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Synthesis of Azabicyclo(3.2.1J)octane Skeleton of
Tropane Alkaloid

Young-Ger Suh’, Young-Gi Choi, Jae-Kyung Jung and Kyung-Hoon Min
College of Pharmacy, Seoul National University, Seoul, 151-742, Korea

Abstract— Synthesis of an optically active azabicyclo[3.2.1)octane skeleton as a backbone of the tro-
pane alkaloids has been achieved by employing intrarnolecular Mannich reaction. Utilization of (R)-o-
methylbenzylamine as a chiral auxiliary provided an excellent cyclization of amino dioxolane pre-
cursor. However, this auxiliary did not afford high asymmertic induction for the preparation of the opt-

ically active cyclization precursor.

Keywords [_] Tropane alkaloid. intramolecular Mannich reaction, azabicyclo(3.2,1) octane.
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A} o] &389 e palladium acetateZ ©]-83F @443}
a8 ojsled ferruginine(3) &2 £olatA d¥d
Ao dFHEAT WA azabicyclic system 49
e Exoz ¥ AP A anatoxin ad] T4Vl
o]- &3t Exhfl Mannich -89l )& #shitg
< HESIY B8 A3 AT EHL scheme
15} Zol A=

M7 2-bromodioxolane 5% sodium benzene-
sulfinates} X &9Hg-A1A sulfone 68 V¥ 4-a-
cetylbutyrate2 -8 20j2 aldehyde 7°3% Z3hitg-
A7 hydroxy sulfone 8& 2%t} Hydroxy sulfone
82 PDC Aol o] Na-Hg 2ol 9J3iA keto
dioxolane 1022 A&=|c} vpx|te g FagAe]
azabicyclo(3.2.1Joctanee Q7193 HFEZHQ
chiral amine 12& {93A (R)-o-methylbenzy-
lamine & ketone 107} Z3hhg A1 3 Zuk2 $H91A]
A YAMEA  aminationg Al=3U Sodium
borohydride €2 1:1.3¢9] diastereomeric E3H&<
Qe 9 godium cyanoborohydride ##9L 1.5
19 uheB]&-9] diastereomeric EFEL AAASA”
15te] SIS AN S AES A% P4E 2
g A FIgeug o EFELS scheme 2942
o] vlet2Fo A Hatez Mo #Asuhg-E<l
azabicyclo(3.2.1)octane 13A9} 13BE A3 EAF &
A3t TPHZ A2 UAgTh o] ¥HSolA Faht-g-o
AT-E32 amine 127} benzyl ¥ 27| glol= &3hiks-
of WY A) ggol AU}

Diastereomer 13A¢} 13B+= flash column chro-
matography2 #2124 e o] Zrzhe 2:19)
o~methyl ketone ¥ P-methyl ketoned EFEE
FAHYSS AR

AEYY
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'H-NMR spectrat= Bruker WP 80 SY spec-
trophotometer % JEOL JNM-GCX 400 spec-
trophotometerd ©]-438l%131, tetramethylsilane®
internal standard® AH&-3t ZA3A 0™, chem-
ical shift= 8 unit® YEhHIT}. Infrared spectras
Perkin-Elmer 1710 fourier transform spectrop-
hotometer® 24319101 frequency® cm 2 EA|
3t

Mass= VG Trio-2 GC-MSE AH&-3le] 70evel
electron beam energy°lA EIZ #3392 m/e
2 Jebc. Thin layer chromatography: sil-
ica gel(Kiesel gel 60Fs, Merck) & AME3153
column chromatography+ silica gel(Kiesel 60.
230~400 mesh. Merck) & AH&38l o BE A 20}
Ea#uE foe AN FR3E9T ve8rle
120°C dry ovendiAl Axsigion) BE g Ar
N, 7|53t A Ala)at et

THF. ether%+ sodium benzophenone ketyl &
sl A F-573k9 2 CH,Cl,, DMF. benzene, to-
luene CaH, EAstel A FH3te] ARSI}

2-(2-Benzenesulfonyl)-1,3-dioxolane (6) — Benze-
nesulfinic acid sodium salt(210 mg, 1.28 mmol)-&
We Zelaa g o2 XS 3t DMF8 mhE F
7}&F %ol bromodioxolane(154.2 mg, 0.85 mmol)-&
DMFol oA 71513 A-&oll A 1417 3085-¢t myt
3] Fh. vkgo] &9 ¥ ether(50 mI) 2 34 8)aL
E 9 brine2 2 A3#F MgSO, AZ, 43}, IAs
%8 ch. dojR FALE column chromatography
(EtOAc : n-Hex=1:2)3td =2t Q<ie] oA
114.5 mg (58.4%)% AUt

IR (neat) : 1150, 1315cm™

'H-NMR (400MHz, CDCly) & 7.84~7.87(m,
2H). 7.49~7.62(m, 3H), 4.89(t, 1H, J=4.0Hz),
3.74~3.86(m. 4H). 3.14~3.18(m, 2H), 1.96~2.04
(m, 2H)

Mass(ED) m/e : 241(M™-1), 216, 215, 214, 125,
100. 99, 78, 77, 73. 55, 51

1-(1,3-Dioxolane-2-yl)-7-(2-methyl-1,3-dioxolane-2-
yD)-3-benzenesulfonyl-4-heptanol (8) — Sulphone
acetal 6(43mg, 0.18 mmol)& Y& EAAE of=
2 X811 THFI0mDE Y2F -78°ColA n-
BulLi (1.47M, 0.13 mmol)-& 71831 1A17F B¢t wwt
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s F=Act. 2 F -78°CellA THFo =<2 aldehyde
7(47 mg, 0.28 mmoD)& 7}8t3 2A13F wwkstar ¥hg
EEE B8 P2t EtOAc(30m)E A&t &
(5mhE A F & MgSO, A=, A%, s
t} oj2 ZAFE column chromatography (Et-
OAc : n-Hex=1:1)3}] 48 mg(67.4%)9] % o<
4 AAE At

Minor isomer

IR (neat) : 1150, 1310, 3500 cm™

'H-NMR (400MHz, CDCl,) 8 7.85(d, 2H. J=8.0
Hz). 7.62(dd, 1H, J=7.6Hz), 7.52(dd. 2H, Je=
7.6 Hz), 5.23(s, 1H), 4.89(dd, 1H, J=3.8, 6Hz},
4.06~4.08(m, 1H), 3.71~3.87(m. 8H), 3.19(t,
1H, J=5.0Hz), 3.02(d, 1H, J=3.6Hz). 2.08~2.21
(m, 2H), 1.24~1.52(m, 5H), 1.19(s, 3H)

Major isomer

'H-NMR (400MHz, CDCly)8 7.82~7.84(m, 2H),
7.49~17.62(m, 3H), 5.23(s, 1H), 4.87(dd, 1H, J=
3.6. 5.2Hz), 3.95~4.05(m, 1H), 3.73~3.90(m,
8H), 3.40~3.43(m, 1H), 3.29(d, 1H, J=8.4Hz),
2.06~2.22(m, 2H), 1.24(s, 3H), 1.07~1.67(m,
5H)

Mass(ED) m/e : 400(M"), 399(M*-1), 385(M"-
CHB3), 367, 339, 271, 258, 243, 214, 197, 159, 125,
99, 87. 73

1-(1,3-Dioxolane-2-yl)-7-(2-methyl-1,3-dioxolane-2-
yD-3-benzenesulfonyl-4-heptanone (9) — Pyridinium
dichromate(PDC, 37.6 mg, 0.1 mmol)® NaOAc(10
mg. 0.1 mmol)& ¥& FEAIE ol=X AU F
CHLCL(6 mDE W3 sl FHA CHClLel %21 7]
2 alcohol(20 mg, 0.05 mmol)-& F713lc} 2443
B¢t reflux$t ¥, ether(100 mDE ©] 43t &3
florisil pad®ll reaction mixture & E3A171 ¥ o2y
ether2 AoIFAct. §715& MgSOLAZF 3,
AsEIHE dolxl FALE column chroma-
tography (EtOAc : n-Hex=2:1) &} 15 mg(75.4%)
o] 54 @ Uite] AAE AUt

IR (neat) : 1720 cm™

'H-NMR (400MHz, CDCly) 8 7.69 (d. 2H, J=
7.2Hz), 7.61 (dd, 1H, J=17.4, 8Hz), 7.49 (dd. 2H,
J=8Hz), 4.78 (dd. 1H, J=3.6Hz), 4.24 {dd. 1H,
J=2.4, 10.8Hz), 3.67~3.87 (m, 8H). 2.78~2.84

(m, 1H), 2.52~2.57 (m, 1H). 2.16~2.30 (m, 2H),
1.55~1.63 (m, 4H). 1.25 (s, 3H)

Mass(ED m/e : 399(M* +1), 398(M*), 397(M "~
1). 383(M"-CH,), 257, 197, 195, 157, 125, 99, 87,
73

1-(1,3-Dioxolane-2-yI)-7-(2-methyl-1,3-dioxolane-2-
yD-4-heptanone (6) - Keto sulfone 9(210 mg. 0.53
mmol) 2 Na,HPO,(451 mg, 3.18 mmol) & ¥ &
gt~ 0] methanol(10 m))& ¥ ¥, 0°ColA 6%
Na-Hg(815 mg, 2.12 mmol, 4deq)& ¥ 1 5~17F &<t
Ak FQlck vhe- &d ¥ ether(50 m) 2 F23H1L
B2 HojF Fol MgSO A%, 47, #AtsFaaurt.
o) AAFE column chromatography(EtOAc :
n-Hex=1:2)3td 100 mg(73.3%)¢] ketone 103}
over reduction® alcohol 7 mg& Aich

IR (neat) : 1720 cm™

'H-NMR (400MHz, CDCly & 4.84(t, 1H. J=
4.4Hz), 3.75~3.90(m, 8H), 2.46(t, 2H, J=3.4
Hz). 2.38(t, 2H, J=THz), 1.87~1.92(m, 2H), 1.53
~1.64(m, 4H), 1.24(s, 3H)

Mass(EI) m/e : 243(M™-CHj), 237, 213, 199,
189, 175, 155, 149, 133, 121, 105, 99, 87, 73, 55

4-N-[(R)-0-Methylbenzyl]-1-(1,3-dioxolane-2-yl)-7-(2-
methyl-1,3-dioxolane-2-yl)-heptane (12) — Ketone
11(25 mg, 0.10 mmol), benzoic acid(5 mg, 0.leq)<
¥e Zgt~=d (R)-o-methylbenzyl amine(118
mg. 0.97mmol)& 21 Dean Stark@IAE 3§35
8AIZF B¢t reflux BTt WHe EFES Y EE3)
o tolueneg A ¥ dry-MeOH(5 mDE F718HA
k. 0°C9 ice bath$lolx NaBH,deq)< 7}IF1
30%-E<H wuksl 9t} whgo] gAY ¥ B8 Vlsln
CHLCLGBOmDZE 3%, & A3, MgSO2 #Ax ¢
433 F AMsEeY. dod FARE column
chromatography(MeOH : CHCl;=1:32)3}9 ch-
iral amine® $4 AA3zE, A column chroma-
tography(EtOAc ' n-Hex=1:1)3}] 12A%} 12B2] &
& 14.6 mg (overall yield : 40%)2 At

'H-NMR (400MHz, CDCly) 8 7.13~7.24(m,
5H), 4.77(t. 1H, J=4.4Hz), 4.68(t, 1H, J=44
Hz). 3.73~3.92(m. 9H), 2.27~2.31(m, 1H), 0.77
~1.68 (m, 13H), 1.24(s, 3H)

Mass(ED : 364(M*+2), 363(M*), 350, 262
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234, 198, 162, 160, 130, 120, 105, 87, 68

1-Acetyl-8-((R)-0-methyl benzyl)-8-azabicycl0o [3.
2.1]octane (13) ~ Amine 12(14.6 mg, 0.038 mmol)
€ dry-MeOHG mD€ 59 ¥ ccHCl(I mDE $x
55~62°CE& +A3dA 18AZF &< muks) Flc).
K,CO,2 pHE THEE HA ¥l CH,Cl; (50 ml)
2 F&311 MgSOA=%, 43, ZtsF3yct. 49
A ZAHE o2 ¥ B column chromatography
(EtOAc : n-Hex=1:1)3}] azabicycle 13A9} 13B
7t ¢ 1.5:12 EgH Sl diastereomeric EE
(8.2mg, 83.7%)< &7 Eelslth.

Major isomer

IR (neat) : 1710 cm™

'H-NMR (400MHz, CDCly) 8 7.14~7.31(m, 5H),
3.59(q, 1H, J=6.4Hz), 341(d. 1H, J=64 Hz),
3.23~3.24(m, 1H), 2.75~2.80(m, 1H), 1.92 (s,
3H), 1.271(d, 3H. J=6.4Hz ), 1.19~1.97(m, 8H)

Minor isomer

'H-NMR (400MHz, CDCly) 7.14~7.31(m, 5H),
3.69(q, 1H, J=6.4Hz), 3.48(d, 1H, J=7.2Hz),
3.21~3.23(m, 1H), 3.1 (q. 1H, J=6.4Hz), 2.89~
2.93(m, 1H), 2.30(s, 3H), 1.53(s, 3H), 1.17(d,
3H, J=6.4Hz)

Mass(ED) m/e : 258(M* +1), 257(M"), 242(M*-
CHa), 214, 186, 173, 172, 152, 145, 110, 106, 105,
104, 82, 77, 68, 67

g ¥ A=

2R Mannich®H-8-& ©]-834 ferruginine E&
T dg2olee] 7|22 & Y¥A = azabicyclo(3.2.
loctanes E7A o2 A4t &3} whgo) Ay
E3¢ amined] 237] ¥&3 FA) chiral aux-
iliary2A9]l E34E 71 (R)-o-methylbenzyl
group< 71oieHE 9] asymmetric inductiong AF
A& £HA|4L, free amine AEIS] A7 EES AS
Fshutgo] PR YULE Y EHH=
st go] F83 9AAL I =3 d3lute
o gAMYL gl HATEHQ amined)
chiralityell 2|&%#-& 121319 imined] YA H 8
o] $HH 0T HP=Ho o & A2 o}, wja}
A, debenzylation%-2} §4k$ Q1] iminette] ¥
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o] HEE 1 ¢lon imined geometry7} QA3
ol vl FEE FA AFH vk dE8H o
2, ferruginine @ 7 §54 Aol E¥oz ¢ &
2 7 e EEFR #3ukgo] AEEHYoH HA A
=11 Q= imine®) YAHHY B AFE A
chiral auxiliary® |83 azabicyclo(3.2.1)octane

o} YA ol TR 2 7did
ZAe =

B ATE ALUstE AsloHE AUATAE S A9
of elste] o] o} gL BA= AT}

2 #

1) Clarke, R. L. : The Alkaloids Chemistry and
Pharmacology, Academic press, New York, 16,
83-180 (1977) Atta-ur-Rahman, Studies in Na-
tural Product Chemistry, Elservier, New York,
1. 378 (1988).

2) Tufariello, J. J., Merkler, H. and Senaratne, K.
P. A, : Synthesis of Anatoxin a: Very Fast
Death Factor. J. Am. Chem. Soc. 106, 7979(1984)
and references cited therein.

3) Peterson, J. S., Fels, G. and Rapoport, H. :
Chirospecific Synthesis of (+)- and (-)-Ana-
toxin a, J. Am. Chem. Soc. 106, 4539 (1984) .

4) Suh, Y.-G., Choi, Y-G., Ryu, J.-S. and Cho, Y.-
S. : Studies on the Synthesis of Anatoxin a via
Intramolecular Mannich Reaction., Seoul Univ.
J. Pharm. Sci. 12 (1995).

5) Heathcock, C. H. and Kleinman, E. F. : Total
Synthesis of (£)-Lycodoline., J. Am. Chem. Soc.
103, 222 (1981). Tramontini M., Advances in the
Chemistry of Mannich Bases, Synthesis, 703 (1973)

6) Z} diastereomers chromatography®ll ¢j&jA] 2]
7t Brbeslileng ddeole 4 qA7=
7} B A A) gshE

7) 'H-NMR(400MHz)2] EAjell ¢3}d o-methyl
ketone®©] major isomer2 F%H i, methyl
ketoneo} A= & gie sptets s M@
dAHol=Z I stereochemistryS FH|Z o=z w3l
2] skl



