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DMAP in Chemistry History

«» Firstuse in 1967

Base relative rate
NH i H @ 1
@/ 2 N ©)‘\Cl DMAP ©/N N/
25°C/C.H o N
Cl o 4 | 0,047
N Me
\N/
. ) )
¢ First acylation of alcohol in 1969 | \/ 3,7.10°
N
\N/ O O \ﬁ/_OAc \ﬁ/ \N/ o
N AO)J\ l ROH N oA PN
| = - || | | ) OR
N N N N
0O _
/= o< .
N Me-y N
» ® ®
N/ N/ N/
Litvinenko, L. M.; Kirichenko, A.l.Dokl. Akad. Nauk. SSSR 1967, 176, 97. 5

Steglish, W.; Hofle, GAngew. Chem. Int. Ed. 1969 8, 981.
Heinrich, M. R.; Klisa, H. S.; Mayr, H.; Steglis\.; Zipse, HAngew. Chem. Int. Ed. 2003 42, 4827. Singh, S.; Das, G.;
Singh, O. V.; Han, HTetrahedron Lett. 2007 48, 1983.



OH Ac,O/NEt OAc
g ot Ml I .+ AcOH
<CH catalyst <SCH

N Me‘N N N N
» » ® ® »
N N/ N N

N

Heinrich, M. R.; Klisa, H. S.; Mayr, H.; Steglist\.; Zipse, HAngew. Chem. Int. Ed. 2003 42, 4827.



DMAP use: examples

s O-Acylation of enolates

ACZO/ DMAP/N Et3
-10°C

*» Moritta- Bayllis Hillman reaction

o O
/’ij HCIO aq /@/\OH
DMAP, THF  68-82%
Rl R2 ° R] R2

Hofmann, H.; Haberstrosh, H.-J.; Appler, B.; Meyr, Herterich, HChem. Ber. 1975 108, 3596.
Steglish, W.; Hofle, GChem. Ber. 1972, 5, 4727.
Rezgui, F.; El Gaied, M. Mletrahedron Lett. 1998 39, 5965.



How to obtain pure enantiomer?

Among usual strategies used in enantiopur synthesis, five different approaches might be found:

1) Use of chiral pool as starting material
2) Resolution of racemic compounds

3) Enzymes use

4) Chiral catalysts use

5) Chiral auxiliaries use

[ good nucleophilic catalyst ]

\N :O:N Introduction of chiralite / I
/ Creation
‘ Two planes of symmetry ] \ chiralite planaire

Creation

Not chiral I

France, S.; Guerin, D. J.; Miller, S. J.; Leclka, Herterich, HChem. Rev. 2003 103. 2985.
Wurz, R.PChem. Rev . 2007 107, 5570.



Kinetic resolution

In a kinetic resolution, both enantiomer from racesubstrate react with different speeds to

give chiral product or not.
The enantiomer ratio is depending on energy diffeegelmetween diastereoisomeric transition

states.
The kinetic resolution of racemic secondary alcdiad served at the primary testing ground

for the design and the development of chiral DMAR\wives

SelectNIty factor=s = lgast enantiome/r K slow enantiomer



|- Catalysts with stereogenic center

|.1- Vedejs’s chiral DMAP derivative

NMe2 . NMe2 NMe2
BF;; LiITMP 1) ((-)-Ipc),BC1
| A +BuCOCl | N 2) Mel/KH 16-crown-6 N
N/ 61% N/ Bu 63% N/ tBu
0 1 OMe
NM

NMe, MeXMe ©2 Secondary alcohol NMe;,
| X Cl;C° 0COCl X ROH RO._O.__CCl; RPN
N Bu CH,Cl M 57 BU Lewis acid (2eq) OMe OMe W fBu

A Mexg/go Me amine (3eq)

¢ CL,C cl conver: 20-54 OMe
s: 14-48

1 is recovered unchanged after agueous workup, no charegeafter
five acylations cycles.

Vedejs, E.; Chen, XI1. Am. Chem. Soc. 1996 118, 1809.
Vedejs, EAngew. Chem. Int. Ed. 2005 44, 3974.



|- Catalysts with stereogenic center

|.2- Gotor’s chiral DMAP derivative

R R R
ﬁj RMgX | N Baker's yeast | N
N">CN 61-75% N Ri 40-84%

0 81-98% ee

R=C], NMeZ R] = Me, Et, n-Pr, Bu, Ph

NMe2
| A ~ KH,RylI
R,=Men-Bu N3 R, 18-crown-6
OR, 68-79%
2

Busto, E.; Gotor-Fernanadez, V.; Gotor, V.; MeyerTetrahedron: Asymmetry, 2005 16, 3427.



|- Catalysts with stereogenic center

|.3. - Fuji’s chiral PPY derivative

/—Q 7 etapes <\/Q 1)‘ oH
HO,C , 2) Pd/C, H, O

() (€3]

resolution with (-)
camphorsulfonic acid

oY

N -
Cl H o O
() e U
N/ >99%ee

OCOR -<OH -

<;,:OCOR 5% (-)- 3 OCOR .
- Hh- -HH + O
i-p , PhMe, r.t. @E @ an
" OH (-Pre),0, Phile, -t " OH N "0COi-Pr NN Me
racemic S=5-12 CIH Me
R =4-(Me,N)C¢H, "Closed conformation"

Kawabata, T.; Nagato, M.; Takasu, K.; Fuji, XAm. Chem. Soc. 1997, 119, 31609.
Kawabata, T.; Yamamoto, K.; Momose, Y.; Yoshidg,Hagaoka, Y.; Fuji, KChem. Commun. 2001, 2700.



|- Catalysts with stereogenic center

.4 - Yamada’s chiral DMAP derivative

Cl NMe2

\«CO,H NMe,H - _AL_COK
B K,CO; | N7 O S <N> N0 X
X

— ) S
> R | _ \_/ _ \\N_/

N R N /Bu N fBu
NMe, Me, O i R =i-Pr X=S
| X CO2K 1) SOCl, | N NS CH,Ph X=0
-/
7 2) Et;N 7 -
N JEGN, s N #Bu
{-Bu 4
S
s= ]
R O S K .
2 )J\ R"COX RZN\\: N ’R'
N N S < =
L -R"'COX % o
N R'\ Oj\ _X
RH S,__ S 5
““i/j PACHsBr 5_::<Nj
W L
_<\c: ‘/,NE_;%G
PhH.C "Br

Yamada, S.; Katsumata, Bl.Org. Chem. 1999 64, 9365.

Yamada, S.; Misino, T.; Iwai, Y.; Masumizu, A.; Alma, Y.J. Org. Chem. 2006 71, 6872. 10



|- Catalysts with stereogenic center

(Pr'cO)0  Pricoo”

A A RN NTgt e
N 5
48; KWD

N 9=<+,3=<]’

£y o= *
Bu >—< Pr' A substrate S
. Conditions : 0.5 of 4 OH
OH QCOPY' OH OH Ph/l\Me ;
+ = t iv (i
0.8 equiv (i-PrC0),0
17202 pl-~p2 1 2 plo g2 2
R R R R R R R R 0.9 equiv NEt; )O\I—I
- [0}
r.t. or -30°C Ph” “/Bu 10
OH 10
Plausible catalytic cycle for asymmetric acylation bsec-alcohols Ph™ X" "Me
OH
/ Me T
Ph

Yamada, S.; Morita, Cl. Am. Chem. Soc. 2002 124, 8184.
Yamada, S.; Misino, Tsuzuki, $.Am. Chem. Soc. 2004 126, 9826.




|- Catalysts with stereogenic center

.5 - Connon’s chiral PPY derivative

()

Cl Cl O [ N O
X

N
ﬁ/COZH 1)SOCI, AP N MN
- 2) HN P Z
N PhXQ Nph Nph
HO HO Ph
Y/ HO Ph
80% S

|.6- Campbell’s chiral DMAP derivative

Me Me
Cl N~ ~COH NN
N Me 2,4,6 collidine XN NuH § 0]
o+ N° TCOH  220°C(uwaves) | HATU B
N H 48% N Hunig's base N

6

HATU : O-(7, Azobenzotriazol-1y) N, N, N’, N’
tetraméthyluroniumhexafluorophosphate

O Dilaigh, C.; Hynes, S. J.; Maher, D. J.; Connon,. ®rg. Biomol. Chem. 2005 3, 981.
O Dilaigh, C.; Hynes, S. J.; O'Brien, J. E.; McCabe,Maher, D.J.; Watson, G. W.; Connon, SOdg. Biomol. Chem.

2006 4, 2785. 12



|- Catalysts with stereogenic center

C£OCOR 5%catalyst OCOR . O,\\OCOR
OH (-PrC0O)0 OH “OH
racemic

R= 4-(MezN)C6H4

Catalyst selectivity

Y

S 1.1

Priem, G; Pelotier, B.; Macdonald, S. J. F.; Anson, M. S.np&ell, I. B.J. Org. Chem. 2003 68, 3944.
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lI- Catalysts with axial chirality : Spivey’s Work

In 1998 - 1999
NH, NHBoc NHBoc NHBoc
. OH
) BOg,0,DCM, (7S EBTLL TH:; B MsCL Et;N_ [ S
P 0 2 ethylene oxide ~ P
N 99% N 750, N DCM N OMs
in situ
99%
MeN Me-N Me-N Boe-N
N ArB(OH),, Na,CO; Br.__A_ NBS, DMF N DIBAL, DCM XN
B Pd(PPh;),, PhMe | 81% | 55% »
N H,O/EtOH N N N
Me\N O \N/
® OA®
N N

85%

Spivey, A.C.; Fekner, T.; Adams, Hetrahedron Lett. 1998 39, 8919.
Spivey, A.C.; Fekner, T.; Spey, S.E.,;AdamsJHDrg. Chem. 1999,64 9430.
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lI- Catalysts with axial chirality

OH
ij ACZO, Et3N

entry catalyst 8 : 9 ratios
after 10h after 24h

1 no catalyst 99:1 08:2
2 DMAP 13:87 5:95
3 8 21:79 10:90
4 9 96:4 90:10
5 10 36:64 18:82
6 11 63:37 45:55
7 12 22:78 13:87
8 13 30:70 14:86

Me Me\
N . N
B D

8 “N? 9 “N’

Spivey, A.C.; Charbonneau, P.; Fekner, T.; HochmbtH.; Maddaford, A.; Adams, H. Org. Chem. 2001, 66 , 7394.
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lI- Catalysts with axial chirality
In 2001

Cl 0.0 ‘ Cl
N Br

Br AN Br+ Ph Ag2CO3, 5% Pd(PPh3)4 N |
| ¢ OO 80% ph L~

N
1) i-PrMgCl, H,O 99° ‘
) i-PrMg : 2 Yo NEt,
2)Et,Nli, Et,NH | N
. 0
Ph N2 33%
Substrate S
OH
OCOi-Pr 13
B4 Ph)\Me
OH Ar” R
A )\R OH
r
OH Phi_Pr 8.4
Ar” R OH
A 20
Ph” “t-Bu
OH
C6H4Me-2)\Me 25

Spivey, A.C.; Zhu, F.; Mitchell, M. B.; Davey, S.;Garvest, R. LJ. Org. Chem. 2003 68, 7379.
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lll- Catalysts with planar chirality

two planes of symmelry ' no planes of symmelry

17



llI- Catalysts with planar chirality

Fu's Work
Cl NR,
| X 1) HZOZ/ACOH‘ | X 1) HZOZ/ACOH‘ | AN
N/ 2) POCl3 N/ 2) HNRz/K2CO3 ﬁ/
83% (2steps) NR, = pyrrolidino 88% O
=NMe, 88%
1) Ac,O
NR, = pyrrolidino 48%
R,N =NMe, 58% 2) H,50,
fi@ |
N NR,
Fe 1) n-BuLi 2) R'sCpFeCl
R' R' X
' &)  NRy =pyrrolidino, R' = Me 88-91% »
R = NMe, , R' = Ph 79-93% N
R'
resolved via two crystallizations
of the appropriate tartaric acid salt
Me,N L Me;N L\
S L B g
Fe Fe Fe Fe
R’ R’ Me , Me Ph é) Ph Ph ’ Ph
R'K;\R' MeZ;\Me Ph/z;\l’h Ph/i;\ Ph
R’ Me Ph Ph
DMAP* PPY* DMAPC;sPhg PPYCsPhg

Craig Ruble, J.; Fu, G. Q. Org. Chem. 1996 61, 7230.



llI- Catalysts with planar chirality
Fu's Work

MezN

[0
Ph Fe Ph
OH OH CB OH OH OAc OAc

5 1% Ph Ph : :
M M NEt;, t-amyl alcool, 0°C M M Me Me

e e
98%ee 99%ee
43% 39%

racemic

NEt;, t-amyl alcool, 0°C
OMe

98% ee, 47% yield
s=107
OMe racemic key intermediate in
the Sinha-Lerner synthesis of epothilone

Bellemin-Laponnaz, S.; Tweddell, J.; Ruble, J.Geiting, F. M.; Fu, G. CChem. Commun. 200Q 1009.
Wurz, R.P.; Lee, E. C.; Ruble, J. C.; Fu, GAGv. Synth. Catal. 2007, 349, 2345.
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llI- Catalysts with planar chirality

Johannsens’ Work

%,,SP BOH), I
N\ oo
N S == (.
ée 2)B(OMe) éS\I;g‘ol PACL, (dpph), p S}:(%l 2) CISnBu,
3) NH,CI Lo
Br- N
| =
NO

Fe SnBu3 A
é Q
N
S
Br =
NO,

Seitzberg, J. G.; Dissing, C.; Sotofte, I.; NorrByO.; Johannsen, M. Org. Chem 2005 70. 10890.
Seitzberg, J. G.; Dissing, C.; Sotofte, I.; NorrByO.; Johannsen, M. Org. Chem 2005 70. 8332.



Some Applications of Chiral DMAP

Catalytic Staudinger cycloaddition

N
N
0 Y P
Ji NTs 10% Me/@l\%\Me jiNTs
e
1 2 R B
R R H R PhMe, -t : R?
Rl
entry R R! R? Yoee % Yield
1 -(CHy)¢- Ph 81 84
2 Et Et 2-furyl 92 93
3 -(CH,)¢- cyclopropyl 94 89
g Ph i-Bu Ph 98 88
Ph Et cyclopropyl 98

o PPY*%
NTs 0
RL 3 |
R™ R!
NTs

PPY* 0O

R
e

HR1

Hodous, B. L.; Fu, J. Q. Am. Chem.Soc. 2002 124. 1578.
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Some Applications of Chiral DMAP

Catalytic Asymmetric Synthesis of3-Lactones
S
B
[0 59, Me fbeMe
0) MeQ\Me 0O o)
DS M . Ref]oPh
R™ R! H™ "Ph THF, -78°C

Rdt = 48-92% R!
ee% = 82-91

Me R CH,Cl,, 40°C Me

Rdt =42-61%
ee% = 58-78

Bappert, E.; Muller, P.; Fu, J. Chem. Commun. 2006 2604.
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