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Stereoselectivity in nucleophilic additions to the carbonyl group
of methyl 1,4,5-tris(trimethylsilyl)-3-dehydroquinate
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Summary — Methyl Lo-tris{trimethylsilyD-3-debvdrogquinate was svnthesized ina theeesstep procadore and condensed

with various nucleophiles { CHLCOOEL CHRS02Ph.

CHe C=CHL ) The disstercoselectivity of the reaction. leading

1o the creation of a new quaternary {or Tertiary) asstnnet vie carbion atom was examined, The preferential axial atiack o
the C=0 proup of the cvelohexanone svstom i diseussand, The deprotected products were evaluated as DHQase whibitors,

methyl 3-dehydroquinate / nucleaphilic addition / dinstereoselectivity

Résumé — Stéréusélectivité dans les additions nucléophiles sur le groupe carbouyle de 1,d.5-teis(trimdéthylsilyl)-

3-déhydroquinate de méthyle.

LA Teis{ iiméthy ks D-3-deéhvdroquinate de methyle a ofd synthitise en trois dapes
et comdense aver des nielcaphiles differents ( CHLCOORL CHL80,Ph. CHe C=0CHUH ) s di
reaction conduisant &t ereation $un atome de carbone asvinéreigue guaternaire {ou tertingre) a6

astertasclectivit® de I
& examinde. Lhttagpue

preferentielle axiale xur be growpement cetonigue OO di ey cle estodisentée, Les produits déprotdgés ont f1C tesids comme

inhibitenrs de e PHQase,

3-dehydroguinate de mdthyle / addition nuckdophile / dinstéreoséiectivite

Introduction

Asvunnettie idietons ocewrring b additions to clirad
aldehvdes and ketones bas heva ac topie of goeat anter-
et oabarine the fast decades '_| CoNanee the "i\l'\} ISR
whet Cram 22 proposed aontle to rationalize the stereo-
chetnistry of nueleaphilie additions tooneyelie chiral ears
Bonvh compends aand Danben @4 for the saimne reanctions
with evelohexanone deviviatives, many other contribue
tions atd explitntions 4] hove been proposed for these
plienomena, We can noticr especiadly the work of Anli
il Bisenstein el that towve rendered the interprita-
tion of the abdolisation restlts ased onady initio ealew-
Lations very papular, tn the case of the stercoclwemistry
of micleaphilie additions ta eveloliexamones aed velated
svstetns the st detaled experimentad stady lis been
Carrried ont b Cleplak 5 winbe computational stadies
were tnade by Honk Gal anud Beery (bl

t the vourse ol o <tiadies on chital pobvhivdres-
Toomoowe were anmterested s
~tate anadozues of bdebvdroguinate dehvediatase, an
vievte nnobeed e e shikimate poatfaeoy 00 e eat-
alvzes the thurd step ol thas proeess, e, the conversiot
of d-dehyvdrogquinge actd C3=DHG) to d-delivadroshikimic
avul CEDHSY The mechanisin that s alicady been
estabhishied (schine 13 108 ivalves Sehitt base tor-
Wt (with o lvsine meoiety of the enzvie) Daofare

viated componnds

Carrespotdeng e ad reprinns

vt ioselective deprotonation ad  Tivdroxy climin-
o, Compoinds possessiing anactive methylewe group
were syuthesized ns potentinl imhibitors, analognes of
thie carbinolamine intermedinte 1.

The purpose af the current study was to exanine e
dinsterentneind seleetivity of nueleophilie additions to
methyl L Stristtrimethy ity -d-delivdroguinnte el
o evalunte e inbibitory activity of the amlduets.

Results

synthesis of wcthyl LoiSebps i thlsilyl )
deliydroqueinate

[he svnthesis of the title compeontind was iehieved
by a theesstep proceloe ad a total yield of 220
(acherne 23 T Quitiie aeid wavs oxidized in the presence
of -t rie skl ot aned Sedehvdrogquinie ncids whicl weee
separated Dy anion exehinge volnnn, Fhee presenes
ol adelvdroguinge acid was detectel by the appein
anc e of an intemse red eolour when aliquots were adided
o salution of teiphenvliettazoliin chloride i A
NaOH. Methyl d-dehydroquinate was obtained from 1
sing Awberlite resin in methagol, along, with methyl
Sodehyebroshildutate (vield 2071 wnd methyl protoeat-
celiate [viekd 25000, Silvlation of 2 in the prosence of
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Noewboaplonlse addittons

LobS-risitrinpet hvlsily B=3=-delivdrogninate was allowed
tooreact with thee different neeloophilos of e type
ACHL A acliene 3 The condensarion produets wopne
~cparated by HPPLC chromatoprapliv asiug petrolein
erher/cthel acerare as oluens. Riastorevisomers 4da. Ba,
Sho Bacwere =eparated and chiaaneterizol while b was
eererczed o oAb (207 s ture. The svns
thesi= of these addiet wis crather complivated ol
b s e e \l('.H]H: ketome = lnsl\'l'lJ!u‘liull.ll aned can

adbineeliiduations nthe CEor U0 pasitions.

When evelobeione 3 was added o TS Ot
ETEE ~olimion of erbiel ihiocestate (1 equivi the cone
detantion produers were obtaiied o poor vielids
Bl i Anddttion of two iy of cuolate s iecessary
T fmprove the vield of vhe reaction, Uinder these ox-
prentmental conditions ouly one diastereoisomer wis ol -
tatmed tor even shotter reaetion thaes, The fneprease of
Vhe teac U oty temperid e | A0 O deads i od-
ciabe vieh s tomiarure (200 OF o useponabile di
astereosoriers alomes s <ot materil el deeras

NS

o

Retormatrsky rowetion cowditions wirth ethyl brotuoac-
otate in formaddelvde dinetllacetad as solvent we ob-
tained the desired condensation products s extremely
poor vields <0 10

Table L. Rewction of ethyd
mcthvl Sedebvdroguinate 3.

lithivacetate with protected

I Koetion L Ratio

Firetute Yold i7)
[t ihi et Ja + 4b Ja:4hb
—-Tx (181 1 15 > 991
R 2 2 41 SR
= | 2 e 49
HYl H 1 M st

Hl'lnlu‘ .i Wos .||~u

st derivin ive

allonwed to et with the g
ob methyl phemd sullome o dey
cthier bewgene solutions 1a prodoee exclnsively one di-
astercasower 2 poor to Faiddy good vields (table 1),
Reactious cartied out with the ithimn derivative lead
to the smue ongue diastereosoner at fow temperature
CoTROC) A toasepag able s ture (121 of both cog-
potitids when Hie reaction tetaperatire s inereased.
Froadhv, whenr oveioliexanwe 3 wis reacted with
propargy L magnesium biotadde in anhvdrous ether at

chationn prosduer ssenrialiv =il bated nnethiel oo i 1 C only one digstenasisomer was obtaamead (gad in
Indoinner o Ui perad oxa b AN IR Y R T T ea s vieht The reactovire abf the :’e’lt}'('l«v(|l|ili-|lr’ kit
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Table II. Reaction of the methvi pheny] sulfone carbanion
with protected methyl 3-dehivdrogquinate 3.

Metul Ti )  Reuction nrm Yoeld (40) Iatio
ik 5a--5h S5a:5h

Mg +20 20 il I
Alg +320 12 [15) > un:)
Li ~75 2.0 39 > 00:1
Li -~ G0 2.0 33 S3IT
Li -35 2.0 27 a2 ]‘\

function towards NaBH; reduction was also studied
(scheme ). When the reduction js carried out at low
temperature (~78 °C) only one diastereoisomer. Ta.
was obtained. Wlhen we operate at =20 °C or 0 °C
we obtained a 60:10 and 16:54 mixture of the two
diastercoisomers 7a atd b respectively. Compound Th
after SiMey deprotection was fround to be dentical fo
D-(-)-methyl quinate.

MeSi0  COOMe

Me,SI0  COOMe Ho” T OSiMe
> NaBH, OSiMe, \
o o +
fo) OSiMe, 85% ‘
H Me 510 COOMe
OSiMe;
3

OSiMe,

6SiMe;,
Th

Scheme 4

Inhibition tests

Compounds 4n, 5a and Ga were desifviatd by nsing
Amberlite TR120 vesiin in iethapol, viekling guantita-
tively compounds 8a. S and 100 No inhibition was
observed against DHQuse Tor composids $aaad 100
in their aciedie form obtained aftor trentment with (g
liver exterase,

stercochemical assignments: Discussion

Tloe stereochemistry of the new C8 ehirad centre was de-
termitied an the basis of (1) an experimential approach
thirough analvsis of vicinal proton proton coupling cou-
stants to detesimite preferential conformations i sole-
tion as well as on 0 NATR data mnd (b onan NOE
experiment to identily protos pars that are vlose toone
attotler.

Ul oo MHEz "H N spectea of compomnds i
db. 5a. 5b and Go were apalvsed by using irradiation
techmigues and 2D TH-COSY experimenrs. PO NMR
analvsis and carhon detormination was also colpleted
Iy beteronuelear 'H-C COSY experiments., Results
and dati collected are summarizand in tables T VL

Fin]

Table LIL ‘I NMR spoctroscapicad assizomoents for com-
pounds 4a, 4b.

Attmbatoonns

o} (M
Aa db Ja b
Ot 4.8 F 148 .f‘-u_.,.'uj T T
5 €102 112 Jiang b A T
Jren, 1.3 Hl
1T 11.3 11
OCHz 3.50 Kl
H, 3.61 g0 J“‘H.’ =T o1
CH,-C'O i 20010 iy A0 Jap [53.6 16.0
i 2018 ey LS
He., a1 1.79 NN :
1. 200 2.0 Ji, A
ey A
Jiow, Ly L
Hee 200 2021 Jug g, L1133
Jy o 4% 3.0
e ] .88 178 -ill,,_,li.,‘ 133 118
Jun- 113 118
CHy (B 1.22 .26 Jow o, 71w
SiNes

[IRS IR RV VN R HYRI]

Table IV, ' NMR spectroscopical assighments for eom-
ponnds 58, Bh.

:'““'f’l!i”(lll.\‘

& (ppm) J(4lz)
5a 5b sa b
Ll arem TS TG THH T.A0
H- 398 108 e, 8L
Jaam,,, | T T
TITI R AL
O, .7H 3.7
11, Lo 3t ‘l||l1|.’ 8.7 L
Oy SO, by A3l R Jans RN
e At IR M
“_u. Gk A4 JH:‘ Wiy 6.7 LS
Jugon,, b 1.1
.. Jn [ Jog o, HET LAY
.. 20 SN NI T L ML Y
E T T EPL I 1.
.f“m " ix A0
11 [.=40 [ N ITIOR T A K T BRY
TR IERERT
Side, U220 (202700 T
Table V.o 'HNAR spectroseopival nssigiments o come

pronml B,

Attribatinn & fppain) ENTIN
- 402 NTHIE LRl
Ju, 1o
RITRIIS 11.2
[RINE R A
Ha AG5 i Ll
iy {11 g 204 dan .7
ry A2 Jhong, 2R
(1IN 20 TSI 1
1. LA R T 144
g, M|
Jun [
Iy PR ./"“u, a.
I, 1.0 i i, 1.0
i, KK
.. [ BT 135
Ju o [
SiMey 02 018 010
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Table V1,

OONAH st oscopieal tssionnients for compotnds die b Anl 5b

7 B
RO COOMe

)
. R
¢ —U=0CN Ol _50:-\=> C=0 H
da 5a 5b Ga
] TIOT T 1E TR ™l
[ io2 .22 R 4 1211
[ TR TN N 3 TRR
[ ™00 w012 v TR0
[t BR G uRTI 6T .01
1K1 12,89 1o 1205
[ 174,37 17357 173,65
[ ERA] 3203 30T
' (IR} Gy AT
[ ST [BRRE 13492 =ONT
e 208 12908 TS
[ 127 i 1ATAT
oy 115 10 L1260
(

TN Mo L6 OST 007 1IN (Les 7Y

AU theee wagor diastoreoisomers da, ha. Ba have
close values uf vielnal Yy g and Uy contpling coni-
stantes For tlie substituted evelolesane rag (tables [11
Viiudicating that thev possess very shinilr prelorens il
conformations in solition, The ~atme bebavions is also
sheersedd for the two minor divstersoisomers Al 5.
Analosons trewls e alsa obsorved for e O NI
~pectra ftahle VY,

Lithe case of tonjor dinstorcisnnmers a, B, i,
b vabes ol viapal conpling constats g Hy M-
e He Heo vdy e =0 ~00 S0 Hy aud g i". .
L2 LT ey were observed. While the deterit jon
of i conformngion ased on the vidies of e coupling
vonstasts can he liited be the extent of intecnad -
Cotaudor exteisive averonsing of viions conforge
}mlm].lllilllﬁ. the values obtained ndicate the the -
lar conforiers shoub aye Hyo B L, protons axe
G pacudiastal ) This kind of proton disposition i
six-nemberod tngs withy bieee Jilundea) Ahgles T IN1 7
oedated throneh Kaeplusavpe cquatons to conpling
Foenstants hetween X0 Hy while the disposition b
Pweetasiab egquatorial aanl cguatoriad vyatidial i
tolos Beadds tor viidues i e Voo ol S .\Ilinllu_ the
posssihle startine gootmeties . three can by geamonabils

cetaesh el corfrmanion whoere the 01 corheon

e ot s cgquatont oatd teo taeist el Vol ot
Pt tne U0 O e O O aclieie

Phe e prodsore Sy B present oy o L
salue of conpling con~rant TS
Al et vadnes e el Atnone the punnher or 1w ist
s b i be presert s solution. he HISRHEIITE
ot emes shonkd Tave Ha Ho protons axiad jonr peeae
deaaabr and o diledrd anele e He ina s oo
Patizes Nnos ackdiners by b caubl dso e oty ibared
Soremnpontds where O D epimerisation fos ovconred

Loxt 000 183

s He o owlule

[T B T I B T T R |

A
MBOOC L/O&Me3
‘ N 5 Mey

Mo, 50O 7 \'

H,
A
L all

He ;o QS

o OH

|
Me S0

sSchewe 5

Nevest el e cxpetieental wets are st this
bvpot Tesis s Fist wnder optining expernnental condye
footts dnd o the condersations examminme], we ol gt
the twncadducrs abone widh tie s e st oo
poud 3 and alvbeed neethivn Sodekvdnoshikimate N
Chepemensationc i these ketonn cotapotinds has eve
Pevn chmeived second as v hawe adieandy repuortd T
the teactian of compound 3 with FroN (CHLULL room
temprerature. 1S H cave guanvitatively sdviloted methy |
Sdelivdrostukinrare . Again no epaerisation on Ci was
observeds Finallv, the order of addition of meagents
which wis exanined i the caae of wethivl phenyl sul-
Lane s not alter thees vield of tee reeaction o e hisal
vatioo of the wdducts, Epunerisation on the et alloted



addduets Gatrer addition of The wucleophiled is carher im-
probable, taking into accont the nature of the silvlosy
eroup which i= not easibe metallated or solvited 12

Configuration of the O3 goetcinary contn

The nuclear Overhauser efoct (NOE) s an oxperitiens
tal ool for stereochenical assigmuent L4 NOE ox-
periment= were performed on the three major addition
adducts da. Sa. Ga. They showed o slight effect, for
compounds Ba. 6a. between tie Ivdrogen atom of the
C3 hadroxy gronp formed durving the condvnsation re-
action and the methyl gronp of the C1 carboxylate,
This indicates that in o conformational equilibviin the
two aforementioned groups are e on the evelobes-
ane ring. According to this Hading the twist confor.
mation C1 Cd {scheme 5.0 allT) must he the preter-
ential one among the three possible ones cited hetore.
Nov sich effect was observad for compound Ja. proba-
Ll elue to either predominant clwir conforiation or te
hvdrogen bowd toriation between the hvdroxy group
el the othyv carboxvlate as shown by IR spectroscopy
(Con = LT e,

A nmuber of indications oo VCONME data e
Aso relevanr for the G4 cachan comfizuration, bt is
koowvir that componds assigoed with asial havdroxy
gtontps on eveloboxane vivues extubar the carbon sggals
e OO NME spectra at higher fiekds 1‘nllltinl‘t'll to the
equatorial vdeaxy ones 13 The large & DC difference
of elicntical =t Betwern the cachinol carbon wtom €3
ol the disstereasomers a/b (A8 297 and 2857 ppand
tedicates afe vgpiatoninl dor prendocpratorial} pesition
of the hviiosy 2ronps fop e By foonsonqient v thn
campouds Vhe chilferenves adsao uhaepved fop the €
carhot atom (A < 40 LEY prom i conjnnetion wih
the B OV TH NME vonpling constants of the dilleren
Aasterenisaners are also eelevant tor the cgnatoral (o
|h~|'||~!n m!ullulllli LR RS I TR | v| far1 |J—w1‘||‘l‘l‘-l\|‘||) 1\|\ 1
tisn of the CF OSiNey cronp o the neor diastereo-
isotners, Differences o the C% carbog atane are ton
sl e be siwmbhioant

Taking inter acconnt The above olervations of the
diastenvisners o and Bowe van assipe that the nna
P componnds e S Baacee oo the same aviad
diantegeofaral g \;|l|u|l|" atlack vonlberring o O3 (.

Cod e s and OS] comlinnatiom tespesc ively,

Woo prostudate thiat the aclectivay of the teartion at
TaooU van e ve=dlt o which
Bnated i despadaton prodagrs:

pebained s e Kinetu
;):nm-r;'-w Pl trep Vel y
o bt o thee fempegatiiie ab the peacton 'lll|
wot phos o wspeertant ke o aleteninng: th atere
Gchernal ostteme cven i He chemicad Vivieb caii B
Al teet Nostree b thoet differone an cse o it ie
ob the napdeophide whichocan vy b o delaeabized
et adl ced speries e \]l-l]’,')"'llﬂ-|I|n""l Foveliaede ol
Bt affeor the diasterestaad proefereare which always
appitars toteadt frons ancaxial attacleon e carbonyl

Fhewc tiesedts con b ranionabized i tevis ol stepen-
chectionie sontool rang he frantier orhital model LD
Froon "H NAR confirmotienal analv=is of compond 3.
fhee Larze values of vieinal vconpling cotstanes B He

1

My and the existences of the Yoo conpling cons
stant (table VTN are in agreement with theee muain ge-
amnetries (seheme B where thoe eliade conlonnation is the
Mioare statne o

Table VIL "1 NMR andvsis of evelohexanone 33,

Attvthution & ippm] 2

I 3,08 H- . 50

I1- 3NN oG LN
e T, [

OUTT AT

.. 276 bia, 1. 1-1.4)

il o0 1., 1O
He . a0

il 27 L, H- a5
ey i 110

I 202 He, 114 S0
e B, A
He. Ha (R

SiMey 0T 0.0

X

Schome 8

Acvvrding tostrcies by ety (] o the salstlonred
evi lohexnnone ning systenes Hie asinlattale s prefered
Vcrusre oo 1u'l|(‘|‘ ll\'l‘llilll 1ll't\§l'l‘ll 1|1|‘ “():\“) ul the
ancleophile nnd she (a* Co0] LUNCE of e exvelohies.
avgone seopent . He eleat ]y demionst Pated], Ty g il ind-
tio ity ciemival methods, the non-egnivadenl i
Db of The LU o e tw fieess of Phe ciglony]
gronp, the Jarger one Lweing, i 1he axial witle rather
tha ot Ve egquatorinl, Axial profereme i vuluniesd
aconrding to MO theory when oleet potewlt helbnw g
or eler b omegative gronps are present of the Ce ferin
rtaly position ol the evelabusinone iy The e
i b the equatorind CLearhoxvlate el €7 (OSE y)
srobps it the mere stable chaie condai i ol el
Leaatione 4 el i oan i teaee of asial ntback on the
varbonvh Thie ot ko tesnperstnse, when firhivne oo
Psaisonie e tes are vsed, noomiiar dinstejeoioner in
ubmervixd

Our ol 2o e Been explained hy e theoret.
ieal approacdy developed by Anhet al HT coneerndng,
e s Jeopdndie adidicion o exelbiersimones. Mibopene
|m,-|-|| (he tHatvem yale the seleerviey ol [RITRRILH lvo-
phitie addition wis fomml 1o B e e bt tocthe capaee



t el the v leTesciene tine toaedopt e arrened po-
white b loacs oy fnerensing, axind attack on the
ol Lo G T order ta peduee the stert
; corecdec ot he piesenee o the sl OGS e
cronp. o Hatrened confauration of the exelohexanone
canp be adopted. A preterential attack on the Re faee
of the varhonyl s then expected 1o Jead 1o the wagor
adduets da-6a.

AMualteruative pationale 1o explain the observed
diastercoseleativity of the nocleophilic additions on
the cvelaliesione 3 s based on the Cuplak’™s model
S Aceording o this model aned considering only
lie wore stable ehair conformation. the transition state
aristng, froms axdal arreck of the ecarbonyl s stalalized
by the dnreraction of the incipient bond with the ==
antihonling orbitals of the axial €2 aud C1 carbon hyv-
drocen bonds. T faet, boecanse of the areater electron-
Sonating power of e bonds (18] versis Geo e hotds,
the axinl pproaeln is facilitated. Thee preferenee for the
carel rraek ey also be enbaneed by the presence of
eloctrenezative op eloetron-witlilrowing gronps A 1o the
covheonel grenp idependentiv, be thes axdal or cgpira-
rial.

R

[ecrvamn the temiperature of the teaction when
st O boseeerate s o-lithiosulfons deriviive, allows
The dornation of the winor dizsterecisomes: this e
e o petroaddolisation aned eqgnilibration betwoon
e dbestereolsomers, Minor clionges with tewperatie
v e evelalsimone contormeational equilibiam can
alws rednee the contribution of axial artiack o fiwvour
of the cquatarial upe, A more signiticant change with
remperatire in the diastercoisomeric ratio ts abserved
wthe wedietion with NaBH L Vhe fncrease of The extent
cithe aninor ey diving the vediction el
tocot et yncfeapliiles mizhe resude (o the dilferenees
ab stere Binsdhance hetwecn the teoming ancleopdiiles

CHLN aad 1

Cunelasion

W hve deseribed addicion reactions o netallated
pucteapliles with fullv protectod vl Sadedidin.
quisabes Despite e rather sonsitive stenetuoe of e
stactiey compomd s esperimental conditions have been
propostd which allow the speciite synthesis of terrade
Bt U8 e i 3% 600 vieb s, Phiose vomgrougids o
nat consttute sood mines for the carbinobstine inter-
el te post i bted v b Bopnued ot e it ive site of te
P30 D he absiee oF the ¢ athouyl wraup on C3L o
Phesterie constoadnts hetwern Lo e tive site it s
preseet e the vicinty of the C8 el atoag and he
it temhed ronps o e addition addmt can be res
~tertisthle ton then melectiveness, Ul strae e assien.
teent ob the bt was obtaied o YR apedy ais
Phe e doe din demeosomuer s fortue 16 e the B tae
ek o e caabontt atemp Uhe g ity can be e
derstood o terms of stereocleet rou :
Rt With pievioaus esnlis

cotittul dn agree

xperimental section

N TR et e e i [erkeer ACT 200 aind

e RYATART IR TR AR Sl v tesandbed

132 A e Chemival =hilts are given in ppm (¢) relative
to tetromethylsilivie. TR spectra were determined with
Perkin-Elmer 783 or 833 spectrometer. Optical rotation was
measred ona Perkin-Flmer T polarimeter. while tiass
sprcira woere perfoomed on a Nermmag BLO-10 apparatus.
Melting pomts were taken with a Kofler hot stage. HPLC
wis perfonmed on a Jobin-Yvon apparatus using a0 6-33 u
Anneon sifica, Al solvents were distilled before usc.

Enzyinate tesis

3-Prehydroquinase has been purified from an overproducing
strain of Excherichia Colr in the laboratory of Prof Coggins
19 Compounds were tested aceording (o the following
SRZYIAtIe SeQUenee:
5o L H e

SHCiran- . .
ST LHS ST chikimic acid ~ NADP
NADFR

A~ DHQ

The asav contains 630 (or 640} pl. K,CO buffer solution
(pH = #3531 200 ul 3-dehvdrashikimate (10 mM selution in
H:02), 50wl 3-debydroquinate (HY ) solution in H:0).
F00 ul. NADPH (1 mM selution in H2O%. 10 ul, {or 5 ul,)
debvdraquinase {Tanit ‘mil, salutiony and 10 ul. (or 5 ul.)
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