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ABSTRACT
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The tetracyclic core of daphniglaucin C was prepared from the known 4-keto-N-Boc methyl-L-prolinate in 15 steps with a cumulative yield of 14.7%.
The key steps toward this core motif feature a reductive double bond transposition from an unactivated tertiary allylic alcohol, a Pd-catalyzed Stille

coupling, and Dieckmann cyclizations.

An architecturally complex and structurally novel family
of alkaloids has been isolated from the leaves of daphny-
phyllum species over the past decade.! Among these, the
daphniglaucins A—K consist of a highly conserved
polycyclic core featuring octahydroindole and hexa-
hydroazulene fused ring systems (Figure 1). In 2003,
Kobayashi and co-workers? isolated daphniglaucin C
(3), in which the octahydroindole subunit (red con-
tours, Figure 1) was part of a tetracyclic core encom-
passing the hexahydroazulene ketone core. Daphniglaucin
C was reported to have significant antitumor activity
(ICs¢p = 0.1 ug/mL against murine lymphoma) as well
as inhibitory effects toward tubulin polymerization
(ICso = 2.5 uM).?

Although the absolute configuration of the daphniglau-
cinsis not known, it is highly probable that they are derived
from (3 R)-mevalonic acid® as a biogenetic precursor to the
octahydroindole subunit containing the methyl group,
which establishes the stereochemistry as indicated. Analysis
of the structure of daphniglaucin C reveals two vicinal
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quaternary carbon centers bisecting the highly convex
tetracyclic core motif.

R = H, daphniglaucin A (1)

’ ) daphniglaucin D (4)
= OMe, daphniglaucin B (2)

daphniglaucin C (3)

R = H, daphniglaucin E/G (5) daphniglaucin J (7)
= Ac, daphniglaucin F/H (6)
(N-O invertomers)

daphniglaucin K (8)

Figure 1. Selected members of the Daphniglaucin family.

It was envisaged that the stereocontrolled total synthesis
of a high value advanced intermediate tetracyclic enone
such as 9 could establish a general strategy toward further
elaboration to some of the individual members of this



fascinating family of alkaloids (Scheme 1). To the best of
our knowledge, synthetic approaches toward the tetra-
cyclic core structure of daphniglaucin C harboring four
stereogenic centers are yet to be reported.*> Intermediate 9
could originate from the tricyclic intermediate 10 by means
of a Dieckmann cyclization. Pd-mediated Stille coupling of
a hexahydroindole motif 11 with an appropriately sub-
stituted cyclopentene moiety would lead to 10. Accessto 11
would envisage a Dieckmann cyclization of an all-syn
substituted proline derivative 12, prepared in a stereocon-
trolled manner from the readily available 4-hydroxy-L-
proline as a partially hidden chiron.®

Scheme 1. Key Disconnections toward Daphniglaucin C
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The synthesis commenced with 14,7 which was trans-
formed into the enaminone 15 with 1,1-dimethoxy-N,N-
dimethylmethanamine (DMA)® in 91% yield (Scheme 2).
A three-carbon appendage was then introduced in 85%
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yield by taking advantage of the reactivity of the enaminone
15 as a versatile Michael acceptor.” Thus, an addition—
elimination reaction with 3-benzyloxypropyl magnesium
bromide'® led to the enone 16, which, upon treatment with
MeMgBr and LaCls-LiCL'" led to the tertiary allylic
alcohol 17 in a 5:1 dr and 88% yield.

Scheme 2. Synthesis of the Key Intermediate 22 and ORTEP
Diagram for 21 (ellipsoids drawn at 30% probability level)

MezN O
.
PhMe-DMA BnO” ""Br
W N reflux, 91% N Mg, THF
MeOC"  Boc MeOL" Boc  _7g9¢ to 11, 85%
commercial (14) 15
o MeMgBr Me OH
BnO N LaCly2Lici  BnO SR
=N THF, -78 °C N
MeO,C MeO,C
#*  Boc  ggy, dr=5:1 z¥ Boc
16 L
HO Pd/C, Hy
Pd(OH)g, Hy = EtOAc, rt
EtOAc, rt N quant
70% MeOL™  Boc dr=20:1
18
Me 1.TCCA, TEMPO L
HO_~_".. NaBr,NaHCOz MeO,c~ """
acetone, rt R
N )
MeO,C"  Boc 2. TMSCH:N; MeOL"  Boc
19 PhH: MeOH (3:1) 20
rt, quant (2 steps)
H M kuMDs, THF
KHMDS, THF Comins' reagent
-78°Ctort N -78°Cto 40°C
Me0,C
82% % H Boc 75%
o] -4
21 1 ,
M X-ra
H Fe s \/ \.--""’r
/‘!-
. /
MeO,C 3 Boc J\L/?/V"
oTf -
N7 ‘/r
22 "\
S~
.\i ~f
21 | |

When treated with Pd(OH),/C (Pearlman’s catalyst)'?
under 1 atm of hydrogen, 17 was reductively transposed to
give the tetrasubstituted alkene 18 in 70% yield with
concommitent hydrogenolysis of the benzyl ether group.
Surprisingly, the epimeric tertiary alcohol (not shown)
reacted sluggishly under the hydrogenolysis conditions to
afford low yields (20—25%) of 18. To the best of our
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knowledge, such examples of reductive allylic transposi-
tion of tertiary allylic alcohols are sparse.'® The alkene 18
was then hydrogenated with Pd/Cunder 1 atm of hydrogen
to afford the all-syn pyrrolidine 19 as a single diastereomer
in quantitative yield. One-pot oxidation of the primary
alcohol to the carboxylic acid using trichloroisocyanuric
acid (TCCA),"'* then esterification, led to the diester 20 in
a quantitative yield. A study of the conditions for the
Dieckmann cyclization'> of 20 showed that a concentra-
tion of 0.4 M in THF using KHMDS was optimal to
obtain the crystalline S-ketoester 21 in 82% yield (X-ray).
Conversion to the enol triflate 22 was best achieved
using Comins’ reagent'® with KHMDS as the base. With
LiIHMDS, NaHMDS, or KHMDS and Tf,0O in THF

—78 °C, the yield of 22 was 60%. Attempts to prepare
22 in a one-pot process by trapping the potassium enolate
of 21 with Comins’ reagent led to lower yields (40%).

With 22 in hand, our efforts were then turned toward
synthesizing a properly substituted cyclopentenyl Stille-
coupling partner. To this end, an efficient method devel-
oped by Knochel'” was utilized to prepare the vinyl iodide
23 (Scheme 3). Treatment of this vinyl iodide with nBuLi
in Et,O, followed by quenching with Bu;SnCl, cleanly
yielded the vinyl stannane 24 in 72% yield.'® Using other
solvents such as THF, hexanes, and THF/HMPA led to
lower yields.

Scheme 3. Synthesis of the Cyclopentenyl Stannane 24
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The Stille coupling between 22 and 24 was then investi-
gated (Scheme 4). It was found that the concentration of
the reactants had an important influence on the conver-
sion.'” Under optimized conditions, the intended coupling
product 25 was obtained in 92% yield on gram scale.
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Scheme 4. Synthesis of the Tetracyclic Core 28
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Initially, attempted cleavage of the acetal group in 25
under conditions that would not affect the N-Boc group
(In(OTf);,%° TESOTS,*! TrBF,,** etc.) led to lower yields
or decomposition. We were pleased to find that selective
cleavage took place simply with aq. HClin THF to give the
corresponding aldehyde 26 in 88% yield. Pinnick oxida-
tion,>* followed by esterification, afforded the diester 27 in
quantitative yield over two steps. After some experimenta-
tion, we found that, unlike the case of 20, the Dieckmann
cyclization®® of 27 was best achieved in the presence of
NaHMDS to afford a tautomeric mixture of tetracyclic
intermediates which, upon saponification with KOH in
THF/H,O for 16 h, was decarboxylated to the tetracyclic
dienone 28 in 62% yield over two steps.

Upon treatment of 28 with bromine in CHCl3, a bro-
mocarbamoylation reaction was smoothly achieved to
afford the pentacyclic bromocarbamate 29 in 88% yield
(Scheme 5). We assumed that the topology of the precursor
28 would actually control the formation of the epibromo-
nium ion from the convex face of the tetracyclic system,
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G.; Streckert, G.; Zurr, D. J. Chem. Soc., Perkin Trans. 1 1972, 542-552.
(c) Hanessian, S.; Staub, A. P. A. Tetrahedron Lett. 1973, 14,3551-3554.
(d) Uemura, M.; Minami, T.; Hayashi, Y. Tetrahedron Lett. 1988, 29,
6271-6274. (e) See Supporting Information.

(23) (a) Lindgren, B. O.; Nilsson, T. Acta Chem. Scand. 1973, 27,
888-890. (b) Bal, B. S.; Childers, W. E.; Pinnick, H. W. Tetrahedron
1981, 37, 2091-2096.

(24) For examples of Dieckmann cyclizations to seven-membered
rings, see: (a) Ponticello, G. S.; Baldwin, J. J.; Lumma, P. K.; McClure,
D. E. J. Org. Chem. 1980, 45, 4236-4238. (b) Bao, G.; Liu, C.; Burnell,
D.J.J. Chem. Soc., Perkin Trans. 12001, 2657-2668. (c) Denmark, S. E.;
Matsuhashi, H. J. Org. Chem. 2002, 67, 3479-3486. (d) Muto, S.; Bando,
M.; Mori, K. Eur. J. Org. Chem. 2004, 1946-1952. (¢) Hopf, H.;
Abhilash, K. G. Synlett 2009, 20, 3349-3351.

Org. Lett,, Vol. 15, No. 16, 2013



Scheme 5. Formation of the Bromocarbamate 29 and Its
ORTEP Diagram (ellipsoids drawn at 30% probability level)
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allowing the N-Boc group to attack in an anti-fashion.
Indeed, a single crystal X-ray structure of the resulting
pentacyclic bromocarbamate 29 confirmed the proposed
structure and the relative and absolute configuration of
the original 28. The double bond could be restored by
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treatment of 29 with Raney nickel or Pd/C under 1 atm of
hydrogen, giving back 28 after N-Boc reprotection.

In conclusion, the tetracyclic core unit (28) of daphni-
glaucin C was synthesized in a highly stereocontrolled
and convergent manner, in a cumulative yield of 14.7%
over 15 steps from the known and commercially available
4-keto-N-Boc methyl-L-prolinate. The structure and stereo-
chemistry were ascertained by conversion to a pentacyclic
bromocarbamate derivative (29) and X-ray analysis.
Studies toward the challenging functionalization of the
tricyclic and tetracyclic intermediates 27 and 28 respectively
toward daphniglaucin C and related members of the same
family are in progress and will be reported in due course.
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