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A Multifaceted Phosphate Tether
Application to the C15-C30 Subunit of
Dolabelides A-D
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Dolabelides A-D

- Isolated from the Japanese sea hare Dolabella auricularia
Solander (family Aplysiidae).

- Dolabelides A-D show cytotoxicity against human cervical cancer
HelLa-S3 cells with IC,, values 0f 6.3, 1.3, 1.9, and 1.5 ug/mL,
respectively.

- Unknown mechanism of action.

22-member macrolides 24-member macrolides
C:)AC OAC (:)H C_)AC OR1 QR2

S mm
P —

dolabelide A R =Ac
dolabelideB R=H

dolabelide C R'=Ac, R2=H
dolabelide D R!'=R2=H

- Attributes: 11 stereogenic centers (8 C-0), two E- trisubstituted olefins, 1,3 anti-diol at C7/C9 and C19/C21,
1,3-syn-diol at C9/C11

Ojika, M.; Nagoya, T.; Yamada, K. Tetrahedron Lett. 1995, 36, 7491-7494.
Suenaga, K.; Nagoya, T.; Shibata, T.; Kigoshi, H.; Yamada, K. J. Nat. Prod. 1997, 60, 155-157.

Karla Bravo @ Wipf Group Page 2 of 11 3/30/2008



Only total synthesis in the dolabelide family: Dolabelide D A

OAc OR OR Leighton strategy

Me Fragment C15-C30: 10 steps, 11% overall yield
] Fragment C1-C14

e
O~ "OH o OH Mo /ﬁ
Me Q ’> Esterification Me/ﬁ\ \\/_\n-Pr ., otBu

Si
tBu > TN
. H
S 4 mol% CuCl, 4 mol% NaOt-Bu, o)
(4 0" O OH Me OAc H'2 4 mol% (R,R)-BDPP, PhH N
RCM . : 95%, 4:1 dr \/\n_pr
/15 30
Fragment C15-C30 Me
i. 2 mol% [Rh(acetone),(P(OPh)3)5]BF,, Me tl‘-BMe
CO, PhH, 60°C OH Si” OTES n-BuLi, THF, -78°C; TBSO Me OTES i. 25 mol% PdCl,, CuCl,
i. MeLi, Et,0, -78 to 23°C, 56%, 4:1 dr = : CuBrMe,S, DMPU, 23°C; - : ; DMF, THF, H,0, O,
iii. TESCI, EtgN, CHoCly, -20°C, 74%  ~ n-Pr Mel, -78 to 23°C MET i, Acy0, pyr, DMAP, CH,Cl,
Me 92% Me 78%
TBS TBS
M A
Q0 Me OAc ) (ibc),BCI, EtsN, 5-hexenal, OH O O Me OAc g NBH(OAC); AcOH, CHiCN, THF,
Me = n-Pr Et,0, -78 to 23°C = Z n-Pr -40 to -20°C
85%; >10:1 dr 8 91%, >10:1 dr
Me ’ Me
8BS OAc OTES  OPMB
C15-C30 : :
OH OH O Me OAc i. 1,1-Dimethoxycyclopentane, Q .\Me
Y : PPTS, CH,Cl, _ 0°S0 OH Me OAc |,
7 n-Pr ii. n-Bu,NF, THF A A OH
Me 50% 77 My n-pr
Me

OAc OH OH
i. 2,4,6-trichlorobenzoyl chloride : :
EtsN, DMAP, tol, -78 to 0°C

25 mol% 2nd. Gen. Grubbs catalyst, Dolabelide D

0
ii. PPTS, MeOH CHZCIZ,oreflux
iii. DDQ, CH,Cl,, pH 7 buffer OH OH Q Me OAc 31%
52% _

Me Me

Park, P. K.; O’'Malley, S. J.; Schmidt, D. R.; Leighton, J. L. J. Am. Chem. Soc. 2006, 128, 2796-2797.
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Hanson Strategy : Retrosynthetic analysis of dolabelide by means of phosphate tethers

dolabelide A
OAc OAc OH

Pd(0)-Reductive
CM Fﬁng Opening

> g | e

\Me

30

—
Me RCM Me 1 Me Me

i OP' OP2 OP2 Me OP?2 ; RCM @

E DY n-Pr [//—_\O OP3 OPMB

1 ' TN

A Me ' 67 i

: C15?foso ! N7 \Nog—P0 : 5N

e el ! 9 O/ Me Me

@ (R,R) -8 7
0
. I
r ciP~ci @
OP' OP2 O CM 7| el N\

OH OH OH OH
1921 23" H : :
XN 5 Me = —> \)\/\/ W
Cuprate o
¥ Addition 699 QW (R,R)
M 2 (S,5)-8
° 0O O
I\/\/Z;\H_Pr M

Waetzig, J. D.; Hanson, P. R. Org. Lett. 2008, 10, 109-112.
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Phosphorus based tethers

The concept: temporary union of two reacting centers with a "disposable" bridging or tether group
unimolecularity implies reduction of entropic demands and degrees of freedom

Representative examples:

\\P/
-~ HoN NH
\/(/ RP(O)Cl, _ HN NH i. 2nd. Gen. GC, benzene, reflux 2 2
HCIHN EtsN, DMAP, CH,Cly, reflux >> <\< ii. HCI/H,O/THF 50°C ’Pr““Q’Pr
R = Ph, 84% R =Ph, 70%
R = OPh, >95% R = OPh, 91%

Sprott, K. T.; McReynolds, M. D.; Hanson, P. R. Org. Lett. 2001, 3, 3939-3942.

OBB

B”Oé//g \ OBn i. BugSnH, AIBN, tol; ii. LiAIH,, THF, 0°C; o OH OH

5n o> HN SePho O OMe iii. Acy0, Pyr; iv. MeONa, MeOH; X OH C/é&/ome
Np >4 v. Hy, Pd/C, MeOH = HO 2~ HO on
e " 47% NHAc

Rubinstenn, G.; Esnault, J.; Mallet, J.-M.; Sinay, P. Tetrahedron: Asymmetry 1997, 8, 1327-1336.
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Phosphates triesters as tethers

- Allow di- and tripodal coupling and multivalent activation for further transformations.
- Play a role as latent leaving groups in a number of unprecedented selective cleavage reactions.

i.e. Use of the leaving group ability of a phosphate monoanion in basic hydrolysis.

“t,,(MeO);PO in 1 M aq. NaOH at 35°C is 30 min; t,,(MeO),PO,Na is 11 years”.... Westheimer, F. H. Science
1987, 235, 1173-1178.

- Bicyclic 8 possess electrophilic character at seven non-O atoms, allowing nucleophilic attack at P or at any of six
carbinol and allylic phosphate carbons.

- Stereoelectronic effects within 8 lend orthogonal PG stability.

i.e. lack of lone pairs on the adjacent O-atoms antiperiplanar (app) to the P(O) provide acid stability.

L e 3 Labile
o < P-O Bonds 0
_? =
» ._T-\""'ll-.j'._r U .Fff ‘ .-
W 00N L0 - Lewis Base ' \ 8 Ir}::l
- o ?# H [ ST
B2 | v _ s TS,
U ) Electrophiac B - & e - T
I L e . i -
' 1"-,&% ) 3 Labile B
8 52 -0 Bonds Concavity :
: ] ne N .
¢ of 9 nNon-oxyoen 8 NT:;L;}:-'::“

Aloms are Electrophilc

Whitehead, A.; McReynolds, M. D.; Moore, J. D.; Hanson, P. R. Org. Lett. 2005, 7, 3375-3378.

Karla Bravo @ Wipf Group Page 6 of 11 3/30/2008



7111
Synthesis of P-based tether 8 and application in polyol synthesis

: : 74
OH OH Me;Sil, Buli, OH OH POCls, 0 OLi A0 2nd. Gen. GC
o N A _a—THF (A A~ _ELN.DVAP 030 A" =0 (3mol%) _
- o, - |
30°C° to rt 599 CH,Clp, 90% S THF, -40°C o CH,Cl,
80% ) 80-90% //_J 81%

Whitehead, A.; McReynolds, M. D.; Moore, J. D.; Hanson, P. R. Org. Lett. 2005, 7, 3375-3378.

TBSO OPMB

- XN
« / Q Me Me TBSO OPMB 74 o-nitrobenzen-  TBSO  OPMB 7 o
\07P:O 6 mol% H.-G. cat. - B sulfonylhydrazine i
— ~ ~
0 DCE, 90°C, 72% s O EtN, DCM, rt, 24 h : o0
(R.R)-8 Me  Me © 72% Me Me 0
o 0. OMe
5 mol% Pd(OAC),, TBSO OPMB P
formic acid Pl | then MeOH, TMSCHN, 00 PMBO OTBS
EtsN, DCE, 40°C : 0~ =0 ' -
3 Me Me o o7 ;
= Me Me
OH OH OPMB
OH OH PMBO OTBS - L Me
LAH, - - _— ‘
Et,O :
75% = Me Me OTBS

C1-C14 subunit of dolabelide

Me

Waetzig, J. D.; Hanson, P. R. Org. Lett. 2008, 10, 109-112.
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Current paper. P-tether (S,S)-8 in the construction of the C15-C30 subunit of dolabelides

Route A
chemoselective
/' hydroboration-oxidation
74 . .
OPMB i. CUCN-2LiCl
2 o i. 9-BBN, then H,0 o Me,Zn, THF O,_/OMe
i 10 equiv. NaBOg4H0, 80% O\\F{//O single diasterecisomer B0 Q" O A, Et,0
0 i. PPTS, DCM, p-OMeCgH,OCH,OC=NH(CCl3) 22 W 0 ii. TMSCHN, 0°C, 96%
89% a MeOH, 87% Ve

(S.S) -8 C22 selective
cuprate addition

1 2
PMBO OH OH TIPSO OH i. MOMCI, OP" OP% O
= TIPSCI, Im., DMAP : iProNEt, 91% Ao H
o 19 21 X
DCM, 86% Mo ii. Og, pyr, -78°C; PMBO Me
Me PMBO Me,S, 75% 5

P1=TIPS, P2=MOM

Cuprate Addition

EtCuLi
"\ Coplaner C=C/C-OP(O)

oL A . slighment in Path B i. Cp,ZrHCl, AlMes

- N _ Hao  OH H,0; then I, 61% Me OMOM
Path A . - \/\n-Pr ii. MOMCI, iProNEt, |\24/\/27\n-Pr

DCE, 5000, >95% 6
[ % Path B Orthogenal
. , C=CIC-OP(0)
t2Cull . alignment in Path A

Whitehead, A.; Waetzig, J. D.; Thomas, C. D.; Hanson, P. R. Org. Lett. 2008 ASAP.
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Construction of the C15-C30 subunit of dolabelides

Route A cont.

**asymmetric vinylate addition

OP' OP? O
: Me OP? OP' OP2 OH Me OP?
H NG - t-BuLi, -78°C - _ : i. DMP, 98%
+ - _ B
Me Pt %, dr=1a "MBO % nPr i LA, Lil
PMBO 5 6 Me 4.3:1 dr, 90%
P1=TIPS, P2=MOM
TIPSO  OP? OH Me OP? TIPSO OP? OP?2 Me OP? TIPSO OP? OP? Me OP?
19NN BN n-Pr MOMCI NN n.pp  PDQ, pH 7 buffer NN ~h-Pr
Me iProNEt, DCE M 92% M
17 2 ’ ’ 17 e 17 e
OPMB 21,23'5yn 82% OPMB OH
P2=MOM
TIPSO OP?2 OP? Me OP? TIPSO OP?2 OP?2 Me OP?
TsCl, DABCO : L : allylMgBr, Cul 15 17 : S : 12 steps,
90% 19721 n-Pr " ooocto0oc | Z 19217723 27°n-Pr | 13% overall yield
175076 Me 89% P2-MOM Me
C15-C30 subunit of
dolabelide

**asymmetric vinylate addition

No reproducibility

Oppolzer’s - Marshall protocol: t-BulLi, ZnBr,; n-BuLi, (R,S)-NME; yield= 55%; dr 11:1 (21,23-syn : 21,23-anti)

Whitehead, A.; Waetzig, J. D.; Thomas, C. D.; Hanson, P. R. Org. Lett. 2008 ASAP.
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Construction of the C15-C30 subunit of dolabelides

Route B

/>CM

74
Oo .0 6 mol% H-G ArSO,NHNH,, EtN, 0 i. CUCN-2LiCl, MeoZn; OH OH
“R* DCE, 90°C, 82% DCM. 75% O\R//O TMSCHN,, MeOH, 91% 1o M)\/\.J
\ O M Ar= O-N02C6H5 O ii. LAH, Et2o’ 92% 5 M
e
(S.5)-8 OPMB

Me OMOM

TIPSO  OP! | TIPSO OP' O = 6
i. TIPSCI, Im., 80% PMBO - 03, DCM, '780C; PMBO - n-Pr
’ 5 Me,S, 85% f H t-BuLi, Et,0, -78°C to 0°C

ii. MOMCI, Pr,NEt,
95% P'= MOM Me Me 70%

i. DMP, pyr, 98%

TIPSO QP1 OH Me QP1 ii. LAH, Lil, -78 °C TIPSO QP1 Qp1 Me QP1 - ophe 1| 65
PMBO : Ao : o 5.0:1 dr, 92% HO : 2:3 _ : . i. i 3s lo, IMm, o
5 T iii. MOMCI, iProNEt, 96% n-pr ii. BUOK, 92%
Me iv. DDQ, 92% Me

TIPSO OP' OP' Me OP’
15 17 : L : 13 steps,
= 192123 27 n-Pr 14% overall yield
P1=MOM Me
C15-C30 subunit of

dolabelid
olabelide Whitehead, A.; Waetzig, J. D.; Thomas, C. D.; Hanson, P. R. Org. Lett. 2008 ASAP.
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Summary and Conclusions
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- Phosphate tether methodology has been applied in the synthesis of the C15-C30 subunit of dolabelides A-D.

Hydroboration OAc OR! OR?
or CM - -

Cuprate
Addition

- Key steps: Regio- and diastereoselective cuprate addition & selective terminal oxidation or CM/selective

hydrogenation sequence.

-To note: Orthogonal protecting- and leaving-group properties of phosphate esters are exploited.

selective terminal
oxidation

CM/selective
hydrogenation

regio and
diastereoselective
cuprate addition

- There is room for improvement in the selectivity of the asymmetric vinylate addition.

- Completion of the total synthesis of dolabelides using the present strategy is still pending.
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