Alkylation of Schollkopfs bislactim ether chiral
auxiliary with 4-bromo-1,2-butadiene

Sonata KrikStolaityté?,
Algirdas Sackus?,
Kjell Undheim™

“Faculty of Chemical Technology,
Kaunas University of Technology,
Radvileny pl., 19,

LT-3028, Kaunas, Lithuania
*Department of Chemistry,
University of Oslo,

N-0315, Oslo, Norway

Stereoselective synthesis of (2R,5S)-5-(2,3-butadienyl)-, (2R,5S)-5-(2,3-
butadienyl)-5-(2-propenyl)- and (2R,5R)-5-(2-bromo-2-propenyl)-5-(2,3-
butadienyl)-2,5-dihydro-3,6-dimethoxy-2-isopropylpyrazines by alkylation
of Schollkopf’s bislactim ether chiral auxiliary with corresponding elec-
trophilic alkenyl halides is described.

Key words: Schollkopf’s bislactim ether, 4-bromo-1,2-butadiene, stereo-
selective alkylation

INTRODUCTION

Schéllkopf’s bislatim ether method is one of the most
efficient routes for the asymmetric synthesis of new
a-amino acids [1-3]. Stereoselective alkylation of chi-
ral bislactim ether reagent, (2S or 2R)-2,5-dihydro-
3,6-dimethoxy-2-isopropylpyrazine, with alkenyl hali-
des, e.g., 3-bromo- and 2,3-dibromopropene, 1-bro-
mo- and 1-bromo-3-methyl-2-butene allowed to ob-
tain important intermediates which were used for
the preparation of such unique o-amino acids as 5-
hydroxylsine, episulfide analogues of L-methionine,
etc. [4-9]. In recent years, a methodology for the
asymmetric synthesis of conformationally constrained
o-amino acids, which includes bisalkenylation or al-
kenylation-alkynylation of Schollkopf’s bislactim ether
reagent, (2R)-2,5-dihydro-3,6-dimethoxy-2-isopropyl-
pyrazine, and the following ring closing metathesis
reaction (RCM) has been developed. Bisalkylation
of the chiral auxiliary usually is to be effected in
a stepwise manner which allows the introduction
of two different unsaturated hydrocarbon moieties
[10-12]. The RCM reactions were carried out by
Grubbs methodology using a carbenoid ruthenium
(II) complex as a catalyst [13, 14] .

Substituted allenes are known as versatile syn-
thetic intermediates [15]. Cyclic carbopaladation re-
action of allenes is applicable to the synthesis of
cyclic compounds of almost any ring size [16-18].

The scope of the present work is an investiga-
tion of alkylation of Schollkopf’s bislactim ether au-
xiliary with 4-bromo-1,2-butadiene in order to synthe-
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size new chiral intermediates possessing the allenic
moiety.

RESULTS AND DISCUSSION

The reagent 4-bromo-1,2-butadiene was prepared by
the reaction of phosphorus tribromide with 2,3-bu-
tadien-1-ol [19]. The alcohol is readily accessible
from propargyl chloride [20]. The latter was lithia-
ted and subsequently hydroxymethylated with para-
formaldehyde. Treatment of the resultant 4-chloro-
2-butyn-1-ol with LiAlH4 gave 2,3-butadien-1-ol.

The reaction of the chiral auxiliary, (2R)-2,5-di-
hydro-3,6-dimethoxy-2-isopropylpyrazine 1 with 4-bro-
mo-1,2-butadiene, was carried out in accordance with
Schollkopf’s method of alkylation [1, 2]. In the first
stage of the synthesis the bislactim ether 1 was
treated with n-butyllithium at —78 °C. Deprotona-
tion at C-5 gave the almost planar dihydropyrazine
anion 2 which easily underwent electrophilic attack
by 4-bromo-1,2-butadiene.

After routine work-up of the reaction mixture,
only the isomer 3 with the substituent in a trans-
relationship to the isopropyl group was obtained
(TLC, NMR). Electrophiles would add to the lithia-
ted bislactim ether in such a way as to minimize
steric interactions. Therefore the allenic electrophile
attacks preferentially the pyrazine ring frans to the
isopropyl group, the major product having the struc-
ture 3. The assignment of absolute configuration is
in accord with the normal findings in Schollkopf’s
asymmetric amino acid synthesis [1-3]. The presen-
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ce of the allenic moiety in the product, and there-
fore the assignment of structure 3, is evident from
the presence of two multiplets of allenic protons in
the '"H NMR spectrum, in the regions 4.53-4.59 and
4.94-4.97 ppm.

For the preparation of the dialkylated product 4,
the allenyl derivative 3 was subjected to a second
alkylation reaction using 2,3-dibromopropene. This
reaction could not be effected presumably in part
because of base catalyzed proton abstraction from
the methylene carbon of the allenic moiety and sub-
sequent isomerization reactions, or because of steric
interference from the vinyl bromo substituent. For
dialkylation this problem was overcome by changing
the order of alkylation. This operation leads to a
target molecule with the opposite configuration at
the stereogenic C-5 position. The different stereo-
chemical courses in the above cases will be evident
by a comparison of the structures 4 and 7. In this
approach the Schoéllkopf’s auxiliary 1 was first alkyl-
ated with 3-bromo- and 2,3-dibromopropene by the
previously described methods [5, 21]. The major pro-
ducts of the reactions were, correspondingly, 5-(2-
propenyl)- and 5-(2-bromo-2-propenyl)-2,5-dihydro-
3,6-dimethoxy-2-isopropylpyrazines 5 a, b. In both
cases, the minor isomer can be removed by flash
chromatography, but separation is not necessary sin-
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ce the overall stereochemistry in the reac-
tion sequence is determined during the se-
cond alkylation step.

Lithiation of the monoalkylated species
5 a, b was followed by treatment with 4-
bromo-1,2-butadiene resulting in the forma-
tion of the dialkylated products 7 a, b. The
stereoselectivity in the second alkylation is
remarkable as has been found previously
in related reactions [10-12]. Only one ste-
reoisomer was observed. As before, the
electrophile adds to the pyrazine ring in a
trans manner with respect to the isopropyl
group. This being so, it is seen that the
original stereochemistry at C-5 in the sub-
strate 5, which was used for the alkylation,
is not important since the stereochemistry
at C-5 is lost on metallation (6 a, b). The
d.e. of the products 7 a, b after the second
alkylation step was excellent, in excess of
95%; the chemical yields were in the range
50-60%.

R

CONCLUSIONS

1. The alkylation of Schollkopf’s bislactim
ether chiral auxiliary with 4-bromo-1,2-bu-
tadiene proceeds with high diastereoselecti-
vity and acceptable chemical yield.

2. 4-Bromo-1,2-butadiene is an efficient electro-
philic reagent for the second stereoselective alkyla-
tion of 5-monosubstituted Schollkopf’s bislactim
ether species.

EXPERIMENTAL

'H NMR spectra were registered in CDCI, at 200
MHz with Bruker DPX 200. The BC NMR spectra
were recorded in CDCI, at 50 MHz with Bruker
DPX 200. The mass spectra under electron impact
conditions were recorded at 70 eV ionizing poten-
tial. The spectra are presented as m/z (% rel. int.).

4-Bromo-1,2-butadiene. To a solution of 2,3-bu-
tadien-1-ol (3.0 g, 0.043 mol) in ether (13 ml) con-
taining pyridine (0.26 ml) phosphorus tribromide
(4.32 g, 1.52 ml, 0.016 mol) was added dropwise
over a period of 45 min at —40 °C. The tempera-
ture was maintained for 2 h at — 40 °C, during
which time a slow nitrogen flow was introduced.
Then the temperature was allowed to rise to 20 °C
over 3 h. The reaction was heated and kept at
40 °C for 30 min. The reaction mixture was cooled
to 20 °C and poured onto a saturated solution of
NaCl (30 ml). The aqueous layer was extracted with
ether (3 x 10 ml). The combined organic extracts
were dried over MgSO,, the ether removed at at-
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mospheric pressure. The residue was distilled at re-
duced pressure (water pump, b.p. 75-78 °C), to give
2.60 g (46%) of the target product. 'H NMR
(CDCL): 6 3,92 (dt, 2H, J 1.98 Hz, CH,), 4.90 (dt,
2H, J 6.50 Hz, CH,), 5.34-5.48 (m, 1H, CH). “C
NMR (CDCl,): 6 30.3 (CH,), 77.4 (CH), 89.7 (CH,),
210 (O).
(2R,5S)-5-(2,3-Butadienyl)-2,5-dihydro-3,6-dimet-
hoxy-2-isopropylpyrazine (3). nBuLi (0.90 ml, 2.23
mmol, 2.5 M in hexane) was added to a solution of
(R)-2,5-dihydro-3,6-dimethoxy-2-isopropylpyrazine 1
(374 mg, 2.02 mmol) in dry THF (10 ml) under
argon at —78 °C. After 20 min, 4-bromo-1,2-butadie-
ne (300 mg, 2.26 mmol) in THF (3 ml) was added
dropwise over 20 min. The mixture was left to re-
ach ambient temperature overnight before the reac-
tion was quenched by addition of water (8 ml). The
aqueous layer was extracted with ether (3 x 8 ml).
The combined ether solutions were dried (MgSO,)
and evaporated to dryness. The residue was purified
by flash chromatography using 5% ethyl acetate in
hexane as eluent to give 229 mg (48%) of com-
pound 3 as a colorless oil. Found: C, 66.14; H, 8.35.
Calculated for C;H,N,O,: C, 66.07; H, 8.53%. [o],
= + 42° (¢ = 0.5, CHCL). 'H NMR (CDCL,): %
0.64 (d, J 7.0 Hz, 3H, CH,), 1.03 (d, J 7.0 Hz, 3H,
CH,), 2.23 (m, 1H, CH), 2.42-2.52 (m, 2H, CH,),
3.65 (s, 6H, 2 x CH,0), 3.90 (m, 1H, H-2), 4.07
(m, 1H, H-5), 4.53-4.59 (m, 2H, CH,), 4.94-4.97
(m, 1H, CH). "C NMR (CDCl,): & 16.50 (CH,),
19.0 (CH,), 31.68 (CH), 33.50 (CH,), 52.24 (2 x
CH,0), 55.30 (C-5), 60.80 (C-2), 73.80 (CH,=), 85.0
(CH=), 162.80 (C), 164.0 (C), 209.7 (=C=). MS
(EI): 236 (5.8 M*), 221 (18), 193 (34), 183 (8), 141
(100), 126 (7), 53 (11).
(2R,5S)-5-(2,3-Butadienyl)-2,5-dihydro-3,6-dimet-
hoxy-2-isopropyl-5-(2-propenyl) pyrazine (7a). nBuLi
(0.10 ml, 0.25 mmol, 2.5 M in heptane) was added
to a solution of compound 5a (74 mg, 0.33 mmol)
in dry THF (3 ml) under argon at —78 °C. After 40
min, 4-bromo-1,2-butadiene (49 mg, 0.36 mmol) in
THF (1 ml) was added dropwise over 10 min. The
mixture was kept for 1.5 h at —78 °C and then left
for 1 h to reach ambient temperature. A solution of
NH,CI (10%, 12 ml) was added to the reaction mix-
ture, and the aqueous layer was extracted with ether
(3 x 10 ml). The combined ether solutions were
dried (MgSO,) and evaporated to dryness. The sol-
vent was evaporated under reduced pressure and
the residue was purified by flash chromatography
using 5% ethyl acetate in hexane as eluent to give
76 mg (63%) of compound 7a as a colorless oil.
Found: C, 68.51; H, 8.58. Calculated for C, H, N,O,:
C, 69.06; H, 8.69%. 'H NMR (CDCL): 8 0.61 (d, J
7 Hz, 3H, CH,), 1.03 (d, J 7Hz, 3H, CH,), 2.16—-
228 (m, 1H, CH), 2.34-2.45 (d, 2H, CH,), 2.46—
2.59 (d, 2H, CH,), 3.62 (s, 3H, CH,0), 3.69 (s, 3H,
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CH,0), 3.85 (d, 1H, CH), 4.51-4.55 (m, 2H, =CH,),
4.74-4.81 (m, 1H, CH=), 4.96-5.03 (d, 2H, =CH,),
5.55-5.68 (m, 1H, CH=). "C NMR (CDCl,): 4 17.6
(CH,), 19.9 (CH,), 31.0 (CH), 40.3 (CH,), 44.7
(CH,), 52.4 (CH,0), 52.7 (CH,0), 61.1 (C-2), 62.5
(C-5), 73.9 (=CH,), 85.1 (CH=), 117.9 (=CH,),
134.8 (= CH,), 163.3 (C), 163.6 (C), 2104 (=C=).
MS (EI): 276 (1,10 M*), 261 (7), 233 (15), 223
(45), 193 (15), 181 (100), 53 (11), 41 (15).
(2R,5R)-5-(2-Bromo-2-propenyl)-5-(2,3-butadienyl)-
2,5-dihydro-3,6-dimethoxy-2-isopropylpyrazine (7b). ).
nBuLi (0.15 ml, 0.36 mmol, 2.5 M in hexane) was
added to a solution of compound 5b (100 mg, 0.33
mmol) in dry THF (3 ml) under argon at —78 °C.
After 10 min, 4-bromo-1,2-butadiene (66 mg, 0.50
mmol) in THF (1 ml) was added dropwise over 10
min. The mixture was kept at the same temperature
for 3 h and then left for 1 h to reach ambient
temperature. A water solution of NH,Cl (10%, 12
ml) was added to the reaction mixture, and the aque-
ous layer was extracted with ether (3 x 10 ml).
The combined ether solutions were dried (MgSO,)
and evaporated to dryness. The residue was purified
by flash chromatography using 5% ethyl acetate in
hexane as eluent to give 53 mg (46%) of compound
7b as a colorless oil. Found: C, 52.79; H, 6.29. Cal-
culated for C, H,.BrN,O,: C, 53.09; H, 6.48%. [o],=
-39 (c = 0.5, CHCIL,). '"H NMR (CDCL,): 6 0.70 (d,
J 6.8 Hz, 3H, CH,), 1.05 (d, J 6.8 Hz, 3H, CH,),
2.20-2.42 (m, 3H, CH, CH,), 2.75 (d, J 13.9 Hz,
1H, CH,), 3.06 (d, J 13.9 Hz, 1H, CH,), 3.65 (s,
3H, CH,0), 3.69 (s, 3H, CH,0), 3.80 (d, J 3.4 Hz,
1H, CH), 4.53-4.50 (m, 2H, =CH,), 4.70-4.80 (m,
1H, CH=), 548 (d, J 21.1 Hz, 2H, =CH,). ®C
NMR (CDClL,): 8 16.71 (CH,), 19.63 (CH3), 30.38
(CH,), 40.38 (CH), 49.78 (CH,), 51.88 (CH,0),
52.40 (CH,0), 60.76 (C-2), 62.29 (C-5), 73.67
(=CH,), 84.20 (CH=), 121.17 (=CH,), 128.09 (C-
Br), 161.81 (C), 163.14 (C), 210.22 (=C=). MS (EI):
355 (0.2 M+), 313 (31), 303 (42), 275 (45), 259
(100), 180 (46), 53 (21), 43 (33).
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SCHOLLKOPF’O CHIRALINIO BISLAKTIMETERIO
ALKILINIMAS 4-BROM-1,2-BUTADIENU

Santrauka

Alkilinant Schollkopf’o chiralinj bislaktimeterj 4-brom-1,2-
butadienu reakcija vyksta stereoselektyviai ir gaunamas
(2R,5S)-5-(2,3-butadienil)-2,5-dihidro-3,6-dimetoksi-2-izo-
propilpirazinas. Minéta bislaktimeterj pirmiausiai alkilinant
3-bromo- arba 2,3-dibrompropenu, o po to — 4-brom-1,2-
butadienu susintetinti (2R,5S)-5-(2-propenil)- ir (2R,5R)-
5-(2-brom-2-propenil)-5-(2,3-butadienil )-2,5-dihidro-3,6-di-
metoksi-2-izopropilpirazinai.

C. Kpukmronaiiture, A. Hlaukyc, K. Yuareiim

AJIKHJIMPOBAHUE XUPAJIBHOT'O
BUCIAKTUMHOI'O 5®UPA HIEJKOII®A
4-BPOM-1,2-BYTAIUEHOM

Peswome

IIpu ankunupoBaHUU XUPAJIbHOIO OUCIAKTUMHOIO 3(upa
Hlenxonda 4-6pom-1,2-6yTaiueHOM peaklus HPOUCXOJUT
cTepeocenekTHBHO U obpasyercs (2R,5S)-5-(2,3-Oyranue-
HWI)-2,5-TUruipo-3,6-1MMeTOKCH-2-U30PONUIITUPA3HH.
IIpu anxunupo-BaHUU YIOMSIHYTOIO OUCIAKTUMHOIO 3¢upa
cHayaja 3-Opom- wiu 2,3-muOpoMIporeHom, a 3areM - 4-
6pom-1,2-06yranuenom cuHrezuposanbl (2R,5S)-5-(2-mpo-
neann)- u (2R,5R)-(5-(2-6pomo-2-niponennin)-5-(2,3-0yra-
JOUEHWN)-2,5-TUrupo-3,6-TMMETOKCH-2-U30TPOTTUIIITUPA-
3UHBL.
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