V7 <23
B / TETRAHEDRON
A ¥

LETTERS
Pergamon Tetrahedron Letters 39 (1998) 21332136

_0

A Formal Total Synthesis of (£ ) Anatoxin-a by an Intramolecular
ii

v s 1_______1 A

Pd-Catalyzed Aminoc

e
-]
-
=~
<
=
Lo~
——
-}
-
4]
=]
oo
)
o
a
(
f=rl
c
=

Chang-Young Oh, Kee-Soo Kim, and Won-Hun Ham*
College of Pharmacy, SungKyunKwan University, Suwon 440-746, Korea

Received 17 November 1997; revised 5 January 1998; accepted 6 January 1998

Abstract:  9-Azabicyclo[4.2.1]nonane skeleton 3a was prepared by intramolecular
aminocarbonylaﬁon of 2a catalyzed by pa]]adium In three steps 3a was transformed into 8
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Certain strains of the fresh green aigae 4nabaena flos-aguae produce a potent toxin which has been
responsible for numerous incidents of live stock and water poisoning in the Midwestern United States and
Canada.! An alkaloidal toxin identified from these sources was shown to be 2-acetyl-9-azabicyclo[4.2.1]non-
2-ene(anatoxin-a, 1) also designated “Very Fast Death Factor”(VFDF).2

Anatoxin-a mimics the neurotransmitter acetylcholine and acts as a potent agonist for the nicotinic
acetylcholine receptor(nAChR).> As a consequence, this molecule has proved to be an important
pharmacological probe and is providing valuable information about the mechanism of intramuscular
neurotransmission. Since anatoxin-a has the 9-azabicyclo-[4.2.1]nonane ring system, its unusual bicyclic ring
structure and its biological properties have stimulated the interest of many synthetic org

ag hasn nrat
1L 110 UsAdlL PLU\’

important alkaloids and related compounds. There are many examples of the cyclization of unsaturated amine
compcmnds.5 The key step in our approach involves an intramolecular palladium-catalyzed
aminocarbonylation reaction to form the desired bicyclic ring skeleton 3 which might be converted to (+)-

anatoxin-a.
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a: R:COQCHg, b: R=S02CH3, [vhd R=SOZC6H4CH3, d: R=CH2Ph, (A R=CH3
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The cyclization precursors, 2a-e were readily prepared from the known ketone 5° as illustrated in

Schemea 1
scheme 1.
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Reagents and Conditions: a)
Fin/ £ m_ . A Tla wT el 1 END/ . AL .
51% ifor Za; MsCl, EigN, THyClp, 53% 1or 2b;

NaCNBH;, MeOH, pHS5, 45%

the suifonamides Zb, Z¢, and the amines Zd, Ze in the presence of copper(il) chioride as an oxidant. These
reactions were carried out in methanol under 1 atm of carbon monoxide at room temperature as shown in
Table 1.

Table 1. Intramolecular Pd-catalyzed aminocarbonylation reaction.

Substrate time® yield(%)° ratio( 3 : 4)°
22 24h 61 72 - 28
2b 48h 66 47 : 53
2c A8h 52 55 45
2d 48h 47 3 97

2e 48h no reaction

a. Reactions were performed as follows : 2(1 mmol), PdCl(0.1 mmol), CuCl(3 mmol), CO(1 atm) in dry MeOH at RT
b. Yieids refer to isoiated and chromatographicaily pure products
¢. The ratio was determined by '"H-NMR(500MH?Z) and HPL.C analysis

In the course of the transannular cyclization, we found that the regiochemistry of the reaction can be
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proceeded smoothly to afford a 72 : 28 mixture of 3a and 4a in favor of 3a as the desired isomer. The
cyclization of the sulfonamides 2b or 2¢ yielded at a 47 : 53 mixture of 3b and 4b or 55 : 45 mixture of 3¢ and
4c. On the other hand, cyclization of the N-benzyl amine 2d gave a 3 : 97 mixture of 3d and 4d under the
same condition. As we expected, this cyclization was totally stereoselective®; only one stereoisomer (only the
a-ester isomers) was found in the mixture as proved by 'H-NMR spectra.” For example, the stereochemistry of
3a was deduced from 'H-NMR; the diagnostic proton H-2 exhibited coupling constant of 8 and 4.9Hz with H-
3n and H-1
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the literature®, in which the stereochemistry of the ester group was trans to the nitrogen. The configuration of

respectively. The structure of bicycle 3a was confirmed by comparison with spectroscopic data in
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4a was aiso assigned based on the proion H-2 coupling constaiit o
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3a 4a
Figure 1. Assignment of coupling constants of 3a and 4a (for one rotamer)

Compound 3a was treated with potassium hydroxide to afford the corresponding acid, which was
reacted with N,O-dimethylhydroxylamine hydrochloride in the presence of EDCI and HOBT in CH,Cl,.° The
resulting amide was reacted with methylmagnesium bromide at 0 T to give the known ketone 8 in 72%
overall yield. The conversion of 8 to (£ )-1 has been earlier reported by the Skrinjar group.'’
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Scheme 2

Reagents and Conditions: a) KOH, MeOH, reflux, 98%; by HNCH;(OCH;), EDCI, HOBT, CH;Cl,, 87%; ¢) CH;sMgBr, THF, 0 C,
85%
In summary, a new synthesis of (= )-anatoxin-a (1) was accomplished by using the intramolecular Pd-

catalyzed aminocarbonylation reaction of 2a as a key step.
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The assignment of J-azabicyclo{4.2.1]- and 9-azabicycio{3.3.1] nonane ring sysiem for 3a-c and 4a-d on
their respective '"H-NMR and C-NMR. 3a, rotamer : 'H-NMR(500MHz, CDCL): & 4.65(0.5H, m),
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PTOQUO KU ) P ~ 1210 e BONMBR/7S M, ONCLY - 8 1740 1861 59 £7¢@ €L 0
L.?J\V.Jll, lll}, 2Py 4 1 JJ\IUIL., lll}’ \z'l‘lvll\\l.l IVLL 1Ly \_/U\_/IJI . U 17™M7y LJ2:1y JOLy JI.O, JJ.7,
S5 46 530 <‘)0 (’)‘l 522,485, 472 354 323,270,267, 261, 23.1; 4a rotamar - 11
22.0, 229, S.2, L, 32.4, [ % 4 43,1, 43,1 5a, Toame i

4

NMR(500MHz, CDCly) : 8 4.62(0.5H, br), 4.5 br), 3.72, 3.72,
3.71, 3.70(1.5H X 4, 4s), 2.83(1H, m), 2.32(1H, m), 202 -~ l 54(91—1 m\ ]3(‘-NMR{7‘§ SMHz, CDCls) :

8 172.7.154.8, 53.2, 52.4, 48.5, 47.8, 46.8, 46.1, 45.7, 45.2, 29.9, 29.6, 27.2, 26.8, 26.5, 23.0, 20.5: 3b :
'H-NMR(300MHz, CDCL3) : 8 4.50(1H, m), 4.20(1H, br t), 3.61(3H, s), 2.90(1H, m), 2.77(3H, s), 2.10
~ 1.37(10H, m); *C-NMR(75.5MHz, CDCl5) : & 173, 60.0, 58.3, 51.7, 49.6, 38.1, 35.9, 33.0, 27.0,
26.0, 22.5; 4b : '"H-NMR(300MHz, CDCL3) : 8 4.26(1H, br), 3.99(1H, br), 3.64(3H, s), 2.98(1H, m),
2.91(3H, s), 2.31(1H, m), 2.10 ~ 1.37(9H, m); *C-NMR(75.5MHz, CDCLy) : 8 173, 52.1, 49.0, 47.6,
45.1,41.7,29.4,26.3,22.1, 19.5; 3¢ : 'H-NMR(300MHz, CDCL3): & 7.71(2H, d), 7.25(2H, d), 4.54(1H,
br q), 4.25(1H, br t), 3.65(3H, s), 2.96(1H, m), 2.10 ~ 1.36(10H, m) ; >C-NMR(75.5MHz, CDCL) : &
173.9, 143.2, 137.2, 129.7, 126.9, 126.7, 60.3, 58.6, 51.7, 49.7, 36.0, 32.4, 26.8, 26.1, 22.5, 21.5; 4c : 'H-
NMR(300MHz, CDCLy) : 8 7.69(2H, d), 7.20(2H, d), 4.29(1H, br), 4.03(1H, br), 3.62(3H, s), 2.81(1H,
m), 2.35G3H, s), 2.20(1H, m), 1.97 ~ 1.41(9H, m); >C-NMR(75.5MHz, CDCl3) : & 173.2, 142.9, 138.8,
129.7, 126.9, 51.8, 48.9, 47.5, 44.5, 29.0, 28.9, 25.9, 22.1, 21.5, 19.5; 4d : 'H-NMR(300MHz, CDCly) :

8 7.29 ~ 7.11(5H, m), 3.78(2H, d), 3.55(3H, s), 3.03(iH, br), 2.99(iH, m), 2.66(1H, br), 2.21(iH, m),
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i.99 ~ 1.35(5H, m), C-NMR(75.5MHz, CDCl;) : 8 175.5, 140.0, 128.2, 126.7, 56.7, 53.0, 51.4, 49.5,
A NV £ ML 7T AN
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3a was converted to the known compound 9 by deprotection with 30% HBr in AcOH and protection with
(RO(‘%() in 70% averall vield.; Howard, M. H_; Sardina, F_1; Ramnnrt H. . ()ra Chem., 1990 55,
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