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ABSTRACT

N-Benzyldiphenylphosphinamides are deprotonated at the NC ~  position diastereospecifically upon treatment with t-BuLi in diethyl ether at low
temperature. The reaction of the anions with alkyl, acyl, and tin halides, aliphatic and aromatic aldehydes, and Michael acceptors allowed
installation of a variety of functional groups into the benzylic arm in excellent yields. Cleavage of the P -N linkage affords 1,2-amino alcohols
and o-, 8-, and y-amino acids.

Dipole-stabilized carbanions adjacent to the nitrogen atom some additional examples have been repdttbe, scope of

of amides and carbamates have been studied in great detaithis synthetic methodology remains largely unexplored.
due to the utility of these synthons in organic synthésis. Further, the attempted NGithiation of N-benzyl-N-meth-
For instance, they have been used for the stereoselectiveyldiphenylthiophosphinamide witkBuLi or t-BuLi led after
synthesis of N/C-protected-, 5-, and y-amino acid<. In electrophilic quench to products of ortho attack exclusively.
contrast,a-aminoalkyl organolithiums stabilized by phos- We have shown that-benzyldiphenylphosphinamides can
phorus-based functional groups have received much lessbe deprotonated in THF at either the benZylic orthd
attention. Savignac et al. described the fitstbenzylic position (Scheme 1) with excellent regiocontrol. The NC
deprotonation assisted by a P=0 groupMbenzylphos-

phoramides and subsequent electrophilic trappiighough (3) (a) Savignac, P.; Leroux, Yi. Organomet. Cheml973,57, C47.
(b) Savignac, P.; Dreux, M.; Leroux, Yetrahedron Lett1974,15, 2651.
(c) Savignac, P.; Leroux, Y.; Normant, Hletrahedronl1975,31, 877. (d)

T Universidad de Alméa. Savignac, P.; Dreux, MTetrahedron Lett1976,17, 2025.
*Universidad de Oviedo. (4) Phosphoramides: (a) Seebach, D.; Yoshifuji,Hiélv. Chim. Acta
(1) Reviews: (a) Basu, A.; Thayumanavan,Agew. Chem.nt. Ed. 1981,64, 643. (b) Seebach, D.; Lohmann, J. J.; Syfrig, M. A.; Yoshifuji,

2002,41, 716. (b) Whisler, M. C.; MacNeil, S.; Snieckus, V.; Beak, P. M. Tetrahedronl983 39, 1963. (c) Miller, J. F. K.; Zehnder, M.; Barbosa,
Angew. ChemInt. Ed.2004,43, 2206. (c) Chinchilla, R.; N4jera, C.; Yus, F.; Spingler, B.Helv. Chim. Actal999, 82, 1486 and references cited
M. Tetrahedror2005,61, 3139. (d) Wu, G.; Huang, MChem. Re22006, therein. (d) Hammerschmidt, F.; Hanbauer, 3.0rg. Chem 2000, 65,
106, 2596. 6121. Phosphonamides: (e) Afarinkia, K.; Jones, C. L.; Yu, HSyhlett
(2) (a) Park, Y. S.; Beak, B. Org. Chem1997,62, 1574. (b) Barberis, 2003, 509. RSynlett2004, 1300. (f) Lopez, B.; Maestro, A.; Pedrosa, R.
C.; Voyer, N.; Roby, J.; Chénard, S.; Tremblay, M.; LabrieTBtrahedron Synthesi006, 817 and references cited therein.
2001,57, 2965. (c) Bragg, R. A.; Clayden, J.; Menet, CTétrahedron (5) Yoshifuji, M.; Ishizuka, T.; Choi, Y, J.; Inamoto, Nletrahedron
Lett. 2002,43, 1955. Lett. 1984,25, 553.
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Scheme 1

anions undergo dearomatization through anionic cyclization

guantitatively? The benzylic anions proved to be stable in
diethyl ether and were characterized through NMR.
These results indicate that the deprotonation Nof

benzylphosphinamides can be tuned by selecting the ap-
propriate reaction conditions. Here we wish to report on the

regio- and stereocontrolled Ndthiation of N-benzyldiphe-
nylphosphinamides and their reactivity toward a broad
selection of electrophiles. Dephosphorylation of the new

Figure 1. Structural diversity achieved fo¥-Pop derivatives.

all cases the major compound corresponded to the
configuration. The diastereoselectivity is sterically controlled
since the ratio of epimers increases notably when the alkyl

functionalized phosphinamides provides access to important3rOUP attached to the nitrogen is the more sterically demand-

building blocks for organic synthesis such as 1,2-amino
alcohols and-, -, andy-amino acids.

Phosphinamides are smoothly deprotonated by the action
of t-BuLi in Et,0 at—90°C to give the NG lithiated species
1Li. Electrophilic quench of the anions affords products
2—12in good to excellent yields (Table 1). Wide structural

Table 1. NC, Lithiation of 1 and Electrophilic Quench dELi

i tBULLELO . & S E gk
PhaP gy —————m PP A ———= PP PY
, -90°C, 2 h . 0.5h N° Ph
R’ , R! R’
a R'=Me 1Li 2-12
b R'=CHyPh

E* = Mel, BnBr, PhCHO, Ph(CH,),CHO, t-BUCHO, CH,=CHCHO,
CH,=CHCOMe, CH,=CHCO,Me, CICO,Me, BrCH,CO,Me, Me,SnCl

1a, 1b,
entry E product yield [%]%0  yield [%]%®

1 Me 2 71 63
2 Bn 3 82 60
3 PhCHOH 4 96 (3:1) 89 (8:1)
4 Ph(CH2);CHOH 5 95 (2.6:1) 97 (3.8:1)
5 t-BuCHOH 6 83 (1.8:1) 76 (>99)
6 CHy=CHCHOH 7 90 (5:1) 98 (6.5:1)
7 CH>CH2COMe 8 70 68
8 CH2CH2CO2Me 9 78 84
9 CO2CHs 10 72 76

10 CH2CO2CH3 11 63 25

11 SnMes 12 70 86

a|solated yieldsP The diastereomeric ratia| is shown in parentheses.

diversity is achieved through reaction with alkyl halides,

aliphatic and aromatic aldehydes, acyl halides, and Michael

ing benzyl group. The formation of a single stereosiomer
6b in the reaction of lithiated b with pivalaldehyde supports
this conclusion (entry 5, Table 1).

Acroleine undergoes [1,2] addition exclusively furnishing
7, whereas methyl vinyl ketone and methyl acrylate react in
a [1,4] manner with total chemoselectivity leadinggtand
9, respectively (entries 7 and 8).

The conjugate addition to methyl acrylate represents a
facile entry to N- and C-protectegt-amino acids (Figure
1).19 The a and 3*° homologuesl0 and 11 also can be
prepared in good yields by the respective addition of methyl
chloroformiate and methyl bromoacetate 1tbi (entries 9
and 10, Table 13! In addition, tin may be readily installed
at the benzylic position by treatirig-i with MesSnCI (entry
11, Table 1). The stannaneR2a,b thus obtained are
interesting reagents for transmetalation and/or cross coupling
reactions'? The structure o2—12 was assigned based on
their spectroscopic data (see the Supporting Information).
The relative configuration o#4—7 is supported by the
magnitude ofJxy (X = 3P, H; Y = 13C, H) for the amino
alcohol moiety. Compoundéwere identified previously as
byproducts in the dearoamatizing anionic cyclizatioriLaf
and the same structural motif is present in two ortho-
substituted derivatives ai-4 characterized through X-ray
diffraction® Additionally, the X-ray crystal structure of

(8) (a) Fernandez, |.; Lopez Ortiz, F.; Menéndez Velazquez, A.; &arci
Granda, SJ. Org. Chem2002 67, 3852. (b) Fernandez, |.; Forcén-Acebal,
A.; Lopez-Ortiz, F.; Garcia-Granda, $. Org. Chem2003,68, 4472. (c)
Moran-Ramallal, A.; Lépez-Ortiz, F.; Gonzélez(kg. Lett.2004 6, 2141.

(d) Lopez-Ortiz, F.; Iglesias, M. J.; Fernandez, |.; Andldjanéhez, C. M;
Ruiz-Gémez, GChem. Re:2007,107, 611. (e) Ruiz-Gomez, G.; Iglesias,
M. J.; Serrano-Ruiz, M.; Garcia-Granda, S.; Francesch, A.; Lopez-Ortiz,
F.; Cuevas, CJ. Org. Chem2007,72, 3790.

(9) Fernandez, I.; Lopez-Ortiz, Ehem. Commur2004, 1142.

(10) 5- and y-amino acids are important building blocks for peptide
mimetic chemistry. (a) Seebach, D.; Beck, A. K.; Bierbaum, DCldem.

acceptors (Figure 1). The reaction with aldehydes takes placeBiodiversity2004,1, 1111. (b) Chatterjee, S.; Roy, R. S.; Balaram].FR.

with moderate to excellent face selectivity (entries 3—6). In

(6) (a) Fernandez, I.; Lépez-Ortiz, F.; Tejerina, B.; Garcia-Granda, S.
Org. Lett.2001,3, 1339. (b) Fernandez, I.; Gonzalez, J.; L6pez-Ortid. F.
Am. Chem. So2004,126, 12551.

(7) Fernandez, 1.; Ofa-Burgos, P.; Ruiz-Gomez, G.; Bled, C.; @arci
Granda, S.; Lépez-Ortiz, FSynlett2007, 611.
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Soc.Interface2007,4, 587.

(11) N-Phosphoryl amino acids are considered to play an important role
for biomolecular origins. Cheng, C. M.; Liu, X. H; Li, Y. M.; Ma, Y.;
Tan, B.; Wan, R.; Zhao, Y. FOrigins Life Evol. Biosphere2004,34, 455.

(12) Directed metalation combined with transition metal catalyzed cross
coupling reactions is a valuable synthetic strategy: (a) Macklin, T. K;
Snieckus, V.Org. Lett.2005,7, 2519. (b) MacNeil, S. L.; Wilson, B. J.;
Snieckus, V.Org. Lett.2006,8, 1133.
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amino alcohol6b (Supporting Information) confirmed the configuration ofl4—17. Slow evaporation at room temper-
assignments of relative configuration made. ature of a saturated solution ©5 in ethyl acetate provided
Once the synthesis af-functionalized phosphinamides X-ray quality crystals. The X-ray structure @b confirms
2—12was available, we envisaged to enhance the scope ofthe assignment made (Supporting Information). The absolute
the process by introducing asymmetry. For that purpose weconfiguration of y-amino esterl9 has been established
employed the (S)-o-methylbenzylphosphinamide, (S)-1c, through correlation with the corresponding amino acid (see
which contains a readily accessible chiral auxiliary. We have bellow). We assume that the reaction yieldibg follows
previously shown that the lithiation of tiémethyl analogue  the same stereochemical seAs®.
of (S)-1cby t-BuLi in THF occurs selectively at the chiral The origin of the stereoselectivity in the deprotonation
carbon!® The benzylic anion formed undergoes anionic electrophilic quench sequence could be unraveled by syn-
cyclization to give enantiomerically pure dearomatized thesizing15 through an indirect route involving lithium—
products (Scheme 1, route a). To our delight, treatment of tin exchange steps. The reaction of the benzylic anion of
(9-1cwith t-BuLi in Et,0 at —90 °C followed by quenching  (S)-1cwith MesSnCl (Scheme 2) furnished a 1:1 mixture of
with the electrophiles shown in Table 2 provides enantio-

INNEEN  scheme 2. Diastereospecific Lithiation of Phosphinamide

Table 2. Reactions of LithiatedS)-1cwith Electrophiled (S)-1c
HO 1 _t-
0o M o HOL R 1) +BuLi g SnMes Q  gmMes 0 N B
Ny PhoP.. ZH R e T
2P~ e 2P~ ph (S)-1¢ — Zk + 2.k N3 Ph
2l & 2) MesSnCl pe™ “ph Me" “Ph Me™ “ph
[ Me™ Ph Me™ PN {79%) (1R 25)20 18,28)-21
PhoPe t-Buli dr=14  (1R:2SF (15.23)- (1R.25,39)-15
N" Ph R (1R.25)-13 (1R.28,3S)-14-17 | ©7%)
@ E* 2.1 s-BuLli, -90 °C and
Me™ “Ph O 1COMe 0 327°COMe then -BUCHO
1 = [ B
. PhyP< 2 PhyPL 25
(S-1c 2 N(\Ph 2 '\[\Ph
3 5
Me"" “Ph Me™ “Ph

the two possible diasteroisomeric stanna2@and21. After
(25.35)-18 (4R.55)19 chromatographic separation, successive treatment of com-
pound?20 with s-BuLi and pivalaldehyde gave (1R,2S,3S)-
15 as a single stereoisomer (Scheme 2).

1 Mel (1R,285)-13 71 The formation of epimerg0 and 21 may be explained
PhCHO (1R,25,35)-14°  76(88)  91.9¢ through two conflicting pathways: stannilation of a con-

entry electrophile (E*) product yield [%]* ratio u:l

2

3 tBuCHO (1F,25,35)-16"  95(96)  >99 figurationally unstable carbanion or a benzylic anion con-
4 Ph(CH,):CHO (1R,25,35)-16> 81(97)  88:12¢ , : . "

5  CH,—~CHCHO (1R.2S.35)-17* 78(89)  92:8 figurationally stable which undergo addition to M&CI both

6  CICO;Me (23:33’)_18 60 with inversion and retention of configuration. The stereospe-
7  CHy;=CH,CO;Me (4R,5S)-19 74 cific transformation of (S)-1énto 15 via 20 supports the

, : o _ second assertiold. Moreover, assuming that tidithium
a|solated yields, numbers in parentheses indicate conversidsolute . . . .
configuration of the major compourita—17aisolated.¢ Diastereomeric exchange proceeds with retention of configuratiothese
ratio calculated fron#'P NMR data. results also reveal that both the deprotonation and electro-
philic quench proceed diastereospecifically, pihe-R proton
_ ) ) is exclusively removed, and the reactions with carbon-
merically pure compound$3—19, substituted exclusively  centered electrophiles shown in Table 2 take place with
at the secondary N@center. Product ratios and isolated yetention of configuratio® The diastereospecificity of the
yields are given in Table 2. o lithiation—alkylation of (§-1cis a distinguishing feature with
Alkylation with Mel affords the meso phosphinamide respect to the carboxamide analog#es.
(1R,2S)-13Table 2, entry 1}* The benzylic anion attacks The products of benzylic alkylation and acylation of
the CO group of aliphatic and aromatic aldehydes with high phosphinamide4 shown so far can be viewed as function-
preference for thee face (entries 25). In the case of  4jized amino compounds protected at the nitrogen by a Pop
pivalaldehyde, the reaction proceeds diastereospecifically togroup.” Although a number of methods may be used for
give (IR 2539-15 (entry 3). The use of methyl chloroformi-  ¢jeayage of the PN linkage of tertiary phosphinamidé,
ate and methyl acrylate leads to the respediiyghosphoryl ¢ efficiency of the deprotection depends on the structure
o- andy-amino esters (2S,3S)-Bd (4R,5S)-1%ntries 6
and 7). (15) Acylation of NG-lithiated N-benzylarylcarboxamides and carbam-
Similar to the achiral series, the magnitude’sfy (X = ates proceeds in a similar manner. Faibish, N. C.; Park, Y. S.; Lee, S,;

31p 14- —1 1 ohi Beak, P.J. Am. Chem. S0d.997,119, 11561. See also ref 2c.

PHY BC’ H) allowed for establlshlng the absolute (16) N-Boc anilino benzylic anions react with M@&nCl with inversion,
while tin—lithium exchange occurs with retention of configuration. Park,
(13) Fernandez, I.; Ruiz-Gémez, G.; Alfonso, |.; Iglesias, M. J.; Lopez- Y. S.; Boys, M. L.; Beak, PJ. Am. Chem. S0d.996,118, 3757. See also

Ortiz, F. Chem. Commur2005, 5408. ref 15.
(14) Structure confirmed through alternative synthesis via phosphorylation  (17) We suggest the use of Pop as an abbreviationP{@)Ph, by
of the appropriate amine. similarity with Boc stabilized benzyllithium anions.
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Scheme 3. Synthesis of 1,2-Amino Alcohols ang+, -, andy-Amino Acids through Ephosphinylation of N&unctionalized
Phosphinamidés

t-Bu._LOH t-Bu._,OH (B) LiAlH,, o0 R? (A) HCI conc., R2
;’ : j, THF,-10°C o 0 1L THF, 25 °C PN
UNe ph H’}J "'Ph > \N Ph f’ Hg1 Ph
} 1
» M R
e 27 (92%) Ph. ]F"O tBu PRoPO0! (> 97%) (R)-26
rac-. b 2 - )
e j/ <_‘ ((7:% Zf? cl3[°c 22, R"=Bn, R?= Me; 24, R' = Me, R2 = CH,CO,H
’ 23,R'=Me, R2=COH; 25, R' = Me, R = CH,CH,CO,H
HN™ “Ph

(R)-26, R" = H, R? = CH,CH,CO,H
rac-29 (94%) Ph

aThe enantiomeric purity 025 and27 was >99, determined by chiral HPLC.

of the substrate. After some experimentation we found that offers the possibility of accessing enantiomerically pure 1,2-
the PRPO group of2b, 10a, 11a, and (4R,5S)-18an be amino alcohols selectively protected at the O or N, which
successfully removed with concentrated HCl in THF at room are important synthons in organic chemistry.

temperature (Scheme 3, route A). Neutralization with diluted  In summary, we have shown that diphenylphosphinamides
NaOH furnishes the respective secondary anfie and are very convenient starting materials for the synthesis of
amino acid®3 (a), 24 (8), and25 (y). Under these reaction  functionalized amines via amino-substituted benzyllithiums.
conditions the phosphorus-containing byproduct formed is Compared with carboxamides the Pop group provides
recovered as BR(O)CI, which can be recycled for the excellent control of the absolute configuration along the
synthesis of the starting phosphinamide. Surprisingly, de- deprotonation—substitution pathway. Lithiation of chiral
phosphorylation of (B59-19 affords unprotectedR)-26 phosphinamides leads to configurationally sta¥teenzylic
directly!® Very few stereoselective syntheses of the N/C- carbanions diastereospecifically, which react with a series
protected biologically relevatt y*-amino acid 26 are of electrophiles to give NGfunctionalized phosphorus-based
available?22°Moreover, attemps to generate the free amino compounds diastereospecifically in high yields. Excellent

acid led to the formation of the correspondipdactone?! [1,2] vs [1,4] additions have been observed for Michael

The two-step route that conver§{1cinto (R)-26 exempli- acceptors. The Pop group can be efficiently removed under

fies nicely the synthetic utility of the methodology described a variety of reaction conditions. The potential of N-Pop based

here. chemistry has been demonstrated by the synthesis of 1,2-
N-Deprotection o6b and15 to give 1,2-amino alcohols  amino alcohols and-, 5-, or y-amino acids. Additional work

27 and28, respectively, is best achieved by LiAlih THF on enantioselective deprotonations directed by the Pop group

at low temperature (Scheme 3, route B). Interestingly, the is in progress.

treatment of6b with n-BuLi in THF at —78 °C and )

subsequent warming te-10 °C promoted the quantitative Acknowledgment. This research was supported by the
nitrogen-to-oxygen rearrangement of the0) group to Ministerio de Educacion y Ciencia (MEC) (projects CTQ2005-

give 29 (Scheme 3, route C%. This lithiation procedure ~ 1792BQU and 05093BQU to S.G.G.). |.F. thanks the Ramo
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4387. (b) Cheemala, M. N.; Knochel, Prg. Lett.2007,9, 3089. 2002,124, 14364.

540 Org. Lett, Vol. 10, No. 4, 2008



