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Abstract: Bistrichloroacetimidates derived from 2-substituted but-
2-ene-1,4-diols are transformed into 4-substituted 4-vinyloxazo-
lines in high yields and excellent regioselectivities when Lewis ac-
ids AlCl3, FeCl3, TMSOTf, BF3·OEt2, and AgBF4 are used as
catalysts as well as with the Pd(PPh3)2Cl2/AgBF4 catalytic system.
Lower regioselectivity is achieved with a neutral PdCl2(MeCN)2

catalyst and this could be a consequence of a switch to a competitive
but less selective reaction mechanism. It is demonstrated that 4-sub-
stituted 4-vinyloxazolines can be efficiently transformed to N-Boc-
protected C-quaternary vinylglycinols in a one-pot procedure.

Key words: amino alcohols, Lewis acids, palladium, cyclization,
regioselectivity

C-Quaternary vinylglycinols and a-substituted vinylgly-
cines are useful intermediates for the synthesis of natural
products and pharmaceutically relevant compounds.1,2

Numerous methods have been developed for the synthesis
of a-substituted vinylglycines.1a,3–7 In turn, C-quaternary
glycinols can be obtained by reduction of
vinylglycines1a,8,9 or accessed by specific methods, the
most important being rearrangement of allylic N-PMP
trifluoroacetimidates10 or cyanates,11 olefination of serinal
derivatives,12 allylic substitution of isoprenemonoep-
oxide,13 addition of vinylmetals to a-hydroxy nitrones,14

reaction of aldehydes with aminoallylboranes,1d Petasis
reaction,15 imidation/rearrangement of vinylsulfides,16

and aminolysis of vinylepoxides.17 Although asymmetric
versions are known for many of the above-mentioned re-
actions, synthesis of vinylglycinols from commercially
available starting materials is typically a complex multi-
step process often limited in scope. Short and general al-
ternative routes to racemates are still desirable for the
synthesis and biological evaluation of compound librar-
ies.

Our research has focused on the synthesis of vinyloxazo-
lines as highly versatile precursors of vinylglycinols and
glycines. We have developed two methods for the synthe-
sis of vinyloxazolines based on Pd(II)-catalyzed cycliza-
tion of allylic imidates containing a d-leaving group18,19

and a Lewis acid catalyzed cyclization of allylic bisim-
idates.20 Using both strategies, the cyclization of bisim-
idates 2 derived from 2-substituted but-2-ene-1,4-diols 1
can give isomeric vinyloxazolines 3 and 4. We envisaged

that selective formation of products 3 or 4 could be
achieved by the appropriate selection of the catalyst and
reaction conditions. In this letter we present our regiose-
lective and high-yielding methodology for the cyclization
of imidate 2 to 4,4-disubstituted oxazolines 3.

2-Substituted but-2-ene-1,4-diols (E)-1a–d and (Z)-1a,b
were prepared as described in the literature (see Support-
ing Information). Treatment of (E)-1a–d and (Z)-1a,b
with trichloroacetonitrile in the presence of a substoichio-
metric amount of DBU afforded bistrichloroacetimidates
(E/Z)-2a–e and (Z)-2a,b (Scheme 1, Table 1).

In initial studies, imidates (E)-2a-d and (Z)-2a,b were ex-
posed to catalytic amounts of neutral Pd(II) complex
PdCl2(MeCN)2 (10 mol%) and the cationic Pd(II) com-
plex derived from Pd(PPh3)2Cl2 (1 mol%) and AgBF4 (3
mol%).

Scheme 1 Synthesis of bisimidates 2 and their metal-catalyzed cy-
clization to oxazolines 3 and 4
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Table 1 Yields in the Synthesis of Bisimidates 2

Entry Diol 1 R Yield of imidate 2 (%)a

1
2

(E)-1a
(Z)-1a

Me (E)-2a 79
(Z)-2a 89

3
4

(E)-1b
(Z)-1b

Ph (E)-2b 80
(Z)-2b 88

5 (E)-1c 4-MeOC6H4 (E)-2c 85

6 (E)-1d All (E)-2d 80

7 (E)-1e Bn (E)-2e 69

a Isolated yield.
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In the case of PdCl2(MeCN)2 catalyst, formation of both
isomeric oxazolines 3 and 4 were observed in a ratio that
was mostly dependent on the substituent R (Table 2, en-
tries 2, 4, 6, 8, 10, and 12). As observed for the cyclization
of imidates (E)- and (Z)-2a the configuration of the double
bond also had influence on the isomeric ratio. The catalyt-
ic system PdCl2(PPh3)2/AgBF4 induced the selective for-
mation of 4,4-disubstituted oxazolines 3a–d from all
bistrichloroacetimidates 2a–d used in this study (Table 2,
entries 1, 3, 5, 7, 9, and 11).

Next, imidates 2a–e were exposed to a range of Lewis ac-
ids in catalytic amounts (Scheme 1, Table 3). From cata-
lysts investigated, AlCl3, FeCl3, TMSOTf, BF3·OEt2

promoted the cyclization of both (E)- and (Z)-imidates 2
in a short reaction time to give the product 3 in good to ex-
cellent yield. According to analysis of the crude reaction
mixtures by GC-MS all Lewis acid catalysts examined
promoted the formation of 4,4-disubstituted 3a–e exclu-
sively, with no detectable formation of isomeric oxazo-
lines 4. With AgBF4 as the catalyst the reaction was very
slow (Table 3, entries 5, 10, and 23).

The cationic Pd(II) complex and Lewis acids AlCl3, FeCl3

TMSOTf, BF3·OEt2 catalyzed the formation of oxazoline
3 that can be explained by the abstraction of the imidate
leaving group that leads to the most stable tertiary allylic
carbenium ion A, which is trapped, in an intramolecular
fashion, by the second imidate as an N-nucleophile.20,21

On the other hand, neutral-Pd(II)-complex-catalyzed cy-
clization probably proceeds via a mechanism that in-
volves aminopalladation, yielding intermediate B which
then undergoes deoxypalladation to give product 4.18,19,21

Whether neutral-palladium-complex-catalyzed formation
of both oxazolines 3 and 4 is due to an unselective amino-

Table 2 Pd(II)-Catalyzed Cyclization of Bisimidates 2 to Vinylox-
azoline Isomers 3 and 4

Entry Imidate 2 Catalytic 
systema

Time Ratio 
3/4b

Yield 
(%)c

1
2

(E)-2a R = Me A
B

3 d
1 h

8:1
>99:1

70
82

3
4

(Z)-2a R = Me A
B

4 d
2 h

7:2
>99:1

57
79

5
6

(E)-2b R = Ph A
B

6 d
1.5 h

3:1
>99:1

94
92

7
8

(Z)-2b R = Ph A
B

7.5 h
1 h

3:1
>99:1

74
97

9
10

(E)-2c R = 4-MeOC6H4 A
B

2.5 h
1 h

28:1
>99:1

93
93

11
12

(E)-2d R = All A
B

3 d
4 d

1:1
>99:1

81
75

a A: PdCl2(MeCN)2, 10 mol% in CH2Cl2; B: PdCl2(Ph3P)2, 1 mol% 
and AgBF4, 3 mol% in CH2Cl2.
b Determined by GC/MS analysis of a crude product.
c Isolated yield.

Table 3 Lewis Acid Catalyzed Cyclization of Bisimidates 2 to 
Vinyloxazoline 3

Entry Imidate 
2

Catalysta Time Yield of 
3 (%)c

1
2
3
4
5

(E)-2a R = Me AlCl3

FeCl3

TMSOTf
BF3·OEt2

AgBF4
b

27 min
30 min

2 min
1 min

14 d

92
89
84
76

ca. 30d

6
7
8
9

10

(Z)-2a R = Me AlCl3

FeCl3

TMSOTf
BF3·OEt2

AgBF4
b

12 min
10 min

1 min
1 min
4 d

94
64
68
79

>99d

11
12
13
14

(E)-2b R = Ph AlCl3

FeCl3

TMSOTf
BF3·OEt2

10 min
10 min

1 min
1 min

94
98
90c

89c

15
16
17
18

(Z)-2b R = Ph AlCl3

FeCl3

TMSOTf
BF3·OEt2

5 min
5 min
1 min
1 min

96
81
86
96

19
20
21
22
23

(E)-2c R = 4-MeOC6H4 AlCl3

FeCl3

TMSOTf
BF3·OEt2

AgBF4
b

20 min
10 min

1 min
1 min
1 d

90
89
80e

83e

93d

24
25

(E)-2d R = All FeCl3

BF3·OEt2

30 min
1 min

40e,f

70e,f

26
27
28
29

(E)-2e R = Bn AlCl3
b

FeCl3
b

TMSOTf
BF3·OEt2

1 h
2 h
5 min
1 min

92
70e

79
85

a Conditions: 10 mol% in CH2Cl2 if not otherwise indicated.
b Conditions: 20 mol% in CH2Cl2.
c Isolated yield if not otherwise indicated.
d Conversion.
e 1H NMR yield, using 1,4-(bis-trichloromethyl)benzene as an inter-
nal standard.
f Formation of unidentified byproducts.

Scheme 2 Potential mechanistic pathways for the formation of iso-
meric vinyloxazolines 3 and 4
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palladation step or a concurrent pathway via intermediate
A remains to be determined (Scheme 2).

In order to demonstrate the utility of the cyclization reac-
tions, several 4-substituted 4-vinyloxazolines 3a–c were
transformed to N-Boc vinylglycinol derivatives 5a–c by a
one–pot, two-step procedure that involved hydrolysis and
subsequent protection (Scheme 3).

Scheme 3 Transformation of vinyloxazolines 3a–c to the corre-
sponding N-Boc vinylglycinols 5a–c

In summary, we have developed a short and high-yielding
procedure for the synthesis of C-quaternary vinylglycin-
ols starting from 2-substituted 1,4-butenediols. Our cur-
rent attempts are devoted to develop an asymmetric
version of bisimidate cyclization.

Supporting Information for this article is available online
at http://www.thieme-connect.com/ejournals/toc/synlett. It con-
tains descriptions of the synthesis and characterization of diols 1
and bisimidates 2, general procedures for the cyclization of bisimi-
dates 2, characterization of the cyclization products 3 and 4, de-
scriptions for the transformation of oxazolines 3 to N-Boc-protected
vinylglycinols 5, and copies of 1H NMR and 13C NMR spectra of
compounds 2–5.
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