accessing a 
broad range of structural architectures. An initial extension of 
this methodology into styrenyl and heteroaryl frameworks in an 
organocatalytic reaction with crotonaldehyde has demonstrated 
promising results (Table 2). We envision this methodology will 
enable modular variation of the enal substrate (Table 3) and of 
the organotrifluoroborates salt, and will fully benefit from the 
Table 2. Scope ofTrifluoro(organoborate) Salt Nucleophiles 
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Table 3. Aldehyde Scope in Benzofuran Alkylation 
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commercial availability of several hundred structurally diverse 
organoboron reagents. 

III. Studies Toward a Total Synthesis of (+)-Frondosin B 
Frondosin B (8) is an interleukin-8 antagonist, which has 

been implicated in autoimmune hyperactivity disorders such as 
psoriasis and rheumatoid arthritis. Isolated in 1997, from 
marine sponge Dysidea frondosa, it features a benzofuran ring 
system within a tetracyclic, norsesquiterpenoid (14-carbon) 
framework containing a stereocenter at C8. 

• Previous Total Syntheses 

Danishefsky (2000): (+)-Frondosin 
17 steps, 0. 7% overall yield 

Trauner (2002): (-)-Frondosin 
19 steps, 7.3% overall yield 

We have embarked on the total synthesis of frondosin B 
with the central feature of our synthetic strategy being the 
conjugate addition of a trifluoro(organoborate) salt- a 
transformation that is uniquely effected by organocatalysis. Our 
approach enables rapid access to the crucial C8 stereocenter 
with concurrent installation of the benzofuranyl core by virtue 
of an iminium-catalyzed Friedel-Crafts alkylation to 
crotonaldehyde yielding intermediate 7 (Table 2, entry 8). A 
Shapiro reaction of known triisopropylbenzene
sulfonylhydrazone 9 with aldehyde 7 installs all requisite 
carbons in the natural product and simultaneously furnishes an 
allylic alcohol, which upon transformation to carbonate affords 
cyclization precursor 10 (Scheme 2). The electron-rich 
heteroarene readily participates in Mo-catalyzed 1t-allyl 
cyclization to provide the tetracyclic core ofFrondosin B. Final 
deprotection and route optimization studies toward the target 
molecule are ongoing. 
Scheme 2. Synthesis of Frondosin B Me 
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