Group 4 Metals in Polyketide Synthesis:
A convergent strategy for the synthesis of polypropionate-
derived (E, E)-trisubstituted 1,3-dienes.
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The Strategy

General Strategy:
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Reactions Mediated by Ti(-PrQO)4/ 2 i-PrMgCl

" o |- o | e e
I I __ eHgut | :[];Ti(i—F’rO)g = ]: —_— I
R| ] ]
L R R™E
R Ti(-PrO), R (LPIOV.Ti R
Al 2 FPrMgCl  JTiProy, (FPrO) '>=.=/
X f H
=R 2T '.‘;P,{/lo)él Ti(-PrO),
o —= e ( 0 _ <f\Ti(i-PrO)ZOEt
OEt {OEt O
_ - Ti(-PrO), R
S 2 -PrMgCli P
« " Ti(FPrO),
— R
Rl

Review: Sato, F.; Okamoto, S. Adv. Synth. Catal. 2001, 343, 759-784.
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Table 1. Preparation of Functionalized Dienes via Cross-Coupling

Reaction
1
|R| 1 =8 ~ R’L ( Rj]/\/ﬂa)
+
2 3
1 R s R2
(A) (B)
Internal Acetylene Terminal Acetylene Yield (%)% of Product(s)

Entry R’ R? R’ A A + B [Ratio]

1 Me;sSi CeHia (3) BnO(CHy)o- (8 76 (8

2 - . © EtOC(0)O(CHy)p- (19) 67 (29)

3 EtOC(O)(CHp)3- (20) 54 (30)

4 TBSOCH,- (1) 53 [80:20)(31+32)
5 " . Me,CHCH,CH(OTBS)- (22) 67 [84:16](33+34)
6 Me;Si CH(OEt),  (11) TBSO(CH,),- (23) 88 (35)

7 CO.Bu-t CgHyg (12) CgHys (24) (60 (36)

8 CO,But CgHys (12) +BuC(Q)O(CH,)s- (25) 57 (37)

9 MesSi CO,Bu-t (13) CgHya (24) 77 (38)

10 MesSi O:OC(O)- (14) CgHy3 (24) 78 (39)

Ph

11 " . Me;3Si (26) 93 (40)

12 . CO,Bu-t 7) 47 (a1)

13 - v BnO OBn  (28) 78 (42)

/QCI
14 MesSi R=H (15) CgHis (24) 65 (43)
15  MeySi R =Ph (16) CgHi3 (24) 71 (44)
7~ ~OC(O)-
R

16 C(O)NEt, CgHya (17) CgHis (24) 65 (45)

17 C(O)NEt, CgHia (17) CO,Bu-t (27) 59 (46)

18  Me;Si C(ONEt,  (18) CgHyg (29) 66 [60:40)(47+48)
19 C(O)NEt, Me;Si (18) CO,Bu-t (27) 64 [90:10)(49+50)

@See eq 2 and Experimental Section. ? Isolated yields. ¢ Yield
determined by 'H NMR is shown, because the separation of diene 36
from 53 was unsuccessful at our hands.

Hamada, T.; Suzuki, D.; Urabe, H.; Sato, F. J. Am. Chem. Soc. 1999, 121, 7342.
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n\)\/\/OPMB

1) 5, PPhg, imidazole
then t-Buli, 85%

2) Br(i-PrO),SiCCMe,
DMAP, DMF, 95%

I(I1)-mediated reductive cyclizations

1) Dess-Martin

1) LDA, LiCl then PhzPCHCO,Et

2) LiH,NBHg
65% (2 steps) HO

2) DiBAI-H
3) (-)-DIPT, Ti(-PrO),4
TBHP, 56% (3 steps)

OPMB
O. CITi(~PrO)3 1) TBAF, THF
i-PI'QSi/ o
PrMgCl, 2) acroyl chloride,
| l 59%

diisopropylethylamine,
DMAP, 62% (2 steps)

.
“,
’
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‘Y,

(HolMes)(PCysa)-
(C,Ru=CHPH,
PhH, 85%

OH OH

Dictyostatin-1

O’Neil, G. W.; Phillips, A. J. Tetrahedron Lett. 2004, 45, 4253.
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Trisubstituted (E, E)-1,3-dienes

(-)-callystatin A
(TL 1997, 38, 2859)

motuporin
(TL 1992, 33, 1561)

. tylosin
(Antibiot. Chemother. 1961, 11, 328)
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Kobayashi’s Synthesis

1) DIBAI-H

Me . 2) CBry, PPhy,
N 1) LiAIH,, Et0, 96% “ 2,6-lutidine, 99%
MeO” 2 EtO,C
O OH OTBS OH OTes  3)mBugP, CHsCN,
EtO PPh quant.
3

O 94%

OH OTBS

LICH,S(O)CHs,
toluene, 72%

OH OTBS

CHO

Murakami et. al. Tetrahedron Lett. 1998, 39, 2349.

Similar Wittig approaches:

Crimmins, M. T.; King, B. W. J. Am. Chem. Soc. 1998, 120, 9084
Lautens, M.; Stammers, T. A. Synthesis 2002, 1993.

Enders, D. et. al Chem. Eur. J. 2002, 8, 4272.

(-)-callystatin A
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OH

Smith’s Synthesis

1) DiBAI-H, 87%

PhsP” ~CO,Et 1) TBS-OTY,
1 96% 2,6-lutidine, 45% \
) EtO,C7 X EtO,C
2) CSA, CHCl3, 92% OH OH 2) TMS-OTf, . TMSO OTBS
(for (2)-isomer removal) 2,6-lutidine, 90%
O A
TMSO  OTBS 1) n-Buli

2) MnOy, 79%

1) Mel, PPhg, DEAD

OH

2) PhSO,Me, n-Buli
THF, Ph-H, HMPA

2) Ac,0, 76%
3) Na(Hg), K,HPO,
THF, MeOH, 92%

,
1
]
'
'
:
]

____________ O OH

(-)-callystatin A

Smith, A. B.; Brandt, B. M. Org. Lett. 2001, 3, 1685.
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Kalesse’s Synthesis

oTBS , 8BS M
1) Dess-Martin, 89% ~ J15° M Cpjznc, THE, P oTBS TBSO |
I+
OH X S
2) PPh,, CBr,, ab 31
EtgN, CH,Cly, 96%

3) n-Bulli, THF, a (59%) b (20%)
then Mel, 76%

HO\/E\/\

Pd(OAc),, AgOAC,

OTBS ' "DMF, n, 70%

(-)-callystatin A

Kalesse et. al. Chem. Eur. J. 2003, 9, 1129.
Kalesse et. al. Org. Lett. 2001, 3, 3107.

Tom Graham @ Wipf Group 9 1/23/2006



Marshall’s Synthesis

1 ) H2, Pd-BaSO4,

; Me
MsOZn /l\)\l/l\/ quinoline, PhH, 99% Kl\)\H\/
/ z I E
ZZ- 2) O3, CHCly, O OH OTBS

I
72%
O OTBS ° H OH OTBS then PPhs, 82%

0
MeO-p_ N

1) DIBAI-H, 87% MeO”
2) MnOz, CHCly 1) KOtBu, THF, 91%

PhaP=C(Me)CO,Et

> (Mee0 EtO,C = : 3) TMS-CI, EtgN N : 2) PPTS, MeOH, 88%

99% OH OTBS  pmAP 82% TMSO  OTBS ' A

1) BugSnH, Pd(dppf)Cl,, AsPh,
S PdCla(PPhg),, THF CsCO3, DMF, H,0, 73%
Z3 : 2) I, CH,Cl NN
~ 2 2lo N
H OH OTBS 83%, 2 steps OH OTBS t-BuLi
9-Me0-9-BBN

— = (-)-callystatin A

____________ OH OTBS
Marshall, J. A.; Bourbeau, M. P. J. Org. Chem. 2002, 67, 2751.

2nd generation synthesis: Marshall, J. A.; Bourbeau, M. P. Org. Lett. 2002, 4, 3931.
for a similar Suzuki coupling: Dias, L. C.; Meira, P. R. R. J. Org. Chem. 2005, 70, 4762.
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1) O then DMS,

Panek’s Synthesis

MeOLC MeOH, CH,Cl,, Br 1) KoCOq, MeOH, 99% Br
P A A X
OH OAc 2) CBr,, PPhs, Br 2) TIPS-OTY, 2,6-Iutidine,
2,6-lutidine, CH,Cly, OH OAc CH,Cly, 90%
82% (2 steps) 3) PCC, CH,Cl,, 85%
™S
\)\/\/\/S"BU 1) N-iodosuccinimide,
S ’ ™S Br E)tCN|, 84%;
NS X N
2) Me,Zn, Pd(t-BusP),,
szdbas, P(2-furanyl)3, o) OTIPS 20 N 3 )2
PhMe, 100 °C, 92% THF, 0°C, 93%
o)
| Me
[_nn AN ™ —>, ___________
O OTIPS

[ S

____________ O OH

(-)-callystatin A

O OTIPS

Langille, N. F.; Panek, J. S. Org. Lett. 2004, 6, 3203.
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a) Regioselective coupling of alkynes with aldehydes — Access to ene-1,5-diols:

R'0C  OH OH T
O 0O1BS I qres
- H \IA‘r-r oo
ROI\ jJH /),',Me e Me Me Me Me
\/ ; . major
Me Mo #ilanium afkoxide- Me
based reductive
. P 0. -
3 coapiing :H} ¢O 3 r?‘.‘ R‘Ll) H)d’ \/L\s_/pr
g N ;'u‘Mc - - v, OTBS
" OiPr ) e
Me Me Me
minar

b} Coupling of ditterentialty functionalized atkynes - Regtoisomers possibla;

g B RO oH
7. b, o P ™ \\,,R?
WMQ
OtPr Me Me Me
) ) A
W
- 83 ospr
# 4 RO OH ;é‘l
i WMe - E\
9 R O-Pr H
RO oM Me =R . Me Me Me
L‘y/\r/;"'/ titanium afkoxide- B
; based coupfing Pro 7O on ne
Mo Mag ‘s B 1 7 \
il A A D
s @ ®| - YN S
Qipr - Me Me Me
) ’ c
' ; o no Moz
A (j).LPr g
©3 i . NN
,g@/:‘-—(—:ﬁme {
Oifr Me Me Mg
) ’ D

Figure 3. Concerning regioselection.

Shimp H. L.; Micalizio G. C. Org. Lett. 2005, 7, 5111.
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Table 1. Application to the Synthesis of Complex Polypropionates

Buli, PhMe, =78 °;
RO OH me T e . RO HO OH
Z i) CITi{OP)s, CsHgMaCl o x /J\/F‘Z
~7810 ~40 °C; A2
Me Me i) BF3-OEty, ~78 °Cthen I Me Me Me Me 0 OTBS BnO  OH OH QTBS
e H : :
d .
entry alkyne aldehyde  yield® r.s.t major regioisomer © 6 14 H Pro 62 & bk o ! Pr
B0 OH Me O OTBS B0  OH OH OTBS Me S, Mo Me
=z H ent-18 (ds=2:1)
1 7 HJK/LP 66 19:1 N or
H H T 1\; LA ’a BnO OH . Me ©O OTBS BnO (_?H QH oTBS
Me Me Me e e e e H F . H :
12 18 19 (ds=1.51) 7 - O e 80 5 : N e
o oTBS BnO  OH QH OTBS Me Me Me Me Ms Me Mo
: : 15 18 25 (d.s.=2:1)f
2 12 H Pro 65 13 : = Pr o ores BrO  OH OH OTBS
Me Me Me Me Me : H :
ent-18 20 (d.5.= 4:1) 8? 15 H ~pr 42 34 : = Pr
TB Me Me Me Me Me
RO OH P Me O OTBS RO OH Qn QTS ent-18 26 (d.s.= 2:1)
3 HOY Spr 55 1611 ST e BnO  OMe _Me H BS BnO  OMe OH OTBS
Me Me Me Me Me Me Me g =z 71 13 :
13 18 21 (ds=151) : H™ > Pr : N oY P
Me Me Me Me Me Me Me
o Qres RO . OH OH QTBs 27 18 28 (ds.= 21)
4 13 H pr 50 71 RS Pr
N:ea Me Me Me Me
ent-1 =31 . . .. . . .
80 ?(ds O)H oTES @ Yield reported for major regioisomer. » Regioselectivity determined by
BnQ  OH & Me O OTBS o : 'H NMR of the crude reaction mixture. ¢ Major diastereomer is depicted.
5 HOYNY P 65 19 XY e 4 Addition of RCHO at —100 °C. ¢ Deprotonation step not performed.
Me Me Me Me Me Me Me /Selectivity determined after isolation.
14 18 23 (d.s.=21)

Bahadoor, A. B.; Flyer, A.; Micalizio, G. C. J. Am. Chem. Soc. 2005, 127, 3694.
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Regioselective Coupling Reactions of Branched

Homopropargylic Alcohols and Terminal Alkynes

n-Buli, ELO. ~78 °C, then
CITIO/Pr)y, ©-CsH MGG

R'O’ OH P Me ~7810 ~30 °C;
| ~78 <C then
N 7 7 A+B+C
Me Me A q?
R'C  OH , ) R'O  OH R?
R'O  OH
\\f/:\\\l .-\VR [ N ‘\(L"*z‘/}\‘ . g
Y N i
Me Me Me \l/ ] Me Me Me
Me Me Me
A B c
inlgrnal tarminal P "
antry  alkyne alkyne yisld®  (ABLC) desired regioisomer
Ph Ph
BrO  OH _Me 00 800 OH 0o
1 kl/\/ W 50 152 S
Me Me Me Me Me Me Me
11 12 13 P
RO OH Me RO OH 0o
2 = " 2
12 70 28:11 ey Ry
Me Me Me Me Me Me
14 15 Ph
R = TBDPS R = TBDPS :
BiO  OH _Me BrQ  OH oo
3 K)\/ 12 52 4:0:1 AN Q/”\[)
Me Ne Me Me Me Me
16 17 Ph
BiO  OR _Me BnQ  OR 0 o
N k/\|/\‘r/‘~\v”\l)
Me Me Ma Me Ma Me
R =0H; 18 12 63  1.0:1.5:1.0 R=OH; 10
12 82 3:1:0 R = OPMB; 21

4
57 R=0PMB; 20

“ Yield based on terminal alkyne. # Regioisomeric ratio determined by

"H NMR of the product mixture after flash column chromatography (see
Supporting Information for details). ¢ CiTi(Oi-Pr)s, ¢-CsHoMgCl, —78 to

—30 °C, then —78 °C and addition of terminal alkyne.

Shimp H. L.; Micalizio G. C. Org. Lett. 2005, 7, 5111.
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Table 2. Flexible Convergent Method for Assembly of
(E,E)-Trisubstituted 1,3-Dienes

R'O OR? _ Me  CITi{OFPr)s, 0CsHgMgCl  R'O  OR2

-78t0 -30 °C; 3
Z SR
Me Me =78 °C then terminal alkyne Me Me Me
entry  internal alkyne terminal atkyne  yield & ® major regioisomer
Ph Ph
B0 OPMB __Ms o o BrO  OPMB 0o
1 M ; 70 6:1 ;
i & T YOS
Me Me Me Me Me Me Me
22 12 23 Ph
BiO  OPMB___Me BnO  OPMB 00
2 ~7 12 87 5 SN
Me I\:lle Me b:/le Me Me
24 25
BnO  OMe _ Me ’ BnO  OMe
a¢ i otBs 81 81 l\'/:\/W/OH
A
A NN
Me Me Me Me Me
26 27 28 oTt
ot BnO  OMe
a 26 :—@ 60 61 N
Me Me Me
29 30 B
BiO  OMe '
5 26 :—@-Br 46 8 N
Me h:/le Me
3 32

“ Regioisomeric ratio determined by 'H NMR of the product mixture
after flash column chromatography. # Regioisomeric ratio reported as A:B
(as depicted in Table 1). © Yield and regioisomeric ratio reported after
deprotection of the silyl ether (TBAF, THF).

Shimp H. L.; Micalizio G. C. Org. Lett. 2005, 7, 5111.
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Summary

¢ a method for the convergent assembly of alkynes was
demonstrated

¢ methodology affords (E, E)-trisubstituted 1,3-dienes with
good regioselectivity

® does not require pre-functionalization of the alkynes

¢ Tiand Mg are more acceptable than Pd, Rh, Ni, Sn, etc.
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