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Abstract—Tbe synthesis of four diastereoisomeric 2,6-dideoxy-nL-hexoses from butyl E 23, 4-trideoxy-aldehydo-De-
hex-Z:enmlme (2) is described. The aldehyde 2 treated with MeMgBr affords a mixture of diastereoisomeric diols
&, which after hydroxylation and Ruff degradation gives 2,6-dideoxy-br-hexoses 13, 14, 15 and 16.

The title compounds represent an important class of
natural dideoxy sugars. All four possible stereoisomeric
2,6-dideoxy-D-hexoses and their various methyl ethers
have been found in cardiac glycosides.! 2,6-Dideoxy-
hexoses of the lyxo and arabino configuration and their
derivatives occur also as the sugar components of
numerous antibiotics containing aromatic aglycons.® The
most important group of these compounds is represented
by anthracycline antibiotics, which are clinically
cffective against various forms of cancer. These antibio-
tics contain the amino sugar daunosamine and rhodos-
amine either alone or in combination with other deoxy
sugars. 2,6-Dideoxy-L-lyxohexose has been found in the
antibiotic cinerubin A* and in the rhodomycin complex*
as the neutral component.

Syntheses of 2,6-dideoxyhexoses and their derivatives
have often been attempted.' In recent years, due to
interest in anthracycline antibiotics, there has been an
increased interest in this class of sugars.>” The syn-
theses comprise multi-stage transformations of natural
sugars.

The readily available Diels-Alder adduct 1° obtained
by condensation of 1-methoxy-1,3-butadiene with butyl
glyoxylate easily undergoes hydrolysis in dilute mineral
acids to give butyl 2,34-trideoxy-aldehydo-DL-hex-2-
enuronate (2)° to which the E configuration is assigned
on the basis of 'H NMR data.® Compound 2 opens the
way to deoxy sugars via suitable transformations of the
functional groups. For instance, reduction of the al-
dehyde group leads to primary alcohol 4; epoxidation of
the double bond followed by hydrolysis of the oxirane §
and, finally, by Ruff degradation of the resulting product
leads to racemic 2-deoxyribose® (Scheme 1).

This paper reports a new, simple synthesis of all four
diastereomeric* 2,6-dideoxy-DL-hexoses from butyl 2-
methoxy-5,6-dihydro-2H-pyran-6-carboxylate (1), based
essentially on Scheme 1.

RESULTS AND DISCUSSION
The reaction of aldehyde 2 with methyl magnesium
bromide at —~70° afforded a mixture of diastereomeric
diols 6 in a 60% yield (Scheme 2). Under the experimen-
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*The paper was presented at the 11tk Symposivm on Chem-
istry of Natural Products held in Golden Sands, Bulgaria, in
September 1978, Abstr. papers Vol. 3, p. 137.

“For the sake of simplicity all formulse in this paper refer to
monosaccharide D series, aithough in fact they represent racemic

‘memm&m.mm: butyl E
2-hydroxy-6-oxo-hex-4-cnoate (2).

tal conditions the ester group remained unchanged. The
ratio of threo and erythro diols 6 was estimated to be 1:1
by integration of the well separated signals of C-3 and
C4 in the "*C NMR spectrum (Table 1) recorded for the
mixture, Continuation of the synthesis leading to 2,6
dideoxyhexoses did not require separation of isomeric
diols §. Further steps consisted in: (i) hydroxylation of
the double bond in §, (ii) saponification of the ester group
to calcium salt of 3,7-dideoxy-heptaldonic acid and (iii)
Ruff degradation of the salt obtained.
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Table 1. !* C NMR spectral data for compounds 4, 8, 6, and 9; CDCL. In brackets relative intensities are given

c1 c2  c3 c4 cs  c6 €7
o a3 M3 w2 M w4 en - SourCRaCRaCH
¢ mw nan 7RO BS0 e eu ma
s e @ er 09 wom wnm 08 - G564 057 B35
$339(15) 6315
9 17443 6834 3’:_:1 ;;_:::,5) :ﬁ: 6746 1930 %ﬁ"ﬁ?ﬁgﬁfﬁ
5248(1)

Hydroxylation of the double bond in 6 can be achieved
directly or by epoxidation and opening of the oxirane
ring. Due to the E configuration of the double bond in 6
direct hydroxylation should lead to threo configuration at
C-4 and C-5 C atoms, whereas epoxidation and hydroly-
sis of the epoxide under acidic conditions should afford
erythro diol at C-4 and C-5. It was expected therefore
that ribo and lyxo 2,6-dideoxyhexoses will be obtained
via epoxidation and subsequently hydrolysis, and the
arabino and xylo stereoisomers via direct hydroxylation
of 6.

*Signals in the “C NMR spectra were assigned to the ap-
propriate carbon atoms of 2,6-dideoxy-hexoses 13, 14, 15 and 16
byeompanmnofthelrdauwuhtheoonupondmvaluuof
chemical shifts in the series of hexogynnoses 6-deoxyhex-
opyranoses and 2-deoxybexopyranoses.'

Epoxidation of the double bond in 6 with m-chloro-
perbenzoic acid afforded a mixture of four
stereoisomeric e})oxxdes 9 in a ratio of 1.5:1.5:1:1 (ac-
cording to the ’C NMR spectrum). The mixture 9 was
not separated into pure components. Opening of the
oxirane ring in 9 with aqueous acetic acid, followed by
Ruff degradation of the calcium salt of the resulting
3,7-dideoxy-heptaldonic acid, gave a mixture of 2,6-
dideoxy-DL-ribohexose (13) and 2,6-dideoxy-DL-lyxo-
hexose (14).

The mixture was separated chromatographically
(Experimental) into pure components. Their ratio was
about 1:1.5 and the total yield was 41%. The configura-
tion and the ¢omposition of anomers could be simply

-determined from the '>*C NMR spectra of free sugars 13

and 14° (Table 2) and the '"H NMR spectra of triacetates
17 and 18. In aqueous solution compound 13 occurred
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Table 2. "Cth:pecmldmforeompotmdsls-ltszO

with dioxan as the interoal standard
C-1 C2 Cc3 C-4 Cs C6

13 N2 W4 6826 7319 7023 1816
Ha 9221 3250 656 7131 6L19  16%
48 9443 3541 6893 7157 7025 1672
15« 9197 3843 7101 771 7268 177
158 9403 4061 6852 TI09 6875 1776
113 92264 3464 6933 7013 6986 1657
*Assignments can be reversed.

exclusively as f-pyranose; likewise, after acetylation
with acetic anhydride in pyridine only one B-pyranose
triacetate 17 was obtained. Sugar 14 occurred in aqueous
solution as a mixture of a-pyranose and By
formsmtherat:ollS(accordmgtothe'CNMR
spectrum). After acetylation a mixture of isomeric « and
B triacetates 18 was obtained. In the 'H NMR spectrum
of this mixture (Experimental) signals of two main com-
ponents: a-pyranose and 8-pyranose (about 80-90%) as
well as weak signals of the protons of the a- and
B-furanose forms of triacetates were visible.

Direct hydroxylation of the double bond in 6 with
osmium tetroxide in pyridine led to a mixture of four
isomeric esters of 3,7-dideoxy-heptaldonic acid 11. The
mixture 11 was converted as before into calcium sait and
treated with H,0, and FeSO, to yieki 2,6-dideoxy-Di-
arabinohexose (15) and 2,6-dideoxy-DL-xyichexose (16).
The mixture of 1§ and 16 was acetylated and then the
peracety! derivatives obtained (19 and 20) were separated
by chromatography. The configuration and composition
of the anomers of sugars I8 and 16 were determined
from the 'H NMR spectra of their triacetates 19 and 29.
Free arabinose 18 is present in agueous solution as a
mixture of a- and S-pyranose (about 1:1), whereas
xylose 16 occurs exclusively as the S-pyranose form.

The synthesis of stereoisomeric 2,6-dideoxyhexoses
presented in this paper offers certain advantages which
consist in its preparative simplicity and usually good or
moderate yields of individual steps. It is particularly
important that the products were prepared from 1 in four
steps only.

The resolution of 2, the key intermediate in the
presented  synthesis, into  enantiomers via
diastereoisomeric esters with w-camphanic acid has been
attempted. So far it failed however due to the instability
of the ester.!’

EXPERIMENTAL

'H NMR spectra were recorded for solns in CDCl; with a Jeo!
INM-4H-100 spectrometer (8 scale, TMS = 0 ppm) and *C NMR
spectra with a Varian CFT-20 instrument for solns in CDCL; or
DO with TMS or dioxane as the internal standard; chemical
:hmsmmnmppmdownﬂeldﬁomms IR spectra were

with silica gel Merck (70-230 mesh).

M.ps and bps are uncorrected. B.ps denoted with asterisk
refer to the air-bath temp.

Compound 2 was prepared sccording to Ref. 8. Compound 3
wn.f:buli'nedbyaeetyhﬁonoflwﬁhamicmhyﬂridemd

Butyl E 26-dikydroxyhept4-enoate (6). A soln of 2 (160,
0.08 mol) in dry THF (300 ml) was stirred and cooled to — ", To
this well stirred, cooled soln MeMgBr (0.4 mol) in ether (100 ml)
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was added dropwise. Then the mixture was stirred for Shr at
~70°, poured into ice-water (750 mi) containing NH,C1 (50 g). The
separated organic layer was washed with water (20ml) and
combined with one obtained by washing the aqueous layer with
chioroform (5 x 30 mi). Concentration of the combined and dried
(MgSO,) extracts followed by purification by chromatography
using ligroin and AcOEt (7:3) as eluent gave 6 (10.4 g, 60%), b.p.
135-139°C/0.2 mm Hg. IR: 3450 (OH), 1740, 1195 cm™? (ester). 'H
NMR: (CDCl,): 0.96 (t, 3H, CH.CH,), 1.26 (d, 3H, CH)), 1.2-19
{m, 4H, CH,CH,), 249 (m, 2H, CHy), 4.19 (t, 2H, OCH;), ~4.3
{m, 2H, CH(OH)CO,Bu, CH,CH(OH)), 5.64 {m, 2H, CH=CH).
(Found: C, 60.7; H, 9.0. Cak. for C,;H»04 C, 61.1; H,9.3.)

The 2,6-diacetate 8: b.p. 150°/0.4 mm Hg*; IR: 1745, 1240 cm™*
(ester). 'H NMR (CDCly): 0.96 (t, 3H, CH,CH;), 1.30 (d, 3H,
CHy), 1.2-1.8 (m, 4H, CH,CH)), 2.02, 2.12 (2xs, 6H, 2xAc), 2.56
(m, 2H, CH,), 4.14 {t, 2H, OCH), 5.03 (t, 1H, 2J=120Hz,
CH(OAC)CO,Bu), 5.29 (m, 1H, 2J = 23,5 Hz, CH;CH(OACc)), 5.64
(m, 2H, CH=CH). (Found: C, 59.9; H, 8.1. Cak. for C,sH»O¢: C,
60.0; H, 8.1%).

Butyl E 2-acetoxy-6-hydroxyhept-4-enoate (7). A Grignard
reaction was performed on 3 (10.03, 0.041 mol) in THF with
MeMgBr as described yielded 7 (8.0g 75%); bp.
150°/0.4 mm Hg®; IR: 3450 (OH), 1750, 1235 cm ™' (ester). '"H NMR
(CDChL): 0.95 (t, 3H, CH,CH,), 1.25 d, 3H, CH;), 1.2-1.9(m, 4H,
CH)CH,), 212 (s, 3H, Ac), 2.55 (m, 2H, CH,), 4.15 (t, 2H, OCH.),
~43 (m, 1H, CH,CH(OH)), 5.02 (&, 1H, Zi12.0Hz,
CH(OAc)CO,Bu), 5.63 (m, 2H, CH=CH). (Found: C, 59.3; H, 8.4.
Calc. for C,3H204: C, 60.4; H, 8.6%).

Butyl trans 4.5-anhydro-3,1-dideoxyheptaldonate (8). A soln of
6 (3.5 8, 0.016 mol) and m-chloroperbenzoic acid (3.53) in CHCl,
(20 ml) was left at room temp. for several days. After disap-
pearance of the substrate (tic light petroleum-ether-methano!
45:45:10), the soln was cooled to 0°, filtered, and concentrated to
dryness. The olly residue was purified by chromatography on
silica gel to give 9 (2.3g, 62%); b.p. 150°/0.4 mm Hg®; IR: 3460
(OH), 1740, 1200cm™! (ester). 'H NMR (CDCly): 0.95 {t, 3H,
CH,CH,), 1.28 (d, 3H, CH;), 1.2-1.9 (m, 4H, CH,CH)), 2.03 (m,
2H, CHy, 256, 3.16 (2xm, 2H, epoxide), 365 (t, IH,
CH(OH)CO,Bu), 4.19 (t, 2H, OCHjy), 4.4 (m, 1H, CH(OH)CH,).
(Found: C, 56.0; H, 8.7. Calc. for C;;HxOy: C, 56.9; H, 8.7%).

The 2,6-diacetate 18: b.p. 150°/0.4 mm Hg®; IR: 1745, 1240 cm™"
{ester). 'H NMR (CDClLy): 0.96 (t, 3, CH,CHy), 1.29 (2xd, 3H,
CH,), 1.2-1.8 (m, 4H, CH,CH,), 2.05, 2.14 (2xs, 6H, 2xAc),
27-3.2 (m, 2H, epoxide), 4.18 (t, 2H, OCH,), 478 (m, 1H,
CH(OAC)CHy), 5.13 {(m, 1H, CH(OAc)CO,Bu). (Found : C, 56.8;
H, 1.7. Cak. for C,;H:0x C, 569; H, 7.6%).

Butyl 3,7-dideoxyhkeptaldonate (11). To a soln of ¢ (163,
7.4 mmol) in pyridine (20 ml) osmium tetroxide (2.0 g) was added
with cooling. After storage at room temp. for 1 hr, the mixture
was treated with sat NaHSOsaq, stirred for 0.5 hr, and extracted
10’ times with EtOAc. The extract was dried (MgSOJ) concen-
trated, and purified by chromatography with EtOAc-light
petroleum 1:1 to give 11, colouriess syrup (1.7g, 92%). IR: 3450
(OH), 1730, 1200cm™ (ester). 'H NMR (CDCly): 0.95 (t, 3H,
CH,CH,), 1.26 (d, 3H, CH,), 1.2-2.0 (m, 4H, CH,CH)), ~2 (m,
g(l:. !:,‘Hz), 3.1-49 (m, 8H, H-2, H-4, H-5, H-6, 4xOH), 4.17 (, 2H,

).

The tetraacetate 12: IR: 1750, 1230cm™! (ester). 'H NMR
(CDCly): 0.94 (1, 3H, CH,CH,), 1.24 (bd, 3H, CHy), 1.0-1.8 (m,
4H, CH,CH,), 2.06, 2.16 (2xs, 12H, 4xAc), 4.22 (t, 2H, OCH,),
4.7-5.7 (m, 4H, H-2, H4, H-5, H-6). (Found: C, 55.1; H, 73,
Calc. for CioHO40: C, 54.5; H, 7.2)

-pi-ribokexose (13) and 28-dideoxy-pi-lyxohexoze
{14). A soin of 9 (2.0, 8.6 mmol) in 60% aqueous AcOH (10 mb)
was boiled under reflux for 6hr, and then the solvent was
carefully removed under diminished pressure. A soln of the oily
residue in water (10 ml} was treated with barium diacetate (0.1g)
and CaCO, (0.5 g). The mixture was boiled under reflux for 6 bhr
and thea cooled to 40°, FeSO, (0.1 g) and 30% H,0, (1.5 mi) were
added, and the mixture was stirred for 1 br, filtered and concen-
trated. The residue was eluted from a column of silica gel with
EtOAc afforded two products: 13 (0.22g, 17%) and 14 (0.30§g,
24%). (Found for the mixture of 13 and 14: C, 48.9; H, 8.2. Calc.
for C(H\;04: C, 48.6; H, 8.1%).
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The 134-tri-O-acetate 17: m.p. 79-82°; IR: 1740, 1750, .

1240cm™ (ester), 'H NMR (CDCL): 1.27 (d, 3H, Joy,ms=
6.2 Hz, CH,), 1.8-2.2 (m, 2H, H-2, H-2), 2.04, 2.12 (2xs, 9H,
3xAc), 4.11 (dq, 1H, Jyy 4515 = 9.1 hz, H-5), 4.64 (pd, 1H, Jyy e =
3.0Hz, H4), 551 (q, 1H, Jyans+Iazns=62Hz, H-3), 6.05
([ﬂ. lH. Jn.u].z = 8.1, JH-I.H-I' =38 Hl, H-l). (Found: C, 52.5: H,
6.8. Cak. for Cj;H0y: C, 52.5; H, 6.6.)

The 134-tri-O-acetate 18: IR: 1745, 1230cm™' (ester), 'H
NMR 1.19, 1.25, 1.29, 1.32 (4xd, 3H, CH; a and S-pyranose, a
and S-furanose), 1.7-2.7 (m, 11H, H-2, H-2', acetates), 3.85 (q,
Ju.scu, = 62 Hz, H-5 Bp), 4.07 (pd, 2) = 11.5Hz, H4 f), 4.23 (¢,
2J =64, H-4 ), 4.20 (q, Jn.s.cn, = 7.0 Hz, H-5 ap), 4.8-5.2 (m,
H-3 ap and Bp, H4 ap and Bp, H-5 af and Bf), 5.78 (pd,
Juamna=35.1, Jpur=175Hz, H-1 Bp), 629 (m, w2=7.2Hz,
H-1 ap), 6.38 (m, H-1 af and gf). (Found: C, 52.6; H, 6.8. Calc.
for Cy3H O C, 52.5; H, 6.6.)

1,3,4-Tri-O-acetyl-2 6-dideoxy-DiL-arabinokexose (19) and
1,3,4-tri-O-acetyl-2,6-dideoxy-pi-xylohexose (28). A soln of 11 in
water (1.6 g, 6.4 mmol) was treated with barium diacetate (0.08 g)
and CaCO; (0.5 g). The mixture was boiled under reflux for 6 hr
and then cooled to 40°, FeSO, (0.1 g) and 30% H;0; (1.5 ml) was
added, and the mixture was stirred for 1 hr, filtered and concen-
trated. The residue was acetylated withAc,O and pyridine. The
crude mixture of triacetates was separated on a silica gel column
using light petroleum—ethyl ether 85:15 as an ecluant. Two
fractions were obtained; 0.32g of 19 (19%) and 0.27g of 20
(15%).

For compound 19: IR: 1740, 1220cm™ (ester). 'H NMR:

(CDCly): 121 (d, CH; ap), 1.25 (d, CH; Bp), 1.6-2.5 (m, H-2, -

H-2, acetates), 3.64 (00, Jp.scu; = 6.2, Jazs =9.0 Hz, H-S Bp),
3.96 (dq, Jn.scrs = 6.2, Juaus= 10.0Hz, H-5, ap), 4.75 (1, ZJ =
19Hz, H-4 Bp), 4.7 (t, ZJ=195Hz, H4 ap), 498 (m, 2] =
27.3Hz, H-3 Bp), 525 (m, 2= 265Hz, H-3 ap), 5.77 (pd,
Jitan2=22, Juanz=100Hz, H-1 Bp), 6.19 (m, w/2=6.7THz,
H-1 ap). (Found: C, 52.2; H, 6.8. Calc. for C,oH,30+: C, 52.5; H,
6.6.)

For compound 20: m.p. 80-84°, IR: 1740, 1220 cm™' (ester). 'H
NMR (CDCly): 1.2 (d, 3H, Jyy.5.cn, = 6.6 Hz, CH5), 1.7-2.5 (m, 2H,

M. CHMIELEWSK!

H-2, H-2), 2.06, 2.11 (2s, 9H, 3xAc), 4.18 (q, 1H, TJ = 200 Hz,
H-5), 471 (m, 1H, w/2=6.5Hz, H-4), 5.10 (m, 1H, 2J =92 Hz,
H-3), 594 (pd, 1H, ZJ = 129 Hz, H-1). (Found: C, 52.4; H, 6.7.
Calc. for Cj,H,405: C, 52.5; H, 6.6.)

Deacetylation of compounds 19 and 28 with sodium methoxide
in methanol gave sugars 18 and 16 respectively.
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