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Synthetic Development of Multi-tunable Halovinyl Scaffolds for
Differentially Substituted Olefin Template Strategy

Tetsuo Iwasawa *

Stereoselective addition reactions of iz situ generated XX’ (IBr, BrCl) and HX (X =Cl, Br, I) to
alkynes are described. The in situ XX were found to effectively occur from mixing up of commer-
cially available halotrimethylsilane (TMSX) with N-halosuccinimide (NX'S). The in sitw BrCl
effectively bonded to silylethynylarenes in complete syn—fashion, and the in situ IBr reacted with
internal aliphatic alkynes and ynamides in anti-mode; these afforded perfect formation of single
isomers. The resultant bis-halogenated alkenes can be reasonably multi-tunable templates for
synthesis of differentially all-carbon tetrasubstituted olefins. In a similar vein, the in situ HX
generated from TMSX and H,O undertook stereoselective addition of alkynes, which gave synthe-
tically mono-halogenated scaffolds for preparing trisubstitued olefins and disubstituted exo-
methylenes. It thus provided a potentially diverse scaffold for differently poly-substituted olefins.
Key words: tetrasubstituted alkene, multi-substituted alkene, terminal alkene, vinyl halide, vinyl-

silane, bis-halogenation, hydrohalogenation, selective halogenation, synthetic

methodology
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Scheme 1 Ogilvie’s report in /. Org. Chem., 2006.
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Scheme 2 Differentially substituted olefin template
strategy.
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Scheme 3 New approach for generation of XX’ i situ.
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Scheme 4 In situ BrCl-mediated bis-halogenation of the
alkyne.
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Scheme 5 [ situ XX’ mediated access to differentially
tetrasubstituted olefins.
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Scheme 6  Syn-selective addition of 72 situ BrCl to the triple
bond.

Fig. 1 ORTEP drawing of 1 with thermal ellipsoids at the
50% probability level. Hydrogen atoms are omitted for
clarity. Selected bond lengths (A):for C(1)-C(2) =
1.341, C(1)-Si(1) =1914, C(1)-Br(1) =1.924, C(2)-Cl
(1) =1.766, C(2)-C(3) =1.488.
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Table 1 Product scope.”

HaCO
TIPS TIPS TIPS
Hied )=

Br Cl Br

92%, 10.0 g 98%, 397 mg 88%, 356 mg
CHg 7 )
TIPS TIPS S TIPS
HiC — HsC — —
Cl Br Cl Br Cl Br

95%, 369 mg 80%, 161 mg 38%, 143 mg

Found, but readily decomposed
(H3C)2N

H,CS
o™
T| PS TIPS — TIPS

Cl Br Cl Br

Not Found: starting alkynes remained intact.

C%_(Tlps " TIPS ‘\—\_>—(Tps

Br Cl Br
R CN, N02

4 The stereochemistry of all compounds were inferred from evidence
of the ORTEP drawings.

éﬂ%ﬁ%%b’%ﬁlﬁbo 720 L OMAIIZ IS & 2o
7275, IBr OB I3 2 Stk 24 2 T, BFEFETH
2 oA Lfcﬂﬁ/a\%fri L7272 CTHh o7z,

- Br (neat, 3 eq) Br
=—TIPS > —{
\ loluene,-45 °C, 5 min

then ~1t, 1 h Br TIPS
31%
(alkyne 4%, BnBr 3%)
12 (3 eq)
No Reaction
toluene, 0 °C, 5 min
then~m, 1 h
I
Bldeq neat; 0 °C: 64%

—b
toluene, temp., 5 min in Et;0; -45 °C: 68%
then~rt, 1 h (alkyne 26%)

Scheme 7 IBr, Br, and I,-mediated halogenation with the
silylethynylarene.
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(a) 1) TMSCI (1 M, 3 eq)

Y toluene, 0 °C, 5 min Q W
== OL
2) NBS (0.5 M, 3 eq)

RS o o e

90%, 2.86 g
3
I NS
O

single isomer
= ——
|

Q cl Br
53%

single isomer
starting alkyne ~ 0%

Scheme 8 Bromochlorination reaction of TIPS- and
TMS-ethynyls: (a) Gram-scale preparation,
(b) production of labile adduct.
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OO 1M 05M
153q 15eq

Il toluene i A

™S 5m|n desired, but labile
55% 26%
3eq 3eq
- 27% 73%
6eq 6eq
R o 14% 86%
Scheme 9 Desilylation along with iodobromination of the
alkynylsilane.
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Table 2 Evaluation of reactivity of the silylethynyl under the
paring of TMSX and NX'S.

X'
|

N
X-Si(CH2)s ovo

Q 1M 3eq 05M, 3eq .'Pr‘!JF'r
& -4

toluene —
\ 0°C.5mn !N X X
TIPS
entry xx' product “byield? %recovered alkyne
XX
1 1 - - ~100
2 /Br Br/Br 78 15
3 lle] b. e 26 73
4 Br/l Br/Br 97 0
5 Br/Br Br/Br 85 0
6 Br/Cl Br/Br 71 0
7 cin b.c 63 26
8 ClBr ClBr 95 0
9 cuci ClCl 75 2

 Yield of isolated product. © Analysis by NMR spectroscopy
suggested that the iodochlorinated adduct was formed; however,
unfortunately, product was too labile to keep in pure form.

¢ Yield was calculated by "H NMR spectroscopy on the basis

of its crude state, and no intemnal standard was used.

2 x—L10121F, TMSX Bl % 7213 NX'S B¢
G & AT o 7oA R E IR LTz TMSI O3 % V723861275
LM, BURORBLIRRICaHLTLE o7
B, ZOMOYETId 4 < FUBASHEITE 3R BUS RS
AR E 57 2D D5, TMSX & NXS &

DMWY A EDED, Bai \ar VET a0
O E VORI HLETH L Z VDD 5,

CORIGBERICIET D VAREAS S LT\ AT REE

I-Si(CHj)s
Q — TIPS 1M.3eq Decompose in workup
— .
Recov. alkyne, 0%
Q toluene, 0 °C, 5 min;
thenrt,1h
X-Si(CHa)s
1M 3eq No Reaction
X =Br, CI Recov. alkyne, ~100%
X
05M, 3 )
i No Reaction
4’,
X = Br, Ol 1 Recov. alkyne, ~100%

Scheme 10 Evaluation of reactivity of the silylethynyl on
TMSX or NXS.
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80% DI T H W AE S N rze TRINET DI 80% &
WRTHl-> T RWnZ E2s, REIGIZT V7 VR
UL Twnhniwz b,

o 1) TMSCI, 1M, 3 eq
N toluene, 0 °C, 5 min TIPS
A\ e -
2)NBS, 05M Ci Br

TIPS
0.1eq ~L1h 86%

(without TEMPO; 80%)

OH
Bu 1Bu
80%
A\ = alkyne 0%

TIPS
0.1eq
Scheme 11 Bromochlorination in the presence of TEMPO
and BHT.
H3CO, Ci-Si _< H4CO,
NBS
1M 3eq 05M 3eq TIPS
- » —
\ a’ s
toluene - d
TIPS b
0°C, 5 min 10%

recov. alkyne B6%

Scheme 12 TIPSCl-mediated bromochlorination.
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M 2(c—e) i # N 24 TMSCl & NBS # €T 34
%30 951%, 60 DD AT PV ERIRLTWADS, B
A L7z — 27 (268 ppm) 1ZHT L < AERL L7 N- R X
FNIYN-AZ Y4 3 F(N-TMS-S) 1A% 3 52,
60 3RO AT MVIZBIT A NBS & N-TMS-S D tt %
BafE»rHbRDBEI: Q2 THole TDI LI,
TMSCI+ NBS — BrCl+ N-TMS-S D S A% 82% THEST
L7zl btaBmHRLTWD, —F, BISOBRLAEF LA
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(a) TMSCI
(b) NBS X
(]
(¢) 3 min L
®
(d) 30 min |
LJ
(e) 60 min I

2
3/ppm
Fig. 2 Reaction of TMSCI (13 mg, 0.12 mmol) with NBS (21

mg, 0.12 mmol). Portions of 'H NMR spectra of 0.2-3.8
ppm (400 MHz, 300K, 0.3 mL of toluene-ds and 0.2
mL of CD,CN):(a) TMSCL (b) NBS; (c)-(e) the
reaction process (3, 30, 60 min) obtained upon addition
of NBS (06M in CDsCN) to a 04 M solution of

TMSCI in toluene-dg. The peaks labeled with dots are
newly appeared.

3.5 3 25 1.5 1 0.5

(a) TIPSCI [ i

(

(b)NBS |

J
©3mn l. J
A
A

™
(d) 30 min J
°
(e) 80 min \
3.5 3 2.5 2 1.5 1 0.5
&/ppm

Fig. 3 Reaction of TIPSCI (23 mg, 0.12 mmol) with NBS (21
mg, 0.12 mmol). Portions of "H NMR spectra of 0.2-3.8
ppm (400 MHz, 300K, 0.3 mL of toluene-ds and 0.2
mL of CD,CN):(a) TIPSCL (b) NBS; (c)-(e) the
reaction process (3, 30, 60min) obtained upon
addition of NBS (0.6 M in CD;CN) to a 0.4 M solution
of TMSCI in toluene-ds The peaks labeled with dots
are newly appeared.
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ObHEB):40 ThHotzo TDZ &1L, TIPSCl+NBS —
BrCl+N-TIPS-S @ G245 40% LT L T na
ERBHRLTBY, TMSClx vk &b k#3450
THhbo LLEDNMR EERN S, AKBUSHOEERE L
in situ BrCl TH LR = £, ZO38LERh=IE 7 A
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OPIETEE IS bho Ty, TR syn IO
EhS, ZEEEAD in situ BrCl OB ZFT~KIEAYIZ
BEEZFIGL, i TRFRF2PHENIC=ZEEEGO B
RFEIREET S, LEZDODVRYDEBb s,
12 AIF-RFEZILF>TL—b

TNV F v ZEEGOKRFIR L B R EMEIILE D
DI LT, TMSBr & NIS Z@##t 12z 5 &,
AvHFELEREN anti I L 72 (E)-V 8 ¥ vk )sts
bNB(RF—L13)Y, VY NVIFZ VT L— Tk
T2 BrCl LA & b3 2 &, SAREIRPEIE R K
T35, PlziE, ZFX—L13DOEL VK3 DA :
6 DEMAARILE 2 5o HiEUEE, iR O X M
EIITIC L > TIT - 72 (K 4)6

1M 05M
(CH4);SIBr  NIS

"Bu
in CH.Cl> in CH;CN ‘
———= (]
toluene ~f.1h I
-78 °C, 5 min =
Br

"Bu

"Bu "Bu
3
77% (443 mg)
94:6

Scheme 13  Trans-selective addition of iz situ 1Br to the
triple bond.

CdC3,

c2

Bri

Fig. 4 ORTEP drawing of 3 with thermal ellipsoids at the
50% probability level. Hydrogen atoms are omitted for
clarity. Selected bond lengths (A):C(2)-C(3) =1.507,
C(3)-1(1) =2.168, C(3)-C(4) =1267, C(4)-Br(1) =
1.905, C(4)-C(5) =1.501.
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Table 3 Product scope.

___ R
R 1M 05M \ ///
‘ (CHg)sSiBr NIS |
(=) ——— =
= toluene ~M 1h Br Alkyl
-78 °C, 5 min
HaC
CH,
| |
Br -CgHyz  Br -CgHy3 -CgH1a
81%, 98:2 97%, 973 70%, ~100:0
H4CO

NG
Q_&| | |
Br -CgHyy  Br Br -CgHi3

99%, ~100:0 78%, ~100:0 52%, 87:13
Recovered alkyne 48%

NC O:N,
ON
I
p— | —
Br — Br
Br -CgHyq

59%, 97:3 55%, 76:24 37%, 95:5
Recov. alkyne 32%  Recov. alkyne 22% Recov. alkyne 47%

TGO —RAb T 7 FZE2 AT, in situ K& O RS
HoENERANZ(REx—L14) 1-T 2= )V-1-TF >
W2k LT i situ IBr 1298 0 2 O BINETHIIT % 75,
T D —BAb T v FEE AT R E L, £
S DERDFE DAEFN 72 o 720 In situ AR D A3,
BIREZT TR AT—=VT v TORBEEICBWTHE
NT\Wb,

In situ XX OWEEEIZOWTH R e T4 IR
Fo Entry 1 TlEY 93— FALEWPHE—BMEAEE LT

(@) 1M 05M
(CHg):SiBr  NIS

(1.5eq) (1.5eq) 1
@%\- E i —
toluene ~m,1h Br

-78 °C, 5min isolated yield 81%
98:2 (2.45 q)
unreacted alkyne, 0%
(b)
neat IBr NMR yield 92%
= - - 74:21:5
unreacted alkyne, 8%
(c) 0.5M IBr
in Et,0 NMR yield 82%
— 92:8
unreacted alkyne, 18%
(d) 0.5M IBr
in Et,0 NMR yield 62%
R 90:10
rt, 5 min unreacted alkyne, 32%

Scheme 14  Todobromination of 1-phenyl-1-butyne with the
i1 situ and commercially available IBr.
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26% DTS NT=AS, BRI 60% 5 A HEETH -
720 Entry 2 &£ 4 Tid, HWEBY IBradsd L z2 &
R RE—O 70 E I — FMELEW A Z T 76%, 81%
DPHETHE S N2DS, ERMEEHRE O BEN TV,
SR SEVPHEL, REICSPWELLZAED, &
D—BiEE IS WEE L TwAI b ThHirEEZ LN
bo F7z, entry 3& 7 TIRTHW R EIZ, YI— Nt
ML SN o7,

Table 4 Evaluation of reactivity of the alkyne under the
paring of TMSX and NX'S.”

0
0.5M
1™ x“”b
(CHg)sSi—X

o]
— —— : X
foluene
78°C,5mn 1P X
entry X/X' product %yield® isomeric %crecovered alkyne
XX ratio
1 in n 26 (40¢)  ~100:0 60
2 I/Br Bril 76 87:13 19¢
3 I1Cl ] 24 ~100:0 32¢
4 Br/l Brfl 81 98:2 0
5 BuBr -a - - 0
6 Br/Cl -d . - 0
7 cn I 30° ~100:0 1ne
8 Cl/Br - - - 0
9 cCic -d - - 0

4 Reaction conditions: alkyne (130 mg, 1 mmol), toluene (4 mL),
1.5 eq of TMSX (1 M) in CHCl5, 1.5 eq of NX'S (0.5 M) in CH4CN.
blsolated yield. € NMR yield. ¢ Although the starting alkyne
disappeared on TLC, complex mixtures were produced

in the crude state.

HEHE PR O R X —L 15128 T, In
situ IBrid(a) ® 3-F 7 F > D & ) Wi B &V E
BLOVRBRIZOo a5 FTIETER
Molze (b) DARFIM T AT VI L CIZERD A7 1
Do TLEW, HINT % TMSBr & NIS 0 & %
W LTI ooz (OIIRTITY —
WTIF PFERN 2L G2 o7z,

In situ IBr %189 HEO L 9 1 DORFUE, —FEEAN
L7naZ PN T VFE L ICRESTLE) S ETH
2, KV UNEERETATNVF Y B o 2 EBR(Z
% —L16) TiE, TLC L CHEA2SEEIHE LA LW

ARy M1 DT BO LN, RSO 5 < RIE$

LD Tho7ze L, USOBMIK T IERZIZED
L SRR O EICZ{L L, TLC B X UNMR 225
JEEF TV F O ANORY) BBl Sz, OB, BIARY
DERITFRDO SN o7,

1.3 BR-AVR-BRRE-NLFCTL—F

C D in situ IBr 134 + I FO=HFHEA IS EIRAYIZ
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(32)

-

2) 0.5M NIS Br
~t,1h e
|

75%, ~ 50:50
Unreacted alkyne, 0%

0 I
(b) @%{ —— =
OCH4 Br

34%, ~91:9

Recovered alkyne, 686%

WSLOVETEG o oo

1) 1 M TMSBr _/
-78 °C, 5 min
(a) — ) Br

OCH,4

(c) Q\

~ 0%, Complicated mixture
Unreacted alkyne, ~ 41%

Scheme 15 Limitations of substituents bonded to the triple

bonds.
N 1™ 05M
& (CH3);SiBr  NIS
= {1 5 eq) (158q}
\\ toluene ~rt, 1 h Br C:Hyy
CsHi .78 °C, 5 min

N

7

- 1Br -
-

W
CSHH

Scheme 16 De-halogenation from the IBr adduct.

N$ 5. 473 PEERFEFORETTr 7 43I=v
L EDOHIBRBADEZ SNLT0, ERIETOKED o

RFEIE SHIZ, BRFL SIIHHT Y, Z070, in
situ ’*‘Jﬁ‘_rﬁﬂﬁ’” 6T IBr o3I vHEiL AiREC, 7%?2
AL\,

ZFx—LATIRT 3 OERHERITZFNENR,
Wi o> IBr % M 72554 (Method A), JEHZ TMSBr #
hnzZ T2 & NIS % I 2 72 3 & (Method B), NIS IZ

1E aFE A

TMSBr % Il 2 72 # 2 JE R & I 2 7235 & (Method C),
ThbHo JHIZ T1%, 83%, 90% L& 2 1), Wi dh H—

REfAceana sy AAufkx 52 70 b KR
Method C &7 1), WO IBr # W/ & ) b A E
BN TH 572, ZOERE D BiERO X
TR I X > T 2%,

Z @ Method A—C #fi 1 + 3 FTHL MR E2 R
50T o In situ BIE TR O &5 5K W 2DnT
—HEIZIZ V2 28, BT in situ IBr %9 Method

AREE AL A 25



Method A
Ph—=—N

CO,CH;4

Method B

Method C

o 1M
(CH 3}3 SiBr

Scheme 17 Regio- and stereoselective iodobromination of

IBr in Et,0

in ey
0.5 M)

Ph Br

R N

toluene
-78 °C, 5 min

1M 05M
(CH;}; SiBr NIS
—_——

toluene
-78 °C, 5 min

'Ph
Ph—=——N

1M CO.CHy

I-N e
toluene

o -78 °C. 5min

~t,1h

the ynamide.

Qs
~

I” N-CO.CH,

Ph

Method C: 95%

(174 g)

NC
Br Br
= Ph — Ph
N " N~
Ts Ts

=

1" N-CO.CH,
Ph

Method A: 96%
Method B: 92%
(1.66 g)
Method C: 71%

~t,1h

~mt.1h

1" N-CO,CH,
Ph

1%

83%

90%

Table 5 Product scope.”’

Q, Q.

=( 0

" N

By
Method A: 77%

Method B: 74%
Method C: 75%

Table 6 Screening of reaction conditions for Method B.”

Ph Br
M  osm )=
(CHj); SiBr  NIS I’ N-COyCH,
Ph (1.5eq) (1.5eq) Ph
Ph—— N: SO S target molecule
CO,CHy  sovent . . Ph,
temp., 5min " Ph N -CO,CH,
Br
byproduct
entry solvent temp/°C %yield? of %yield® of

target molecule  byproduct

1 toluene -78 83 3
2 toluene -45 87 5
3 toluene -20 T 2
4 toluene 0 80 8
5 CH,Cl, -78 70 5
6 CHLCN -20 65 1
7 THF -78 36 7
8 CPME -78 72 1
gd toluene -78 90 0

#Reaction conditions: ynamide (126 mg, 0.50 mmol), solvent (2 mL),
1 M TMSBr in CH,Cl,, 0.5 M NIS in CHZCN. © Isolated yield
€NMR yield in the crude state. 9 Performed by Method C.

IRt L7z & 2 % (entries 1—4), HMWONERIZKE %
FIRO SN Lo 720, RIERWE LT Fui#ik
RAA U7z, VAR 2550 L C & B AR R o0 A2 B % B 5
b 2 EDT & o 7278 (entries 5—8), Method C (2
EHES LI LIZLYIHITE I,

Z 2T, Method C 24D TMSX & NXS OflAE D
HOE) 2RI ERTITo7e TOMPEETRTIIRT,
TMSI & NIS # W5 &g R Y 3 — F) I P35
57z (entry 1)o Entry 2 & 41& Z N2 in situ IBr
DFEZRME L MARDETH L, MHELEAE

Table 7 Evaluation of reactivity of the ynamide under the
paring of TMSX' and NX'S.”

Br
1" N-CH,
Ts
Method A: 62% Method A: -© Method A - °
Method B: 59% Method B: 78% Method B: 57%
Method C: 51% Method C: - 9 Method C: - f
o HCO,
A CH;
CO,CoHs
N I N Br
o /\-a( N —
Ph =7 I ’N ‘COzCH;
Bir)\g‘1 Ph
Method A: 61% Method A: - 9 Method A: 80%
Method B: 50% Method B: 70% Method B: 62%
Method C: 60% Method C: 75% Method C: 31%

7 Reactions were conducted on a 1 mmol scale of the ynamide, and yiclds on

the list are for isolated compounds as single isomers of 100% purity, unless
otherwise noted, ® See ref 36, ©61% NMR yield, target molecule/isomer =
80720, “Many by-products in the crude state. © 47% NMR yield,

target molecule/isomer = 81/19. Messy NMR spectrum in the crude state.
£56% NMR yield, target molecule/isomer = 83/17.

B3 LR COELLDIETY, H—RMEHfEE LT
R 2G5 2 BT &/ £72, Method B3 BB

AR & B—R ke LTH 27

Method B (22oWTREL < BG4 2 st L 72 (3R 6).
MV EEREE L CRSREZ -T8CT250CFT

Vol.73 No.12 2015

Ph
(CHs)s Si-X' 1M ©OLHs pn X
XN | —— - )=
toluene ~t,1h X  N-COzCH,
G  -78°C,5min Ph

entry X product %yield® %erecovered alkyne®

X/X
1 1l 1 76 0
2 Br /Br 90 0
3 I1Cl . 0 ~100
4 Br/l VBr 63 0
5 Br/Br Br/Br 61 10
6 Br/Cl - V] ~100
7 cin 17 48 16
8 CliBr Br/Br a3 25
9 cucl - V] ~100

2 Reaction conditions: ynamide (126 mg, 0.5 mmol), toluene
(2 mL), TMSX' (1 M) in CH,Cl,, NXS (0.5 M) in CH5CN.
b Isolated yield, as a single isomeric compound.

1219



FLE—O7aEI— MW S Nz, L, §l
HIE90% UK, $HEIL63% WEL VIFERERY, in
situ 1Br DFSERZEIZE WAL 5172, TMSCL % NCS
RO EETE, WINR L EREDE D BRICERb o2
(entries 3,6, 7—9) -
2. ZBBRT7ILTCARRICEIT A4 FI FORRBE R
mPAYm By 2 14
NarZALE =V E ST AEEN L EO 1 o8 L
T, ThF v ZFEAICAT 7 U AbkEHX) & EEA

MEELTHEDRH L. Lo L, HX EWEEDSE AT A
HRETH L0 T L Ve 72, Eimm 2l

BT 52 EDEEL WD, FUSKIEIIKRECTFARA-TL
FHTI, 2 LTE L RERRAWE DEERS 5
CEIFREESET, A PLEMLES LY, v Fox
AR L L Coffifi Z & o205, %8 TRKR A
?T&?S%T’EJ:@&E@EW# ZTLEHY, KETIE in situ

HX 25 2 LT, GRICHX 2 NM&E5 2 L3 TE
B BRI DWW Tk '\%(Zﬂ? L5 18) o In situ HX @

ARSI & 0,
THHET X D TRE

BT IV R ERL T )V 2 F
ﬁ#zﬁéo

in situ
H-x C!
—

H

N

c

¢ H ¢ cs
N — - >=< e >=<
cz N cZ N

Scheme 18 I situ HX-mediated access to differentially
substituted olefins.

21 IFIFRBNOEZLF>TL—F
493 FIZ TMSX &K% BNz 5 &, H—5

Pefke LT 3 FOELN(XF—L419)%, TMSI
X TMSBr # v % & 99% OIET g-/va T F I K3
IS 5% TMSCL % 9 & 28% OULERIZ & & % -
720 MR X OVAERE T T ROEEICBWTL %
BECY EEMOLEERICOWTORER L, YA
VEHWZASA7ax 757 4 =250 B & H
WS A EATE, HISIEER HARFRSE TV
FCRUSATHME L, FR ORI EE HY O H—2
Fy M IMBARER S iz,

A OREREIE R ¥ — L 20 OERFIRE b L AZUE

1™
(CH)sSIX
o in CH,Cl, Ph
A\
B N: 2eq H,0,20eq pPh . N-CO,CHy
P @ COLHs o1, ~0°C. 50min X
-78 °C 0*C, 10 min N
15 min X=l, 09%
X=Br, 99%
X=Cl, 28%

Scheme 19  Syn-selective addition of iz situ HI to the
ynamide triple bond.
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L7z Bbh/zad— Fxd I Fo I vFEETFEZKE
TE%T%&,t_wuwty%w7mbzwﬁy7v
YIEBDOIHz E ol TOMHEITEZ VLD 2D
DTNV ADOMRIZH LI L EZRTRESTH
Do G0 T, insitu HX X syn T L72Z &ED5bn b,
1) tert-Buli (2.2 eq)
toluene, -78 °C

2)H,0
—_—

I 39%

Ph\
N -CO,CHs

Ph

Ph N-CO,CH,

H H
w A

J=9.1Hz

Scheme 20 Lithium-iodine exchange reaction to give the
cis-formed enamide.

BT —BMEORFHEREZR B IR T o RIEDIE
IR ZH L CRIRTH D Z Db b, SUSIEH
EpDO 7)) — VT, T AR — VTERTX L EEE

BELTWD, 72720, NFINEEZLOEEICR-T
i, PERDY 15% TH - 72,
Table 8 Product scope.
1M (CHa)sSIX R
__ R inCH,Cl, H;0(20eq) R N-R"
R—= N‘R" —_————————— E(
CH,CI, ~0°C, 50 min X
-78°C,15 min 0°C, 10 min
o=° (e Q
Ph N —]\ Ph N——Q Ph N
\=< Ph \=< (o} — 8]
X Br

99% (387 mg)  (X=I), 87% (411 mg)

(X=Br), 99% (829 mg)

99% (919 mg)

Ts Ts, CO2CHZCH,
A
Ph N-CHj Ph N-CH»Ph Ph N -CH»Ph
X 1 X

(X=1), 99% (412 mg)
(X=Br), 97% (1.26 g)

9% (2.53 g) (X=1), 97% (393 mg)

(X=Br), 90% (329 mg)

H4CO

Q_(N CHgPhQ_(N CHgPI’Q_(N -CO,CH4

(X=1), 99% 262 g)  (X=l), 88% 452 mg) (X=1), 88% 680 mg)
(X=Br), 99% (2.39 g) (X=Br), 99% (1.16 g) (X=Br), 85% (576 mg)

Ts
Q CeH Q CeHys  N=CH.Ph
Q_< o B 13_ : o) 6 13_ 2!

X X

(X=1), 81% (257 mg)  (X=I), 91% (585 mg)
(X=Br), 67% (183 mg)  (X=Br), 88% (478 mg)

Br
15% (68 mg)

KO H D ICHEKZ FHWT in situ DI #58ESE 5
EE 2T o7 2AHA(XAF—L4L21), MIDIZEEIZE
7L, DALRIZ 9% LEZ R L7z 2D &R, R

G AL &RE



A TMSLIZEHEEN TSRO & 5 HI AR5 L T
W 5 I RBPE AR D TR,

M
(CH3),Sil

in CH,Cl, Ph

e 2eq  D;0.20eq Ph N-CO,CHs
~ cogc .
CHy cual, ~0°c,50min o Y
78°C  0°C,10min o0
15 min (99% D)

Scheme 21 [n situ DI addition to the ynamide.

RSB IS T 2 E R 2RO L7202, ¥ — 1422
IR EBY ORFEREITo 720 BRI VN~ — M
AFIFERMVT I FHEIAF I FENEIL 1T mmol D
BAEWIZH LTTMSI # 15 mmol iz, AL b1 3
FEEAAFI FEERL. TORSE, PV TIF
BA S I FOIPEEICECRBEE R L7z, ML
73 ROBERTOFLBAI NN — NOWBERT LY D
TMSI D7 A FIZ &L Dk < EAZ L TEEZ ED T, syn
RMERELTH 00 Litzn?,

Ci\\ 1™
o (8] [CH 3}38"
Ph N in CH,Cl,

1.5 eq H;0, 20 eq
B
Ph———N CHZCl; =~ 0 °C, 50 min

‘CHzph -78°C  0°C, 10 min
1 mmol 15 min

1 mmol Ph

0 (o]
ety
I

Ts

0.97 mmol Ts  003mmol Ph_ N-CHPh
Ph—= N. —
CHZPh |
0.03 mmol 0.97 mmol

Scheme 22 Competitive experiments.

22 N-ZILFrZiv4 > F=LBNOEZIF>TL—h

S CHMCTH o7z in situ HX & N-7VF = A >~
F—=WVIZHEH T 2 EEE2 T -7 (RF% — L 23), Tk
HOTMSI 8 & O TMSBr O 8412 RS 1358k L
LEEET B o 7295, TMSCL DA 13 ER AR 5 5 &
Bolze WINOEEIIBWTH MO AT IVIEDH]
FInER T EEhh ol BlPEZ Lo X
Rk B SR & W T, BRI o ST (R)
THbHIEhrbhorz,

ORI A > K= VERNZ LT O RRNTH
D (R, WA IE, 31567 FLATr—), E/Z=
100/0 CTEBTE 2 IZEDEFEENH L Db o
720 BT NEE, TRNTCOE-IIH LT in situ HBr

Vol.73 No.12 2015

CO,CH; 1M (CH3),SiX CO,CH4

in CH,Cl
E;C\S 2equiv. H,0 (20 eq) m
N ———— N ph
a CH,Cl, =t 50 min =/
\ -78°C X

Ph 10 min X=1, >99%
X=Br, >99%
X=Cl, No Reaction

Scheme 23  Syn-selective addition of iz situ HI and HBr to
the N-alkynyl indole.

Table 9 Product scope.”
R R

1 M (CH3)sSiX
|\\ A\ X=lorBr H,0 (20 eqg) |\“‘ X
N = “F N
\\ CH,Cl; ~rt, 50 min )h/
-78°C X
R 10 min

0 OCH,
@% s
N
I I

98%, 3.15 g, E/Z=100/0 96%, 1.48 g, E/IZ=98/2
(80%, 1.24 g, E/Z=100/0)®

Do {) B {j
Z~N Z N
Br Br

99%, 1.47 g. E/Z=100/0
(72%, 1.07 g, E/Z=100/0)®

O -eoens
N

97%, 302 mg, E/Z=100/0

Q

OCH5
C(g Q
N

}“\'-/ph
X X
(X=1) (X=1)
99%, 405mg, E/IZ=100/0¢ 84%, 384 mg, E/Z=100/0
(X=Br) (X=Br)
quant., 370 mg, E/Z=100/0 99%, 358 mg, E/Z=100/0
o] o
OCH,4 OCH4
CN
AN N
N OCH;, N
X X
(X=1) (X=1)
96%, 415 mg, E/Z=96/4 97%, 415 mg, E/Z=99/1°
(X=Br) (X=Br)

98%, 376 mg, E/Z=96/4 63%, 239 mg, E/Z=100/0

* Conditions; alkyne (1 equiv), CH;Cl; (8 mL/mmol of alkyne),

1 M (CH3)3SiX in CH,CI; (2 equiv). ® Recrystallization from ethanol,
© Reaction at -20 °C. ? Determined by 'H NMR. 37% of unreacted
alkyne was observed,

WTERE T syn S IEFREEZ R L TV AL TH D, 1 ¥
R — V&R MDA T % g L T A BRI & /R L
VC\/)Z)%)O
23 EERHBIVIL, EEFHHFI-CENOEZ
WFo7TL—F
13- A Yy o=FEiEsorhEnle Fana s
LR L LD ET5E, ALUDWTREMDSH 2 EIE KO
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ﬁiﬂﬁ?%y@%A:uwm,%ﬂ%94y®%%
JIEEBIE LN D NV REIHX X, B/ A 2T
Mé&%%aféi%(@ﬂ%%¢5tb,?47«@
IR, BRI & &R T L wY,
2% L, TMSBr & K» 56584 & w72 in situ HBr
FHREVA IS S, FIET S 14V TOEY
Iy E—RERE LT79% K, 1llgTHLND
(% —=L24), HlRWTHERHOKRETIZE A LM
ELTEHMN, NMR CEIZET 2R ) BREFIE D
S0 720 MG P L HAS S 0 X RS S AT
12X o THEL, ERWOTAILHIZ(E) TH D LW
L7217,

1) 1 M (CH3)sSiBr

CHCl Ph., .Ts
Ts Ph -78 °C, 10 min N
:N —— N: — = Br \If\}\ar
Ph Ts  2)H,0 (40 eq) N.
ft, 30 min L

single isomer
79%,1.19g

Scheme 24 Syn-selective addition of i situ HBr to the
1,3-diyne.

Z O UGHAIE TMSBr 2 TMSI & TMSCLIZZEH§ %
LT, ENENEIRMA e FoayEbe e Folisi
LIS TE 5 (X% —L25), 72721, kb Fuiifit
DOWEEE% P 5 720121%, Kob b IZfafliiifb 7 > €
=7 LR % AV C RO IR & 9 R 1B 3 B2 As
BHotze —J, BHEALT ¥ LK T Tl e
FOERLE-URE L7, 2O END,
TMSCL 257 A 5 2 DI TIE OFEHALICLETH D,
WAL A+ > O alkFENORBEBEN AR D EE %
ATy T ThHhHIENDLI b,

1)1 M (CH3)sSll
CH,Cl,
Ts Ph -78°C, 10 min
N—==N ——> \(\/J\
- S 2)H;0 (40 eq) o MNp
rt, 30 min

Ts

?1%

1) 1 M (CHg)5SiCl
CH4Cl3/CH5CN
r.t., 10 min
R
2) satd. aq. NH,CI

(40 eq)
M, 9h

Ph. .Ts
N

=

= Cl

N
Ts” "Ph

65%

Scheme 25 [ situ generation of reactive HI and HCL

KEr IO T4 ITEH L2 2 A, 4
T FO=ZFEGOAPRIRKICE Fanarfbsh

1222

(36)

TR S —BEAR & LT 99% DINE TS N7z (R
F—£026) THUIHL 14-T T 2=V T A v EEFHNC
HOGacid, FRS 0 FRAFRE oz 2
NSRS, in situ HBrid 4 3 FiE&EIZ LT
FREIIZAINT 5 2 &b D%,

1)1 M (CHy),SiBr

\? (3.2 eq) Ts
-78 °C, 10 min N
N——=Ph ——F—» B \_\:
Ts 2) H,0 (40 eq) =—:Ph
rt, 30 min single isomer
99%
Ts,
Y
N——=——FPh Br
\_— Ph

single isomer
99%

O

Scheme 26 Chemo-, regio-, and stereoselective
hydrobromination.

3. ZEBMKIFTIVT CARICET T IVE S ORIRK
Eranay bRie

KHTILEF oL Funa 2 ALk > TES LA N
0= uiRik, K7 VT Y ERO O L wT v
e i o N S5 RS N = DA = B A DA /7))
HX TIT9 &, BER7LVF o REgornsy 251 v

DFOBTED ATz DIEFI AR E T L E 9. T
KU, i ositu HX 34 F 3 FERIGE7 Vv &) LT

FZNT L= LTRSS 2 2 L2 R L
f:(Z#—A 27)0

in situ
H-X c'
= = <
N
i1 Siiu
H-X X c?
c' c!
si

Scheme 27  In situ HX-mediated access to disubstitued
exo-methylenes.

31 1-NAIF>F7INBFTL—}

K N-FP VA F I FEHCTY 70Xy FIVAF
VI — 7 )V (CPME) @, TMSX & 7K & sdiLifie i 12 il
A2 A, WIBT D 1I-NBILF VT I FAEWIEE
TEONZ (X% —428)", KUGIE 1 BRI LI SE4E
L, HERWIEE S T ATl & L CHBET & 72,

< 10 1213 i sitw HBr % H W 72 B O BS54 D e gs
HMiRamrRd, TMSBroYEx 1.2 4= L D ARICT 2
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1™
(CH3);SIX H,0 Ts
Ts 12eq 20eq N-Ph
=N —»—
Bra Phocpye  ~rt X
0 °C 50 min X=1, B&8%
10 min X=Br, 93%

X=Cl, 94%

Scheme 28 Synthesis of 1-haloethenamides.

7280, WEOEKT RS/ (entries 1—3) 0 SIS A
IR A T L 2 720 T Ao LA B S i iE % R
L, FARBREIZOVWTH-78T250T ETOIF
Jis v Tl E B 12 B8\ T 90% BT B o I R A G- 2 72
(entries 4—9)

Table 10 Screening of reaction conditions for i situ HBr
addition reaction.”

1M HO 1o

’TS (CH3)5SiBr 20 eq ‘N -Ph
=N —>—>
Ph  sovent ~rt Br
temp. 50 min
10 min
entry TMSBr solvent temp.  Yield [%]°
(equiv) (°C)
1 20 CH,Cl, -78 56
2¢ 20  CH,CloMH,0 (4% viv) T8 64
3 1.2 CH,Cly -78 89
4 1.2 THF -78 91
5 1.2 Cyclopentyl methyl ether —78 95
6 1.2  Cyclopentyl methyl ether 0 93
¥ § 1.2 acetone 0 89
8 1.2 CHCN -20 93
g 12 toluene 0 86

2 Conditions; alkyne (0.5 mmol), solvent (4 mL), 1 M (CH,),SiBr
in CH3Cly, H20 (10 mmol). ? Isolated yield after short-plug
column chromatography. © 20 equiv of H,O was blended in
advance with 4 mL of CH,Cl,. @ 6% of unreacted alkyne was
observed.

BB OGS 2 5% { ERIAR, Bahho
nSl-ngTLyFr 73 Mi’"\ﬁ’itfva“wlé RO
EIbhP o7 (¥ —1429), 23— FZ 773N
i,ﬁﬁ&kﬂ®%@%ﬁ7A7E7F7774—Li
BIEHLICTT 2 Ch, 72V TV OBE, Ba 8| E
1L L, 12 B REEOHIZIE NMR ETERD 4 < 5
LCwiz, zuuxy 73 Fidmba@oiEd, 1bé&
WX o TE 1 ABTRD D LRBERZEICHE L.

720, BRESO - NOTTF Y7 I FEME 2L
JUARyT) v ITH)FLLETTLEIEEREL
(F®M), 7OELTF V7 I FRI-FIFVyT73IF%
LTI I
N60—75% PRTZ = AMRIZE|TE 2, b=

Vol.73 No.12 2015

CEESOERE LTHWS &, e

1M (CHJ)3SICl H,0

Ts 12 eq 20 eq N =
=N — = =<”
\—\ CPME ~nt
\ cl
0°C,10 min 50 min
95%
stable
1 weekatrt

’Ts Ts ‘N O
N
#

Ccl
98%
exhaustive decomposition

was observed in ca. 4 h.

Scheme 29 Synthesis of 1-chloroethenamides.

Table 11 Conversion of the labile halo-vinyls to more stable

enynes.
15eq R—=
Ph, 10 moi% Pd(PPhs)y  Ph,_
_<N—Ts 10 mol% Cul N-Ts
X PrNH, toluene \\
X=Br i, overnight
X=l R
entry X R Yield [%]*

1 Br (CHa)5Si 60
2 I {CH34)5Si 66
3 Br Ph 74
4 Br 3-CIPh 75

“Isolated yield afler short-plug column chromatography.

REINEZF T I FID DGR DEETH o,
32 JUNIFZATL—2h5T2Ry NTHED o
A—KFXFL>BF2TL—}

IF VAT Ly oOEmeRISHIERALFEIER S
TBY, £ THZoMEL2REELOME ThIiTw
290 Fkat, WIEiCHW i situ HI % ) VL5 =
VT L= IR S % EfTiEs L OVARERIRN 2 o
3= NAF L VLA R EICARTE 5 2 L& Rl
L7 (X% —L30)", CoOFEIZEMTLF 1208
HT&5%,

SI(CH3),

| | 1M (CH3)38il  H,0 |
(1 5eq) {20 eq) =

CHZCIZ ~0°C.1h

-78°C

15 min Bu
88%

Scheme 30 Synthesis of the 1-(iodovinyl)arene.

RI2IRT I, TARLEOTIVFVEEL ATV
3, TFUE, AV TUC VLS TRRIEDK
Jo k& PR, ZFOMEE, 74 F LOBEREOED ST
BN TPEEAMLT L 72

RN AR EZRAETH72012, ZF—L3TITIRTE
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Table 12 Effect of trialkyl groups on silicon atom.”

R
R g R
Il 1M (CHg)3Sil  H0 |
(15eq)  (20eq) =
B T
CH,Cl, =~0°C,1h
-78 °C
16 mi
Bu 5 min 5
entry R Yield [%]  Recovered alkyne [%]
1 CHs 88 0
2 CH,CH5 80 13
30 CH(CHa), 54 45

@ Conditions; alkyne (1.0 mmol), solvent (8 mL), 1 M (CH3)sSil
(1.5 mmol) in CH,Cl;, H;0 (20 mmol).
b Prolonged reaction time did not increase the yield.
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Si(CH
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Bu (each 10 eq)
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I I
Bu Bu
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Scheme 31 @ Vinyl iodation of the triple bonds with
mixture of D,O and H,0.
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