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Formal Synthesis of (-)-Apicularen

Graetz, B. R.; Rychnovsky, S. D. Organic Lett. 2003, 5, 3357.
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Benzolactone Enamides
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R = H, (-)-apicularen A (1) salicylihalamide A (17 E) (3) oximidine | (5}
R = N-acetyl-B-glucosamine, salicylihalamide B (17 Z) (4)

(-)-apicularen B (2)
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Retrosynthetic Analysis of Apicularen A
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De Brabander, J. K.; Bhattacharjee, A. Tetrahedron Lett. 2000, 41, 8069.
Bhattacharjee, A.; Seguil, O. R.; De Brabander, J. K. Tetrahedron Lett. 2001, 42, 1217.
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Synthesis of Apicularen A

OMe
O \
. ) A/o 0
OTBS 0O e vinyl cuprate
@) —
#\O Jacobsen's chiral chromium (lll) complex, | 78%
4 A MS, acetone, RT, 24h; then, o)
11 CFSCOQH, CHQC|2, 0 OC, 1h, 60% 12
84% ee, >99% after RC
A/o o] %o

1) NaBH,/MeOH; 99% 0 .0 | 1) BH3 THF; then, H,O,/NaOH; 65%
2) TBSC!, Imid., DMAP 2) cat. TPAP, NMO, 4 A MS, CH,Cl,; 67%
DMF, 99% OTBS

10

0.0 HO Z
AllylITMS, TiCl,
O : ., O NaH/THF; 70%
CHQClz, -78 OC,
72% (15/9-23.77) OTBS OTBS
15 9
De Brabander, J. K.; Bhattacharjee, A. Tefrahedron Lett. 2000, 41, 8069.
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Completion of the Total Synthesis of Apicularen A

OH OTBS
o) . o) _0
S | 1) TBSCI, imid., cat. DMAP O allyl diethylphosphonoacetate
,,,,, 0 DMF, RT, 12h; 99% ., O NaH, THF, 0 °C, 40 min; 99%
2) cat. 0sQ4, NMO, acetone-
H,0, RT, 12h; 85%
B 20, A1, 12h; oTBS
OTBS 3) NalO,, CH.Cl,, RT, 30 min; 97%
8 16
OTBS OTBS
0 O~ Cat PdI(PPhg)ls, PPhy o ~_OH  (PhO),P(O)N3, NEts
' O HCO,NH,, THF, RT, 18h; 65% O PhH, RT, 12h; 75-79%
L 0 o - ) 0 O
: OTBS OTBS
‘ 17 18
: 1)1-bromo-1,3-hexadiene
OTBS OTBS (1:1 mixture of 1Z, 3Z and OH

1Z, 3E isomers, t-Bul.i 0

O & o | Et,0, -78 °C; then, add 20 O 9
""" O PhH, 82 °C ., O N. -78°C, 1h v, O N~ N
*Cs H
0
h -

CE)TBS 6 : 2) HF pyridine, pyridine- :
OTBS THF; 10% (from 19) OH
19 1
20
Bhattacharjee, A.; Sequil, O. R.; De Brabander, J. K. Tetrahedron Lett. 2001, 42, 1217.
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Retrosynthetic Analysis of (+)-Apicularen

OTBS OMe o)
0., Z Y,

0 — COzMe —

O O~ O ~OMe

OTBS OTBS OTIPS
21 22 23
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OMe
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24 25 D-glucal (26)

Lewis, A.; Stefanuti, I.; Swain, S. A.; Smith, S. A.; Tayior, R. J. K. Tetrahedron Lett. 2001, 42, 5549.
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Construction of Pyran 25

Imid., TBSCI; then, Imid., TIPSCI;
then, (Im),CS; 65%

n-BuzSnH, AIBN
toluene, reflux; 85%

27
OTf
1) PhgP HBr, MeOH, CH,Cly, 0 °C, 16h; 65% O ~OMe
2) Tt,0, pyridine, CH,Cl,, -12 °C, 10 min; 96% | -
25

Lewis, A.; Stefanuti, |.; Swain, S. A.; Smith, S. A.; Taylor, R. J. K. Tetrahedron Lett. 2001, 42, 5549.
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Formal Total Synthesis of (+)-Apicularen A

o)
oTf /
0 O.OMe 1) O3, CH,Cly, -78 °C; PPhg, -78 °C to RT, 2h; 68%
7/ 4 10 mol% CuBr, THF O «OMe  2) HyO,, NaClO,, NaHSO,, NaH,PO,
MgB H,O, CH4CN, 3h
r
° OTIPS  geoc, 14h; 59% | . _ -
3) KoCO4, MeOH, 30 min
25 23 4) Mel, K,CO3, acetone, reflux, 24h; 75% (3 steps)
} OMe OMe
| 1) TMSOTH, alllyltrimethylsilane, CH3CN, -78 °C : - 98%
CO:Me 2; TBAFTHE. t6h ’ CogMe 1) Oai PPhs, 3; S5% .
O , O W /
‘ OMe N 5y ()-Beallyl-B-(diisopinocamphey))
| 3) TBSOTT, 2,6-lutidine, CHQCIQ, 0 OC, 81% (3 StepS) borane, Etzo, -78 OC; 60% (9010)
OTIPS OTBS 3) Lil, pyridine, reflux, 24h; 55%
29 22
OMe OTBS
CO,H 1) DCC, DMAP, DMAP HCI, CHCl3, reflux; 30% r O:.,r\/
-1 _Q.- . - - _1
o W 2) 9-iodo-9-BBN, CH,Cl,, 0 °C, 2h; 70% o . (+)
OH 3) TBSOT, 2,6-lutidine, CH,Cl,, 0 °C; 80%
OTBS OTBS
30 21

Lewis, A.; Stefanuti, |.; Swain, S. A.; Smith, S. A.; Taylor, R. J. K. Tetrahedron Lett. 2001, 42, 5549.
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Retrosynthetic Analysis of a Core Structure of Apicularen A

OMe

_ OoTf
! OMe OMe
| 33
‘ © OBn © OBn
0 — ') — +
o o) . Ho
| OH OH

BusSn \/\/\A/'\/\/OBH

31 32
34

Kuhnert, S. M.; Maier, M. E. Org. Lelt. 2002, 4, 643.
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Synthesis of Building Blocks

OMe OMe
1) n-BuLli, Et,0, 0 °C; then, COy; then, H;O; 77% COoMe
2) Mel, DBU; 85%
OTHP OTf
‘ 3) Tf,0, pyridine, CH,Cl,; 93%
|
| 35 33
% >
' \/C'ﬁ/\/ 5 steps ps OH 7 steps o 0
HO OH \/\)Q)\/\/ B \/\/\/l\/l\/\/OBn
53% TESO OBn 9% usSn.__=
36 37 38

Kuhnert, S. M.; Maier, M. E. Org. Lett. 2002, 4, 643.
Tamara Hopkins @ Wipf Group 10 8/30/03



Coupling, Macrolactonization and Transannular Etherification

OMe

COMe OMe
>< 33 COQME ><

o° 0 o gle)
BUBS“\/\/\)\)\/\/OB" ot P OBn

Pd.dbas, P(2-furyl)s

38 LiCl. NMP: 85% 39
OMe
2 4.6-ClyCsH,COC!
1) 80% AcOH: 99% 1T 3812
) 80% o CO.H oH OH NEt,, DMAP, toluot; 50%
2) LIOH/MeOH/H,0: 99% / OBn
40
OMe
0 N-PSP, CSA
: : OB
S OBn CHoCly; 60% OBn  BusSnH; n
X MO 99%
32 41 31

Kuhnert, S. M.; Maier, M. E. Org. Lett. 2002, 4, 643.
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Proposed Transannular Conjugate Addition Pathway

OP
Acid or Base O R
O
0

1,4-additon
Thermodynamic
control

Hilli, F.; White, J. M.; Rizzacasa, M. A. Tetrahedron Lett. 2002, 43, 8507.
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Synthesis of the Core of Apicularen A
by Transannular Conjugate Addition

TBS“O OTBS

=

HO "oH 4 steps

42 43

TBS,

H-O o) QT”DS 1) KQCO3, MeOH

[ 2) Pd(PPhs),Cl,
™S Bu3an, CHQC'Q, 82%
45
OMe
m';'weﬁ} 0 1) TBAF
) 1 0
80% PO 2} MnOy;
| 66% (2 steps)
OTIPS
48 P = TBS

TBS e
1) O3, DMS TBS\O O OH 1) TIPSOT{, 2,6-lutidine
2)TMS——Li Y 2) HF pyridine/pyridine
85% 44 T™MS THF, 0 °C; 81%
+ 3, 5-anti-isomer
(1.1:1)
O\A
O
TBS, 5
H-o o0 oTIPs Br
Z~gnBu;  Pdo(dba)g, AsPhg :
NMP, 50 °C; 92% OTIPS
46 47
OMe OMe OMe
o Amberlyst-15 0O 0
O 0 O
HO CDCly, reflux ™ o 0
| 25h; 83%
(50/51-9:1)
O 0
49 50 51

Hilli, F.; White, J. M.; Rizzacasa, M. A. Tetrahedron Lett. 2002, 43, 8507.
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Retrosynthetic Analysis of (-)-Apicularen A

N
9 13 H
: NH :
(:)H 2 OH
1 52 53R' =1
54 R'=H
Br
o F3COCO
T ON T s 7 HO N MeO. O | -
v O — 0, O TMS p—
: : OCOCF,
OTBS OH
55 56 57
™S
CN
Y N
— R —> OBn oxo +
y - - I T
OBn oxo OTES ATES
58 59 60

Graetz, B. R.; Rychnovsky, S. D. Organic Lett. 2003, 5, 3357.
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Synthesis of Fragment 60

n-BuLi, THF, -78 °C; then,

BusSn_~ BF3 OEty, (S)-epichlorohydrin o>~ 1us Nal, acetone R T
TMS 509, OH reflux; 99% OH
61 ° 62 63
™S
TESOTY, EtsN, CH,Cly; 99% /j
i ~
QTES
60

Graetz, B. R.; Rychnovsky, S. D. Organic Lett. 2003, 5, 3357.
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Synthesis of Cyanohydrin Acetonide 59

1) TMSCI, EtzN, CH,Cl,
2) DIBAL-H, Et,0, -78 °C

3) TMSCN, 18-C-6/KCN (cat.)
OFEt [(A)-(+)-BINAP}-RUCI,(CgHg), Ha )

OEt
EtOH, 1200 psi, 96%, 94%ee : CHCl
oBnO O OBnOH O
4) 2,2-dimethoxypropane,
acetone, CSA (cat.);
64 65 80% (from 65)
CN
OBn 67<o
59
Graetz, B. R.; Rychnovsky, S. D. Organic Lett. 2003, 5, 3357.
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Synthesis of Macrocycle Precursor

™S
CN
: = LDA, DMPU, THF Li®, NHs(l)/isoprene quench; 88%
OBnN OXO + -78 °C 10 -40 °C; 92%
| : : : :
59 60 58
. =
F3COCO 1) 2,4-pentadienyl-
1) DMP, CH,Cl, MeD. O | trimethylsilane, BF3 OFt, -~ HO |
2) DOWEX, MeOH © TMS CH4CN, 0°C .. O ™S
OH O_O OTES  3) TFAA, DMAP, pyridine ; 2} KsCO-. MeOH. Ho0: 98%
N CH,Cly; 89% (from 66) OCOCF, ) KaCOs, e bu
66 57 56
Graetz, B. R.; Rychnovsky, S. D. Organic Lett. 2003, 5, 3357.
17 8/30/03
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Construction of the Macrocycle via
an Intramolecular Diels-Alder Reaction

Br

< o
-

o)
7 HO | Br—=—CO,Me (/ |
n, O ™S Otera's distannoxane catalyst ", O ™S DDAQ, Toluene, heat
Toluene, 110 °C Br .
: R :
OH \(o
O
56 67
Br Br
.
r o A TIMS 1) NaOMe, MeOH g © ™S
., O
""" 0 2) TBSOTY, EtgN '

CHQC|2; 44% (from 56)

Graetz, B. R.; Rychnovsky, S. D. Organic Lett. 2003, 5, 3357.
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Completion

of the Formal Synthesis of Apicularen A

Br OAc .
. | 1) NIS, CH4CN
1) n-BuLi, THF, -78 °C , CHs
O o 1 ’ ' 0O e
o) ™S then, (TMSO),; 50% O TMS 2) KoCO3, MeOH
""" © o O 3) DOWEX, MeOH; 78%
2) Ac0, DMAP 4) BugSnH, AIBN, PhH; 80%
: pyr., CH,Clo; 94% :
OTBS OTBS
55
OH
O ~r
o
,,,,, 0O
OH
54

Graetz, B. R.; Rychnovsky, S. D. Organic Lett. 2003, 5, 3357.
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