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(E)-Stereoselective Synthesis of Vinylglycines from (R)-Serine via Organocopper—BF;

and Related Reagents
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The stereoselective synthesis of biologically important vinylglycine derivatives by reaction of homochiral
4-methoxycarbonyl-5-vinyloxazolidin-2-ones with organocopper reagents is described; 4,5-trans-oxazolidin-2-one 6
yields (E)-vinylglycines as the major products by treatment with the ‘higher order’ cyanocuprate—BF; reagents or
trialkylzincates in the presence of cuprous cyanide, 4,5-cis-oxazolidin-2-one 10 affords only the desired (E)-

vinylglycines.

Recently, B,y-unsaturated a-amino acids (vinylglycines) have
received much attention as an important class of new a-amino
acids.! Vinylglycine, the parent compound, has been isolated
from mushrooms? and was considered as an intermediate in
the enzymic transformation of homoserine into threonine? and
a-ketobutyrate.4 In addition, unsaturated amino acids are of
particular interest as receptor antagonists,> enzyme inhibi-
tors,% and synthetic intermediates.” Particularly, vinylglycines
have been reported to act as ‘suicide’ substrates for pyridoxal
phosphate dependent enzyme.8 A number of methods for the
synthesis of racemic and L- or D-vinylglycines have been
published.® However, double bond isomerization to the
o,B-position and racemization are two common problems
during the syntheses of f§,y-unsaturated o-amino acids.%s-96.10

In connection with studies on peptide isosteres of biological
importance,!! we were interested in synthesizing (E)-B,y-
unsaturated «-amino acids (vinylglycines) from S-vinyloxazol-
idin-2-ones in high chemical and optical yields.

Allylic alcohols 1 and 2, which were used as starting
materials for the present synthesis of vinylglycines, were
conveniently prepared as a flash chromatographically separ-
able 75:25 mixture in 60% combined overall yield from
N-Boc-(R)-serine methyl ester using a procedure similar to
that reported in the literature!2 via a sequence of reactions
involving tert-butyldimethylsilylation, reduction of the ester
group to an aldehyde group with DIBAL, and reaction with
vinylmagnesium chloride in the presence of zinc chloride in
THF.

As shown in Scheme 1, treatment of the alcohol 1 with
sodium hydride yielded oxazolidin-2-one 3 in 78% yield,
which upon exposure to hydrofluoric acid in MeCN afforded
the alcohol 4 in 97% yield. Successive treatment of 4 with
Jones’ reagent and ethereal diazomethane furnished the
methyl ester 5in 38% yield, which can easily be converted into
the N-Boc compound 6 by reaction with Boc,O in the presence
of sodium hydride in 99% yield. In a similar manner, the
alcohol 2 was converted into the N-Boc 5-vinyloxazolidin-2-

one 10 via 7, 8 and 9 in comparable yields. With preparation of
oxazolidin-2-ones 6 and 10 in hand, we set out to explore their
utility in vinylglycine synthesis. The key step involves the
organocopper-mediated Sy2' reaction, which serves to open
the oxazolidin-2-one ring to generate the desired (§)-vinylgly-
cine derivatives.

For the reactions of oxazolidin-2-one 6 with nucleophilic
reagents, several organometallic reagents were investigated.
The 4,5-trans-oxazolidin-2-one 6 was treated with ‘lower
order’ methylcyanocuprate and after 30 min at =78 °C, a
Sn2’-product 11 was obtained in only 18% yield. Use of the
‘lower order’ methylcyanocuprate-BF; reagent could not
improve the yield of 11 (entries 1 and 2, Table 1). Exposure of
6 to the ‘higher order’ reagent, notably in the presence of BF3,
stereoselectivity provides 11 in excellent yield (entries 3 and 4,
Table 1). The ‘higher order’ cyanocuprate-BF; reagents or
trialkylzincates in the presence of copper(l) cyanide were
found to give the most satisfactory results as shown in the
Table 1. Reaction of 6 with dipropylcuprate gave rise to a
chromatographically separable 91 : 9 mixture of E- and Z-pro-
ducts (13 and 14) in 89% yield (entry S, Table 1). There was a
similar trend of decreased E-selectivity with increased bulk of
the alkyl group in organometallic reagents (entries 6-10,
Table 1).

In sharp contrast, upon exposure of the oxazolidin-2-one
10, in which the C(4)-CO,Me and the C(5)-vinyl group are in
a cis relationship, to either the ‘higher order’ cuprate-BF;
reagents or trialkylzincates in the presence of CuCN exclu-
sively produced the desired (E)-vinylglycines 11, 15, 17, 19
and 21 in high chemical yields (entries 11-15, Table 1). While
we cannot conclusively rule out the presence of trace
quantities of (Z)-alkene, the (E)-isomer was the only one
detected by 'H NMR, capillary GC, and/or HPLC. The
enantiomeric excess (e.e.) of these compounds were deter-
mined using chiral HPLC columns and found to be >96%.
The absolute configuration of the w«-position in both the
(E)-vinylglycines (11, 13, 15, 17, 19, 21) and (Z)-vinylglycines
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Scheme 1 Reagents and conditions: i, NaH, THF, room temp., 8 h; ii, 48% HF/MeCN (1/3), 0 °C, 40 min.; iii, Jones oxidation, Me,CO,
0°C, 8 h, and then ethereal CH,N,; iv, NaH, THF, 0 °C, 1 h; v, see Table 1; abbreviation, TBS = fert-butyldimethylsily}
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Table 1 Synthesis of vinylglycines by reaction of oxazolidin-2-ones 6 and 10 with organocopper reagents®

Combined
Product ratio? isolated
Entry Substrate Reagent Solvent E:Z yield (%)
1 6 MeCu(CN)Li-LiBr THF-Et,0 (5:1) 11:12=>100: 1 18
2 6 MeCu(CN)Li-LiBr-2BF; THF-Et,0(5:1) 11:12=>100: 1 <5
3 6 Me,CuLi-LiCN-LiBr THF-Et,0 (3:1) 11:12=>100: 1 69
4 6 Me,CuLi-LiCN-LiBr.3BF; THF-Et,0 (3:1) 11:12=>100: 1 82
5 6 Pr,CuMgCl-MgCI(CN)-2LiCl-3BF; THF 13:14=  91: 9 89
6 6 Pr;Zn(MgCl)-2MgCl, (30 mol% CuCN)- THF-Et,0 (6:1) 13:14= 88:12 83
7 6 iPr,CuMgCl-MgCI(CN)-2LiCl-3BF; THF 15:16= 80:20 93
8 6 iPryZnMgCl1-2MgCl;, (30 mol% CuCN)< THF-Et,0 (9:1) 15:16= 72:28 90
9 6 Bu;ZnCl-2LiCl (30 mol% CuCN)¢ THF-hexane-Et,O (4:2:1) 17:18= 90:10 77
10 6 ‘Bu,CuLi.LiCN-3BF; THF-pentane (3:1) 19:20= 87:13 91
11 10 Me,CuLi.LiCN-3BF; THF-Et,0 (3:1) 11:12= 100: 0 76
12 10 iPryZnMgCl1.2MgCly-2LiCl (30 mol% CuCN)¢ THF-Et,0 (6:1) 15:16= 100: 0 96
13 10 nBu3;ZnLi-2LiCl (30 mol% CuCN)¢< THF-hexane-Et;0(4:2:1) 17:18= 100: 0 93
14 10 ‘Bu,CuLi-LiCN-3BF; THF-pentane (3:1) 19:20= 100: O 92
15 10 Bn,CuMgCl-MgCI(CN)-2LiCl-3BF; THF 21:22= 100: O 93

a All reactions were carried out at —78 °C for 30 min with 3 to 4 equiv. of organocopper reagents. Except for compounds 12 and 22, all
E- and Z-vinylglycines listed in Table 1 have been isolated by flash chromatography and/or HPLC and have been fully characterized. The
stereochemistry of the double bond was readily ascertained by examination of the vicinal olefinic coupling constants (ca. 15.5 Hz and 11.0 Hz
for E- and Z-vinylglycines, respectively). » All product ratios were determined by capillary gas chromatography (0.2 mm X 50 m) and/or
HPLC. © Reaction was carried out by treatment of 6 or 10 with the indicated zincate in the presence of 30 mol% CuCN.
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(14, 16, 18, 20) has been conveniently determined by a circular
dichroism measurement!3 [(E)- and (Z)-vinylglycines show a
positive n — n* Cotton effect near 220 nm].

The results may be rationalized by assuming the preferred
conformations 6a and 10a for 6 and 10 as shown in Fig. 1. The
(E)- and (Z)-ratios of the products may reflect transition-state
energies related to the Ha/Hb staggered and Ha/Hb eclipsed
conformers of the respective oxazolidin-2-ones.14 In confor-
mations 6a and 10a, allylic 1,3-strain would be minimized.!5
The conformer 6b, which could lead to the (Z)-vinylglycine 24
by organocopper-mediated Sn2' reactions, is considerably
disfavoured by the 1,3-allylic strain. Consequently, the
reaction of 6 with organometallic reagents yields the desired
(E)-vinylglycine 23 as the major products via the preferred
conformer 6a. On the other hand, with simple models,
conformer 10b, which would lead to 24, is highly destabilized
in comparison with 10a owing to the 1,3-allylic strain as well as
unfavourable interactions between the C(5)-vinyl group and
the C(4)-methoxycarbonyl group. Therefore, the reaction of
10 with nucleophilic reagents would proceed through the
conformer 10a to give exclusively (£)-vinylglycine 23.

In summary, the 4,5-trans-oxazolidin-2-one 6 yields (E)-
vinylglycines as the major products by treatment with the
‘higher order’ cyanocuprate-BF; reagents or trialkylzincates
in the presence of copper(1) cyanide. In contrast, the reaction
of 4,5-cis-oxazolidin-2-one 10 affords only the desired (E)-
vinylglycines. No common problems, e.g. double bond
isomerization to the o,f-position and racemization were
encountered.
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