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ABSTRACT
1) LDA Hydrolysis R, Re
| J (o} 2) ReX J O‘.\\Rg HO™ ~COOH
PRLNOLS }2‘ Ri  PrNOS ﬁ?‘m
0 o}
| Ri=H, Me, Ph Il (>98 de.) [}

Lewis acid (BF;*OEt,) catalyzed condensation of dimethoxy acetal 2 with o-hydroxy acids produces chiral 1,3-dioxolanones I. The enolates
derived from these compounds undergo reactions with alkyl halides with a high level of diastereoselectivity. Subsequent hydrolysis of these
alkylated products Il gives mono- and disubstituted a-hydroxy acids Ill with high enantiomeric excesses.

Optically activeo-hydroxy acids are structural subunits of 1,3-dioxolanone or gave it in low yield. However, Lewis
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Herein we report an enantioselective synthetic method for G” 3. am. Chem.Soc.1986,108, 5221. (f) Seebach, D.; Naef, Biebigs

mono- and disubstituted-hydroxy acids from glycolic acid, =~ Ann.Chem.1983, 1930. (g) Davies, S. G.; Coote, S. J.; Middlemiss, D.;
Naylor, A. Tetrahedron Lett1989,30, 3581. (h) Tsuchihashi, G.; Suzuki,
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diisopropyl-10-camphorsulfonamideas a chiral auxiliary. Obrecht, DHelv. Chim.Acta1990,73, 221. (j) Sugiyama, T.; Murayama,
. . . T.; Yamashita, KTetrahedron Lett1990,31, 7343.

Under the conditions of Farinesr Pearsofi,condensation (3) (a) Pearson, W. H.; Cheng, M.-Gl; Org. Chem1986,51, 3746.

of 1 with glycolic acid either did not give the expected chiral (b) Seeback, D.; Naef, R.; Calderari, Tetrahedron1984,40, 1313. (c)
Ley, S. V.; Boons, G.-J.; Downham, R. Kim, K. S.; Woods, Mtrahedron
1994,50, 7157. (d) Xiang, Y.-B.; Snow, K.; Belley, Ml. Org. Chem.
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2, derived from1, with glycolic acid at—45 °C in diethyl
ether produced diastereomeric chiral 1,3-dioxolan@essd
4in a 12:1 ratio (Scheme 1). PuBcould be obtained by

Scheme 1
MeOH o glycolic acid
{CH30)4CH Ve BF;OEt,
PrLNO.S PTSA  Pr,NO,S ether, -45°C
94%
1 2
0 0
+
PrNO.S ng ; 0 /)=°
N2 5 PrLNO,S
3 (74%) 4 (6%)
(3:4=12:1)

recrystallization or separated from the minor isordeny
column chromatography. The stereochemistrie8 ahd4

were tentatively assigned on the basis of a plausible

mechanism for the condensation of dimethoxy ac2taith
glycolic acid (Scheme 2).

Scheme 2
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Treatment of3 with lithium diisopropylamide (LDA) in
tetrahydrofuran (THF) at-78 °C and in the presence of

Table 1. Alkylation of Dioxolanone3

yield de confgn
no. additive R temp (°C) product (%) (%)2 (Cs)
1 HMPA CHs —78 5a 77 935 R
(30:1)

2 -100—-78 5a 84 >98 R
3 HMPA —-100—-78 b5a 86 >98 R
4 CH,=CHCH, —100—-78 5b 76 >98 R
5 HMPA —-100—-78 5b 83 >98 R
6 HMPA Et —78 5c 36> >98 R
7 HMPA —100—-78 5c 65 >98 R
8 HMPA PhCH, —78—-45 5d 60 >98 R
9 HMPA —100—-78 5d 70 >98 R

aNo second isomer has been detected by 400 MHAMR spectros-
copy.?57% vyield of 1 was recovered.

>098%, as judged from theitH NMR spectra (Table 1,
entries 1, 6, and 8). On the basis of our previous experiénce,

(1) LDA, temp. o
o (Ea1)

o _V/AEmP.
(2) RX, -78°C R
; [e} . !
PRENO,S Tg PENO,S O('S
0 o]

3 5

the major product presumably arose from the alkylation of
the enolate on the less hindergdace. When deprotonation
and addition of alkyl halide were conducted-at00°C and
then the solution was warmed te78 °C, the diastereose-
lectivities and the yields could be improved. In fact, the minor
diastereoisomers could not be detected by 400 MHHRMR
measurement under the improved experimental procedure.
Ethanolysis of the benzylated produsd was achieved by
heating5d with anhydrous hydrogen chloride in ethanol to
give (R)-ethyl glycolate5d 22 and chiral auxiliaryl was
recovered in high yield (eq 2).

o]
HCI, EtOH v~ “OEt
5 eflux, 6 hr ©/\5)HJ\ + 1 (Eq2)
6d (83%) 91%

[oc]|323 +22.21 (¢ 3.85, benzene)

Attempts to quarternize the-carbon of the glycolic acid
were studied. To extend the scope of this methodology,
racemica-substitutedx-hydroxy acids reacted with dimethoxy
acetal2. On condensation of dimethoxy acefalith rac-
lactic acid, compounda was isolated as a single product

hexamethylphosphoramide (HMPA) followed by alkyl halide  (eq 3). Optimization of the reaction conditions revealed that
gave the corresponding alkylation product in good yield an excess afac-lactic acid was necessary for a more efficient
(Table 1, eq 1). The diastereoselectivities are 93.5% to conversion. On the other hand, compourd cound be

(4) (a) Po, S.-Y.; Hung, S.-C.; Liu, H.-H.; Hsu, C.-Y.; Lin, S.-L.; Chang,

J.-W.; Uang, B.-JPure Appl Chem 1997, 69, 615. (b) Chang, S.-W.; Hung,
C.-Y.; Liu, H.-H.; Uang, B.-JTetrahedron: Asymmetryl998,9, 521.

(5) (a) Farines, M.; Soulier, Bull. Soc.Chim.Fr. 1970, 332. (b) Petasis,
N. A; Lu, S.-P.J. Am.Chem.Soc.1995,117, 6394.

(6) (a) Pearson, W. H.; Cheng, M.-C.Org. Chem.1987,52, 1353. (b)
Hoye, T. R.; Peterson, B. H.; Miller, J. D. Org. Chem.1987,52, 1351.
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obtained as a single product from condensationrauf-
mandelic acid with2. The stereochemistries @& and 7b

(7) Uang, B.-J.; Wang, S.-L.; Liu, H.-H.; Chen, E.-Retrahedron Lett.
1990,31, 257.

(8) Optical rotation fored: [0]%3% +22.21 (c3.85, benzene), It (R)-
6d, [0]%% +21.40 (c0.43, benzene), It[o] 8 +22.50 (c3.98, benzene).
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rac-lactic acid or

rac-mandelic acid Q (Eq 3)
BF,OFt, b ng" R
ether, -45°C NOS o)
rac-lactic acid (2.2 eq ) 7a R=Me (63%)
rac-lactic acid (4.5 eq) 7a R=Me (77%)
rac-mandelic acid (2.2 eq) 7b R=Ph (56%)

were confirmed by X-ray crystallographic analysis fta
and NOE experiments fath. Interestingly, the stereochem-
istry at thea-carbons of bottva and 7b is S. Compounds
7a,b are presumably the thermodynamically more stable
products.

We then examined the alkylation @& and7b with alkyl
halides. Treatment of eith&@aor 7b with LDA at —100°C

(1) LDA, -100°C

Q_.(2) RX,-78°% S
PLNO,S O}R" Ry PLNOS ON B R
o) o)
7a H1=Me 8
7b R=Ph

followed by the addition of alkyl halide gave the corre-
sponding product with excellent diastereoselectivity (Table
2, eq 4). Compound8a,d,gwere hydrolyzed in methanol

Table 2. Alkylation of Dioxolanones7a and7b

yield de
no. Ri R> product (%) (%) confgn (Cs')
1 Me CH3CH> 8a 79 >98 R
2 Me CH3zCH,CH> 8b 67 >98 R
3 Me CH;=CHCH> 8c 78 >98 R
4  Me CH3CH,CH,CH; 8d 74 >98 R
5 Me CgHsCH:> 8e 82 >98 R
6 Ph CHs 8f 76 >98 S
7 Ph CH>=CHCH; 89 84 >98 S

aNo second isomer was detected by 400 NHHANMR spectroscopy.

with 2 N NaOH,, followed by acidification to give the
corresponding optically pure-hydroxy acids9, and chiral
auxiliary 1 was recovered in high yield (Table 3, eg®}°
The stereochemistry & was unambiguously assigned on
the basis of the X-ray crystallographic analysis8afand
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Table 3. Hydrolysis of Dioxolanone$a, 8d, and8g

yield recovery

product Ry Rz (%) of 1 (%) [ado confgn
9a Me Et 97 96 —7.03(c1.4,0.2N NaOH)2 R
9d Me Bu 98 92 —8.12 (c 0.85, H,0)? R
9g Ph allyl 94 93  +29.54 (c 1.0, CHClg)? S
aSee ref 11.

by comparison of théH NMR spectra with that of the
products obtained from hydrolysis of compoungis,d,g.
These results suggested that alkylatio@aproceeded from
the less hinderedi face as expected. Treatment&H with
LDA at —100 °C followed by the addition of ethyl iodide
gave a single product in 78% yield. The spectral data of this
product were identical with those obtained fr@&a. Thus,
5aand7aare G' epimers that gave identical enolates upon
treatment with LDA. It also implies that the assignments of
the stereochemistry fda3, 4, and5 are correct.

(1) NaOH(aq)
Ri Re
MeOH R c 1 (Eq5)
, J (R @) HClag  HO™ “COOH
I
PI’QNOQS R1
8 9

In conclusion, we have developed an efficient method for
the preparation afi-hydroxy acids with high stereoselectivity
by employingl as a chiral auxiliary. The alkylated products
were hydrolyzed to give the correspondimghydroxy acids
without racemization and recovery of the chiral auxiliary in
an efficient manner.
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(9) McKenzie, A.; Barrow, FJ. Chem.Soc.1911,99, 1910.
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