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A New Approach to the Pancratistatin C-Ring from D-Glucose: Ferrier
Rearrangement, Pseudoinversion and Pd-Catalyzed Cyclizations
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Abstract: A Ferrier rearrangement and f-hydroxyketone transposition are key steps in a route to a
pancratistatin C-ring precursor. A key feature of the strategy is the pseudoinversion accomplished by B-
hydroxyketone transposition, which allows convenient access from methyl o-D-glucopyranoside.
Arylations of the C-ring by intramolecular reductive or non-reductive Pd-catalyzed conjugate addition
have been demonstrated, utilizing the C1 hydroxyl to deliver the tethered aryl synthon.
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The biological activity, scarcity and structural complexity
of Amaryllidaceae alkaloids 1-4 have prompted numerous
synthetic studies toward functionalized phenanthridone ring

systems, -2 including several total syntheses of lycoricidine (1). ¢

With six contiguous stereogenic centers in their C rings, 7- R O
deoxypancratistatin (3) and pancratistatin (4) present 3 (R=H)
considerable synthetic challenges, including stereocontrolled 4 (R=0H)

introduction of the C10b aryl substituent. Recently, the first successful syntheses of 7-deoxypancratistatin (3)
and pancratistatin (4) have been reported.3.4.5

Our efforts in this area focused Scheme 1
on a synthesis of 7-deoxy-

pancratistatin (3) which would be 08Bn OBn
capable of general access to highly oH OBn CKQIOB”
oxygenated members of the oH = ~OH = | o
phenanthridone alkaloids, including NH, g
(+)-pancratistatin (4). Notable q_o 5 -0 6
features of our strategy (Scheme 1)
include the utilization of the C1 p- 9Bn QBn
include the utilization of the ACH,0._~_,OBn ArCH i oBn
hydroxyl to deliver a tethered aryl = II =
synthon to the B face at C10b HO 7 O (pseudoinversion via o OH
resulting in a cis-fused ring system, o, | B-hydroxyketone

P AN transposition
subsequent electrophilic enolate U
amination on the convex face, and an oH N oBn oBn
endgame based on a lactone — lactam A LOH AICH,O\_~_0Bn |  ArCHyO\_~_.OBn
isomerization (5§ — 3).6 m :

To support the development of © A o MeO - ' s OMe
the strategy sh.own in Scheme .1, we derived from 5 derived from
recently described model studies of 2-O-alkyl L-glucose ! 4-O-alkyl D-glucose
intramolecular palladium-catalyzed pseudosymmetry

aryl iodide-enone conjugate addition reactions of 4-iodobenzyloxycyclohexenone 11 to selectively form tricyclic
arylation products 12 or 13 (Scheme 2).7 Importantly, the reductive cyclization product 12 was formed with
complete selectivity for the cis ring junction as required for pancratistatin synthesis (>95% by 'H NMR
spectroscopy, no trans product detected); these results encouraged us to pursue the application of this
stereoselective arylation reaction to the synthesis of 7-deoxypancratistatin (3).
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Scheme 2
reductive non-reductive
O

Pd-catalyzed O\CL Pd—catalyzed ’

aryl-enone o aryl enone O o

conjugate conjugate 13

addition addition

1213 =121 : 13:12=10:1

(>95% yield) (>95% yield)

Our strategy for the synthesis of 3 required the highly oxygenated cyclohexenone 6. A enantiopure source
of the asymmetry in 6 is.a pyranose sugar, with a Ferrier carbocyclization to convert the pyran to a
cyclohexanone. However, the standard Ferrier retrosynthetic disconnection leads to the 2-O-alkyl L-glucoside
10 (or an analogous 2-O-alkyl-D-idoside). We recognized a plane of symmetry in hypothetical diketone A; the
corresponding plane through Ferrier rearrangement products 7 and 8 suggests a pseudosymmetrical relationship
which could be exploited to circumvent a tedious differentiation of the C2 from C3 and C4 hydroxyls of
expensive L-glucose or D-idose.2 Thus, we would effect pseudoinversion of a D-glucose derivative to its L-
glucose (or D-idose) counterpart by transposing the B-hydroxyketone moiety; the requisite 4-O-alkyl-D-glucose-
derived precursor 9 is readily available from inexpensive methyl a-D-glucopyranoside.

Scheme 3
0Bn excess NaH, OBn
OH 4 steps A~ OBn 16a or 16b ArCHy ~»OBn
55% e DMF, 1t j\/;f
O~ "OMe 07 T OMe OMe
15 17a (79%)
methyl a-Dquco- 17b (92%)
pyranoside

OBn

. Hg(OCOCF3), ArCH OB
L HO000GE MEHOY O (e
o

aq. acetone oH
18a (62%, P:ax = 9:1) <°I:(m
b, Bt = 9:
18b (59%, Bt = 4.4:1) ° 1_16h

Starting from methyl o-D-glucopyranoside (14), known 6-iodo-6-deoxy-o-D-glucopyranoside 159 was
prepared by a 4-step sequence in 55% overall yield. As shown in Scheme 3, treatment of iodide 15 with excess
NaH and either 2-iodobenzyl iodide (16a) or 6-iodo-3,4-methylenedioxybenzyl chloride (16b)10 in DMF both
alkylated the C4 hydroxyl and eliminated HI at C5 and C6,11 forming hexenopyranosides 17 (17a: 79%; 17b:
92%). Ferrier rearrangement (catalytic Hg(OCOCF3)2, 4:1 acetone/H,0, )2 of the hexenopyranosides
provided mixtures of diastereomeric B-hydroxyketones 18 (18a: B:ot = 9:1 (62%); 18b: B:c. = 4.4:1(59%)). In
each case the o, epimers could be separated by crystallization.

Transposition of the B-hydroxyketone functionality of 18a(}) was achieved using a simple and efficient
five-step protocol (Scheme 4). Silyl protection (TBSOTT, 2,6-lutidine, CH,Cly, rt, 86%)!3 and reduction of the
ketone under aprotic conditions (LiAIH(O'Bu)3, THF, rt, >99%)!4 afforded a single diastereomer 19, which
was converted to a methanesulfonate ester (MsCl, EtzsN, CH2Cly, rt, 83%). Fluorodesilylation (TBAF, THF,
rt, >99%) cleanly furnished a B-hydroxyalkyl mesylate (not shown). To our good fortune, both hydroxyl
oxidation and mesylate elimination occurred smoothly in one step under Swern oxidation conditions!5 (DMSO,
(COCI),, CH;Cly, -78 °C; then EtaN, rt; 98%), yielding the key cyclization precursor 20 with a 70% overall
yield for the five-step pseudoinversion/elimination sequence.
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Scheme 4

| {
1. TBSOT, 3. MeSO,CI, ©Bn
oBn lutidine (86%) OBn EtsN (83%) EO\QOB"
H |

O ~0Bn 2 LIAH(O'BU); O AL0Bn 4 TBAF (>99%) o
I:[ (>99%) 5. (COCH),, DMSO,
o OH HO OTBS ELN (96%) a0
18a(f) 19 70% overall yield
for 5 steps

| |
¢ I (OGN, B
18b Steps 1-4 0Bn o OBn DMSO, EC’\@ n
~ |

(®B) ‘as above OIIOB" + 0\0403“ EtsN (92%)
(70%) OH MsO™ " OH

MsO
2 2

C\—O 20b
64% for 5 steps

only one intermediate
purification required

In the more highly oxygenated series, the major Ferrier rearrangement product 18b(f3) could be converted
to cyclization substrate 20b by the 5-step transposition/elimination sequence described above, but in practice it
was convenient and efficient to employ the o,p diastereomeric mixture of Ferrier products 18b(ct,B) since the
stereochemistry at the epimeric center was removed by alcohol oxidation. Thus, silylation, reduction,
mesylation, and desilylation were conducted as described above, producing only diastereomers 21 and 22 in
70% yield for 4 steps.16 Swern oxidation was performed on mixtures of 21 and 22 in 92% yield, giving an
overall 64% yield of cyclization precursor 20b in 5 steps for the pseudoinversion/elimination sequence from
18b(a,p). Notably, this convenient sequence was performed without intermediate purifications (beyond
aqueous workup) until just prior to Swern oxidation.

Scheme 5
reductive cyclization non-reductive cyclization
OBn oBn OBn
.0Bn  cat. Pd(OAc), ~»OBn cat. Pd(OAc), Ou,~0Bn
PPh, EtoN , PPhs, EtsN )
o] THF, reflux (o) AgNO3, O o
o (56%) o MeCN, reflux

o 23 -0 20b (70%) o 2

We were able to conduct intramolecular Pd-catalyzed conjugate addition reactions of 20a and 20b
(Scheme 5, 20a series not shown) to selectively afford either reductive cyclization products or non-reductive
products.17 Preparative scale (ca. 1 g) experiments afforded good isolated yields of either 23b (56%) or 24b
(70%) using these conditions. We were delighted to observe that the reductive conditions were completely
selective for the desired cis ring junction, as required for our synthesis of 7-deoxypancratistatin. Unfortunately,
X-ray crystallographic analysis of 23b revealed that a remote epimerization had occurred to invert the
configuration at the o-benzyloxyketone.!8 We speculate this is attributable to the relief of 1,3-diaxial steric
interactions between the o-benzyloxy substituent and the cis-fused benzopyran ring. We envision that
suppression of the unanticipated epimerization which forms 23b, or the stereoselective conjugate reduction of
24b, which did not suffer the remote epimerization, will allow continued progress toward synthesis of 7-
deoxypancratistatin and analogs.
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