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ABSTRACT: An efficient synthesis of α-alkynyl- or α-allyl-substituted N-
Boc-propargylic amines is described via an alkynylation or allylation of
alkynyl-substituted N-Boc-imines. Our strategy relies on the BF3-mediated in
situ generation of alkynyl imines followed by alkynylation or allylation with
the corresponding boronic esters. A range of less accessible N-Boc-
propargylic amines were obtained in moderate to good yields under mild
and acidic conditions with higher atom economy compared to the previous
methods.

Propargylic amines represent an important class of versatile
building blocks for the synthesis of nitrogen-containing

organic compounds.1 The alkynyl moiety can be subject to a
variety of reactions, and the easily deprotectable tert-
butoxycarbonyl (Boc) is one of the most commonly used
protecting groups for propargylic amines. Synthetically useful
N-Boc-protected propargylic amines are readily prepared by
the nucleophilic addition of alkynyl metal reagents to N-Boc-
imines. Since reactive N-Boc-imines are prone to be hydro-
lyzed or isomerized to the corresponding enecarbamates, they
are often generated in situ by treatment of its precursors with
bases including basic nucleophiles and used without iso-
lation.2,3 However, this method is limited to N-Boc-imines
with a C-aryl, C-alkyl, or a handful of C-alkenyl groups, as most
N-Boc-imine precursors with C-alkynyl group still remain
unobtainable probably due to their instability. Accordingly, in
the synthesis of N-Boc-propargylic amines, alkynyl groups
should be introduced as nucleophiles and not as part of
electrophiles (Scheme 1a), and hence some N-Boc-propargylic
amines have been inaccessible directly.
Recently we have developed N-Boc-aminals 1,4a which

generate unprecedented alkynyl-substituted N-Boc-imines
under basic conditions, and the synthesis of previously
inaccessible α-alkynyl- or α-alkenyl-substituted N-Boc-prop-
argylic amines 2 has been achieved via the reaction between 1
and Grignard reagents (Scheme 1b).4b This reaction requires
an excess amount of Grignard reagents as both nucleophile and
base. Additionally, formation of the metal salt of (Boc)2NH as
a byproduct makes this method less atom-efficient. Moreover,
preparation of 1 requires a time-consuming protocol to
introduce the third Boc group.4a Use of strong base at low
temperature limits providing a practical and general procedure,
thus leaving plenty of room for improvement.
We then became interested in employing boronic ester 3,

which can be used as a nucleophile under acidic conditions,

instead of organometallic reagents such as Grignard
reagents.5−7 Addition reactions using 3 to imines or enones
are known to be promoted by ligand exchange with an
equimolar amount of BF3 or a catalytic amount of BINOL on
the boron atom.6 Herein we describe the efficient synthesis of
α-alkynyl or alkenyl-substituted N-Boc-propargylic amines 2
under mild conditions through the reaction between the
activated 3 and the alkynyl-substituted N-Boc-imines, which
are generated in situ from aldehydes and BocNH2 with the aid
of an acid catalyst (Scheme 1c). Allyl-substituted N-Boc-imines
as well as alkynyl-substituted ones are inaccessible due to rapid
isomerization to α,β-unsaturated imines or enecarbamates.
Accordingly α-allyl-substituted N-Boc-propargylic amines 6
cannot be synthesized by alkynylation. Synthesis of 6 via
allylation of in situ generated alkynyl imines from N-Boc-
aminals 4 with allylboronic ester 5 is also presented.
We began our investigation with the expectation that

alkynylboronic ester 36 could be activated with an equimolar
amount of BF3·OEt2 through ligand exchange. When N-Boc-
aminal 4a8,9 was treated with 3 equiv of 3a and BF3·OEt2,
respectively, in CH2Cl2 at room temperature, a small amount
of the desired N-Boc-propargylic amine 2a was observed
(Scheme 2). With 1 equiv of BF3·OEt2, the yield was
significantly increase to 57%. Interestingly, use of a catalytic
amount of BF3·OEt2 led to a similar yield (63%).
Encouraged by the successful BF3-mediated alkynylation of

4a, we then investigated the possibility of using other acid
catalysts as shown in Table 1. In the case of Brønsted acids
such as diphenyl phosphate and trifluoroacetic acid, 2a was
obtained, albeit in low yields (entries 1 and 2), while use of
sulfonic acids completely shut down the reaction (entries 3 and
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4). Among Lewis acids tested, Sc(OTf)3, In(OTf)3, TiCl4, and
GaCl3 gave 2a in low to moderate yields (entries 6, 8, 9, and
11); however, they were found to be less effective catalysts
compared to BF3·OEt2 (entry 12). Based on these result, BF3·
OEt2 was selected as the catalyst of choice for further studies.
A higher reaction temperature did not increase the yield (entry
13). An increase in the catalyst loading (20 mol %) resulted in
a higher yield (entry 14).
To improve the yield, the in situ generation of the alkynyl

imine from phenylpropiolaldehyde and BocNH2 (1 equiv), in
which the total amount of Lewis basic BocNH2 is reduced
compared to the previous method using N-Boc-aminal 4a, was
then examined (Scheme 3).10 Under identical conditions, the

yield was improved to 82%. The amount of boronic ester 3a
could be reduced to 1.5 equiv without deleterious effects. This
method was found to be superior in terms of atom economy to
the previous one.
With the optimized conditions in hand, the scope of the

reaction was studied (Table 2). Both electron-deficient and

electron-rich arylpropiolaldehydes gave the corresponding α-
alkynyl-substituted N-Boc-propargylic amines 2 in moderate to
good yields (entries 2−4), and this method was applicable to
the synthesis of 2d, which cannot be synthesized by the
previous method using Grignard reagents due to the base-labile
ester group.4b Alkyl- and trimethylsilyl-substituted propiolalde-
hydes also provided the respective addition products in good
yields (entries 5−7). In addition, the reaction of aldehydes
bearing an alkyl, aryl, or alkenyl group with 3a gave N-Boc-
propargylic amines 7 in satisfactory yields (Scheme 4).2,4b

We next examined the scope of the reaction by varying the
alkynylboronic ester used (Table 3). Use of electron-rich
alkynylboronic ester led to a moderate yield due to the

Scheme 1. One-Pot Synthesis of N-Boc-Propargylic Amines

Scheme 2. Alkynylation of the in Situ Generated N-Boc-
Imine from N-Boc-Aminal

Table 1. Catalyst Screening for the Alkynylation of N-Boc-
Aminal 4a with Alkynylboronic Ester 3aa

entry catalyst yield (%)b entry catalyst yield (%)b

1 (PhO)2PO2H 25 8 In(OTf)3 14
2 CF3CO2H 24 9 TiCl4 7
3 PTSA 0 10 ZnCl2 0
4 TfOH 0 11 GaCl3 33
5 Me3SiOTf 0 12 BF3·OEt2 63
6 Sc(OTf)3 41 13c BF3·OEt2 60
7 Cu(OTf)2 0 14d BF3·OEt2 78

aReactions were performed on a 0.1 mmol scale in 1.0 mL of CH2Cl2.
b1H NMR yield utilizing DMF as internal standard. cPerformed in
1,2-dichloroethane at 70 °C. dUse of 20 mol % of BF3·OEt2.

Scheme 3. Alkynylation of the in Situ Generated N-Boc-
Imine from 3-Phenylpropiolaldehyde and BocNH2

Table 2. Alkynylation of the in Situ Generated N-Boc-
Protected Alkynyl Iminesa

entry R yield (%)b

1 Ph 2a 83
2 4-MeO-C6H4 2b 63
3 4-Br-C6H4 2c 75
4 4-MeO2C-C6H4 2d 75
5 Bu 2e 81
6 Cy 2f 86
7 Me3Si 2g 70

aReactions were performed on a 0.1 mmol scale in 1.0 mL of CH2Cl2.
bIsolated yield.
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concomitant formation of cyclic carbamate 8 (entry 1),11 while
electron-deficient alkynylboronic ester afforded a good yield of
product (entry 2). Since alkyl-substituted alkynylboronic esters
were less reactive compared to aryl-substituted ones, higher
catalyst loadings (20 mol %) were used (entries 3 and 4).
When styrylboronic ester was employed, a 64% yield of the
desired alkenylation product was obtained (entry 5).
We then examined the allylation of the in situ generated N-

Boc-imine using allylboronic ester 5 (Scheme 5).12,13

However, the allylation of phenylpropiolaldehyde proceeded

smoothly to give propargyl alcohol 9 in quantitative yield, and
the desired N-Boc-propargylic amine 6a was not observed
(Scheme 5a).14 In order to prevent the undesired allylation of
aldehyde, N-Boc-aminal 4a (R = Ph) instead of phenyl-
propiolaldehyde was then employed as the imine precursor
under identical conditions, and α-allyl-substituted N-Boc-
propargylic amines 6a was obtained in 39% yield without
forming propargyl alcohol 9. With increased amounts of BF3·
OEt2 (30 mol %) and 5 (3 equiv), the reaction of 4 afforded 6
in good yields (Scheme 5b).15 These results clearly
demonstrated the advantage of using N-Boc-aminals, which
are more suitable imine precursors, when the imine formation
from aldehydes is slower than the addition reaction of
nucleophiles to aldehydes.
A catalytic cycle and plausible transition state models for the

present reaction are proposed in Figures 1 and 2. We believe

that BF3·OEt2 plays two different roles: one is the Lewis acid
catalyst for the in situ imine generation, and the other is the
activation of boronic ester. Boronic ester 3 is known to form
the more Lewis acidic fluoroborane intermediate 10 by the
ligand exchange with BF3·OEt2.

6b,16 The alkynyl group adds to
the imine, which is activated by coordination to the boron
center, through either a four-membered transition state TS16d

or a six-membered transition state TS2 (Figure 2).6b A
catalytic amount of fluoride source is employed in the present
reaction, and triisopropyl borate was observed in the 1H NMR
spectrum of the reaction mixture. These facts indicate the
recycling of fluoride as shown in Figure 1.

Scheme 4. Alkynylation of the in Situ Generated N-Boc-
Imines

Table 3. One-Pot Synthesis of N-Boc-Propargylic Amines
2a

entry R yield (%)b

1c 4-MeO-C6H4-CC 2b 41 8 15
2 4-Br-C6H4-CC 2c 72
3d Bu-CC 2e 70
4d Cy-CC 2f 65
5d (E)-Ph-CHCH 2h 64

aReactions were performed on a 0.1 mmol scale in 1.0 mL of CH2Cl2.
bIsolated yield. cPerformed at 0 °C. dUse of 20 mol % of BF3·OEt2.

Scheme 5. Allylation of the in Situ Generated N-Boc-Imines

Figure 1. Proposed catalytic cycle.

Figure 2. Plausible transition state models.
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In summary, we have synthesized N-Boc-protected prop-
argylic amines via the BF3-catalyzed addition reaction of
alkynyl and allylboronic esters to the in situ generated N-Boc-
imines. This method is performed under mild reaction
conditions and allows direct synthesis of less accessible α-
alkynyl, α-alkenyl, and α-allyl-substituted N-Boc-propargylic
amines in a more operationally simple and atom economic
process compared to the previous reactions using strongly
basic organometallic reagents.
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