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ABSTRACT

Palladium(II) promoted carbocyclization of hex-5-enopyranosides
proceeds with high stereoselectivity, but accompanying elimination is
observed when the substituent is an ester on C-3.

INTRODUCTION

Interest in the synthesis of chiral carbocyclic compounds has been
increased due to the identification of novel aminocyclitol antibiotics
and pseudo-sugar derivatives. Since the discovery of the Ferrier-lI re-
act:i.on1 many substituted b5-hydroxycyclohexanones have been prepared from
hex-5-enopyranosides and converted into functionalized deoxyinososes.

In 1988, a palladium(II) salt was used by Adam2 for analogous ring

transformations. The starting materials were 3-0-benzyl hex-5-enopyran-

a) Present address: 2nd Department of Medicine,
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osides, which in some czaksesa—7 gave isomeric mixtures under the Ferrier
conditions, but only a single product was isolated from the Pd(II)-medi-
ated carbocyclization. Later, isomeric hydroxycyclohexanones (ratio 6 :
4) were obtained by Barton et al6 from the same starting material when
similar conditions were employed. The presence of sulfuric acid (5 mM)
in the reaction mixture would not cause the isomerization of the product,
because similar ring transformations were performed with Ferrier(II) re-

action in the presence of acetic acids’9 or sulfuric acid.lo’11

We were
interested in determining whether the palladium(II) catalyzed carbocy-

clization was stereoselective.

RESULT AND DISCUSSION

The starting materials (la-¢) were synthesized from D-glucosamine
and D-glucose, respectively, in several steps. (acetyl and (-benzoyl
were the substituents at C-3, which had turned out to play an important
role in the stereochemistry of the newly developed asymmetric centre12
at C-5.

First, methyl 3,4-di-0-acetyl-2-benzoylamino-2,6-dideoxy-a-D-xylo-
hex-5-enopyranoside (la) was submitted to the Pd(II) promoted carbocy-
clization, and besides the expected (25,3R,45,55)-2,3-diacetoxy-4-benzo-
vlamino-5-hydroxycyclohexanone (2a),13 identified from 1H NMR data, mp
and optical rotation, the unsaturated (47X,585)-2-acetoxy-4-benzoylamino-
5-hydroxycyclohex-2-enone (3a) was isolated as the major product (ratio
1 : 5). Methyl 2,3,4-tri-0-benzoyl-6-deoxy—-o-D-xylo-hex-5-enopyranoside
(1b) was converted by the same method exclusively into (2S5,3R,45,55)-
2,3,4-tribenzoyloxy-5-hydroxycyclohexanone (2b).8 The transformation of
methyl 3,4-di-0-benzoyl-2,8-dideoxy-a-D-erythro-hex-5-enopyranoside
(1c),14 gave two products (ratio 1.4 : 1; according to 1H NMR) and the
minor compound was decomposed on column chromatography into the major
product (55)-2-benzoyloxy-5-hydroxycyclohex-2-enone (3c).15 In this

11,15 because of the trans

case the elimination process was more favoured
relationship of Bz0-3 and H-4. The elimination of the egquatorial Ac0-3
and the H-4, being in a cis relationship, upon transformation of 1la, is

a unique result in the application of the Ferrier-Il reaction. At the
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SCHEME 1.
0 0
Pdcl, R, R,
acetone-water R6
Ry Ry Ry
Rs R3 R3
1 2 3
la R2:R5:H; R =0Me a. Rl—OH‘ R2 R5—H
R3=NHBZ: R4 Rs—OAc 3 =NHBz; R4 R6:OAc
1b R2 R5 =H: R -OMe b. RI:OH; R =R =H
RS-R4 G-OBz RS 4-R6—OBz
1c RZ R3 R4 =H: R1=0Me c. R2= H; R1=R3=R4:H
R5 R8 =0Bz R5=R6=08z

same time, no similar elimination was observed in the case of the per-
benzoylated a-D-xylo-hex-b-enopyranoside 1b (with analogous configura-
tion), which might be explained by the weaker leaving group character of
the Bz0 group compared to that of the AcO group.

We have observed that the Pd(II)-mediated ring transformation, sim-
ilarly to the Ferrier(II) reaction, proceeds with high stereoselectivi-
ty 12 the newly generated hydroxyl group at C-5 is trans to the lone
palr—bearlng substituent at C-3. The first step of the ring transforma-
tion is the addition of palladium(II) salt to the double bond. If this
step contains a m-(allyl)-palladium intermediate, it could cause an
isomerization or a rearrangement of allylic substituent16’17 at C-4.

The generated hydrochloric acid, splits the glycosidic bond as well as
the hemiacetal ring and after dehydration a 1,5-dioxo compound is
formed. In our method of carbocyclization reactions (see general proce-
dure) the addition of diluted (5 mM) sulfuric acid is omitted, because
the generated hydrochloric acid proved to be enough for splitting the
glycosidic bond and opening the hemiacetal ring. According to Japanese

authors,18 additional acid is not necessary for the Ferrier(1l) reac-
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tion, when catalytic amounts of various mercury(ll) salts were used.
Simultaneously the palladium may coordinate to the lone pair-bearing
substituent at C-3, which weakens the bond between C-3 and the substitu-
ent. This six-membered cyclopalladium intermediate, which type is known
in the literature,lg’zo directs the attack of the C-6 nucleophile to-
wards C-1, ensuring the selectivity of the ring-closure and causing
elimination of the loosened substituent at C-3. The conversion is ste-
reoselective even if it is accompanied with elimination of the substitu-
ent at C-3. This observation shows that the ring closure procedure and
the elimination are occurring simultaneously. This conception is in
good accordance with the reported mechanism of the Ferrier(Ill) reac-

tion.g’lz’la

EXPERIMENTAL

General Methods. Melting points were determined on a Kofler hot-
stage apparatus and are uncorrected. Optical rotations were measured
with a Perkin-Elmer 241 polarimeter. IR spectra were recorded with a
Perkin-Elmer 283 B instrument. 'H and '°C NMR spectra (200 and 50.3
MHz), respectively, were obtained with a Bruker WP 200 SY spectrometer
with Me4Si as internal standard. Mass spectra were recorded with a
VG-7035 instrument. TIC and column chromatography were performed on
Kieselgel 60 F254 (Merck) and Silica Gel 60 (Merck) adsorbent.

General procedure: To a solution of the starting material in ace-
tone - water (2:1) was added PdCl2 (20-25 mol%). The stirred mixture
was refluxed for 3-4 h, diluted with acetone - water (2:1) and NaHCO3 as
well as NaHSO3 were added in excess. The precipitated Pd was removed by
filtration and washed with acetone. Most of the acetone was then dis-
tilled off under reduced pressure, the residue was extracted several
times with chloroform (or ethyl acetate in the case of 3a) and the com-
bined extracts were washed with water, dried (Na2804) and concentrated.
The products were purified by recrystallization (ethanol) or by means of
column chromatography.

(25,3R,45,55)-2, 3-Diacetoxy—4-benzoylamino—5-hydroxycyclohexanone
(2a). To a stirred solution of 1a (113 mg, 0.31 mM) in acetone - water
2:1 (15 mL) was added Pd012 (12 mg, 0.067 mM) and the reaction was per-
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formed according to the general procedure. The reaction mixture was ex-
trgcted with chloroform to give 14 mg (12.8%) of 2a: mp 200-202 °C; [ a] D
+20.32° (c 0.7, pyridine). Lit.3 mp 205 °C; [a] D +24° (c 1.0, pyri-
dine).

(47,55)-2-Acetoxy-4-benzoylamino-5-hydroxycyclohex-2-enone (3a).
146.5 mg (0.403 mM) of 1a and 14.8 mg (0.081 mM) of PdCl2 in acetone-wa-
ter 2:1 (15 mL) were reacted as above, but the mixture was extracted
with ethyl acetate. 70.5 mg (60.5%) of 3a was isolated after recrys-
tallization from ethanol: mp 188-190 "C (decomp); [ al j -115" (e 1.6 pyr-
idine); IR (KBr) 3380 (OH, NH), 1780 and 1710 (C=0), and 1650 and 1530
en™! (amide); 'H MMR (DMSO-dg) & 2.18 (s, 3H, AcO), 2.68 (dd, IH, J
= 5.0 Hz, J6,6’ = 16.0 Hz, H-6a), 2.91 (dd, 1H, J = 3.0 Hz, J
16.0 Hz H-6e), 4.33 (m. 1H, H-5), 5.24 (dt, 1H, J
J4,NH = 8.0 Hz, H-4), 5.48 (d, 1H, OH), 6.46 (dd, 1H, Jg,4 = 3.0 Hz,
J3 5 = 1.5 Hz, H-3), 7.4-8.0 (m, 5H, aromatic), and 8.59 (d, 1H, J
8.0 Hz, NH); MS m/z: 289 (M').

Anal. Caled for CISHISNOS: C, 62.25; H, 5.24; N, 4.84. Found: C,
61.05; H, 5.24; N, 4.82.

(25,3R,45,55)-2,3,4-Tribenzoyloxy-5-hydroxycyclohexanone (Zb). A
mixture of 265 mg (0.54 mM) of 1b and 23.5 mg (0.13 mM) of PdCl2 in ace-

tone-water 2:1 (15 mlL) was refluxed and worked up according to the gen-

5,6”

6,6"
3,4 :J4’5 = 3.0 Hz,

5,6

4,NH ~

eral procedure. After recrystallization 152 mg (59%) of 2b was isolated:
mp 199-201 C; [ @&l [ -3.52° (e 0.91, chloroform). Lit® mp 196-197 °c;

[ &] D -4° (chloroform). IR (KBr) 3410 (OH), and 1720-1705 (C=0); 1H MR
(acetone—ds) & 2.77 (dd, 1H, J5,6‘ = 3.8 Hz, J6,6‘ = 15.0 Hz, H-6a),
3.29 (ad, 1H, J5,6 = 2.5 Hz, J6,6' = 15.0 Hz, H-6e), 4.66 (q, 1H, Jav =
3.0 Hz, H-5), 5.31 (dd, 1H, OH), 5.98 (dd, 1H, J = 10.0 Hz, J
2.5 Hz, H-4), 6.10 (d, 1H, J

3,4 4,5 =

237 10.0 Hz, H-2), 6.41 (&, 1H, J2 3=
J3 4= 10.0 Hz, H-3), and 7.3-8.0 (m, 5H, aromatic): MS m/z: 334
’ + +
(M—C7H602-H20), and 230 (M—ZxC7H602)-
Anal. Caled for C..H,.0,: C, 68.35; H, 4.67. Found: C, 65.82; H,
2772278
4.42.

(55)-2-Benzoyloxy—5-hydroxycyclohex-2-enone (3c). 140 mg (0.38 mM)
of 1c was dissolved in acetone - water 2:1 (45 mL) and 15 mg (0.085 mM)
of PdClz was added. The mixture was refluxed and then worked up giving
two products. After column chromatography only 48.5 mg (55%) 3c was
isolated: mp 117-119 °C; [ o] ) +20.00° (c 0.94, chloroform). Lit!d mp
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124-125 °C; [« D +27.8° (chloroform). IR (KBr) 3440 (CH), 1730 and 1680
(C=0), and 1650 (C=C); 1H NMR (acetone-ds) S 2.56-3.0 (m, 4H, J:3 4= 4.5
Hz, J3’4, = 4.0 Hz, J4,5 = 4.5 Hz, J4.’5 = 8.5 Hz, J5,6 = 4.0 Hz. J5,6'
8.4 Hz, J4 4 c 18.0 Hz, J6 g = 16.0 Hz, H-4,47,6,6"), 4.38 (d, 1H,

OH}, 4.38 (m, 1H, J4,5 = ‘35,6 = 4.0 Hz, 34.’5 = 6.5 Hsz, JS,S‘ = 8.4 Hz,
H-5), 6.76 (t, 1H, J =J = 4.0 Hz, H-3), and 7.5 -8.1 (m, BH, ar-

3,4 3,47

omatic); MS m/z: 232 (M').

Anal. Caled for C._ H..,0,: C, 67.23; H, 5.21. Found: C, 85.21; H,

137127°4"

5.02.
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