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(FJZILAOEEES ., BREE. BF,*H,0. ZrCl,. Ph,;PAUNTT,.,
IN(OTf),. Fe(NTT,),. AgNTH7%&E)
—i%IC. RIGSEEMELLY,

. iﬁ%’ﬁﬂﬂﬁ&ﬁﬁ(ﬁ%iﬁ . EE E E%&)-—CL\é ) )
(*E%1§ IJ ) a) Thiourea Catalyst")

H Me II | E CF3 CF3
©/ Mej;N).:o Thiourea Catalyst (10 mol %) @/ 5 <
+ - '
[ N MeCN (0.3 M) i : L
R o rt, 1.5-24 h i FsC NN CF,
’ - H H
10 examples !
DIH (0.75 eq) 65-92 % yield ! Th

iourea Catalyst

1) P. R. Schreiner et al., Synthesis, 2013, 45, 1635.

b) Aniline Catalyst?

o : NH,
©/H Aniline Catalyst (10 mol %) ©/I ; F F
+ N—I > '
A F CH,Cl, (0.25 M) [ :
R R .
° F

rt,24 h

4 examples !
NIS (1.1 eq) 45-94% yield Aniline Catalyst

2) H. Yamamoto et al., Chem. Eur. J., 2015, 21, 11976.
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(5 mol %)
Me /I
N
Me
>=o
N
(o]
\
|
H DIH (0.75 eq) :
€1 Lo, [OF
AcHN MeCN AcHN
rt, 15 min
Entry Yield (%) (NMR)
1 none 13
2 Pyridine <1
3 Et;N <1
4 DIPEA <1
5 DABCO <1
6 DMAP <1
7 Ph;P <1
8 Ph,S 9
9 (PhS), 76
10 (PhSe), 16

| H
- AT LT
AcHN AcHN

(p-MeOC5H4S)2 (5 mol %)

lodinating Reagent /©/I
CH;CN AcHN

H (5 mol %)
DIH (0.75 eq)
AcHNO/ MeCN
rt, 15 min
Entry Yield (%)
1 (PhS), 76
2 (p-MeCgH,S), 89
3 (p-MeOCgH,S), 99
4 (p-NO,C¢H,S), 7
5 (p-CIC¢H,S), 23
6 (MeS), 89

[ﬁm&m%%]

rt, 15 min
Entry lodinating reagent Yield (%)
1 DIH (0.75 eq) 99
2 I, (1.5 eq) 1
3 NIS (1.5 eq) 14
4 NIS (1.5 eq) + I, (0.2 eq) 52

7/’ \{/j}m+1)

Ar- g AT
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R MeCN (0.3 M) R
rt, Time
AcHN AcHN F AcHN AcHN Me AcHN
30 min, 99% yield 1.5 h, 97% yield 13 h, 97% yield 13 h, 90% yield 13 h, 91% yield

[9.0 mmol scale]

Wege g el s cllven

2.5 h, 97% yield 30 min, 95% yield
19 h, 82% yield 30 min, 86% yield 30 min, 86% yield

OMe Me
MeO OMe Me Me Me t-Bu
DIH : 0.55 eq DIH : 0.55 eq 24 h, 79% yield 24 h, 39% yield

15 min, 95% yield 1.5 h, 75% yield (para:ortho = 5:1)
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EHEHIQ v

AN AN
|Het DIH(0.75eq) |Het
= =
R/ MeCN (0.3 M) R/
rt, Time
I | I
N N N
\ \ \
Ac Ts Me
13 h, 68% yield 13 h, 71% yield 45 min, 99% yield
[ [ [
Br
N N\
N N N N
H H H
45 min, 91% yield 1 h, 95% yield 19 h, 46% yield
| |
73 73 BN
r;l l;l Ph S |
Ph Me
30 min, 99% yield 30 min, 85% yield 1 h, 90% yield

lida, K.; Ishida, S.; Watanabe, T.; Arai, T. J. Org. Chem. 2019, 84, 7411-7417.
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NOF LS T=K[(FCN), CICN, BrCN, ICN)

‘CICN: EH X
‘BICN: = AIEKE DAFA = 5%

LDAILRTUETYIMRT 5,

CH Br~ CH, Methyl thiocyanate
IS c~’+ + ls—csn H,C—S—C=N
éﬂz NI Br- ‘I(I:Hz - +c|.|2 H,N —Peptide &
| | < 2
£80 —> oo ch, o — chs ‘o
| ) | e ‘
eee—N—C—C—N—-=-- cesa—N—C—C—N—-=s= sss—N—C——C=N—rs= see—N—C—C.
= | | | A | o
H H S H H H H H \H H H
| Il n =o v
“ICNTIE? .
OSiMe; ~ NC—I—0 cat. B(C¢Fs)s O

>~ RO+ : R’
RJ\/ @ Electrophilic RJ.kr

Cyanation CN

- via

(CEFE)EB """ NC"'""I""""'O

T. Nagata, H. Matsubara, K. Kiyokawa, S. Minakata, Org. Lett. 2017, 19, 4672.
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Halogen cyanides (XCN)

LUMC(

I-CN Br-CN CI-CN

- - +
+ CN Br + CN and Br + CN Cl + CN

MO06-2X/LANL2DZdp for I, LANL2DZ for Br, and 6—-31+G* for C, N, CI.
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I R2
JI e CH,CI i >~ ICN
NHAC 2Clz, 1t, time R “NHAc
1eq 11 eq
| | | | |
CN CN Me CN CN CN
NHAc NHAc NHAc NHAc NHAc
Me Me Br
1h 3h 1h 2h 2h
94% yield 70% yield 73% yield 80% yield 69% yield
| I | I
CN CN
CN MeO CN
NHAc NHAc NHAc OO NHAc
NC MeO
13 h 2h 2h 2h
48% yield 2 70% yield 83% yield 83% yield
L H |
NHAc AcHN CN Me =Z
' WCN CN CN
Cb_ "'NHAc NHBz
15 h 2h

91% yleld 81% yleld 93% yield ¢ 62% yield
dr =>20:1 dr =>20:1 dr=4:1

12
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[F < D R EA]

I
o Chiral tri-Zn cat. 1 mol %

-78°C

O , (0.2 0. 0 CUN
+ N—/ A 9 » R s
R "~ “OH toluene/CH,Cl,=3/1 ) @

up to 99.9% ee

hydrogen

halogen @
Ppor® LA A

Arai, T.; Horigane, K.; Watanabe, O.; Kakino, J.; Sugiyama, N.; Makino, H. Kamei, Y.; Yabe, S. Yamanaka, M.
IScience, 2019, 12, 280.
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(SS)

(R,S,S)- Bls(am|n0|m|no)BINOL (5 mol %) (R) o
(R2C4H,C0,),Zn (10 mol %)
oo :ﬁ 9%

" Ut

N NIN

NIN (1.1 eq), I, (0.2 eq)

(0]
N | R2 + Ho N,
X | R CH,Cl,, -78 °C
1eq 11 eq
(R,S,S)-Bis(aminoimino)BINOL

I
1 1 Jol 1
W W (o) W
o, O =0 el
OMe Me OMe X OMe
19 h X= F 22 h, 95% yield, 78% ee 19 h
Cl 43 h, 99% yield, 84% ee 98% yield
Br 27 h, 99% yield, 85% ee 72% ee
I
o)

74% yield

44 h
68% ee

24 h?
60% yield
54% ee

92% yield
74% ee
OMe Me MeO OMe
o
72 h?
83% yield

21 h
99% yield 94% yield
85% ee 82% ee

| |

1 g Jo i X

/ ~ Y N
(0] w170 Y170
O 0L, 0RO
OMe OMe S o
21 h 18 h
i 99% yield
90% ee

38 h
68% yield b
90% ee 72 h
97% yield
dl/meso = 84/16 dl/meso = 80/20
96% ee

99% ee

210 mol % of (p-MeOCgH,CO,),Zn were used. ? 2.2 eq of p-methoxybenzoic acid were used

16
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A Journal of the German Chemical Society ' t

GDCh
International Ed:tlon Ch em ,.’a e
2020—59/31
-7 A\ halogen
stacking bonding
metal hydrogen
carboxylate bonding
H Haloesterifications ..

.. using easily obtainable alkenes and carboxylic acids have unique industrial beaefits.
ric of si

WILEY-VCH

, an
oesterificat m(mpldl

Arai, T.; Horigane, K.; Suzuki, T. K.; Itoh, R.; Yamanaka, M. Angew. Chem. Int. Ed. 2020, 59, 12680.
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DT EETSNDHRF  600MHz NMRZRAULNTHER
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