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Aldol Reaction of Reducing Sugars. Convenient Stereoselective Synthesis of
Ribofuranosylacetone and Chiral Dienones

Ana Calvo-Mateo,? Maria-José Camarasa,? Angel Diaz-Ortiz,? Federico G. De las Heras,** and
Antonio Alemany?

2 Instituto de Quimica Médica and * Instituto de Quimica Organica General, C.S.1.C., Juan de la Cierva 3,
28006 -Madrid, Spain

Aldol reaction of 2,3-0-isopropylidene-p-ribose with acetone, catalysed by aqueous K,CO,, gave 1-
(2,3-0-isopropylidene-a-p-ribofuranosyl)acetone. Similar reactions of 2,3,5-tri-O-benzyi-p-ribo-
furanose, 2,3,4,6-tetra-O-benzyi-b-gluco- and -p-galactopyranose afforded chiral (3£,6Z,7S)-octa
3,6-dien-2-one, (3£,5Z,75,8R)-nona-3,5-dien-2-one, and (3£,5Z,7R,8R)-nona-3,56-dien-2-one
derivatives, respectively.

C-Glycosyl derivatives ! are useful chiral synthons for the total HO— ¢ RO 0
synthesis of natural products of biological and pharmaceutical OH 0
importance.?-3 The methods for their synthesis include: (a) the

reaction of a glycosyl derivative, having a leaving group at the

anomeric position, with a carbon nucleophile, such as cyanide 0 0 0.0

ion,' a malonic-t banion,* ilane,® il > <
, i ype carbanion,* a silane,> an organosilver

reagent,® or an enol trimethylsilyl ether;’-® (b) the addition of (1) (2) R=H

carbon nucleophiles to glycals;® (c) the reaction of organo-
lithium '° or organomanganese!! derivatives of sugars with
electrophilic carbon centres; (d) the free-radical reaction of
sugar halides with alkylstannanes.’?
The aldehyde group of reducing sugars can also undergo a HO
variety of reactions leading to the formation of new C-C bonds.
The Wittig reaction,!!* the addition of organometallic (Li,'®
Mg '®) reagents, and the reaction with nitromethane!” have
been extensively studied. The scarce reports on aldol and related 0 0
reactions '®+ include the Knoevenagel reaction with malonic- <
type derivatives.’®-2® Here we report a convenient and
stereoselective synthesis of ribofuranosyl acetone and chiral (&)
dienones by aldol reaction of reducing sugars with acetone. BzlO
Reaction of 2,3-0O-isopropylideneribose 2! (1) with acetone in OH
the presence of aqueous K,CO, afforded 4,7-anhydro-1,3- —>
dideoxy-5,6-O-isopropylidene-D-altro-2-octulose  (2).  This
compound was characterised as its 8-O-benzoyl derivative (3). BzIO OBzl
There is n.m.r. evidence that the two C-glycosyl epimers, the D-
altro (2) and 4,7-anhydro-1,3-dideoxy-5,6-O-isopropylidene-p- (5} (6) R=H
allo-2-octulose (4) are formed in the reaction, but the (7)R=Ac
thermodynamically more stable!® p-altro stereoisomer (2) is 0Bzl H 0Bzl
the only detected final product. The configuration at C-4 of the Bz1Q,
octulose (3), was assigned based on the J¢ ; < 0.5 Hz value,
which indicates an ‘w-anomeric configuration.’'3-?? D-Altro- BzIO OH
and D-allo-octuloses related to (2) and (4) have been previously BzlO H
obtained as mixtures of diastereoisomers by Wittig reaction of
ribose with acetylmethylene(triphenyl)phosphorane '* and by (8) (9) R=H
reaction of 2,3.5-tri-O-benzyl-B-D-ribofuranosyl fluoride with (10) R = Ac
isopropenyl trimethylsilyl ether in the presence of BF ;.2 Bz10 0BzI 0
Application of the same procedure to reducing sugars having z H 9B2! oBal
different hydroxy-protecting groups afforded different results. 0 - A 0
The benzyl-protected sugars 2,3,5-tri-O-benzyl-D-ribofuran- Bzl0 OH Bz10 s
ose 23 (5), 2,3,4,6-tetra-O-benzyl-D-gluco- 2* (8) and -p-galacto- Bz10 HY OH
pyranose 2° (11) afforded «,B:7,5-unsaturated ketones (6), (9),
and (12), respectively. These chiral, reactive intermediates result (11) (12)
from the elimination of the 4-OH and 6-0-Bzl groups from the

(3)R=Bz

sively studied. See J. Jurczak, S. Pikul, and T. Bauer, Tetrahedron, 1986,

T (R)- And (5)-2,3-O-isopropylideneglyceraldehyde have been exten-
Bzl = CH,-
42, 447.
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Table. N.O.e. values for compounds (6) and (12)

N.O.es observed at the indicated protons

Proton P A N
Compound irradiated 1-H, 3-H 4-H 6-H 8-H
(6) 4-H 2.6 —83 114
6-H 132 -93 33
(12) 4-H 2.5 —-90 12.6
6-H 127 —97 3.0

uloses formed by aldol reaction. Acetylation of compounds (6)
and (9) with acetic anhydride~pyridine afforded the mono-
acetylated derivatives (7) and (10), respectively.

The use of acetyl- and benzoyl-protected reducing carbo-
hydrates as starting materials afforded complex mixtures. These
were produced by partial deacylation, under the basic reaction
conditions, on both reaction products and starting materials.
The use of other bases such as NaOH, DBU, or NaH in the
absence of water afforded mixtures from which the above
compounds could also be identified.

The stereochemistries of the C(3)-C(4) and C(5)-C(6) double
bonds of (6), (7), (9), (10), and (12) are E and Z, respectively. The
coupling constant J;, 15.5—16 Hz indicated a trans
relationship between 3-H and 4-H. The Z stereochemistry of
the C(5)-C(6) double bond was inferred from 'H nuclear
Overhauser effect (n.O.e.) experiments,2? which also confirmed
the C(3)-C(4) assignment. The n.O.e. values (Table) indicated
that 4-H is close to 6-H and -Hj, but not to 3-H. According to
the spectral data, the structure of the dienone system is identical
for (6), (7), (9), (10), and (12). This indicates that the
stereochemistry of the two double bonds does not depend on the
different absolute configurations at C-2 and C-3 of the ribo,
gluco, and galacto structures of the starting sugars. However,

H pH RO H COzMe
RX A~ R X o~ =
‘\R Cone \‘5
H OH H OR
(13) {14)
H OR
HHCS 5 RI = ~
\ CHO
RO H
(15)
O H
MeO:,C S S\~~~
H CHO
(16)

the stereochemistry of the chiral carbon atoms of these dienones
is that of the same carbon atoms of the parent reducing sugars.
o,B:v,6-Unsaturated carbonyl derivatives, such as (13),2°
(14),%7 (15),2% and (16),?° structurally related to those reported
in this paper, have been used as key chiral synthons for the total
synthesis of some natural products, such as citreoviridin, a
potent neurotoxic mycotoxin, trichothecenes, lipoxin B, and
leukotrienes C-1 and A,, respectively.

Taking into account the variety of stereochemistries at C-4,
C-5, and eventually at higher positions, of the possible starting

J. CHEM. SOC. PERKIN TRANS. I 1988

reducing sugars, this reaction provides a method for the con-
venient and cheap preparation of chiral conjugated dienones of
different lengths incorporating one or more asymmetric carbon
atoms of defined absolute stereochemisty.

Experimental

Microanalyses were obtained with a Heraeus CHN-O-Rapid
elemental analyser. Optical rotations were determined with a
Perkin-Elmer 141 polarimeter. 'H N.m.r. spectra were recorded
with a Bruker AM-200 or a Varian EM-390 spectrometer using
Me,Si as internal standard; mass spectra were recorded with a
Vacuum Generators VG 12-250, i.r. spectra were obtained using
a Shimadzu IR-435 spectrometer, and u.v. spectra were
obtained using a Perkin-Elmer 550 SE spectrophotometer.
Analytical tl.c. plates were purchased from Merck, preparative
t.l.c. was performed on glass plates coated with a 2 mm layer of
silica gel PF,5, (Merck), flash column chromatography was
performed with silica gel 60 230—400 mesh (Merck). Com-
pounds were detected by u.v. light (254 nm) or by spraying the
plates with 30% H,SO, in ethanol, and heating.

Aldol Reaction of Reducing Sugars with Acetone. General
Procedure —A mixture of the reducing sugar (1 mmol), acetone
(40 ml), water (5 ml), and K,COj; (1.4 mmol) was heated to
reflux with magnetic stirring for 12 h. The reaction mixture was
evaporated to dryness. The residue was treated with water, and
the mixture was extracted with chloroform (3 x 20 ml). The
organic phase was dried with anhydrous Na,SO,, filtered, and
concentrated to give a syrup, which was purified by flash
column chromatography with hexane-ethyl acetate (2:1) as
eluant.

4,7-Anhydro-8-O-benzoyl-1,3-dideoxy-5,6-O-isopropylidene-

D-altro-2-octulose (3)—The syrup (2) (0.17 g, 75%), obtained by
reaction of the furanose (1) with acetone according to the
general procedure, was stirred with pyridine (15 ml) and
benzoyl chloride (2 ml) at room temperature for 3 h. The
reaction mixture was then concentrated under reduced pressure,
the residue was dissolved in chloroform (50 ml), and the
solution was washed successively with 1M HCI (10 ml) and
water (2 x 10 ml). The organic phase was dried over anhydrous
Na,SO,, filtered, and evaporated to dryness. The syrupy
residue was purified on preparative t.l.c. plates with hexane—
ethyl acetate (3:1) as developer to afford the title compound (3)
as a syrup [0.23 g, 699 total yield from (1)] (Found: C, 64.5; H,
6.8. C,4H,,04 requires C, 64.7; H, 6.6%); [«]p +8° (¢ 0.5 in
CHCl,); Vo (film) 1 725 cm™! (C=0, C4HCO,); A, (MeOH)
227 nm (g 9 300 dm* mol™! cm™!); §,(200 MHz; CDCl,) 1.33
and 1.50 (6 H, 2 s, isopropylidene), 2.20 (3 H, s, 1-H3), 292 (2 H,
m, 3-H,), 424—4.43 3 H, m, 7-H and 8-H,), 447 (1 H,dt, J, ,
6.7, J,.s 40 Hz, 4-H), 478 (1 H, d, J5 ¢ 6.2, J, , <0.5 Hz, 6-H),
and 4.88 (1 H, dd, 5-H); m/z 334 (M, 1.5%), 319 (M™* — 15,2),
318(12),277(M* — CH,COCH,, 7).

(3E,5Z,7S)-5,8-Dibenzyloxy-T-hydroxyocta-3,5-dien-2-one
(6)—Reaction of compound (5) according to the general
procedure afforded the title compound (6) as a syrup (0.24 g,
68%;) (Found: C, 74.6; H, 6.95. C,,H,,0, requires C, 74.9; H,
6.890); Vmax (Nujol) 3420 (OH) and 1670 cm™' (a,B:v,5-
unsaturated ketone); A, (MeOH) 275 nm (16 800); 8,(200
MHz; CDCl,;) 2.25 (3 H, s, 1-H;), 3.34 (2 H, m, 8-H,), 4.50 and
4.80(4H,2s,C¢HsCH,),470(1 H,m, 7-H), 5.53 (1 H, d, J , 8.6
Hz, 6-H), 6.41 (1 H, d, J, , 16 Hz, 3-H), and 6.93 (1 H, d, 4-H);
mjz 352 (M™, 0.4%), 337 (0.7), 309 (2), and 231 (23).

(3E,52,7S)-7-Acetoxy-5,8-dibenzyloxyocta-3,5-dien-2-one
(7).—A solution of the alcohol (6) (0.352 g, 1 mmol), pyridine



J. CHEM. SOC. PERKIN TRANS. I 1988

(10 ml), and acetic anhydride (1 ml) was stirred at room
temperature for 16 h. The solvents were evaporated off under
reduced pressure, the residue was dissolved in chloroform (30
ml), and the solution was washed successively with Im HCI (6
ml) and water (2 x 10 ml). The organic phase was dried over
anhydrous Na,SO,, filtered, and evaporated to dryness. The
residue was purified by flash column chromatography with
hexane-ethyl acetate (5:2) as eluant to give the acerate (7) as a
syrup (0.335 g, 85%,) (Found: C, 72.8; H, 6.1. C,,H, 04 requires
C, 73.0; H, 6.1°)); v, (Nujol) 1735 (acetate) and 1670 cm™
(«,B:v,6-unsaturated ketone); A, (MeOH) 275 nm (15 900);
84(90 MHz, CDCl;) 2.03 (3 H, s, OAc), 2.26 (3 H, 5, 1-H;), 3.52
(2H,d, /; 5 5Hz,8-H,),4.50(2H,s,CqH;CH,),4.70 and 4.91 (2
H, AB system, J 10 Hz, C¢HsCH,), 5.50 (1 H, d, J_; 8.5 Hz,
6-H),5.93 (1 H,m, 7-H), 6.42 (1 H,d, J5 4 15.5 Hz, 3-H), and 6.90
(1 H, d, 4-H).

(3E,5Z,7S,8R)-5,7.9-Tribenzyloxy-8-hydroxynona-3,5-dien-2-
one (9)—Reaction of compound (8) according to the general
procedure afforded the title product (9) as a syrup (0.33 g, 70%,)
(Found: C, 76.5; H, 6.9. C5,H;,0; requires C, 76.2; H, 6.75%);
Vonax (NUjol) 3440 (OH) and 1668 cm™ («,B:v,8-unsaturated
ketone); A, (MeOH) 276 nm (18 900); 6,,(200 MHz; CDCl,)
2253 H,s, 1-H,), 3.57 (2 H, m, 9-H,), 3.91 (1 H, m, 8-H), 4.25
and 4.49 (2 H, AB system, J 10.5 Hz, C(H;CH,), 443 (1 H, dd,
7-H),446 and 4.72(4 H,2s,C4H,CH,),5.57(1 H,d, J4 ;9.2 Hz,
6-H), 6.41 (1 H,d, J, , 15.5 Hz, 3-H), and 6.90 (1 H, d, 4-H); m/z
472 (M"*,0.1%;),446 (16),429 (4), 322 (14),321(32),and 231 (41).

(3E,5Z,7S,8R)-8-Acetoxy-5,1,9-tribenzyloxynona-3,5-dien-2-
one (10).—Acetylation of the alcohol (9) (0.47 g, 1 mmol) with
acetic anhydride (1 ml) and pyridine (10 ml) and work-up as
described before for compound (7) afforded the acetate (10) as a
syrup (0.425 g, 83%) (Found: C, 74.6; H, 6.85. C;,H;,04
requires C, 74.7; H, 6.6%,); Voax. (Nujol) 1 735 (acetate) and 1 670
cm™  (a,f:v,8-unsaturated ketone); A, (MeOH) 276 nm
(18 200); 6,4(90 MHz; CDCl;) 1.97 (3 H, s, OAc), 222 (3 H, s,
1-H,), 3.57 (2 H, d, Jgo 5 Hz, 9-H,), 420 and 442 (2 H, AB
system, J 10.5 Hz, C¢H,CH,), 443 and 467 (4 H, 2 s,
C.,H;CH,), 4.60 (1 H, dd, 7-H), 5.14 (1 H, m, 8-H), 5.44 (1 H, d,
Je.79.5Hz, 6-H),6.35(1 H,d, J5 , 15.5 Hz, 3-H), and 6.89 (1 H,
d, 4-H).

(3E,5Z,7R,8R)-5,7,9-Tribenzyloxy-8-hydroxynona-3,5-dien-2-
one (12).—Reaction of compound (11) according to the general
procedure afforded the title product (12) as a syrup (0.32 g, 69%;)
(Found: C, 76.35; H, 6.85. C;,H;,0, requires C, 76.15; H,
6.75%); Vmax.(Nujol) 3430 (OH) and 1695 cm™ («,B:v,5-
unsaturated ketone); A, (MeOH) 277 nm (21 250); 8,(200
MHz,CDCl,) 2.26 (3H,s, 1-H;), 348 (2H, d, J5 ¢ 4.5Hz,9-H,),
3.70 (1 H, m, 8-H), 4.23 and 4.50 (2 H, AB system, J 11.5 Hz,
C,H,CH,), 443 (1 H, dd, 7-H), 447 and 4.70 (4 H, 2 s,
C.H;CH,),5.55(1H,d, Js , 10 Hz, 6-H), 6.40 (1 H, d, J5 4, 15.5
Hz, 3-H), and 6.95 (1 H, d, 4-H); m/z 472 (M *, 0.1%), 429 (3),
322 (14), 321 (32), and 231 (47).

Nuclear Overhauser Effect Experiments.—'H N.m.r. steady-
state n.O.e. difference spectroscopy experiments were carried
out on compounds (6) and (12) with a Bruker AM 200
spectrometer operating in the pulse mode. The standard
Bruker microprogram library was used to perform sequential
multiplet line irradiation.?® Each irradiation multiplet fre-
quency was cycled 20 times before acquisition. A total
irradiation time of 2 s and an acquisition time of 2 s were used.
Solutions (CDCl; + Me,Si) were measured at 30 °C and a 90 °
lead pulse was used in all cases. The decoupling power was
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adjusted in order to obtain maximum saturation (80-—90%)
compatible with minimum frequency spill over to neighbouring
multiplets. F.I.D.s were weighted with a 2 Hz exponential line-
broadening factor, subtracted, and fourier transformed. N.O.e.
values were calculated from integrals of the difference and
control irradiation spectra.
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