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Susmary: The reacttvity of lithiated chiral Schiff bases 2 with carbonyl compounds (s
studted. They do not react with ketones but with aldehydes good chemical ylelds are
obtatned tn the presence Jf cosolvents. On the other hand, the reactfon with unsaturated
carbonyl compounds (ethylentc, acetylentc, allentc) (s very raptd and affords a variety of
amino esters with good chemical and optical pytelds. Wi{th the lactone 7, prepared Dby
cyclisatton of the ester of glycine with 2-hydroxy S-ptnanone, the first results obtafned
with alkyl haltdes, aldehydes and eportde show ezcellent stereoselectivity and good
chemtcal ytelds.

INTROODUCTION

The wide spectrum of the applications of amino acids and the economic impact of such
products has led to the developsent of a variety of procedures for their extraction froa
natural sources and for their cheamical synthesis!. Most aminoacids are biologically active
in one enantiomeric form, therefore the difficult task for the organic chesist is to
synthesize enantioserically pure compounds. Several methods are now available for the
preparation of asino acids of high enantioseric purity using esyssetric hydrogenation?,
chiral enolates}, electrophilic glycinates' and asymmetric amination$.

Because of our interest in the synthesis of a great variety of optically pure amino
acids we have developed methods which permit the easy access to such products.

Two strategies have been explored : modification of enantiomerically pure C-amino
acids derfivatives without loss of the optical purity or creation of the asymmetric centre
and formation of one C-C bond to the o-carbon. Thus a general method® of synthesis of O
amino esters was elaborated by reaction of organocuprates with tosyl and halogeno
derivatives of L-serine and L-homoserine. We’ have also prepared optically pure proline
derivatives using the Hofmann-loeffler-Freytag reaction carried out by irrediation of N-
chloro L-amino acids {n sulphuric scid.

Next we have developed a general and efficient wsethod by diastereoselective
alkylation of chiral Schiff bases. YAMADA' described the asymsetric synthesis of four
monosubstituted D-o-aminoacid derivatives (66%<ee<83%) by alkylation of the Schiff base
prepared from the glycine t-butyl ester and (15,25,5S) 2-hydroxy 3-pinanone.This chiral
auxiliary and its enantioser are very attractive, because they were easily obtained by
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2-Hydroxy-3-pinanone as chiral auxiliary

permanganate oxidation of (¢) or (-)o-pinene® which are commercial inexpensive products.
Schiff bases were prepared with good yields in refluxing benzene containing boron
trifluoride etherate.

We have studied thoroughly this method and have been able to introduce prisary and
secondary alkyl, unsatursted (ethylenic, acetylenic, arveatic), halogenated substituents at
the o-carbon of the Schiff bases of glycine, alanine, phenylalanine, leucine, valine,
norvaline aamfno esters. PFurthersore we have shown!® that diastereoisoseric Schiff bases
were sufficiently stable to be separated by column chrosatography {(or flash
chromatography), the stability could be ascribed to the intramolecular hydrogen bond
between the hydroxyl group and the nitrogen. So we can obtain enantiomerically pure
cospounds, even with an incomplete stereoselectivity of the reaction. This sethod was also
used for the asymmetric synthesis of disubstituted aemino acids'! U, imino acids'? 5,
aminophosphonic!? 6 and aminophosphinic acids!?. These different results are sussarized in
Schese I.

From the Schiff bases of glycine and alanine sethyl esters this process fullfills the
requiresents -necessary for an asymsetric pynthesis : good to excellent chesical yields,
enantiomeric excesses in the range 50 to >95%, the chiral suxiliary is recoverable and the
absolute configuration of the reaction products is easily predictable. Starting from
(1R,2R,5R) 2-hydroxy 3-pinanone S asino esters were obtained, whereas (1S5,25,55) 2-hydroxy
3-pinanone gave R aminoesters.

With the other Schiff bases possessing bulky substituents, the numerous results we
have obtained!’ showed clearly that the chesical and optical yields were dependent on the
substituent R present on the Schiff base before alkylation. Recently we have reported'®
that chirality of the starting imine is also important ;with the Schiff base of valine
sethyl ester and (1R,2R,S5R) 2-hydroxy 3-pinanone, after metalation with LDA, only the
diastereoser RRR,S gave & reaction with electrophiles like D20 or CHyI. This study was
extended to Schiff bases of leucine, phenylalanine and norvaline wmethyl esters.
Diastereoisomers RRR,S do not epimerise in presence of LDA and were alkylated by wmethyl
iodide with retention of configuration. The reactivity of diastereoisomers RRR,R was
dependent on the substituent R present on the Schiff base before alkylation. Identical
results were obtained with (1S5,25,5S) 2-hydroxy 3-pinanone.

This article desls first with the reactivity of the Schiff bases with saturated end
unsaturated carbonyl compounds. Next we report our first results obtained with the rigid
system forsed by the lactone 7 (R) or 7 (S) prepared from the ester of glycine with 1 (R)
or 1 (S). :

RESULTS

a) Reacttvity of lithiated Schiff bases with saturated carbonyl compounds

To delineate the scope and limitations of the method it was of interest to examine the
reactivity of the lithiated Schiff bases 2 with carbonyl cospounds. At -80°C in THF the
dianion prepared from methyl glycinate with two equivalents of LDA did not react with
ketones such as dimethyl ketone but did react with aldehydes. The results are susmarized in
Table I.Two chiral centres are crested and four diasterecisomers can be forwed. As shown
in Table I two or three of theam were detected by 'H-MMR or thin layer chrosatography, but
they are difficult to separate by column chromsatography. The chemical yields were low.
despite the experimental conditions edployed. For example, changing the tempersture (-100°
to +20°) or the reaction time did not modify the yleld, the starting Schiff base being
recovered. We have exasined the influence of solvent polarity : it has been well
establighed!? that lithius enclstes exist as aggregates depending on the solvent.
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Table 1
Schiff Nusber of Relative
R bases Yield sterooisomers proportions
a5 8a 20 2 60 / 40
iz -CHy 8b 40 3 50 / 32.5 / 17.5
aH(QHs )a 8c 32 3 9.5 / 6/ 3.5
c(cy )y 84 28 2 55 / 45
Ph e 28 2 55 / &S
OH OH
1) LDA, -80°
<E$=N\ — vy
CHa—-CO2CH3 2) RTCHO .c'—.cl —0H
22 8  H3C0,C R
1)LDA/-120°
CHyMg|1/ THF
3 3’ 2)R1CHO
- 80 0. 3) TMSCI
Mgl
@ﬂ L) HCI 5% / MeOH
“CHp- €02 CHy
8a R = Me 8c RV = i-pr 8e R! = ph
8b R -t 8¢ R'= t-8u

-Scheme III.

In DMB the cheaical yield of the reaction of the lithiated Schiff base of msethyl
glycinate with acetaldehyde was enhanced (40%) but the stereoselectivity did not change.
Two cosolvents have been esployed, HMPA and TMEDA, and in these two casea, the aldol
products were obtained with 90X yield and always with a low gtereoselectivity. We have
tried to prepare a more chelated intersediate by using sethylsagnesium iodide as outlined
in Schese III ; in addition we could expect the magnesium to provide an electrophilic
assistance to the carbonyl approach. In this case, starting froa acetaldehyde and
benzaldehyde, the aldol products 8a and 8¢ were prepared with 35 and U7X yield
respectively. In both cases two diasterecisomers are forsed in the proportions 60/40.
Much better yield and diasterecselection was obtained by replacement of Li by Ti. The
lithiated Schiff base treated by Ti(0iPr)3;Cl led to the titanius intersediate which reacted
with scetaldehyde to give the aldol product with 755 yield, two diastereomers were forsed
(70/30). 1t remains to study the influence of the ligands located on Ti on the

stereogelectivity.

d>) Unsaturated carbonyl! compounds
Three Schiff bases have been studied : glycine methyl eater 2a, alanine methyl ester

2b and norvaline methyl ester 2c. With methyl vinyl ketone, 2a in the presence of two
equivalents of LDA st -80°C gave a aixture of the desired 1,8 addition product 9 (10%
yield) and a compound 10 arising from the reaction of the intersediate anion on another
solecule of methyl vinyl ketone {(33% yield).
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With methyl scrylats, 2a gave the addition product 1la in 50% yield (de=UBX); the two
diastereosers could be separated. Starting from (R) 2-hydroxy 3-pinanone 1, the
configuration of the msjor isomer, following hydrolysis, was S, as in the alkylation

reactions.

OH OH
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b R=CHy R'=CHy RZ:Et
¢ R=n-C3Hy R'=CH3 RZ:Et
. Scheme V_
Table 11
Schiret Total Number of Pure
bases Yield Diastereoisomers Isomer Mixture (Proportions)
12a 74 4 32 42 (55/18/27)
12 90 1 %0
12¢ 80 1 8o

Similarly, starting from Schiff base 2b, two diastereocisosers 11b were forsed in
5285 yield (de = 71%). With ethyl crotonate, two chirsl centres were created and therefore
four diasterwomers were possible. The results are sussarized in Table II. The optical
yield was highly dependent on the starting Schiff bass.The asjor isomer of 12a, 12a1 could
be separated by column chromstogrephy. Cleavage of the imines was perforwed with 15%
citric oci@ or 2N HCl . When the acidic hydrolysis proceeded slowly or sluggishly. the
cleavage was carried out with hydroxylesine ecetate.
The configuration of the Ca carbon of 13a1 obtained after hydrolysis of 12a1 was
determined by an enzymatic wmethod, Cospound 13a1 was transforsed into the N-acetyl
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derivative ﬂ which was gsaponified (2N NaOH) to give the N-acetyl diacid 15. 15 was
treated with acylase during 40 h at asbient tesperature to give the diacid ﬁ. indicating
the configuration S for the & carbon.. Indeed, in this case also, {(R)-2-hydroxy 3-pinanone
induced the S configuration, The ssall differences in coupling constants values Jﬁaﬂﬂ (4.5
and 6 Hz) observed for 13ai and its minor iscmsers did not allow its use for assignsent of
relative configuration. Therefore we have cyclised 13ai into pyrrolidinone 17a. According
to INUI'S!® results, the value of the coupling constant (9Hz) allows the assignwent of

structure 17a.

12 H.o! HoN-CH E:scn b
3y ——= H,N=CH-C(H=CHy=C0,Et ——= CHy—C~NH—C H=CH~CH,~
123 2N=CH-CH=Chy (O, CHy=C =NH—C H=CH~CHy= COE!
Me 0,C o] (OgMe
132 16
NaOH 2N
140°7 3h Dioxane / Water 9/1
or
B €t OH/ 6h .« SH3
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s B
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H
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. Scheme VI_
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. Scheme VII.

Hydrolysis of 12b by 15% citric acid led to the amino ester 13b with 51% yield
{€65>95%). By analogy we have sssigned the configuration S to the @ carbon and R to the 8
carbon. When hydrolysis was performed with 2N HCl at 20°C, 17b was the s=ain product.
Cleavage of 13c needed hydroxylasine acetate and the pyrrolidinone 17c was obtained
directly (61%,0e>95%).

The condensation of 2a with ethyl propiolate was also very rapid at -80°C. In 20 ain {t
gave the compound 19 (64X yield) resulting from the sigration of the double bond in 18sa.

The lithiated Schiff base from 2b reacted with ethyl propiolate to give 18b U0 yield
Z/B : 35/65. Acidic cleavage with 2N HCl led to 20 (59% yield, e6>95%).

To avoid the migration of the double bond, the condensation of sllenic cospounds was
carried out only with 2b (R=CHy). The adducts 21 (35% yield) and 22 (74%) were obtained
and were cleaved by 2N HCl to give the amino esters 23 and 24 and the pyrrolidinone 25

(e0>95%) .
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¢) Llactone 7 as chiral aux{ltary

In order to know the role of the acidic hydrogen in the reactions of lithiated Schiff
bases we thought first to prepare a derivative without this group. We could use the
corresponding methoxy derivative, but NUKAIYANA!? et al, working with optically active 3-
hydroxy-3-phenylbutan-2-one as chiral auxiliary, reported that the hydroxyl group was
essential to gain high optical yield ;: when O-methylated or O-methoxymethylated imines
were used in place of an hydroxyimine. the optical purity was very low (5 - 10% ee).

For this reason, we decided to synthesize the lactone 7 which had two advantages
firet it was & rigid system with a diastereoface shielded by three methyl groups. After
deprotonation we could expect the electrophile to enter the other face :; thus the
asymsetric induction should be excellent, secondly, after acid hydrolysis we should obtain
anino acids directly.

Compound 7 could not be prepared in a good yield starting froe glycine sethyl ester
Schiff base. Several attespts have been perforsed using acidic (p-toluene sulfonic acid,
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oxalic acid, Si02 in CsHs) or basic media (OH , imidazole), they were unsuccessful. Only
one method permitted the preparation of 7 with 15% yield : 2a was left during ten days on
a Kieselgel containing column and 7 was eluted with the starting Schiff base. The
difficulties encountered could be assigned to the stereochesistry of 2a which can exist
with two configurations : Z or B. Both the !3C NMR and the 250 MHz 'H-NMR were consistent
only with the presence of one diastereoser which had the configuration E. Therefore ] was
obtained by the other strategy outlined {n Schese X

?02"9
OH
OH/CHZ
N\ N
CH2— C02 Me
zE 27

- Scheme IX._

The ester was prepared starting froms Boc or Z glycine and 2-hydroxy-3-pinanone using
dicyclohexylcarbodiiside (DCC) and dimethylaminopyridine (DMAP). After cleavage of the
protecting group, the lactone 7 was obtained (55% overall yield). !H-NMR spectrum of 7 is
typical. The two protons of the AB system centered at 4.4 pps don't present the same
couplings : Ha 18 only coupled with Hs (Jsaws e 19.8 Hz) and He is coupled in addition
with Ha-and He- located on the Ca carbon of the pinane nucleus {(Jwswe-= 4.2 Hz, Juowa's
2.6 Hz). These attributions have been accosplished using solecular models and according to
ATKINSON'8?° work on homoallylic couplings.

.-OH

DCC 40
Y-NH-(Hy -COoH -+ 0 ——= Y-NH-CH,—C 0
DMAP ~o. )
Y = Bot ’
Y=1
Ts OH Hy/ Pd/C 10%
- * //O HA' O H
TSO,H;N—CHZ—C\ 0 DIEA %A
0. :
. -
1

_Scheme X._

All the reactions studied have been performed in THF, at -80°C, two bases have been
systesatically used t-BuOK and LDA and, as discussed below, the best results were obtained
with t-BuOK.

The lactone reacted with wesethyl iodide in the presence of t-BuOK to give gég (60%
yield, de >95%) and a small amount of the dialkylated product 27a (14% yield). 26a and 27a
were easily separated on column chromatography. With LDA, even after 18 h of reaction, 26a
was obtained in only 5 X yield, starting material 7 was recovered.
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In the 'H-NMR spectrum, the splitting of the proton o to the methyl group demonstrates that
the electrophile entered the opposite face to the gem dimethyl group since this proton
shows homoallylic coupling. This fact was confirmed after acidic cleavege (2N HCl, 0°C, 18
h); starting from the (S) lactone optically pure S alanine was prepared. With benzyl
bromide, several bases and cosolvents have been used. The msonocalkylated product @ wasp
never obtained, only the dialkylated one 27b was prepared in some cases. The results are
sumsarized in Table III

Table III
Base Experimental Yield

Conditions 7 27b
TBuOK 24 h (-80° to -45°C) 90 -
TBuOX 48 h (-70° to 0°C) 40 41
TBuOK/HMPA (2 eq) 24 h (-70° to -18°C) 40 40
LDA 48 h (-70° to +18°C) ys* -
LDA/HMPA (5 eq) 24 h (-70° to - 2°C) 37 us
L.T.M.P.* 7 h {(-70° to -40°C) 50°
L.D.E.A.? 24 h (-90° to +18°C) 60°

a:lithium tetrasethylpiperidide; b:lithium diethylamide
® non identified products were isolated

The lactone 7, in the presence of t-BuOK, reacted with acetaldehyde very rapidly (15
sin at -80°C) to furnish the dehydro compound 28a 1in 85% yield, the corresponding alcohol
29a could not be isolated.

0 0
,°‘§,<” .°~$/M
18~ y OH
7 —— 1 * K 7~
~ 2% RICHO ®"" R =N S
1
. R
28 2 R =
~ 1 CH3 J 3 R1 = (H3
17 TBuUO~ b R =z Ph b R! - Ph
2%/ \%7 0
,o~§(n
®"" \C“z‘?'-(“a
30 OH

_ Scheme XII._
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In the sase conditions benzaldehyde gave a mixture of the two products @ (52% yield)
and 29b (32% yield) separated by column chromatography ; 28a and 28b were obtained with a
single configuration for the double bond. Starting from the (R)-lactone, compound 29b was
a mixture of two isomers syn and ant{ (66/34), the carbon @ to the C=0 group having R
configuration (in !'H-NMR spectrum the proton linked to this carbon shows hosoallylic
coupling). With unsaturated carbonyl compounds (methyl vinyl ketone, ethyl crotonate)
preliminary attespts in the presence of t-BuOK or LDA were unsuccessfull, the starting
products were recovered.

As expected, 7 treated with t-BuOK reacted with methyl oxirane in the presence of
BFy.Bt20 to give 30 in 60f yield. As we have previously noted, the 'H-NMR spectrum showed
that the electrophile entered the less shielded face from the side opposite to the gea
disethyl group.

Suprising results were obtained with acetyl chloride, 7 in the presence of t-BuOK at
-80°C led to a mixture of three products 31, 32. 33 separated by column chromsatography ;
with LDA only 33 was obtained and the starting lactone was recovered. Structures have been
assigned using IR, NMR and Mass spectra.

v
00 0—C - CH3
,,o‘/c—cna 0
) 11 T8u0" . O "—-CH3
L ST =N “C~CH, . =N
2) CHB-E Cl H 0
3 32
0
.OA&H
. plq.‘H
(I=
33 (H3

. Scheme XIII._

This last reaction pointed out for the first time with these structures the
equilibrium between two resonance-stabilized carbanions. The reactivty of the acid
chloride allowed {solation of three of the four possible isoseric products.

o-
0 0
N —— N

I

4 —

_Scheme XIV.
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COMCLUSION

The results we have described desonstrate the i{mportant role of the electrophile as
well as the chiral euxiliary. With Schiff bases 2, lithium diisopropylamide can be
considered as a good working base but with the lactone 7 t-BuOK 1is better. The role of
aggregates is to be deteruined and work is in progress with different solvents and bases.

If, with alkyl halides reactions worked well starting from Schiff bases or from
lactone, it is not the case for the carbonyl cospounds. With saturated carbonyl cospounds,
the reactions with lithiated Schiff bases gave good yields only in the presence of
cosolvents but the lactone 7 reacted well. However the reverse was obtained with
ungaturated carbonyl coampounds: the reactivity was better with Schiff bases.

As demonstrated this route provides nearly access to natural and unnatural 0 aemino
acids of predictable chirality. Efforts to further expand the scope and utility of these
sethodologies and to explain the reasons of the differences of reactivity are presgently

under active investigation.

EXPERIMENTAL

Melting points are uncorrected. Reagents and solvents were purified in the usual way.
All reactions involving lithium derivatives were carried out under anhydrous conditions in
a nitrogen atmosphere. LDA was prepared froa BulLi in ether. Spectra were recorded with the
following inatrusents. IR : Perkin-Elmer gpectrophotometer 298. !H-NMR : Varian EM-360 and
Varian XL 100. Mass Spectra : Jeol JNS DX 100 and DX 300. Optical rotations were
deterained with a Perkin-Elmer Model 141 polarimeter. Routine analyses agree with
calculated values within . 0.3%. Enantioseric purity was checked by !'H-MMR spectroscopy on
the amino ester (0.15-0.2 M CCla/THS solution in the presence of 0.2-0.6 mole equivalent of
d-Eu(hfc)y).

General procedure for reactions of Schiff bases with carbonyl compounds

The Schiff base (immol) was added under nitrogen, at- 80°C to a stirred suspension of
LDA (2.3 =mol) in dry THF (20ml), the mixture was stirred for 30 min more. After the
addition of the carbonyl compound, the mixture was stirred at -80°C and the reaction was
followed by T.L.C. (Kieselgel Merck 60 Fasa). If necessary, the temperature was allowed to
wars to 30°C (saturated carbonyl couspounds). The mixture was poured into a solution of
NHeCl (7ml). the aquecus phase extracted with ether (3 x 70 wl), the organic layer was
dried (Na2SOx), evaporated (t<50°C), and the residue chromatographed over silicagel (30
parts).
8a: two diastereoisomers 'H-NMR (CCla) & : 0.80(s,3H); 0.85(s,3H); 1,12 (d,6H,J=6Hz);
1.30(s,.3H); 1,35(s,3H); 1.40(s,3H); 1.45(s,3H); 1.60(d,2H,J==12Hz): 1.82-3(m,14H);
3.71(s.3H); 3.79(8,.3H); 3.95(d,1H,J=6.7SHz);: 4.13(d,1H,J=6Hz); 4.14(m,2H). NS EI N°: 283.

8c: mps 88°C !'H-NMR (CCls) & : 0.83(d,6H,J=7.5Hz): 0.84(s,3H); 1.02(d,1H,J=7.5Hr);
1.37(s,34); 1.45(s,3H); 1.62(d.1H,J=10Hz); 2.00(m,2H); 2.30(m,1H); 2.57(m,2H); 3.28(m,2H);
3.77(s,3H); 3.78(m,1H): 4.17(d,1H,J=7.5Hz). ®S EI HN°:311. Anal. Calcd for CijHagNOa:

€.65.59; H,9.32; N.4.50. Found : C,65.71; H,9.21; N.4.65.

1la: two isomers separated by column chrosatography (Ether-hexane 5/1) Rf: 0.93. 'H-NMR &
(CCla) : 0.85(s,3H); 1.33(s,3H): 1.80(s,3H); 1.50-3.00(m,11H); 3.66(s,3H); 3.70(s.3H);
4.23(¢,14,37Hz). Rf: 0.70. 'H-NMR (CCla) 8: 0.82(s,3H): 1.33(s.3H): 1.43(s.3H); 1.50-
3.00(w,11H); 3.63(s.3H); 3.71(s,3H); 4.25(t,1H,J=7.5Hz). MS EI W': 325,

12a1: Rf: 0.69 (Bther-hexane 2/1). 'H-NMR (CDCly) & : 0.90(s,3H); 1.10(d,3H,J=6.5Hz);

5329



5330 A. EL ACHQAR et al.

1.32(t,3H,J=7.5Hz); 1.33(m,1H): 1.37(s.3H): 1.5(s.3H): 1.59(d.1H.J=10,5Hz): 1.7-3(m.8H):
3.75(8,3H); 4.13(q.2H,J=7.5H2); 4.24(d,1H,J=4.54z). NS BI W*: 353.

12b: Rf: 0.59 (Ether-hexane 4/1). !H-MMR (CCla) & : 0.87(s,3H): 0.90(d,3H,J=7Hz);
1.23(t,3H,J=7.5Hz); 1.30(s,3H); 1.33(s,3H); 1.40(s,3H); 1.5(d,1H,J=9Hz); 1.70-3,00(w,9H);
3.67(s.3H); 4.07(q.2H,J=7.5Hz).

Hydrolysis of condensed Schiff bases

a) With actid

The purified Schiff base (1 mmol) was dissolved in THF (7 =ml) and hydrolysed at O° or
25°C with 15% citric acid (6 ml) during 80 h or 2 N HCl during 24 h, depending on the
structure of the starting product. The solvent was evaporated at ambient temperature and
the aqueous layer extracted with benzene ; the benzene layer containing the ketol was
extracted with 15X aqueous citric acid. The combined aqueous layer was basified with sodium
carbonate and extracted with diethyl ether. The ethereal extracts were dried (Ne2SO:),
concentrated and the residue purified by column chroamatography on silica gel.

b) Wi{th hydroxylamine acetate

To a cold solution of NaOH (4,6 seol) in methanol (50 ml) was added hydroxylamine
hydrochloride (4.6 mmol) and acetic acid (4.6 mmol). A solution of Schiff base (4.5 mwol)
in sethanol (20 ml) was added and the aixture was stirred at asbient temperature for 20 h.
The solution was concentrated, diluted with 10X hydrochloric acid, extracted with ether and
the extracts were dried, the solvent evaporated and 2-hydroxy 3-pinanone oxime was
obtained. The aqueous layer was dbasified and extracted with ether, the extracts dried and

concentrated to give the aminocesters.

13a1:{0)o= -22.4°(c=1.82, CHC1y). 'H-NMR(CCla) & : O0.77(4,3H,Je6Hz); 1.40(t,3H,J=THz);
1.44(9,38); 2.16(m,1H); 2.46(d,2H,J=10.5Hz) ; 3.50(d,1H,J=4Hz) H 3.78(s.3H): 4.15

(Qq,2H,Ja7Hz). Anal. Calcd. for CoHi7NOx : C,53.21; H,8.37; N,6.89. Found C,53.24; H,8.36;
N,6.90.

13b: [@)o= -23.4°(c=2.13, CHCl3). 'H-NMR (CCla) & : 0.80(d,3H,J=7Hz}; 1.15(s,3H):
1.10(t,3H,J=7.5Hz); 1.30(e,.2H);: 1.67-2.50(m,3H); 3.60(m,3H): 4,00(q.2H,J=7.5Hz). MS. EI M°:
217.

24: [0)o = -36.5°(ce1.15,CHC13). 'H-NMR (CCla) &: 0.47(s.3H): 0.93(s,3H): 1.40(s.6H): 1.1-
2.67(m,9H); 2.23(s.2H); 3.00(m,2H); 3.34(s,3H); 4.6(m,1H); S5.07(m,1H); 5.25(m,1H).

Synthesis of the lactone 7

To a cold solution of Boc-glycine (4.4 mmol), 4-dimethylaminopyridine (22smol), and 2-
hydroxy-3-pinanone (5 mmol) in CH2Clz (16 =l), was edded N,N,dicylohexylcarbodiimide (4.8
mmol); the mixture was stirred at 0°C during 2 h and at ambient tesperature during 12 h.
The solvent was evaporated the residue treated by ethyl acetate to precipitate
dicyclohexylurea which was filtered. The filtrate was washed with a saturated bicarbonate
solution and water, The organic layer was dried (NexSOa) and the solvent evaporated to
furnish the ester (62X). !H-NMR (CCla) & : 0.87(e,3H): 1.37(s,3H); 1.83(s,9H): 1.6(s,3H);
1.77-3.5(=,3H); 3.47(d,2H, J=5,5 Hz); 4.97(m,1H).

To this ester (5.1 smol) dissolved in ether (2.6 ml) and cooled to <-10°C, was added
dropwise during 30 =in a solution of paratoluene sulfonic acid (5.1 smsol) in ethanol (6
sl). The mixture was stirred at ambient tesperature during 3 h. The solvent was evaporated
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to furnish an oily residue which was dissolved in ethyl acetate and neutralised (pH = 7.,2)
with diisopropyl ethylamine to give the lactone (66X): mp = 130°C; [@)e . ¢220° for (R) and
-220° for (S) (c=2,00 CHCly). MS BI. M* : 207.

TH-NMR (CDC13) 8 : 1.08(s.3H); 1.22(d,1H, J=12.5Hz); 1.83(s,3H): 1.64(s,3H): 2.19(m,2H);
2.4(m,1R); 2.83 (A'B' systea, 2H, J=17.5Hz); 4.4(AB system, 2H , J=19.8Hz).

13C-NMR (CDCly) &: 22.25; 22.96; 27.50; 27.66;: 36.96; 39.46; 39.75; 50.46: 51.67: 85.07:
170.09; 173.53. IR : 1750, 1660 ca*®.

Reactions of the lactone
They were perforsed using the general procedure deecribed for the Schiff bases, in
this case only one equivalent of base (t-BuOK or LDA) was necessary.

26a: (60%). wp=729C. !H-NMR (CDCl3) & : 1.06(s,3M): 1.20(d,1K,J=12,5Hz); 1.40(s,3H);
1.66(s8.3H); 1.79(d.3H,J=7.5Hz); 2.18(m,2H); 2.82 (AB systes, J=18Hz); 4.15(m,1H); MS EI W°
s 221,

2]e: (18%). wp = 98°C. 'H-MMR (CDCly) 8 : 1.67(s,3H); 1.28(d,1H,J=12Hz)} ; 1.48(s,3H):
1.63(s,3H); 1.73(s,3H); 1.78(s,3H); 2.2(m,2H); 2.53(a.1H)}; 3.02(AB systes, J=18Hz). NS EI
M°:23%, Anal. Calcd. for CiaH21NO2: C,71.11; H,8.99; N,5.73. Found: C,71,22; H,9.19;

N,5.51.

27b: (45%). 'H-NMR (CCla) & : 0.38(s,3H); 0.83(s,3H); 1.17(s,3H): 0.61-1.9(m.8H);
2.60(m.2H); 3.28(w,2A);: 3.32(m,2H); 7.23(s,5H); 7.33(e.5H). NS EI N° : 387.

28a: (85%). wmp= 59°C. 'H-MMR (CCls) & : 1.10(s,3H); 1.23(d,1H,J=12Hz): 1.43(s,3H);
1.5(s,3H): 2.01(d.3H,J=7.5Hz); 2.1-3.2(m.5H);: 6.70(q.1H,J=7.5Hz}. MS EI M* : 233.

28b: (52%X). mpe 92°C. 'H-NMR (CCla) & : 1.1(s,3H); 1.3(d,1H,J=12Hz); 1.8(s,3H): 1.55(s.3H):
2.00-3.20(wm,5H); 7.27(s,1H); 7.30-8.30(m,5H). MS EBI M* : 295.

29b: (32%). 'H-NMR (OCla) B :for SYN 1,00(s,3H): 1.10(4,1H,J=12Hz); 1.35(s,3H); 1.5(s,3H);
1.70-3.10(a,5H); 3.70(w,1H); 4.16(m,1H); 5.35(d,1H,Je3Hz); 7.10-7.70(m,5H) and for ANTI
0.96(s.3H); 1.10(d,1H,J=12 Hz); 1.35(s,3H); 1.53(s,3H): 1.79-3.10(m,5H); 3.70(m,1H}):
§.13(m,1H); 5.10(d,1H, J=7.5Hz); 7.10-7.70(m,5H). NS BI N°* : 313,

30: (60%). 'H-NMR (CCla) & : 1.13(s,3H); 1.33(m,6H); 1.45(s,3H); 1.20-2.80(m,5H);
2.20(m,2H); 3.21(m,2H); 3.51(m,1H); 4.31(m,1H); MS EI N° : 265.

31: (25%). 'H-MMR (CCla) & : 1.04(s,3H); 1.38(s,3H); 1.53(s,3H);: 2.18(s,6H): 1.8-
2.60(m, 8H); 2.83(m,28).

32: (14%). 'H-NMR (CCla) &: 1.07(s.3H);: 1.4(s,3H); 1.53(e,3H); 2.2(8.3H): 2.38(s.3H);
1.91-2.60(=,4H); 2.83(m,2H). IR : 1750, 1710, 1640 cs"! . MS EI M* : 291.

33: (53%). wp= 76°C. 'H-NMR (CCla) &: 1.13(s,3H): 1.5(s,3H);: 1.55(s,3H): 1.01-2.15(m,2H);
2.19(s,3H); 2.50(s,3H); 4.37 (AB System, J=20 Hz); 6.43(m,1H};. IR : 3020, 1730. 1650. MS
FAB (NeRH*): 250.

REFERENCES
1) A. Klesmann, W. Leuchtenberger, B. Hoppe and H. Tanner, ("Amino acids in 'Ullmann’s

Encyclopedis of Industrial Chemistry", VCH Verlagsgesellschaft, Weinheim, 1985, Vol. A-2
p.57.

5331



5332 A. EL ACHQAR e al.

2) W.S. Knowles, Acc. Chem. Res., 1983, 106. A. Karis, A. Mortreux and F. Petit, J.
Organomwet. Chem., 1986, 312, 375.

3) D. Seebach, M. Boes, R. Naef and N.B. Schweizer, J. As. Ches. Soc., 1983, 105, 5390. D.
Seebach, BE. Juaristi, D.D. Miller, C. Schickli and T. Weber, Helv. Chim. Acta, 1987, 10
237. U. Schdllkopf, Top Curr. Chea. 1983, 109, 65 ; Chem. Scr. 1985, 25, 105. M. Kolb and
J. Barth, Tetrahedron Lett., 1979, 2999 ; Liebigs Ann. Ches., 1983, 1668. S. Karsdey, J.S.
Amato and L.H. Weintstock, Tetrahedron Lett., 1984, Fs) 4337. D.A. Bvans and A.E. Weber, J.
As. Ches. Soc., 1986, 108, 6757. D.A. Evans, E.B. Sjogren, A.E. Weber and R.E. Conn,
Tetrahedron Lett., 1987, 28, 39 : J.M. McIntosh and P. Mishra, Can. J. Ches., 1986, 64,
726. J.M. Mclntosh and R. Leavitt, Tetrshedroo Lett., 1986, 27, 3839, A. Fadel and J.
Salaln, Tetrahedron Lett., 1987, 28, 2243 ;  S. lkegasi, T. Hayama, T. Katsuk{ and M.
Yamaguchi, Tetrahedron Lett., 1986, 27, 3403.

4) P.J. Sinclair, D. Zhai, J. Reibenspies and R.N. Williams, J. An. Chem. Soc., 1986 108,
1103.

5) C. Gennari{, L. Colombo and G. Bertolini, J. Am. Chea. Soc., 1986, &8. 6394. W. Oppolzer
and R. Moretti, Helv. Chim. Acta, 1986, §2. 1923. D.A. Evans, T.C. Britton, R.L. Dorow and
J.F. Dellaria, J. Aas. Chee. Soc.. 1986, @. 6395. L.A. Trimble, J.C. Vederas, J. Am. Chesa.
Soc.. 1986, 108, 6397.

6) J.A. Bajgrowicz, A. El Halleoui, R. Jacquier, Ch. Pigiére and Ph. Viallefont,
Tetrahedron, 1985, 41, 1833.

7) S. Lafquih-Titouani, J.-P. Lavergne, Ph. Viallefont and R. Jacquier, Tetrahedron, 1980,
36, 2961.

8) T. Oguri, N. Kawai, T. Shioiri and S. Yamada, Ches. Phars. Bull., 1978 26, 803.

9) H.Schaidt, Chen. Ber., 1960, 93. 2485.

10) J.A. Bajgrowicz, B. Cossec, Ch. Pigiére, R. Jacquier and Ph. Viallefont, Tetrahedron
Lett., 1984, 25, 1789.

11) J.A. Bajgrowicz, B. Cossec, Ch. Pigiére, R. Jacquier and Ph. Viallefont, Tetrahedron
Lett.. 1983, 24, 3721.

12) J.A. Bajgrowicz, A. El Achqar, WM.L. Roumestant, Ch. Pigiére and Ph. Viallefont,
Heterocycles, 1986, 24, 2165.

13) R. Jacquier, F. Ouazzani, M.L. Roumestant and Ph. Viallefont, Phosphorus Sulfur in the
press.

14) F. Ouazzani, M.L. Roumestant and Ph. Viallefont, unpublished results.

15) A. El Achqar, Thase Doctorat, Montpellier, 1987.

16) A. Bl Achqar, M.L. Roumestant and Ph. Viallefont, Tetrahedron Lett. in the press.

17) L.M. Jackman and B.C. Lange J. Am. Chea. Soc., 1981, 103, &494. R. Amstutz, W.B.
Schweizer, D. Seebach and J.D. Dunitz, Helv. Chim. Acta, 1981, 64, 2622.

18) S. Futagawa, T. Inui and T. Shiba, Bull. Ches. Soc. Jpn., 1973, 46, 3308.

19) T. Nakatsuka, T. Miwa and T. Mukaiyama, Ches. Lett., 1981, 279.

20) D.J. Atkinson and M.J. Perkins, Tetrahedron Lett., 1969, 2335.




