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N-X Species

Development of Practical Synthetic Methods Utilizing O-X or

Satoshi Minakata *

In chemical species containing of oxygen-halogens and nitrogen-halogens bonds, the halogen
substituents show versatile reactivities, because oxygen and nitrogen atoms have higher electro-
negativity than halogen elements except for fluorine. I have focused on such monovalent halogen
species and developed various synthetic methods utilizing O-X and N-X bonds which involves
ionic and radical reactions. In this account, I describe such practical synthetic methodologies,
which are CO, fixation to unsaturated alcohols and amines, oxidative homo- and cross-coupling
reactions of aromatic amines, novel generation of nitrile oxides from aldoximes, synthesis of
oxazole—fused Cg,, iodoamination of alkenes in water, diaziridination of secondary amines, diaste-
reodivergent diamination of unactivated alkenes, practical aziridination of electron-deficient
alkenes, selective synthesis of nitrogen-bridged fullerenes, and benzylic C-H amidation.

Key words: oxygen-halogen bonds, nitrogen-halogen bonds, monovalent halogens, CO, fixation,

amination,

i U &I

[/v1 7 > J(halogen) OFEJRIE, F) 2 v FETME]O
ETH 5 (hals) L[1EL |0OFETH 5 (gennao) ICHIH L T
Who Thbb, Nur iR ER T EOZ
BHRLTWwa, [LEHIZEWIRZ 2 & a7y v i3I
1O TH 2" L) 2 & RFRRMIITEBL T
BY, EBIZIZEAEONTF AL OEBLE DK
RCTHET L L Vo THBF TRV, ThUL, ~ayr
YMEEEL D O 1 OB HFD L VIREETH B 2 LI
BRELTWE, 20X IINTT7 VTR E
Wiz, BAETEFIEOT 2105, Tabb, &
SEMEIRKE V. —FTenary L iEEAT 5 (F
REO)TRICL-TUE, HNar v+ o LikEY &
LA B, BIZIE, ) KELRBLREMERITET
HHBFELIEERO™BE AT 20T, WHIERRE,
R, EEBBLOBEREE L TH 2L L s
NTWb, BFERLIVEIZL RO DHELEL,
NooNar y RERAEERE I BV TR & L
TEICHVWOLNTWS, F72, BHEET D ILBRYELSE

-
—

ORI EE RSB T2 7 RIS F AL 22 52 (565-0871 WK FH i 1L
M 2-1)

* Department of Applied Chemistry, Osaka University (2-1
Yamadaoka, Suita 565-0871, Japan)

Vol.81 No.5b 2023

(31)

WHRTEETHLIEDS, A7 U4 IRy M
YR EDAI Ry M ELOATUROERIINTS
YUHKEE LT A AERLETEH SN, FISKRETH
s ALElE LTEH SR Th 5,

EHOIE, ZOL)B+OBLREOR LT+ O
bt s b ofd v v Ivioa sy Y RICER L E
B L CE7, i, EF- 1 urrEar a7 56N
TATIAIEH L, SEREREEEA L) N T O BIEK
BB AR A~ DERFE T 1=y NEARGE &,
WAL 7 I AL ORSEE R & 12b DIIFE L CT& 7.
KipaEko 2003 47 B & 082009 £212 2 b DA
#ELOTVED, ARTIEERUBEICHE LN &
FrBWZ Oy AT, O LFrBE uy
AR BRES D B BRIBIZDWTA F YRS s
TN WIS TR 5,

1. BREFERVEIVRERRA LT 3 EHRIT

WHE = Fl{k tert- 7 F )V (+-BuOl) IZEFE & I 7 #HEH
FRBEVZBLVWITTHY, TILOIICALETHD
Z & BRI FRBR tert-7F )V (+-BuOCl) & = 1+
N1 A (Nal) & DRISIC & > TRNTRESETHY
Do T, FHALF MUY A OB < RIMT R
BRDL72DIHETL ) BDILTH S, LT IZIE S DA
FHWTHE LA ISIZOWTRRTA, 2o +11fi
O IATENCEEONT 0 JEFIBE) L ML 58

439



& THETT ARANETH B, t-BuOl @ ISED
KELEME LT, Zo+1ioa vHZBATORTIC
AL KRR eI 22 8128 ), RIRAERIEE
D/NE T I —)VHHERES 5 Z LB &y, B
RIS % A A T,

11 1 F 2 RIBIZE 3 CO, DHELR

TELIRFEL T VI = VOIGIEE /) REET ATV &
DI H BD5, I RIZEFIH->TWEY, LaL, 5
WO /) REL ATV E +-BuOl S5+ 5 2 & T,
HNCE L7289 EE D 7OV T — UASEEE L, SEEAE D, 4
FRIZ+1MiO T T REHIRTE 2 TV VDAL
T — FRALDSET L, ZELRFEXID Ao D &
ERI(Rx—L1),

0
@@ J*_ mwlo ol . y%
ﬁ t-BuOH K NP
Scheme 1 Strategy for trapping carbonic acid with
tert-butyl hypoiodite.
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Table 1 CO, fixation with homo(allyl) alcohols and t~BuOL
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Scheme 2 CO, fixation with acetylenic alcohol and ~BuOl.
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Table 2 CO, fixation with allyl amines and /~BuOL
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Scheme 3 CO, fixation to homoallyl amine and propargyl
amine.
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Scheme 4 Oxidative dimerization of aromatic amines using
t-BuOL
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p-CN, p-NO,, m-Cl, m-NO,, o-Ph, 0-CN, 3,4-Me,, 3,5-(CF3),
2,3,4,5,6-F5

conditions:
solvent: MeCN, Et,0, acetone, THF
temp (°C): -20, rt
time (h): 0.25, 1, 3, 6, 12

Scheme 5 Scope of oxidative homodimerization of aromatic
amines.
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Scheme 6 Scope of oxidative cross—dimerization of aromatic
amines.
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Scheme 7 Oxidativedimerization of heteroaromatic amines.
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Scheme 8 Plausible reaction pathway.
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Scheme 9 Generation of nitrile oxide from aldoxime using
t-BuOL
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Table 3 Cycloaddition of benzaldoxime using ~BuOL
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Scheme 10 Cycloaddition of alkyl aldoximes using ~BuOL
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Scheme 11 Plausible reaction pathway.
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Table 4 Synthesis of fullerooxazole using t~BuOL

HoN R t-BuOl (2equiv)

\ﬂ/ MeCN
o rt, 15 min
o0-DCB, rt
R time (h) yield (%) selectivity (%)

4-NO,CgHy 6 37 88

2-NO,CgHy 2 40 71

3,5-(NO,),CgH3 6 28 55

4-CNCgH4 3 28 54

4-CF3CgHy 3 36 62

4-CO,MeCgHy 1.5 33 66

4-CICgH4 3 38 69

4-MeOCgH4 1.5 33 72

3-pyridyl 6 26 84

Bn 5 28 82

n-Bu 6 25 78

vinyl 5 35 85
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Scheme 12 Plausible reaction pathway.
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Scheme13 Haloamidation of alkenes.
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R2 Na_ _Ts /|\/ R2

N + N + | —_—
2
R I i, 2 h R
(1 mmol) cl Ho0 (2 mL) HNTs
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(0.5 mmol) (1 mmol)
or chloramine-T (CT)
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67%°
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Ph” .
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Me  74%? HNTs
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1
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2 n-Hexane (100 uL) was added. ? CH,Cl, (100 uL) was added.
¢ Reaction time: 2 min.

Schemel4 Todoamidation of various alkenes with CT and I,
in aqueous media.
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Scheme15 One-pot iodoamidation.

22 AFVEBICEDE_{/T7IOITIUI L

VTV Y UIE3BERIZ2ODEFEFF &G A TTEIE
HLEFRBERTH Y, FRERLFNE X OEY 7S
ExRTo fEk, TOBEBIEA I ISR L CHBEE YA
THT7IVEERESELILICEoTHESNY, L
2L, BIR7 I (¥ )Y rReER T y)DA I Ui
ZRALDR I DR T VO HEESHETH ), Lok
FETIEIVTIVI R TE RV, 22T, RIRES
WMTIvoITI) I ALERBE L, KADIRELT
LA 2 5T, T I U B X OE AT B BT % A
IZERAL L TRATEIRS I v a7 I ViE5AS
B, ROV T V)V yAREHRBAL (X F— L4
16)

AL SRS



N N M. _EWG
— N + I
)n In X
oxidant
ﬂ"[ base }"ﬂ
H H. _EWG

Schemel16 Strategy for preparing fused-diaziridines.
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Schemel17 Diaziridination of secondary amines.
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Scheme18 Plausible reaction pathway.
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Schemel9 Acid-mediated diaziridination of secondary
amines.
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Scheme 20 Preparation of chloramine-Ns utilizing NaOCl+
5H,0.
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Scheme 21 1,-catalyzed anti-1,2-diamination of alkenes.
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Scheme 22 I,-catalyzed syn-1,2-diamination of alkenes.

BFRICEY, TUVTYARBLAOL, R 5 EHE
L LC Boc 4B L 727 3 ¥ L KTHERF R Y
LSRR AT 5 &, BALEHREL L 51T v F

P

VT IVEAKTE, SOICHAOEBRI LR ERE
RERAEAT LI ENTEL( XX —1023),
H,NNs (1 equiv)
NaOCI-5H,0 (1equiv)
CaHy I (10 mol%)
H;Cs MeCN, rt, 12 h
HoNBoc (1.4 equiv) HNNs
NaOCl+5H,0 (1.4 equiv) CaH
3M7
45°C,12h H7c3/l\{
HNBoc
85%

Scheme 23 Installation of different nitrogen units to alkenes.
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Scheme 24 Plausible reaction pathway.
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Scheme 25 Preparation of chloramine-Boc utilizing
NaOCl-5H,0.
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Scheme 26 One-pot enantioselective aziridination of an
electron-deficient alkene leading to a precursor
of an amino acid.
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Scheme 28 Selective synthesis of iminofullerenes.
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Scheme 29 Plausible reaction pathway.
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Scheme 30 Benzylic C-H amination.
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