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Abstract: An efficient asymmetric synthesis of-hydroxy moderate diastereomeric excesses (9_157%0' an
sulfonates is described via stereocontrolled aldol reactions %;tempt to Sy.ntheSIZG’B'epOXySUIfomq acids via th.e
sulfonates using 1,2:5,6-G+isopropylidenes-D-allofuranose as arzens reaction, Ghosez et al. described the reaction of
the chiral auxiliary. The aldol reactions with aromatic aldehydedie lithiated tetrabutylammonium  chloromethane-
yielded predominantlgyn adducts in very good yields and excel-sulfonate with a-alaninal derivative to afford the corre-
lent diastereo- and enantiomeric excesses (de9&%). spondingu-chloro$-hydroxy sulfonate in 72% yield as a

Key words: asymmetric synthesis, sulfonates, aldol reaction, sug8fixture of four diastereomefs.

auxiliary, hydroxy sulfonates In our previous work, we described a highly efficient
asymmetric route towards a variety of different sulfonic
o o _ _ acid derivatives employing 1,2:5,6-@+Hsopropylidene-
Derivatives of sulfonic acids are important constituents @fp-allofuranose as the chiral auxiliaty® Therein we
living organisms and are involved in various physiologia|so reported an efficient asymmetric synthesis of substi-
cal processesHowever, in many cases the physiologicajuted y-hydroxy sulfonates by hydrolysis of enantiopure
role of these sulfonic acid derivatives remains unclear. Tosulfonea! and by reduction of enantiopufealkoxy-
get further insight into their mode of action a stereq:arhonyl sulfonate¥ In this context, we now wish to
selective access to these derivatives is desirable and cef@scribe a direct and efficient methodology for the asym-
pulsory for physiological tests. In our ongoing researGetric synthesis ofi,3-substituted3-hydroxy sulfonates

concerning the chemistry of sulfonates we have nogy performing stereocontrolled aldol reactions with
developed an efficient diastereo- and enantioselecti¥gantiomerically pure sulfonates.

h I fth ivati ly the tj . : ,
g?hp;ggcxytosgﬂgnca?sss OHtitf? :ﬁodeg\r/]?;lvgs%gva\}ms?xtth eetitc Ur studies started with the model reaction between the

routes for the asymmetric synthesis of these interesti antiopure sulfonate and benzaldehyde as outlined in

. : : heme 1. In the first test reaction, the enantiopure
compounds have been described. Optically agitngy- . o
droxy sulfonates could be synthesized by nucleophil&ulfonatelwas deprotonated with one equivalent of LDA

: . . . : . gt —78 °C and treated with benzaldehyde at —78 °C for one
opening of enantiomerically pure epoxides with eith ¢ )
sodium sulfit& or sodium bisulfité and by Ru—BINAP- Four. After aqueous workup, the desired aldol adduct

catalyzed hydrogenation pfketo sulfonates. could not be observed. Instead only the starting material
o . and a small amount of the cleaved chiral auxiliary could
It is widely accepted that the aldol reaction is one of thg identified by*H NMR analysis. A change of the reac-

most powerful tools for the stereoselective construction @bn temperature to either —40 °C or —100 °C did not yield
new carbon—carbon bonds. In this respect, the asymmetfig desired product either.

aldol reaction of sulfonate derivatives appears to be t . L :
e then examined the reaction in the presence of various

most direct route to these title compounds. To the best X S " )
is acidic additives. For this purpose the aldehyde was
our knowledge, however, no method has been reportedc;LS%Nmplexed with the additive before its addition to the

far for an asymmetric aldol reaction utilizing chiral sul-
fonates. Furthermore, even reports about aldol reactions

of a-metalated achiral sulfonates are very scarce. o 0 1.LDA, THF SV ?H

\Y 2. PhCHO, LA CSLUAN
Zwanenburg and Nkunya reported on the asymmet gig- >~ ————— RrR0O™ 7 "ph
Darzens reaction of-menthyl chloromethanesulfonate Ph
with aldehydes and symmetrical ketones under phas 1 2a
transfer conditions (PTC) leading tarans-)epoxy o—, :?A:‘I’;;{q”eiogga(;a)
sulfonates in moderate to good yields, but with onIR*: Me'%\ e o

Me OAQ ).\.“Me
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lithiated sulfonate. When the lithiated sulfondtevas Table 1 Optimization of the Reaction Conditions of the Aldol
reacted with benzaldehyde precomplexed with Reaction of the Sulfonatewith Benzaldehyde

BuMe,SiCl at —78 °C for two hours, the four dlastereo-Emry Lewisacid equiv  Temp Yield® Ratid?

meric aldol product@a:2’a:3a:3'a were obtained in 63% CC) (%) syn/anti
yield in a ratio of 58:6:30:6 (see Table 1, entry 2). The
product ratio was determined By NMR analysis of the 1  none 0 —78 0 -

crude product by comparing the integrals of the four me;
thine protons (EIOH) resonating as doubletséat 5.80,

5.82, 5.35 and 5.39 ppm, and comparing the order of theSe ZnCl, 1.2 -78 88 (79:0)/(18:3)
values with the order above, iza:2’a:3a:3'a, respective-

ly, as shown in Figure 1. The assignment of the relative
configuration of the aldol adducts was based on the cons  znClLe 25 -78  trace -
parison of the vicinal coupling constanidg = 2.3 Hz for

t-BuMe,SiCl 1.5 -78 63 (58:6)/(30:6)

ZnCl, 1.2 -100 45 (82:0)/(15:3)

bothsyn isomers2a and2’a; J; , = 9.6 and 9.5 Hz for the ZnCh 3 —/8 60 (76:0)/(20:4)
anti isomers3a and3a, respectively). 7  ZnCl, 3 -100 52 (84:0)/(14:2)
8 BF;-OEt 1.2 -78 51 (62:7)/(25:6)
synisomers
% 9  BF,-OEt® 1.2 -78 0 -
3 10  MgCl, 1.2 -78 22 (65:0)/ (18:27
anti isomers
11  Cy,BCl 1.2 -78 18 (78:0)/ (11:21

3a
12 ZnBr, 1.2 —78 39 (81:0)/ (17:2)
2a _ : :
N Za 13 Znl, 1.2 78 52 (65:0)/ (30:5)
14  ZnEg 1.2 -78 10 (39:6)/ (47:8)

S E—— 2Unless stated otherwise, the lithiated sulforiaras treated with

580 5.0 5.60 550 540 530 PhCHO (2 equiv) precomplexed with the indicated Lewis acid.

b Temperature at which the reaction was performed for both the
Figure 1 H NMR spectrum (400 MHz) of the crude product of theenolate formation and the addition of PhCHO.
aldol reaction betweehand PhCHO (the region of the methine pro-° Yield after chromatography.
tons of the four diastereomets, 2’a, 3aand3’a is shown) d Determined byH NMR analysis of the crude reaction mixture.
€ The reaction was performed by adding the Lewis acid to the lithium
. . . .. enolate followed by stirring for 1 h and addition of PhCHO.

To further improve both yield and diastereoselectivity, we

investigated the effects of a number of other Lewis aci

including BR-OEt, Cy,BCI, MgCl,, ZnX, (X =ClI, Br, I)

ppm(il)

q“ﬁe Lewis acid to the lithiated sulfonate prior to the addi-
tion of the aldehyde, occurs, it appears to be a dead end.

and ZnEj$, as summarized in Table 1. e h i tioati the best s int  both
) . From these investigations, the best results in terms of bo
As can be seen in Table 1, the use of ZriSIthe Lewis 14 anq diastereoselectivity arose from the experimental

acid at —78 °C gave the best results in the aldol reaction nditions shown in entry 3. We then proceeded to apply
the sulfonatd regarding both yield and diastereoselectivt ese conditions to a widé range of other aldehydes

ity (entry 3). The aldol adduct was obtained in .88% yiel cheme 2). Therefore, the enantiopure sulfodateas
as a 79:21 mixture @n andanti isomers. The minayn deprotonated with LDA (1 equiv) in THF at —78 °C,

diastereomer2a could not be detected in this casey,,yeqd by the addition of the corresponding aldehyde
Furthermore, we also observed that a lower reactl(zg equiv) precomplexed with ZnQ(1.2 equiv) at —78 °C
temperature had no significant influence on sh@anti to furnish predominantly theyn-configured B-hydroxy ’

selectivity as shown in entry 4: carrying out the reactiof), s,natewa .14 The results are illustrated in Table 2.

at —100 °C gave a comparable diastereoselectivity but a
lower yield. Using an excess of ZnQjave2a with a Obviously, the nature of the aldehyde had a profound

similar selectivity but with a lower overall yield (entries gnfluence on both the yield and the diastereoselectivity of
and 7). the reaction. The reaction with aromatic aldehydes

It should also be noted that only a trace of product was

observed when the lithiated sulfonate/as subjected to a ; ;gﬁg F;’CfSTE’Fl " 0.0
transmetalation with one of the Lewis acids (Zn6i SV e ih 8L A
BF;-OE) prior to the addition of benzaldehyde (entries lreo” S RO R
and 9). These results strongly indicate that the Lewis ac

acts as an indispensable activating agent for the carbouy: !

group. If a transmetalation, promoted by the addition @&heme 2 Asymmetric aldol reaction of sulfonatewith different
addehydes

2a-1
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afforded the corresponding aldol products in very good f&d(OAc), for one day followed by treatment with diazo-
excellent yields (84-96%) and with high diastereoselemethane yielded thg-hydroxy sulfonic acid (%2R)-4 in
tivities (63—-89%). In all of these cases, only three (i.e. orenonoptimized yield of 42% as a single diasterecisomer
syn and twoanti diastereomers) out of four possible diashowing that the cleavage reaction proceeded without
stereomers could be detected. Moreover, the majepimerization and/or racemization (Schemé®3§.Ac-
sulfonate could be easily obtained diastereomerically pucerdingly, the ee value of thghydroxy sulfonic acid

by flash column chromatography and recrystallization (d4S,2R)-4 is expected to be greater than 98% based on the
>98%) in all cases. In contrast, the reaction with aliphatie value of the corresponding aldol adduct. It should be
aldehydes resulted in low diastereoselectivities but stilbted that the attempted methylation of the sulfonic acid

moderate to very good yields (entries 9-12). group did not furnish the corresponding methyl sulfonate,
probably due to intramolecular H-bonding between the
Table 2 Asymmetric Aldol Reaction of the Sulfonatewith sulfonic acid moiety and tH&hydroxyl group.
Representative Aldehydes
Entry Product R Yiel#l(%) dP o0 o OH L E?é?iéa;é??g?mx, ah OH OH
.A. . \\S// : 2. CH2N2, Etzo 0=Ss :
1 2a Ph 88 79:0:18:3%99) RO™N ph J ~"ph
5 42% 5
2 2b 4-(i-Pr)GH, 84 79:0:18:3%99) Ph Ph
(1S,2R)-2a (1S,2R)-4
3 2¢c 2-MeOGH, 89 83:0:9:8 £99) de > 98% de, ee > 98%
4 2d 3-MeOGH, 91 75:0:20:5%99) Scheme 3 Removal of the chiral auxiliary to form tizhydroxy
sulfonic acid (52R)-4
5 2e 2-NO,CgH, 93 71:0:15:14%99)
6 2f 4-NOCH, 92 63:0:19:18%99)  In summary, we have developed an efficient asymmetric
7 29 2-CICH, 96 89:0:6:5 £99) access tau,B-substitutedp-hydroxy sulfonates by per-

forming stereocontrolled aldol reactions of enantiopure
8 2h 4-CIGH, 92 75:0:22:3%99) sulfonates using 1,2:5,6-@-isopropylidenes-D-allo-
furanose as the chirality auxiliary. A thoughtful study and
optimization of the reaction conditions led to the conclu-
10 2j i-Pr 60 48:44:8 sion that the best conditions regarding both yield and
diastereoselectivity involve the reaction of the lithiated
sulfonates with aldehydes precomplexed with zinc chlo-
12 2 n-Bu 42 55:31:14 ride. In addition, the reaction with aromatic aldehydes led
2 vield of a diastereomeric mixture. to the correspon(_jing aldol addgcjrs invery g.ood yields and
b Determined byH NMR analysis of the crude reaction mixture. TheWIth exc.e,”ent dlastereoselectlv[tles. S',[l,Jdles towards a
value in parentheses shows the dr value after flash column chromanore efficient cleavage of the chiral auxiliary are current-
tography and recrystallization. ly underway in our laboratories.

¢ Diastereomeric ratio of all observed isomers.

9 2i Me 92 48:36:16

11 2k n-Pr 48 56:31:13
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General Procedure for Aldol Reactions of the Sulfonate

1: To a cooled (78 °C) solution of freshly generated lithium
diisopropylamide [prepared by treatment of diisopropyl-
amine (1.1 mmol) in anhyd THF (3 mL) withBulLi (1

mmol) at —78 °C for 30 min] was added dropwise a solution
of the sulfonatd (1 mmol) in THF (2 mL) under N After
stirring for 1 h, a mixture of aldehyde (2 mmol) and 1 M
ZnCl,in THF (1.2 mmol) was added dropwise. The reaction
mixture was stirred at —78 °C for 1 h and then quenched with
sat. NHCI. The mixture was poured into an ice-cooled 1 N
HCI solution (10 mL) and extracted with EtOAc. The
combined organic layers were washed wigoHbrine and
dried over Ng&SO,. The solvent was removed under reduced

pressure to give the crude product. The diastereomeric ratiq16)

was determined at this stageyNMR (400 MHz). The
crude product was purified by flash column chromatography
(Si0,, EtOAc—hexane) to give the aldol proddct

(1S2R)-2a: colorless solid; de 98%; mp 103-104 °C;

[0]p2° +93.1 € = 0.105, EtOH). IR (KBr): 3446 (s), 2986,

Synlett 2007, No. 16, 2529-2532 © Thieme Stuttgart - New York

1630, 1375, 1344 (s), 1217, 1150 (s), 1059 (s), 1017 (s), 886,

705 cntt. *H NMR (400 MHz, CDCJ): § = 1.29, 1.30, 1.37,
1.57 (4x s, 12 H, 4 Me), 3.65 (br s, 1 H, OH), 3.75 (dd,
J=6.6,8.7 Hz, 1 H, BH), 3.95 (ddJ = 6.7, 8.7 Hz, 1 H,
CHH), 4.09 [ddJ = 4.1, 8.6 Hz, 1 H, CELHCHO), 4.25 (dlt,
J=4.1,6.6 Hz, 1 H, CKCHCHO), 4.46 [tJ= 4.4 Hz, 1 H,
OCHCH(OC))], 4.47 (dJ = 2.2 Hz, 1 H, CHSG), 4.81 (dd,
J=4.7,8.6 Hz, 1 H, CHOS{ 5.71 [d,J = 3.7 Hz, 1 H,
CH(OC),), 5.80 (br dJ = 1.8 Hz, 1 H, €IOH), 7.01-7.30
(m, 10 H, ArH).13C NMR (100 MHz, CDC)): § = 25.2,
26.1, 26.6, 26.7 (% Me), 65.4 (CH), 72.1 (CHOH), 74.0
(CHSO), 74.6, 76.4, 76.9, 77.6 (4CHO), 103.8 (OCHO),
110.3, 113.8 [X C(CHy),], 126.0 (ACH), 127.76 (AC),
127.83,128.1,128.2, 129.1, 131.3CA), 139.2 (AC). MS
(El, 70 eV):miz (%) = 520 (0.2)[M], 505 (22), 399 (16), 341
(23), 292 (17), 197 (31), 167 (31), 127 (51), 91 (100), 77
(33), 55 (17). Anal. Calcd forgH,,0,S (520.59): C, 59.99;
H, 6.20. Found: C, 60.13; H, 6.19.

(15) (1S2R)-4: colorless solid; de, ee98%; mp 169-170 °C;

[a] 2 +122.0 € = 0.115, EtOH). IR (KBr): 3467 (s), 1220,
1163 (s), 1049 (s), 795, 713, 651, 572&AH NMR (400
MHz, CDCL-CD;0D): 6 = 3.87 (br s, 1 H, OH), 4.02 (d,
J=1.8Hz, 1 H, CHS(), 5.71 (dJ=1.8 Hz, 1 H, EIOH),
6.93-6.97 (M, 2 H, ArH), 7.02-7.11 (m, 6 H, ArH), 7.17—
7.21 (m, 2 H, ArH)13C NMR (100 MHz, CDC}-CD,0D):
8§=71.7,73.1 (xCH), 126.0, 127.0, 127.19, 127.22, 127.6,
130.7 (AICH), 132.5, 140.7 (% ArC). MS (El, 70 eV):
m/z (%) = 179 (100)[PhCH=C(P1]) 165 (55), 152 (20).
epi-4 obtained from the cleavage of @i isomer3aunder
the same conditions exhibits a differéiftNMR spectrum.
H NMR (400 MHz, CDC}-CD,0D): § = 3.67 (br s, 1 H,
OH), 4.16 (dJ = 10.1 Hz, 1 H, CHS(), 5.29 (dJ=10.1
Hz, 1 H, GHOH), 7.00-7.30 (m, 10 H, ArH).
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