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Total Synthesis of (+)-Gracilamine Based on Oxidative Phenolic

Coupling Reaction and Determination of its Absoluig Configuration

Minami Odagi,* Yoshiharu Yamamoto, Kazuo Nagasawa*

Abstract: The first enantioselective total synthesis of (+)-gracilamine  the resulting 6-5-6 mem i . So far, only one
(1) was achieved, featuring a diastereoselective phenolic coupling successful example h i derate yield (Figure
reaction followed by a regioselective intramolecular aza-Michael 1B)."° f 1, we aimed to apply
reaction to construct the ABCE ring system. The stereochemistry at  oxidative phenolic construct the 6-5-6 ring
C3a in 1 is controlled by the stereocenter at C9a, which was  system in 1 with co at C3a.

selectively generated (91% ee) by utilizing an organocatalytic Enantioselgctiv riedel-Crafts (aza-F-C)
enantioselective aza-Friedel-Crafts reaction developed by our group. i efficient approach for the
This synthesis reveals that the absolute configuration of (+)-  synthesis of opti i amine derivatives. Therefore,
gracilamine is (3aR, 4S, 5S, 6R, 7aS, 8R, 9a8). numerous studies been reported by using chiral metal- and

ast decades.'”’® We have recently

ive 1,2-type aza-F-C reaction of N-
Boc aldimine witl | by using guanidine-bisthiourea
bifunctional organocatalyst,' and we applied the reaction for the

(+)-Gracilamine (1) was isolated from Galanthus gracilis by
Unver and Kaya in 2005." 1 contains a pentacyclic ring system
with seven consecutive stereogenic centers, including an all- onstruction 9ain 1.
carbon quaternary stereocenter (Figure 1A). Because of this ’
synthetically challenging structure, 1 has attracted considerable (

f\. GracilamMe (1) and previous strategies for construction of C3a

H 23
interest,”” and total2 synthezies of 1 havezbeen reported by Previous strategies (for Caa)
a e . rm—
groups led by Ma,” Gao,” and Banwell,” while two other /' W intramolecular 1,3-dipolar cycloaddition
groupsz""’| have reported formal total syntheses. However, 4 M photo Nazarov cyclization

M intramolecular pyrone Diels-Alder reaction
W Pd (Il) catalyzed Alder-ene reaction
M Rh (I) catalyzed [3+2+1] cycloaddition

enantioselective synthesis of 1 has yet been reported, ang
absolute configuration of (+)-1 remains to be established.” One
of the key difficulties facing enantioselective synthesi
construction of the chiral stereocenter at C3a. |
syntheses, the following strategies were applied for
of this quaternary carbon center: (i)
intramolecular 1,3-dipolar cycloaddition,? (i)
Nazarov reaction,® (iii) intramolecular pyr Me OH Me
reaction 2at high temperature,® (iv) Pd(ll)-catalyze HO O O PIDA mBuli o C.O OMe
. e
reaction,” and (v) Rh(l)-catalyzed [3+2+1] cycload Ve OMe HHP 0°C Ve

(Figure 1A). Although these strategies are efficient an (40 %) OMe

This work
diastereoselective oxidative phenolic coupling

nstruction of 6-5-6 ring system by oxidative phenolic coupling
nda et al. (2011, sole example)

OH

. . . . 3 Me
straightforward, synthesis of chiral precursors for these reac§ons
proved very difficult, and only racemic ggoducts were obtain C. Synthetic plan for gracilamine (1) NHTeoc
Oxidative phenolic coupling reactio is
i . Regioselecti
a powerfull meth.od for cgnstructmg poly Gracilamine (1 i O aﬁg&?:hzz;ve
the resulting dienone is a useful reaction
transformations.” Indeed, oxidativg phenolic couplin
been widely applied for the esis of natural 29
. . X i k Diastereoselective NHTeoc
However, the synthesis of fuse dative phenolic coupling NHTeoc oxidative phenolic
is still challenging. In embered rings has HO OO m“p”"g
not been well explored, p rained nature of
NHTS NHTs 5
[*] Dr. M. Oda . K. Nagasawa {} aig?,?ﬁ}gjﬁfgf’;ﬁs
Department o cience, Tokyo University of BocHN OH  reaction Boc
-16, Naka-cho, Koganei : (0]
. )
HO 0o
8 s Sesamol (9)
rticle is given via a link at the end of Figure 1. (A) Structure of gracilamine and illustration of previous strategies for

the document. constructing the C3a stereocenter; (B) sole reported example of the
construction of a 6-5-6 ring system via oxidative phenolic coupling reaction;

(C) our synthetic plan for gracilamine (1).
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primary alcohol 12 in 87% vyield. The azide group was

a) O Ar = 3,5-(CF3)2CeMs introduced into 12 by treatment with MsCI followed by reaction
S Bn N Bn S with NaN; in DMF to give 13 in ield. Then, reduction of
Af\NJJ\N/’\/\N)\N/\)\N/U\N—Ar the azide group and triflyloxy grou deprotection of the
\-Bo H H (:H) H H benzyl group in 13 were carried ou eously under
BnO (10 mol/o hydrogenolysis conditions, and th mine was
/@[ protected with a tosyl gro i nol 14 in 81% yield in
HO Etz0 (0.025 M) two steps. The Boc group in en converted into a Teoc
Sesamol (9) 40°C,24h . .
8 X (94%) group by reaction with h llowed by Teoc-OSu,
affording 6 in 94% yie
BocHN  OTf BocHN  OT With phenol 6 i ed the oxidative phenolic
BnO. BnO.
b) Tf,0 O O O O coupling reaction e 6-5-6 ring system
(94%) thenNaBH4 corresponding to Thus, phenol 6 was
x OJ (87%) subjected to PID opanol (HFIP) at high
Rearyst. [ 11 (91% ee) dilution (0.01 ese conditions, coupling
11 (99% ee) reaction took p e 5in 77% yield as a single
BocHN oTf diastereomer. In reaction, two possible transition states of

d) MsClI BnO Pd(OH e - - Ng the stereochemistry at C9 can be
O O : O O ) i ally less hindered TS-1 should be
thfgolj/aNa me;:fm preferred, an sired 5 with S configuration at C3a

) HL M O:SHN 14: R = Boc was obtained predominantly (Scheme 2). Then, regioselective
y intramolecu?za-Michael reaction of 5 was investigated. After

g) Teoc-OSu 6: R =Teoc
(94%, 2 steps) veral atteglis, the enone 4 was selectively obtained in 82%
by treatMment with para-toluenesulfonic acid.
Scheme 1. Synthesis of phenolic coupling precursor 6. Reagents and
conditions: (a) (R,R)-10 (10 mol%), Et,O (0.025 M), 40 °C, 24 h, 94%; (b) Tf,O
(1.1 equiv), TEA (1.5 equiv), CH,Cl, -78 °C, 30 min, 94%; (c) O;, MeO NHTeoc
78 °C, 5 min, then NaBH, (10 equiv), -78 °C to rt, 1 h, 87%; (d) MsCI (3 e

Steric Repulsion

Ts
TeocHN I H

H (N
TEA (5 equiv), DMF, 0 °C, 10 min, then NaN; (10 equiv), 60 °C, 6 h, 80, vs) _
H,, Pd(OH),/C (20 wt%), MeOH, 50 °C, 1 h, then TsCl, 0 °C to rt, 2 h, 0 one
2 N HCI/MeOH, rt, 12 h; (g) Teoc-OSu (2 equiv), TEA (1.5 equiv), odl”
2 h, 94% (2 steps). Boc = tert-butyloxycarbonyl, Bn = ben 5.2 Ph
triethylamine, Teoc-OSu = N-[2-(trimethylsilyl)ethoxycarbonyloxy
Tf = trifluoromethanesulfonyl, Ts = p-toluenesulfonyl. l
NHTeoc l;lHTeoc
b) TsOH A
. H H H H . + °© C. o
Our synthetic plan is depicted in Figure 1C (82%) 3
that ketone 4, a promising synthetic precursor for 1, ( 0
synthesized by successive construction of the B and _ NHTs5 NHTs 15
single diastereomer not observed

of 6 followed by regioselective intramolecular aza-Mi Scheme 2. Oxidative phenolic coupling reaction followed by aza-Michael
reaction of 6. Reagents and conditions: (a) PIDA (1.0 equiv), HFIP (0.01 M),

0 °C, 30 min, 77%; (b) TsOH-H,O (10.0 equiv), CH,Cl,, 0 °C, 10 min, 82%.
HFIP = 1,1,1,3,3,3-hexafluoro-2-propanol, PIDA = iodobenzene diacetate.
expected to be controlled by the stere

which could be constructed by organocataly
of sesamol (9) and N-Boc aldimige 8
Our synthesis of

Thus, total synthesis of (+)-gracilamine (1) from 4 was
(1) commerced with  gccomplished in five steps (Scheme 3). The olefin moiety of 4
construction of the sigreocen a by means of our \as hydrogenated in the presence of palladium hydroxide on
organocatalytic enantj ion of aldimines  carbon under a hydrogen atmosphere to give ketone 16
and phenols." The rea [ 8, which was  guantitatively. Then, we examined construction of the D-ring of
synthesized from 3-hydrox¥gnzoic acid in s&en steps,” and 16 with o-keto ester 17 by intramolecular 5-endo-trig Mannich-
sesamol (9) was examine the presence of guanidine-  type reaction. First, we followed Gao's protocol,” i.e., we used
bisthiourea bifugall alyst (R,R)-10.  Under the 3 equiv. of 17 in CHCI/TFA = 1:1 at 66 °C, but only a trace
previously deve za-Friedel-Crafts reaction  amount of 18 was obtained. We further examined the reaction
took place smoothl ing N-Boc amine 7 was  ¢onditions, and found that cyclopentyl methyl ether (CPME) was
obtained in 94% vy The enantioselectivity of 7 was  effective as a solvent for this reaction, and 18 was obtained in
determingd to be 91% y chiral HPLC after conversion to the 479, yield. Reduction of the ketone in 18 was conducted with
triflate f 11 was increased to 99% after a  godium borohydride to give the alcohol 19a (64%) and its
singl xane. Then, ozonolysis of the  djastereomer 19b (dr. = 16:1), which was simultaneously
double bond in 11 followe treatment with NaBH4 gave  cyclized to lactone 20 in 4% yield. The structure of 20 was

This article is protected by copyright. All rights reserved.
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confirmed by X-ray crystallography.'® Finally, (+)-gracilamine (1)
was obtained from 19a by removal of the tosyl group with
sodium and naphthalene, followed by reductive methylation of
the amine with formaldehyde in the presence of sodium
cyanoborohydride in 74% yield. The 'H and "*C NMR spectral
data of synthetic 1 were identical with those of natural (+)-1 as
reported in the literature. In addition, the optical rotation of
synthetic 1 [[a]p®® = +16.4 (c 0.11, MeOH)] was consistent with
that of natural 1 [[a]p®® = +21.8 (¢ 0.13, MeOH)].' Thus, this
synthesis revealed that the absolute configuration of natural (+)-
gracilamine (1) is (3aR, 4S, 5S, 6R, 7aS, 8R, 9aS).

b)

NHT
NHTeac yonoeee EtO,C Me
X a) Hy
o o PdOH)C o@»o 170 Me
) uant. )
\ o) (g ) /N o)
T 4 Ts 16

(47%)
Me

NH |,
' c) NaBH,

s
,N [0}

Ts  19a
(64%)

d) Na/Naphthalene

then HCHO
NaBH5CN
(74%)

CPME = cyclopentyl methyl ether, TFA = trifluoroa
tetrahydrofuran.

stereocenter at C9a, which co
1, and (ii) diastereoselective

C3a, followed by
reaction. The absolute co
this synthesis.
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Total Synthesis of (+)-Gracilamine
Based on Oxidative Phenolic
Coupling Reaction and Determination
of its Absolute Configuration

99% ee (after recryst.) (#)-Gracilamine

The first enantioselective total synthesis of (+)-gracila ed by means
of organocatalytic 1,2-type aza-Friedel-Crafts rea Furthermore,
Diastereoselective oxidative phenolic coupling reaction followe®by regioselective
aza-Michael reaction were applied for construction of YABCE-ring system in
gracilamine. This synthesis reveals thgfabsolute configurati f (+)-gracilamine.
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