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Reductive coupling reactions of alkynes with ketones and alde- Table 1. Silacyclopropenation of Alkynes (Eq 1)

hydes represent powerful methods for the synthesis of functionalized JtBu

allylic alcohols from simple starting materigis’ While these reac- QSL tBu.__t-Bu

tions are typically accomplished using transition metal promoters, L q tBU §' (1)
we envisioned that the use of silicon in the coupling of carbonyls R—= AgsPO; (10 mol%) = R?

to alkynes would provide intermediate oxasilacyclopentenes which 93 ° 2a-2h

could then be unmasked to form allylic alcohols. Silacyclopropenes, Entry Alkyne Yield (%)
prepared from alkynesyundergo insertion reactions with carbonyl 1 91 (2a)
compounds to form oxasilacyclopenteffegshich would serve as ) Ph—="Me 84 (2b)
masked allylic alcohol derivatives (Scheme 1). This process would Et—=—Ft

form cyclic vinylsilanes that are available for further functional- 3 ph—=— 95 (20)
ization, including oxidation of the carbersilicon bond® expanding 4 J— 92 (2d)
the transformation scope beyond the preparation of allylic alcohols. 5 Me 97 (2¢)
In this Communication, we describe a mild method for the synthesis Bn/N\//

of silacyclopropenes from functionalized alkynes and demonstrate 6 TIPSO/ME 94 (2f)
that these reactive compounds can be converted, without isolation, 7 ~ 79 (2g)
to oxasilacyclopentenes with high regioselectivity. Further trans- X Meo~ _ 81 (b
formations of these products occur diastereoselectively, leading to TPSO A @
the assembly of a number of architecturally diverse products. aAs determined byH NMR spectroscopic analysis of the product relative

to an internal standard (PhSil)e® The reaction mixture was heated in a

Scheme 1. Formation of Oxasilacyclopentenes from Alkynes sealed NMR tube at 82C (2€) or 50°C (29).

8 (0] Table 2. One-Flask Silacyclopropenation/Carbonyl Insertions of
H “\._o 5 tBu, ,tBU  tByu.Si" Phenylacetylene (Eq 2)
S R¥ H i 2
i ES K = e=w By
R R™R? 1, AGsPO (10moi%); 8-S AR )
R2 Ph—= >
'COR? QRZ
CuBrs (15 mol%), R
We initially developed the metal-catalyzed silacyclopropenation Ph
of a range of functionalized alkyn&st Utilizing AgsPO; as cata- 3a—f
12 . . - i .

Iy;t, _ high yields of disubstituted sﬂgcyclopropenes were achieved Entry Carbonyl Yield' (%) Regioselectivity’
with internal alkynes (Table 1, entries 1, 2, 6). Terminal alkynes, 1 0 79 (3a) >99:1
which are normally difficult substrates for silylene transfeftalso ph)'\H -
provided high yields of the desired silacyclopropenes (entri€s, 3 2 j\ 79 (3b) 99:1
7—8). Propargyl ethers and amines also participate in this reaction nPro H

. . . : . 3 85 (3¢) >99:1
(entries 5-8). In addition, selective silacyclopropenation to an B Et
alkyne in the presence of an olefin was achieved (entfy 8). 4 )Ol\ 83 (3d) >97:3°

Because silacyclopropenes are highly reactive and difficult to Ph” “Me )

isolate? an in situ procedure for the functionalization of these 3 ph—=—4 80 3e) 299:1
intermediates was devgloped. Thg use of Gulr the insertion 6 )CJ)\ Me 68 (3f) 599:1
catalyst proved to be optimal. Reactions of saturated and unsaturated Et0” H

aldehydes and ketones provided high yields and regioselectivities 2lIsolated yield from phenylacetylene after purification by flash chro-

(eq 2, Table 2¥5 In all cases, copper-catalyzed ring expansion mie)‘(t&%agg)s ﬁztgféqeimhneg ?|¥| GNC,\'/Y'RS znzg'tsriossggﬂi‘s U;nligilfzigd&mt?%d

rgsulted from insertion |n.to. thg more §ubst|tuted$ bond of the unpurifiéd product mixture. Y P P Y

silacyclopropene. Selectivity likely arises from disfavored interac-

tions between the silacyclopropene substituent anttBhiegroups

upon insertion into the less substitutee-8i bond!” additional functionality, such as a propargylamine (Table 3, entry
The scope of the one-flask formation of oxasilacyclopentenes 2), were tolerated under the optimized conditions.

from internal and terminal alkynes was explored with acetophenone ~ Transformations involving the vinylsilane functionality of the

and butyraldehyde (eq 3, Table 3). While Cul provided increased oxasilacyclopentene were explored, displaying the synthetic ver-

yields for terminal alkynes (entries 1 and 2), Cu(QTgjoved to satility of these intermediates. Simple removal of ttBa1,Si moiety

be the best catalyst for formation of insertion products derived from by protodesilylation of oxasilacyclopentera afforded highly

internal alkynes (Table 3, entries—38). Alkynes containing substituted allylic alcohoB (eq 4). This regioisomer is typically-
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Table 3. One-Flask Silacyclopropenation/Carbonyl Insertions of
Various Alkynes (Eq 3)

tBu
0/ - _ -Q R
Rl R2 1, AgsPO, (10 mol%); _ tBu 3.\2< ) @)
CuL, (15 mol%), R3COR*  R2 1R
R
47
Entry Alkyne CuL, Product’ Yield'(%)
1 o Cul +By 78 (4
Me3Si—= ! t-Bu‘S&n-Pr @
SiMe3
2 Me Cul By 72 (5
Bn/’l‘\/ ! l‘-Bu'Si‘o Ph ®
=/ Me
NMeBn
T By 4
3 o — e Cu(OTY), b0 Ph 94 (6a)
=/ Me
4 Cu(OTY) By o 54 (6b)
u
Ph—=—Me : tBu‘)\efn-Pr
Me tBu
S TIPSO\/ Cu(OT), -0 Ph 0@

tBu—Sl
OTIPS
aInsertions provided>95:5 regioselectivity, except (90:10), as

determined by GC analysis of the unpurified product mixt8rieolated
yield from alkyne after purification by flash chromatography.

challenging to obtain using other methdds.

t-Bu OH
L..0
t-Bu-Si Ph KOt-Bu, TBAF Me
/‘%% Me Me” " “pr (4)
Me™ b Ph
6a 8,84 %

The alkene moiety of the oxasilacyclopentene was also reactive.

Hydrogenation of the oxasilacyclopentene, followed by oxidafion
of the resulting oxasilacyclopentane, provided 1,3-d@dliaste-

reoselectively. The observed diastereomer may have resulted from

addition of hydrogen to the face opposite the pseudo&Balgroup
(TS-A, Scheme 23920

Scheme 2
t-Bu *
OH OH 3
+Bu-5iC Hy, Pd(OH);; H ,fgu
</ e Me” Y n-Pr Me SSi/ n-Pr
Me t-BuOOH, KH, Iéh ]
Ph nBunNF75°C T U)(t-su
6b e TS-A

(2 steps, 99:1 dr)

Upon establishing the reactivity of simple oxasilacyclopentenes,
we utilized the olefin to increase the molecular complexity through
a cycloaddition reaction. Oxasilacyclopenteridsand 12 were
constructed using typical conditions (vide supra) utilizing enyne
10 (eq 5). Heating dien&1 with N-phenylmaleimide provided the

t-Bu tBu t-Bu

t-Bu-S '$i-Q R2
TIPSO =~ Rz
—>Ph N
\

OTIPS OTIPS

10 11 (R"=R2=Et) 13 (R'=R2=Et)

12 (R' = Ph, RZ = Me) 14 (R1 Ph R2 =Me)

a) i. 10 mol% AgsPOy, 1; ii. 11: Cul, Et,CO, 54% from 10, 98:2 regiosel.;
12: Cul, PhCOMe, 58% from 10, 89:11 regiosel.; b) N-phenylmaleimide,
130 °C, 6-9 d, 13: 76%, 99:1 dr, 14: 69%, 4:1 dr

Diels—Alder adductl3as a 99:1 mixture of diastereomers favoring
the exo adduct (vide infra). Although the exo-selective Didiider

was not expected to give high facial selectivity with a chiral
oxasilacyclopentene such a2, 4:1 diastereoselectivity was
achieved upon thermal cycloaddition wiNtphenylmaleimidé?!

The formation of adducl4 represents a cyclohexene core with
five stereogenic centers. We propose that the endo transition state
in these reactions was disfavored due to steric interactions between
the dienophile and theBu groups on silicon.

In conclusion, alkynes can be transformed into synthetically
valuable masked allylic alcohols through the in situ functionalization
of silacyclopropenes. The potential synthetic utility of the inter-
mediate oxasilacyclopentenes was demonstrated through the-Diels
Alder reactions to provide highly substituted carbocyd&sand
14.
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