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Amphoteric molecules

Amphoteric?

Greek word “amphoteros” (both of two)
Amphoterism in acid/base chemistry
Amino acids (thermodynatic amphoterism)

Amphoteric molecules

Contains functional groups that are normally incompatible

Yudin and coworkers _
Nucleophile & electrophile in one molecule AUA
Aziridine aldehydes
a-Boryl aldehydes

Acc. Chem. Res. 2014, 47, 1029-1040.
Chem. Heterocycl. Compd. 2012, 48, 191-199.



Other "Amphoteric” molecules

“Ambiphilic”

— P. R. Hanson & coworkers

— [4+44] cyclization of benzosulfonamide with o-quinone methide

Merging

Ambiphilic
Synthons

“Amphiphilic”

Ambiphile 1

Ambiphile 2 !

----------------

________________

— Y. Yamamoto & coworkers

— Pd-catalyzed allylation reactions
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Outline

Aziridine aldehydes
— [1,3] Amphoteric system
* Preparation of aziridine aldehydes
e Reactions on the aldehyde
* Reactions on both moieties

a-Boryl aldehydes/carboxylic acids

— [1,2] Amphoteric system

.............................................

: oH & i °o

* o-Boryl cyanate/cyanides : e P e ,‘<§o
: P i

— [1,3] Amphoteric system ; Ph R

Acylboronates
— [1,1] Amphoteric system




[1,3] Amphoteric System:
Aziridine Aldehydes

Orthogonal functional groups

— Nucleophile: amine (aziridine)

PN
— Electrophile: aldehyde R ~o
Stability of a-Amino Aldehyde System
— Energetically uphill to aziridinium ion
OH +H®
o) 1 r ®
NH + || =—— -_— NZ"R + H,O
C . VR CHRY, 2
aziriding hemiaminal aziridinium ion

(energetically uphill)

— Spontaneous Dimerization

— Fuzed ring of aziridine and 5-oxazolidinol

— Single diastereomer (X-ray structure)

hydrogen bond
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Preparation of Aziridine Aldehydes

* Synthetic Routes
— From Boc-amino acids

; Boc
NHBoc 1. isobutyl chloroformate N
= N-methyl morpholine SN2
AN > RO
R™ "CO,H 2. NaBH,4
3. TsCl, KOH
|
LiTMP
N-to-C Boc transfer
— From Serine ester '
CO.R' NH
HO PPhs, DIAD _ CO.R
NH - R
2 aziridine ester
4
PPh,

. Staudinger reaction
— From Oxiranyl ester 9

\\Q ]
RN-COR NaN;
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monomer
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dimer

aziridine aldehyde
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Reactions of Aldehydes

—
* Reduction / Reductive Amination
— Quantitative yields with borohydride reagents
— Proceeds via an open-dimer intermediate
— Release of monomer / fast redimerization

NaBH, P 1" on
OH 0] quantitative
!
H ox H OHg¥
Ph /<'/LN o Ph /<'/LN on
open-dimer . NH
aniline, NaCNBH
\i Ph /<|/\N,Ph
fast quantitative
NH
[ phmo
monomer

J. Am. Chem. Soc. 2006, 128, 14772-14773.
J. Org. Chem. 2012, 77, 5613-5623.



Reactions of Aldehydes

* Peptidomimetic Conjugates
— Preparation of diamine derivatives

R1

& A R’
H o H,N~ ~CO,NHR? NH /H( 2
N > /<'/\ NHR
R/<l)\JN>kR NaCNBH;, ZnCl, R N I
NH
monomer

reduction of

2
CONHR the imine

R'=—(
/N
H OH &
open-dimeric imine

— No epimerization or overalkylation observed

— Attributed to the short lifetime of the open-dimeric imine intermediate (ODI)

— Steric hindrance and low concentration of the ODI prevents overalkylation

J. Am. Chem. Soc. 2007, 129, 14152-14153. &



Reactions of Aldehydes

e  Borono-Mannich Reaction

— Vicinal aziridine-containing vinyl diamine

OH .
Ly = 2\ BOH), R R
_B(OH),
/<,\|l\;0
R / <
B(OH)3
R2

alkenyl group migration

Ho, &

open-d:mer/c iminium N,O-chelate
— Exclusively syn selective process

— Involvement of open-dimeric iminium N,O-chelate

— Alkenyl group migration onto the si face

'1' H
a\gD _
o JTDN Steric clash
ZN “oH on O\Bé\ph
Iminium N,O-Chelate 9" si > [ace attack Iminium N,O-Chelate 9" re Re face attack: j_ Qrg. Chem. 2013, 78, 11637-11645.

syn product ! anti product



Reactions of Aldehydes

* Indium (0)-Mediated Diasteroselective Allylation
— Organized transition structure accounts for the high diastereoselectivity
— DFT analysis shows a pocket for Indium surrounded with one N and two O

'Drr

In(0), THF/H,O
R 2 dr > 95:5

OH
H O/X Br/\/ ” /<l'\l/'\/\
R/<'/'\N R X

R = aryl, alkyl

Me
* Wittig Reactions
& Ph3F'A\CDDEt NH

— C-vinyl aziridines - NWCGU&
TFE

— E/Z controlled by solvent 4 Me
X (EIZ > 95:5)
o)
NH
Ar'x\l)\N Ar
® ©

RH,C—PPh.Br NH
> Ar =
THF, KO'Bu R

(Z/E 80:20 to 80:10)

Angew. Chem., Int. Ed. 2008, 47, 4188-4191.
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Reactions of Aldehydes

* Seyferth-Gilbert Homologation
— Bestmann-Ohira reagent
— C-ethynyl aziridines (strained propargyl amines)
— o-amino allene formation with 9-BBN

o o
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R R, R Ry
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Reactions of Aziridines (Group Question)

* Initial Interaction of Aldehydes

* Pictet-Spengler Reaction
— Access to pentacyclic scaffold through a single cascade reaction

Ph Ph
NHBn '
OH @\/‘C N H 4 [
N — 3
N> Ph

O
Ph N Ph TFE or toluene

toluene 80 °C, mixture of I : Il =1: 2
TFE -20 °C, exclusively | (>20:1)

N sy

— Provide the mechanism for the above reaction

J. Am. Chem. Soc. 2006, 128, 14772-14773. 12



Reactions of Aziridines

* Initial Interaction of Aldehydes

* Pictet-Spengler Reaction
— Access to pentacyclic scaffold through a single cascade reaction

Ph Fh
NHBn I
OH @\/‘g_\ N H 4 [
@] M 5 s
/dlqﬂ'\)%\ - - @E@Ph +
Ph N ] 7
Ph TFE or toluene N H .

fast
‘toluene 80 °C, mixtureof I : Il =1 : 2[

20 © i .
NH TFE -20 °C, exclusively | (>20:1)

- Ph pr” g _
Ph
H -

N Ph N H

N7 Hgﬂy ) _ s H
[ ] : Ph

A I

Ph SN H

— Iminium ion formation
— Intramolecular Ad Ar followed by intramolecular aziridine attack

— Solvent and T dependent on diastereoselectivity
J. Am. Chem. Soc. 2006, 128, 14772-14773. 13



Reactions of Aziridines

* Ugi Multi-component Reaction
— Macrocyclic peptide formation
— High concentration
— High diastereoselectivity
— No epimerization, no dimer/oligomerization observed

peptide
HO_ .0 o)
@_
0 ¢ jfnn %’Nio R iR
peptide M.
/{TBL& T ORI = 9N )
R NS TFE or HFIP, 0.2 M )N
NH; R O Bu
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J. Am. Chem. Soc. 2010, 132, 2889-2891. 14



Reactions of Aziridines

 Mechanism for the Ugi Multi-component Reaction
peptide

HD§---R“ NH Fi“'-;\ \--HR'
peptide —~ 0 C}G rN“R
1 =]

NHE (m N

peptide peptide

— Iminium formation
— Isocyanide a-addition
— Transannular attack of aziridine

— Presence of the nucleophilic aziridine at the a-position is responsible for the high yields
and high diastereoselectivities

J. Am. Chem. Soc. 2010, 132, 2889-2891. 15



Reactions of Aziridines

* Initial Interaction of Aziridines
e Reaction with Isocyanates

I?h
OH _0 HN__o ©OH
: Ph. =* \I//' :
P N N o
WNHE = N /\ HFIP/H,0
I-BUWN“I I'Bu EtED JBUWNII- 'iBl.l
dimeric carbamate
Jf' Ph
O NH
|"-"-:-' ; N | , Ol -
Ph. N{z By Q\/N_ Ph HD‘:I[,; N ,BUMD
HFIP/H,0 H By N )
_ fBu "Ahf"":‘::D
reduced hydantoin e

— Solvent dependent (Et,O/HFIP)

— In Et,0: Dimeric carbamate

— In HFIP: Reduced fused hydantoin
— Dimer dissociation under HFIP

— Hydantoin formed when isolated dimeric carbamate product is treated with HFIP

Angew. Chem., Int. Ed. 2011, 47, 11798-11802. 16




Reactions of Aziridines

e Baylis-Hillman Products
— Exclusive diastereoselectivity
— Formation of 8-membered cyclic intermediate (dimeric intermediate)
— Ring opening by elimination of aziridine

OH
Aro 0 a9
MX pyrrolidine, PACOOH R/Q/I]}
N
R R MeCN o
(R" =H or alkyl) (dr > 95:5)
@ NH
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C.
PhCOO
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a b c
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Outline

e Aziridine aldehydes
— [1,3] Amphoteric system
* Preparation of aziridine aldehydes
e Reactions on the aldehyde
* Reactions on both moieties

* a-Boryl aldehydes/carboxylic acids
— [1,2] Amphoteric system

* a-Boryl cyanate/cyanides
— [1,3] Amphoteric system

 Acylboronates
— [1,1] Amphoteric system



[1,2] Amphoteric System:
a-Boryl Aldehydes & Carboxylic Acids

MIDA (N-methyliminodiacetyl) Boronates

-----------------------

O O
Electron-rich boron centers /—/B-(
MeN
Thermodynamically and kinetically stable C-bound isomer : N0

Preparation

Bench stable white solids

IR stretch: 1701 cm, *H NMR: 9.73 ppm

oMiN_jkb BF 4 Et,0
- <LBZO O
o

o DCM

Rearrangement of oxiranyl MIDA boronates
1,2-boryl migration (deuterium labeling)

o)
@)

R/L\7O
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- St
Sl _—
- D

1,2-boryl migration
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a-Boryl Aldehyde

e Various Transformations of the Aldehyde

— Reaction with amines and amides

— o-Bromination [B] [B]
. . OH -
— Pinnick oxidation R)\[( R)\|/\/
o) OH
— In-mediated allylation Bl
—  Witti reactiony P Naéloz In(ofa"ler BB]\/L
g Br . \ / R™ N7 >Co,Et
— gem-Dibromoalkene X .
— Triflate enol ether - PhgP=CCHICOEL
: [B] NH,SO?Bu
_ 0
Silyl enol ether R)VN\SOtBu -— RJ\¢
— Pd-catalyzed a-allylation _ CBr,, PPh,
NHR, .
[B] Br
(B] / \
N [Si] PhNT, R/\/\Br
NR' / \
(B]
)\ [B]
R . OTf
0Si R

J. Am. Chem. Soc. 2011, 133, 13770-13773.



a-Boryl Aldehyde

e Reactions of the Boronate

* Petasis Reaction
— C-C Bond formation
— Via pinacolyl boronate intermediate

o
y N’fafo
e B(pin)
\E;{,D pinacol, NaHCO4

R)HEZ MeOH FG

FG

e Allylated a-Boryl Alcohol
— Oxidation with basic peroxide
— Skipped diene preparation

OH /['131
. HEDQ—NEOH e
F'h"LTM R— Ph ]/\/
OH
OH

{quant., syn:anti = 93:7)

R1
glyoxylic acid N
amne  R? COH
FG
ag. 1_|_MHSEOH- Phw

(B5%, trans:cis =893:7)

J. Am. Chem. Soc. 2011, 133, 13770-13773. 21



a-Boryl Aldehyde

* Reactions of the Aldehyde
* Pinnick Oxidation

— o-Boryl Carboxylic Acids
— Bench stable white solids

0 0
/__{0 /_/K{’D
MEN\ EO NEC'OE, NEHEPDJ . MEN\ P D
B cyclohexene B
R/J\,;D t-BUOH/H,0 (2:1 viv) R)\”/UH
@]

— Configurational stability at a-position of the acid product
— Treatment with ‘BuOH/D,0, 0% of deuterium incorporation

0O 0
0 /_/ 0
= NaClO./NaH,PO, —< .
MEN\/\T?/% cyclohexene MeN\ 880
g -

‘BUOH-D,0
ph/K‘70 Ph/LCOOD

J. Am. Chem. Soc. 2011, 133, 13770-13773. 22



a-Boryl Carboxylic Acid

* Curtius Rearrangement
— Treatment with DPPA
— a-boryl isocyanate ([1,3] system)

— Bench stable white solids 5 o |

O ! ¢ 0 :

r;ﬁ{ DPPA : — :
MeN_ O} EtsN : MeN_ O :
B MeCN ; 20

/1\ ' .J\ = !

R™ "COOH : R™ 'N :

(R = aryl or alkyl) ! a-boryl isocyanate |

i ([1,3] amphoteric system)

e Barton Radical Decarboxylative Hydroxylation
— oa-hydroboronate formation via thiohydroxamate ester

— Subsequent oxidation to acylboronates ([1,1] system)

S — 0 -

O OH ¢ 0 o o
0 - 1 O O

[~ D 1, @" MeN"_gg 2.0p, tBUSH, hv Nf/—b( " Nf/—b(

e . e
MEN\BI/D = _ g~ S CHyCly, 23°C_ N 20 Dess-Martin _ "' 0
DCM
DCC, DMAP R/HVOH” 3. (MeO)sP R/J\DH - /go
R” "COOH  CH,Cl,, 23°C o L Il CH,CI, 23°C

thiohydroxamate ester
Angew. Chem., Int. Ed. 2013, 52, 8411-8415.
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[1,3] Amphoteric System:
a-Boryl Isocyanates

* o-Boryl isocyanate
— Ureas
— Manipulation of MIDA group to boronic acid derivatives

— Carbamates
— Boropeptides o
0
MeN!/—{ D 1.0 M NaOH (aq.) HOOH,
R' o] THF
N ~ Ny
e e e B D = ~Bu
! ; R [ R = CH,CH,Ph F‘h/\/l\ﬁ N
E ,n'/——D{D : / ) \ R'=t-Bu
M BE-D
- L7
1 e :
: R _ N : O 1. Pd(PPh3),, DMBA [_4
. a-boryl isocyanate : %‘1 /—/‘_{C’ DCM/MeOH MEN
{{ 1,3] amphoteric system} cucl™ MeN 0 0 (R =Ph, R' = allyl) B
"""""""""""" DMF g7 o " ,,i N
2 4 N “Cbz

_ Ph
' H M
R N’JJ\O'R 20 Noobz
H
PyBOP, DIPEA
CHCl5

Angew. Chem., Int. Ed. 2013, 52, 8411-8415. 24



Combined [1,3]/[1,1] Amphoteric System:
a-Boryl Isocyanides

e —
* o-Boryl Isocyanide

— HSiCl; mediated deoxygenation

— Combination of two amphoteric systems: [1,3] & [1,1] system

0 S o] 2
O | X i
~ | : 0 TMSNS, MeN, 906
MeN_ Oy HSICl3, Et;N L MeN” o), ! HCI (cat.) B
\ .-‘:___.-' - : \ IJ___,D 1
/I\)\ ')\)\ i (1:1 wiv) T__:N
NCO : NC | =N
e Other Reactivities S. Se (cat.)
THF 0
— Sulfurization to isothiocyanates 0
. . . . lI::I'll:l MEM\‘ OG'
— Reaction with amines (thiourea) o g
MEN\ 04 RNH )vL
— Tetrazole formation )\j\” THF NH
NCS SA -R

Angew. Chem., Int. Ed. 2013, 52, 8411-8415. 25



Combined [1,3]/[1,1] Amphoteric System:
a-Boryl Isocyanides

* Multicomponent reaction (U4CR/P3CR)
— Ugi reaction

MeN” & NHs, R'CHO, R2COOH
kY > B ©
B TFE H 5
)\/l\ NJ\( NGR
NG H T

— Passerini reaction

PhCH,COOH

PhCH;CHO,
DCM

%% NaOH HD“‘B"D:\E’\Ph
THF/H,0 /L/'\
PP AN, NS0
O e
O

— These borocyclic peptide derivative exhibit comparable results and selectivities to
bortezomib

Angew. Chem., Int. Ed. 2013, 52, 8411-8415. 26



[1,1] Amphoteric System:

Acylboronates

e Thiazole Synthesis

— o-Bromination followed by reaction with thioamides/thioureas

— Carbon-Boron bond intact

0
O
I'u'hal‘d/—A{:?J

\ l;f'l':l Brz

B dioxane/DCM

RK/J\:, (1:1 viv)

* Quinoxaline Synthesis
— Silyl enol ether formation
— Rubottom oxidation
— o-borylated diketones
— Subsequent DM oxidation

O 18]
0 < O
F%{’ TMSOTS e’ 0%
MeN, d -0 oBU oW -0
DCM
R\/%D K”L\GTMS

R

e -

#

R
N
v
O

1. mCPBA, DCM
e

2. TBAF, THF

0
/_jaﬂ /__{‘/:z 0
/—5{ S 0
MeN_ O J MEN\ 0
g R2” NH, 1 B
FUY&D DMF ] RY”EN
Br S"“<R2

O
NH, — 0
@: MeN © ED
L
MH, B
DCM R o

1S

o]

8] o

& 0 0
R\,/gﬂ Rj(l\DH
L OH p OB

Angew. Chem., Int. Ed. 2012, 51, 11092-11096. 27



Summary

The syntheses of compounds with [1,3]-, [1,2]-, and [1,1]-amphoteric systems and
its synthetic utility in various reactions have been studied by Yudin and coworkers.

* Amphoteric compounds:
— are mostly bench stable solids
— show orthogonality of nucleophilic and electrophilic components.

e Aziridine aldehydes:
— exists in dimers via self-association
— benefit high stereoselectivity from having dimeric nature

* o-Boryl aldehydes:
— Isolable amphoteric metalloids
— Retention of the C-B bond
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