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Scheme 1.Catalyzed Hydroboration of Alkynes
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Table 1. Effect of Catalyst in the Hydroboration of 1-Octyne

Receied January 26, 2000

isomeric ratié

Hydroboration of alkynes is a practical route for the syntheses
of 1-alkenylboron compounds which are a versatile reagent for
organic synthesi&? Although much attention has been recently
focused on the metal-catalyzed hydroboration with catecholborane
(1a) or pinacolborane 1b), both the uncatalyzéd and the
catalyzed reactioni$ yield (E)-1-alkenylboronates through the
anti-Markovnikov andsyrraddition of borane to terminal alkynes.
Thus, @)-1-alkenylboron compounds have been synthesized by
an alternative, two-step methédWe wish to report a formal
trans-ydroboration of terminal alkynes witha or 1b to yield

entry catalyst borane vyield®o 2 3 4
1 [Rh(cod)CI}—4PPr, la 86(74) 99 1 0
2d la 60 18 65 17
3k la of 9 90 1
4 [Rh(cod)CI}—4PBus la 56 48 45 7
5  [Rh(cod)CI}—4PCy la 86 98 2 0
6  [Rh(cod)Cl}—4PBus la 34 21 64 15
7 [Ir(cod)Cl,—4PPr; la 43 58 32 10
89 RUHCI(CO)(PPr), la 7 55 45 0
9" [Rh(cod)ClL—4PPr b 81(71) 91 7 2

10"  [Ir(cod)Cl,—4PPr; 1b 73 70 25 5

cis-1-alkenylboronates in the presence of a Rh(l)- or Ir(R+
complex and BN (Scheme 1). For convenience of the analyses,
all products derived froa were converted into the correspond-
ing pinacol esters prior to isolation @4.

The selected results for the catalytic hydroboration of 1-octyn
are shown in Table 1.

The catalyst in situ generated from [Rh(cod}Gihd PPr; (4
equiv) completed the hydroboration of 1-octyne withi h at
room temperature (entry )The presence of more than 1 equiv
of Et;N was critical to achieve high yield and higfs-selectivity
because a similar reaction resulted in a mixture of all isomers
2—4 in the absence of Bl (entry 2). Another dominant factor
reversing the conventionalis-hydroboration to therranshy-

e

a2To a solution of [M(cod)Cl (M = Rh or Ir, 0.015 mmol), a
phosphine ligand (0.06 mmol), £& (1 mmol), and a borane (1.0 mmol)
in cyclohexane was added 1-octyne (1.2 mmol). The mixture was then
stirred at rt for 1 h, unless otherwise not8@C yields based on a
borane and isolated yields by chromatography over silica gel in
parentheses.Determined by'H NMR of crude product? Reaction
carried out in the absence of38t ©alkyne/borane= 0.85/1.f Based
on 1-octyneg The reaction in CkLCl,. "alkyne/borane/BN = 2/1/5.

the course of the reaction. The PQZy = cyclohexyl) complex
revealed comparable selectivity (entry 5), but other complexes
of PPh, PMePh, PMe&;, P'Prs, P'Bus (entry 4), PBus, and PBus
(entry 6) yielded a mixture of three possible isomers. The Ir and
Ru complexes are not effective for selective hydroboration (entries

droboration was the use of alkyne in excess of the borane reagent7 and 8). The reaction of pinacolboratbkeis shown in entries 9

because K)-isomer3 was predominated when using a slightly
excess ofla (entry 3). The reaction initially yieldsZj-alkenyl-
boronate2, but an addition/elimination sequence of-RH species
isomerizes2 to a more stableH)-isomer 3.9 The steric and
electronic effects of IPr; also play a major role in influencing
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and 10. The Ir-catalyzed reaction again resulted in a mixture of
products, but highcis-selectivity was achieved by the Rh(l)
complex in the presence of 2 equivalents of 1-octyne.

Both 1a and 1b hydroborate various terminal alkynes in the
presence of a Rh(l){Pr; complex (Table 2J° There is no large
difference incis-selectivity for the representative terminal alkynes
(entries 1-13), but the hydroboration withb, in general, resulted
in slightly lower selectivity than that ofia However, it is
interesting that pinacolborarid exceptionally resulted in better
stereoselectivities faert-butyl acetylene in the presence of a Rh
or Ir catalyst (entries 79). All attempts at théranshydroboration
of internal alkynes were unsuccessful.

The hydroboration of 1-deuterio-1-octyne (96%imcorpora-
tion) with la gave mechanistic information for th&ans
hydroboration (Scheme 2). Thhydrogen in thecis-product
unexpectedly does not derive from the borane reagents because
the deuterium labeled at the terminal carbon selectively shifted
to the g-carbon. Thus, the results do not fit the mechanisms
previously proposed in the catalyzé@ns-hydrometalation of
terminal alkyne$:*' The mechanism isomerizing th@ns-product
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Table 2. Hydroboration of Terminal Alkynes witha or 1b?

isomeric ratié

entry alkyne borane vyield/% 2 3 4
1 CHs(CHz);C=CH la 79 99 10
2 1b 81 91 7 2
3 TBDMSO(CH)sC=CH la 72 98 2 0
4 TBDMSOCHC=CH la 71 >99 <1 0
5 CH(TBDMSO)CHCG=CH 1a 70 98 2 0
6 1b 59 89 10 1
7 tBuC=CH la 62 89 11 O
8 1b 69 9%5 5 0
od 1b 71 97 3 0

10* Me;SiC=CH la 70 98 2 0
11¢ 1b 59 97 3 0
12 PhG=CH la 60 99 10
13 1b 67 97 2 1

2To a solution of [Rh(cod)C}](0.015 mmol), F¢Pr); (0.06 mmol),
EtsN (1 mmol forlaand 5 mmol forlb), andlaor 1b (1.0 mmol) in
cyclohexane was added an alkyne (1.2 mmolifaand 2.0 mmol for
1b) at rt. The mixture was then stirred fo2 h, unless otherwise
noted.” Isolate yields based on a borane after chromatography over
silica gel.c Determined by*H NMR of crude product? [Ir(cod)Cl],
(0.015 mmol), F¢EPr) (0.06 mmol), E4N (5 mmol), 1b (1.0 mmol),
andt-BuC=CH (1.2 mmol) were used.At rt for 4 h.

Scheme 2.Deuterium-Labeling Experiment
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to acis-isomer should be ruled out because the isomerization of
(2)-2 selectively led to a thermally stablE)¢3 (entry 3 in Table
1). The mechanism directly producing ttis-product via thérans
to cis isomerization of a vinyl-metal intermedidtend the
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Scheme 3.Catalytic Cycle (M= RhCI, IrCl)
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metalst?5 This process will be followed by oxidative addition
of borane and the 1,2-migration of the boryl group to the
a-carbont® The key step leading to theis-product is derived
from the stereospecific formation of a thermodynamically stable
(E)-9 which is observed in the related migratory insertion of an
alkynyl*#@ or a phenyl” group into the vinylidene complexes.
Preliminary results suggested that the presence #f &itppress
the cis-hydroboration starting from0 because the treatment of
the key intermediate [RhH(CI)(Bcat)fs);] (10) with Et:N led

to the complete reductive elimination &&/EtN complex:®
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alkyne coordinated to a Lewis aéldlo not result in the migration
of an acetylenic hydrogen. A possible mechanism which might
account for both the acetylenic hydrogen migration andattite
addition of the B-H bond is one proceeding through a vinylidene
complex7 as shown in Scheme’3.
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