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

Tetsuo Iwasawa *

Stereoselective addition reactions of i 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 iz situ BrCl
effectively bonded to silylethynylarenes in complete syn—fashion, and the iz 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 iz 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’ 2 situ.

(@]
( CISi(CHg); NBS
ol ™ 05M g P P
in CH,Cl, in CHaCN S
) toluene  ~rt,1h Cl Br
Si—Pr g °C, 5 min single isomer
PriPr 92% (10 g)

Scheme 4 In situ BrCl-mediated bis-halogenation of the
alkyne.
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Scheme 5 I situ XX’ mediated access to differentially
tetrasubstituted olefins.
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Scheme 6 Syn-selective addition of 2 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.”
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TIPS TIPS
== HeCO
Cl Br

92%, 10.0 g

TIPS TIPS
H3C —
Cl Br

95%, 369 mg

TIPS

z?@

Br

98%, 397 mg 88%, 356 mg

TIPS

f3

Br

80%, 161 mg 33%, 143 mg

Found, but readily decomposed

H3CS
<i%_<TIPS <j%_<TI PS
Cl Br

Not Found: starting alkynes remained intact.

TIPS

r”

Br

R
N
TIPS 7 1ps ‘\_\—H TIPS
Cl Br Cl Br Cl Br
R = CN, NO,

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

— Br, (neat, 3 eq)

——TIPS > —
\ 7 toluene,-45 °C, 5 min
then ~rt, 1 h Br TIPS
31%
(alkyne 4%, BnBr 3%)
I2 (3 eq)

——— = No Reaction
toluene, 0 °C, 5 min
then ~rt, 1 h

Bri 3 eq) > neat; 0 °C: 64%
toluene, temp., 5 min in Et,0; -45 °C: 68%
then ~rt, 1 h (alkyne 26%)

Scheme 7 1IBr, Br, and I,-mediated halogenation with the
silylethynylarene.

TIPS TF =)V F+ 7 % L 22 in situ BrCl Z/EH & &
LERIE, FILAT—VTHERIETTLIER
R LZ( XX —L48), FHEbEAIZHEL, ElWiE
6 71 AU ESIEANC CRETH o720 ST L, JBUE
D TIPS #:% TMS 2ECER 7282 A, HEMIZH T 4
FER AR A 2L T L E v, YU 53% 12 F T
W70 ARIZBWT, TIPS I R#ERLOZHE L 47

ARE AL SRS



1) TMSCI (1 M, 3 eq)

Y toluene, 0 °C, 5 min ’ r\S /Prp
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= |
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Scheme 8 Bromochlorination reaction of TIPS- and
TMS-ethynyls: (a) Gram-scale preparation,
(b) production of labile adduct.

LTwb,

22X —L912BWT, in situ IBr Z VT TMS %D
GEWEAMELIL A, RRATEALETH L L
Do lze In situ IBr % 15—6 4w L Bl s8-8 2
5, BAhETHATERT L BERETVIML LAY
ENMRBIEIZBHD C HWIZREETHY, BBhrD
55%, 27%, 14% L INEDWA DB SN2 F72, K
ISHIOBEEFBTIZONT, TMS Z&279 7 RIETI2HE
s nva— MearkE Uz, ¥Va— MRt T

ZET, NMREIEIZBWTH ZEIIBO SN2 0o
72

TMSBr NIS

0.5M
15eq 1.5eq

toluene ~m,1h

™S 5 min desired, but labile
55% 26%
3eq 3eq
——— 27% 73%
6 eq 6 eq
— > 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.
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|

N
X-Si(CH3)g ovo

O 1M,3eq 05M,3eq O iPr //Pr
O e

—_—
\\ zoluene_ ~rt.1h .
0°C, 5min X X'
TIPS
entry X/X' product %yieldd Y%recovered alkyne
X/X

1 1" - - ~100

2 1/Br Br/Br 78 15

3 1/Cl -b.c 26 73

4 Br/I Br/Br 97 0

5 Br/Br Br/Br 85 0

6 Br/Cl Br/Br 7 0

7 Cl/ -bc 63 26

8 ClI/Br Cl/Br 95 0

9 Cl/Cl Cl/Cl 75 2

a 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 internal standard was used.
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O — 1ps 1M 3eq Decompose in workup
= _—
Recov. alkyne, 0%

O toluene, 0 °C, 5 min;

thenrt, 1 h

X-Si(CH3)3

1M, 3eq No Reaction

10,
X =Br, Cl Recov. alkyne, ~100%

X

0.5M, 3eq .
No Reaction
- T
~ 10,
X =Br, Cl, | Recov. alkyne, ~100%

Scheme 10 Evaluation of reactivity of the silylethynyl on
TMSX or NXS.
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TIPS 2)NBS, 0.5 M cl Br
0.1eq ~t,1h 86%

(without TEMPO; 80%)

3 80%
alkyne 0%
TIPS
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Scheme 11 Bromochlorination in the presence of TEMPO
and BHT.
HaCO cl— s. HsCO
NBS
1M3eq 0.5M, 3eq TIPS
—_— —
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0 °C, 5 min 10%
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Scheme 12 TIPSCl-mediated bromochlorination.
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(a) TMSCI
(b) NBS J .
°
(c) 3 min d
°
(d) 30 min LJ
°
(e) 60 min
3.5 3 2'5 2 15 1 0.5

5/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 CD,CN) to a 04M solution of
TMSCI in toluene-dg The peaks labeled with dots are
newly appeared.

(a) TIPSCI L1 i JLM .
(b) NBS )
[
(c) 3 min d
[ J
(d) 30 min JL
[ J
(e) 60 min l

35 3 2’5 2 15 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, 0.3mL of toluene-dy 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-dg. The peaks labeled with dots
are newly appeared.
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AvFELEREN anti VI 72 (E)-Ya ¥ ks
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55 BrCl b A & i $ 2 &, ARERMEIE R R
T35, PlziE, AFX—L13DOEL VK3 DA % :
6 DMK & 7 5o FERPLE, HAS O X RS g
EATIZ L > TIT - 72 (K 4) 6

(CHg)sSiBr  NIS

"Bu
O in CH,Cl, in CHyCN
(1) ——=
toluene ~rt1h
-78 °C, 5 min
"Bu A

R

1M 05M

3 Br
77% (443 mg)
94:6

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

C5

C4C3,

2 c1
Br1

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) = 1507,
C(3)-1(1) =2.168, C(3)-C(4)=1267, C4)-Br(1)=
1.905, C(4)-C(5) =1.501.
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Table 3 Product scope.

R
1M 0.5M \/

R

‘ (CHg)sSBr  NIS 7
@%Alky] —_—— =

— ~r,1h Br Alkyl

toluene
-78 °C, 5 min
o o
Sad
Br -CgHiz  Br -CgH1a Br -CgHia
81%, 98:2 97%, 97:3 70%, ~100:0
H3CO
Br h-CgH13 \:>_<—\ Br -CgH1s
99%, ~100:0 78%, ~100:0 52%, 87:13

Recovered alkyne 48%

NC, O,N
O.N
| |
p— | p—
Br — Br
Br -CgH13

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

TR O —Rba R 2T, i situ K& DG
HDENZRRI(AF—L14), 1-T 2= V-1-TF »~
\ZxF L Cin situ IBr 12 98 : 2 o B TH NI 5 25,
RO —Riba v Exr Az Ga B MR rEL, £
DK DFE B AE RN 72 o 720 In situ iHEAKD TG,
BIRMEZTTRLEAT—=VT v TOREEICBWTHE
hfb)éo

In situ XX O EEMHIZ OV TR ER41TR
o Entry 1 CTld ¥ 3 — MLAWPH—2MEAFE LT

(a) 1M 0.5M

(CHg)sSiBr  NIS
(1.5 eq) (1.5 eq)
— —_— —
toluene ~rt,1h Br
-78 °C, 5 min isolated yield 81%

98:2 (2.45 g)
unreacted alkyne, 0%

b
(®) neat IBr NMR yield 92%
—_— —— 74:21:5
unreacted alkyne, 8%
(c) 0.5M IBr
in Et,0 NMR vyield 82%
—_— 92:8
unreacted alkyne, 18%
(d) 0.5M IBr
in Et,0 NMR yield 62%
—_— 90:10
rt, 5 min unreacted alkyne, 32%

Scheme 14 Todobromination of 1-phenyl-1-butyne with the
in situ and commercially available IBr.
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26% OPEETE L N2AS, A 60% FEHHERTH >
720 Entry 2 &£ 4 T, JHWEBY IBrasdsd L2 &
R YE—O 78 EI— FMLEWITZE 21 76%, 81%
DPETHONTZD, EPREEBREOFTVPEAL TV,
GRS+ AMEL, RECS-VHELLLN, X
D —BEMRIEVWEZ LTWARLTHLEEZLN
bo T2, entry 3& 7 TEHFWLRZ LI, YI— L
WL RN o7,

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

[0}
0.5M
X'—N;\j

1™
(CH3)3Si—X 0
Or=—
toluene
-78 °C, 5 min tah
entry X/X' product %yield? isomeric %recovered alkyne
X/X' ratio
1 ”n n 26 (40°)  ~100:0 60
2 I/Br Br/l 76 87:13 19¢
3 I/Cl n 24 ~100:0 32¢
4 Br/l Br/l 81 98:2 0
5 Br/Br -d - - 0
6  Br/Cl -d - - 0
7 Cl/ n 30¢ ~100:0 11¢
8  ClI/Br -d - 0
9 Cl/Cl -d 0

2 Reaction conditions: alkyne (130 mg, 1 mmol), toluene (4 mL),
1.5 eq of TMSX (1 M) in CH,Cly, 1.5 eq of NX'S (0.5 M) in CH3CN.
b|solated yield. ¢ NMR yield. 9 Although the starting alkyne
disappeared on TLC, complex mixtures were produced

in the crude state.

LE BB OERELY XX —L1512R T In
situ IBr 12 (a) ® 3-F 7 F > d L 9 % Bl 7 38 % 718
BIXOVABIRMIZO N AT A2 L ETIETE SR
Molze (b) ORI T AT VA L T ER2 2% 1)
OmFE-oTLEV, BT % TMSBr & NIS O & %
WR LTI RoN Lol (QIWRTITY —
VTV RERE 2L 52 b o7,

In situ IBr 29 D H 9 1 DOBRFIE, —EA
L7znar PN TV dF VICR->TCLEH) 2T ETH
2, KV UNEEREAET AT VE Y B0 2ER(X
¥ —L16) Tid, TLC ECTHEEEEICHEI LA LW
ARy FALDZFBED SN, SO % 5f < RIEBd
LHDTHo720 LHL, HICOBIIEKTERZICED
B SR O ERIZZIL L, TLC B L O NMR 75
FEL 7 VF AOR) BBl S, OB, B4R
DERIZFEO SN0 o 72,

1.3 BR-AVR-RRE-LTFTL—F
ZDin situ IBrid A I FOZEEAIZ D EINWIC
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1) 1 M TMSBr _ !
-78 °C, 5 min
(@) =\ > Br
2) 0.5 M NIS
~rt,1h _ Br
|
75%, ~ 50:50

Unreacted alkyne, 0%

(o] |
(b) @%( - > —
OCHjq Br OCH,4
(@]

34%, ~91:9
Recovered alkyne, 66%

)7/L>
&

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

Scheme 15 Limitations of substituents bonded to the triple

bonds.

Vi N 1M 0.5M =N
) (CH3)sSiBr  NIS \ /)

— (1 5 eq) (1 5 eq)

A toluene ~rt, 1 h CsHyy
CsHir 78 °C, 5 min
- 1Br
—
5H11

Scheme 16 De-halogenation from the IBr adduct.

LA

s %, 473 FRERETOEETTr 74327
N EDIRBRBAENEZ SN L0, BEETOBED o
RFEIZS+IZ, BREFS-IIHMET Y, 2D,
'Jﬁ‘fﬁﬁﬁ%” 53 IBroavHiTpirEkis, RE
3o RFEITHHEA LR TV,

xﬂe—./,\ 17 1R 33l ) D FEERAS
W ® IBr % v 7284 (Method A), JEU#HIZ TMSBr %
iz T2 5 NIS % il 2 72 % & (Method B), NIS (2
TMSBr % Il 2 72 # 2 JFOE &2 i 2 72 85 & (Method C),
THbo NHIZ 71%, 83%, 90% INF L 22, Wi iLd H—
Bk ceanar AUk E 52 72, b LR
Method C &7 1), KO IBr # 7248 L0 b A=
IZENTZPETH o720 TOREEPE D HAGSEO X
KRB RATIC X o TIT 5 2%,

Z® Method A—C #Mlid 1 I F T LR TR
508 In situ BETTRMO &5 523X VW2 DonT
—EIIE V2 e AS, # U Cin situ IBr %9 Method

TN

situ

Rlxznheh, W
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Method A

IBr in Et,0
Ph (0.5 M)
Ph—=—N e Ph Br
CO,CH3 toluene TN\
78°C, 5min rt,1h | N-CO,CH;
Ph
1%
Method B 1™ 0.5M
(CH3)3 SiBr  NIS
—»—» 83%
toluene
-78 °C, 5 min n1h
Method C ,Ph
[e) 1™ Ph— N‘
(CHg)s SiBr 1M  CO,CH3
1—=N > 90%
toluene . ~t,1h
o -78 °C, 5 min

Scheme 17 Regio- and stereoselective iodobromination of

the ynamide.

N CO,CH3

Table 5 Product scope.”’

SCINC

N -CO,CHy |
Phw

O

Method C: 95%
(1.74 g)

Br
= Ph
rON

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

LR

Method A: 77%
Method B: 74%
Method C: 75%

N CH,
Method A: 62% Method A: - Method A: -
Method B: 59% Method B: 78% Method B: 57%
Method C: 51% Method C: - Method C: -

o H4CO
CH3
E)\/\x—cmcm5
N | N\ Br
S N | —
Br by - I” N-CO,CH;
Br Ph Ph
Method A: 61% Method A: - 9 Method A: 80%

Method B: 50%
Method C: 60%

Method B: 70%
Method C: 75%

Method B: 62%
Method C: 31%

@ 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 yicld, target molecule/isomer =
80/20. ¢ Many by-products in the crude state. ¢ 47% NMR yicld,

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

BLLKIRCOLEELORIETY, H—REfkL LT
AL 2 ENTET. $72, Method BABBL
RAEBWE B—RSk e LTH 27,

Method B 122 W TREL { RNt MaT L7 (F6),

PV ZEiEE e L CRIGREEZ 78T 50T £ T
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(33)

Table 6 Screening of reaction conditions for Method B.”

Ph Br
1™ 0.5M —
(CH3)3 SiBr  NIS I N-CO,CH,
Ph (15eq) (15eq) P
Ph———N target molecule
\C02CH3 solvent ~t1h ph\
temp., 5 min ’ Ph N-CO,CH3
Br
byproduct
entry solvent temp/°C %yield? of Yyield® of
target molecule  byproduct

1 toluene -78 83 3
2 toluene -45 87 5
3 toluene -20 77 2
4 toluene 0 80 8
5 CH,Cl, -78 70 5
6 CH4CN -20 65 1
7 THF -78 36 7
8 CPME -78 72 11
9d toluene -78 90 0

2Reaction conditions: ynamide (126 mg, 0.50 mmol), solvent (2 mL),
1 M TMSBr in CH,Cl,, 0.5 M NIS in CH5CN. ? Isolated yield.
¢NMR vyield in the crude state. @ Performed by Method C.

fREt L7z & 2 % (entries 1—4), HUYOPEEIZKE 7
IO SN o720, FEIAERYE LTk FuliEil
PR U7z 12288 L C b BIA B 0 A 1 2 #i) 3
% Z DT & Do 7208 (entries 5—8), Method C 12
THT LI LIZLYIHITE L,

% 2T, Method C 2L TMSX' & NXS OfflAaED
M) ERTEREIT o720 TOMPEERTIIRT .
TMSI & NISZ# W5 & %% RTY I — R I A
5N 7z(entry 1)o Entry 2 & 41X Z NZ 1 in situ 1Br

DFEEZEE L IHMASDETH LD, WHEESLERE
Table 7 Evaluation of reactivity of the ynamide under the
paring of TMSX' and NX'S.”
/Ph
Ie) 1M Ph—=——N
(CHy)3 Si-X' 1M COLHs ph - x
X-N > ? —
toluene ~rt,1 h X N-CO,CHj
o) -78 °C, 5 min Ph
entry X/X! product %yieldb  %recovered alkyne?
X/X

1 N 1" 76 0
2 I/Br 1/Br 90 0
3 1/Cl - 0 ~100
4 Br/l 1/Br 63 0
5 Br/Br Br/Br 61 10
6 Br/Cl - 0 ~100
7 ClI/ 1N 48 16
8 Cl/Br Br/Br 33 25
9 CI/Cl - 0 ~100

2 Reaction conditions: ynamide (126 mg, 0.5 mmol), toluene
(2 mL), TMSX' (1 M) in CH,Cl,, NXS (0.5 M) in CH3CN.
bsolated yield, as a single isomeric compound.
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JLE—07aEI— MW Ho N7z, L, §r
F1L 90% I, BB 3B IELE VWIFERERD, n
situ IBr DR HIE VAR S N7z, TMSCL % NCS
EHWEETIE, WL ERDIER AR RIS D 5 72
(entries 3,6, 7—9) o
2. ZEBT7IVTCERICAT M4 F I NOERBOER
ONOF ALRE

nar A= v EERT AHEN R RO 1oL L
T, TV YZFHEEIC 17 Ak HX) % BEEMN
MEE2FEND L, Lo L, HX ZBREAE A
HAFETH 272D P23 L v, T 72, Ll
BT 5 EDEEL WD, JUSKIERIIKE S TFARA-TL
F97, 2 LTELLBRIEFREY 2 S HEET %
CEIFREESET, A PLEMLET LY, v Fox
ZVALIIRER T & L Cofifiz 225, &R TRERR 4
LB ELOSEGAEZTLEI Y, KETIE i situ
HX #4952 LT, SEICHX 2 MEE5 2 LA TX
BB RICOWTIRRSE (X ¥ — L 18) o In situ HX O
EISIZ &Y, Z@EHRT7 IV o RMUER T IV 10 F
THETEDLREEDILA S o

i X

in situ
H-x C' H
=N —» =~ —>»
X N

c c
-

N c?

c3

N

H

c2

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

21 IFIREINOEZLTF>TL—F

47 3 FIZ TMSX & KRZ&ERIMZ 5 &, H—5
P LT I FAELNA (R F— 419, TMSI
R TMSBr & W\ 5 & 99% DINET g-/"a 5 I B8
AR B A5, TMSCL % ffi 9 & 28% OIHRIZE L F -
720 MIfEB & OTABEIREIZ VT ROEE BN TH5E
BCY R ORERICOVWT O MER L, YU AT
VaHWizhoara< 7574 =125 0 B % H
iS22 EDTEZ, USIREZ ARFRSE TV 5%
HCRIGASEIE L, FR OSSN L L B O HE—
Ry MEHEAHERR S 7z,

I OREE 1L R ¥ — L 20 DEERFE R L D L IZPRE

1™
(CH3)3SiX
in CH,Cl, Ph
S N/Ph 2eq  Hy0,20eq Ph N-CO,CHs
B o COCH, ) T
CH,Cl, ~0°C, 50 min %
78°C  0°C, 10 min
15 min X=1, 99%
X=Br, 99%
X=Cl, 28%

Scheme 19  Syn-selective addition of i situ HI to the
ynamide triple bond.
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(34)

L7z HoN7za—FxF 3 Fo Iy HET % KERT
THEfT 2L, Co WOy FL7Fa kol y 7
YITREENIIHZz L otz TOMEITE = NVALD 2D
DTAN YR ADBERIIDH B EEZRTREETH
Do o T, insitu HX & syn fIIML72Z &b b,

1) tert-BuLi (2.2 eq)

Ph toluene, -78 °C Ph
Ph. N-CO,CH; 2)H,0 Ph.  N-CO,CH,
l 39% U
J=9.1Hz

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

FEVTEREE — OB R 2T 8 IR T AELTE
IR L TR TH 5 Z 2 b b ISR
WD) =T, TT LA —IVTEIMTES HIEENE
LHELTWD, 72720, "F U HEZLOEEIZIR- T
&, IEEDS15% TH - 720

Table 8 Product scope.

1M (CHg)3SiX
__ R inCH.Cl, H0(20eq) R N-R"
R—= N‘ B . —
R CH,Cl,  ~0°C, 50 min X

-78°C,15 min 0 °C, 10 min

o) =<O
Ph\=<l:l j\Ph

99% (387 mg)

Br
(X=l), 87% (411 mg) 99% (919 mg)

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

TS\ Ts C\OZCHZCH3
\
Ph N -CH, Ph N-CH,Ph  Ph N -CH,Ph
X | X

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

93% (2.539)  (X=1), 97% (393 mg)

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

H4CO NC

Ts\ Ts\ Ph\
N -CH,Ph N -CH,Ph N -CO,CH3
X X X

(X=1), 99% (2.62g) (X=I), 88% (452 mg) (X=I), 88% (680 mg)
(X=Br), 99% (2.39 g) (X=Br), 99% (1.16 g)(X=Br), 85% (576 mg)

Ts
\
Q#@O Ce”13_@0 C5H13_ N -CH,Ph

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)

WK H D IZEKE HWT in situ DI #5EEE 5
EEEAToEIA (XX —L4L21), S EREMIZE
TL, DALRIZ99% ML EA/R Lz 2O &G, K

AR AL e



FIE TMSLICE TN TV L IRE D H 5 HI 25 5- L €
W A T REME I3RS TR,

1™
(CH3)3Sil
oh in CH,Cl, Ph
o 2eq  D,0,20eq Ph.  N-CO,CHs
"~ CoucH -
2 3 CH20|2 ~ 0 OCy 50 min D |
-78°C 0°C,10min ¢ 0
15 min (99% D)

Scheme 21 In situ DI addition to the ynamide.

FOSHEMEICHE T2 EBR2HE0 L7201, AF—L22
IRT EBY) OFFERET o720 BRI VN~ — 1
AFIFEPIVTIFEIALS I FZENLEN 1 mmol D
RBAEWIZH L TTMSI # 15mmol Mz, AL ATF 3
FEEDLAFI FeERE L, TOME PV T IR
BAF I FOLEFPEENICECSEE R L2, M Iv
73 FOMBEETOHFBH VAT — NOBEERET LY b
TMSI D7 A FIZL D EAL L THEEZED T, sy
fFMERELTWE00E Ltz n?,

(o] 1™
X0 (CHa)sSil
Ph—=—N in CH,Cly

1.5 eq H,0, 20 eq

1 mmol Ph Ts 3 }-
Ph———N CH,Cl, ~0 °C, 50 min
\CHzPh -78°C  0°C, 10 min
1 mmol 15 min
O o
o
Mo <
Ph———N Ph N
)) \—( Ph
Ph | Ts
\
0.97 mmol Ts 0.03 mmol Ph N -CHyPh
Ph—=—N —
CH,Ph |
0.03 mmol 0.97 mmol

Scheme 22 Competitive experiments.

22 N-ZILrZlb4 > K=NBNOEZIF>TL—h
Wi CHENCTH o7z in situ HX 2 N-TIVF =) A »
F=WICEH T 2EHEEZT -7 (RF¥—L23), TDiE
F, TMSI B & O TMSBr O ¥4 12 BS L 5E4E LRk
L SEBETdH o 7275, TMSCL D354 13 JFRF 2558 2 5 5 &
Tolze WINOLAEIIBWTE 3O AT IVIEDNF
RIn xR I T Lol HERETEERO X
Rl S E RAT A W TIT YV, BRI o LR (R)
THbHIEhrbhorz,
OISO A4 > B = VEEHI R L THRENTH
D(FR9), AW INE, 315275 LA =), E/Z=
100/0 TERTE LI EDEBMERH L L bbro
o BFET NI, TRTOEEICH LT situ HBr

Vol.73 No.12 2015

CO,CH; 1M (CH3)3SiX CO,CH,4

in CH20|2
@E\g 2equiv H,0 (20 eq) N
N — > > N ph

o CH,Cl,  ~rt, 50 min =/
\ B -78°C X
Ph 10 min X=1, >99%
X=Br, >99%

X=Cl, No Reaction

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

Table 9 Product scope.”

R R
1 M (CHag)5SiX
|\\ A X=10rBr  H,0 (20 eq) |\\ N\
= =
N N e
\ CH,Cl,  ~rt, 50 min %%
-78°C X
R' 10 min

[¢]
OCHg
A
N
98%, 3.15 g, E/Z=100/0
CHj
o o
N N
Br Br

99%, 1.47 g, E/Z=100/0 97%, 302 mg, E/Z=100/0
(72%, 1.07 g, E/Z=100/0)?

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

mCOZCZHS

N
Ph
x)\/
(X=I)

99%, 405mg, E/Z=100/0°
(X=Br)

(6]
OCHj3
(ﬁ o
N

X
(X=1)

84%, 384 mg, E/Z=100/0
(X=Br)

quant., 370 mg, E/Z=100/0 99%, 358 mg, E/Z=100/0

o
OCH; OCH;
CN
A\ A
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

2 Conditions; alkyne (1 equiv), CH,ClI, (8 mL/mmol of alkyne),

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

GERET syn A ILEFREZ R LTV L ETH D [ ¥
R — VERIMI MO & FE L T A BRI A /R L
'(\/‘545)0
23 EEREBRIIL, EERERI-_CEN\OEZ
WFFL—»h
13- VA v o=ZEEEOFNENIZ ooy
bR L LI ET DL, RULTREEDD 2 EEROM
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BIRFEY A > OBEIIZ 10, FEFIRT A~ os
I ESIZE L be NV ZEIHX L, £/ 4 224+
MEELLETEZLLDOHIREE) 720, VA4 v~D
RN % R, FRAIICAT S & & I3 THEL W'Y,

ZAUZHR L, TMSBr & K25 584 &7 in situ HBr
DA IAmEEs L, MIET A 14-Y T HEY
I UPHE—RBYEAE L TT79%INE 1llgTHSNS
(RFx—L24) ISR R ORETITE A Sl
ELTE6MN, NMR TEEZT 5 R) ZEEEFIE—ED
ST 720 HiEPLE 1 E BT 0 XA S 7S AT
WX o THEL, LWL (E)TH D L HH
L7247,

1)1 M (CH3)3SiBr
CH,Cl, Ph., .Ts
Ts Ph  -78°C, 10 min N
N—=—=N > BFNBr
Ph ™ 2)H,0(40eq) N
t, 30 min Ts™ "Ph

single isomer
79%,1.1g

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

Z DGR T TMSBr %2 TMSI & TMSCLICZEE T 5
LT, FRFERNA e Fuoa Rl v Mok
LICEEHTE 5 (R ¥ —4L25), 7272L, b Fuii#it
DL T 5720121, Kofb ) IZffiEit7 v €
= LK A AV CROGIRER 2 9 R I IE X 2 D)s
otz —77, BHEALT v Eo v ARBHEIZIT TR e
Folikfbid—URE o720 2O EhDH,
TMSCL 237 A B 2 OF THEE O EELICLETH Y,
AL A+ > O o EEANORKEIBED KU O EHE 7%
AT v TThHbHIEDbNrDb,

1) 1 M (CH3)3Sil
CHCl,
-78 °C, 10 min

TS\ Ph
= N » |
N——=—N > Y\/‘\l
Ph Ts

2)H20 (40 eq) R
, 30 min Ph
’ 71%
1) 1 M (CH3)3SiCl
CH,Clo/CH,CN Ph. .Ts
X N
rt., 10 min c
. —_— N e
2) satd. ag. NH,CI Ts’N‘Ph
(40 eq) 65%
rt, 9h

Scheme 25 [ situ generation of reactive HI and HCL

Rikz R EORE DA VIE L2 2 A, A
F I FOZEHEEOAINERNIZE Fana 7 fbsh
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(36)

TR AYE — FEEAR & LT 99% DILER TR S iz (X
F—L26), TN L14-V 722 VI A v RFERIC
HWGacid, BRSPS E0F FRLIMERE 72, 2
NOSDOFEDS, in situ HBrid 4 3 FigE o LT
RTINS 2 2 &b h 5,

1) 1 M (CHg3)3SiBr
(3.2 eq)
-78 °C, 10 min
» Br
2) H,0 (40 eq)
rt, 30 min

Ts

i
It
L

——Ph

single isomer

99%
Ts\
\ Y
N————=——Ph » Br
\ ——Ph
single isomer
99%

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

3. ZEHERImTIVFG CERICET T IVE 2 OFEIRE
e NONOs ALK

K7 ¥ roe Funar ALzl THELNAN
oY o ViRIE, Rg7 VT AR X ws v T
L= 3T ilhb, 2O Funasr s fbz/\vro
HX Ti79 &, BER7VE U REEYOT Xy 2 F1L v
DRIBEE 72D IEF AR ETLE 9. T
XU, i situ HX 254 F 3 FEESRIE 7 vy Loy vT
FZNVT L= L TR 2 2 & 2 /L
(XX —L27),

in situ

H-X X c
=N > < —> =
N N

in situ
H-X X c2
(ol =< — =<
c’ c’

Si

Si

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

31 1-N"AXF>7INBFTL—}

K N-F VA FI FeflnTiraxryF)L A5
VT — 7 )V (CPME) %, TMSX & 7K % #5019 12
2282 A, WMnT 5 1-N0x7r7 I FPAFHWIEE
THELN (X% —L628)", FUSIE 1 BRI LI 524
L, Ay o AR GRS & L CHBET & 72,

+= 10 121 i situ HBr & W 72 B o J)Oe 54 o 15t
WA R, TMSBr oM@ % 1248 L ) #fIZT 2
E1-7HELT U7 I FEEREERILTLED
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1™
(CH3)sSIX H,0 Ts
Ts  12eqd  20eq N-Ph
=N ——>
B oa Ph cpME ~rt X
0°C 50 min X=I, 88%
10 min X=Br, 93%

X=Cl, 94%

Scheme 28 Synthesis of 1-haloethenamides.

720, PEOKT 2R S N7 (entries 1—3) o RS A
EIEAL A F L 7200 T % MO PLHVEBE S I B0 %2 7R
L, FESEEICOVWTH 78T 25 0C FETOIE
IR\ EE SR I B\ T 90% AR D IF K& % 5 2 72

(entries 4—9) .

Table 10 Screening of reaction conditions for 7 situ HBr
addition reaction.”

™M HO o

Ts (CH3)3SiBI’ 20 eq \N -Ph
=N —— =<
Ph solvent ~rt. Br
temp. 50 min
10 min
entry TMSBr solvent temp. Yield [%]°
(equiv) (°C)
1 2.0 CH,Cl, 78 56
2¢ 20 CH,Cl/H,0 (4% viv) 78 64
3 12 CH,Cl, -78 89
4 1.2 THF -78 91
5 1.2 Cyclopentyl methyl ether —78 95
6 1.2 Cyclopentyl methyl ether 0 93
7 1.2 acetone 0 89
8 1.2 CH3;CN -20 93
9d 1.2 toluene 0 86

@ Conditions; alkyne (0.5 mmol), solvent (4 mL), 1 M (CH3)3SiBr
in CH,Cl,, H,0 (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.

EE OB 2 % C ERER, Bahrs 2
NS 1-NoxZF 73 FIGMLeTWHEE 2> 2
ENbPo7(AF =629, FiIZI— N7 73 F
&, BB OEERS T I o270 T 74 =12k
LRBICIT 2T, 72TV OBE, Ha ICBMIcZ
LU, 12BMEEOHZIZIE NMR ETERD % 5 E
LTw/o 70ubnxy > 7 3 FidRdSHIEL, 1bA
WIZ L > Tk 1 AMED H D RELEITHE L7,

720, BRE#O -0 F Y7 I FEMHZIL,
JUAHyT) v TH)FLETTLEIEERE L
(B1)o 7OELTF V7 I FRI—-—FILF 7 3IF%
WHEL Ty CICEBERCOERE LTHWS &, Zhe
N60—75% NETT= VRICE#RTE /., T o=
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1 M (CHg)3SiCl  H,0

Ts 1.2 eq 20 eq TS\N =
=—N —_— =<
\—\ CPME ~rt -
\ 0°C, 10 min 50 min
' 95%
stable
1 week at r.t.
Ts TS\N <:>
=N —_— :
Cl
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 mol% Pd(PPh3);  Ph_
N-Ts 10 mol% Cul N-Ts
X ProNH, toluene \
X=Br rt, overnight \
X=l R
entry X R Yield [%]?
1 Br (CHg)3Si 60
2 | (CHg)3Si 66
3 Br Ph 74
4 Br 3-CIPh 75

@ |solated yield after short-plug column chromatography.

YRENTIFUT I FIODRRDVEETH o,
32 JUNIFZNTL—2mh5T KRy NTHESD a-
A—-KRAFLUEF>FL—b

IF Y XF LY OECRUSEZEBALFICER S
ThBY, 4TLZOMELRFILEOREN TN T
29, Fkald, BIEICTHW i situ HL %22 LV 1F =
VT L—VIMEH &2 EfiER & OVAEIRN 2 a-
I—FAF L VELEW ZBEICERTE 5 2 &% il
L72(XF—=L30)", ZORFEEEBETVF b
HTx%,

Si(CH3)3
Il 1M (CH3)3Sil  H,0 |
(1.5 eq) (20 eq) X
—_—
CH2C|2 ~0 OC, 1h
-78 °C
Bu 15 min By
88%

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

RRIRICRT LI, TAHRZLOTIVFVEE X F U
3, I 4V TaENIEE LS TARBIGO K
AR PRI, ZORR, TA R LOBBREOF S SH
BN TR T L7z,

FM AR EZRET 272012, AF—L 3 IIRTE
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Table 12 Effect of trialkyl groups on silicon atom.”

R
R.1 R
si
I 1 M (CH3)sSil  H,0 |
(1.5 eq) (20 eq) N
e e i
CH,Cl, ~0°C,1h
-78°C
By 15 min Bu
entry R Yield [%] Recovered alkyne [%]
1 CHs 88 0
2 CH,CH3 80 13
3b CH(CH3), 54 45

@ Conditions; alkyne (1.0 mmol), solvent (8 mL), 1 M (CH3)3Sil
(1.5 mmol) in CH,Cl,, H,0 (20 mmol).
b Prolonged reaction time did not increase the yield.

BRaAT o720 Pk E EARE SRRSO 0% MR EW
W2z, HI & DI ELSPEELTTIVF VI[N
HLDOMPIZOWTIHRIZEZH, B2 LIZDA2D
FEA LIALBEWA LA & LT 48% O TH L L
7o SUBTERUT HAE 72 2SR 72 55255\

SiCHy, 1 M (CHo)sSI

4 CH20|2
- .
2) D,0/H,0
Bu

(each 10 eq)

D D D H H D H__H
I | | |
| | | |
tBu Bu tBu tBu

48% 12% 12% 12%

Scheme 31 «-Vinyl iodation of the triple bonds with
mixture of D,O and H,0.
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€, RAGHIGLAL:, SRS L, ImHEZE L, RNK
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