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Abs&ackHantzsdlestersqand~havebsenusedasNAIHm0aelsinsteadof 
the.wdldoammtdnicot' ** ~forthesakeofgmaterflexibilityh 
thepreparationandchmkalmdificatiorrs. ocmgamds1and4,bearing 
mmmaahridederivedsut&ituethinthe4-orinboththe3-axI5- 
positionswemexaminedintheasymkric r&u&ialofseveral~ 
ketmss: namlymthyl#-mylglycn@ate, trifl ~~2-a=wl 
pyridins. Ihe e.e.18 obtained am discussed in tew6 of Me struchne of 

$e$%?.F=~$eu$~~$~~~rin3_&~effects 

acids -espfdallychhlones-isexamined. 

=-efolvanic reactionsinasimilar nmmsrtotkLatvklicll ocmrsinliv~cells is 

afacinating~~t0oxganic~ Itmaylez?dtoabetterrnderstandingofbi~cal 

m&anism and it may also assist to the asSign of nsw sydhetic m&ho% of increased efficiency in 

tenos of enharmdkimtiasmactivityandselectivity (ckmm- mgio- and stemxelection). 

Ehrdm&icchdstryattenptst0Wmi~~theacticmofnaturdl emymticsystemusixq 

dwmical ucdsls (1). As cxidaticn andredwtirmrxactiax3aixiqmtant~logicalpmmsses, 

udels0fthsIel~ coenqmshavebeenstUied.Th0sen3latdtotheNAD/NUHsystembave 

bsen the lraEt extensively imwtigated formereduction0fImsatllm~sysms(2). Allttkz 

mdelscmtainasa w feature ths 1,4 du@rqyridinsriryoftheni~ partof* 

axnzyms and most of than have ax of Uxee fumhmhl stwtwes: viz. a m 3, a 

3,5-dhhtituted~~oraHantzItYltzschester(mi)~(SchemI). 
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1,4 mduction of Mk%ael reaqtar type substxatss (5). 'Ihargh they -it a lcwer reactivity than 

ludek I, theRantz~esters~or~~chcaen for flMmrstudiesbemlseoftheireasy 

preparation by a me-pot cycliaatim macticnancl~itispo6sibletointmdwe~ 

subetituentscnthadihydrcpyridineringbyapmper~i~ofchisal~~cnalccholsas 

stKtingmaterials.sugarderiMtives~generallyusedasthe sourceof chirality. 

HH 

R30C0 

H$ 

--,CHz 

a: R1= H R3= a-I 

b: R1= CIi R'= a: 

c: R1= Ii 
3 

1 
d: RA= CH 

RZ= D-&acts 

e: R'= ?I 
3 

R'= T3galacto 

f: R'= Ui 

R'= Dgluco 

g: R1= H 
3 

R'= Dgluco 

R'= D-fncto 

h: R1= Ui R3= Dfructo 
3 

COOCH, a: R'= CH 

b: R'= Ii 
3 

R"= cyclohexyl 

R"= L-ambirm 

CH, c: R1= CH R"= Larabino 

d: R;= H 
3 

RI= L-three 

e: R-= H R‘= (45)-Z,Z-dimethyl-1,3 dioxolyl 

CH, 

S&eme III 

(4S)-2,2-l-1,3 dioxolyl 
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misisthefirstnqort0ftheuse0f mnceaahridesaschira.lsukstituentsforasym 

mtricin%cticminNAUiucdelsoftypes~or~; cmly one example has keen reported of gluwse N- 

amtiM nicotinamdes 1 (7). In the pmeent mrk methyl Fhenylglyoxylate _5, trifluomamt+ 

@mone~and2-acatylpyridine~wenzsubjectedtorwixticnwithseveral malels0fQpes~and~ 

inthepm3exeofmagnef3impemhlozateascatalyst. Theredmtimofketcmzs(andaMhydes)to 

the cxarespnding alcohols rearlts in theneattransferofahydmgenfmmpcsiti~-4_to+W 

carbon of the ca?L%myl. 

=Wenthl m(8): ~cnthe~tureofWub&i~R, theoxidizedfonnof#e 

aihydnpyriaineringiseitheraWridine(R;+I)orapyridin~(RaUryl)(~IV). 

SchemeIv 

It~erqxct;edthattheextentoftheagmmetricinductianwjuldbeclasaly~~tothe 

dishncebetweenthereducingH-4andthediualalk6ti~ Itcanbeseenthatinmi~ti-ke 

argarresidues(asestersinthe3-iurl5-positi~)are5hands~y, whmaasinHm~the 

first dhxil atauisonlytmbmkaway(Schm111): higher e.e.*s uxuld be expe&ed with the 

latter. 

Sincethe presemeofaku.Lkysutstituentatthatplacemightmake mi 4 less reactive 

m H%l a, M.spointwassnaninedinapml.iminmyexperjmtitwiththeizdel~absaringa 

~~lgrcup(tomlmicr;upllythebulkofacyclic~~). 

Intheinitial~ions~lFhenylglyaocylate2vastreatedwiththe~mDdelsaa 

or@wi* ~amztricauamtsofmagnesiumpemhlorate inacetxmitrile at 701-C. zhe results 

(TableI) Sh~thathereHSSI~k~~~ve~thenicatinmnidenndel~~ (R=m2) (entries 

1 and 2): the pBsence oft.hebulkycyclchexylgralpintheticinityof#eIi-4f&cmaBsthe 

reactivityofmdel4a(entq 4) Wmxqii it still remains in an operatively lLseful range. 

~lydXi?XtlHEH#-ewere ’ l.Aparticularlyinterer;tingfea~istheenhanoed 

reactivityoftheN-suktitutedmdel~bvs. Ja; thiswillbedhussedbelc~. &ductimofthe 

otheractinted ketaEsqand~gavelesssatisfacmymsulk3. 

In the mdel 1 series, the e.e.% of methyl maWelate were low when the nitxogan was 

UnsuktiM (entriee 7, 9 amI 11); sukhntWrisesinthereactivityandinthee.e.% here 

cmhed with the ~N-cH3mDdels(antries8and10). G1ucceewasabetk.r~ 

mgalactose, fructoseorWlycmX@W% kutt%eraxtstriJhgfactistheinversic$lofthe 

aplfigW=ticm of themajorenanticmeraft;erN_allcylaticn~letotheN_CH3model2f(entries 

9-10). 

Wmthe~sukti~~inthe4position (models +a), the reaction times 

remained kpmtant tut significant e.e.'s ware obtained (entries 17, 19 anl 20). 
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Fntry Mixk.l Substrati Yield% 

w=) 
[alD(b) e.e.%(c) 

(Wig.) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

99 (ml) 

89 (-1 
55 (1Od) 

60 (l2d) 

50 (7d) 

93 (4d) 

44 (2.5d) 

84 (l2d) 

68 (2.5d) 

96 (4d) 

74 (ld) 

51 (28d) 

36 (Ed) 

59 (28d) 

53 (Ed) 

45 (lw 

66 (2Od) 

60 (Z&i) 

86 (Z&l) 

-5,s 4 (R) 

(d) 18 (R) 

5,9 4 (S) 

(d) 79 (R) 

+17,3 13 (S) 

(d) 1 (S) 

+0,625(e) 4‘6 (S) 

+O,S(e) 6 (S) 

+&38(e) 3 (S) 

-3,SO 6,7 (S) 

+58,70 44 (S) 

+103,15 77 (S) 

+52,43 34 (S) 

+17,40 13 (S) 

(a) in aczetmitrile at 70°C with leq. of Mg(Cl0 ) . (b) in EKEi- 
(c) fma the lmximm re_ported value for the q&i+&! mtation of prre 8-(S): 
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tb) 

SCh%WV 
Alteratiansinthe1H-and13C~~of4cweref~and_reportedinTableII. 

As expcbd frun earlier work m model of type J (lf)(Za)(16), aaplexatim of ths 

~lcorygerrsis~iclenoedfmmthe~Uof~and010arrl,toalesserextent,of0~~~ 

12.Cmplexatimatthenitrogenissuggested 

do not shift significantly. 

fmmthe~~ofq+, u%ughC-2,C-6andc;7, C-8 

llxi.s may bs dus to accsplexaticmatticarkmylfollawedby 

msannce effects tlmJugh the P-arminocmtcMte systm (17). meofthemstlargsstshiftsis 

that of H-4 to highs- fied. nlissuggastWltthi.sz%?a&hg~willhaveanenhanced 

%ydridsmInthe c spectnm04shmsapositivsin%x&shift, tutthis does Q& 

lzflsct thee.l~d@nsity~. Itmay, harwer, mpmsenta~inthemeanexitatim 

sneqyorthraqh~imkxkivsand~~elsctricfisldeffects. 'Ihe qpcsite shifts 

W forH-4~04auldalsobea@.ain&inthisway(18). Theoxyyenatamoftbsugar 

part, sspsciallythc6eofths 31-4' iscpxpylidensgroup, arealsoirmlvadintheamplexati~. 

lhis meansthatthemagnesi~icnkeepsthe~gmupinarigid~~~thmughthe4-5' 

bcndralativetothepyridimring. Ihehighe.e. c%mrvedwiththislmdelmayresult frm the 

rigididity ofthschiralsubstituent. Thisshculd oaxr sixdlarlywithmdsl~fwhichalsogives 

vf?ryhighchhlindmtion. 

1 
2 
6 
3 
5 
4 
7 
8 
9 
10 
11 
I.2 
1' 
2' 
3' 
4' 
5' 
7' 
8' 
9' 
10' 
11' 
I.21 

+6.65 

-50.75 
0 
+1.05 

+7.175 
+5.95 
+l2.25 
+15.4 
+7 

+3.85 
+1.4 
+2.45 
+2.8 

+4.82 
+0.28 
+14.5 
-15.01 
+0.52 
+1.61 
+7.5 
+4.82 
+20.9 
+16.63 
+18.23 
+l5.54 
-1.146 
0 
+5.89 
-3.22 
+2.67 
+1.09 
+3.76 
4.82 
-2.15 
-1.61 
-2.15 
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lheactivitiee oftkeurqium (entries 7-8) aMneodymium (entries 5-6) saltsaremter 

tWmuseeofthelanthanrm (entries 34) kutthqrW all less reactivetbmtheusual mgnesim 

percfilarate.~the~~arisesfcntheuseOfthe~fl~8_dilretarates)cnxJn 

as NMR shift reagents (entries 9-14). Ihe~atalytica~tivity is stillbigh at roan tmpezatuxe 

(entries g-10), kut an significant degme of asymetric iniuction did occur. 

TheK4mizdels~anzi~a bebavedsimilarly. TheEGet inportant feature isthanatmeof 

tbechimlligard. Ihetriflw3xn&ibylliganSgave~ inductionthan the m-1 

aleeandinallcases, tbeligands derivedfmn(+)-cmpborarditsaeplexesledtomethyl 

mmklatewithan exrzas of the (s)-eInntiauar. 

Zhe~c~~d.larldresultfmmatenplateeffect~~bringsthemodel, 

subetrate~themetaltcgetberinaternarycanplex. Inthis,boththe substrateandmodel 

should be anplexed tbraqb the carknyls (23)(24). Thus a elaic assistance in the 

tmx.fer0fHtothecaiWmylgIuup0fthe substmteappearsmorelikelythanwithmagneeiun 

salts. lbeafommnti~tenxuyaeplex(l5) would imrolve the metal, the mcdel zlld the 

substrateinananangementwfierethep~sideof~~gmupfacesoneofthe~ 

equivalentH4hydmgensof#emodel~.Inmcdel_1, then-4hydmgensbeaxnaenantiokpicafter 

c~~@exation(aswbenmxiisasecciatedwiththe apoemym) and the asitric *on 

me III: Rekctim(a) Catalysed by Ianthanide Bmtes. 

ZEl 
catalysdb) Solvellt % Yield % e.e.(c) 

(t'c) (time/day (=fig.) 

1 J WW04)2(d) CHjcN (70) >98 (7 h) 

2 2a W(Q04)2(d) a3m (50) 84 (7 h) 

3 1 WF6ac=)3(e) a3a (70) 50 (5) 

4 3a W6=c) cH3cN (70) 16 

W,acac):(f) 

(2) 

5 -1 a3m (70) 6~ (6) 

6 2a Nd(F6acac) 

WfW3(45 

a3a (70) 69 (6) 

7 1 cH3cN (70) 90 (7) 

8 la a3cN (70) 39 (7) 

9 .l "2"12 (r.t.) 30 (9) 44 (S) 

10 2a CIi2C12 (r.t.) 28 (8) 55 (S) 

11 la a3QJ (70) >98 (3) 25 (s) 

l2 A CH2C12 (r.t.) 20 (20) 31 (S) 

13 la CH2C12 (r.t.) I.2 (14) 22 (S) 

14 la =13cN (70) 75 (6) 25 (s) 

(a) of methyl pbenylglyoxylate 5 in l/l ratio of model/substrate 
(b) 0.1 q. vs. both substrateandmdel,otbemisestated. 
(C) frau the uexinum report& value (9) for the optical rot&km of plre (S)-8 
[a+)+133.9 (c 1.0 95% ag.F,tq. 
(d) 1 eq. vs. substrateandmodel. 
(e) Tris-(1,1,1,5,5,5-hexafl uarcpentane_2,4~~~)lan#anum (21). 
(f) mis-(1,1,1,5,5,5- uorcpentane-2,4-dicmato)naodymim (22). 
fg) Tris-(6,6,7,7,E,8,8+eptafluoro-2,2-dim&yl-cotam- 3,5-dicmato)eu~pim 
(h) his-[3-(trifl u=W-(+) -we. 
(i) Tris-[3-(heptaflene)-(+) -z@mrato]eurcpium. 
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Attm@s to &&din &xblea@m&ricindu&imwith chiralmxlels~or~andPlt(tfc) 

gavanore&cthlreaction. mesizeoftharmhdels~y~thefan&tialof~ 

ternarycaopl=. 

Cbiral shift reagsnts lmebeen pmviamlyused auocaesfully in oxjanic synuleeis (27) 

(28). mY3elastreml~~,harerrer, thefimtexauples0foxgaoicx&ucti~catalyzedwiul 

this type of magents. We fimt sbarheretheeffediveness of tha a6ymatric mductim of 

pro&imlketcmeewiwithanewtypasofWAUimodelsofthe~ estezsseries~ the d&al 

partderivedfmua~. 

cbiml~Raiels~and~-~asreported- (6b)amlwwxskaEdrndernitmgen 
at 5'C. Hathy @enylglyoxylate 5, triflv qand2-acety1pyridine2areammhal. 
pmductaandwwxdistilledpriortouse. l.he~tertiaryal~sarecxrmpercially 
avaihble (meU@marhlate, l#mlyl2,2,2-trifluomeumol) orwarepmpamlbyomventiaml 
Lwiwztialmethods (29). NealpiInrl and lanurarua!B~tes~~bylcnownmethods(21) 
(22) - Armlyticalg-mdeaoztcnitrilewasdried bypercolatim~ W-200 basic almim 
(activity +I), ~bybubblirganitmgenstmmdur~a 2Omin. smicaticn sequexeand 
usedhmdmtel 

&duct&s wxe perfomed cm a2nmDlescalewitha l/l/lratioofn&el/s&etrate/Mg 
cataly6tora l/l/.lmtioofmdel/ substra~lrlca~~ memagent,thesllt6tatearxlthe 
&zlystweremighted ina~inactinicglass~askfittedwithaserumop;theflaskwas 
plrgedsevwxltim, filledwithnitrogenus*a vaamm1i.m. Acfhmitrile (2Oml) was then 

-bysyringe. 
Thereducti~w+aremnitoredbyGLfZcnaCarloEcba Fractcnrap 2150 aFparatus a#m&xd to 

a Bit MinigraFr integrator. mecpmatingcxxKution5~thef0llowirg(substrate, 
colum, cventeaperature, mtemal zhmdamlgiven): n&hyl#enyl~lyoxylate, Carbmax 20M 10% 2.5 
m, 180' C, nerolina; a-m*, c&loxax 2cM 10% 2.5m, 140-C, d&henylether; triflwro- 
B, SE 30 15% 2.5n1, l2O'C, w. Aftmthe~iateheatingtiine, 2mlof 
~wareintraducedandthanthereacticnmixturewasevaporatedtodryness.meresiduewas 
extm&edseverallwithether,the extmctsfiltemdandthe amcantmte~ifiedbyprepara- 

Wl-h~dgy~~)~~_~ a W20 a+.p 
mesured at xoaa witha~Elmr141polarimter; 

the e.e.'s are cdl&at& fmu the values givmlJor the optically pme m (9)(10) (11). 
Scme e.e.'s m determined m an AC-200 Emckerby FN4RintegraticnoftheS~ofthe 
diastereaneric esters of -1 mandelate with (S)-(+)a-mthxy&iif l@hanylacetic 
acid(~)aazomhgtmthe~ proceauregi=byI@ye= u-2). 
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