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What are Multicomponent Reactions?

Mannich Reaction

A 3 or more reagents in N

r re reagent in the same flagk 3
ms Biginelli Reacti

A Most ato of each component are gieTl meaction
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incorporated 0 )OL 0 H* ZCHAGEN
A Often robust with very generalizable coc ' we = P H © " i, EOHA P

. . N~ 0
applications H
Hantzsch Dihydropyridine Synthesis
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0 NH4/HCN _ HN CN H*/ H,0 H,N COOH
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A Modification of théMlannichReaction

Mannich Reaction

o § o R])kR
A+ elg R -
R.
H” H RT R R N
R
1. (CH,0),, and amine
in dioxane or toluene
OH H. _R, 90°C, 10 min AN~ R2
B +  (CH0), + N oo .dQO°C=R\ N
RX-Byoy R, . boronic acid, R4

10-30 min; orrt, 3 h
75-96% yield

Tetrahedron Lett1993 34, 583586.

NicosA. Petasis

B.S. 1978 Aristotelian
University of Thessaloniki,
Greece

Ph.D. 1983 University of
Pennsylvania, Philadelphia

Professor at University of
Southern California

Advantage oveMannichReaction

A Vinylic nucleophiles did not work well for
allylamines

A Boronic Acids are commercially available

A No loss of configuration
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Petasig1997) _
Stereoselective Example
R4
)Ri\/gH i o , RasyRs Rs\ R1‘\N\F({)5 0 eh /?T
R OH R1)k!¢ v DCM. it 12h RZ)\)\V& X EH J\(OH HzN/\/OH /\i’\'l\ >
OH OH phXxBsgy + HO PR " CO0H
76-94% yield OH CHyCl, 1t, 121 78% (>99:1 dr)
Carbonyl Boronic Acids Amines '
O -
NP Rs OH R-NH; Advantages over Strecker ahlgi
Ry X B\OH R = aryl, benzyl
O
(0] .
(o) R, = aryl or Br [ j NO ISocyanIde!
OH R3z-HorBr ”

Tolerant of bromederivatives

Generalized Form of thieetasidReaction _ _ o
Chiral Amines gave fullastereoselectivityat

OH 0] R4 R
! R1\ /RZ o 2 room temp

X Y

X =0, or an HIOH These reagents can be readily prepared
=, , Or

Y

J. Am. Chem. Sd997, 34, 445446.
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Observations
(0]

oJo N
OH

Tetrahedron Lett2000 41, 13031305.

oH i
P Byop R

Schlienge(2000)

.

DMF:DCM (4:6), 50 °C, 2 days

v

o)

[ j Me;SiCl
N
H

THF, 20 °C

Ph

U 2-Al@hy8e® U N.

J\H - PhMR

<10% yield

I
N~

54% yield

)

H
R= S N
D

N\N/
imidazolyl Ph
triazolyl
N O Y
» |/
=
2-furyl

quinolinyl

A9t SOGNRY waAOK
aldehydes both had poor
yield

A Mild Expansion with
trifluoroborates, but not
significant enough



Finding a Mechanism with Observations

A Solid Phase Approach for Combinatorial LibraB8ebl{enger2000)

1. 20% piperidine, DMF
0 OH
N , 2. 14 eq R4CHO, 14 eq R,B(OH), N
Fmoc” -Q e+ _B. Ry COOH
Ogo R H R OH 3. TFA/CH,Cl, —

0]

o
oyj\© OQJ\O o~

Work but with lower yields

Key Findings

more electron rich boronic acids

Salicylaldehyde reacted in lesser yield involving HOOC~<< COOH

Glyoxylic Acid works in higher yield, but wodse 82% yield

88:12 dr
Purity > 95%

Morpholine, Benzylamine, and methylbenzylamine
work poorly for solid phase (<37% vyield)

h -heteroatom groups to the carbonyl were required,
implied that highly activated aldehydes were necesg

82% vyield
70.5:29.5 dr
Tetrahedron2000 56,10023. Purity > 95%

Comprehensive Medicinal Chemistr2007, 697.

HOOC~<<

Q Q
COOH HOOC COOH HOOC COOH
7 (@]
=

OMe Br
90% yield 86% vyield 78% yield
70:30 dr 73:27 dr 54:46 dr
Purity > 95% Purity= 92% Purity= 90%

QO

COOH

OMe Br
81% yield 0% yield
97.5:2.5dr
Purity > 84% Purity= 95%



Mechanisms for Glyoxylic Acid and Salicylalder

Mechanism for glyoxylic aci&¢hlienger2000)

o 0 OH Riw. Ry

| N
N B
K\ OH
H H COOH

\‘ Ho R /
{ OHO on ] & @;‘%\/OH

R1\+N - O
/

R> O

A Vicinal functionality necessary

A 11B NMR shows strongpfield shift from 33.5
to 14.2 ppm in complex

A 13C NMR shows glyoxylic acid monohydrates
signals disappear with reappearance at
upfield when mixed with phenylboronic acid

A But, with salicylaldehyde, there was no boron

shift until secondary amine was added

Tetrahedron Lett2000Q 56, 10023.
Tetrahedron Lett2001, 42, 539.

Mechanism for Salicylaldehydedtasis 2001)

0O Ro< -R
OH Z>N"°0H
H é RZ\N,R3
+ R»]/ \OH + |_I| E—" R1
OH

R4 = vinyl/aryl

OH
R\é/OH
OH. OH OH OH H,0 )_ 0

R3\ _— +
R1 ’}l R1\N ~
R2 F’{})

A Boronic acid does not react as nucleophile or
electrophile even at high temp

A Requires amine to be present first

A+l NA2dza | f RS KhetRr&iom g A O K-
were ineffective




A DFT insight in Water for Salicylaldehyde

22 9209 "
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Eur. J. Org. Cher2009 56, 18591863.

Candeiag2009)
(0]
OH O B(OH), [Nj
OO e OO0
H Rz
N
)

R1=H (75%), Me (70%), OMe (72%)

R, = F (75%), Me (85%), OMe (81%)

o o T >

A
A

Salicylaldehyde forms an oil, which dissolvis
aqueousupon addition of amines

No acceleration in water compared to toluene or

dichloroethane
Accounted for solvent effects using polarizable

continuum model
The Zwitterionic TS is 13 kcal/mol less than

protonated
TS indicates early transition state

Stabilization seen withoronate (ATE) formation

9



Diastereoselectivitwith Chiral Aldehydes

Petasig1998)
R R
Ri<\-R2 O OH 1~y R2
N + + '
H H&Rzl R{OH EtOH, 25 °C R4)V; Rs
OH OH
>99:1 dr, >99:1 er
Ph
: . . el . - Me NN AN )\ -H
A This highdiastereoselectivitys specifically uph Yoo Yoo i)'“vph
observed only with the synthesis of amino alcoh¢l&8™ ~~ * i S T
A Yield significantly reduced with ammonia 84% yield MeO % yield 84% yield §7% yiold
A This will also be seen later!
A Presence of the alcohol is still needed P N Ph ph7 N
A Works with primary amines and secondary amines T al (S on
A Requires electron rich aryl boronic acid or styryl s of Negoo
boronic acids. 84% yield 86% yield 73% yield 39% yield
J. Am. Chem. Sd©998 120,45, 11798.




Understanding th®iastereoselectivity

Pyne(2006)
OH OH
- < H : < H
ADmix, R1W R1/\r
o) HN.
oy BOH); R,
R X -SOPh | R,NH,
1
CH,Cl,, rt
ADmixg OH
L H
)\[( R1)V;
R, = allyl, PMB HN.
= Ph(CH,),, TBDPSO(CH,), 2 = allyl, R,
35-51% yield
>90% ee

no syn alcohol

A PMPNHand morpholine gave only 12% yield
A No presence of the syalcohol and only the anti
diastereomer formed

OH

R1)\./H

HN .
R

Pyne(2006)

4 steps

TBSO

(-)-swainsonine

Proposed Mechanism bi?yne(2006)

Ph
0 ‘> HQ R)\/H
Ry H—N\H Ry o HN
H” 'R, H + 'R, R,

J. Org. Chen2006 71, 709#7099.
Chin. J. Cher2010, 28, 41-49.

Proposed Mechanism via DEShuhua(2010)

R2\ /

R, = benzyl

B(OH);

+

. H\K/Me -H,0

R2\ /
HJ\/Me
R\ -_

1 BO

/7 \
HO OH

“OH

R4 = styryl



h-Amino Acid Formation Using Ammonia

Dhudshia2005) 5S5Y2yaiN) (A zhgidroatoms 1 K Yy 2y
0] OH
NH, (10 eq) HoN_ CONH, o
OMe _~__B. 3 . 3 B(OH NHs(10eq)  HN Ry
N (OH) -
R1)J\(f)( OH  MeOH,rt,24h  Ri = R1)J\Rz e i MeOH, rt, 16 h Ry N
H,N \CONHZ HoN \\CONHz HaN ?\CONHZ

SN Ph” X Ph)\(\ .

o o o
HO Ph
88% yield 92% yield 95% yield A AN \)J\Ph Ph/\)J\Ph

60:40 d.r. 97:3 d.r. 97:3 d.r. 73% yield 80% yield 78% yield 78%% yield

(E-crotyl) (E-crotyl) (Z-crotyl)

0 o)

A This mechanism is not encompassed in the ﬁﬁ )O\(Q

previous reactions, but can be plausibly O O N L\
reasoned through with ester group | on 50% yield
enhancing electrophilicity of intermediate e e P yiel

ChemCommun2005 44, 55515553



Limitations of the Amine with Boronic Esters

Focll=d

R4 = vinyl, aryl, or 2-thiophenyl

Scobie (2002)

Ra<, .R3

N
H COOH
. R,
CH20|2, rt R1 ’}l
Rs

R, = morpholine pyrrolyl, diisopropyl

A Primary amines do not work with pinacol

boronates

A Benzylamine works up to 67% with 4

methylbenzene boronic acid

A Speculated bis(isopropyl) boronic ester workes
for Petasigdue to potential for formation of
boronic acid due to glyoxylic acid monohydrate

being used

A However, this can be altered through the use ¢

solvents

Tetrahedron Lett2002 43, 59655968

A4

COOH COOH COOH

COO
0% yleld on all )\ R4
primary amines <13% yield <13% yield <10% yield
coo/H< COOH COOH
/@/\)\N X N—"\ AN N
)\ N0
R4 R4 R4
>70% yield >71% yield >70%
COOH
COOH . R,=H, Cl
,Rz X N~ 2
S N |IQ
\ S Br 3
<29% vyield <7% vyield
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Piettre (2005)
9J§< o o HN” >Ph
X _ B~ rt, 4 h
e e (I H,N" PR ———— Ph/\)\COOH
H OH solvent
Solvent Yield
toluene, THF, CH,Cl,, dioxane 0%
MeOH 52%
EtOH 74%
HFIP 88%

9J§< o 0 [Oj Condit N
X B« onditions
PRTNTOT Hj ZOH TN e Scoom

Conditions Yield

CH,Cly, rt, 4h 12%

MeOH, MW (300 W), 120°, 10 min 21%
HFIP, 4 h 81%

Tetrahedron Lett2005 46, 80273031
Eur. J. Org. Cher2009, 56, 18591863.

AMRASAOdsa T 2

General Notes

A BoronateEsters are the ones that have been
studied the most for solvent effects due to
Issues with reactivity

A Salicylaldehyde withrylboronicacids and
morpholine work well with 1,2 DCE (77%) while
DMF is less effective (41%).

A In general, the use of polar, organic protic
solvents tend to benefit the reaction with
styryl boronic acids/esters and glyoxylic acid



Aniline and Heteroaromatic Amines

Folimann(2005)

B(OH), o 0 COOH
H\N,H Ry
Il?1 + H OH ”
MeCN-DMF 10:1 R,
Ry MW, (300 W) 120 °C, 10 min
R1 = heteroaryl Re=H, Gl OI\/I?Decreasing Electron Density Boronic Acid
A For the reaction of arylamines with N coon N coon
arylboronicacids, the more electron NN .
withdrawn the aniline is, the less reactive " oMo : N
A The more electrorwithdrawn thearylboronic 94% yield <5% yield
acid is, the less reactive Decreasing
Electron
pensity Ny coon 7N cooH N coon
N, Amine N~ N N & N N7 N
COOH OMe
” 87% yield 25% yield <5% yield
COOMe OMe
0% yield
fN COOH fN COOH
0, TV
H H
OMe Cl
Synlett 2005 6, 10991011 86% yield 12% yield
Y




Non¢ NI} RA G A 2y | faminorakigs S a

N-hydroxy and\-alkoxyamino acids N-(tert-butyl sulfinyllamino acids
(Naskar2003) (Naskar2003)
Ry~ __OH Ry~__OH
’ B o (I'BDH O RiRy
Rq~, .O. oH | Rq~, 0. S. S.
1 N R glyoxylic acid 1)N\ R >‘/ NH Q o >‘/ H COOH
H CH,Clo, 1,240 HOOC™ R, R, OH
R, = methyl, benzyl, t-Bu 75-95% yield Ry =aryl, styryl CH,Cly, rt, 48 h 50-73% yield
R, = H, methyl R, = H, methyl
R3 = aryl

Hydrazincamino acidsFortlock 2005)

Ry g-OH
Ry N N|’-I|Q 2 oH Ry N N’R2
1 - > 1 -
\n/ glyoxylic acid \”/ >\COOH
O CH,Cly, t, 24 h O R,
R4 =t-BuO, BnO 60-99% yield

non-EWG amines
R, = H, aryl, benzyl, alkyl

R3 = aryl, styryl
Tetrahedron Lett2005, 43, 68456847
Tetrahedron Lett2003 44, 88658868



Expanding the Scope of Organoboranes

Portlock(2003)

Ph
o H
R egoxyI|caC|d= N Ph H _ /NQJ\N N
.0
Ph

HO™ " "OH CH,Cly, 1t, 48 h N=:
H 22 kCOOH
42% yield

0T

MeOH, rt, 24 h
Rault(2006) Plausible Mechanism to Explain Formation
NEt,
B(OH),
XX Pa NN N COOH
U N S~ /(j)\ Cor o, HO~ OH
Br” "N N Br” "N B HOLOH o ~ \B‘)
Br N/ o0 Br N/
H  OH
EtOAc J-szo
ft, 24 h
: OH
OH NN y  OH .
% H Et,N © ! 0
B 0 B o ~r 8o
|\ ~0 CH,Cl,, t, 24 h |\ >~0 |
=
Br” N7 Br” N7 Br- N
80% yield
Tetrahedron Lett2003 44, 603605

Tetrahedron Lett2006, 47, 21652169



PinacoBoronatesand Transient Boronic Acids

CrotylBoronatesand Ammonia$ugiura 2004) Transient Boronic AcidS$€lander2007)
1. Boronate and NH3
0J§< o in EtOH, -78 °C, then NH,
K\/BI\O + H)j\COOH + NH; -10 °C, 30 min /\‘)\COOH oS- Pd < (5 mol%)

2. Glyoxylic Acid in H,O, C| Me _oH

EtOH, -107C. 3h >91% yield P 0H 01 (5 moi), (HORBB(OM) Ph/\/\B ]
d.r. >99:1 DMSO/MeOH, 40 °C, 16h OH
(racemic)

X

K\/ B\O
Ph 76% yield

1. Boronate and NH3 | R= Ph (85% yield, >99% syn) glyoxylic acid, COOH (racemic)
in EtOH, -78 °C, then R = t, 16 h
-10 °C, 30 min R= p-NO2Ph
O ’ [ H > 0, . .
)y — (90% yield, 99% syn) A Someallylboronicacids can rapldly
R H 2. Benzaldehyde, decom ose
EtOH, -10 °C, 3 h
© = P O t NH, R= Ph (79% yield, 93% anti) A Thi ”p ¢ i f tabl
RS o IS allows for generation of unstable
9J§< (92% yiold, »92% ant) intermediates that still work to generate
B high yield

J. Am. Chem. S&004 126, 71827183
J. Am. Chem. S&007, 129, 1372313731



PromotingDiastereoselectivitg F-amino acids

Nanda (2005)

Proposed Intermediate

Tetrahedron Lett2005 46, 20252028
Tetrahedron Lett2002 43, 596395970
Tetrahedron2006, 62, 236242

©/\/

?
B

o)

Scobie (2002)

it )

H COOH CH.CI
2Ll
+ —_— X COOH
o rt
[Nj 81% vyield
H er 57.6:42.4

Southwood (2006)




