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ABSTRACT

A new efficient procedure reduces a-amino acids through NaBH,/BF,-Et,O
to corresponding chiral amino alcoholsin high yield and purity.
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INTRODUCTION

Chird amino a coholshave extensve gpplications
inthefiddsof asymmetric synthesig¥, pharmaceutica
chemistry!?, resol ution of racemic mixtures¥, synthesis
of insecticidal compounds® and others. Inthecourse
of enantioselective synthesis of some organic
compouds, somechiral amino acohol derivativescan
be used as chiral auxiliaries®. Moreover, theamino
a coholsderived from natural a-amino acids have been
found to be potent, reversibleinhibitorsof protein syn-
thes 99. For theabovereasons, theformation of chira
amino al cohol s has been the subject of considerable
effort to organic workers. Although many methodol o-
gieshave been devel oped for their preparation, thedi-
rect reduction of corresponding naturally occurring
amino acidsisthe most attractive onefrom the practi-
cal point of view. Many reduction systems have been
reportedinliteraturesfor thispurpose, suchasLiAIH 7,
BF,Et,O/BH Me,S®, NaBH,/I.®!, NaBH,/
H,SO ', NaBH,/LiCl*, NaBH,/SO,CI, 2,
NaBH,/TiCl,* KBH,/ZnCl,*™, LiBH,(NaBH,)/
Me,SiCI™, H,./H PO, /Ru™® and so on. Neverthel ess,
researchinthisfiedistill very active even now. We
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report herein that chiral amino acids can be reduced
directly to the corresponding al coholsusing NaBH,/
BF,Et,0inTHF. Tothebest known of us, thereduc-
tion of chiral amino acids, however, by thissystem has
not been reported, so asystematic examination of this
was deemed warranted (Scheme 1). Theresults are
summarizedinTABLE 1.
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EXPERIMENTAL

All thechiral amino acidsweredirectly purchased
fromAldrich. Thereaction processwasmonitored by
GF254 TL C using petroleum methanol/acetic acid/2%
ninhydrin-ethanol (97:3:0.1v/viv) astheduant. Thespots
werelocated in daylight after drying at about 120 °C.
Mélting pointswere determined on amicroscopy appa-
ratus (SGW X-4) and uncorrected. Polarimetric mea-
surementsweretaken on an automatic polarimeter. All
theliquid parent materid swerefreshly didtilled. Theprod-
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TABLE 1: Reduction of chiral amino acidsto chiral amino alcohols

Entry Substrate Product Yield (%) m.p.(°C) /lit*" (o Bhit
H NH,
1 Jre H, NH, 88 92-95/92-94 o
e (c=12,IN HCl)
o}
H ~NHZOH Hy NH, +31/+33
2 Q)\/OH 86 74-76/75-78 (c=0.75,1N HCl)
o}
0
oH a +31/+31
. A, P 85 73-76/74-76(2MmHY)" (1 = H.CHS)
NT % HoH |
NoH
H ~\NH2 H NH;
) on X\/OH 84 32-34/33-35 (C=+13;/§(;H)
o}
H ~\NH2 Hy JNH2
5 /\R\H/OH _OH 87 28-30130 (0:11.2/';‘5(54“)
o}
H, NH>
) S OH He NH; 84 197-200/198-200° o
e - - (c=9,EtOH)
o}
H ~\NH2 He VM2
7 \R\W on S on 87 29-30/30-32 (Cifglétgm
0
H NH,
. S oH H_ NH 84 171-174/172-174° )
\)\/OH - - e
o}
H NH,
. - oH H NH; 82 173-175/173-176° 16.548
/'K/OH - - e
o}
H NH,
N S oH Hed'H2 73 34-36/33-3512 =
S \S/\)\/OH (c=1.4,EtOH)
O

@Boailing pointswer edeter mined.

uctswered so characterised by comparisonof their melt-
ing pointsand optical rotationwiththeliteratureva ues.

General procedurefor reduction of aminoacids

A 100 mL four-necked, round-bottomed flask
equipped withamagnetic stir bar, areflux condenser,
an additionfunnel and nitrogen inlet tubewas charged
with 0.94 g (25 mmol) sodium borohydride, 10 mmol

aminoacidand 30 mL of THF. After tirring for 10 min,
asolutionof BF,'Et,0 (11mmol) inTHF(10mL) poured
into the addition funnel wasadded dowly with stirring
and dropwised over 20 min resultinginvigorousevolu-
tion of hydrogen. After addition of the BF ;Et,O was
completed and gas evol ution had ceased, theflask was
heated toreflux for 16 h. Then thereaction mixturewas
cooled to room temperature, quenched with methanol
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cautioudy until the mixture became clear. After stirring
for 30 min, the solventswereremoved under reduced
pressure, leaving awhite paste which wasdissolved by
16 mL of 20% agueous potassium hydroxide. The stir-
ring was continued for another 3 h at 80 °C and then
extracted with dichloromethane (4<10 mL). The
dichloromethane layer was separated, dried over an-
hydrousmagnesumsulfate, filtered and ditilledto give
the crude product which was further purified by re-
crystalization from ethyl acetate and hexane (1:3, v/iv),
the pureamino a cohol wasobtained (TABLE 1).

RESULTSAND DISCUSSION

The use of additivesisacommon and convenient
method for the reductive efficiency enhancement of
NaBH,. Su-Dong Cho et a.1*® reported thereduction of
carboxylicacidstoacoholsinthepresenceof BF, Et,0
asLewisacid, and thehigher yid dsof reduced products
wereachievedinasatisfactory shorter time. Hesupported
that the treatment of sodium borohydride with boron
trifluoride etherate afford boraneto reducethe carbonyl
groupsof thecarboxylic acids. However, whenwe used
thissystem to reducetheamino acids, theyieldswerea
littlelower and thereactiontimewaslonger. For this, ac-
cordingtotheliteratures®¥, we proposed another reac-
tion mechanism (Scheme 2). In our reaction system, a
pentacoordinate BF, complex with boron boundtothe
amino nitrogen and carbonyl carbonformed, whichwas
necessary to activate C=0 bonds andincreasethe solu-
bilities of some amino acids such asL-aanine. Upon

COOH COOBH;Na
NaBH, + R— — = R~ + H,
NH, NH,
l BFs
?BHZ
C=-0
Hp, + NaF+ R— |
H_BFZ
H (:/O_:'|3
CH20H KON 2 o
rR— R\ 1
NHZ N"BFZ
H
Scheme 2
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hydrolys swith aqueouspotassium hydroxide, thecom-
plex wasbrokento releasethefreeamino acohal.

To determinethe optimal conditionsfor thereduc-
tion of amino acids, the reactionswere carried out at
different molar ratiosof BF3-Et20 to amino acid using
L-Phenylglycineasthemodd substrate. Theresultsare
summarized in TABLE 2. As the molar ratio of
BF3-Et20:amino acid increases from 0.9:1to 1.1:1,
theyiddsof thechira amino dcohol increase. Theuse
of moreequivaentsof BF3-Et20 relative to amino acid
hasno sgnificant influenceon theyield, suggesting that
1.1 equivaent of BF3-Et20 is sufficient to reduct the
amino acidsto the corresponding amino a cohol.

TABLE 2: Effect of thedifferent molar ratios (BF3-Et20:
aminoacid) toL -phenylglycine

Entry Substrate NaBH, BF3 BF4/ Yield

(mmol) (mmol) (mmol) Substrate (%)
1 20 50 18 0.9/1 71
2 20 50 20 1 80
3 20 50 22 111 88
4 20 50 24 1.2/1 89
5 20 50 26 1.3/1 89
6 20 50 30 15/1 90

In TABLE 3, the hydrolysis temperature had an
obviouseffect ontheyieds. Theoptimal condition for
L-Phenylglycine was 80 °C, the lower temperature
could not provide enough energy to broke the bonds of
the complex and the higher temperature was not nec-
essary. Inthiscondition, all theamino acidswerere-
duced tothemaximum extent (TABLE 1).

TABLE 3 : Effect of the hydrolysis temperature to L-
phenylglycine

Temp(°C) 25 40 60 70 80 90 100
Yield(%) 7% 80 84 8 83 88 87

AsshowninTABLE 1, most of amino acidscould
be converted to the corresponding amino a coholsin
good to excellent yieds, but only the L-methioninein
poor yield. We suggest that themain reasonisthat the
electron-rich sulfur would competefor BF, tointerfere
withtheformation of the BF,complex.

CONCLUSION

Inconclusion, wecould show that NaBH /BF, Et,O
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isaneffectivesystemfor the preparation of chird amino
acohals, thoughthereisaroomfor further improvemen.

REFERENCES

[1] GFZhong, JH.Fan, C.F.Barbas IIl; Tetrahedron
Lett., 45, 5681 (2004).

[2] E.Bieberich, B.Hu, J.Silva, SMacKinnon, R.K.Yu,
H.Fillmore, W.C.Broaddus, R.M.Ottenbrite; Can-
cer Letters, 181, 55 (2002).

[3] M.Amat, M.Cantd, N.Llor, C.Escolano, E.Molins,
E.Espinosa, J.Bosch; J.Org.Chem., 67, 5343
(2002).

[4] S.T.Wu, R.Takeya, M.Eto, C.Tomizawa; J.Pesticide
Sci., 12, 221 (1987).

[5] GJLee T.H.Kim, JN.Kimb, U.Lee; Tetrahedron:
Asymmetry, 13, 9 (2002).

[6] D.Cassio, F.Lemoine, J.P.Waller, E.Sandrin,
R.A.Boissonnas; Biochemistry, 6, 827 (1967).

[7] D.A.Dickman, A.l.Meyers, GA.Smith; Org.Syn.,
7, 530 (1985).

[8] JR.Gage, D.A.Evans, Org.Syn., 68, 77 (1990).

[9] M.J.McKennon, A.l.Meyers; J.Org.Chem., 58,
3568 (1993).

—= Py/] Paper

[10] A.Atsushi, M.Satoru; Tetrahedron Lett., 33, 5517
(1992).

[11] R.C.Anand, Vimal; Tetrahedron Lett., 39, 917
(1998).

[12] Z.Y.Li, L.H.Wei, Z.Y.Chen; Zhongguo Yaowu
Huaxue Zazhi, 11, 170 (2001).

[13] C.H.Zhang, N.F.Yang, L.W.Yang; Chinese Journal
of Organic Chemistry, Youji Huaxue, 24, 343
(2004).

[14] X.Q.Wang, W.H.Chen, W.L.Zhao, B.Wang;
Huaxue Shiji, 25, 370 (2003).

[15] A.Giannis, K.Sandhoff; Angew.Chem.Int.Ed.Engl.,
28, 218 (1989).

[16] F.T.Jere, D.J.Miller, J.E.Jackson; Org.Le€tt., 5, 527
(2003).

[17] R.Morris, J.Nagarkatti, J.Heaton, C.Lane;  Aldrich
Catalog Handbook of Fine Chemicals’, 4nd Ed.,
Aldrich Chemical Company, United States, (1996-
1997).

[18] S.D.Cho, Y.D.Park, J.J.Kim, J.R.Fack, Y.Jin.Yoon;
Bull.Korean Chem.Soc., 25, 407 (2004).

[19] J.Qin, GK.Friestad; Tetrahedron, 59, 6393 (2003).

e, Onganic CHEMISTRY
Au Tudian Yournal



