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One-pot easy conversion of Baylis—Hillman adducts into
carbamates of unsaturated B-amino acids

Manouchehr Mamaghani® and Abed Badrian
Department of Chemistry, Faculty of Sciences, Guilan University, PO Box 41335-1914, Rasht, Iran

Received 18 August 2003; revised 24 November 2003; accepted 5 December 2003

Abstract—An easy, one-pot transformation of Baylis—Hillman adducts into carbamates of unsaturated f-amino acids, for example,
2-(aryl(methoxycarbonylamino)methyl)acrylic acid methyl esters 7 and 2-(methoxycarbonyl aminomethyl)-3-arylacrylic acid methyl

esters 8 via reaction with the Burgess reagent is described.
© 2003 Elsevier Ltd. All rights reserved.

The Baylis—Hillman reaction is a well-known method
for coupling aldehydes and activated alkenes and is
catalysed by tertiary amines or phosphines.! The reac-
tion with methyl acrylate and aromatic aldehydes gives
o-methylene-B-hydroxy esters 1, which have been
transformed into various useful compounds. Recently,
the Baylis—Hillman reaction has attracted the attention
of many synthetic organic chemists because the resulting
adducts can be transformed into a variety of natural and
unnatural compounds.?> Several biologically important
natural products have been synthesised using this reac-
tion as a key step.’

B-Amino acids are an important class of compound due
to their applications in medicinal chemistry and their
biological activity (e.g., N-benzoyl-phenylisoserine:
taxol side-chain). They undergo little or no degradation
by peptidases. Non-peptidic f-amino acids are found in
B-lactam antibiotics, HIV-protease inhibitors and
enzyme inhibitors.* B-Amino acids can be used in
structural biology and as building blocks for the design
of new peptidomimetics.” However, little attention has
been directed towards the conversion of Baylis—Hillman
adducts into the corresponding p-amino acids.®
Recently, the aza version of the reaction, for example,
exchanging the aldehyde reactant for an aldimine’ or
iminium salt® has been reported. In addition, B-amino
acid derivatives 2 can be obtained by a simple substi-
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tution reaction on the adducts 1, displacing the alcohol
functionality with an amine.’

OH O NHRO o

Recently Orena and co-workers reported that treatment
of N-p-toluenesulfonyl carbamates, prepared from the
corresponding Baylis—Hillman adducts, with a catalytic
amount of DBU in CH,Cl,, gave (E)-2-(p-toluenesulfo-
nylaminomethyl)propenoates 3 (R =Ts) exclusively.'®

In order to prepare new, non-proteinogenic amino acids,
which can induce conformational restrictions in oligo-
peptides,!' the products of the Baylis—Hillman reaction
were employed. In this research we developed a conve-
nient procedure for the preparation of unsaturated
B-amino acid derivatives using the reaction of the Baylis—
Hillman adducts with the Burgess reagent.'> Methyl N-
(triethylammoniumsulfonyl) carbamate 4, also known as
the Burgess reagent, is a mild and selective dehydrating
agent, and can be successfully utilised for the preparation
of alkenes and carbamates from alcohols. This reagent
can be prepared from readily available chlorosulfonyl
isocyanate and triethylamine in methanol (Scheme 1).'3

During the course of our studies directed towards the
dehydration of alcohols with the Burgess reagent, we
found that when the reaction is applied to an allylic
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alcohol, for example, a Baylis—Hillman adduct, either
direct substitution (Sy) or substitution with allylic
rearrangement (Sy’) ensues, depending upon the experi-
mental conditions, and the corresponding carbamates
are formed (Scheme 2).

The first step, that is, the formation of sulfamate ester 6,
takes place in dry THF at 20°C by interaction of the
alcohol 5a—g with the Burgess reagent 4. When heated to
95°C, this sulfamate ester undergoes pyrolysis with
elimination of SO; providing the corresponding carba-
mates 7a—g in excellent yields.'"*!> This reaction takes
place via an Sy pathway and the alcohol moiety is dis-
placed to form the urethane.

When the sulfamate ester 6 was treated with NaH, the
corresponding sodium salt was obtained. However,
when the sodium salt was decomposed as a solid at 80 °C
and the reaction mixture was treated with water, a
substitution with an allylic rearrangement occurred to
give the carbamates 8a-g.'®!'” A mechanism proposed
for this rearrangement is shown in Scheme 3.

The reactions are clean and the products are obtained in
high yields except for the reaction when R’=NO,
(entries d and e, Table 1). In addition, the reaction
conditions are mild so that no side products or decom-
position of the products were observed.

In summary, we report that the Burgess reagent can
react with Baylis—Hillman adducts to produce sulfamate
esters, which can undergo pyrolysis by either direct
substitution or substitution with allylic rearrangement,
depending upon the experimental conditions, producing
carbamates in high yields.

Table 1. Conversion of the Baylis—Hillman adducts into carbamates
Entry R’ Yield 7 (%)*® Yield 8 (%)*°

a H 85¢ 90
b 4-Me 75 87
c 4-OMe 79 88
d 3-NO, 25 23
e 4-NO, 20 2
f 4-Cl 88 94
g 2-Cl 86 83

* All compounds have been fully characterised spectroscopically by 'H
NMR, IR and elemental analyses.

®Isolated yields.

¢ Analysed by comparison of its spectroscopic data (‘H NMR, IR)
with those of an authentic sample (Ref. 10).
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Typical procedure for the preparation of compounds 7a-g:
A solution of alcohol 5a (Smmol) in THF (5mL) was
added dropwise to a solution of 4 (6mmol) in THF
(10mL) in a 50-mL round-bottom flask, fitted with a
reflux condenser at 20°C under an atmosphere of dry
nitrogen. After the addition was completed (20 min), the
reaction mixture was heated to 95°C for 60 min. Water
(10mL) was added and the reaction was extracted three
times with 10 mL portions of ether. The combined organic
layers were dried over MgSQOy, and evaporated in vacuo to
provide a crude product, which was purified by column
chromatography (petroleum ether/diethyl ether 4:1) to
give pure isolated 7a in 85% yield.

Selected data for compounds 7b-g.

7b: Colourless oil, yield 75%; IR (KBr): (vpax/cm™): 3345
(N-H), 1723 (C=0), 1614 (C=C); Anal. Calcd for
C14H17NO, (Found: C, 63.77; H, 6.45; N, 5.25; requires
C, 63.87; H, 6.51; N, 5.32%); '"H NMR (80 MHz, CDCl;):
2.38 (3H, s, CH3), 3.67 (3H, s, OCH3), 3.74 (3H, s, OCH,),
5.53 (1H, d, J = 8.6), 5.84 (1H, s), 5.87 (1H, d, J = 8.6,
NH), 6.16 (1H, s), 6.99 (4H, s, ArH) ppm.

7c: Colourless oil, yield 79%; IR (KBr): (vpax/cm™!): 3349
(N-H), 1725 (C=0), 1616 (C=C); Anal. Calcd for
C4H7NOs (Found: C, 60.11; H, 6.25; N, 4.85; requires
C, 60.21; H, 6.14; N, 5.02%); '"H NMR (80 MHz, CDCl;):
3.66 (3H, s, OCH;), 3.72 (3H, s, OCH;), 3.78 (3H, s,
OCH;), 5.51 (1H, d, J = 8.8), 5.82 (1H, s), 5.88 (1H, d,
J =8.8, NH), 6.18 (1H, s), 6.71 (2H, d, J =8.9, ArH),
6.99 (2H, d, J = 8.9, ArH) ppm.

7d: yellow solid, mp 73-74 °C, yield 25%; IR (KBr): (vpax/
cm™!): 3350 (N-H), 1725 (C=0), 1619 (C=C); Anal.
Caled for C3H4N,Og (Found: C, 52.99; H, 4.72; N, 9.60;
requires C, 53.06; H, 4.80; N, 9.52%); 'H NMR (80 MHz,
CDCls): 3.67 (3H, s, OCHj;), 3.80 (3H, s, OCH3), 5.60 (1H,
d, J =8.8), 5.88 (1H, s), 5.89 (IH, d, J = 8.8, NH), 6.16
(1H, s), 7.43-8.13 (4H, m, ArH) ppm.

7e: white solid, mp 84-86°C, yield 20%; IR (KBr): (Vyax/
cm™1): 3351 (N-H), 1724 (C=0), 1617 (C=C); Anal.
Calcd for C;3H14N>,O¢ (Found: C, 53.00; H, 4.74; N, 9.58;
requires C, 53.06; H, 4.80; N, 9.52 %); '"H NMR (80 MHz,
CDCl;): 3.6 (3H, s, OCH3), 3.78 (3H, s, OCH3;), 5.55 (1H,
d, J =8.7), 5.86 (1H, s), 591 (1H, d, J = 8.7, NH), 6.18
(1H, s), 7.37 (2H, d, J = 8.8, ArH), 8.11 (2H, d, J = 8.8,
ArH) ppm.

7f: white solid, mp 56-58 °C, yield 88%; IR (KBr): (vpax/
cm™): 3350 (N-H), 1725 (C=0), 1616 (C=C); Anal.
Calcd for C3H4CINO, (Found: C, 54.94; H, 5.02; N,
4.87; requires C, 55.04; H, 4.97; N, 4.94%); '"H NMR
(80MHz, CDCl;): 3.72 (3H, s, OCHj3), 3.77 (3H, s,
OCH;), 5.50 (1H, d, J = 8.6), 5.68 (1H, d, J = 8.6, NH),
5.82 (1H, s), 6.24 (1H, s), 7.10 (2H, d, J = 8.7, ArH), 7.20
(2H, d, J = 8.7, ArH) ppm.

7g: white solid, mp 44-45° C, yield 86%; IR (KBr): (vpax/
cm™): 3349 (N-H), 1726 (C=0), 1617 (C=C); Anal.
Calcd C3H4CINO, (Found: C, 54.96; H, 5.00; N, 4.88;
requires C, 55.04; H, 4.97; N, 4.94 %); '"H NMR (80 MHz,
CDCl;): 3.68 (3H, s, OCH3), 3.75 (3H, s, OCH3;), 5.60 (1H,
d, J =8.7), 5.66 (1H, d, J = 8.7, NH), 5.87 (1H, s), 6.29
(1H, s), 6.99-7.22 (4H, m, ArH) ppm.

Typical procedure for the preparation of compounds 8a-g:
A solution of alcohol 5a (Smmol) in THF (5mL) was
added dropwise to a solution of 4 (6mmol) in THF
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(10mL) in a 50-mL round-bottom flask, fitted with a
reflux condenser at 20°C under an atmosphere of dry
nitrogen. After the addition was completed (20 min), the
reaction mixture was treated with sodium hydride (0.12 g,
Smmol, prepared from 0.22 g of sodium hydride disper-
sion in mineral oil (60%) by several washings with dry
hexane) and the mixture was maintained at ambient
temperature until hydrogen evolution had ceased. The
solvent was removed under reduced pressure to afford a
white solid, which was heated to 80 °C for 30 min. Water
(5mL) was added and the reaction mixture was extracted
three times with 10 mL portions of ether. The combined
organic layers were dried over MgSQO,, and evaporated in
vacuo to provide a crude product, which was purified by
column chromatography (petroleum ether/diethyl ether
5:1) to give pure isolated 8a in 90% yield.

Selected data for compounds 8a-g.

8a: Colourless oil, yield 90%; IR (KBr): (vpa/cm™'): 3338
(N-H), 1710 (C=0), 1611 (C=C); Anal. Calcd for
C;3H;sNOy (Found: C, 62.71; H, 6.01; N, 5.55; requires
C, 62.64; H, 6.07; N, 5.62 %); '"H NMR (80 MHz, CDCl;):
3.60 (2H, d, J =6.5), 3.69 (3H, s, OCH;), 3.79 (3H, s,
OCH;), 5.83 (1H, t, J =6.5, NH), 7.16-7.35 (5H, m,
ArH), 7.65 (1H, s) ppm.

8b: Colourless oil, yield 87%; IR (KBr): (vpa/cm™'): 3335
(N-H), 1715 (C=0), 1613 (C=C); Anal. Calcd for
C4,H7NO, (Found: C, 63.79; H, 6.55; N, 5.25; requires
C, 63.87; H, 6.51; N, 5.32 %); '"H NMR (80 MHz, CDCl;):
2.38 (3H, s, CH3), 3.66 (2H, d, J =6.4), 3.67 (3H, s,
OCH;), 3.76 (3H, s, OCH3), 591 (1H, t, J = 6.4, NH),
7.10 (2H, d, J = 8.8, ArH), 7.23 (2H, d, J = 8.8, ArH),
7.62 (1H, s) ppm.

8c: Colourless oil, yield 88%; IR (KBr): (vpa/cm™'): 3340
(N-H), 1715 (C=0), 1613 (C=C); Anal. Calcd for
C3H7NOs (Found: C, 60.17; H, 6.19; N, 4.92; requires

C, 60.21; H, 6.14; N, 5.02 %); '"H NMR (80 MHz, CDCl5):
3.60 (3H, s, OCH3;), 3.65 (2H, d, J =6.3), 3.69 (3H, s,
OCH,), 3.79 (3H, s, OCH,), 6.02 (1H, t, J = 6.3, NH),
6.77 2H, d,J = 8.7, ArH), 7.2 2H, d, J = 8.7, ArH), 7.60
(1H, s) ppm.

8d: yellow solid, mp 91-93 °C, yield 23%; IR (KBr): (viax/
em™'): 3357 (N-H), 1720 (C=0), 1616 (C=C); Anal.
Calcd for C3H4N,O4 (Found: C, 52.96; H, 4.74; N, 9.50;
requires C, 53.06; H, 4.80; N, 9.52 %); '"H NMR (80 MHz,
CDCl): 3.65 (2H, d, J = 6.6), 3.69 (3H, s, OCH3;), 3.82
(3H, s, OCH3), 599 (1H, t, J = 6.6, NH), 7.03-8.28 (5H,
m) ppn.

8e: white solid, mp 91-93°C, yield 22%; IR (KBr): (viax/
ecm™): 3360 (N-H), 1719 (C=0), 1616 (C=C); Anal.
Calcd for C;3H;4N,O¢ (Found: C, 53.11; H, 4.72; N, 9.50;
requires C, 53.06; H, 4.80; N, 9.52 %); '"H NMR (80 MHz,
CDCl): 3.70 (3H, s, OCH,), 3.76 (2H, d, J = 6.6), 3.80
(3H, s, OCH3), 6.12 (1H, t, J = 6.6, NH), 7.59 (2H, d,
J =28.8, ArH), 8.19 (2H, d, J =8.8, ArH), 7.75 (1H,
s) ppm.

8f: white solid, mp 69-71°C, yield 94%; IR (KBr): (viax/
cm™): 3357 (N-H), 1718 (C=0), 1615 (C=C); Anal.
Calcd for Ci3H4CINO, (Found: C, 54.98; H, 5.01; N,
4.87; requires C, 55.04; H, 4.97; N, 4.94%); '"H NMR
(80 MHz, CDCls): 3.67 (2H, d, J =6.4), 3.72 (3H, s,
OCH;), 3.78 (3H, s, OCH3), 5.73 (1H, t, J = 6.4, NH),
7.20 (2H, d, J = 8.7, ArH), 7.29 (2H, d, J = 8.7, ArH),
7.59 (1H, s) ppm.

8g: white solid, mp 63-64.5 °C, yield 83%; IR (KBr): (Vinax/
cm™): 3349 (N-H), 1720 (C=0), 1617 (C=C); Anal.
Calcd C3H4CINO, (Found: C, 54.99; H, 5.02; N, 4.83;
requires C, 55.04; H, 4.97; N, 4.94 %); '"H NMR (80 MHz,
CDCl;): 3.66 (2H, d, J = 6.6), 3.68 (3H, s, OCHj3;), 3.79
(3H, s, OCH,), 5.69 (1H, t, J = 6.6, NH), 7.11-7.30 (4H,
m, ArH), 7.79 (1H, s) ppm.
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