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o Eﬂ‘%’) time-saving
o MDA : costeffective

e BRMA%: totally efficient
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D = total cost-effective 7
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K. B. Sharpless
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R'OH RCO,R'
RCO,H + - {
R'R"NH, RCONR'R"
—— Condensation reagent
0
Ph
e OO pra
g e N =/ = PhO” ||
| PPhs / DBU 0
(CDI) (DPPA)
“ N Moy
- 0 T
Cl /Et3N, DMAP R 3 o Cl o
(BOP-CI)
|
OrwerD myerroe
(DCC) (EDCI) / cat. DMAP
Me O Me Me
V) O>=N \/\
(0] N />—N+ .
2 YN “—/ _  (Prco),0/DMAP
NO, | cat. DMAP MeO Cl
(MNBA) (DMT-MM)




TsCl/ NMI:
B ELIRTIE - FIFE

i) TsCI, N7 N-Me
(1.2 equiv) = (3.0 equiv)

0-5°C, 30 min
R'CO,H - - R'CO,R?
ii) R2OH (1.0 equiv) / CH,CN s LT T
(or R*SH) 0-5%C,2h  (orR'COSRY
11 examples; 87 - 94%
23
AR (or R'CONR?R?)
7 examples; 90 - 95%
® S=ERT
& EFMN
¢ BTSRRI —i&H Adv. Synyh. Catal. 345, 1209 (2003)

(Commentary Article)
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EZNSS, EBNH%H, RNMHSH ks

[TsCI or (PhO),POCI ]

(i) Addition order
(ii) Base: NMI + Et3N or i-Pr2NEt

R'co,H
R2OH or R2R3NH / Base
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R20OH R'CO,R? ; 20 examples, > ~90%

+ Or > or

NHR?R? R'CONR?R?® ; 20 examples, >90%

= I 2DDEBBTIVDUFTO—HER>

Microfeeder R1COZR2|

(XCI)

( Water bath

Microfeeder ~ N/
(KOH aq.) H*j «CI’

_N

\

B

U N KOH
= "

Magnetic Stirrer KCI + H,0

Organic phase Water phase
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Ts(Ms)CI

ROH -. >  ROTs(Ms)
| toluene, MeCN, CH,CI,, H,O

( Method A: Et3N / cat. Me;N HCI

Method B: K,CO;/ cat. Et;N / cat. Me;N HCI
< Method C: Me2N(CH2)nNMe2
Method D: cat. BnhNMe, / HyO (pH ~9)

x[ Method E: NMI - Et;N ] Highest reactivity

> BRI
> P EHIR
> BIRGHI# (ROTs — RCI) | #EB35. @135 RDSS
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R'cOCI + R27co,R3

Ti - Claisen
condensation

TsCl or
(0] (PhO),POCI

Et;N -

N%N'Me

> Suzuki-Miyaura
> Negishi

> Sonogashira
> Fe cat.
couplings

OTs or OPO(PhO),

2
- R1\R

R1)K(002R3
2

R

TiCl, - EtzN
0°C-rt,1h
Ti - Formyl
condensation

HCO,Me + R2/\C02R3

LiOH- N7 "N-Me
1 ) g

CO,R?
(E)

OTs or OPO(PhO),

RN CO,R®

2
i (2)

Org. Lett. 2008, 10, 2131. Selected as SYNFACTS
Org. Lett. 2009, 11, ASAP.



Ti-Claisen Condensation & Related reactions:
Application 1o useful compounds

in view of process chemistry:

= Toward shortest step and the best total vield =

(2)-Civetone (R)-Muscone Lactone analog of cis-Jasmone
O HO
\\ HH-
N_/ SR
(R)-Mintlactone (R) Menthofuran O 1B-Methylcarbapenem
COOH
OH O OH o Q
< S 2 AN | \&&
HO CO,H 2 | AN
OQHOH )
Alternaric acid (-)-Azaspirene




Ti-Claisen (Dieckmann) Condensation:
Practical Synthesis of Z-Civetone

i) Microbial oxidation

COH T 5 CO,Me

i) MeOH, H*
Z-Oleic Acid ,
O o)
TiCl,-Et;N PO i) NaOH
i) H
0-5°C,1h
100 ~ 300 mM (2)-Civetone

54%
95%

very high reaction velocity

Adv. Synth. Catal. 2002, 344, 507.
(Commentary article)



17-membered ring cyclizatioh

% Powerful C-C bond formation, 20 -50 g / 1L.
# Spontaneous addition to maintain the molar balance.



Ti-Claisen Condensation:
Utilization by other groups

Me// = Me O ! e -
Phiofo Rl BN De S JORD Me. ) —NH Omuralide analog
cat. TMSCI 1 ni_e :
0” N AN N " Me CH,OH
)/,7<C°zEt CH,Cl,, 78 to -40 °C a7 e <E. J. Corey>
Me
© mé Me Ome — 87%

Crane, S. N.; Corey, E. J. Org. Lett. 2001, 3, 1395.

Y oco;Bu TBDMSO

(0) T|C|4 = BU3N H H
+ A = i -
‘ 0CO,Bu — :
TBDMSO toluene, -40 °C ey & ~ . anti- MRSA carbapenem
H H
z ,OAc o
[~ 5kg /100 L scale] 82%. B :a=95:5 <Merck process group>
NH
o]

Humphrey, G. R.; Miller, R. A.; Pye, P. J.; Rossen, K.; Reamer, R. A.; Maliakal, A.; Ceglia, S. S.; Grabowski,
E. J. )5 Volante, R ‘P Rerder; P. J. J. Am.-Chem}Soc."1999, 121, 11261.



Crossed Ti-Claisen Condensation Utilizing NMI

T

e COCI ; (o)
- i o
; TiCly - 'ProNETt, AZ/\)W )5 M KOH aq, A:/\ﬁ
j\ﬂ O i)1MHClaqg. -
CO,Et - NMi CO,Et ok
| 61% cis— jasmone

3 steps, 46%

A COLH NaH, CCI,COCl,
" (R)-citronellic acid TiCly — BusN

+

\/\/\/\/VCOzMe Eo NMI

i) 5 M NaOH aq. i) RCM
o _—
ii) 6 M HCI aq. ii) Pd—-C, H,
74%
95 % (R)-muscone

4 steps, 53%

J. Am. Chem. Soc. 2005, 127, 2854



» Ti-Crossed Claisen Condensation between KSA and Acid Chlorides

OTMS O O

= 81 examples; 41 - 98 %
fXR4 R‘JR?(R% xR’ Org. Lett. 2006, 8, 5215.

» NaOH-catalyzed Crossed Claisen Condensation
between Ketene Silyl Acetals (KSA) and Methyl Esters

OTMS
RL 31 examples; 67 - 99 %

OMe Chem. Commun. 2005, 3171.

(R® = Me, Et)
R1
Rz R3

» PFPAT-Catalyzed Crossed Claisen Condensation between KSA and
Acid Chlorides

71 examples; 60 - 97 %
Org. Lett. 2007, 9, 1859.




Stereoselective, Practical, and Robust Preparation of KSA

OTMS
0 LDA (1.1 eq.), TMSCI (1.2 eq.) %
= = t
R%ofsu / CPME, 0 -5°C, 2.5 h [ L

2 amide base, 2TMSCI TMSO OTMS

NF0R

R

/| CPME, 0-5°C,2.5h
(1E,32)-form

J. Org. Chem., 72, 8142 (2007)
Tetrahedron (Symposium in print) 56, 5596 (2009)
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> WHIFTEA] (81 - SRR -BHEE (8 1) xR ()

> IATER] (L) @R (L) -ARHEE— (L) -EHHE T (BL) -
i Al () (s (B L) - A= (B L) - iR EMIE (B 1) -
A (L) -KREE (BL) -dEssE (BL) ks (BL) -
ZRET (L) -HRAEE (L) Tt (BL)



