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phosphonobutanoic Acids via 1,4=Addition of Lithiated 

Sch&llkopf Anion to Prop-2-enylphosphonates 

Vice&e Ojea, Mar& Ruiz, Gideon Shapiro* and Rsteban Pombo-Villar* 

Conjugate additions of organometallic reagents to a.~unsaturatcd carbonyl compounds constitute a 
powerful method which has found extensive use in stenogptcific synthesis.* In contrast, analogous 1,4- 
addition reactions to ~~unsaturcd phosphoxyl compounds have received little attention.~ We have recently 
reported the synthesis of N-Fmoc-O,@d.iallyl protected phosphonic acid analogues of phosphoscrine (la, 
Fnwc-AbulPO(OAll)+O~, via the coqding of the SchUkopf anion (-1-2 with a bmmocthylphosphona. The 
unusually high diasterofacial selectivity in the coupling was attributed to a reaction mechanism involving 
conjugate addition to a vinylphosphonate generated in sk.3 
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Figure 1 
As plyt of a study directed toward the synthesis of the IV-Fmoc-O,O+iiallyl protected phosphonic acid 

analogues of phosphotlue&ne (Zb. Fmoc-Am&~PO(OAll)&OH ) we deded to investigate the conjugate 
addition of 2 to prop-2cnylphosphonatcs 3. This communication prcacnts the first cnantiospa%ic synthesis of 
all four diastemokomcrs of 2-amino-3-methyl4phosphonobutanoic acid,’ (+)-(2& 3R)-la, (+)-(2s, 3S)#b 
and their enantiomers, by using a highly faoGselective addidon of the lithium salt of SchLUlkqf% bislactim ether 
(+)-2 or f-)-2 to E- and Z-prop-2cnylphosphonatcs (34 and 36, respectively). 
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In spite of reports in the lituatum,~ Arbuxov reaction of excess 1,2- with triethylphosphite 
gave 5 6 which was readily dehw to 34 (Scheme 2). The Z-0@diethyl-prop-2-onylpenylphonate 
3b was prepared by Pd(O)catalyzed coupling of cis-l-btomo-l-propem and diethylphoaphite. as described in 
the litemtutu7 

SchUkopf described conjugate additions of lithiated bisktim ethers to sgunsaapated carboxylic acid 
esters,& and of the cmmsponding cuprates to o$umammWd ketones.~Thesemtctionswerec~by 
exceptionally high (d.c.>99%) diastereoselectivity at C-2 of the bislactim ether9 however, variable 
diastcroselectivities at C-l’, the &carbun of the Michael acceptar, were obscsvcd In the present study we found 
that the lithium salts of SchMkopf’s bislactim ether (+1-Z or t-j-2 rapidly add to both E and Z vinyl 
phosphonates (3~ and 3). rmpcctively) with very high asymmetric induction for both chiral centers. As in the 
above SchUkopf conjugate additions, the diasteroselectivity at C-2 was excellent (d.e.> 95) in both ~XSCS. and 
in addition the diastereoselectivity at C-l’ was also good (d.c.> 88%).~~Tl~, the slow &&ion of3a to f-J-2 
at -78’ C in THF followed by immediate quenching with acetic acid (-78 “C) and aqueous work-up gave a 
mixture of the Michael adducts 6u:6& in 946 ratio but in a combined yield of only 33% after chromatography. 
The low chemical yield is due to further capture of the initially formed Michael adduct anion by a second 
molecule of propenylphosphonate 30 to give 7~. a mixture of diastereoisomeric 1:2 addition products. The 
isolated yield of the 1:l adducts was improved to 86% simply by using excess (3 equivalents) f-1-2 thereby 
suppressing formation of higher adducts. Addition of 3 equivalents of f-J-2 to Z-prop2-enyl-phosphonate 3b 
proceeded with oppo!dte stemosekctivity at C-l’ to give brr and 6b in 595 ratio and 84% isolated yield. 
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The separation of (+)-6u ([al&= + 24.2 (CH#&, c = I)) from (-)-6) ([al& - 14.6 &H&l,, c = 
l.l))couldbeachievedbymediumpre!BureliquidchmmaQmp hy(AcOEt-hexane, 1:1.Si4230-400mesh)to 
provide products of high purity (de. > 98%) on a multigram scale. Mild acid hydrolysis of the bislactim ether 
provided the aminoesters (+)-&a and (+)-sb in excellent yield after why (MeOH/AcOEt l&l after 
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removing vsline eater with AcOEt). Vigorous acid hydrolysisofthese amiuoestus followed by treatment of the 
crude hydxocbkxides with propylene oxide and purification by nvaSephuefla& &romatograplly tt sfforded 
the eg 2-amin+3-methyl4phosphonobutanoic acids (+X2& 3R)lo and W-(2& 3Q-4b. Starting 
from (+)3, the cotmsponding enanticumxs (-)a and (-)#b wue prqmmd in anal- fashico.U 

Since none of the wmpoumk4-8 pmvidedclyst&suitabkfaanx-taycrysmlsuucuuedeu - ‘on, 
a cyclic derivative was sought which would enable assignu~nt of the relative contigumticms of 4a and 4b by 
1H NMR specuoscopy. The six-membeted amin~xaphosphinane derivatives IO@ wese atlracdve in this 
regard because cf the the stnmg ptefaunce fa chair confamatics~ reported for simkly 4tts%hyl-substituted 
systemsn Chemosektive reduction of the carboxylic ester in the presence of tbe phosphonic ester was 
eventually achieved on the N-Boc derivatives of (-)-& and (-)-JJbmwi~iklkecin anhydrous THF at RT.t4 
Under these conditions, cyclixation of the reduction in- -g N-Boc-amino- 
oxaphosphinane derivatives (+)-9u (70%) and 9b (69%) was observed. 

(+)-Irk R' - H. ti - Me 
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Compound (+)-9a was obtained as one single diastemoisomcs {mp (AcORt) = 121-124 “C, tW= + 74.8 
(CH&l2,c=l)),while9b wasisolatedasamixtuteofisomrs at the phosphorus center in 2.7:1 ratio which 
could not be separated by simple cbmmatography.~ The Boc and ethyl ester groups of (+>9u and 9b wut 
cleaved with TMSBr in CHaClt to give (+)-I& ([ahiD= + 35.6 (H&I. c = 1)) and (+)_IUb (mp (I&O) = > 
200 ‘C (dec.); [a]#- + 7.6 (I-&O, c = 0.95)) as pun diastereoisomess. A single chair conformation was 
observed for each conqound 10 in the 1H NMR spectra (DsO, 400 MHZ. 25 “C). For wmpound (+)-lob a 
triple doublet was observed for H-5 at 6= 3.24 with coupling constants J = g-1,3.1 Hx. The coupling constant 
of 9.1 Hx indicated a diaxial relationship between H-S and H-4 with degenemte coupling of H-S to H&x. 
Futhermore, the complete set of NOE cross peaks that wem observed by lH-lH RORSY 1s was consistent with 
this rrrurs-stexeochemical assignment (see Fig. 2). The ussigmnent of tk cisconfigumtion fa diastenoisomQ 
(+)-29a follows by default and is also consistent with the NOES ohm (see Fig. 2). The absolute 
configuration was then assigned under the sssumption that the con&ration at C-S is demmined by the 
configumion of the valine xesidue in the bii ether, as them is aaqlc pmxdent. 

Figure 2. Selected observed NOE’s. 

The sterecchemical course of these conjugate additions to vinyl phosphonates is similar to that previously 
encountered in the case of @-unsaturated catboxylic esters+thus tbe selective fosmatiou of the Michael 
adducts (2s. 1 ‘R)-ffe in the resction of t-J-2 with the E-prop2-enylphosphonate and (2&l ‘S)-6b wheu t-J-2 
reacted with Z-prop2-enylphosphonate csn be understood as a consequence of ahuost exclusive interaction of 
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the Si-face of (4-2 with the S&face of 3a and the &-face of 3b. Presumably, lithium chelation and interactions 
between z-systems, as was suggested by Sch611koPf,ti aa operatin 
stereoselectivity observed in the present work may be accoun te! 

simkly in this case. However, the higher 
for by the different steric and electronic 

interactions of the Umbedml Pho@ovlgrouP. 
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