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Abstrad Conformahons of M m solutzon (NMR, IR) and m the sobd state (X-my) are 
ars, from X-ray data, that the usually tnvoqued R- IT 

in solution of the major drastereomer obtamed, 
of &I and it IS postulate that the aJymmetnc induction obtamed mrght be due to 
formahon of a bndged species 

E&W& Les con 0mUhOn.v de 4aI en solution (MN, IR) et d l’&t soha% (rayon-X) sont 
f semblables, de p us 11 apparalt que l’mteractron &xtmmque R-R g~n&alement envtsa ie 

n’est pas responsable de la conformatwn CLF La COnformUhOn du duWt!n?om re f 
ma)ontaue &I est semblable d celle a2 bat une esp&e pontke est propost!e pour expbquer 
l’mductwn asymktnque obtenue 

Much attention has been devoted to Corey’s 8-phenylmenthol (1) as a powerful1 inducer of chlrahty 

m Duels-Alder reactlons (1,2) and cuprate addltlons (3) on the correspondmg acrylates, or m Grlgnard 

addlton to (4) and ene reactlon of (5) the correspondmg a-carbonyl esters I-1” 

1 R=H, 1’ R=Me, p R=Ph 

The high levels of asymmetrx mductlon usually obtamed upon additions to a-carbonyl esters have 

been attributed to a through space K II mteractlon, but only m compound 1 (R=H) has a substantial 

HOMO-LUMO mteractlon been detected usmg fluorescence quantum yield studies (6) This HOMO- 

LUMO mteractlon IS due to the CIS orlentatlon of the carbonyls and to the CIS orlentatlon of the phenyl 

rmg wrth respect to the cham m the transltlon state (6). Such through-space IT. II overlap had already been 

invoked to explain unusually high asymmetrx mductlon (2,7) 
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We want to report here our results concemmg the structure of the major dmstereomer a obtamed 

upon condensation of 1-mtro-3-methylbutane with (-)-&phenylmenthyl glyoxylate hydrate & (8), Scheme 

1, and our conclusion about the orlgm of the observed asymmetrIc mductlon. 

CHCOH), f & 

Ph% 

+ 3aII + 3aIII + 3aIV 
a 2: 

OH 

2a 
major 3aI 

OH 

1 kc 

bal 2-L 4aI 

a) 1-Nltro-3-methylbutane / KF (12 eq ) / THF / 0 ‘C i72 hrs 

b) Et3Sl Trdlate / NEt3 / CH2Cl2 / 0 ’ C / 5-10 mn. c) Purlflcatlon 

d) Ni-Raney / EtOH / 40 atm H2 / 50 ‘C / 16 hrs e) MAF / MeOH / rt ’ (9) 

We have shown (8,lO) that addltlon of 1-mtro-3-methylbutane on the a-carbonyl ester hydrate p 1s an 

equilibrated reactlon and that the closer one get to the equlhbrmm (large amount of KF, long reactron 

time) the larger IS the population m dlastereomer w Therefore one can speak m terms of products 

stability and relate the orlgm of the asymmetric mductlon to the orlgrn of the stability of &I 

Crvstal structure of 6aI 

Compound & was obtained as a mixture (~~a11/3aIIl/~ = 77/13/10/O) (8,10), purification 

without eplmerlzatlon was only possible after protection and lead to pure dlastereomer & which was then 

transformed (without eplmerlzatlon) into compound 6aI 

The ammo hydroxy ester &I bemg crystalline has been studied by X-ray crystallography 

The structure of a, Figure 1, shows that 

- the absolute conflguratlon IS 2S,3R 

- the phenyl rmg IS in a CIS conformatlon with respect to the cham 

A slmdar CIS conformation has already been found m compounds 2 (ll), but no detarled analysis of 

this X-ray structure was given which hmlts Its use to the observation concernmg only the CIS posltlon of the 

phenyl rmg (12) 
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Fqre 1 o&s Ortep plot of one molecule of &II EL% 
to enclose 50% of the eiectromc density and hy dE gen atoms are omited 

A detailed analysis of the X-ray data m our case shows that carbon Cl IS 3.5A distant from carbon 

C12’, Table 1, and situated as drawn on Figure 2 with an offset of 136A and a hvst angle of 40 D between 

the rc-orbital axis These values mdlcate that there is no reasonable overlap between the Cl and C12’ rt- 

lobes and, therefore, that there is no significant l’t.K* interaction. 

However the geometry observed IS consistent with the recently proposed mode1 of Hunter and 

Sanders (13) and suggests that a 6 rt attractive mteractlon is present In this model, which explains the 

basic mechanisms of the known strong attractive interaction between aromatlc t’t-systems, It 1s shown that 

the geometries are controlled by electrostatic Q I-C interactions while the major energetic contribution 

comes from van der Waals mteractlons 

Therefore, it must be pointed out that the electromc Tc R* mteractlon usually mvoqued to explain the 

high levels of asymmetric induction obtamed with type L compounds (see above) IS probably not 

responsable of the effect, which IS not surprizmg as charge-tranfer interactions have been shown to be 

important only m the excited state (13) 

Dble 1. Some characterlstlc angles and distances between non-bonded atoms 

I c11’-clz’-c1 = 90 3 * 
Cl C14’-C12’-Cl= 112 8’ 

CL?-Cl = 3.506 A 

I 

C14’-C12’-C1/C12’-C1-02 = 17 6’ 
02 

c12’-Cl-02 = 120 - 

03-02 = 2 71 A :3&-$1=,3$ i 
N-03 =3.07A - = N-02>35A 
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Table Bond Distances In Angstroms 

btoa 1 Atae 2 Distance Mea 1 Atoa 2 Distance 
ID1Z ====i ==D===ES ====== f-_2Zf =-_=5=1 

01 Cl 1.330(4) cs c7 1.503(7) 

01 Cl’ 1.497(4) Cl’ CL?’ 1.532(5) 

Cl 02 1.197(4) Cl’ Cb’ l.%(5) 

Cl c2 1.542(S) C2’ C3’ 1.563(S) 

ca 03 1.427(4) C2’ ClO’ 1.568(5) 

ca c3 1.53w) C3’ C4’ 1.48785) 

C3 N 1.469(5) C4’ C5’ 1.531(5) 

c3 c4 1.543(J) CS’ C6’ 1.52415) 

c4 C5 l-525(6) C5’ C7’ 1.510(61 

C5 C6 1.5%6) C8’ ClO’ 1.562(5) 

Atoe 1 Atoa 2 Distance 
iES¶zZ SXZL --_x-_ 

C9’ ClO’ 1.548(6) 

ClO’ Cll’ 1.533(5) 

Cll’ C12’ 1.39315) 

Cll’ Clb’ 1.398(6) 

C12’ C13’ 1.389(6) 

C13’ C14’ 1.352151(6) 

C14’ C15’ 1.404(6) 

C15’ C16’ 1.357(6) 

Numbrs in pmtkes are rrtmted in the least sqnifwnt 

2& Bond Angles 

he 1 Atar2 Mm3 lhgle 
=:5= =zz8z= ~~ :EE= 

Cl 01 Cl’ 115.8(2) 

01 Cl 02 124.4(3) 

01 Cl c2 111.6(3) 

02 Cl c2 124.0(3) 

Cl ca 03 10&O(3) 

Cl ca c3 113.2(3) 

03 ca c3 llOS(3) 

C2 C3 N 116.0(3) 

ca c3 c4 108.8(3) 

N c3 c4 109.7(3) 

c3 c4 c5 114.313) 

C4 C5 C6 109.4(4) 

c4 c5 c7 113.3(4) 

C6 C5 C7 112.1(4) 
________________ 

Mm 1 Mm 2 Atm 3 bgle 
S?zzaS zaer= ====== -_=Ez 

01 Cl’ C2’ l&.3(3) 

01 Cl’ C6’ l&4(2) 

C2’ Cl’ C6’ 113.1(3) 

Cl’ C2’ C3’ 105.1(3) 

Cl’ C2’ ClO’ 114.8(3) 

C3’ C2’ ClO’ 112.7(3) 

C2’ C3’ C4’ 112.9(3) 

C3’ C4’ C5’ 113.5(3) 

C4’ CS’ C6’ 107.8(3) 

C4’ C5’ C7’ 111.6(3) 

C6’ C5’ C7’ 111.8(3) 

Cl’ C6’ C5’ 109.9(3) 

C2’ ClO’ CE’ 109.5(3) 

C2’ ClO’ C9’ 110.2(3) 

bt0a 1 ltm 2 ntm 3 Anqle 
E-_-L =izz z===za -_3== 

C2’ ClO’ Cll’ 111.5(3) 

C6’ ClO’ C9’ 105.6(3) 

CB’ ClO’ Cll’ 107.0(3) 

C9’ ClO’ Cll’ 112.6(3) 

ClO’ Cll’ C12’ 124.2(33 

ClO’ Cll’ Clb’ 120.2(3) 

C12’ Cll’ C16’ 115.6(3) 

Cll’ C12’ C13’ 122.0(4) 

C12’ C13’ C14’ 120.7(4) 

C13’ C14’ C15’ 118.8(4) 

C14’ C15’ Clb’ 120.0(41 

Cll’ C16’ C15’ 122.9(4, 

Nuabers in parentheses are estwated standard deviations m the Ieast significant dlglts. 
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B~uI&. ~0 = orthogonal projectron of 02 (smated m Qi plane) on r-plane 

Clr-Cl-x0 = 1212’ and Cl-x0 = 105A are calculated using the data of Table 1 

Table 3 Some dihedral angles 

C3’-C2’-ClO’-Cll’ = -163 7(4)’ Cl-C2-C3-N = -52 3(5) ’ 

C2’-ClO’-Cll’-C12’ = -112.3(5)’ Cl-C2-C3-C4 = -176 4(4) ’ 

c2’-c1’-01-c1 = +151 O(4) - 03-C2-C3-N = +69 O(5) - 
c1’-01-c1-c2 = +174 4(3) * C2-C3-C4-C5 = -168 l(4)’ 

02-Cl-C2-03 = +215(6) ’ 

Another Important feature of this structure IS the folding of the chain probably due to a strong 

02-HO3 H-bond (02-03 = 2 71$ which brmgs H2 and H3 above the phenyl rmg and more or less m the 

shleldmg cone of the ring 

All bond distances and bond angles found are m the normal range as shown on Table 2 Important 

dihedral angles are given on Table 3 
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Some ‘H RMN data of compounds daI, and M in solution (CDCl3) are given on table 4 

Table 4: Chemical shifts and couphng constants of H2 and H3 

H2 

(ppm) 
J2,3 H3 J3,4 
(Hz) @pm) (Hz) 

2.98 22 265 7and22 

(-114)a (-0 5)a 

305 35 422 85and55 

(-13)b (-0 63)b 

a) 6Q-W m a - 6(Hn) m 4bI. b) 6(Hn) In M - 6(Hn) m 381 

It apprears that m compound m protons H2 and H3 are respectively shlelded by 1 14 and 0 5ppm 

compared to the same protons m the menthyl derlvatlve f&l which IS consistent with a CIS relatlonshlp 

between the phenyl ring and the OCO-CH(OH)-CH(NH2)-IBU cham 

It is noteworthy that the value of the dihedral angle, 8=55 ‘+, 2’ (14), determmed from the 2 2Hz H2- 

H3 couplmg constant and the Karplus-Conroy curve, IS similar to the dihedral angle found m the sohd 

state, 8=52 D (Table 3) TIM angle IS comptatlble but with a weak H-bond between NH2 and OH 

On the other hand, because of an OH-O=C H-bond, which can also be postulated to be present m 

solution (on the basis of IR data YOH =3400cm-1, slightly broadened), the dihedral angle 02-Cl-C2-03 

should not change much from the solid state to the solution 

Therefore we can conclude that there would be but mmor changes m the conformatwn of the O-CO-CH(OH)- 

CH(NH$-rBu chum from the sobd state to the so&on 
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Future 4 

As compound w has been transformed into compound &I m three steps wlthout possible 

eplmensatlon, configuratIon of compound u IS also (2S,3R) 

One notices that m compound &$ protons H2 and H3 are also shielded by 13 and 0 63ppm 

respectively compared to the same protons m the menthyl derlvatwe m which mdlcates that, as m 

compound a the phenyl ring must be in a CIS position with respect to the chain. 

On the other end, the H2-H3 couplmg constant, 3 SHz, leads (from the Karplus-Conroy curve) to an 

average 03-0C3-N dihedral angle of about 49 * ,+ 2 * slmllar (14) to that found m compound &I (52 Y 2 ’ ) 

Therefor, taking also mto account a OH-O=C H-bond already mvoked for && one can conclude that, 
wa solutwn, COnformahOn A of (2S,3R)-&LI IS sunllar to the conformahon of (2S,3R)-&L 

On exammatlon of molecular models one can notlce that a “bifurcate” (15) asymmetric three-centre 

hydrogen bonding might be possible (& Figure 4) which would probably partlclpates to the stabdlty of the 

conformation 

From comparison of X-ray structure with NMR data (and some IR data) it can be postulated that 

there are but minor changes m the conformatlon of compound &I from the solid state to the solution 

It comes out also that the conformatlon (A) of the major and more stable Isomer obtained, 

(2S,3R)w 1s slmdar to that of (2S,3R)&I and 1s caracterlzed by 

- a CIS posItIon of the phenyl rmg with respect to the cham, 

- a dihedral angle 03-C2-C3-N of about 50 * (J2,3=3 5Hz), 

- a dihedral angle 02-Cl-C2-03 close to 20’ (OH-O=C H-bond) 

These results remforce the hypothesis (8) that KF, when used m large excess and m aprotlc solvent 

can easdy form, from conformation A, the bridged species B (16), Figure 4, causing an extra stabdlsatlon 

of the already-more-stable conformer A and an Increase of the asymmetric induction 

We can therefore postulate that the asymmetnc mduchon obtamed m thrcr mtm aldo1 addrtwn 1s very 

probably due to the formation of the bndged specres B 
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Table PosItronal Parameters and their E S D 

Atom 
____ 

01 

Cl 

02 

c2 

03 

c3 

N 

c4 

C5 

C6 

Cl 

Cl' 

C2' 

C3' 

C4' 

CS' 

C6' 

Cl' 

C8' 

C9' 

ClO' 

Cll' 

C12' 

C13' 

C14' 

C15' 

C16' 

x 

0 8261(2) 

0 8208(3) 

0 7577(3) 

0 9078(4) 

0 8799(2) 

0 9371(4) 

0 8557(3) 

1 0198(4) 

1 0708(4) 

1 1345(S) 

1 1295(5) 

0 7398(3) 

0 7810(4) 

0 6868(4) 

0 6078(4) 

0 5730(4) 

0 6641(3) 

0 4939(4) 

0 8797(4) 

0 8288(4) 

0 8637(4) 

0 9639(4) 

1 0097(4) 

1 lOll(4) 

1 1497(4) 

1 1058(4) 

1 0163(4) 

Y 

0 1135(l) 

0 0801(2) 

0 0785(l) 

0 0444(2) 

0 0020(l) 

0 0328(2) 

0 0174(l) 

-0 0055(2) 

-0 0131(2) 

-0 0581(2) 

0 0295(3) 

0 1472(2) 

0 1943(2) 

0 2275(2) 

0 2049(2) 

0 1566(2) 

0 1244(2) 

0 1347(2) 

0 2708(2) 

0 2209(2) 

0 2180(2) 

0 1924(2) 

0 1662(2) 

0 1440(2) 

0 1473(2) 

0 1736(2) 

0 1950(2) 

z B (A*) 
-____ 

2 72(7) 

2 37(9) 

3 62(7) 

2 7(l) 

3 0417) 

3 l(l) 

2 77(E) 

3 7(l) 

4 l(l) 

5.6(2) 

6 l(2) 

2 6(l) 

2*9(l) 

3 8(l) 

3 6(l) 

3 4(l) 

3 4(l) 

4 8(l) 

3 9(l) 

4 O(1) 

2 6(l) 

2 9(l) 

3 6(l) 

3 7(l) 

4 2(l) 

3 9(l) 

3 9(l) 

Anisotropxally refined atoms are given in the form of 
isotropic equivalent displacement parameter defined as 
/4/3) [a2B(l,l)+b2B(2,2)+c28(3,3)+ab(cos gamma)A(l,2) 
+ac(cos beta)B(l,3)+bc(cos alpha)0(2,3)1 

the 
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It must also be pomted out that the usually mvoqued R R* electronic interactton (2,6,7) 1s probably 

not responsable of the cts conformatton nor of the high levels of asymmetrrc mductron obtamed m type 1 

compounds However to explam the behavtor of such compounds, one can envisage Hunter and Sanders’ 

model which IS based on a classrcal aromatrc IX.TC attraction mainly due to bt’t electrostatic mteractton and 

van der Waals interactron 

Suitable single crystal of &I were obtained b slow eva oration of soluttons at room temperature A 
systemattc search m rem 

1 
rocal space using a r 1 Pht ups PWll O/16 automatic dtffractometer showed that 

crystals of &tJ belong to t e orthorhombtc system 
The umt-cell dtmensrons and thetr standard devtatrons were obtamed and refined at 

-lOC’C wrth CuKci radtatron (A =15418 A> by using 25 carefully selected reflecttons and the standard 
are Fmal results C 

;l$!f&sj$w&4 d 
H 

lc=1.108gcm2jfr=%4083cffl. 
NO , mpl wt =370 52, a=13 428(4), b=28 023(6), c=5 900(2) & 

A single c&&? of 0 28 *0 24 *0 20 mm 
, F000=804, space 

f 
roup=P2 2 2 

was cut out from a c ’ ltds and glued at the end 
of a lass wue mounted on a rotatron-free 

uster of cays 

100 -8 achieved with a local-bum gas d 
omometer head All quantttatrve data were obtained at - 
ow device on the same dtffractometer usmg graphrte 

monochromated radratton The verttcal and horrzontal apertures m front of the scmttllatron counter were 
adiusted so as to mmrmizc the background counts wtthdut loss of net peak mtenstty at the 26 level The 
total scan width m the e/2@ flym ste -scan 
0 05 deg and a scan speed of d 028 degsmfl 

ode used was Au’=0 9 + 0 lots(e) wtth a ste -width of 
1501 +h+k+l reflecttons were recorded ( 8 

resultmg data-set was transfered to a VAX computer and for all subse 
+52’) The 

SDP/VAX oackage (17) was used wtth the exceotron of a local data re 1 
uent calculatrons the Enraf-Nonms 
uctron nroeram 

Three stand&d reflecttons measured eveh hour durmg the entue data ioll&tron pertod showed no 
stgmftcant trend 

The raw step-scan data were converted to mtensutes usmg the Lehmann-Larson (18) method and 
then corrected for Lorentz and polartsatton factors A umque data set of 1384 reflections havmg 1>3s(I) 
was used to determine and refine the structure 

The structure was solved usme MULTAN (19) After refinement of the heaw atoms. a drfference- 
Fourrer map revealed maxrmas of r&duals electro& dens@ close to the posmons expected for hydro en 
atoms, they were mtroduced m structure factor calculattons b 
and tsotoptc temperature factors such as B(H)=1 3Beqv(C 

err computed coordmates (C-H=0 95 % ) 
but not refined The NH2 and OH 

hydrogen atoms were not Introduced The absolute conflguratron was determmed by corn ar 
z$-z refinement3 Full least-squares refinement converfd to R(F)=0 065 and Rw(F)=O 09#)(~~l@ and - 

unts + (PI) ) The unit-werght observatton was 1 8 for p=O 08 A final dtfference map revealed no 
agn%cant maxima The scattermg factor coeffrcrents and anomalous drspertron coeffrcrents come from 
ref 20 

Table 5 lrsts the atomtc coordmates of all non-hydrogen atoms 
All protons NMR spectra were recorded on 200 MHz Bruker, WP 200 SY and AC 200, m CDCl3 

and refered to TMS 

Supplementary material Table SI Posmonal Parameters and theu ES D, Table SII Tern erature 

and calculated structure factors amphtudes (* 10) t%r all observed reflecttons (11 pages) 
factors for amsotroplc atoms, Table SIII Hydro en atoms posuronal parameters, Table SIV 8 bserved 
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