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ABSTRACT

1.25 equiv iodide
(3 steps, 85%)
—_— -

Mn-mediated
radical-ionic
annulation

A radical —ionic annulation approach to functionalized perhydroisoquinolines involving Mn-mediated coupling of alkyl iodides and chiral
N-acylhydrazones was achieved using only 1.25 equiv of the alkyl iodide. Application of this reaction to alkene-containing substrates en route
to quinine offered modest yields, decreasing on scaleup. Control experiments revealed that the alkene interfered with the coupling reaction.
A revised approach involving prior oxidation of the alkene offered 93% yield in the Mn-mediated coupling, with the adduct obtained as a single
diastereomer.

The long-established antimalarial properties of quinine have =\ OMe
fueled great interest in synthetic efforts toward quinine since OMe 4
the very early days of natural product synthéstssurge of
media attention accompanied Woodward’s formal synthesis
of guinine in 1944 but even with practical developments
led by Uskokovic, Taylor, and Gates in the 197fas access
to quinine and quinidine, there was still no total synthesis
with complete configurational control until 2001. Quinine amines’ Toward this end, we have introduced an efficient
finally succumbed to the first asymmetric total synthesis as and highly stereoselective free-radical coupling of alkyl
reported by Stork in 2001and syntheses by Jacob3and iodides and chiraN-acylhydrazone&? In general, radical
KobayasH appeared in 2004. additions to imino compounds are attractive complements
Quinine attracted our interest in the course of our program to polar methods for reasons of functional group compat-
to develop new €C bond construction approaches to chiral
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ibility, but applications to total synthesis have lagged becausetrisubstituted piperidine precurséy, which in turn would
methods exhibiting versatility with respect to both radical derive from oxidative cleavage of the €E€7 bond of an
and acceptor are limited.The emergence of Mn-mediated isoquinoline such aB (Scheme 1). We envisaged an efficient
photolytic initiation of these intermolecular radical additions access to the isoquinoline ring system through Mn-mediated
has addressed this problem to some extent, enabling ap+adical addition to construct either of the twe-C bonds at
plication to precursors bearing electrophilic functionality in the C3 stereogenic carbon (disconnectianand b). The
either of the coupling componertsQuinine presented an  stereoselective radical addition would be followed by closed-
ideal challenge to the applicability of these Mn-mediated shell nucleophilic displacement of a leaving group X by the
coupling reactions to synthetic problems in a multifunctional imino nitrogen to complete the piperidine heterocycle.
molecular setting. Some important aspects of this strategy warrant specific
Our approach to quinine focuses on strategic application mention. First, the Mn-mediated coupling enables interchange
of our Mn-mediated hybrid radicafonic annulation, a  of the iodide and hydrazone functionality, such that either
radical-polar crossover reactiof,which had previously  component could serve as radical precursor or acceptor. Thus,
been described for preparation of simple pyrrolidines and the choice of patha or b is flexible, to be defined at the
piperidines’2® Employing Stork’s disconnection of the benchtop according to optimal yields or selectivities. Second,
azabicyclo[2.2.2]octane ring system suggested a 2,4,5-the strategy reveals a common precur€prfor which C,
symmetry could be exploited in an efficient access to both
sets of coupling components. Finally, if the chiral auxiliary
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X* is the dominant control element (as was expected from
all available precedents), then the enantiomeric iodide (e.g.,
entC) could generate the C&3/4 stereochemical relation-
ship of quinidine.

Testing these hypotheses began with preparation of an
iodide encompassing the structural featureCofFor this
purpose, theC,-symmetric diestet (ROH = (—)-menthol)
was acquired using the known enantioselective Didlgler
reaction of dimenthyl fumarat® (Scheme 2). Reductive
removal of the {)-menthol and monosilylation of the

Scheme 2
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resulting C,-symmetric diol furnished desymmetrizedt)¢
2, which was readily converted to the corresponding iodide 1apie 1. Mn-Mediated Addition Studies

(+)-3a. The silyl ether was cleaved by acidic methanolysis NX* INCla, Mny(CO)4g, hv NHX*
to afford the corresponding alcohat)-3b. Both enantiomers RI-I + ’ JLR2 CHCly; EtgN workup H g
of 1-3 were prepared in similar fashion. R
lodide 3awas prepared as a radical precursor; to test the X" = 4-benzyl-2-oxazolidinone, (A) or (S)
alternative C-C bond construction (path of Scheme 1) it entry  iodide hydrazone product

was also necessary to interchange the functionality from

iodide to the homologous-acylhydrazone. This was readily s i H «
accomplished via a simple five-step sequence (Scheme 3). X n N0 H H
2N *X*(S
_ H (1,6-trans) H )
! 1 equiv cl 1.5 equiv cl
Scheme 3 '
1 (-)-3a(X=0TBS) 9 10, 26%°
2 (+)-3b (X=OH) 9 11, 30%
1) KCN, DMSO (96%)
(+)-3a
2) CSA, MeOH (85%)
3) PPhg, CCl, (96%)
o™
10 equiv
4) DIBALH, —78 °C
3 8a (X = Cl) 12a, 49%
? TﬁSNH’ 2 4 8b (X = OTBS) 12b, -
‘NJ(O (R)-7 5 8c (X = OBz) 12¢, 36%
B S 6 8d (X = OAc) 12d, 33%
n 7 8a (X = CI)? 12a, 31%
67%, 2 steps
Q H
steps 4,5 Bn’é;/Ko H T OH
—_—
(see above) OH /,{1 N‘X* S
77%, 2 steps H H S)
I” 1.3 equiv
(racemic) Cl cl
8 (#)-3¢ 9 13, 67%°

; ; ; aConditions: InC} (2.2 equiv) and hydrazone (ca. 0.2 mmol) in Ly
Cyanide homologation and conversion of OTBS to Cl was (0.02 M), 40 min at rt, then RI and Mr(COMo (1.2 equiv), irfadiation

followed by partial reduction of the nitrile to the correspond- (300 nm, Rayonet) for 1620 h; EtN (5 equiv) then silica gel flash
ing aldehyde and condensation withaminooxazolidinone ~ chromatography? Solvent= 10:1 PhH/MeCN, DBU in place of gl.c Ca.

. . . . 25% vyield, but inseparable impurities prevented characterizatiatRbf
(R)-7. This furnished radical accept8eain an overall 56% 40.65 mmol scaleedr 1:1 (both trans).
yield. The related accept@b was prepared in three steps

from 3awith an overall yield of 74%. Benzoate and acetate

analogues were synthesized fr@a by a related dithiane- The question remained of whether the remote alkene
based homologation routé. functionality of 3a,b could interfere in some unanticipated
With a set of radical precursoBa,b and acceptor8a—d mannert® This was easily tested by experiment. Thus, a

at hand, screening their Mn-mediated addition reactions with saturated analogue-j-3 was prepared and subjected to the
hydrazone9''2 and chloroiodomethane, respectively, was coupling. The racemic diacidH)-trans-cyclohexane-1,2-
examined (Table 1). In the presence of In@@mployed as  dicarboxylic acid was transformed to saturated iodi- (

a chelating Lewis acid?), the desired adducts were obtained, 3c via a sequence analogous to Scheme 2. Now absent the
generally as single diastereomér&infortunately, the yields  alkene functionality, the radical addition af}-3cto 9 was

in these couplings never exceeded ca. 50% (entrie8),1 significantly improved, furnishing 67% yield df3 without
and a slight scaleup decreased the yield from 49% to 31%any optimization (Table 1, entry 8J.This control experiment
(entries 3 and 7). Even more troubling was the poor massconfirmed that the alkene interfered with the Mn-mediated
balance; in contrast to our prior experience with these Mn- coupling?®

mediated coupling reactions, no starting material was re- With this clear guidance for improving the key-C bond
coverable from lower yielding runs. Moreover, no tractable construction, the original C6C7 bond cleavage (e.g., by
side products were found, which obscured any obvious alkene ozonolysis) was revised to a plan entailing oxidation

corrections to the conditions. of the C6-C7 alkene to a diol prior to the radical addition,
(13) Furuta, K.; lwanaga, K.; Yamamoto, Hetrahedron Lett1986 (16) Cyclization of radicals derived frogb onto the alkene functional-
27, 4507-4710. ity may be proposed, but significant ring strain would be expected in the
(14) See the Supporting Information. relevant bicyclic 4exoor 5-endotransition states.
(15) (a) In Table 1, only entry 1 showed evidence of a minor diastereomer  (17) The addition of racemict)-3c (1.3 equiv) to9 afforded only two
(dr 94:6 by’H NMR); others were obtained with dr95:5. (b) Configura- of the four possible diastereomeric adducts.
tions of 10, 11, 12a—d, and 13 were assigned on the basis of precedent (18) At this time, there is insufficient evidence to draw conclusions
(refs 7-9 and 11), supported by NOE analysisidf regarding potential mechanisms of interference by alkene functionality.
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Scheme 4
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with periodate cleavage to take place at a later stage. In theyield in 1 mmol scale, givind.7 as a single diastereom@r.
revised plan (Scheme 4), diastereoselective preparation of efficient addition of the multifunctional alkyl group &d

Co-symmetrictrans-diol preserved the simplifying desym-

to an imino compound by other existing methods is improb-

metrization aspect of the strategy. The enantiopure diesterable?!

entl was treated with m-CPBA, and the resulting epoxide
was subjected to acidic alcoholysis with benzyl alcohol.
Acid-catalyzed protection of the remaining free hydroxyl
with benzyl trichloroacetimidate furnished bis-benzyl ether
14. Reduction to theC,-symmetric diol, monosilylation to
15, and conversion to iodid&d followed the previously
established sequence.

In the key Mn-mediated coupling &d and16,'° we were
pleased to find quite remarkable yields. In most inter-
molecular radical additions to imino compounds, large
excesses (10620 equiv or more) of radical precursors are
required. Clearly this would be a prohibitive stoichiometric
requirement for an iodide such &, prepared through

Completion of the hybrid radicalionic annulation would
ideally occur in situ during the Mn-mediated coupling, but
this goal has not yet been achieved. However, a stepwise
radicat-ionic annulation process proved efficient; successive
treatment with TsCl and Nal provided decahydroisoquinoline
18in a quite satisfactory overall yield (85% for three steps).
Further studies to elaborate the azabicyclic ring system of
quinine are in progress.

In conclusion, a challenging Mn-mediated coupling of a
multifunctional alkyl iodide and a chird\-acylhydrazone
was addressed by prior oxidation of a remote alkene
functionality, affording efficient access to a functionalized

several synthetic steps. To our great delight, the Mn-mediatedPerhydroisoquinoline. Notably, the optimized conditions

coupling of3d with only 1.25 equiv ofL6 proceeded in 93%

(19) Hydrazonel6 was prepared by condensation of glycolaldehyde
dimer with (S)7, followed by O-silylation.

(20) The indicated configuration df7 was established by NOE analysis
of 18 and was in accord with all prior examples of Mn-mediated addition
to chiral N-acylhydrazones (refs-79 and 11).

(21) (a) For a review of asymmetric addition toc=@ bonds, see:
Friestad, G. K.; Mathies, A. KTetrahedror2007, 63, 2541-2569. (b) For
example, diorganozinc additions are powerful methods for alkyl addition
to imino compounds, yet still require- molar equiv of the diorganozinc
reagent (i.e., 412 equiv of the organic fragment).

(22) Related ring closures affording decahydroisoquinolines are uncom-
mon. Chatterjee, A.; Sahu, A.; Saha, M.; Benerjinglian J. Chem. Sect.

B 1997 36, 121-122. Lohse, C.; Detterbeck, R.; Acklin, P.; Borschberg,
H.-J. Helv. Chim. Acta2002 85, 945-962. Hattori, K.; Grossman, R. B.
J. Org. Chem2003 68, 1409-1417.
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required only 1.25 equiv of alkyl iodide, a finding which
should enable broader applications of this Mn-mediated
coupling process in complex target synthesis.
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