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In the late 1980s, scientists at the Fujisawa Co. (Japan)
unveiled a new class of antitumor agents with general
structure 1 (Scheme 1).[1] These substances, denoted FR-
66979 (1a) and FR-900482 (1b), are structurally related to the
mitomycins (see mitomycin C (2)).[2] Indeed, the two families
of anticancer agents possess comparable bioactivity[3] and are
believed to act by a similar mechanism, yet FR-type
compounds are less toxic than mitomycins, probably as a
result of the absence of a quinoid nucleus.[4] Derivatives of 1b
are currently undergoing clinical trials.[5]

The biomedical potential and unusual architecture of
compounds 1 have stimulated substantial interest at a
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tral data were completely identical with those reported in
literature.[1b]

In conclusion, we have completed a highly efficient total
synthesis of FR900482 (1). The present synthesis features a
facile formation of N-hydroxybenzazocine by intramolecular
reductive hydroxylamination and an ensuing facile construc-
tion of the hydroxylamine hemiacetal. The synthetic strategy
described above should be applicable to the synthesis of
analogues of FR900482 as well as of other benzazocine
derivatives. Application of this approach to the synthesis of
mitomycin C is currently under investigation in our laborato-
ries.
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chemical level. In that respect, the fragile nature of these
molecules and their problematic structural features have
inspired the development of much innovative synthetic
chemistry.[6,7] Our own involvement in this area[8] has recently
produced a new method for benzazocene assembly through an
unusual fragmentation of a silylated aziridine[9] orchestrated
by a preliminary homo-Brook[10] transposition (Scheme 2).
We describe herein a total synthesis of (� )-FR-66979 (1a),
which showcases this new reaction as a key step.

Aldehyde (� )-3[11] reacted with the organometallic species
arising through the interaction of lithiated allyltrimethylsilane
and [Ti(iPrO)4],[12] and represented simply in Scheme 3 as 4,
to furnish adduct 5 as a diastereomerically homogeneous
product (by 1H NMR spectroscopy). The relative configura-
tion of this intermediate[13] suggests that the addition process
occurred with essentially complete Cram±Felkin selectivity
(see 5, descriptor ™C-F∫) within the manifold of a Zimmer-
man±Traxler-type cyclic transition state (descriptor ™Z-T∫).
The simultaneous presence of an activated double bond (the
allylsilane) and of a 1,3-dipole (the azido group) in 5
engendered a smooth intramolecular cycloaddition upon
heating in toluene. Triazoline 6 thus emerged as a single
diastereomer (by 1H NMR spectroscopy). Brief photolysis of
6[14] provided aziridine 7,[13] which underwent a homo-Brook-
triggered fragmentation to form benzazocenol 8. This crucial
eight-membered N-heterocycle was thus assembled in just
four steps in a fully diastereocontrolled manner from readily
available 3.

Substances of the type 8 are known intermediates for the
synthesis of FR900482 and of mitomycinoids,[6] except that
their construction normally requires considerably longer
sequences; hence, the interest of the new methodology. To

the best of our knowledge, only approaches that rely on olefin
metathesis[7k] appear to be competitive with our aziridine
fragmentation methodology for the creation of such medium-
ring N-heterocycles.

Straightforward operations patterned after reported syn-
theses of 1b[6a] advanced 8 to 11, oxidation of which to ketone
12 was best carried out with TPAP±NMO.[15] Release of the
hydroxylamine O-acetyl group precipitated transannular
cyclization to 13, which upon hydrogenolytic cleavage of all
benzyl groups furnished 14. The progress of the debenzylation
step was carefully monitored to minimize formation of by-
product 15 (Scheme 4). The latter is an interesting intermedi-
ate in its own right,[6h] but, of course, it is not useful for the
pursuit of the total synthesis. The relative configuration of 13
and 14 was assigned as shown in Scheme 4 on the basis of an
observed NOE interaction between the indicated protons
(2D-NOESY).

Tetraol 14 was elaborated to (� )-1a by a modification of
known procedures,[6a,h] as detailed in Scheme 5. Selective
acetonide formation led to 16, which underwent regioselec-
tive azidolysis of the oxirane, followed by selective acetylation
of primary and phenolic OH groups, to give 17. Mesylation of
the hindered, electronically deactivated secondary alcohol
and exchange of the acetonide with a cyclic carbonate
provided 18.[16] Finally, sequential Staudinger-type aziridine
formation and ammonolysis of both cyclic carbonate and
acetate units in 19 produced the target (� )-1a, which was
spectrally and chromatographically identical to authentic
material.

In summary, the homo-Brook-mediated aziridine fragmen-
tation avenue to medium-sized N-heterocycles can be used to
prepare molecules of at least moderate complexity (e.g. 1a).
The applicability of the new method to the construction of
other mitomycinoids, as well as further simplifications of the
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Scheme 1. Structure of FR66979 (1a), FR900482 (1b), and mitomycin C
(2).

Scheme 2. Presumed mechanism for the homo-Brook aziridine fragmen-
tation.

Scheme 3. Reagents and conditions: a) THF, �78 8C; b) toluene, 100 8C,
80% over two steps; c) hn, THF, 77%; d) nBu4NOH, DMF, �20 8C, 49%.
DMF ¼ N,N-dimethylformamide.



synthetic pathway, are currently under study and will be
reported in due course.
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Scheme 4. Reagents and conditions: a) MCPBA, CH2Cl2, 0 8C; b) neat
Ac2O, room temperature, 87% over two steps; c) MCPBA, CH2Cl2,
NaHCO3, room temperature, 70%; d) cat. TPAP, NMO, CH2Cl2, molecular
sieves (4 ä), room temperature, 83%; e) N2H4¥H2O, MeOH, CH2Cl2,
100%; f) H2 (1 atm), Pd/C, EtOAc, 97% crude. MCPBA ¼ m-chloroper-
oxybenzoic acid, TPAP ¼ tetrapropylammonium perruthenate, NMO ¼
4-methylmorpholine N-oxide.

Scheme 5. Reagents and conditions: a) 2-Methoxypropene, PPTS, DMF,
room temperature, 83%; b) LiN3, DMF, 100 8C, 67%; c) Ac2O, K2CO3,
THF, room temperature, 81%; d) MsCl, Et3N, CH2Cl2, room temperature,
71%; e) TFA, CH2Cl2, room temperature; f) COCl2, CH2Cl2, Et3N, 0 8C,
28%; g) Ph3P, iPr2NEt, aqueous THF (90%), 60 8C, 78%; h) NH3, MeOH,
room temperature, 40%. PPTS ¼ pyridinium p-toluenesulfonate, Ms ¼
methanesulfonyl, TFA ¼ trifluoroacetic acid.



Polymer-Supported C2-Symmetric
Ligands for Palladium-Catalyzed
Asymmetric Allylic Alkylation Reactions**

Barry M. Trost,* Zhengying Pan, Jorge Zambrano,
and Christof Kujat

Development of immobilized ligands/catalysts for asym-
metric synthesis is a rapidly growing field.[1] Because of
palladium©s broad applications in organic synthesis,[2] many
types of supported ligands have been reported for allylic,[3]

alkylation,[4] amination, and cross-coupling reactions.[5] How-
ever, there are surprisingly few successful polymer-bound
ligands for palladium-catalyzed asymmetric allylic alkyla-
tions.[6,7] In the late 1970s, we demonstrated the use of
polymer-bound phosphane ligands in Pd-catalyzed transfor-
mations.[8] We here report a competent, easily prepared,
recyclable chiral ligand for asymmetric allylic alkylation
(AAA) reactions.

Initially, we examined the supported ligand 2, which was
derived from the rigid bicyclic templates 1[9] to minimize any
perturbation of the chiral pocket. The supported ligand 2
formed readily by reacting the diol 1b with ArgoGel-CHO
catalyzed by p-toluenesulfonic acid (TsOH) in dichlorome-
thane. Cyclization of the bisurethane 3a to the oxazolidin-2-
one 4a[10, 11] was examined as the test reaction [Eq. (1)]. As a

baseline, the reaction was performed in normal solution phase
with the simple ligands 1a and 1b. Table 1, entries 1 and 2,
reveals the effectiveness of this class of ligands. It is somewhat
surprising that a small dip in enantiomeric excess (ee) occurs
on introducing electronegative oxygen atoms into the remote
bridge (91 to 87% ee). The supported ligand 2 was effective in
performing the reaction but there was a more significant drop
in enantiomeric excess (Table 1, entry 3) although it was still
reasonable. Simply decanting the reaction mixture from the
solid support and washing the beads with fresh THF prepared
the beads for the next cycle. No additional palladium was
loaded after the initial charge. The yield dipped in the second
cycle but subsequently stabilized at 60� 5%. Thus, the
supported catalyst was quite robust remaining highly active
even after seven cycles (Table 1, entries 3±9). The enantio-
meric excess also remained quite constant through most of the
cycles at 70� 1%. In earlier experiments with normal solution
ligands, addition of triethylamine led to a significant enhance-
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Table 1. First-generation bicyclic ligands.[a]

Entry Ligand Run Yield ee[b]

of 4a [%] [%]

1[c] 1a ±[d] 69 91
2[c] 1c ±[d] 79 87
3 2 1 81 73
4 2 2 74 71
5 2 3 70 70
6 2 4 63 71
7 2 5 63 69
8 2 6 60 70
9 2 7 66 69
10 2 ±[d] 78 68

[a] All reactions were performed with 10 mol% [{h3-C3H5PdCl}2] and
25 mol% ligand in THF at room temperature; the vessel was shaken for
mixing unless otherwise indicated. [b] Determined by chiral HPLC in an
AD chiralpak column. [c] Performed with 2.5 mol% [{h3-C3H5PdCl}2],
7.5 mol% ligand in THF at room temperature with normal magnetic
stirring for mixing. [d] Not applicable. [e] Triethylamine added.


