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Total synthesis of (+)-Ambruticin

Synthesis of fragment 2:

OTBS

OTBS
(1S,2R)-6 cat. 1/ BH3*THF, THF, 0 °C : OTBS
o} rt then H,O,/NaOH
| + v > SN .
4 OTBDPS  64%, 97% ee 2/ TBSOTf, 2,6-lutidine  TBDPSO™ ™ '|
OBn 5 DCM, -30 °C ga OBn
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(Two steps) TBDPSO™ ™ 0

2 (0]
Synthesis of fragment 3:
TESOTF M __otes BH3+THF
Et,N H THF, 0 °C to rt A
K/ > @ > (o)
Et,O. 0 °C (1R,28)-6 cat. then 10% HCI
0 2géo/ rt reflux OH
’ 87% 70% 15
11
1/ BuzSnCu(Bu)CNLi5
SN Mel, THF/DMPU vinylmagnesium bromide
—78°Ctort Pd(PPh); cat.
woseps 2 © 2/ 1, Et,0, 0 °C benzene, 70 °C
17 (80% over two steps) 88%

H,/CO (1:1), 20 atm

Rh(acac)(CO), (0.5 mol%) CrCl,, CHIj

—_—
THF, 0°Cto rt
(72% from 19)

(S,R,)-22 (2 mol%)
benzene, 30-35 °C
dr=296:4

_— >

(two steps)
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>
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3
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O OO Me,NOC, CONMe,
$ b
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End of the synthesis:

LiHMDS TBAF
2+3 > (27| ——  »
DMF/DMPU (1:1 v/v) THF, rt

98%

OH
" _,OH

Pt, O Q (j/ N

s 2 )J\

————>  Ho~ o A _
H,O/Acetone TN (0]
50 °C :
87% )

1/ Give the reaction condition A, B, C and D and the structure 7, 12, 14, 18,
19, 25, 27 and 28

2/ Give a transistion state for the formation of compound 7 or compound 14.
What the name of the reaction?

3/ What the name of the reaction with BusSnCu(Bu)CNLi, (18 from 17, step 1)
? And explain the selectivity.

4/ Give a catalytic cycle and the name of the reaction for the formation of 19
(from 18) and the aldehyde 20 (from 19).

5/ Give the name and a mechanism for the coupling reaction between 2 and 6
and explain the selectivity. What happens if KHMDS or NaHMDS is used as
base ?

6/ Give a mechanism for the generation of the compound 21 (from 20). What
the name of this reaction.



Solution:

1/ Synthesis of fragment 2:

OTBS
0]

| [
4 * K/\OTBDPS

OBn 5
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(1S,2R)-6 cat.

rt N

_—
64%, 97% ee  TBDPSO™ " ~07 "

7 OBn
1/ TBSOTH, 2,6-lutidine
BH3THF QTBS DCM, =30 °C C:)TBS
THF, 0 °C - OH 2/ Pd/C, Hy : OTBS
_—
then H,0,/NaOH /\O/ 3/ TPAP cat., NMO A~
0°C ot TBDPSO | DM 1t TBDPSO ”
94 % g OBn 88% 2 O
Synthesis of fragment 3:
o OTES
TESOTf  TESO M ores BHgTHF
= Et;N H X THF, 0°Ctort X
B — J—— B — e
O  E{0,0°C N (1R,2S)-6 cat. 0 then 10% HCI 0
1 96% 12 rt OTBS reflux OH
87% 14 70% 15
1/ (COCl),, DMSO 1/ Bu3SnCu(Bu)CNLi,
Et;N, DCM N Mel, THF/DMPU N vinylmagnesium bromide
—78 °C to rt, 99% _78°Ctort Pd(PPh); cat.
) 17 O >
2/ TMSC(Li)Ny, THF // 2/ 1, Et,0,0°C benzene, 70 °C
-78°Ctort, 71% 17 (80% over two steps) 18 88%

H,/CO (1:1), 20 atm

AN
Rh(acac)(CO), (0.5 mol%) 0 ~ CrCly, CHIg
X7 o > T
(S,R)-22 (2 mol%) H © THF, 0 °C to rt
19 benzene, 30-35 °C 20 (72% from 19)
dr=96:4

ethyl acrylate
Pd(OAc), cat.
AgCOg,
_—
DCM, rt
96%

H
DIBAL-H (2 eq) Zn(CH3CHI),*DME O\_

toluene (R,R)-26
_—
H
—78°C o DCM, -10 °C
99% 86%
Ph\N Py N
~N >;N
HS——<\N’\N Oy
12 \_

PhsP, DEAD, THf, rt

then Mo(V1)/H,0,; EtOH
0°Ctort
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End of the synthesis:
OTBS

OTBS
LiIHMDS O/ N
2+3 >~ A oy B
DMF/DMPU (1:1 viv) 1 BDPSO © AN 0
>90 % :

E/Z > 30:1
27
OH
~__4OH
TBAF [j’ N Pt O,
—_— ., ", P
THF, rt HO™ ™0™ W\/\ 0 H,O/Acetone
98% : 50 °C
87%
28
OH
.0r S
KN -.,///,,‘
HO o Y\/\/\ 0
1
2/ Hetero-Diels-Alder.
Compound 7 : Endo-Si
R TBSO R QTBS
TBSO ,)—H TBSO R2 2 \
:':O Endo-Si Qﬁ‘\l—i = o -
= = R I TBDPSO™ ™07
Ry H 1 7 OBn
Compound 14 : Endo-Re approach
OTES

TESO . TESO ! TESO | R \
— R Endo-Re m - -
/g />—H — € Et 0 Me - 0 o
R Et

Me b
EtO OTBS
/O syn addition
/‘\ 0 controled by chelation R3Sn”™ ™ /O

14
r:1/[CU] between oxigen and cu ca

3/ Carbocubration.

RsS

4/ 19 from 18 : Kumada cross-coupling
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R'—X1 )
R2—Mg—X2

/
Kumada X1—Mg—X2
Cross-Coupling
Catalytic Cycle
LPd’
R1
Lpd
O do

start

[

R1—R2

20 from 19 : Takaya-Nozaki catalytic asymmetric hydroformylation
(regioselective hydrofromylation of 1,3-diene

(E)-Diene (Z)-Diene
s
3 1 4 =
RAF# 2
4 2 Rh-H addition is R
Rh-H more Re selective less Re selective gnu
CO,H, for the ( .L -Diene fo uu ,zm.. e X
Me,Rh e Rh [ R He R/h e
\f\ g / a—a I( CO, Hy l l\)\ CO. Hzr( g«—x Iy X0 o H
R CHO CHO
(R).3(E) F) (Z
-formy 2-formy
“C-C rotation . CcC votabor”
Me ~ N Me
FK ) Rh‘ Me R ' ' . l/g
H ax—=+o CO, Hz H2 1#1 H A+a
/ZI/<H L\/\cuo RS cho r<o R\ﬁ\
e H N 8 2(8),%2) 2S) HE R rif H
2-formmyl

5/ Julia-kocienski olifination
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R'w LOLi :{
oy AR o T
LG — B — W
oo RWH RCL?.,?E’H

R’ =

H H

S H

5
o J=N , =N RH} §i0—<\ %% R

0=89 RS N N --0BT —
R’ R
H 2%

With KHMDS or NaHMDS : Z selectivity

BT =510 1t 3

—Sto K | — o .

R /,-J\R R/'\';/R
H O 6" K

6/ Takai olefination (TAKAI-UTIMOTO OLEFINATION)

¢ Crlinx,
2 E)
X oix crlinx, R1JJ\H X S & R/\(LX
2
—é —_— X— —_—
: r)r(m) Crlihy H R! (E)-Alkenyl
Cr%s 2 halide(major

Crix,

X CrX,
Htx e
X

haloform
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