Yu Fan
Nov-27-2001

Lewis Acid Catalyzed Hydrometalation and Carbometalation
Reactions of Unactivated Alkynes
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Lewis Acid Activation of Alkynes

Nucleophilic Addition Reactions with Activated Alkynes (Conjugated Addition)
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Electrophilic activation of the n system towards nucleophilic addition is necessary.

Lewis acid is coordinated with the t electron clouds.

For carbonyl, 6 electron coordination is common.
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Lewis Acid Catalyzed Hydrosilylation of Unactivated Alkyns

Vinyl silanes are useful synthons. Silylgroup directing regiochemistry.
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Vinylsiloxane as coupling partners:
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Zhigang Wang, Org. Lett. 2001, 3, 1073

Sometimes regioselectivity in transition metal
catalyzed hydrosilylation can be problematic.
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Table 1. Lewis Acid_Catalyze ydrosilylation of
Acetylenes with Et3SiHe
EtySiH R!  siEt, R H
Rl—=—nR? >=¢ S=(
Lewis Acid H R2 + Ethi RZ ' (Gq R
1 2 3
1,2,and3 & | R'=CHy(CHy)g, R?%H 9 i R'=(i-Pr)3SIO(CH,),, R2=H
b : R'=PhCH,, R?=H h ; R'=(i-Pr)3SiO(CH,),, R%=H
€ | R'=tert-C4Hg, R%=H I 5 R'=PhCH,0(CHg),  R%=H
d | R'=Me;Si, R%=H ) 3 R'=R2=CH4(CH,),
°iR'= () R%=H  kiR'=R%Ph
- al_ 2_
{: R'-Ph, RE-H I ; R'=Ph, R?=CH,4
m: R'=Ph, R?=C,Hs

Y. Yamamoto et al. JOC. 1996, 61, 7654

R,

E+

E

/J\/SiRS

+

Ian Fleming Org. Reaction V37, Chap2

Cis

'/'\ -f;-r transthvn mete C“J‘")"?-ﬂ&

H /lyo‘ﬁ@{.'l}(cdﬂ'ob\,
Ryl R, H SiR
R2 N >———<_
H R4 R,
C Neo
+ lCl3 , hmemTz ax
Lewis acid ! i eld (%)
entry (equiv) R! R2 2 3
1 ZrClL (0.2) CH3(CH,)o H (la) trace O
2 HfCl4(0.2) CH3(CHy), H (la) 28 0
3 AICI;(0.2) CH3(CHy) H (1a) 93 0
4  EtAlCl;(0.2) CH3(CHy), H (1a) 95 0
5% Et,AIC1(0.2) CH3(CHy) H (la) 0 0
6 AlCl3(0.2) CHa(CHy), H (1a) 90 0
7  AlCl3(0.2) PhCH, H (1b) 85 0
8 AlCl3(0.2) t-C4Hy H (1e) 82 0
9  AlCl;(0.2) Me;Si H (1d) 89—
10 AlCl3(0.2) l-cyclohexenyl H (1e) 45 0
114 EtAICL (1.0) Ph H (1) 61 0
12¢  EtAlCl; (1.2) (i-Pr);SiO(CHy), H (1g) 86 0
13 AlCl3(1.2) (i-Pr)sSiO(CHy)s H (1h) 174 0
14 EtAlICl;(1.2) PhCH,O(CH,); H 1) 72 0
15  AlCI3(0.2) CH3(CHy), CH3(CHp)y (1) 73
16  AlCl5(0.2) Ph Ph (1k) 66
17 AlCI3(0.2) Ph CH; an  7e 10

¢ Reactions were conducted in toluene at 0 °C under Ar unless
otherwise noted. ® The starting material 1a was recovered quan-
titatively. ¢ Reaction was carried out without any solvents. ¢ 2f was
obtained in 40% yield, if 0.2 equiv of AlCl; was used as a catalyst.
¢ Hexane was used as a solvent.



Effects of Silanes And A Possible Mechanism

Table 2. Lewis Acid-Catalyzed Hydrosilylation of
1-Dodecyne 1a with R3SiH

=y HSIR3 CHa(CHg)g\ _ SiRa

CHa(CHaly Lewis Acid H H (eq2)
1a 2
2n; Ry=t-BuMe, 9; Ry=Ph,Mo
O3 Ra=(0CqHyy)Me, Fi Ry=PhMe,
Pi Ry=Phy $ R;=(Et0),
Lewis acid
entry (equiv) R3SiH yield (%)
1 AlCl; (0.2) t-BuMe,SiH (2n) 78
2 AlCl; (0.2) (c-Ce¢H11)Me,SiH (20) 73
3 EtAICl1»(0.2) PhsSiH (2p) 40
4 EtAlICI12(0.2) PhoMeSiH (2q) 45
5 EtAICl; (0.2) PhMe,SiH 2r) 60
64 AlClI; (0.2) (EtO)sSiH (2s) 0

¢ The starting material 1a was recovered quantitatively.

Medhanism based on elecm:T\M\«c- AcHVvatiby,
H .R"’ of ML/"U’

SlRa AIXS
n1 AlX3 * SiR, 12
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>,’ WX, + % silly
R
MesSi. @ , _HSiEts MesSi\__ H  _ ad
ng|> EtsSisAX; °H
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Y. Yamamoto et al. JOC. 1999, 64, 2497



Hydrosilylation of Aryl Substituted Allenes

Table 3. Lewis Acid-Catalyzed Hydrosilylation of Allenes with HSiR;

o
C o e
R R . cat. AICly R
\= ° + HSIR — Ar
R? =<Ar ? CHCl, R? SR, ¢a9)
11a 0°C 12a-]
11
entry R! R? R3 Ar HSiR3 product yield (%)ab
1 H H H CeHs 11a HSiMeoEt 12a 76
2 H H H p-Me-CgH, 11b HSiMe Et 12b 78
3 H H H p-F-CgHy 11c HSiMe.Et 12¢ 96
4¢ H H H p-CF3-CeH,y 11d -HSiMeoEt -~ 0
5 Me H H p-Me-CeHy 1lle HSiMes 12¢ 60
6 Me H H Ce¢Hs 11f "HSiMe;j 12f 66
7 Me H H p-F-CgH, 11g HSiMes 12g 72
8 Me Me H p-F-CgH, 11h HSiMejs 12h 58
9 H H Me p-F-CgH, 11i HSiMe3 12i 46

¢ The reactions were carried out in the Wheaton microreactors with 0.5 mmol of 11 and 1.0 mmol of HSiR;3 in CH2Cl; (0.5 mL) at 0 °C
n the presence of AlCl; (0.1 mmol). ® Isolated yield. ¢ The starting material 11d was recovered.
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Intramolecular Trans-Hydrosilylation

transition metal

R catalyst t:g;fs?md R SiR's
- R—=—=R >==<
SiR's H-SiR', H-SiR', H R
)
Jowmol ,4 ;
—— cat. AICl, Hz SR
(:SIRZRaH CH20|2 o SIRZRa
1 2

Table 1. AlICl;-Catalyzed Intramolecular
Trans-Hydrosilylation of 12

reaction yield,®
entry substr R! R? R? temp,°C time product %
1 la H Me Me O 10 min 2a 70¢
2 1b n-Hex Me Me O 10 min 2b 78
3 ¢ t+Bu Me Me O 10 min 2¢ 72
4 1d Ph Me Me O 10 min 2d 78
5 le SiMe; Me Me O 10 min 2e 96
6 If SiMe; i-Pr i-Pr 0 30 min 2f 89
7 1g SiMe; Me Ph Otort 1h 2g 86
8 1h SiMe; Ph Ph  Otort 5h 2h  30(35)0

¢ The reaction was carried out in CH,Cl, (1.0 M). ¢ Isolated

yield. ¢ NMR yield. ¢ Yield in parentheses means recovery of the
starting material 1h.

+ FiMchh and Gaﬁb olso e{{t'uﬁvr/
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=—R hydrosilylation | H,__ R H R
[———— = —
SiH
A B C
Cyclization endo exo exo
Addition trans trans cis
Transiton mostal w—%
Mo E
=—Ph “ \H'
(On cat.AlCl, () —
—_— n
Si Ph
SiMe,H CH,Cl, Me,
n=1,
3a;n=1 .2. 4a;n=1 (67 %
3b;n=2 exo-cyclization db;n=2 $38 %i
=—=—SiMe,
)n cat.AlC|3 n
e
SiMe,H CHCL  Mesic AN,
» n=12 .
5a;n =1 o SiMe;
Bb:n=2 endo-cyclization 6a;n=1 (54%
6b;n=2 (42 %

¥ +he rest oF mateNal net™ mentioned.

Y. Yamamoto et al. JOC. 2000, 65, 8919



Intramolecular Trans-Hydrosil};lati.on

——SiMe,3 H SiMe; H
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Me,
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H .
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Y. Yamamoto et al. JOC. 2000, 65, 8919



Lewis Acid Catalyzed trans-Hydrosilylation of Alkenes

R R1 R; Rs
R4 Rz R4 Re Hmu : H
l,m./ s a) boey  H
| 5%, 90%
" silanes Olefins ° Products (% yield P)
! a: Cat, AlCl:,. llSlMc2Cl' b: KH(‘O . ELOI:
[ l Ee . Me Me ’ p;|e Me Me c: 90Y% !! O TBAF I(IICO' I)Ml" 15 “(,
| Cl-Si- | =( c1-§1—-l—.| (93 %)
Me Me Me Me Me Me
| ) _H-
i é CIMGZSIH + A1C13 - CIMe2SI\ ‘CI \AICIZ
£t Et Me Et Et % o D
s Pan cl-3i (80 ) C'MGZ(S‘*CrA'C'Q
E Me E - .
| £t t | e Et Et 7\ \\ t—\ W
’ Me™\ MRV O‘F
Bt Et Me Et Et l Sdane
4 c1-s'i—H (50 %) i
| SiMe,ClI
Me Me Me Me Me
: % * H?l(:l
‘Me 3
P|4e
. <:>=<:> cisi (67 %)
Me
9 SiMGQCI
Me-
Bu Me Me Bu Me Me
. P +  AlCI,
C1-3i-H ):( “'?‘—H (80 %) H
Me Me Me Me Me Me
5 10

Oertle K. et al. TL. 1985, 26, 5511 Keiji. Yamamoto et al. Synlett. 1990, 259



Lewis Acid Catalyzed trans-Hydrosilylation of Alkenes

Lewis Acid SiEt, AICL SiEtg SiMe,Et
@ + HSikty + HSiBty/ : :
1 ClMe,SiEt CH2CI12/0°C +
a
3a

2a 2215wl 3 ‘°mél/9-0 pewio] 3a 3n
reaction conditions Table 5. Effect of Chlorotrialkylsilane in the
entry Lewis temp time 3a Hydrosilylation of 2a¢

no. acid® solvent (°C) (h) (%)° reaction products?
20 AICl; CH,Cl, 0 3 74 time (min) 2ac 3a +3n 3n/3a
21 AICl3 CHCl 0 2. 30 1 96 3
22 AICl hexane!  Otort 9 50 0 4 o 6.3
23 AlCl; neat Otort 3 64 4 83 10 o7
24 EtAlCle CHyCl,  Otort 12 7 g i 1 25
95  AlBrs CHCl, 0 15 61 16 e 39 o1
26 TiCly CH.Cl, reflux 4 trace 39 17 5 5.0
27 ZrCl CHCl,  reflux 7 33 s : 8 45
28 HCL CHCl, 0 5 65 70 39

¢ A 0.2 equiv amount of AlCl; was used as catalyst.  Yields were

®A 0.2 equiv amount of Lewis acid was used as catalyst. determined using decane as an internal standard. © Amount of 2a

b Isolated yield. ¢ The exchange reaction between the Si—H bond

of 1a and the C—Cl bond of chloroform in the presence of remamning. U might come
aluminum chloride occurred predominantly to give chlorotrieth- AlCl; + EtsSiC| from 2]
ylsilane (67%). ¢ 12% of 2a was also recovered. ¢ 1.0 M solution in
hexane. _ J
%s.&a . i
Table 3. Results on the Hydrosilylation of 2a with Me Et368i0| —AICl,
R;SiH 3b or Et;Si* AICI,”
entry HSiRs AICl; - reaction _Product® ! %M
no. 1(Ra) (equiv) time(h) 3 (%) 2 ¢
14 1la (Et3) 0.2 3 3a 74
15 1b (EtMe3) 0.2b 0.5 3n 66 SiEt
0.1 2 3n 87 HSIEt, =l
16 1c ("CgH11Mey) 0.2 3 3o 81 1a Me
17 1d (PhMey) 0.2 1.3 3p 21 * AICL"
18 1e (Ph(CHgz):Mey) 0.2 3 3q 11 4
19 1f (*BuMey) 0.2 3 3r 9
¢ Isolated yield. ® (Trimethylsilyl)cyclohexane and (chloro(eth- Jung et al. Organometallics. 1999, 18, 3109

yDmethylsilyl)cyclohexane were obtained as byproducts.



Lewis Acid Catalyzed trans-Hydrosilylation of Alkenes

R ELSH () - 0521 . R? R!
3 = R , R R' EusiH (1a)
R in CH,CI oH H=— 2 g I (
O[H AICl3 in CHClp SiEty R3 AlICl3 in CH,Cl, H
2

R3 SiEts

2 3 3

J iend f: R'=R%=H, R®=Me
Q0. cydohbxm ’ Z\J . \-meﬂ\]{ C C(o h%(UIQ/_ 2¢ L7dor a: R1 = Rz =H, Rs ="By
2. nevbormene ze. MK‘U\-?- h: R'=R?=H, R® = n-octyl
Table 1. Hydrosilylation of Cycloalkenes with L R'=R?=H,R3= CH,CqFs
' Et;SiH J: R: = R; =H, R: =Ph
reaction conditions ll( 21 - ﬁ ;2H=' z:ggfi:
entry Cycloalkenes  “pjcp temp  time _Product m: R!= R?= R3= l\;le
no. 2 (equiv)  (°C) (h) 3  (%r
1 2a 0.2 0 3.0 3a 74 "
2 9b 0.2 -20 10 3b 82 Table 2. Hydrosilylation of Linear Alkenes with
3 2c 0.2 0 1.5 3c 78 Et;SiH
4 2d 0.2 0 4.0 3d 65 _ —
5b ‘90 0.1 —20 1.0 3e 25 " reaction conditions .
) . alkene Cle : product
¢ Isolated yield. ® The reactionl of mldene in the tén:e::lence of 0.2 egzl.'y 3 teﬁnlp (?’C) tz}r?)e 3 (%)b
iv of AlCl3 at 0 °C gave mostly polymeric materials.
camy ot A 6 of 0 50  3f 66
H(D) 7 2g rt 4.0 3g 58
8 2h rt 5.0 3h 57
= H(D)SiMey(CH,),Ph H 9 2i rt 5.0 3i 58
< - \ 10 2j -20 1.0 3j 57
= AClinhexane " 2o “20 TR -
Ph(H;C).Me,Si 13 2m -10 L0 3m 70
2n (3s or 3s) ¢ A 0.2 equiv amount of AlCl3 was used as catalyst. ® Isolated
yield. ¢ A 2.5:1 ratio of reactants 2f and 1a was used, and 23% of
unreacted 1a was recovered. ¢ 31 decomposed during this reaction
— H to give benzene (0.01 g) and propyltriethylsilane (0.17 g).
\ \ H Jung et al. Organometallics. 1999, 18, 3109
H

Ph(H,C),Me,Si Ph(H,C),Me,Si



Lewis Acid Catalyzed trans-Hydrostannylation of Alkynes
+ Tvows:l\'fbf\ med Co.i‘al«rv{ \\‘dwes,\-u\vu‘\m\ev\ (?mce_u\g ;Vf, 1S Mawmey

Table 1. Lewis Acid-Catalyzed Hydrostannation of ‘Acetylenes with BusSnHe
BusSnH R SnBug H SnBuj
> >== eq 1
ZrCly H R <+R R' ) ©at)
2 3

; R=BnO(CHy)3, R'=H
i R=CH3(CH,)s, R'=CI
R'=CHg(CHy)4

R——=R'
1

a ; R=CH3(CHy)s, R'=H e
b ; R=Ph, R'=H f:R
¢ ; R=p-Me-CgH4, R'=H g;R

h; R

nnu

d; R=TBDMSO(CH2)3, R=H R'=Ph
1

entry Lewis acid (equiv) R R’ yield, %® Z-:E-isome
1 ZrCly (1.1) CH3(CHby)s H (1a) 30 >95:5
2 ZrCl, (0.2) CH3(CHy)s H (1a) 76 >95:5
34 ZrCl4(0.2) CHj3(CHo)s H (1a) 89 >95:5
4 HfCl4 0.2) CH3(CH2)5 H (1a) 86 >95:5
5 ZrCl4 (0.2) Ph H (1b) 73 (40) 95:~5
6 ZrCl4 (0.2) p-Me-CgH, H (1e) 84 >95:5
7 ZrCly (0.2) TBDMSO(CH,)3 H 1d) 87 (48) >95:5

8 ZI‘CI4 (02) BnO(CH2)3 H (le) Qe -
9 ZrCly (0.2) CHj3(CHy)s Cl (1f) 47 (40) >95:5
10 ZrCly (1.0) CH3(CHay)4 CH3(CHy), (1g) 56 >95:5
11 ZrCly (1.0) Ph Ph (1h) 33/ >95:5

¢ Reactions were conducted in toluene at 0
using p-xylene as an internal standard. Isol
readily at the purification stage using silica-
3 were not detected by the NMR. The ratio,
¢ The starting material (1e) was recovered

gel column chromatography.
>95:5, came from the limit of detection for the stereoiso
quantitatively. / trans-Stilbene was obtained in 46% yi

°C under Ar less otherwise noted. Determined by
ated yields were indicated in the parentheses. The C—Sn bond of the product was
'H NMR spectra. The stereo
mer. ¢ Hexane was used as a
eld in addition to 33% yield of

¢ Determined by 270 MHz

Y. Yamamoto et al. JCSCC. 1995, 2405

'H NMR spectra of the reaction

[



ZrCly Promoted Redistribution of BuSnH
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Figure 1. 'H NMR spectra (270 MHz) of a 2:1 mlxturs of Bus-
SnH and ZrCl, in toluene-dg: (a) at —10 °C; (b) at —10 °C (after
warming to 0 °C); (¢) at —50 °C; (d) at 78 °C. The signal x
corresponding to BusSnH and y to BuzSnHo,.

E\uleY\nl,Rc, pctivarion e~ BuzsniH

! R_@gﬂ@

C——C—H
BuaSnH L ZrCIs
+ = BU3SH
ZrCl,
/( SnBu3
BusSnH
R—-C
ZrCly CZ@‘O H 5
R SﬂBUa H-ZI’C|4
\CD-Z)
CZO™,
" H

Y. Yamamoto et al. JOC. 1996, 61, 4568
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B(CgFs)3 Catalyzed Hydrostannylation Using in situ Generated BuzSnH

ZrC'4
BusSnCl + Et,SiH — _—™ B i .
3 3 USSnH + EtSSlCI /=.= . B(CBFS)S (10 mol%) Ph
6 7 1 9 Ph + BusSnCl + Et;SiH —
89% 11% ) toluens BusSH
1 6 7 12
i 51%
R—==—R" + BugSnCl + Et;3SiH /
5a-h 6 7
B(CeFs)s (10 mol%)l toluene %
B(CeFs)3 (10 mol%)
R SnBuz; R R — _ %) SnBu,
t< + t< (4) Ph/ + BugSnCl + EtySiH — Ph/\/ (6)
R’ SnBu, 13 6 7 14
8 10 . '

+

ble 1 B(C¢Fs);-catalyzed hydrostannation of alkynes with Bu;SnH generated in situ from Bu;SnCl and Et;SiH

Yield of

Entry R R1 Conditions 8+10% (%) Ratio 8:10%
1 CsH, 3 H 5a 40 min/0 °C

3 h/rte 78 >95:5
2 Cyclohexenyl H 5b 2h/0 °C 85 86:14
3 PhCH, H 5c 4 h/0 °C 85 >95:5
4 Ph H 5d 25hn0°C . 7 >95:5
5 p-MeCgH, H Se 2.5h/0 °C 89 >95:5
6 Pp-MeOCgH, H 5f 1.5 h/—35 °C 70 : >95:5
7 Pentyl Pentyl 5¢g 40 min/0 °C

3 h/rt 90 - 80:20
8 Ph Ph 5h 40 min/0 °C

3 h/rt 71 >95:5

olated yield. # Determined by 'H NMR analysis of crude reaction mixtures. € rt = room temp.

Y. Yamamoto et al. Chem. Commun. 1998, 37
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Lewis Acid Catalyzed trans-Carbosilylation of Simple Alkynes

H.__R'
EtClz‘\l: A~-SiMe RI/\
Table 1. Allylsilylation of Alkynes in the Presence of the R—==r 2 3
EtAICL,—TMSCI Catalyst System R—=—=—r' 5
Rl 2, o~ SMes EtAIC, R SMes ! V( Osime, CiSiMe, I

TMSCI < e 97 EAICH BOA R Y, EtCIAI R
1a-g 2 Jo equiv ! Py : I/\ |
“ ' 3a-g R X R SN

a:R'= Ph, R%=H d:R'=CH{CHYs, R=H ¢:R'= { - ,R%H /s\/ 6 7

b:R's p-Me-CgH,, R>=H e:R'= CHy(CH,) R%=H g:R'=Ph, R%=M MesSI__R' EtySi<__H
-F GH: ik g ° Jl’\/\ T™scl | | TESC 33'1/\
¢ : R'= PhCHp, R’= H . N | — N
entry 1 R! R? 3 product yield % 3 3n A
1 la Ph H  3a 93 Table 2. Lewis Acid Catalyzed Addition of Allyltrimethylsilane
2 1b p-CH3C6H4 H 3b 95 to 1d
3 ¢  PhCH; H 3c 57b¢ Lewis acid
4 1d  CHyCHys H 3d 90° nHex—=—H + Z~SMe&
5 le  CH3(CHy)o H 3e 85bd 1d 2a
- b.e
,6/ }; ll)hcyclohexenyl &e gg ;g n-Hex SiMeg n-Hex H
H o+ < :H
Isolated yield, except for where otherwise indicated. ? Yield ad é ad =
determined by 'H NMR with p-xylene as an internal standard. '
¢ PhCH,(CH,=CHCH;)C=CH, (4¢) was produced in 13% yield. (eq 2)
4 CH3(CH3)o(CH;=CHCH,)C=CH, (4¢) was produced in 5% yield.® 1- . - .
(1,4-Pentadien-2-yl)cyclohexene (4f) was produced in 5% yield. Lewis temp yield ratio
. entry acid solvent (°C) (3d + 4d, %)* 3d:4d°
* \acge oMess of TMHL] ;\ hertssay o obtuin 1 EtAICl, toluene —78—0 20 5:>95¢
Jda el duct™ wih Etfatels  cotd 2 AICl;  toluene —78—0 40 24:76
5l Y( e i 7”1/ . 3 AlBr;  toluene —78—0 50 15:85
a The yield was determined by '"H NMR with p-xylene as an internal 4 HfCl, toluene —78—0 9 >095-54
standard. ® The ratio was determined by 270 MHz 'H NMR. € 3d was‘* 5 HfCl, hexane ~—78—0 trace e
not detected by 'H NMR. ¢4d was not detected by 'H NMR. ¢ Not 6 HfCl, CH,Cl, -78—0 50 >95:5d
determined. / Isolated yield. 7 HfCl, CH,Cl, 0 88/ >95:54

Y. Yamamoto et al. JOC. 1996, 61, 4874
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HfCly Catalyzed trans-Carbosilylation of Simple Alkynes
H{- . atomic oumber” ?—2/. otomnc W‘—“7‘lf 178.49 ) G)er numbeyr 4 L’ch‘ff' sd zfsz

discoveved (42% gt Pe.nmalk‘ s Ha{m‘q mmn«'nj ‘ Co/—y en /lqy.e,n !
Table 3. HfCls-Catalyzed Addition of Allyltrimethylsilane to

Alkynes 1la—j° Scheme 2. Proposed Mechanism for the HfCls-Catalyzed
HiCH R SiMes trans-Allylsilylation of Unactivated Alkynes
R-wm—p? . AN _SMey 4 2 {(eq 3) SiR, HICI
18] 2a Crilh = C‘<—— ‘ R—==—R
‘ Rl
, 3a-k — 1
a:R'=Ph, R2%= H 1:R'= (- R=H 3
b:R'= pMeCgHs, R?%=H  g:R'=Ph, R%= Me
¢:R'= PhCH,, R’=H h:R'=Ph, R%= Et
d : R'= CHy(CHp)s, R%= H i:R'=H, R%=TMS “33‘.53 o
cri_ 2_ P 2 £ @ Hrcl,
e.R—CHg(CH2)9,R—H i.R—tBU,R—H R fC|4 R_# 10
o— Rl
entry  alkyne R! R?  product yield(%) _F \
1 1a Ph H 3a 95 12 2 2
2 1b p-CH3CeH, H 3b 97 : SiR,
3 1c PhCH, H 3c 73
4 1d  CHs3(CHy)s H 3d 87
5 le CH3(CH2)9 H 3e 86
6 1f l1-cyclohexenyl H 3f 42 © slow
7 g  Ph Me 3g 90 R Hicl
8 1h Ph Et 3h 82 Th
9 1i H TMS 3i 65¢4 ®
10 1j t-Bu H 3 10

SiR
2 All reactions were carried out in CH,Cl, at 0 °C with 50 mol % of 3

HfCL,.® ®Isolated yield, except for where otherwise indicated. ¢ Yield 1
was determined by 'H NMR with p-xylene as an internal standard. '

4 The allyltrimethylsilane was added slowly via syringe pump in order

to avoid its dimerization.*®

Y. Yamamoto et al. JACS. 1997, 119, 6781
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HfCl, Catalyzed Allylsilylation of Phenylacetylene

able 4. HfCls-Catalyzed Addition of 2a—h to Phenylacetylene®

3 Ph SiRj
R 1 )= a
HICl R b
—=—H + R! SiR - 2 (eq4) tyz (min) HICY - catal i .
- 3 CHyCly R 4 yzed addition to 1a log keey kel toward AnPhC!@(s)
R? 2a-h R3
o —
3ak-p
ntry allylsilane time (min)  product  yield (%)°
10 —
SiMe,
1 N 2a 60° 3a 95 /k/SiMea (13) 3 — /k/SiMea 89'102
2 S ASiMe 2 60 3k 96 20 2d 2d
2b NASMes on 940!
o s, 25 v o P A~ SMey  (ag) — My
SMe. 2 —_/ 2c =~ r\/ 2c 89
€3 €
5 120 3m 97 ~. .
\(\, | 40— /\/SIMea (39) \(\/&Mea 2e 8.1
6 /\/SlEtg 2f 180 3n 73 \(\iaSiMea (45) 0 — /\/SiMe
. = 3 2a 4,
g ASiEMe 2 140 30 76 50 — 2e 0
g A~ SiPMe 2h 230 3p 51 q —
a A1l reactions were carried out in CH,Cl, at 0 °C with 50 mol % of R3 ) t
[fCls. ® Isolated yield. ¢ In the presence of 10 equiv of TMSCI the @ a2 , H R
saction was completed in 20 min. AnPhCH + R\%\/sma Sow, AnPhc>2@/sm3 Jast
8 R!' 2 RV CRZ o
. HICl,
TMS—mm—H + A~SiME ——— R
- = CH0p Mayr etal JACS. 1991,113, 4954 el L (a9
1 2
cl J-?f ® T™MS H R" R 10
TMS TMS )
13 =
3l

Y. Yamamoto et al. JACS. 1997, 119, 6781
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10 mol% HfCle

==—R
1(; i 50 moi% Me,SIC!

SiMes CH,Cl, , 0°C

R MeSI P
BT a=
2 n

HfCl, Catalyzed Endo-dig Cyclization

endo-product exo-product SiMe,

Table 1. HfCl4-Catalyzed endo-Carbocyclization of

]
HiCl, Me,Si~__ SiMe,
SiMe, exo-mode I
:’S \; ; ’7/\\
8%

- 3 10 Me,Si SiMe
Alkynyl-Allylsilanes 1 ' o exo-mode y SiMes endomode MO\ /S™es
entry  substrate? R R'  n  product vyield, % N és&m, N
1 1a Ph H 1 2a 61 10 7 o 1
2 1b n-Hex H 1 2b 99 (not detected) n
3 1c c-hexenyl H 1 2c 58 ‘
4 1d p-tolyl H 1 2d 63 .
5 le n-Hex Me 1 2e 83¢ '
6 1f Ph H 2 2f 76 Scheme 1. Proposed Mechanism for the HfCl4-Catalyzed
7 1g n-Hex H 2 2g 84 endo-Carbocyclization of 1
8 1h p-tolyl H 2 2h 65 . .
9 1i Ph H o0 2i 22¢ MosSi N . (R— ?
10 1j n-Hex H 0 2 47¢/ n
J g : | o
? A 4:1 mixture of Z- and E-isomers of 1 was used. ? Isolated yield.
¢ The endo-product 2e was isolated in 83% yield along with small
amount of unidentified isomeric material.!! ¢ Approximately 20% of © Sies
1i was recovered. * NMR yield. 730 mol % of HfCl, was used. The o

catalyst was added in three portions.

¥ MessiCl 15 news&wr\/ Ffor 7000{ yw{o&,
¥ jo other somers :J&W‘Wfl\ep()

role of Thse
het w?wne& ¥

o
6
\ / endo-mode 'J exo-mode
9 " 45
CI.H\G/'\/SN” MoSie R
In
5

o €]
cm\ﬁf\,% Hict,
e R
In a3 X
3 s S

X
In

7
(not detected)

Y. Yamamoto et al. JACS. 1998, 5339
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Lewis Acid Catalyzed Intramolecular trans-Vinylsilylation

R2
iR!
4 cat. Lewis acid P 3
(), $R's CHoCly ( R?
P
1 2

Table 1. Lewis Acid-Catalyzed Carbocyclization of 17

entry substrate 1 Lewis acid temp yield of
no. n R! R? (equiv) (°C) 2 (%)°
1 1 Me H 1a EtAICL; (0.5) —78 2a 69
2 1 Me H 1la AlCI;(0.5) ~78 2a 67
3 1 Me H 1a AlBr3(0.5) —78 2a 56
4 1 Me H la EtAICI (1.1) =78 2a 61
5 1 Me H 1a EtAICL1; (0.2) —78 2a 92
6 1 Me H la EtAICl; (0.1) —78to0 2a 49¢
7 1 Me H la AICl3(0.1) —78t0 —30 2a &4
8¢ 1 Me H la EtAICI;(0.2) -78 2a 91
9 1 Et H 1b EtAICl; (0.2) —78to—20 2b 85-
106 1 Me CgHiz 1c EtAICL (0.5) rt 2¢ 31
11# 1 Me SiMe; 1d EtAIC1>(0.5) rt 2d 85
12 2 Me H le AICl;(0.2) ~78to—5 2e 89

a Reactions were conducted in CH,Cl, at the indicated temperature
within 1 h, except for where otherwise mentioned. The reactions were
quenched by adding excess amounts of E;;NH and saturated aqueous
NaHCO; solution at the reaction temperature. b Isolated yield. ¢ The
starting material 1a was recovered in 23% yield. ¢ Hexane was used
as a solvent. ¢ Reaction was conducted for 1 d.

%X - Sjane , no Ceachpn

X no ned for  MessiCf

R
Mea 4
QUn P iMey
1
* ‘§\R KlX:;
)

5 SMe3
SiM \_/ G‘M%
. IMe3
@ — cat. EtAICI,
e ———————
n ASiMes "G Cl oG
\ \
R
6a: n=1, R=H 7a: n=1, R=H 0%
b: n=1, R=C3H, b: n=1, R=CzH; 90%
c: n=2, R=CaH, €: n=2, R=C3H; 3%
I;\
routea = routed
), )b
s"‘“’" SiMo ,SMes
/ 3

Y. Yamamoto et al. JACS. 1999, 121, 3797
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Lewis Acid Catalyzed Silyltethered Intramolecular trans-Vinylsilylation

BER AT i o ST

A R
cat. EtAICH, | N
H1 : - R2 (7)
/%{ CHQC'2, 0O'Ctort Si

Si

I\ R? /N
3a: R'=H, R2%=H 4a: R'=H, R%=H 0%
b: R'=Ph, R%=H - b: R'=Ph, R%=H 92%
c: R'=H, R2=Me c: R'=H, R%:=Me 83%
/
o :
. R? ]
S
4 AIX I\ R
)/ 3 2
\s/'x
[
XaAl
\ A, T
= =
y N R? \ R
i =
R' /S '\/\gz
\ AlXg / 5
S
e . + R’
X \/S' hnd
\
6

Y. Yamamoto et al. JACS. 2001, 123, 10899
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Lewis Acid Catalyzed Intramolecular trans-Arylsilylation

20 el
©\/\H/\ cat. Lewns acid
SiMeg
S|Me3

8a: n=1 Sa:n=1 T4
8b: n=2 9b: n=2

by

SiMea

|
+ des: l/‘t’fw\ fV‘eW

SiM83 10 amown"‘" “DT M&nﬁO"eJ

Jn n

S|M93
9 slMeaﬁ/ X

Mess; \/ SiMea

L,,

\‘I. Me Me
( n5'~Ar HICl, (0.5 eq) ( °Si @
& CH,Cly, 1t Q" /Z
X Ar
13a: n=1, Ar=Ph 14a: n=1, Ar=Ph 71%
b: n=1, Ar=p-Tolyi b: n=1, Ar=p-Tolyl 57%
C: n=1, Ar=0-Tolyl c¢: n=1, Ar=0-Tolyl 20%
d: n=2, Ar=Ph d: n=2, Ar=Ph 15%
Me_ Me
°Si
(. )
ML,
14 X
Me M
Si
16 \\
LM 16

Y. Yamamoto et al. JACS. 2001, 123, 10899
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Lewis Acid Catalyzed Carbosilylation with propargyl- and allenylsilanes

A .
PR SiMes |, MegS HICI4 (0.5 equiv) __Mes
- =H T =0, ' HsC
EtAICI> (0.5 equiv) CHoCl, 0°C 3

Me3Si
P—=—H | ? F: H 4a-d 5
R TMSCI, -47 °C \ a ¢ 7a-d \
4a 5a,b 6ab A, a:R=Ph 60 %
aR=H 34 % b: R=p-CH303H4 60 %
b: R = Et 66 % ¢: R=p-FCeHs 58 %
d: R=n-Cy1Ha3 60 %

SiMes  toluene, -78t0 0 °C

Me3Si HfCl4 (0.5 equiv P iMe3 = . : Me3Si Ph
P——H + I>=.= C:| (C| O.qC ) — Ql’h AlBr3 (0.5 equiv) _ =
4a HiC™ o 2Ll H3C 7a 50% — TMSCI (5.0 equiv)
9
\ 10 49%

R iMea

SL" Lewis acid Me3Si Lewis acid R
Mes H ewi 3Sk _ Y R H

‘ \
A N\

isomerization  gg p w _ y-addition
58, b 4 ' 68, b H

a:R=H
b: R=Et

R iMes

H3C 8c isomerization 5c U y-addition °
7

Y. Yamamoto et al. TL. 2000, 41, 4499

MesSi Lewis acid  Mg,S; Y Lewis acid
#f_—_ e \%CHS +R' —_— H H

2
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Summary

EtAICLorAICl, R SiRg
R—=—=—H + H-SiR; - = ™~
H H trans
ZrCl,, or HfCl, R SnR,

— H-SnR > —
i " ' e H>_<H \ trans

EtAICL, + TMSCI R  SiR,
R———H + Allyl-SiR, -~ —
or HICl, Ayl H
R, :
// S|R13
SiR', . 2
—

n

Mechanism is not clear yet.

Two more references on allylstannylation of alkynes:
Y. Yamamoto et al. Tetrahedron 1999, 55, 3779
Y. Yamamoto et al. Chem. Commun. 1996, 1513.
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