Asymmetric Total Synthesis of Cylindrocyclophanes A
and F through Cyclodimerization and a Ramberg-
Backlund Reaction
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Cylindrocyclophanes A - F: Isolation, Biological Activities and
Preliminary SAR Data

cylindrocyclophanes
A: R1 = R2 =0OH

B: R1 = OH, R2 =0Ac
C:R1=OH,R2=H
D:R1=Ry=0Ac

E: Ry =0Ac,R,=H
F: R1 = R2 =H

« Cylindrocyclophane A was first isolated in 1990 by Moore et al. from the blue-green algae

Cylindrospermum licheniforme Kutzing.

» Cylindrocyclophane B-F were later isolated in 1992 again by Moore et al.

* This class of compounds has been found to be biologically active showing moderate cytotoxicity against
several tumor cell lines.

» Plemininary SAR data has been obtained for (-) cylindrocyclophane A, (+) cylindrocyclophane A, 1 and

2 as cell growth inhibitors against human colon cancer cell line HCT116.

HO., Compound Glgo (uM)
(-) cylindrocyclophane A 2
HO OH (+) cylindrocyclophane A 2
1 >50
2 20 JACS 1990, 112, 4061.
1 2 Tetrahedron 1992, 48, 3001.

Org. Biomol. Chem. 2009, 7, 3772.
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Previous Total Syntheses of Cylindrocyclophanes A and/or F:
Key Cyclodimerization Approaches

» Amos B. Smith, IlI: Utilization of a cross olefin metathesis / ring closing metathesis cyclodimerization
approach to the synthesis of both (-)-cylindrocyclophanes A and F.

CM/RCM

Me

MeO
Me. _~_.- AN

CM/RCM

» Thomas R. Hoye: Utilization of a double Horner-Emmons cyclodimerization approach to the synthesis
of (-)-cylindrocyclophane A.

Horner-Emmons
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~
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Smith’s First Generation Synthesis of (-)-Cylindrocyclophane F

Reductive Coupling

10 Steps
L .
BnO

CO2Me

1) 0sOy4, NMO
0
(-)-cylindrocycloph ane F 1) HC, MeQHj 60 °C 2) NalOy4, THF
2) I2,PPhg, imid 3) TsNHNHy;
(91%, 2steps) TBSOTf, EtsN

(72%, 3 steps)

N(TBS)Ts . E(TBS)TS
N S\

N N e " Me

MeO Me MeO OMe
. +
MOMO MeO OMe MO MO

Me~_ v AN
Me Me

1) t-BuLi, ether, -78 °C
2) HCI,MeOH, THF, 60 °C
73%,2 steps

PCys ph
1.
Cl =/

o bey, (6 mol%) 1) Dess-Martin Oxidation
-«

20°C, 0.004 M
DCM, 22 h: 88%

2) Pha?=CHj, THF,-78 °C
(88%, 2 steps)

1) H,, Pd/C, EtOAc

» 20 Steps, 8.3% overall yield

2)BBr;,DCM
(84%, 2steps)

(-)-cylindrocyclophane F

JACS 2001, 7123, 5925.
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Smith’s Second Generation Synthesis of (-)-Cylindrocyclophane F

CM/RCM

/& NaHMDS 0
allyl bromide N LiOH, H202
N —— X N o —_—
0, -
THF, -78°C S H THF , Ho0
Ph 77%, >98% de Ph 97 %
CM/RCM o
(-)-cylindrocyclophane F oH Etl, KoCO3 /\/\)J\ CH2Brp
—_—
- - OEt
~ acetone, H,0 = LITMP,-78 °C
98% N7 72-80%
= ]

‘ Kowalski homologation ‘

_ OTIPS S /v\/ﬁ_)%/m a) LiN(TMS),; b) n-Buli; OTIPS
/\/\/ + <:| ) B M
: MeO )’ OMe N Br c) TIPSO Tf -78 °C ->rt S
N Danheiser ‘ 92 - 100% -
o Annulation A X
/J\\.//:\
1)/\/\/OT|PS [/L}l RCM catalyst
- Me0” N “oue solvent
I, PPhg, imid. t-BuLi, ether; \ " Toluene, 80 °C S A
HO AN —— | N — = {-)-49
82% O*O OEt 2) TBAF, THF, 69%, 2 st : e, :
o ) , , o, 2 steps catalyst reaction time, product yield®
67% o 3) Mel, K,CO4 80°C, 91% entry (mol %) solvent temperature (%)
1 A (15) CH.CI, 25t 20.°@ 55
2 A (20) CH.CI> 7oths 202@ 61
8 B (15) CH.CI-» 4 h,40 °C 48
4 B (15) CsHs 27 h, 40 °C 58
e S C (30) CeHs 2h,20°€ 72
R "™SMe 4 Refers to isolated yield after chromatographic purification.
Conditions OMe 1) Hp, PdIC
R - ‘ ——  » |()-cylindrocyclo phane F
MeO O Me See T Table MeO 2) BBr3, DCM —
Me N SN Me ~ N 84%,2 steps . N o MS’N\/P‘.\Ma
ot cu. |
Me crr == n,,ﬁfs*?n s =
PCya 5Cys b
A B
0 .
* 11 steps, 22% overall yield
JACS 2000, 7122, 4984., JACS 2001, 123, 5925.
David Arnold @ Wipf Group Page 5 of 11 9/26/2010



Smith’s Synthesis of (-)-Cylindrocyclophane A

1)A//OTIPS

SnBujy
Toluene, 80°C Mel, K2CO 3
e HO OH _—
2)12,DCM W X 89 %
0 3) TBAF, AcOH, THF
68%, 3 steps
(+)-DIPCI, THF TESO TS
= —_—
0°C ->rt,84h 2,6-Lutidine
92%

81%, 19:1dr

1) TBAF, THF

2)Hjy, PtO2, EtOH
Me _~_" vOH

* 16 steps, 8.1% overall yield
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PhSH, K,CO4

215°C, sealed tube
60%, 3 steps

Page 6 of 11

Schrocks cat.
(34 mol %)
——————-

Benzene, 1 h
7%

t-Buli, THF;

(-)-Cylindrocyclophane A

JACS 2000, 722, 4984., JACS 2001, 7123, 5925.
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Hoye’s Synthesis of (-)-Cylindrocyclophane A

O
. 1) TBDP SCI, Et3N,DCM:98% 1) NaBH4, CeCl3.7H20 ¢O\f0
2) t-BuLi, Ether, -78 °C;DMF: 92% . 979 _78 oC:
MeO Me C [ EOH, 0 °C: 97% X (N KHMDS, THF,-78 °C; _
3) LiCl, DBU, ACN:70% MeO OMe 2) Amano P-30lipase, hexanes MeO OMe TBSCI,-78 °C -> rt: 80%
vinyl acetate, 4 A MS, rt:
OH Meo\ﬁ\/?k/ 50% conversion, 94% yield
/ 99.4% ee
O OTBS O<_H
1) DIBAL,DCM, -78 °C: 95% 1) DBAL, DCM, -78 °C: 95%
2) Hp, Pd/C,EtOH: 99% LiCl, DBU, ACN:80% % O\ 2) NCS, Me2S, DCM, -30 °C: 89%
MeO OMe » MeO Me - >
3) (COCl),, DMSO, DCM -60 °C; MeO Me O 3) t-BuOK, DMSO:80%
EN, 60 °Cto rt, 90% Q 0
Me O\/P\/u\o s Mo \ﬂvﬁ\
OTBDPS OTBDPS MeO P o~
OTBDPS MeO
Double Horner-Emmons
O2Me OsMe Macrocyclic Dimerization
1) TBAF, THF, O °C: 94%
P(OMe), ’ ' P(OMe)
X 2) H, Pt/C, EtOAc: 9% h 2 NaH. cat.15-crown-5
MeO OMe O - MeO OMe 0 ’
3)PDC, DCM:96% benzene:55%
N
OTBDPS o

Key monomer

1) DIBAL, DCM, 100%
2) CBrg PPh3 DCM

1) IpcBH,, THF,-20 °C tort;
H202, NaO H: 58%

p_

3) LIBHEL, THF, t 2) MeMgl, neat, 160 °C, 1h: 60%

91% over 2 steps

(-)-Cylindrocyclophane A

« 22 steps, 3.3% overall yield
JACS 2001, 122, 4982.
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Title Paper:
Nicolaou’s Retrosynthetic Analysis of (-)-Cylindrocyclophanes A and F

SN2 dimerization

[Ramberg-
Bicklund]

cylindrocyclophane A:R = OH
cylindrocyclophane F: R =H

[dimerization]

SAc

OTBS [as ym metric
functionalization]

|

< MeO OMe

MeO OMe Me O Ms
Br H

Angew. Chem. Int. Ed. 2010, 49, 5875.
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Nicolaou’s Synthesis of (-)-Cylindrocyclophanes A and F:
The Synthesis of a Common Intermediate

1) t-BuLi, Ether, -78 °C o 1t

0TBS 1) n-BuLi, THF, OTBS
.z R . PO TN
78 t0 -30 °C; Br OTBS ;
Pa s
ketone, -78to 0°C
MeO OMe MeO OMe
Br 2) TME PO/BAIB o 2)PDC, DCM
DCM 48%, 2steps

76%, 2 steps

OH
MeO OMe
H
OTBS

1) PPh3 DIAD, AcSH, THF, 0°C
2) TsOH, AcOH/H,0,23°C

MsCl, EtN, THF, 0°C;
LiBEt3H, 80 °C; TBAF, 0 °C

3) MsCl, EtsN,DCM, 0 °C

0
73% 76%, 3steps

Ramberg-Bicklund

CF2Bra, KOH/ALO3,
DCM/tBUOH, 0 °C tort;

1) AD-mix-B, MeSO NH2

tBuO H/H20
Me

62%, 2 steps

2) $=C(imid),, oluene, 125 °C

OTBS OTBS
1) (S)-CBS, catecholborane

toluene,-78 -> 0 °C:

85% yield,95% ee
OMe

OMe -
2) Crabtree's catalyst(9 mol%)
H,, DCM: H

76% yield, 93% ee OTBS

TBS

1) NaOMe,MeOH:64 %

2) (NH M 070 ».4H,0,
H,0,, EtOH:80 %

OMe

o

Ms

Key monomer

[Pd(CH3CN)Cl3], 40 °C

0,
70% 81%
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3) AIBN, nBuzSnH, toluene, 100 °C
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Nicolaou’s Synthesis of (-)-Cylindrocyclophanes A and F

M
© H

Me
MsCI, EtsN, DCM, 0 °C;

OH
AlMe3, 0 °C; BBrs O O
HO

One pot, 71% yield Me

H
Me

(-)-cylindrocyclophane F
1) DMP, NaHCO3, DCM: 92%
2) KHMDS, Comins reagent, THF, -78 °C 17 steps, 1.7% Overall yield

3) Fe(acac)s, MeMgBr, THF/NMP, 0 °C
80%, 2 steps

Me

OH
2 Steps O O
HO

Me

Me

H
Me

Hoye's Synthesis
(-)-cylindrocyclophane A

Formal total synthesis

19 steps, 1.7% Overall yield

Angew. Chem. Int. Ed. 2010, 49, 5875.
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Conclusion

» The Nicolaou group has demonstrated an elegant synthesis of (-) cylindrocyclophane F and formal
synthesis of (-) cylindrocyclophane A utilizing a key S, 2 dimerization and Ramberg-Backlund reaction
strategy to generate the [7.7]paracyclophane framework.

» The Nicalou synthesis has the advantage of generating both cylindrocyclophanes from a common
intermediate 1; a strategy that may provide useful for the derivatization of this family of compounds
for further SAR studies against tumor cell lines.
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