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Synthesis of Symmetrical and Unsymmetrical Epoxide Opening.It is important to note that the hydrogen-
Pyrazines bonded amino alcohol is much less nucleophilic, perhaps due
to intramolecular hydrogen bonding, than is an isolated amine.

Douglass F. Taber,* Peter W. DeMatteo, We initially had difficulty finding conditions for the epoxide
and Karen V. Taluskie opening. We heated cyclohexene oxide and 2-amino-3-phenyl-

1-propanol under solvent-free conditions, but after 7 days only
starting materials were visible by TLC. While LiCj@nd BF
OEt, failed to activate the epoxide, the addition of a catalytic
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transformation to the amino diol. This is thought to be due to
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later showed that identical loading of LiBaunder solvent-free
conditions effected an even faster transformation to the amino
oH H N diol.
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(I 2)NH,OH-HCI N and 4, Table 1), additions were carried out without catalyst.
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Indeed, if catalysts were added, an increased amount of the
Opening of representative epoxides with 1,2-amino alcohols Undesired regioisomer was observed. .
delivered the amino diols. The product amino diols were then . ©Xidation and Pyrazine Formation. We carried out our
oxidized under Swern conditions. The amino diketones so Nitidl investigations with 2,2bis(cyclohexanol)amine3g). This
prepared were not isolated, but were condensed directly with@Mino diol provided a fine platform for the elucidation of

: : . : oxidation strategies. Amino dide was readily prepared by
hydroxylamine to give the substituted pyrazines. Taguchi’s procedur&combining cyclohexene oxide and aque-

ous ammonia.
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pharmaceutica]él and agricu|tura| Chemica%_RemarkabW’ Swern reaction with trifluoroacetic anhydrm@aCh failed to
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the part of the pharmaceutical community, but to limited diol by TLC after workup) proved to be troublesome. When
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In the course of other Work’ we had occasion to bneﬂy limit of —10 °C with an excess of OXidant, the reactions went
explore the coupling of epoxides with 1,2-aminodiols. The to completion.
coupled products could then be oxidized under Swern conditions  The organic extract from the workup of the oxidation was
and condensed with NjG)H to give pyrazineé_Herein we report dried over NQSO4, then directly added to a reﬂUXing solution
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TABLE 1. Preparation of Pyrazines (m, 2H), 1.69 (m, 2H), 1.94 (m, 2H), 2.38 (m, 1H), 2.60 (m, 1H),
i _ 3.23 (m, 1H), 3.48 (m, 2H)C NMR (CD,OD)}3 6 d 10.12, 11.03,
Epoxide  Amino alcohol  Amino diol (%) Pyrazine (%) 58.36, 59.06, 61.88, 62.32, 74.72, 75.02; u 24.13, 25.62, 25.79,

CigH2:NNaGQ;, 210.147, obsd 210.147 [M- Na].

Pyrazine 4b.Oxalyl chloride (2.13 g, 14.0 mmol) diluted to 10
mL with CH,CI, was added to a 100-mL round-bottomed flask in
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a —40 °C bath. To this was added DMSO (1.31 g, 16.9 mmol,
diluted to 10 mL with CHCI,) over the course of 1 min (gas
4a evolution). Amino diols3b (200 mg, 1.07 mmol, in 10 mL of CH
Cl,) were then added. The reaction was allowed to proceed with
the temperature being kept betweeB0 and—40 °C. After 2 h, 5
mL of triethylamine (35.8 mmol) was added (exotherm) to give a
turbid yellow solution. The mixture was allowed to warm t6©
over the course of 30 min, and the mixture was then partitioned
between water and GBI,. The combined organic extract was dried
over NaSQ,. TLC indicated the absence of amino di@k. The
CH,Cl, solution was decanted into a 250-mL round-bottomed flask,

to which was added 20 mL of absolute EtOH and JOH-HCI
(88 mg, 1.27 mmol). The round-bottomed flask was fitted with a
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36 20 distillation apparatus and the mixture was heated until the bulk of

the CHCI, had distilled out. The mixture was then kept at reflux
Jﬁ for 2 h with an air condenser. The brown mixture was then
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concentrated onto flash silica gel and chromatographed on flash
c silica gel with a MTBE/PE gradient to give 88 mg of crude pyrazine
4b. This was then further purified via TLC mesh chromatography

(1:12 MTBE/PE) to give 25 mg of analytically pure pyrazidl as
a pale yellow oil, 15% yield overall fror@b. TLC R;0.43 (MTBE);
IR 2937, 1651, 1463, and 1386 ciH NMR (CD;OD) 6 1.26
30 15 (t, J = 7.6 Hz, 3H), 1.88 (m, 4H), 2.73 (§,= 7.6 Hz, 2H), 2.89

(m, 4H), 8.16 (s, 1H):3C NMR (CD,0D) 6 d 14.03, 140.44; u 22.69,

OH OH N 28.46, 31.55, 31.97, 149.95, 151.84, 155.29; HRMS calcd for
2a CioH1sN2 163.124, obsd 163.123 [N
OH Telescoped Procedure: Pyrazine 4dn a 25-mL sealed tube,

S(—)-2-amino-3-phenyl-1-propanolé) (3.0 g, 20 mmol) was
combined with cyclohexene oxidéd) (3.9 g, 40 mmol). LiBr (50

mg) was added and the flask was sealed. The reaction was
maintained at 80C for 4 days, at which point the mixture was

N N cooled to room temperature. NMR of the reaction mixture indicated
complete consumption @a. A 2.0-g portion of the reaction mixture
was dissolved into 15 mL of Ci&l, and carried on to the oxidation/
4e° cyclization protocol.

Oxalyl chloride (6.87 mL, 80 mmol) was added to 100 mL of
CH.CI; in a 250-mL round-bottomed flask at78 °C. DMSO
(7 mL, 90 mmol diluted to 20 mL with CkCl,) was added over
the course of 3 min with gas evolution and apparent exotherm.

In conclusion, we have developed what appears t0 be aTnhe crude reaction mixturga (2.0 g in 15 mL of CHCI,) was
versatile route to symmetrical and unsymmetrical pyrazines. It then added over the course of a minute. The reaction was allowed
is particularly noteworthy that the Swern oxidation of the to proceed with the temperature being kept betwe&® and
aminodiols can be carried out without protection of the basic —40 °C. After 2 h, the reaction was taken back-t@8 °C and
amines. triethylamine (20 mL, 143 mmol) was then added with accompany-
ing exotherm to give a turbid yellow solution. The mixture was
kept at—78 °C for 15 min, then allowed to warm to < over the
course of 30 min, at which point the mixture was then partitioned

Amino Diols 3b. In a 25-mL round-bottomed flaskR}-(—)-2- between 75 mL of a 1:1:1 (saturated NaCLGH 15% NaOH)
amino-1-butanolZb) (2.00 g, 23.5 mmol) was added to cyclohex- solution and CHCI,. The combined organic extract was dried over
ene oxide {a) (2.31 g, 23.6 mmol). To this was then added LiBr N&SO,. TLC indicated the absence of amino di@a The CH-
(102 mg, 5 mol %). The flask was sealed and the reaction was Cl, solution was decanted into a 250-mL round-bottomed flask, to
heated to 70°C for 2 days, and then subjected to bulb-to-bulb which was added 25 mL of absolute EtOH and J&ti-HCI (880
distillation (100°C, 2 mmHg) to remove unreacted amino alcohol mg, 12.7 mmol). The round-bottomed flask was fitted with a
and epoxide. The residue was chromatographed over basic aluminalistillation apparatus and the mixture was heated until the bulk of
with a gradient of acetone in GBI, (0—60% in 20% increments)  the CHCI, had distilled out. The mixture was then kept at reflux
that had been saturated with WBH. The eluent was dried over  overnight with an air condenser. The resulting black solution was
Na&SO,, filtered with CHCIl,, and concentrated to give the then concentrated onto flash silica gel and filtered through a plug
diastereomeric mixture of amino diodb (3.12 g, 70% yield) asa  of flash silica gel with 100 mL of MTBE to give 240 mg of crude
viscous, pale yellow oil. TLCR 0.43 (5:44:1 MeOH/CBLI,/NH;- pyrazine4a. This was then subjected to kugelrohr distillation
OH); IR (film) 3364, 2931, 2858, and 1450 cf 'H NMR (CDs- (130°C, 200 mbar) and the bottoms were chromatographed with a
0OD) 6 0.93 (t,J = 7.41 Hz, 3H), 1.11 (m, 1H), 1.27 (m, 3H), 1.52  TLC mesh column (1640% MTBE/PE, 50 mL/10% increment)
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to give 103 mg of pyrazinda as a pale yellow oil, 10.1% yield Acknowledgment. This work was supported by the National
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cm % *H NMR (CDCly) 6 1.73 (m, 4H), 2.75 (m, 4H), 3.93 (s, Supporting Information Available: General experimental

2H), 7.10 (m, 5H), 7.99 (s, 1H)}:C NMR (CDCk) 6 d 126.39, procedures, experimental details, and spectra for all new com-

128.47, 128.64, 128.76, 141.08; u 22.43, 29.52, 31.34, 31.78, 41.51 pounds. This material is available free of charge via the Internet at

138.52, 150.17, 151.95, 152.59; HRMS calcd faGeN, 223.124,  ttp://pubs.acs.org.
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