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Research Topics

* Alkyne metathesis: Catalysts development (latest: molybdenum-nitrides
and molybdenum-alkylidynes endowed with silanolate ligands) and
application in total synthesis.

* Alkene metathesis: synthetic methods

* n-acid catalysis: Catalysis based on the activation of p-systems with the aid
of carbophilic Lewis acids such as Pt(2+) and Au(1+).

* Iron catalysis: Iron catalysts for cross coupling, cycloisomerization
reactions, cycloadditions of unactivated substrates, and carbometalations
of m-bonds

 New concepts for catalysis
* Total synthesis
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Natural Products derived from P.lima

* Dinoflagellates: single-celled
eucaryotes, usually called algae

* Very large genome -> additional
secondary metabolites could be
available

* Ocadaic Acid: highly potent and
specific inhibitor of the Ser/Thr-
protein phosphatases PP1 and PP2A Limaol (1)

Prorocentin (2)

[relative configuration only]

* Limaol: moderate cytotoxicity, quite
stable structure

Ocadaic Acid (3)
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Structure of Limaol

e 40-carbon backbone

* Five exo-methylene groups, 4
clustered in a skipped array

* Spirotricyclic core
* Homoallylic alcohol at C27

limaol



b UNIVERSITAT
BERN

Retrosynthetic Approach
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Synthesis of Fragment | (A)

\)ko/ TBSCI, NaH
o #Br DABCO /OMO\ Dibal-H HOMOH THF 0°C >t HOMOTBS

Y

57% 87%
o) O O (over two steps)
MsCI, EtzN LiCl
THF :
- Mso\)UL/OTBs THF, 40°C | CIMOTBS
88% 98%

eletrophilic partner
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Synthesis of Fragment | (B)

1) Cul (17 mol%)
Br
INVERN
/<C|> THF, -78°C -> 0°C

2) TBDPSCI, imidazole
DCM
81%
(over two steps)

Et;SiH

TBDP =
9 : o DCM

OTBDPS

Grubbs Il Catalyst

/\(O\

Pd/C (5 mol %)

85%

«Cl
\

Ru‘q
Cl/ Ph

PCY3

Grubbs Il catalyst

A A~
Qﬂﬂ

O OTBDPS O AICl;, TMS-SEt OTBDPS O
DCM, reflux THF, reflux
- ™ O/ - > X S/\
86% 86%
MeMgBr MeMgBr
CuBr * SMe, (2 mol %) CuBr * SMe, (2 mol %) 90%
B (2.4 mol%), tBuOMe B (2.4 mol%), tBuOMe (dr > 20:1,
-78°C -78°C >3 g scale)
TBDPSO = \
O/ TBDPSO = 0]
)\/\)J\S/\
c 9-1-9-BBN
K2CO3 in hexane  Tgpp
S =
- O MeOH - TBDPSO - _ then HOAc )O\/\)J\
H 94% = quant. |
nucleophilic partner
~
O\ /O olo
P
C/{‘@ ?
525 +
R N
Fe N-
L‘l‘/ C: Ohira-Bestmann reagent
B: Josiphos
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Synthesis of Fragment | (C)

1) Pd(PPhj3),
(5 mol %)

TBDPSO - Zn,LiCl  TBDPSO - TBDPSO -

. ! - Znl 2) TBAF

nucleophilic partner electrophilic partner THF, 0°C
76%
(over two steps)
Ac0, py TBDPSO -
DMAP (10 mol %) /K/;\/{UULO
96% e

O
Fragment |

10
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Synthesis of Fragment Il (A
|
OAc /\/SI\ OAc
BF; * OEt 1) NaOMe
ACO/, 3 2
' MeCN, 80°C MeOH
AcO 56% e y
OAc OAc 2 O*d
~0
p-TSA cat.
DMF
79%
(over two steps)
(COCIl),, DMSO
Dibal-H OTBS EtsN OTBS
DCM, -78°C -> rt TBSO,,, ~OPMB  pcwm, -78°Cc->rt  TBSO, ~OPMB
quant. - , OH 87% B H
= ‘0
o)
904
OH
g0 OH
L7 B
o)
D E Br

O\( PMP 2 6-lutidine

TBSOTH,

TBSO,,
DCM, -40°C ’

86% A

D,E (10 mol %)
PhMe

TBSO,,

96%

OH
The configuration was ascertained by Mosher ester analysis.

)

~ OH
F

F F

Mosher Ester

11
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)L 1) tBuLi
Me;Si MgBr 1) ICI 207
CuCN (10 mol %) OH NaOH 0 DCM O BF3*OEt, OH O
L()_A\/CI THF, '50°C -> -20°C _ ) C| i M -78°C - I _780C - w
quant MesSi quant. . MesS 2) TBAF 2aq.HCl T,
THF/E,0, 0°C THF/H,0
79% 63%
F

Pd,(dba); (5 mol %)
PPh3 (20 mol %)

DD
2-[33581-:-;9 aq. D(Q)M Cul (15 mol%)
DCM, 0°C . 0°C ->rt HN(iPr),
quant. 99% 93%
OTBS
0 0s04 (10 mol%) o
NalO4
G (10 mol %) 2,6-lutidine

PPTS (10 mol %)
DCM

65-78%

dioxane/H,0O

87-93%

© X OTBS OTBS

Bu SbF |
tBU*’P—Au@——NCMe N/ o Fragment Il
H \
oS
W, o 12

G Pyridinium p-toluenesulfonate (PPTS)
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Synthesis of Fragment Il (A)

TMSOTf
AcO CeC|3 *7 Hzo AcO |/

Nal SIS
AcO,, MeOH/MeCN, reflux AcO,, o MeCN ]
Q 52% 57%
AcO = AcO OMe (dr >10:1)

HO TBSOTf TBSO

TBS PG: best choice
for next step

Curtin-Hammet
situation

H (10 mol%)

HO™ "X

Tnzcooﬁ 2 6-lutidine
e DCM
> HO/, > TBSO/,’
'« 0 95% O
. over two steps “,
HO 2 PV 18s0 o

+ 7% of Z-isomer)

e Curtin-Hammet principle: the product distribution reflects
the difference in energy between the two rate-limiting

transition states.

AcO

ACO/,,

AcO

TBSO

DCM reflux _ TBSO
75%
TBSO
&N

/\/\/OH

=

Cl
Ru=
28
o]
~

H 13
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Synthesis of Fragment Il (B)

HO
TBDPSCI CSA (cat.)
imidazole MeOH TBSO,
DCM DCM, -20°C ‘-
> LA OTBDPS >
quant. TN 77% TBSO

OAC C\)k/snvles

TBSO,, SnCl,
) OTBDPS — 2 T8C -
TBSO NN 83%

(dr = 5:1)

0 N2 BD 61%

Pb(OAc),
THF

BusSnLi
THF, -78°C TBSO,,

91%

Fragment Il
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Assembly of the three fragments (A

MgBr, * OEt,
DCM, -78°C

88%
(only one isomer)

Fragment lli OoTBS
Fragment I
TBSOTf PhsCK
2,6-lutidine PhNTf,
DCM, -78°C _ THF, -78°C
64%

15
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Assembly of the three fragments

SnBU3

Fragment |
Pd(PPh3)4 (20 mol%)
CuTC
(B%Ja?:n)zs%ggNle [BusN][[Ph,P(P=0)0]
) - NMP
77% 7%
(over two steps) TBSO,,,
(4:1 isomer ratio) OTBDPS
TBSG B
TBDPSO
HF*pyridine

THF/pyridine

37%

Epi-limaol!!

16
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Chemistry is pain

SnBU3
+
TBSO.
A OTBDPS
TBSO 1NN

Fragment Il

MgBr2 * OEtz
DCM, -78°C

88%
(only one isomer)

OTBS
Fragment Il

* This reaction does not follow the Cram-Chelate model

* The result is confirmed by reaction with less complicated substrate
of the same type

* Varying the Lewis acid led to product mixtures in low yields
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Cram-chelate model

Nu-

"chelate-Cram"- . .

[not observed]

For further informations about Cram-Chelate model, see:
J.0rg.Chem 1986, 51, 5478-5480
JACS 1986, 108, 3847-3849

Left: Image taken from Lecture Notes of ‘Stéréochimie Organique’ by Prof.
C.Bochet — Unifr — AS2018

18
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Leighton allylation (mode! reaction)

1) GuBr, NELy, GH,Cly, § °C, then methallyl chlaride, NH
2 6-di-tBu-pyridine, HSICly

Y b, O ° "

2) Ligand A, TBABr, DBU, CH,Cly, 0°C ) NH OH
3) aldehyde 27, CH,Cly, —78 °C — —10 °C
4) TBAF (1.1 equiv.), 0 °C A

oTBS
Keck allylation {(model reaction):
-—
1) (R)-BINOL, TH{OIPrly, 4 AMS, CH,Cly, 40 °C
2) aldehyde, methaliyitributylstannane, CH;Cly, —78 *C —» —20 °C
no reaction
no reaction, even with
0TBS » stochiometric titanium catalyst
-— « warming lo RT
+ addition of Et;8Si-Pr as promator
Yamameoto's Chiral (Acylexy)borane as Promofor
(1 squiv.), aldehyde 27 (1 equiv.), TFAA )\O DHO °
(2 equiv.), stannane 46 {1 equiv.), EICN, —75 °C o
no reaction © B-H
o o 0
5 A~

stannane 46

Q [ ]
y a t I O I l Coray's Chiral Bromoborane as Fromaotor
. 1)B (1.1 squiv.), stannane 46 (1.1 equiv), GH,Cly, rt. Ph. Ph
R e E ] ( : |: I O n S O 2) aldshyde 27 {1 squiv.), CHaCly, 78 °C R

OTBS

Asymmetric NHK

1) ©rClz (10 mol%), ligand D (13 mol%),
proton spange (13 mol%)

o 2)CoPc (0.5 mol%), Mn (2 equiv),

N
LiGI (1 equiv.), ZrCpsGl (1 equiv.),
&t no reaction | O H 0
then allyl chloride 44 (1.2 equiv.), then aldehyde 27 N N\’J
b
oTBOPS -

27 QOTBS 44

Fragment

Krische allylation

(S}E (15 mal%]),
J-PrOH (3.5 equiv.), KyPO. (2.2 equiv.),
THF, 60 °C 1o 80 °C
Q
no reaction
OTBDPS at higher temperature. c
decomposition NO;

27 aTss 44 (S)-E: (S}-CI-MeO-BIPHEP
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But... less is more: Mitsunobu reaction —

Synthesis of limaol (A)

PPH;
4-nitrobenzoic aicd
DEAD
toluene
0°C ->rt

NaOH
MeOH/THF

67%

TBSOTf
2,6-lutidine
DCM, -78°C

91%

PhsCK
PhNTT,
THF, -78°C

b

84%
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Synthesis of Limaol (B

OTf

PhsCK (BusSn),CUCNLi,
PhNTY, TR 5eC
THF, -78°C -
. 63%

(over two steps)
(3:1 isomer ratio)

Pd(PPh3), (20 mol%) TBDPSO
CuTC
[BusN][[Ph,P(P=0)0]
NMP
60%

21
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Synthesis of Limaol (C)

HF*pyridine
THF/pyridine

32%

limaol

* Nearly 50 total synthetic steps
* Access to limaol and epi-limaol



Conclusion

 Successful synthesis of target molecule

 Successful application of the Au(+) complex for the construction of
the spirotricyclic core

* Problem of the epimerization of C27 solved



Thanks for your attention. |
am now glad to answer
your guestions.




Reaction mechanisms
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Table 8.20. Reaction of Higher Order Cyanocuprates with Alkyl Halides

R-X + 2n-Bu,Cu(CN)Li, — R-n-Bu

Halide Temp. (°C) Time (h) % R-n-Bu
Iodocyclopentane -78 2 82
Bromocyclopentane 0 6 86
Iodocyclohexane -78 1 100
Bromocyclohexane 25 6 41
2-Todopentane -50 2 99
2-Bromopentane 0—25 2 94
2-Chloropentane 25 11 28
2-Tosyloctane 25 8 >80

(10 equivalents cuprate)

[Reprinted with permission from Lipshutz, B I.; Wilhelm, RS ; Kozlowski, ] A _; Parker, D.
J.Org. Chem. 1984, 49,3928. Copynght © 1984 American Chemical Society ]

Higher order organocuprates react with chiral halides to give chiral coupling products. When

(R)-2-bromooctane (489) reacted with the mixed-cuprate [EtMeCu(CN)L1,]. a 72% yield of

(R)-3-methylnonane (490) was obtained,***< which is the result expected of a nucleophilic Sy?2
like displacement of the bromide.

H Br EtMeCu(CN)Li» Et H . L .
e —_—— = As mentioned in Section 8.7.A. the
THF, 0°C . .
77% reaction probably proceeds via single
489 - 490

electron-transfer process, but the
stereochemistry of this reaction mimics nucleophilic substitution. The extent of inversion 1s
very dependent on the nature of the reacted organocuprate, however. 2-lododecane derivatives

SnBuz

<

(tetnanedion k. 1582, 29 1A% -(LA9F)

showed virtually no inversion of configuration when with Gilman-type reagent or with higher
order cuprates.*’”® Bromides, on the other hand, gave virtually complete inversion with both
reagents.*’*® The smallest amount of inversion was obtained with symmetrical cuprates, and
the largest amount with mixed cuprates.

This displacement reaction is not limited to allyl derivatives or to substrates a bearing halide
leaving group. Both vinyl and aryl derivatives react with higher order cuprates, similar to the
Gilman reagents. Lipshutz and Elworthy found that vinyl triflates are particularly useful in
cuprate coupling reactions. The reaction of vinyl triflate 491 reacted with the mixed cuprate 492,
gave 493 in 87% yield.*® An interesting feature of cuprate 492 is the presence of 2-thienyl as
an unreactive ligand (see 428). Lipshutz et al. found this to be most effective for the selective
transfer of the group other than thienyl.**® This is analogous to the use of alkynyl groups as
unreactive substituents in Gilman reagents. The mixed-alkyl cuprates are easily prepared by
sequential addition of two different organolithium reagents to cuprous cyanide. In general, for
reagents such as R(Me)Cu(CN)Li, (R > Me), the R group 1s transferred selectively for both the
halide displacement and the conjugate addition.

(CN)Lia
C[ Cn @ THF, ~70°C
| CO:Et Y\/

COsEt 493

(From Oraam‘\c Sjm\\ncSiS, Yd edikiom, Miched B. Swith Claaqﬁ'e/ g)
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F) Shle Cguf\}ma ( c«v\od\j. ) = Chow

NORFRLSTiLiE Coud g

Pd-Cat
R'—X + RSnBy, ———= R'—R + XSnBu,

R-R' PdL,
RX
reductive n-21L oxidative addition
elimination
T L
R=d-L R—Pd-X
|
R' !
R'SnR",
tr_ansfca;g _
somerzation transmetalation
|'_ ASnR"
R —I'I'd—H' nhy
L

https://www.organic-
chemistry.org/namedreactions/stille-
coupling.shtm

. Cowmim . 100D ) 1332-7335

m(}}f{eo\ \Josiam (jwfw d4l.)

R/\\\/SHBU:; + CuX —r—— R/%/CU + BU3Snx

Scheme 1 Pre-equilibrium as one of the reasons for the co-catalytic
effect of copper additives on Stille-Migita cross coupling reactions
performed in polar media.

« Bol dwie (W03) = cat (L, {eq 18AF o€ (SF
(,|0 d‘IS‘)\GQ’\\"‘ Q?U;KL)(IUT‘\)

'%\(5’\ roef (’1008) A2 «1[(?\,.1?0,]@\115%] 1,599 GaTC
W OUF at .

44



AsSavid Trsament S (B)
A Y\ﬁs\mdjﬂtfmc%oobr\d’“ O W\”IS

A
0 (;&\\??%3 — ‘go/L@ Nw//Oéi’ i ~0 @\ §

(40 2~
&) m P/R' N
C g a P Phg
. ] A l 7]
~ o ?P\«s , ()\ \ 'P»\s & /o
o8t 3 | ¢ P =%
/NSNS S 0 N
A ;‘ 701/ )@\woz \Y 4 -
L V . >“ . -
c%)\t\» N0 L . BN,
© 90 4 f*‘/“ol W7 Cmsiov &
“ | >m\\0 — | { — (o GULATION
4
W’P\\g \ 7)
b 0

45



