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Phosphothreonine for Solid-Phase Peptide Synthesis 
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The reversible phosphorylation of proteins on serine, threonine or tyrosine residues constitutes a 
fwiamentalmecbaoismofbiologicalre~~Thusl the syntheskofMa-hydrolysableisostelesoflwurally 
occuning phosphaylated biomolecules can pnwide useful subswws far biochemical and immuncchemical 
studies.’ In particular, we have been intereskd in the synthesis of peptides containing phosphonate mimics of 
natural phosphosmino acids. Although many syntheses of sevd non-hydrolyzsble kstcres of phosphoseriw? 
andpho~h~runinoacidsbavebeenreponed,nooptieally~p~~elzlimichasbeen 
available for peptide synthesis. We have recently repowi the syatkis of IV-Fmoc-0,Odiallyl protected 
phosphonicacidI,thccarboniso~ofphosphosaine,v&Scbbltlropfbidactimethaasymmetricsynthesis 
coupled with an enzyme&ted carboxylic ester hydrolysis.~ In this cotnmunication we present the 
stereospecific synthesis of 2, the comsponding phosphonate analogue of naturally ocuning (2s. 3R)- 
phosplwhmmine 3. suitably protected faon&igram solid-phase peptide sytuh& (SITS). This was achieved 
by adapting our rrynrmetric synthesis of Zamino-3-methyl-pm acids 5 to the ql&ncntsofthe 
N-FmoM-ally1 phospbooic estez pKBte&m strategy. 
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The prepanttion of E-prQp-2-enyl-phMphunate esters 5cr*4# was achieved 85 depkxed in Scheme 26 
Treatment of lcnown 4 ~y~ph~sph~A~ diauyl ester 6 with an ex@ss of DBI.T at KSO~ tempexa&re pro&~& a 
90: 10 mixture of prop-2-enyl-phosphonate Srr @SE% E-cuz&~tion afkr Kugelmbr distilhuion) and 6. The 
preparation of phosphunodiesters S&4 xqxti~~I other m&~&logy. Transesterifkatiun of easily available E- 
O,O-diethyl-prop-2-enyl-phosphonate? v&z the corresponding phospbonic acid dichloride was unsuccessful, 
therefcmk5 a scheme in~lving transestexifi~on follawad by intrcx&tion of the insaturatcm was used+ The ethyl 
Il-brcxno-pmpyl phosphonate 8u prepared via Arbuzov reactior~s was converted (Scheme 2) in two steps to tk 
corrqondkg phdsphonic acid dichlaride 8~. From this coxunon intermediate the ester ?b-e? were readily 
available in guod yield. 8 The desired E-prop-2-enylphosphonate esters 59-d were ohained by 

Lithium salts of Schallkopf’s bislact;irn ethers (-j-d op {+)4 rapidly added to E-viny1 phosphonates 5a-d 
at k~ temperam with very high asymmet& induction irt bath new &ral centers (see SC~HDC 3). At C-2 the 
diastWxneric excess (d&J was greater than 98% while at C-l’ the &. was glxatcr than 854, as prevksly 
fQUnd for the addition of 4 to E_o,u_die~yl-~~~2~~y~-phos~~~&~s.~ The slow addition of 5a t&l three 
cquivakxIts Of ($4 ti -78 T in TEW fu&3w@d by ismrHWe acctk a&d qllenching a& aqueous work-up gave 1 
crude mixture cOlW!Mng (+)-9rr slang with the (s) c-l’epimmr in IECI. 93:7 ratio @P NMR analysis), The 
remaining phosphorylated side products W~IW identified as resulting fxom the further addition of the Michael 
product anion to 54, Chromatographic purifkation of thc.reaction mixture gave (+)-Pa with &omcric purity 
greater than 95% in 65% yield. For the preparation of 9M&f a slightly modifkd protocol was followed. Based 
on our previous studks it was expected that the inHal aniunic Michac?l adduct wouhi be ef&ctk ia pmducing the 
vinyl phosphonate 5 in SOW, via dehydrohalogenation of bromophosphonatc 7, thus suppressing 
aligozzx&atiu~*~ when f e&pJkklent of 2tf 7kI f 5M xzktures were added to 2 GQzkalerzts of 4, adduct! 
9&d were obtained in good yield with u&Wnished diastereosekctivity.~@ In all the cases, tie excess of 
SchUlkopf’s wetit coufd be recovered, and showed no racemization_~~ 

The relative ConQuration of the adducts 9a-d was readily assigned by cornpar@ of their 1H NMF! 
spectra with those of the corresponding diethyl phosphoeates previously reported” of the crystalline 
derivatives 9b-d. (-)-SC was amenable to IGray structure de.texminati~n,~ (Fig. 2) The absolute con@ration 
of fz-1-9~ follows fkom the known configuration of I+)-4 which is ia turn derived fnom L-(+)-valise. Thus, 
this confined the pr~pos& stereochemkal course fur the Michael addition of 4 to E- and Z-prup-2- 
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enylphosphonates I4 and the corresponding assignment of the absolute configurations of the resulting 2-amine 
3-methyl4phosphonobutanoic acids which were based on NMR studies of cyclic oxaphosphinane derivatives.s 

I OEt 

Et0 MO 0 
CA-&r-m 
dR -pPh-Bn 

9u,b 

I ii 
9# + 

Scheme 3 

(+H h, Gnc L-Fmoc-Ambu[PO(OAll)&OH - 
Ro MO 0 

i = 0.33 oq 54 or 0.5 aq (Sb-d176-d. t :2) THF. -76 ‘C. 10 min. 6!5429b_ 
ii-2.5HU0.25N,THF/H~01:1.24h,~~ 
iii - Upase. K#po, I NaHeP04/ LiCH. pH - 7.7.36 ‘C. 6 d. 66%. 
iv = 1.1 FmaS-Msuccinimido. 1.1 NaHm. acetone IH&t:l.RTt4h.76%. 

To complete the synthesis, mild acid hydrolysis of (+)-9rr gave amino estcx (+)-IO ([orlop = + 8.9 
(CH2Cl2, c = 1)) in 96% yield. Hydrolysis of the carboxylic ester with chymotrypsin was slow and ineffkient. 
Porcine pancreatic lipase catalysed hydrolysis to amino acid (+)-II Qa3Ep = + 9.7 (H20, c = 1). 55% yield) 
was satisfactory. Fmoc-protion of (+)-II under standard conditions gave (+)-2.15 The incorporation off+)- 
2 into peptides by SPPS and the subsequent Pd”-catalysed removal of the ally1 moiety 1‘ to generate peptides 
containing free phosphonic acids has been successMy achieved, and will be reported separately.~7 

F’igure 2. Relaxed WEoscopic plot of the crystal structure of (-)-SC. 
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Mldtigmm quentides of Eo.odiethyl-pmp2-eJlyl-phos@onw wae obt&lcd &om Ssndcz K.w I&ombxy. 

Direct m of 8b by Arbuixw reaction behvcen l&dibropropene and t~&(trimethylsilyl)te (6 eq of 1,2- 

dibromn 4h nflux InKk argon auwphcm) &ted in similar yws of the de&d 3-knnwwi 
csm 7b-d. 

Apptmntly. addition of the lithium sslt 4 to 5b-d is fastex than m of 7b-d. end the initially fomwd a- 

pho@awemliolloftheMicheeladduuisrMrebesicthenl. 
f+)_* 65% yiekl oil, [a]DP = + 22.5 (Cl2CH2* c = 1); f+)_96: 76% yield mp (pauane) = 51-53 “c. [c&J% + 24.5 

(U2CH2. c = 1): f-)_9e: 82% yield, mp (peata@ = 5254 T, [aID% - 179 (Ck$H2, c = 1.05): (-j-9& 63% yield, 
mp (hurane) - 107-108 “c. [a]DaO = - m.5 (QCH2, c - 1). 

Multigramq~tilicsofScMULopfPreagents(-)4aod(+~ wemobuinedfmm SandozKiloL&o&ory. 

Theo addPco(i.c.(2S3R)and~d~)sbowedacharectaiptic~~with6~ l.laandl.2fIppmasa 
doublet (J = 7 Hz) for C& at C-(1’). whereas my&o adducts (in. (2&3S) end eaantianer) showed the 

comspoodinsabeo&nIatca. i3=0.77ppm. 

CIysmuogmphic datw llleuysmlswreobmincdfmma=dutionof(-t9c inpeAmne,lmdbeJongtothemaloclink 
space 1p0up P21 with cell diemsions a=l3.39. b=&29~%14.92 A, fi = 113.0” V&Z23 A3, -2. Diffnxtion dats WQC 

collccttdonaCAWdiffreEtomtta(CuKa mdiatiab8c7P,of2~mo&)mdc4mctedforrbaaptian.radiation 

decey,endLorrm/pdsrisatimefk!&.ThC@Il#ctlKeW&8sOhfed8tKl&ilk?dWithSHEIx86m toanR-facttxof0.123 for 

3177~Thc~luteconfigurationwspdetam~onrhebasieaFthelwwns~atc(s).Tbe 

rclevantuy~cdsteisdepositedattheCamtridare~DataCe&e. 

-IlIe selective formation of the rlvco adducts in the reaction of 4 with E-pfop2-enylpIKBsp~ is lmdexsmod as a 

mnsequuIceofthealolostexclusiveintemuionof diesi-faadw-#ia withthesi-faceofE-okfia(cu the&-fsceof(+)_ 
4a with the &-f&w 0fE-olefii). 
f+)-2~ bzl~~= + 32.4 (Ck$H2. c = 1); ‘H NMR (360 MHZ. CDC13, d): 1.11 (d, I = 66 Hz. 3H); 1.82-2.05 (m. 

2Hk 2.57 @I s, 1H.k 4.21 (I. / = 7.2 Hz. 1Hk 437 (4 I = 73 Hz, 2H.k 4.55-4.70 (m. 5H); 52p5.40 (m, 4H); 5.76 (lx 

Q I = 7.8 Hz), 5.90-5.95 (m. w); 7.29 (td. I = 7.4, 1.2 Hz, w); 7.39 (t. J = 7.4 Hz. 2~); 7.58 (dd, J = 7.4.3.3 HZ. 
2H); 7.75 (d. I = 7.4 Hz# 2HI. 
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