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An efficient approach to thr asymmetric synthesis of ~substituted (Sines ie descrtbed. 

The chiral Nil1 oomplex of a Schlff base derfved from (S)-o-N-(A- 

benzylprotyl~minobenzoptrenone (BBP) and gfyydne was treated wfth formafdehyde and 

so&m methoxfde to give a airrespondlng (R)-serfne complex which, in turn. was converted 

to the chiral Nill dehydroalanine complex. Mkhael type base catatyzed aOdttlon of 

nucfeophiks Oirc(udlng MeoH, Me2NH, PhCH2NH2, Imidazole. Ph&i, PhCH@H. mabnk 

ester and benxyfmagnesium chkdde) pmduced a mixture of dkstered~rk.compkxea 

with a 7040% excess of S,S (or L,L) Isomers over the S,R (or L,D) ones. The deavage of 

pure diastereoisomers with aqueous HCJ gave, In @god yields, ~substltuted (S) (or L)- 

alanines and rwnerated the chiral auxiltary @BP). 

Non-proteinogenk amino ec4ds constftute an important group of either biolo#catly ecbve compounds 

or their components. In partkufar, opticalty active nonproteinogenk ~substib&d a-amlao acids are 

constituents of soms antibiotics and physiokgfcally active pepbdes.1 

The synthesis of protelnogenic (and some nonprotefnogenk) ~substituted a-amino adds In nature is 

catatyzed by pyridoxal dependent enzymes. 2 The chain of events indudes the IMermerWe brmation of a 

Schlff base derived from dehydmaknfne and pyrtdoxaf on the acttve site of the enzyme.2 The do&k bond 

of the dehydroalanine fmgmem Is activated tomrrd nucleophl#c attar&. Depending on the type of the 

nudeophile and the enzyme employed, different ~sub&tutsd a-amino ac+ds could be obtained. Onfy a few 

reports have appeared concerning the biomimetk synthesis of this type of a-ammo adds via achiral S&tiff 

bases.3 

In the preseM paper we report the asymmetrfc qnthesls of ~subst#uted a-amfno adds vfa a chiraf 

Nil1 complex 1 derived from a Scbiff base of (S)+N-(N-benrylprofyl)aminobenrophenone (BBP) and 

dehydroalanine. 
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Eartier we developed a simple general method of a-amino add asymmetric synthesis starting from the 

echlrat Scfdf base Nit1 complex 2 of BBP and gtyydw4-s Atkytation with alkyl hatiies,s Mkhael add&ions 

and atdehyde condensation4 results, respeutvely, in &alkyl substituted @)-a-amino acids,s j3- and r 

substttuted (S)-glutamk acids,h (S)-prollnes,@J and (R)-bhydroxy-a-amino adds’ in good chemical and 

optkal ytekts. The method has several attractive features, including simplichy. a relativety low cost of 

reagents, a possiMttty of BBP r&ycting. and,, thus, c8n be regar@M as a vfabte supplement to the already 

existing methods of a-amino add asymmetrk synthesis.7 

The scope of our method has now been broadened by irkMing a new sequence of reactions, leading 

to opttcalty active @+MMtuted a-amino acids, as an alternative to the recently pubtlshed procedures for 

their synthesiss 

Rnuttr and Dlaaraalon 

Synthesis of 1 was conducted according to Scheme t 

Scheme 1 

Chlral complex 2 was converted to the corresponding (R>senne complex via MeONa catalyzed 

condensatkn wtth formaldehyde. The (R)-sertne fragment of the resutting complex could be dehydrated by 

the actkn of Ac20 In MeCN using soM Na2C03 as a catalyst. Fotkwing chromatographk purtfmkn on 

S102,l Is a stable red-cokred compound that can be stored without deterioration for a dgnifkant perkd of 

time (Soheme 2) 

Methanol, benzyl amine, dlmethyl amine, thiophenol, a-mercapto toluene, malonic ester, 

benZylfIIagnesiUm ChlOfid@ and imidazote, added to complex 1, yielded a mixture of the corresponding 

diasteredsomenc complexes as shown in Scheme 2, whereas phenol and h&de anions were Inert In the 

reectkn. The course of the reactbn was monttored by TLC on SiO2. H the epimertzation of the obtatned 

dlastereoisomers was slarv under the experimental conditions, their htitfat ratio reflected the relative 

preference of re or si-attadc by a proton on the intermediate carbanion formed after the nucleophiti addition 

to 1 (see Scheme 2). As was shown ear%er ,* the transttlon state of the deuteratkn (or protonation) reaction 

of stmilar carbanions is a mixture of ‘sterk approach’ and ‘product devekpment’ control types. H the ske 

chain of the a-amino add is buky, the deuteration gives an exc86s of the (S.S)-d&stereoisomer containing 

P-[*HI-amino acid because the isomer is thermodynamically favorable and a greater share of product 

devekpment control is realized in the tmnshion state. ‘4 On the other hand, if the sids chain is small and 

the thermodynamic effects of the final state are no longer important, tM product of the si-side deuteration. 

(S,A)-diastereoisomer, is predominant in the solution because the re-sids of the carbanlon ts shielded by the 

phenyl group of the n-benzyl substituent (see Scheme 2). These mutually compensating effects are 

probably responsible for the relatively bw diistereoselectivity in the case of ktnetkally controlled addition 

of benzyt amine to 1 (Table t ). 
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As expected,‘” the equilibration of the resultinQ mmpIexe8 pmduced a lfqe exams of (S,S) of (L,L) 
isomers over the (R,S) or (L,D) ones in the solution (Tilde 1). Mastere&merk: com@exe& were sepmted 
by flash ~~~~~ on SK&. The absdute churn of th9 a-amino add fragpmt we8 estaMLshed 

by ~~~ tfm t3RD curves of the ~~~~~~~f~~.l~. Tbe*ctftfw 

Cotton effect in ttm SW-700 nm mgbn was always p&ii for (s) (or L) a-amino aMe and negptive for their 
etxmkmen, Thts genemt trend WRS not ifdkHHIced by the stmture of the a-amino add side chain (Ftg. 1 f, 

5)-88P-(L) -AA]Nio) 
I I kS>-88P-(D) -AA J NiO 

sepabutibn on Sit+ 
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Tabl@ 1. Asymmetric synthesis of Bsubetnuted L-alanbes 

NW&phUe 6dvem wdof m.‘)(r (S)- (or L) AJlwo add 
SR ELD] SS &LJ 

mew MeCN 3 90 2-Ambo-3+enzytthto)propanok 

PhSH MeCN 4.8 93 2-Amln03-(phenyhhb)propanok 

CWCOOEtk M&N 8.1 9c Gktamk a&f 

chemkpl- 
yield.%b putty,% 

add QQ Qs 

acid 92 98d 

80 8cd 

PhCH2NX2 MeCN Y33e) 90(66e) 2-Amino-3beruytambopropenoic a&t 75 >9# 

blidazob MeCN 5 90 2~Amlno-3-(lmIdarol-l-yl~opanob add 85 .9W 

Me2NH MeCN 5 85 2-Ami~-3~~~~ln~o~ok acid 93a 70.4c 

PhCH2h42CI THF 555 2-Amino-4-pheny0utanok add 82 5od 

MeOH MeOH 2 90 2-Ambo-3methaxypropanok acid 90 sod 

aBaredoncomplex1. hqaadonpwarnaswwomer. c Werrnbed W ‘H n.m.r.. using a chlral shtft reagenll2 

d WC. snatysk deta.11 e ~lnetkatty oontro~ted retto of tsomsrs. f l3mmmfed from the reactbn mtxture. Q Yield 

of themlxtureofdastereokomersbesedont. 

700 nm 

Pi#ure 1. OR0 curves of FJitt complexes derfved from (S)-~~~o~l~opyl~amtno~nzophe~ne 

subshied u-amino acids in CH3OH at 25W 

1 L-g-amino+(benrylthio)propanob acid 

2 L-2-~i~3-(~eny~hiobropano~ a&l 

3 D-2-~ino-3-~heny~hiob~panojc acid 

4 (R)-Senne 

5 (Q-P-amino-3methoxypropanoic add 

6 (S~2-a~no-3-(N-~~l, ~n~iarninob~p~oic acid 

7 (R)-2-amino-3-(N-acetyl, benzylamino)propanoic add 

8 (S)-Pamino-3-(imbazol-1-yl)propanoic acid 
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Decomposition of &astereomericalfy pure complexes with aqueous HCI furnished FsubstMed (S) or 

(L) atanines and regeneniled the ortgrnal BBP. 

Untorktnateiy, the mixture of diastereoisomeric complexes, obtained from ambe and complex 1, is 

highty unstable and decompoees during the chromatographic procedure into compound 1 and?he initial 

amine. In order to achieve the chromatographic separation, the &amino grwp in the compbx shared be 

protected or protona&& Crystalltratton of isomers u&I also be used. as ilbstrated by the procedure for 

separating the isomeric complexee derived from 2-amin*3(imibawEl-yt)proCuandc a&l. H the final optical 

purity of amino acids, equal to 70-98%. is considered satisfactory for a partMar purpose, the reaction 

mixture can be decomposed without the preliminary isomer separation. 

Thus, complex 1 constitutes a potentially useful initial compound that CM be successfully empbyed 

for the synthesis of a variety of the ~substituted (Sk (or L)- a-amino acids in high optk~l and chemical 

yietds. It is noteworthy that this procedure furnishes seiectively broup pmtoteaed, ~substituted a-amino 

acids in a single step, as itlustrated by the benzylamine, thiol and methanoI addition reactions. 

Experlmental 

General. Reagents were purchased from Reakhim (USSR), with the exception of o- 

aminobenzophenone and Silica Gel 60 F254 purchased from Merck, Sephadex LH-20 purchased from 

Pharmacia and Sitiigel L 461100 oM&ned from Chemapol. Reagents and @vents were purified in the 

usual way. Sodium methoxide was prepared by disrMving metalbc sodium in methand under an argon 

atmosphere. 

Spectra were recorded with the fokoting instruments: UV-visible Speoord M-40. ‘ti NMR: Broker 

WP-200 @IO MHz) and Testa 467 A. HMDS was used as an internal reference in organic solvents, and 

HMDS sealed in a glass capillary was emp&yed for water sokMns. OBD: Jasco ORDAJV-5. spec& 

rotations were measured on a Petin-Eknar 241 potarimeter. 

~ ~11~ 

weseo&Medasdeeutbedeflrner.’ 
~~. ToalO~~N~ 

of a mixture of [(ShBBP-(RhSer] Nitt and ((S)-BaP-(S)-Ser] NilI [5.07 g. 9.6 mmol.. (SR) to (SS) ratio 95:5], 

obtained according to ref. 4. was added Na2C03 (4.9 g. 46 mmol) and acetic anhydfkb (7.5 g, 74.4 mrnol) 

under stimng and Ar atmosphere. The stirrtng was continued at 6tPC until conversion of the initial complex 

to compound 1 was complete (5-8 h), as monitored by TLC (!Xl2, CHCl3: EtOAc, 3:l). The mixture was 

cooled, filtered, the precipitate was washed with CHCi3, the fittrate and washings were combined and 

evaporated under reduced pressure, the residue was subjected to flash chromatography (S@,l5Ox5 cm, 

CHCl3: EtOAc, 3:l). Fractions ~~~n~~ complex 1 were combined and evaporated to give 4.6 g (92?6) of 

complex 1. 

1: UV-vis (CH3OHf k (@ e) 646 (2.65), 440 (3.55). 278 (4.29), 235 (4.46 sb); [W (CH3OH. 25W) A 

([Ml) 576 (16000), 546 (.154W), 436 (76W), 365 (-1300); ‘ti NMR (CDCl3) 6 1.9-3.45 (6H, m, B, y and &H 

Pro), 3.38.4.3 (2H, AB. 3= 12.5 Hz, CH2Ph). 3.62 (lH, m, a-H Pro), 4.1 (tH, s) and 5.8 (fH, s, &C-). 6.6 

8.15 (14H, m. ArH). Anal. Calcd tar C28H2503N3Ni: C, 65.92; H, 4.90; N. 6.24. Found: 6. 65.61; H. 4.76; 

N, 7.95. 

9. ToasoMonof2g(39mmot)ofcomp&x t in6mLof ._ + * 

MeCN (or DMF) was added 7.6 mmol of K2CO3 (or Na2CO3) and 4.12 mtnd of a-memapto tofuene with 

stirring under Ar at 50-55oC. After the reaction had stopped (no change in the ratio of diastereoisomem was 

detected by TLC) the mixture was fikered. the Mate and CHCl3 washings were oorMtt& end evaporated. 

The residue was subjected to ch~rn~~~hy on SiO2 (3.5 x 30 cm, CHC&acetone. 51). Two major 

fractions were obtained. The first fraction (2.23 g. 90%) containing ((S)-BBP-L-Cys((S-Bzl)] NLtt was further 

purhted on Sqhadex Lti-20 (PhH.;2H5OH. 3:l). UV-ws (CH3OH) i (tqt L) 536 (2.34), 422 (3.49). 340 

(3.65). 264 (4.23); [k(l (CH3Oh 25oC) A (m) 576 (11500), 546 (460). 436 (-17200), 365 (1ltXM); ’ H NMR 

(CDCl3) 6 1.6-166 (6H. m, 8. y. 8-H Pm). 3.4 (lti, m, a-H Pro), 23,2.6 (1H. ABX, &H Cys), 3.52,4.35 (2H, 



AB, J- 12.5 HZ, N-CHQPh), 3.7,3.9 (2H, AB, J= t3 Hz, S-CH2Ph), 4.1 (lti, m. a-H Cys), 6.42-3.3 f19H. m, 
Af-H). Anal. Cakxt for CsH3303N3Ni: C, 66.26: H, 5.24; N, 6.62. Found: C. 66.8; H, 5.20; N, 6.62. 

The second fraction (0.07 g, 2.8%) contained [(S)-MtP-m (S-W)) Nib. W-v& (CH3W) k (tog E) 

533 (2.2.2), 422 (3.48). 340 (3.63) 264 (4.2); [MJ (CH3OH, 25aC) I, @A]) 516 (6700}, 436 (11 tOO), 365 (- 
23000): ‘H NW? (CM=f3) 6 fS2.6 (6H. m, y. 6, &H Pro). 2.5,2.?2 (2H, ABX, .!A@ = $3 Hz, JAX - 3 Ht. 

&x - 6 Hz&H Cye), 3.5 (1H. m, a+ Pro), 3.7, 3.92 (2H, A& J - 13 Hr. -SCH2Ph), 4.0. 4.95 (2H. A& Jz~ 

13 Hz, GWh), 4.07 (I H, m, a-H Cys), 6.5-8.7 (1 QM, m, Ar-H). Anal. Catcd for C35H3303N3Nl: C, 66.26: 

H, 5.24; N, 6.62. Found. C, 65.89: W, 5.06: N, 6.28. 

The fractions were decomposed v&h eqoeous HCI, and lhe amino acid obtained and BW recovered 
u~~.E~A, as eanhr deeMbed for the xmtef insotuble a-amfno acids.% 

L-2-~ino-3-(bentyttMo)propanolc acid was obtained ftom the first fraction (0.67 g. QO%). tap5b - 
18.60 (c 1.0,6 N HCI) (#t.efa)=o -t95o (c 10,5 N HCI)). 

~2-Arni~-~~o~~~n~ add was obtained from ths second frectlon. (a?‘, i19.20 (c 

‘1.4.5 N HCI) (tits [ajsr, +19.3o (c 10,5 N HU)). 
-- * . ~. ~~~~on of compfex t (2 g) and threat, as welt 

as separation of dtastereo~somers, were conducted similar+ to the synthesis desctfbed above. 

Decomposition of the ftmt major fraction (2.25 g, 93%) gave L-2-amino-3-(phenyfth)thlo)propanok ackf in a 

yie!d of 92% (0.71 g). [a]@0 +47.6o (c 10.5 N HCI) (fit’s [c& +70.20 (c 10, 1 N, HCf)). 

According lo the QLC anafysls data1 1, the a-ammo add was enantiomertcalty pure- D-2-Amino-3- 

~~n~~o~~ acid was obtained from the second ma@ fractton (4.75%) in a *id of 90%. [af50 
-47.80 (c9.2.6 N HCl) (litto [ojs50 -70.50 (c 10, 1 N HCI)). 

s. Condensation of complex 1 (2 g) with malonic ester (1.1 g) was con@cted as 

described above. Separatfon of the diastefedsomers on SiO2 (5 x 30 cm, CHCt3~tone, 3:l) furnished twc 
major fracttons: 0.16 g (0.23 mmol) and 1.76 g (2.6 mmol) (in the order of their emergence from the column). 

The fractions were decomposed as described eartier.4-Q After the 8BP had been recovered the Wtar 

sotutton mu) evapomted, 6N HCI (IO mL) wa8 added to the residue, and the resutt&f mixture was boiled for 

1 h. The sotvent was removed under reduced pressure. The residue was subjected to cat&n exchange 

ohrome;lography on fhwex 56 x 0 resin. (R)SLU was obtained fmm tfte ft~ tncdlon in an rnantiomenc 

axcess tee) of more than RI%, accoting to CLCil (S)-Gti (ee r 80%) was recovered from the second major 
fractbn In a yietd of 80% (0.41 g). 

~~. Condensation of ccmpfex i (2 g) with beruytamine (0.9 
mL, 8.2 mmot) was conducted a8 ciescribed atwve. After the ratio of the diastereoisomers had ceased 

changing (the efhwization reactton could be accelerated H sotid KC&t was ad&d to the me&ion mixture), 

acetic anhydride (2 mL) was added to the reaction mixture under stirring at 50-55oC, and the course of the 
acytation reaMon was monitored by TLC. After the mmptetion of the reaction WC+ (5 mL) was added to 

the mixture, which was then filtered. The filtrate and CHCI3 washings were combined and evaporated in 

vacua. The residue was flesh ~~rnat~r~ on SiC@ (CHU3-acetone, 3~1). Four orange cobred bands 

separated. AccarCang to thdf t H NMR spectra, C, H, N anatysis and URU cunres, the second fraction (in 
the order of mergenm from the column) was fcund to be (S)sertne containing complex (0.7 g), the third 

(0.38 g. 0.6 mmol) and the fourth (1.90 g, 2.9 mmol) were the comptexes derived from (R)-2-amino+(N- 
a~~l~n~~mi~pro~noic add and (S~2-am~no-~(N-~~l)ben~~minopropano~ add, respsctivety. 
The first fraction (0.2 g) was not tdentified. Ths third and the fourth frectfons were decomposed in the uwaf 

Way,4-6 the o-ammo ackis were further hydrotyzed whh boiling 6N HCI (2 h) and desalted with Crawex 50 x 
8, using 15% NH3 in a 10% aqueous EtOH sofuhon. (S)-2-amino-3-(benzylamino)propanolc add (0.4 g, 
75%) wae reqrsta#zeU from EtW. [oJ2’ p +26.80 (c 10,6 N HCI); 1 H NMR (D20) b 3.6tI3.9 (2H, ABX, JAB 
e 12 HZ. JAX - 7.5 HZ, J&f k 6.25 Hz, @-CH2). 4.62 (IH, m, ABX, JAX I 7.5 Hr. JBX II 6.25 Hr. a-H), 7.41- 
7.58 (5H, m, Art+). 

~fl~2-~n~~~n~~no~~ add: fal2’0 -230 (c Xl,& N HCI). Same NMR spsunrm and as 
fS~2_aminb3-@enzy~nrlno)prapanolc 3&f. 

” IS)_2. Condensanon of cempksx 1 (2 g) wfth Imidazote (0.633 
g, 9.2 mmol) was conducted as described above. After 5 h the reaction mixture was filtered. the filtrate and 
washings were evaporated under reduced pressure, and the residue recrystalHred from PhHacetone (6:l). 
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oiostereomerkulty pure oompllx of (s)Gamin+3+ikia=~t-yi@mpenok acid f2-02 0.3.5 mmof, 90%) was 

tittered off and dried In vacvo, fts structure was estabtished @ the wuaf chemlart aRd ph@tXf methods. 

The~rwasd~w(ttrequsturItC1,andthea-amirtosddoMJnedvQtholwtrarerdranOa 

techn@ue.4-6 (S~2-A~~~~l-~~ ecM was obtaIned fn a @ekf d 65% (0.46 a). [ape 
-2.2o (c 10,6 N HCff; ‘H NMR @Cl) 6 5.71 (tH, 1, J - 5.2 Hz, a-H), 6.08 (2H. d, J* 6.2 H% &MI, 6.22 (tH, 
s, 1m-H). 3-4 (tH, s. fm-wt, 3.97 (1H, s, tm-H). AM. Cakd fw ~&C&.1.5 HZO: C. 39.66; H. 6.64; N, 

23.06, Found: C, 39+41; H, 6.e N, 21.66. 
cAmrno Condensation of complex 1 (2 g) with dimeth)rlamina I . - 

~~ (0.64 f& 7.8 mmotf was conducted as described abin+e. A so&&n uf pars byline in 
MeCNcouMafsobeuaed. Theree~onmixarn,mrs~Inttrs~ry,snd,aflerrrdvontte~iit 
vacua, the r&due was dissofvsd in a n&Mum ammt of a mixture at WC& PhH: EQO: THF: HOAc 

(20:19:18:10:5), The s&&on was pfaced at the top of l ,rhoR miumn #fad with @02 (3 X 6 Cw!) 8nd ekrled 

with the same s&vent mixture untif the &de nreaion $krdsts and Unfeaded Compk + wws fulm0wd. The 

mixture of dkwtweoisomrnlc cempiexes wgg fhWy washd Tom the cokwnn 4% EtCIH. The wasMg wers 
comb&M and evaporated under neducedqressure to 8 10 mL votume. DeoomposMon of the mixture of 
dastereoisamers, raxrwny of Bf+P ti the a-amino s&d ww8 exmW%d tn the tmml way.44 Enridred in 

the ~S~n~krner fe.e. 70%. according to $H NMR spectroscop)l udng water sok#bfa ~E~R~a~ shift 

reagentl2), 2~amino-3-(dimeMyfamino&opanok scid was 0Mained in a cdnmid yield of 93% (0.46 g, 3.6 

mmol). [apt, +22.00 (c 5.6 N HCI) (after uystalHza6on from aqueous C~~Oti f425@340 (c 8,6 N HCI)); 
‘H NMR {D2rB) 82.63 (6H, s, Me2N). 2.76-2.96 (2H, m, @H), 3.6 (tH, ASX, JAI? - .&x I 5.8 Hz, OH). 

-. To complex 1 (1 Q, 1.9 mmol) in an-hydrous THF (10 mL) at - 

3OoC under Ar was addsd a sofutkn of phenyimagnesium Morids (3.9 g, 26 mmof). The reaction mixture 
wasstirredat-300Ctord5minuterr,thenthereedkn~quenchedwntr20mCofaqueousHO~(20mL, 

0.92 mt HUAc, 7.6 mm&). The stir&g was corrtinued lof 2 mirwlss, then CHC(3 (20 mL) was add&, the 

organic layer was separated, washed with H20 (2 x 10 ml) and e~@M#ed In w. The r&e was 

chromatographed on Si02 (6 x 24 cm, Chub acetone, 3:t) The first major oranfjs band Consisted of a 

mixture of the diiereoisomefic compfexet of 2-emino+-iphe~) a&d (0.6 g. 0.9 mmot, 50%). 
Acco@ng to NMR v and OR0 cutves, the mixture containad an excess of the ~na~iomer. 

BBP was recovemd and the a-amino at%3 (0.13 g, 0.74 mmot, 62%) was obblined pll desMbed aartier for ths 

water insoluble a-amino a&fs.fib (S~2-~n~4~~n~~~ ac@ (60% enantkme?k p&y according 
to GLCI 1) was r~~l~z~ from EtOH:H20,1:1. {apSa +23o (c 11.6 N HCI) Qt.‘3 [PO +43c (c 20,l N 

HCI)); ‘H NMR @Cl) i 2.4 (2H, A2XV2, JAX * 6 Hz, JAy = 7 & @H), 3.09 (2+f. Af3y2, JAY - 7 Hz, JAB = 
12 Hz, rH), 4.1 (lfi, t, J I 6 Hz, a-H). Anal. Calaf for CloH13NO2: 6, 67.0; H, 7.3; N, 7.8. Found: C, 

66.93; H, 7.10; N, 8.04. 
~. To complex 1 (2 g) under Ar was added 0.2 N so&ion of _ . 

NaOMe in MsOH (20 ml) at 5ooC. After the reeaion had been completed (TLC) the rem mixture was 

neutralized with a calculated amount of aqueous HOAc, lhe solution was then evaporated in vacua, the 
residue was washed tih coM water and chro~t~~ on Sir& f2.6 x 36 cm, PhHzacetona, 1:l). The 

ma@ fraction (1.9 g, 3.5 mmol, 90%) contained (S)-2-amino-~(methoxy)-propanok add, according to ‘H 
NMR and the OR0 a~rve. Decompositfon of the compkx, recovery of EtBP and a-amino mid were mnducted 
in the usual way.4-6 2-~in~3-~metho~~p#~nok acid (0.37 g. 3.15 mm&, 90%, 8.8, > 90%) was 
ractystaltized from aqueoos EtUH. [c#s, +13o (c 10.6 N tlct); lit NMR (f&O] fr 3.5 (3H, s. f&O), 4.0 (2H, 

m, BH), 4.42 (tti, t, a-H). Anal. Cakd for C4HgN03: C, 40.3; H, 7.61; N, 11.75. Found: C, 39.96; H, 7.53; 

N, 11.96. 
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