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ABSTRACT

The utility of propargyl diethanolamine boronates as reagents for the preparation of allenes and homopropargylic alcohols is presented.
Protonolysis with TFA and electrophilic substitution with N-halosuccinimides proceeded with inversion to provide the corresponding allene
in high yield and regioselectivity. Alternatively, the propargylation of aldehydes was achieved with use of the in situ generated lithiated
complex.

Organoboronic acids and their derivatives are valuable
synthetic building blocks.1 Typically, the utility of these
reagents is achieved through a Lewis base interaction with
a Lewis acidic boron atom. Such reactivity is exemplified
through boron-based transmetalations,2 Petasis reactions,3

Matteson homologation,4 and the closed six-membered

transition states proposed for allenylations, allylations, and
propargylations.5 However, organoboronic acids pose dif-
ficulties in characterization due mainly to the ease with which
they dehydrate and oligomerize.2b While boronic esters are
more stable toward oligomerization, they are still susceptible
to hydrolysis and oxidation upon prolonged exposure to air.
Derivatization of organo-boronic acids or esters to the
crystalline trifluoroborate salts,2b,6 diethanolamine based7,8

or N-methyl-iminodiacetic acid (MIDA)8 complexes dramati-
cally facilitates the isolation of the organoboron compounds
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and increases the stability of these reagents to air, moisture,
and numerous reaction conditions. X-ray analysis of the
N-methyldiethanolamine and MIDA organo-boronates dem-
onstrated bonding between the boron and nitrogen atoms.8

According to Gutmann’s rules,9 the boron “ate” character
of the diethanolamine derivatives should enhance the nu-
cleophilicity of the organic component. For example, pro-
pargyl boron “ate” complexes are reasonably nucleophilic,
and the regioselective alkylation with allyl bromides and
addition to carbonyl species for the generation of allenes have
been demonstrated (Scheme 1).10 Although the diethanola-
mine-type derivatives have shown utility for Suzuki-Miyaura
couplings,11 hydrolysis, and transesterifications,12 limited
extension to directly reacting the activated organic function-
ality with electrophiles has been reported.13 Herein we report
the regioselective electrophilic substitution of propargyl
diethanolamine (DEA) boronates for the preparation of
allenes and propargylation of aldehydes with use of the
lithiated reagent.

Reaction of propargyl borolane 414 with diethanolamine
in MTBE afforded the DEA boronate 5, which directly
crystallized from the reaction mixture (Scheme 2). The DEA
propargyl boronate 5 can be stored at ambient temperature
for months without detectable degradation. Our initial interest
in the DEA derivative was as an intermediate to facilitate
transesterification.12 However, under numerous acidic condi-
tions, the major product identified was trimethylsilylallene
in surprisingly high regioselectivity.

Conditions to effect protonolysis of both the pinacolyl and
DEA propargyl boronates were further investigated (Table
1). Treatment of propargyl borolane 4 with ethanol or TFA

in chloroform afforded only partial conversion to the
trimethylsilyl allene and propyne in low yield (entries 1-3).
Alternatively, protonolysis of DEA propargyl boronate 5 with
a strong anhydrous acid such as TFA afforded the allenyl
product 15 in 90% yield and >40:1 regioselectivity (entry
9). The protonolysis with a strong aqueous acid afforded a
lower yield and poor regioselectivity (entry 6). This contrast
can be rationalized by a competitive hydrolysis under
aqueous conditions and subsequent nonselective protonolysis
of the resulting boronic acid.

After optimizing the protonolysis, examination of other
DEA propargyl boronates was initiated (Table 2). The
silylated DEA propargyl boronates underwent rapid proto-
nolysis in good to high regioselectivity with excellent yields
(entries 1-5). In general, the regioselectivity for the proto-
deborolation was sensitive to steric effects wherein the
highest selectivities were observed with the smaller alkynyl-
trialkylsilyl substituent (TMS, TES, PhMe2Si > TBS > TIPS).
The alkyl-substituted DEA propargyl boronate 12 also
reacted with TFA but required 18 h and proceeded with no
selectivity.

The propargyl DEA boronates are also reactive for halo-
deborolation. Typically, electrophilic substitution of aryl
boronic acids15 or DEA boronates13a,b with halides provides
the corresponding ipso-substituted product. Treatment of
propargyl borolane 4 with NBS at 55 °C for 15 h afforded
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Scheme 1. Precedent Regioselective Alkylation with Propargyl
Boronates (ref 10)

Scheme 2. Preparation of DEA Boronate 4

Table 1. Conditions Examined for the Protodeborolation of
Propargyl Boronates

entry substrate conditionsa
regioselectivity

6:7b yield, c %

1 4 EtOH (1 equiv) 18 h 1.0:1.1 6d

2e EtOH (3 equiv) 18 h 1:1.3 30
3 TFA (1 equiv) 18 h <1:40 23f

4 5 EtOH (1 equiv) 18 h 1.0:1.0 5
5 H2Og 18 h 1:7.9 83
6 HClh (1 equiv) 18 h 1:1.5 69
7 AcOH (1 equiv) 6 h 1:3.5 69
8 TFA (1 equiv) 1 h >40:1 73
9 TFA (2 equiv) 0.25 h >40:1 90

10 MsOH (1 equiv) 1 h >40:1 65
a Time until complete conversion or until 18 h. b Ratio determined

by GC and 1H NMR analysis. c Assay yield determined by GC or 1H NMR
with dimethyl fumarate as an internal standard. d ∼80 mol % starting
material remaining. e Reaction conducted at 60 °C. f <10 mol % starting
borolane remaining. g 30 vol % H2O to CDCl3. h 3 M HCl (aq). TFA )
trifluoroacetic acid. MsOH ) methanesulfonic acid.

Org. Lett., Vol. 11, No. 23, 2009 5459



the allenyl bromide in moderate selectivity and poor conver-
sion (Table 3). DEA boronates 5 and 11 were more reactive
toward NBS than the borolane species and furnished the
allene product in good yield. Electrophilic substitution of
DEA boronate 5 with NCS is also effective but requires 15 h
at 55 °C for complete conversion. The halo-deborolation with
NCS and NBS afforded high regioselectivities (>20:1) with
the examined DEA boronates. Interestingly, iodo-deborola-
tion of the alkyl DEA boronate 12 also proceeded in high
yield and regioselectivity under the standard conditions
contrary to the corresponding proto-deborolation. The regi-
oselectivity for the reactions with NIS proved sensitive to
steric effects with a similar trend for higher selectivities with
the smaller alkynyl substituent (RCH2 > TMS > PhMe2Si).

Reactions of propargyl boron species with carbonyl
compounds, in general, provide the allene product due to an
inversion mechanism through either an addition with a boron
“ate” complex10 or a Zimmerman-Traxler-type transition
state with trivalent boron reagents.5 The nucleophilic addition
of propargyl DEA boronate 5 to p-anisaldehyde proceeded
with essentially no regioselectivity (Scheme 3). The reactivity
of the DEA boronate toward aldehydes should be perturbed
by deprotonation of the heteroatom proton. N-Deprotonation
and N-alkylation of iminodiacetic acid boronates has been
demonstrated.8a After treatment of the DEA boronate 5 with
LiHMDS, the nucleophilic addition to p-anisaldehyde pro-

ceeded with nearly complete selectivity for the homoprop-
argylic product. The use of NaHMDS as a base afforded an
8:1 regioselectivity and only 20% yield. The propargylation
is general for a variety of substituted aryl aldehydes and
proceeded with moderate yields (Table 4).

A reasonable rationalization for the regioselectivity ob-
served for the reaction of propargyl DEA boronates toward
electrophiles relates to the reactions proceeding through either
an open or closed transition state (Scheme 4). The selectivity
observed for electrophilic substitution of DEA boronates
indicates an open transition state with preference for reaction
at the alkyne functionality. Silicon substituents are known

(15) (a) Petasis, N. A.; Zavialov, I. A. Tetrahedron Lett. 1996, 37, 567–
570. (b) Thiebes, C.; Prakash, G. K. S.; Petasis, N. A.; Olah, G. A. Synlett
1998, 141–142.

Table 2. Regioselective Protonolysis of Propargyl DEA
Boronates

a Major regioisomer product. b Regioselectivity determined by 1H NMR.
c Isolated yields. d The volatile oil was isolated as a solution in CDCl3 and
yield was determined by 1H NMR assay with internal standard. e Reaction
conducted for 18 h. TMS ) trimethylsilyl, TBS ) tert-butyldimethylsilyl,
TES ) triethylsilyl, TIPS ) triisopropylsilyl.

Table 3. Regioselective Halogenation of Propargyl DEA
Boronates

a Major regioisomer product. b Regioselectivity determined by 1H NMR.
c Isolated yields. d Reaction preformed at 55 °C for 15 h in CHCl3. NCS )
N-chlorosuccinimide, NBS ) N-bromosuccinimide. NIS ) N-iodosuccinimide.

Scheme 3. Regioselective Propargylation with DEA Boronatesa

a Regioselectivity was determined by HPLC.
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to facilitate electrophilic substitution of alkenes and favor
reaction at the R-position.16 This effect appears to operate
for protonolysis of propargyl DEA boronates wherein reac-
tions with alkynyl-silyl substituents are both more reactive
and regioselective than that with alkyl substituents. The effect
is minimized for reactions with N-halo-succinimides, and no
difference between these substituents was observed. The
steric effect of the alkynyl substituent can hinder the
electrophilic attack at the alkynyl position and enable the
reaction at the sp3 position to compete. Therefore, higher

regioselectivity for both proto- and halo-deborolation was
observed with the smaller alkynyl substituent. Interestingly,
reaction of propargyl DEA boronates toward aldehydes was
not regioselective. After deprotonation with LiHMDS, the
reaction strongly favored the homopropargylic product. A
six-membered closed transition state with a chelated lithium
cation can explain this reversal in regioselectivity. Accord-
ingly, a lower reactivity and regioselectivity was observed
with the sodium cation. The deprotonation can also lead to
a stronger B-N bond thereby perturbing the conformational
dynamics of the DEA complex8 and influencing the regi-
oselectivity by making the boron p-orbital relatively inac-
cessible. Precedented alkylations of lithiated iminodiacetic
acid boronates demonstrated preference for nucleophilic
addition at the nitrogen atom.8a However, this addition with
aldehydes is reversible, and the reaction ultimately proceeded
with C-C bond formation.

In conclusion, we demonstrated the utility of propargyl
DEA boronates as reagents for the preparation of allenes and
homopropargylic alcohols. In addition to improving the
reactivity of the propargyl functionality toward electrophiles,
the DEA boronates afforded higher regioselectivities than
the corresponding borolane species. Furthermore, the crystal-
line nature of the DEA boronates provides ease of handling
and ability for purification by recrystallization.

Supporting Information Available: Experimental pro-
cedures, characterization data, and copies of 1H and 13C NMR
for boronates 5, 8-12 and all products. This material is
available free of charge via the Internet at http://pubs.acs.org.
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Scheme 4. Regioselectivity RationalizationTable 4. Propargylations with DEA Boronate 5

a Isolated yields. LiHMDS ) lithium bis(trimethylsilyl)amide.
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