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Our Approach toward the Chemistry of Chiral Organic lon Pairs

o Control of the Reactivity

@
Qi X & Selectivity of Anions

[@* = chiral quaternary onium]

Advantages Problems

» Stability of the Catalysts » Limited Ultilities
» Recycle and Immobilization > Difficulty of Molecular Design
» Operational Simplicity » Electrostatic Interaction
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") ~ ( bom
lon Pair Intramolecular Hydrogen-bonding
Ambiguous Distance lon-pairing Organic Anions
& Direction Control of lon-pair Structure

J. Lacour, D. Moraleda, Chem. Commun. 2009, 7073.
K. Brak, E. N. Jacobsen, Angew. Chem. Int. Ed. 2013, 52, 5342
M. Mahlau, B. List, Angew. Chem. Int. Ed. 2013, 52, 518.

Chiral Quaternary Onium Salts as Molecular Catalysts
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Ion-paired chiral ligands 1,2,3-Triazoliums

1,2,3-Triazoles and Triazoliums

1
N1~ ,N~ -
4>/kH H ©
X
® Ready accessibility
R2
Cu(l NN~
RI=—H + R2N;3 —=0 L N _)
R1

Huisgen cycloaddition

High efficiency
High regioselectivity
Functional group compatibility




Unique Properties of 1,2,3-Triazoles

Anion-Binding Affinity of 1,2,3-Triazoliums

. .
2 ' : i" 4 H 2
a- - -~
€ 5
7 [\f‘ H bos 0t~ C12Q--HN » 4>AH ~OH. o
Hydrogen bond i DRl \ Hydrogen bond ( %
accept \ > o H acceptor \
ptor f 3 C-5 T
Hydrogen bond > . L ) N N Hydrogen bond Increased
donor € 5 € f—-; % N donor anion-binding affinity
& 3
i, Ar!
M. R. Ghadiri, et al. J. Am. Chem. Soc. 2004, 126, 15366. . . o
t—Bu t-Bu o o triazolium NH O O O
salt N _>
" tBuy Cer--H~@) J
'N"N N'N‘ “Me _}
N i N -@- NH O O O
Bu4NCI H eH \_/ d _/
t-Bu H c~ H t-Bu Ar?
CH20|2 H H | Me Me
N\\\N H N/',N N(@/ \®N P. D. Beer, et al. Angew. Chem. Int. Ed. 2009, 48, 4781.
N’ N N oo N U. S. Schubert, et al. Org. Lett. 2010, 12, 2710.
t-Bu t-Bu Q S04* Q 6
A. H. Flood, et al. J. Am. Chem. Soc. 2008, 130, 12111. Me Me

Application of 1,2,3-Triazoles and Triazoliums

® Abnormal Carbene Ligands for Late Transition Metals

rPh Ph Ft
Nﬁl)\j pd” P ONMe Ny
Me’NJ \S 7 NN M /NQXR{J""Q
Ph I pn— € By Cl

M. Albrecht, et al. J. Am. Chem. Soc. 2008, 130, 13534.

@ Chiral Amino Acid-Based Organocatalysts for Aldol Reactions

Me
N\N /\/\/CkozH

R—@" N
\ N_ O, Me—N@N NH,

) O‘COQH )
BF4 N R BFs
H
(0] 0 catalyst (20 mol%
Ar)LH ' HH rt. AA)H anti/syn = up to 99:1

R R R R upto98%ee

(5 equiv) J. Liebscher, et al. Tetrahedron 2010, 66, 5082. 7

Design of Chiral 1,2,3-Triazoliums

N-ni~
—N'@N + How we can combine 1,2,3-triazolium
H. © 'Q with chiral structure ?

X
Cyclic structure <:,'> Acyclic structure
® Rigid @ Flexible

@ Multistep synthesis @ Ease of synthesis

NN7 N.
NG — R-N@®N N1 O
\ ’ = T

Pseudo Cyclic Structure




Design and Advantages of Chiral 1,2,3-Triazoliums

H Bn O
Bn-Br & B % PhMgBr Iq
Ar'! H,N" ~CO,H Ar?

@ Ready accessibility
@ Numerous possibilities of
structural modification

Cl

Bn
N. Ph
Bn-N@N Ph
A>r1/kl'! g\f
Br Ar
4.Br

@ Anion recognition through the
electrostatic interaction and two hydrogen bonds

Synthesis of Chiral 1,2,3-Triazolium Salt 4a-Br

X 5
L-phenylalanine Ph
H,N” >CO,H Bn—N%N o
H " HYO
5 CuSO4'5H,0 (1mol %) Ph O Pnh
N on N3SO.Im-HCI (1.2 equiv) " on 4 Br
CIHsN” N-Ph ——> N -Ph a-Br
KoCO3 (2.7 equiv)
OH MeOH, r.t OH
e , .t 77%
Ph—==—-H (1 equiv)
CuSO,-5H,0 (30 mol %) B ph N 2 b
Na ascorbate (60 mol %) pn~ N Ph NaNj (5 equiv) N N Ph
: — —> —
t-BUOH/H,0 H OH TFA/TfOH H °
] Ph OC Ph
80°C 83% 0
Bn
Zn (2 equiv) Bn Noy Pgh
HCO,NH; (2 equiv) N,'N\N/'\(;Ph BzCl (3 equiv) N”_
> _— .
EtOAc/MeOH =\, NH, Py.rt. pq HHBZ
r.t. Ph

95% over 3 steps
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Final Step and X-ray Crystal Structure

B o T ph
N'/N"N Ph BnBr (3 equiv) Bn—N'N@:N | Ph
ol H H"Bz MeCN, reflux PhHH @H"Bz
Br 61%
0]
Ph Mph
3
N=N"H H
(7 \
TN, He©
Ph Ph

ORTEP diagram of 4a-Cl

"H NMR Spectra in CD,CI, (0.01 M) at 293K

Bn
N Ph
Br-NN~ Y-Ph
Bransted = H Bz
basicity Pr aH Tp
4a
4a-BF, |
J]'L
4a-Br - |
a . b J u
4a-Cl

&/ ppm




Asymmetric Alkylation of Oxindoles: Previous Examples Effect of Substituents of Triazolium Cation
R1 1 2 Me Me:
catalyst R @Eg: 4 or 7 (2 mol %) ©\/’£Ph
+ A\ L
' O + R2X ——» \ o) N : 1P2 . uEi‘r) KoCOj3 (2.5 equiv) N
PG PG Boc <€ solvent, —20 °C Boc
Bn Bn Bn
Me NC  Cl N. Ph N. Ph N. Ph
MeO 5 (15 mol%) Meo\Cfg‘:\ : Bn-N@l P% chd Bn-N @N Ph Bn-N >9T Ph
— 2v12
N " toluene ph M @H 48 h Ph M%H\ll/; ph H @Mé‘[//
Me  50% NaOH _ Me B PN 69% 65% B TN 72%
83%, 77 7o ee 4a-Br 58% ee 7a Br —4% ee 7b-Br  9%ee
G. S. K. Wong, et al. J. Org. Chem. 1991, 56, 872 ©/ @ @E
Br\/COZ(IJVIe o & Me Ph
Bn 6 (10 mol%) Bn < N Ph Me %, Cl 2,
@fg:o Znl, (20 mol%) ©\/’QCOZM9 t.Bu_(\ JJ:I\} wi-Bu Br-N@N Ph Ar2= ©/ >
E KF (3 equiv) N H IG)H A>r1/LH H\fzo Me Cl
°¢  mesitylene, 0 °C 90% B;f y B2 A" EtoAc 4aBr  4bBr  4cBr 4d-Br 4e-Br
o, 9170 €8 4-Br 12h  85% 99% 99% 96% 99%
C.-H. Tan, Z. Jiang, et al. Chem. Commun. 2013, 49, 9854 . 56% ee 84% ee 93% ee 95% ee 97% ge
Substrate Scope Substrate Scope
, R , R! Me Me -2
R b g 4eBr(2mol%) R X Ph MeO . 4e-Br (2 mol %) MeO >
0O + 4 > o) O + R*Br > o)
N (1.2 equiv) K,CO3 (2.5 equiv) N N (1.2 equiv) K2COj3 (2.5 equiv) N
Boc EtOAc, —20 °C Boc Boc EtOAc, —20 °C Boc
\
E_t —= \\—: Bn Me // Me COzMe
< "Ph < "Ph N. Ph MeO MeO MeO % MeO %
N O BrNgh Ph 0 o
= ) N N
Boc BOC Boc A H H Boc Boc Boc Boc
8h 72 h 8h r 5® Ar? 10 h 10h 24 h 10h
82%, 98% ee 87%, 97% ee 98%, 97% ee 1 r 92%, 90% ee 90%, 97% ee 89%, 85% ee 99%, 85% ee
(Ar = O-Ph-Ce;H4)
Me (Ar? = 3,5-Cl,-CgH3)
D MeO 2 “Ph 4
N N
Boc Boc
18 h 18h Boc Boc
96%, 95% ee 99%, 98% ee - 138*10/
K. Ohmatsu, M. Kiyokawa, T. Ooi, J. Am. Chem. Soc. 2011, 133, 1807 o IS0 8¢

Boc
10 h 24 h
99%, 97% ee 94%, 97% ee
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Construction of Contiguous Chiral Quaternary Carbons
R1 R4

R4 R? z
o, @fﬁo = O
Boc Boc Boc

Contiguous All-Carbon
Quaternary Stereocenters

ML
E N7 N E Br
c H

(+)-Perophoramidine

(-)-Communesin F

Examples of Catalytic Asymmetric Construction of
Contiguous All-Carbon Quaternary Stereocenters

catalyst

2 Ar
R'_CHO (20 mol%) R Ar
D’ + ——> R} A CHO @*
2 R3 CO-t-Bu EtCN ) y © —N._.O0
R 2 1 orf HB
L]/ t—BUOQC R B-Nlaph
2 trans: 01591:95351 }45-99: 1 catalyst
Tooe Ar = 3,5-Me,CgH
82-95% ee (Ar e2CsH)
D. H. Ryu et al. J. Am. Chem. Soc. 2011, 133, 20708.
H
N3 N Ar
(Qn ] R2
IIH/\AI" \
X
R T Ni(OAC), N3 & NH
H . (20 mol%) 45-94%
_ TANPhtn  KPO, R | oy = 401201
RE T Y=o THF, MS5A N th  60-99% ee
N R. Wang et al. J. Am. Chem. Soc. 2013, 135, 14098.
18

Use of Highly Strained Electrophiles

5 o4
R'] 1 R R
R, XH

2
rdse L oma
+ — o
R3 N R5 R3 N

Boc
three-membered ring
[Q = 1,2,3-Triazolium]
2,2-disubstituted aziridines

Good reactivity Easily accessible

N_SOZArz preparable from styrene
R# derivatives in 2 steps

Ar'

electron-withdrawing
group on nitrogen

Aromatic substituents Versatile intermediate

useful for the synthesis of

beneficial effect on
biologically active compounds

regioselective ring-opening

For asymmetric reactions of aziridines: Schneider, C. Angew. Chem. Int. Ed. 2009, 48, 2082.
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Ring-Opening Alkylation of Aziridines
Ph, Me SO;Mes

e \SOzMes  4Br(smol%) — Me 5 o
K>COj3 (1 equiv
(o . Mol Keostreniy X
N : . N

Boc 'race”'.'b Etzo, r.t., 24 h Boc
(2 equiv)
\ n-Pr n- Pr \ n-Pr Ar!
Bn—N'@N Ph N Ph R-N'@N Ar'
H PP H R HHY,
Ph g© Ph Ph O Ph Ph o Ar
r Br
41-Br 4m-Br F3C 4n-Br
56% 95% 99%
dr=4.4:1 dr=16:1 dr=>20:1
93% ee 99% ee 99% ee
[R = CHy(4-CF3)CgH4] R = CHy(4-CF3)CgHg4
= 4-C|-C6H4
= 4-Me-CgHg4

20




Scope of Aziridines
Ar Me $O2Mes

Me SOzMes 4n-Br (5 mol%) Me NH
Me K>CO3 (1 equiv
@Q:o . e 00 (e @\/Q
Boc racemic Etzo, r.t., 24 h EIOC
(2 equiv)
Ar = J"‘\ rf’:\ & Y B !
Me MeO Cl Br '
92% 98% *87% *81% 97%
dr =>20:1 dr=19:1 dr =>20:1 dr=11:1 dr =>20:1
99% ee 99% ee 99% ee 98% ee 99% ee
sz ;D f@ f@
Cl Br CO,tBu Me
92% 96% 87% *82%
dr=>20:1 dr =16:1 dr =>20:1 dr=14:1
99% ee 99% ee 99% ee 99% ee

(0°C, 48 h) *[4n-Br 10 moi%]

Scope of Oxindoles

2
R R \-SOzMes 4n-Br (5 mol%) R2 SIHEL OIS
_Me K,CO3 (1 equw) R! NH
N 7 o}
. N
Boc racem/c Et20, r.t., 24 h Boc
(2 equiv)
- 1 -
\ n-Pr Al R'=H
rNEY AT R2= TMe X
= N_O
H H
Ph _© Ar? 71% 80%
Br dr = >20:1 dr=>20:1 [ 4n-Br 10 mol%
0, 0, o
Fod A 99% ee 99%ee |0°C,48h
R = CH,(4-CF3)CeHs]  R?=Me
Ar' = 4-CI-CgHy ;
= M M F
A = 4-Me-CgH, R e OMe
84% 88% 71%
dr =>20:1 dr=12:1 dr=12:1
99% ee 99% ee 99% ee

[aziridine 2.2 equiv]
22

Product Derivatization
Ph Me SO,Mes

Me .SO,Mes 4n-Br (5 mol%) Me, NH
Me N K>CO3 (1 equiv)
o, A4 o 0
N Ph > N
Boc racemic Etzo, r.t., 24 h Boc
(2 equiv) 99%, dr = >20:1, 99% ee
\ n-Pr Al Me Ph Me ESA@Mes
NN Ar' 1) TFA, r.t.
RO 0
HH )@ I\N/Ie 2) NaH, Mel
|" o
Ph @ 73% (2 steps) THF, r.t. to 50 °C
1) MeSO3H
FsC 4n-Br l TFA/thioanisole (10:1), r.t. @ Gﬁ“ﬁ
R = CH,(4-CF3)CgH, 2) LAH, THF, r.t. to reflux 'c“ s
Ar' = 4-CI-CgHy4 ph.Me o
Me,

Ar? = 4-Me-CgH,4

82% (2 steps) W ©
99% ee < ”ﬁ

w
pyrrolidinoindoline 23

Stereochemistry of Recovered Aziridines

SO,Mes
Me \-SOzMes 4n-Br (5 mol%) Mo AL Me 30,
Me ( \ K2C03 (1 equlv) Z,
N Et;0, r.t., 24 h g 0
Boc racemlc 22 ik, Eloc
(2 equiv)
Ar = Ph Ar = 2-Naph

product: 97%, dr = >20:1, 99% ee
aziridine: 99%, 76% ee

product: 99%, dr = >20:1, 99% ee
aziridine: 99%, 76% ee

—\ SO,Mes C Q(: ‘:\t e ?e""ﬁ‘ Q“: L
N v e
:\"‘“ OO N Me $02Me2 ;\'j::. o

,& (R) (R) e,
" B { \ 4 {
‘ } oC ‘;
e 24

chl,

e/’%
O
©

.?\"
o
®




N

Intervention of Kinetic Resolution

) _ Ve Me SO.Mes
.S0,Mes stereon.n./ertlve 2 A NH
MeA addition o
> N
Ar o Boc
(S)-aziridine (R,S)
+
-SO,Mes
Me N
LN . » not consumed
Ar
(R)-aziridine
A e
SO,Mes ‘r b« o
$ Oy TR TRy
() QD e somen XL e ¢
RN o
Q Mé X R 2 Me SO;Mes (]
(R) (R) Me_ % €3 'S
NS kNH Voo A
o) & I
| [

- N "2
Boc “ @
: - ®
e e 25

Tetraaminophosphonium Salts
)
Ho H X pui O Ph Ph
R-N.®@ N-R (2 equiv) O, _N_ N-H,
B — ;¢ ;o(]
N~ "N-H

\ T
R_’}l/ N_R T_HF O) I I
H H R=Ph Ph Ph

X=Cl
@stable salt @double hydrogen-bonding
A. Steiner et al. Dalton Trans. 2004, 898.
ion-exchange BI=4e Fe
1) NaBF Me Me
IH20-CH,ClI Me-N@ N—<:> KF Me-N@ N
2 272 :P< E— :P<
2) Me,S0O,4 <:>—N N-Me MeOH <:>—N N-Me
/50% NaOH-PhCl Me Me
alkylation
[R = c-Hex] base
Me Cst17 Me CsH17
base
(ca. 3 equiv) Me :
Ph-H Me
PhSO0" 7 25°C, 24 h %
Me Me ’ Me: Me quant.
R. Schwesinger, et al. Chem. Eur. J. 2006, 12, 438. 26

Tetraaminophosphonium Salts

t
i e 0O ™
1. -R2 alkylation N< N/
RIN@ MR I:.'y > [/'?\NEtz E/T‘NEtz
an’ Mi_p3 .. N-
R l}j r}l R neutralization Me N\Me
H H BEMP P-BEMP
P1 iminophosph
Q Stoichiometric ®p1 iminophosphorane
catalyst
0,
Ph,C=N._CO,Bu', _ (10 mol%) _ Ph,C=N.,_COBu"
PhCH,Br BEMP, CH,Cl, H *~pp
-78 °C 88%, 91% ee

M. J. O'Donnell, et al. Tetrahedron Lett. 1998, 39, 8775.

Q Catalytic
(0]

(0]
THF,rt.,8h CO,Me

P-BEMP
(5 mol%)

J. Rodriguez, et al. Synthesis 2004, 923. >98%

Q Catalysis of P4 Base

t-?u

P4 base MezN H NMe;
(10 mol%) H.__ Ph Me,N—-P=N-P-N=P-NMe,
Ph—=—Ph + MeOH ————> >~ ! !

T. Imahori, C. Hori, Y. Ki

DMSO PH  "OMe Me;N N NMeg
[o}
120°C, 240 990, (E1Z = 1:1) MezN-P~NMe;
ondo, Adv. Synth. Catal. 2004, 346, 1090. Me,N P4 baser

Design of Chiral P-Spiro Tetraaminophosphonium Salts

Various Aromatic Substituents

P-Spirocyclic Core with Readily
Accessible Chiral 1,2-Diamines

Hydrogen-bonding Donor

Ar,
NH,
L-valine ~ 25 Ar
NH,
(Ar = Ph)
¢PC|5, EtsN
toluene, 110 °C
c o
Ph H Ph Ph H H
PhiNe N/ Phd-No N
P~ “Ph * PN
< N N < N N
HH H HH H
(M,S)-1a (P,S)-1a

X-ray Crystal Structure of (M,S)-1a
28

1a: 92% (combined yield; MS/PS = 6:1)




Design of Chiral P-Spiro Tetraaminophosphonium Salts

Me Me
.\N,l(;-?'N \N ®, szph
Ph-7~N" "N-TPh
Ph Hg H Ph
Cl ‘cf

Application of Chiral P-Spiro Tetraaminophosphonium Salts

© (M,S)-1b/KOBu  oH
Ar H Cl 4 Ar R!_NO, - c
Ar N\@“\H H ~ .\ (1~5 mol%) . R2 R
. N’P\N Ar R2CHO THF,-78°C NO,
. N
H (M,S)-1 R? = aromatic antilsyn = 4:1->19:1
1a (Ar = Ph) aliphatic 74-96% vyield, 93-99% ee
alkynyl

1b (Ar = p-CF5-CgHy)

(M,S)-1a + KO'Bu

NO,
% H
* )\ Moy
Ar H Ar ok
Ar \\ N H ) ’H /'{j\-)k
HOH A H N 0t B
lmmophosphorane >_< R1 Structured
lon Pair
R R1 R?CHO
L NO, _|

(P,S)-2a-HCI

X-ray Crystal Structure of (M,S)-1a
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D. Uraguchi, S. Sakaki, T. Ooi, J. Am. Chem. Soc. 2007, 129, 12392.

D. Uraguchi, S. Nakamura, T. Ooi, Angew. Chem. Int. Ed. 2010, 49, 7562. %

Supramolecularly Assembled Chiral Organic lon Pairs

Me Me
\N @ N
Me Me OH
N P
Ph
Ph

toluene QO O\@
self

amino acid-based
chiral organic cation

assembly ¢ readily available
@ simple phenols
3a )
H 0 3or4 o Ph O
o) (1mol%) O 7/'\)1\5'[
Nt ——— =N

(e toluene

Ph/\)LBt -40°C

3a: 99%, 60% ee

crystal structure of 3a

31

Supramolecularly Assembled Chiral Organic lon Pairs

Me Me
W \N N

Me Me Et @

' C| J
toluene D/O OQ
I O
assseen{bly 0 readily available
; & 0 Ph O

/@\ ( simple phenols
Cl cl 4 /
| H 3ord 0
> G o (maw) oxOyNa

amino acid-based
chiral organic cation

gt . P _\tmore) B
é"‘zﬁ 2 N (0] toluene N

. ; = o

® o ALy, 40°C

3a: 99%, 60% ee

m [Bt :s\N,@] 3b: 92%, 80% ee

N=N 4: 95%, 95% ee

crystal structure of 3a D. Uraguchi, Y. Ueki, T. Ooi, Science 2009, 326, 1,20.




Controlled Self Assembly

Me Me e Me Me Me
ﬁ 1“” o ﬁ @Nf i“@“ﬁ
Ph Ph N Ph Ph

P I | I
c'>

H
(1 equiv) (I) (1 equiv) CI a cl
/@\ toluene Cl toluene
Cl Cl Cl Cl
(¢]]
Cl Cl

s 6'-"-
L .. __gll__./
Q"'c

o /c' b A

4 h b4 ‘. %’Z € . elf Qe 'ﬁ,\ fﬁi. ;/ I‘

[ € e ; s &7 ! J
G e @
a € 8 1 A

or 0“5 Y J: \— «@

ON ® "q‘. x

[ Jo] P

@ci

D. Uraguchi, Y. Ueki, T. Ooi, Angew. Chem. Int. Ed. 2011, 50, 3681.

Polarity-Dependent Mode of Assembly

Me Me cl Me Me Me Me
Et N\ N,®,No / ~Et \©/ o \N® N w \N@ N
P
Ph-T~N" “N-T-Ph o
Ph H o H .

\@/ Ph : I
0 1equw)
Q. o a@ . o@ W
Cl (6]
Cl CI

O

R R
OM . Zamsht) @ (3 NO; _ HO\H)\/NHz
\=N THF/DMF (5%) N 0

RX-NO2 -60 °C

B2-amino acid
75-99%, 91-98% ee

RS R @
@ O N
e NS N0, O
) R’ =N )\ =
) e RO » 2N ) = >
N @
H R/\/N @ NC)2

D. Uraguchi, Y. Ueki, T. Ooi, Chem. Sci. 2012, 3, 842.

Generation of Chiral Aminophosphonium Hydroperoxide

Me Me Me Me
N \N @ N
= PH OOH
toluene

P |
O‘H
@ N-Sulfonyloxaziridines (Davis’ Oxaziridines)
-SOLAr
N o) o-N-SOAr RSR ('S?
R™ H - X —  R%R
R *H

OH
Davis, F. A.; Sheppard, A. C. Tetrahedron 1989, 133, 5703.
Yoon, T. P. et al. Chem. Rev. 2014, 114, DOI: 10.1021/cr400611n.

Catalytic Asymmetric Synthesis of N-Sulfonyloxaziridines

catalyst (10 mol%) oH 9-Anth
NTS mCPBA o-N"TS \
RJ\H toluene, -40 °C' RXH Q /I\%
50-97% [
46-94% ee

N catalyst

Lykke, L.; Rodriguez-Escrich, C.; Jergensen, K. A. J. Am. Chem. Soc. 2011, 133, 14932.

Hf(O'Bu)4/ligand
(10 mol%)
N/TS PhC(Me)ZOOH Q"N,TS }N\- N O
R” R MgO, toluene, r.t. R/(R' Ph 00 Angh

H A
38-84% I:)hli andPh
91-98% ee g

Olivares-Romero, J. L.; Li, Z.; Yamamoto, H. J. Am. Chem. Soc. 2012, 134, 5440.
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Initial Trial and Payne-type Oxidation System

soft nucleophile

2a5Emol%)  ® © .Ts Ts
Ts H2 2 aq P-H N Q"N

/©)L (1.2 equiv) o) /©/’<H
toluene, 0 °C O,N @ O,N

Me Me
N, ,N
RS
Ph N N Ph

Ph H 2a Ph

H,0O, ag, MeCN
NaOH aq

poor leaving group
99%, 68% ee

2a (5 mol%)
H,0, aq (1.2 equiv)
CI5;CC=N (1.2 equiv)

toluene, 0 °C

MeOH, pH ~8, 60

MNa_
H'O‘O' H” -0,
B: base

> o) Payne, G. B.; Deming, P. H.; Williams, P. H.
°C J. Org. Chem. 1969, 26, 659.

N ® @
o/ — o I =% N

H 0" "R 0" R
peroxyimidat .

Reaction Mechanism

Me Me
~N,©,N ® O
;-4 = P-H OOH
PRTN" N"TPh
CI;CC:=N N1 H20,
0 hi§
H Cl,C” NH,
<
o : NH ® O
2 P-H O.__CCl,
"0” CCls A

NH basic anion

-Ts
N,TS/KV (?’-H ON-Ts j\\ O"N
[j H

Q
O:N 23\ 99%. 68% ee

good leaving group

Optimization of Catalyst Structure

TIs

o
O,N
Ar = ;\©

2a

99%
68% ee

&
\O\Me

2d

89%
44% ee

2 (5 mol%) O'-N’TS

H,0, aq (1.2 equiv) 2
> H
CI,CCN (1.2 equiv) /©/<
toluene, 0 °C,4.5h OsN
;\©\ /5\Me Me:g\
Cl
2 Ar Ar

83%
74% ee
Me Me
Et“ N
;\Q/CI N
2e (Ar = 3,5 CIQC@H3)

//-U\

Cl
86% 89%
94% ee 98% ee

39

Substrate Scope

M M
2f (5 mol%) N e e
N,Ts H,0, ag (1.2 equw)= Q"N’TS Ar
N A

H  CICCN (1.2 equiv) R H

toluene, 0 °C
oluene (Ar = 3,5 CIZC@Hs)

o O OO

25h,90% 25h,86% 4h,83% 3.5h, 99% 2h, 84%

95% ee 96% ee 95% ee 95% ee 97% ee

-~ /@)‘a ) /@)ﬁ ) /@)ﬁ

45h,91% 15h,92% 45h,85% 4h,96%

95% ee 96% ee 96% ee 93% ee
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Substrate Scope

Generation of Peroxyhemiaminal

2f (5 mol%) t\‘ \Me Me Me Me e ) -
NP H20zaq (1.2 equiv) onry R J.\\N,%,N R )NL/ P-H )rle\’ .
/ V2 \ r'd
. R” "H O,,-Ts -Ts HN
RO°H CIiCON (1.2 gguw) R™H WH N W = | N | B RO R
oluene, g
(Ar = 3,5 C|2C6H3) Q R Q R Q NH
O. OH O@ Ts”
0, 0 H ;
0..0 N ® o ®, peroxydimer
QN> Tol QN">"Tol \/O = "P-H OOH _ L il
2, peroxyhemiaminal
Me>(<H O/(H O/k
Me Me
3 h, 84% 3 h, 24% peroxyd/mer
98% ee 94% ee
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Substrate Scope Substrate Scope
M M Me M
2f (5 mol%) Et\\ RO 2f (5 mol%) o RS o
NP H202aq(1.2 equiv) O'- NP H202aq (1.2 equiv) oNP TRt
> Ar 7N Ar
. . g N N
R)J\H CI3CCN (1.2 equw) R H R)J\H CI;CCN (1.2 equiv) RAH Ar H of Ar
CHCly, r-t. (Ar = 3,5 CIZC@H3) CHCly rt. (Ar = 3,5-Cl,CgH3)
00 Qo0 TS 0P Qs
O"N"> Tol QN Tol \/O 0N Tol O'N™" Tol
Me H H Me H H Me
Me Me Me Me Mes =§ Me
3 h, 84% 1 h, 90% peroxyd/mer 3 h, 84% 1h, 90%
98% ee 98% ee 98% ee 98% ee Me
(toluene, 0 °C) (toluene, 0 °C)
0.0 0, .0 O\\S,,O
O"N"""Mes O"N"""Mes Me Q"N"""Mes
Ph H X H Me H
0.5h, 87% 1h, 84% 1h, 98%
43 96% ee 96% ee 95% ee 44




Plausible Alternative Mechanism

Cross-Over Experiments

—SOzMeS —SOQ‘MeS
Me Me R' TS [ @ i Ts I /\)’\Jj\
‘N’%'NI Pt 0 Ts H Ho sO,Mes Ph H SO,Mes
N - : NS 2 . OrN~°2
Ar-T~N" “NTAr R H | O\ TS HN-TS R™H H}N\ (1 equiv) (1 equiv) 3
Al HoH Ar ——> -~ — O R - Ha > Ph He' 63%, 97% ee
[} R)\Q R)\Q RO \N{H CDCl, OOH Cl;CCN ¢ eI
O. OH o) Ts” r.t. (10 equiv)
H @ . Me Me
® © ©) peroxydimer " 4§
= PHOOH S ,PH— 2f (5 mol%) N-SO0zMes N-SOzMes | Bt N2, Et
eroxynemiamina PARNS
peroxy Hzoz/Etzo )\/4 /\)THc ArA N" N AAr
path A | CI3CC=N pathB | CI;CC:=N (2 equiv) OOH roH r
H (AI’ = 3,5-C|2C6H3)
a
-Ts
N @ @ ~Is
! N |
P-H P-H Ts !\‘
o NH R7OH =70 —P N Mk
3> ; — / — ~ - — - — SRS S
00 O, CCl3 o K He
’ - A Hb
peroxyimidate NH ClsC” °N W Ha L‘l \
A
Ha LN
45 ;j(;" T S T ::;‘ ¥ 7?77 T T ‘ ‘ ' D ‘;10' "V‘V rfﬂ WEE WW‘ ‘”f”' ;".éﬁ
Cross-Over Experiments Product Derivatization
N,SOZMeS N.SOZMes @ Intramolecular Oxygen-Transfer Reaction
0, 0 A 0,0
H Hb, .sO,Mes Ph/\)_J\H n-SO2Mes 0N Mes O7 | N~ Mes
(1 equiv) N (1 equiv) Q"N CHCI’ N
— a ———> p He 63%, 97% ee WH 60 ° C3 Mes 025" oV H
CDCl, OOH Cl3CCN 96% ee
r.t. (10 equiv)
vie e EtsSiH 0..0
Et“‘ ‘\N/ N Et 3 (NI
2f (5 mol%) ‘P2 BFa-Et,0 .St
Hy0,/Et,0 Ar—mp AT BP0 HN">"Mes /\\-(N) 74% (2 steps)
(2 equiv) Ar Haoge Ar CHCl | I HO  $o,Mes 070 ®@
N-SO2Mes (Ar = 3,5-Cl,CqHa) -78°Ctort. [O
CDCly N-SO2Mes H @ Oxyamination
. /\)ch (1 equiv) qrN-SO2Mes s CuCl; (5 mol%) pp, — T* _
)\/’4 4 TBAC (5 mol%) T 76% yield
OOH C|3‘CCN Ha' 52%, 96% ee N > 0 dr=1.2:1
N;SOzMeS (10 eqUiV) CH2C|2; r.t. H N 95/95% ee
Ph/\)J\H 95% ee (1 equiv) Ac
(1 equiv) (2 equiv)
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