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A b s t r a c t . Ring expansion of dimethyl acetal 16 proceeds stereo- and regioselectively to 15 which

is in turn converted to the desamido analogs of staurosporine, RK-286c, and TAN-1030a.
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The nanomolar kinase inhibitory activity of staurosporine (1) and K252a (5) has prompted
a continuing effort to isolate and/or synthesize novel pyranosylated and furanosylated
indolocarbazoles.l,2,3. 4 Recently, we reported the enantioselective synthesis of (+)-K252a via an
approach involving the late-stage coupling of
aglycon 8 and furanose 9 (Scheme 1).
Although this approach proved efficient for
the
preparation
of f u r a n o s y l a t e d
indolocarbazoles (e.g., 5), attempts to access
the corresponding pyranosylated structures
(e.g., 1 - 3 ) via a s i m i l a r single-step
glycosidation strategy have met with limited
success. 5 In fact, the stepwise procedures
developed in D a n i s h e f s k y ' s l a n d m a r k
synthesis of staurosporine have stood as the
only successful means of accessing the fully
functionalized pyranosylated indolocarbazoles
(Scheme 1, e.g. 7 --> 1). 2 Herein we report
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1 x = NHMe, Y = H, (Staurosporine)
2 X = OH, Y = H,(RK-286¢)
3 X,Y = NOH. (TAN-1030a)

results from a model investigation t h a t
demonstrate the feasibility of an alternative
approach wherein a ring expansion reaction is
utilized to access a single pyranosylated
intermediate that can be readily transformed
into desamido analogs of staurosporine, RK7335
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286c, and TAN-1030a (cf., 1-->3 in Scheme 1 and 23, 19, 18 in Scheme 3, respectively). 6
At the outset of our investigations we had yet to develop a protocol for the large-scale
separation of 6 from its regioisomer and thus to simplify our study we turned to a substrate
possessing a symmetrical aglycon (i.e., 11). v This model system was readily prepared by coupling
indolo[2,3-a]carbazole (10) with 9 in a manner similar
Scheme 2
to that employed in our synthesis of K252a. This
coupling again proved highly stereoselective and
produced 11 as the only isolable product in 85% yield.
9 CSA ~ H 4
T u r n i n g to the ring expansion, we soon
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discovered that transformation of 11 into aldehyde 12
followed by treatment with BF3"Et2 O results in a
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regio- and stereoselective r e a r r a n g e m e n t to the
pyranosylated indolocarbazole 14. 8 At this stage all
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1
that remained for the preparation of 15 was what
appeared to be a trivial alkylation of the C(3')
hydroxyl. Much to our surprise, ketone 14 proved
HC(OMe)3,CHCI3
Me,
quite r e s i s t a n t to methylation under numerous
ROalkylation conditions. In addition, attempts to
14R°=.
incorporate directly the methyl substituent by
promoting the rearrangement with a source of Me+
(e.g., Meerwein's reagent, 9 TMSOTf/TMSOMe, 1° and
MeOTf) also failed. Eventually, these difficulties led
to the development of an alternative strategy that
targeted dimethyl acetal 16 as the substrate for a
ring expansion that was envisioned to proceed via oxocarbenium ion 17 (Scheme 2). Although 16
was readily produced under a variety of conditions, its instability to chromatographic purification
required our employing montmorillonite clay K-10 to promote acetal formation, u Removal of the
clay via filtration, solvent exchange with Et20, and subsequent treatment with B F 3 o E t 2 0

l

resulted in the slow (72 h, 25 °C) conversion of 16 to 1512 (50% yield). Chemical correlation of 15
to 2012 (Scheme 3) unambiguously established structure and confirmed that the sense of
asymmetric induction was analogous to that observed in the rearrangement of 12 (of. 13 and 17
in Scheme 2).1a,14
Having rapidly assembled a-methoxy ketone 15, we investigated its conversion to the
desamido pyranosylated indolocarbazoles. To this end, the analogs of RK-286c (1912) and TAN1030a (1812) were readily prepared from 15 under standard conditions using NaBH4 and
H2NOHoHC1, respectively (Scheme 3). Attempts to access desamido staurosporine (23) via the
direct reductive amination of 15 failed. However, an alternative two-step procedure involving
stereoselective Pt-catalyzed hydrogenation of 18,1~ followed by monomethylation (HCO2COCI-I3,
BH3 ° SMe2) readily furnished 2312in excellent overall yield. 16
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In summary, Lewis acid-promoted ring expansion of dimethyl acetal 16 has been found to
proceed regio- and stereoselectively to produce an a-methoxy ketone (15) that can be readily
Scheme 3

transformed into desamido analogs of RK-286c, TAN1030a, and staurosporine. Efforts to extend this model to
the natural products will be reported in due course.
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