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Ring opening of amino epoxides derived from naturally
occurring amino acids with lithium diphenylphosphido
borane is reported as an efficient approach to a new family
of enantiomerically enriched multifunctional phosphines.

Due to the large variety of catalytic reactions in which they
are involved, chiral phosphines can be regarded as the mos
important class of ligands for transition-metal-catalyzed asym-
metric reactiond: 3 For this reason, the development of new
synthetic pathways to increase the complexity of a phosphine
skeleton represents a very attractive area of research, leadin
to higher versatility of the catalysts for wider scope. In particular,
the presence of polar groups might enhance selectivity via
electrostatic interactions with different substratesid also
increase the solubility in polar solvents.

The formation of a P-heteroatom bond is one of the preferred
methods for incorporation of phosphorus into highly function-
alized ligands; 7 although other pathways toward efficient
bond forming reactions are knovin!!
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Note

Stemming from our interest in the use of naturally occurring
amino acids as building blocks for organic synthdsid? we
were particularly attracted by the recently described synthesis
of monohydroxyphosphines from ring opening reaction of
epoxides with phosphorus nucleophil€#mino epoxides are
very versatile synthons, easily accessible from amino acids using
standard procedurég.In particular, they can be employed to
obtain g-substituted amino alcohols by ring opening with
different nucleophiles; for instance, a complete regioselective
opening of amino epoxides by organolithium reagents has been
reported very recentli” Modifications of amino acids to obtain
chiral amino phosphiné%®and phosphines containing amino
acids and peptidé%27 have been described before, but, to our
knowledge, amino epoxides have not been employed as starting
reagents yet. Consequently, we considered that the extension
of the oxirane ring opening to the use of phosphorus nucleo-
philes could provide an easy and stereoselective access to
different 5-hydroxy, y-amino phosphines in which the lateral
chain and the configuration of the stereogenic centers can be
pivoted by the choice of the suitable starting amino acid. This
new class of compounds, bearing simultaneously at least one
hydroxy and one amino group, may be of great interest as new
potential polydentate ligands for asymmetric reactiér and
for water phase applicatiords.

Accordingly, enantiopuranti-amino epoxided.a,b derived
from Boc-protected-phenylalanine and-valine, respectively,
were prepared by reaction of the corresponding amino aldehydes
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SCHEME 1 SCHEME 3
HPPh,.BH3/BuLi NHBoc
NHBoc 2.re Ul NHBoc g ElH N
> < —— R PPh
R/\<(|3 THF R/Y\PPhQ-BHa 50 °C, 16h /\c‘;\ 2
1ab  -78°C - RT OH 2ab Sa-d
a R = CH,Ph (Phe) 87% a R = CHyPh (Phe)
b R = CH(CHjg), (Val) 81% b R = CH(CH3), (Val)
® ¢ R = CH,C(Me), (Ser)
d R = (CHjy)4NHBoc (Lys)

SCHEME 2

J\ SCHEME 4
NBoc NBoc
o. = 3, BuLi y\
NHBoc
\/\<(I) Z8C S RT \/\‘/\PPhZ.BHs N NBoc - A
1c 2¢ (70%) \/Y\
B Ph

NHBoc NHBoc 2 2
: : PPh,.BH 4 450
O  3,Buli 2= 4
’ @ 4 M =Rh
-78°C > RT ] 5 M=1Ir
NHBoc NHBoc CI\\RL\"Pth‘\\OH
1d 2d (79%) o)
i . . BocHN 6a, c
with methylsulphonium methylid& These were then reacted
with diphenylphosphido boran8 in the presence of BuLi SCHEME 5
(Scheme 1). NH,
Boranes are very convenient precursors for phosphine ligands »a TFA,CHy,Cl, Ph. =
because they are air stable and easily cleaved. Furthermore, the - \/\O?\Pth
7a
BusNF
yielding smoothly lithium diphenylphosphide by treatment with THF4ref|ux

BuLi under mild conditions® The reaction was carried out in
THF. Lithium diphenylphosphide was generated with—Bui
at—78°C, then reacted with the suitable epoxidesb at room \/Y\pphZ.BHs
temperature to afford smoothly the expected compo@ads OH sa
1H and 3P NMR analysis of the crude mixtures showed that
the ring opening was in both cases totally regioselective, leading
to the only isomerZ) derived from nucleophilic attack at the
C-3 position. Moreover, in the course of the ring opening,
absolute configuration of the oxirane was preserved as only one
diastereoisomer was recovered. Thus, in analogy with previously
reported result® we assigned the @3S) anti-stereochemistry
to the final compound&a,h.

It is noteworthy that, although the reaction was performe
in THF at room temperature, no elimination to give the
corresponding allylamines was observed according to the hig
nucleophilicity of lithium diphenylphosphide, which is enhanced

borane moiety acts both as protecting and as activating group, l
NH,

Ph

column chromatography and stored in the refrigerator without
decomposition.

The deprotection of phosphinga—d was performed by
simple treatment with an excess of diethylamine, without
solvent, at 50°C for several hours (Scheme ¥)The final
N-tert-Boc-protected amino hydroxyphosphin8s—d were
obtained quantitatively as air-sensitive microcrystalline solids
¢ and characterized b+ and3'P NMR spectra.

These phosphines can be used as ligands for transition-metal
h complexation without further purification. For instance, com-
pounds3a and 3c have been tested as ligands toward Rh(l),

by coordination with BH.3* This might account also for the  !'(l); and Ru(ll) metal centers. The reactions were performed
higher regioselectivity compared with the ring opening of " CH,CI, at room temperature with the correspondlng precur-
styrene oxide with LiPPP sors [Rh(cod)CH, [Ir(cod)Cl],, and [RL_JCi(pTcymene)i, yleI_d-

This optimized reaction protocol was then extended to more N9 Complexesta, 4c, 53, 5¢, 6a, andécin which the phosphines
functionalized amino epoxides, namely, to the epoxy oxazolidine coordinate to the metals in a monodentate fashion (Scheme 4).
1¢% derived from naturally occurring-serine and to the novel All .of the six new complexes were isolated as microcrystalline
tert-Boc-protected epoxy-lysine 1d (Scheme 2). solids and characterized by standard NMR analyses (see

In both cases, the corresponding phosphino boraed Supporting Information for details).

bearing, respectively, one additional hydroxy and one additional TEet_ert—Eo;: prote.ctive group couI(_j dalsphbe removed in ordfer
amino functional group on the lateral chain, were obtained in [ Obtain the free primary amine residue; hence treatme2ao

good yields and with high selectivity. All compoun@s—d with an excess of TFA gave the fully deprotected amino

were obtained as air-stable solids, which could be purified by phosphine?ahj high yielq (Scheme ). Wh_en deprotection was
performed using BiNF in THF23” phosphino boran&a was
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Hz), 131.5 (d4Jc_p = 2.3 Hz), 131.3 (d%Jc_p = 2.3 Hz), 129.4,
129.0 (d3Jc_p = 9.9 Hz), 128.9 (d¥Jc_p = 9.9 Hz), 128.4, 126.4,
79.6, 69.6, 56.7, 35.7, 31.4 (Hlc_p = 37.6 Hz), 28.2. Anal. Calcd

SCHEME 6

NT Y 3 CsOH N Y for C7HzsBNOsP: C, 69.99; H, 7.61; N, 3.02. Found: C, 69.92;
Ph._~__NHBoc Ph—~~,_NHBoc H, 7.63; N, 3.00. {1]%6, = +2.58 € = 0.98, CHC}).
o] HO  PPhyBHs [(2S,39)-2-Hydroxy-3-tert-butoxycarbonylamino-3-methyl]bu-
9 10 tyldiphenylphosphino Borane 2b:eluent, petroleum ether/AcOEt

= 2:1 (yield 81%)3P NMR (81.01 MHz, CDGJ) 6 11.22 (br m);
1H NMR (200 MHz, CDC4) 6 7.74-7.63 (m, 4H), 7.537.43 (m,
6H), 4.91 (br d, 1H3J = 10.4 Hz), 4.17-4.06 (m, 1H), 3.26

1 3.10 (m, 1H), 2.622.38 (m, 2H), 1.881.72 (m, 1H), 1.45 (s,

Finally, dipeptido epoxide was prepared according to a
reported procedur® When it was reacted with lithium diphe-
nylphosphido borane, only decomposition of the starting materia ~ o j
was observed; however, by reaction with HRBis and CsOH ﬁjmho(sgg,édMag,’sg:Scij(salegé,%,sis(zd.ég(g:fjc; ielgz)’:'?’zc)y
as base, in th.e presence qf molecular sieves and with DMF. 85132 6 (d,e_p = 15.3 Hz), 132.2 (d2Jc_p = 9.1 Hz), 131.7 (d,
solvent, epoxide ring opening occurred and the correspondingzj. , =91 Hz), 131.5 (d*Jc_p = 2.3 Hz), 131.2 (d*Jc_p = 2.3
dipeptide-derived phosphino borald® was recovered after  Hz) 129.0 (d3Jc_p = 10.7 Hz), 128.8 (d3Jc_p = 8.4 HZ), 79.3,
chromatographic purification, albeit in low yield (Scheme 6). 66.3, 62.0 (d2)c-p = 11.5 Hz), 32.4 (dLJc-p = 36.7 Hz), 30.5,

Although the whole procedure would need optimization, it 28.5,19.8, 19.7. Anal. Calcd for,@H3sBNOsP: C, 66.52; H, 8.49;
is remarkable thatH and3C NMR spectra of compountO N, 3.37. Found: C, 66.45; H, 8.51; N, 3.3@&]{% = +0.25 ¢ =
showed no peaks due to epimerization at thearbon of the ~ 0.60, CHCY).

amino phosphine, thus suggesting that no racemization of the, [(2S.4S)-2-Hydroxy-2-(2',2-dimethyl-3'-tert-butoxycarbony-
starting material occurred. loxazolidin-4'-yl)]ethyldiphenylphosphino Borane 2c: eluent,

. i 0/4) 3]
It is worth mentioning that this kind of phosphine-containing petroleum ether/AcOEE 2.1 (yield 70%);"P NMR (81.01 MHz,

; . e o CDCly) ¢ 12.25 (br m);*H NMR (400 MHz, CDC}, 50 °C) ¢
small peptides, allowing easy modification of the chiral ligand, - 3¢ (m, 2H), 7.63 (m, 2H), 7.457.26 (m, 6H), 4.454.40 (m

might influence the development of screening strategies t0 1) 4.17 (m, 1H), 3.91 (dd, 1HJ = 2.7 Hz,3) = 5.7 Hz), 3.66
accelerate and increase the efficiency of catal§fsts. (m, 1H), 3.51 (m, 1H), 2.722.63 (m, 1H), 1.43 (s, 9H), 1.26 (s,
In summary, we have shown that amino epoxides derived 6H), 1.55-0.62 (m, 3H);:3C NMR (100.6 MHz, CDCJ, 50°C) 6
from naturally occurring amino acids or dipeptides undergo 154.7, 132.3 (BJc—p = 9.2 Hz), 132.0 (d3Jc_p = 10.8 Hz), 131.3,

selective opening with diphenylphosphido borane to give a new 131.2, 129.6 (d{Jc-p = 56.9 Hz), 128.8 (d2Jc—p = 12.5 Hz),
class of enantiomerically enriched multifunctional phosphines 128.7 (d,?Jc—p = 10.5 Hz), 94.3, 80.7, 68.3, 64.9, 62.1 {dc—p
which can be used as ligands for transition-metal complexation. =~ 12.3 Hz), 31.5 (dNc-p = 49.0 Hz), 28.3, 27.0, 24.0. Anal.
Work is in progress to test the activity of such complexes as Calcd for GaHssBNOP: C, 65.02; H, 7.96; N, 3.16. Found: C,

N N 26 — — =
catalysts in enantioselective hydrogenation of prochiral aryl and 64t?255’ 3Hs)820|—1|yo,|\:o>§yl§ ';’qdif; ert—bl?t.cig/écarb éﬁii{rﬁ:‘o(]:ﬁ)éptyl-
alkyl ketones and for water phase application. diphenylphosphino Borane 2d:eluent, petroleum ether/AcOEt
3:2 (yield 79%);3'P NMR (81.01 MHz, CDG) 6 11.63 (br m);

Experimental Section IH NMR (200 MHz, CDC}) 6 7.73-7.51 (m, 4H), 7.427.27 (m,

General Procedure for Epoxide Ring Opening with Diphe-
nylphosphido Borane. Epoxides 1a—d (1 equiv) and diphe-
nylphosphide boran® (1 equiv) were dissolved in THF. The

6H), 4.87 (d, 1H:3J = 10.1 Hz), 4.57 (m, 1H), 3.933.75 (m,
1H), 3.54-3.42 (m, 1H), 3.072.96 (M, 2H), 2.542.27 (m, 2H),
1.43-1.10 (m, 9H), 1.45 (s, 9H), 1.42 (s, 9HFC NMR (50.3
MHz, CDCl) ¢ 156.4, 156.0, 132.2 (&Jc_p = 9.2 Hz), 131.9 (d,

mixture was cooled at-78 °C, then BuLi (1.6 M in hexane, 1 3 _ 2 — " =

equiv) was added dropwise. The reaction was left at low temperature|_‘|]§)’ P1_289 51 (5'2 13i51édg]l‘i|’zp) _13'837H(Zd)2’ JlSlﬁ gd(’)‘]CH*ZP) _73'2

for 1 h, then the mixture was warmed up to room temperature and 5”1 "2y £¢ OCE(?F,J 114 ¥47), 40.4 523 31.4 @ p—

stirred overnight. After cooling at 6C, a 10% NHCI aqueous 37.4 Hz), 29.9, 28 6C_58 5. 23.3. Anal. Calcd forld, BNCE)P p-

solution was added, the aqueous layer was extracted Wi, Et = c2 07 1 g'a0 N 515, Found: C. 63.91- |_f 8654'2 NS 513

and the organic phase was dried oven${@,. After evaporation [0; 2%, — ’+0’81.(c ’: 100 CHC&) T Tt e o me

of the solvent, the crude was purified by silica gel flash chroma- D ' T '

tography.
[(2S,39)-2-Hydroxy-3-tert-butoxycarbonylamino-4-phenyl]bu-

tyldiphenylphosphino Borane 2a:eluent, petroleum ether/AcOEt

= 2:1 (yield 87%)3P NMR (81.01 MHz, CDGJ) 6 12.78 (br m);

IH NMR (400 MHz, CDC}) 6 7.68-7.61 (m, 4H), 7.5%7.41 (m,

6H), 7.28-7.26 (m, 5H), 4.63 (br d, 1HJ = 8.0 Hz), 3.89-3.84

(m, 1H), 3.84-3.71 (m, 1H), 2.95 (dd, 1HJ = 14.2 Hz3) = 4.6

Hz), 2.78-2.63 (m, 1H), 2.56-2.47 (m, 1H), 2.39-2.32 (m, 1H),

1.24 (s, 9H), 1.470.82 (br m, 3H)3C NMR (100.6 MHz, CDCJ)

0 155.7, 137.8, 132.3 (dJc-p = 9.1 Hz), 131.9 (d2Jc—p = 9.1
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