Total Synthesis of Amphotericin B

 Amphotericin B is one of the most prominent members of
the clinically important polyene macrolide family of natural
products.

 large macrolactone ring and conjugated all-trans
polyolefinic region.

* A widely used antifungal agent.

* Itis produced by Streptomyces nodosus.
OH

Isolation: Vandeputte, J.; Watchtel, J. L.; Stiller, E. T. Antibiotic Annu. 1956, 587-591.
X-ray structure: a) Mechinski, W.; Shaffner, C. P.; Ganis, P.; Avitabile, G. Tetrahedron
Lett. 1970, 3873-3876. b) Ganis, P.; Avitabile, G.; Mechinski, W.; Shaffner, C. P. J.
Am. Chem. Soc. 1971, 93, 4560-4564.

Nicolaou, K. C.; Daines, R. A.; Chakraborty, T. K.; Ogawa, Y. J. Am. Chem. Soc. 1987,
109, 2821-2822.
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Wadsworth, W. S., Jr. Org. React (N. Y.) 1977, 25, 73.
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Retrosynthesis

Horner-Wadsworth-Emmons;

hydrogenation Phosphonate-aldehyde condensation;

\ OTBS ring closure
/"
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Synthesis of substrate 16
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1. LiAlH4, THF, 0 °C
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2. BnBr, NaH, THF
0-65°C
(87% from 24)
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Synthesis of substrate 16

. LiBH,4, THF
-40 --30 °C
2. tBuCOCl, Pyr.

0>25°C

v 2

Me Ph
32

L
>

n-Bu,BOTf 3. BuMe,SiOTf
i-Pr,NEt .mMe 2,6-lutidine, CH,Cl,
CH20|2 (720/0) 0"25 oC
(87% overall) OCOt-Bu
31 Ph 34

1. ACOH-THF-H,0
45 °C (72%)

2. PhSSPh, n-BugP
0--25 °C (95%)

1. Raney Ni, EtOH, 25 °C (98%) TBSO
PCC, NaOAc 2. DHP, CSA (Cat.), CH,Cly, 0 °C (96%)
4 A mol. sieves 3. Dibal-H, CH,Cl,, — 78 °C (98%) Me™"
CH,Cl,, 25 °C (75%) SconBy
16 36 35

(1) Evans, D. A.; Bartroli, J.; Shih, T. L. J. Am. Chem. Soc. 1981, 103, 2127.
(2) Zhang. Z.; Collum, D. B. J. Org. Chem. 2017, 82, 7595. 7



Synthesis of substrate 16

1. LiBH,4, THF
-40 --30 °C
2. tBuCOCl, Pyr.
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32

n-Bu,BOTf
IFProNEt

3. +BuMe,SiOTf
2 6-lutidine, CH,Cl,

CHQC|2 (720/0) 0>25°C
(87% overall) OCOt-Bu
n-Bu, n-Bu ©
® B OTf
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Evans asymmetric aldol reaction Me
TBS
M The Z-enolate determines the relative stereochemistry of the product. Dt-Bu
4-methyl, 5-phenyl groups determine the absolute stereochemistry of the product.
)

\J.’ Lvaiio, . M., alrlrvil, J., Jiinil, 1. L. J. 7/rrl. <ricrii. JuUL., L4JO04, LUJ, 17,

(2) Zhang.Z.; Collum, D. B. J. Org. Chem. 2017, 82, 7595. 8



Synthesis of substrate 16
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(1) Evans, D. A,; Bartroli, J.; Shih, T. L. J. Am. Chem. Soc. 1981, 103, 2127-2129.
(2) Zhang.Z.; Collum, D. B. J. Org. Chem. 2017, 82, 7595-7601. 9



Synthesis of substrate 19

Ph O
H 1. EtLAICE CCH,0Sit-BuPh, Red-Al
hexane/toluene, =78 -0 °C Et,0, 0 °C (93%)
@)
o 2. NaH, PhCH,Br, THF

0-25°C
3. TBAF, THF, 0 =25 °C
(70% overall)
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Sharpless Asymmetric Epoxidation

\/ONO/\
* Enantioselective

e Enantiomer formed depends on

D-(-)-diethyl tartrate (unnatural) stereochemistry of catalyst
* Tolerates a wide variety of functional groups

70-90% vyield
> 90% ee

: O :
rR2_ R
R2 R’
%OH t-BUOOH, Ti(O i-Pr), _ o
RS CH,Cl,, =20 °C . OH
R
: O

L-(+)-diethyl tartrate (natural)

OH O

O  OH
Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980, 102, 5974-5976. .
Katsuki, T.; Martin, V. Org. React, 2004, 48, 1-299.



Sharpless Asymmetric Epoxidation
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Synthesis of substrate 19

Ph
1. Red-Al, THF, 0 °C

1. (-_)-D_ET 2. tBuMe,SiCl

Ti(OF-Pr),4 (cat.) imid., DMF

t-BuOOH 0>25°C
CH,Cl,, =20 °C 3. H,, Pd(OH),-C
(75% vyield) EtOH, 25 °C

(84% overall)
OTBS
41
38 40

PhCH(OMe),, CSA (cat.)
PhH, 25 °C (80%)

OH

w0 Ph

wPh

SOg3-pyr., DMSO, Et3N w
CH,Cl,, 25 °C (94%)

TBSO,,,

Parikh-Doering Oxidation

OTBS 42

OoTBS 19
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22

OBn

A

(-)-DET, Ti(Oi-Pr)4(cat.)

t‘BUOOH, CH20|2
_23°C (75%)

1. Dibal-H, CH,Cl,/
hexane, —78 °C
. -BuCOCl, pyr., 0 °C

1. (COCl),, DMSO
CH.Cl,, —78 °C
then NEt;

2. PhaP=CHCO,Me
PhH (75% overall)

OH OTPS

54a

(-)-DET

Ti(Oi-Pr),
+-BuOOH,
CH,Cl,, —20 °C
(60%)

OBn
OH OTPS
55a

. -BuPh,SiCl, Imid.
DMF, 25 °C

. Dibal-H, CH,Cl,/
hexane, —78 °C
(68% overall)

AW DN

1. Red-Al, THF, 25 °C

r

2. t-BuCOClI, pyr.
4-DMAP (cat.), 25 °C
(75% overall)
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Synthesis of substrate 17

OBn
®) OH OH
o
Q
os) 56a
[
1. Me,C(OMe),
CSA (cat.), 25 °C
2. Hy, Pd-C
CH,Cl,, 25 °C
3. t-BuPh,SiCl, Imid.
DMF, 25 °C
4. Dibal-H, CH,Cl,/
hexane, -78 °C
(63% overall)
! OTPS 1. KH, PhCH,Br o)
THF, 0-25 °C |
2. TBAF, THF,0-25°C |BnO
3. SO5-pyr., DMSO
OH O _© CH,Cl,, EtsN, 25 °C 0. __©
>< (72% overall) ><
57 17
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Synthesis of substrate 18

HO\/\/\OBn

BnO

BnO

22

OTPS OH

54b

(+)-DET

Ti(O i-Pr)4(Cat.)
+BuOOH
CH,Cl,, =20 °C

OTPS OH

55b

(+)-DET, Ti(Oi-Pr)4(Cat.) N

t‘BUOOH, CHQC|2
23 °C (75%) Sob

1. (COCl),, DMSO
CH,Cl,, -78 °C
then NEt;

2. PhyP=CHCO,Me
PhH

1. Dibal-H, CH,Cl,/
hexane, —78 °C

A

2. +BuCOCI, pyr., 0°C OWCOZMe

3. t-BuPh,SiCl, Imid.
DMF, 25 °C
4. Dibal-H, CH,Cl,/
hexane, —78 °C 53b

1. Red-Al, THF, 25 °C
» BnO

2. t-BuMe,SiCl, imid.

DMF, 25 °C OH OH OTBS

(77% overall from 52b)
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Synthesis of substrate 18

BnO
OH OH OTBS

58

1. Me,C(OMe),
CSA (cat.), 25 °C (95%)

1. H,, Pd-C, EtOH, 25 °C
2. NalO,4, RuQy4 (cat.)
BnO CH3CN-CCl4-H,0O

\

25 °C; then CH5N,
@) O OTBS

P 3. (MeO),P(O)CHLi
THF, ~78=0 °C
57 (72% overall)

@
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Synthesis of substrate 13 from building blocks 15 and 16

1. 15, LDA, THF
—78=0°C

2. Dibal-H
3. Mn02
(86% overall)

Y

60

1.15, LDA, THF, -78=0°C
2. MeOH, PPTS (cat.), 45 °C
3. Dibal-H, CH,Cl,, —78 °C
Horner-Wadsworth-Emmons Reaction 4. MnO,, CH,Cl,, 25 °C
(48% overall)

Wadsworth, W. S., Jr. Org. React (N. Y.) 1977, 25, 73.
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Synthesis of substrate 14 from building blocks 17 and 18 and 19

1

@)
MeO),P
( W@ ( e )2
" > >0 o

18, NaH, DME; then

Horner-Wadsworth-Emmons Reaction 17, 65> —-10°C
0]
(O\/YY\)W
Ph 0] O 0] 0] OTBS

64
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Synthesis of substrate 14 from building blocks 17 and 18 and 19

Ph @) O O @) OTBS

= Ve

64

. Hy, Pd-C, EtOAc, 25 °C

. L-Selectride, THF, —110 °C

. :BuPh,SiCl, imid., DMF, 50 °C

. TBAF, THF, 0 °C (TBS cleavage)

. MsCl, Et3N, CH,Cl,, —15 °C

. Nal, acetone, 25 °C

. (MeO),P(O)H, NaH, DME/DMF (3:2), 45 °C
(75% overall)

NO O WN =

OTPS I?
(O P(OMe),
Ph O><O O><O

65
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Synthesis of substrate 14 from building blocks 17 and 18 and 19

65

OR!

66a: R', R2= acetonide, R3= H
66b: R'= H, R2, R3= acetonide

wPh

OCOt-Bu

\\\\O

N

o

LDA, THF, -78 °C

then MeSSMe, —78 °C l/

(78%)

1. PPTS, CH,ClI, (cyclization)
2. NBS, CH,Cl,-MeOH, 0 °C
«Ph 3. +BuCOClI, pyr., 0 °C
) 63% overall

OTPS I(I)
P(OMe),
o><o o><o SMe

63

1. LDA, THF, -78 °C
then 19, 25 °C

2. TBAF, YHF, 25 °C
(86% overall)

OH
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Synthesis of substrate 14 from building blocks 17 and 18 and 19

AcO

OR!

66a: R, R?= acetonide, R3=H
66b: R'= H, R2, R3= acetonide

OR!

OMe

OCOt-Bu

e

N

(0]

1. +BuMe,SiCl

imid., DMF, 45 °C AcO
2. Dibal-H, CH,Cl,, -78 °C
3. PDC, DMF, 25 °C

wPh

4. CHuN,, Et,0, 0 °C

5. H,, Pd-C, EtOH, 25 °C

6. Ac,0, 4-DMAP, CH,Cl,
(54% overall)

a: R', R2= acetonide, R3= Sit-BuMe,
b: R'= Sit-BuMe,, R, R3= acetonide

1.imid., CHsCN, 25°C  AcO
(lactonization)

2. +-BuMe,SiOTf
2,6-lutidine, CH,Cl,
0 °C (61% overall)

OR!

OR!

H,, Pd-C, MeOH
25 °C (76%)
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Synthesis of substrate 14 from building blocks 17 and 18 and 19

AcO

OR!

1. LiOH, THF, 0 °C
2. CHoN,
3. PDC, DMF

4. CH,N,
5. K2003, MeOH
6. PDC, DMF

OR'’

HO,C

(MeO),P(0)CH,Li (2equiv)

OR'

23



Synthesis of Amphotricin B from building blocks 13, 14, and 80

DCC, 4-DMAP (cat.) 0
CH,Cl,, 25 °C (70%)

OR!

K5COg3, 18-crown-6 o
PhCHg, 65 °C or
DBU, LiCl, CH;CN, 25 °C

OR'’

24




Synthesis of Amphotricin B from building blocks 13, 14, and 80

OR'’

NaBH,, MeOH
0 =25°C

OR!

PPTS (cat.),
hexane, 25 °C

OR'’

0] (0]
81: X= OAC, Y=H X oTBS 25
83: X=H, Y=0H N



Synthesis of Amphotricin B from building blocks 13, 14, and 80

OR!

o] o]
81: X= OAC, Y=H X OTBS
83: X= H, Y= OH N

1. HF+pyr., MeOH, 50 °C
2. HS(CH,)3SH, Et3N
(azide reduction)

3. ACzo, CH20|2

OR!

0 o)
o
1. MeOH, CSA, NHAG
OH

MeOH/H,0, 25 °C
2. LiOH, THF, H,O
80% overall

OH

o] o]
(+)-amphotericin B OH ”
NH



Amphotericin B, Conclusion

Noteworthy features of this strategy:

i. The recognition and utilization of subtle symmetry elements in the target molecule
by careful retrosynthetic analysis.

ii. The employment of powerful Sharpless asymmetric epoxidation reaction.

iii. The Horner-Wadsworth-Emmons reaction emerged as the most useful carbon-
carbon bond forming reaction.

27



