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Total Synthesis of Protected D-altro- and D-galacto—S 6-Dideoxy-3-C-methylhexoses:

Key Intermediates of a Rifamycin S Synthesis'

Gerhard Tarara, Dieter Hoppe*

Institut fiir Organische Chemic der Universitit Kiel. Olshausenstr. 40-60, D-2300 Kiel 1, Federal Republic of Germany

Two particular derivatives of the title compound, used i the Kinoshita
synthesis of the Rifamycin § ansa chain, were prepared by total
synthesis from isobutyl (R)-lactate. The best conditions were worked
out for the inversion of the 2-hydroxy group in the appropriate a-1-
allo- and fi-p-talofuranosides, readily available with few steps from (R)-
2-benzyloxypropanal by the homoaldol reaction, with an 2-metalated
(E)-2-butenyl carbamate.

For the synthesis of branched carbohydrate analogues, the
“chiron approach”,*> which consists in the partial synthetic
modification of common sugars like D-glucose (1), is the most
frequently applied strategy. Although inexpensive chiral start-
ing materials are used, the necessary dilferentiation between
several similar hydroxy groups leads rapidly to an increasing
number of synthetic steps as the chemical and configurational
distance from the target molecule increases.

Recently, Kinoshita et al. accomplished the syntheses of the key
intermediates 2* and 3* from p-glucose (1), which were utilized
in their total synthesis of the Rifamycin S ansa chain.®* 5-0-
Benzyl-3,6-dideoxy-3-C-methyl-D-altrofuranose (2) and 3,6-
dideoxy-2-0,3-C-dimethyl-p-galactose ethylene dithioaceral (3)
wete prepared with 12 steps (yield <2%) and 16 steps
(vield ~ 1 %), respectively.
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In the preceding paper,” we reported on a new total syrthetic
approach, which is based on the homoaldol reaction of metal-
ated 2-alkenyl carbamates with enantiomerically pure 2-hydro-
xyalkanals. By this method, (R)-2-benzyloxypropanal [(R)-5].
prepared from commercially available isobutyl D-lactate (R)-4.
affords the methyl a-p-allo- and the p-b-talofuranosides 67 and
77 with 18 and 20% yields, respectively, in only five synthetic
steps from 4, including one facile diastereoisomer separation
(Scheme B).
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For the transformations 6 -2 and 7- 3, the key step is the
inversion of the configuration at C-2. Sewrdl attempts to apply
Misunobu inversions,” even the powerful formate method,”
failed, presumable duc to the electron defictency at the 2-
position caused by the inductive effect of the adjacent acetal
group. We therefore took a different approach. The mesylates 8
and 13 were prepared by the usual method in 94 % and 98 %
yicld, respectively. after chromatography (Table 1). The trif-
lates 9 and 14 (96% and 84% yicld). obtammed with triflic
anhydride,'”'" turned out to be surprisingly stable: after
chromatography on silica gel, they were isolated analytically
pure.
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Scheme C

The acetolysis of the mesylates 8 and 13 proves to be difficult,
because at elevated temperatures the acetates 10 and 15 un-
dergo a double elimination with formation of the furan 12.
Some studics are summarized in Table 2. The triflates, using
cesium acetate!’* ' (5 cquivalents) in dimethyl sulfoxide.
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15--28 h at 50°C, gave the best results: 9 afforded 70% of the
acetate 10 together with a small amount of furan 12 (10%); 14
vielded 76 % of 15 together with 16% of 12.

The 2-hydroxy group was liberated by alkaline hydrolysis to give
11 and 16, respectively. The NMR data, in particular the vicinal
proton coupling constants, are in agreement with the expecta-
tions (Tables 3 and 4).

The hydrolysis of the altrofuranoside 11 with agueous acetic
acid yielded the furanose 2 (63 %), whose physical data are in
agreement with the reported ones.*

For the transformation of 16 into the dithiolane 3, 16 was O-

methylated (17, 88 %), the: 5-0-benzyl group hydmgennlyl;mlly
removed (18, 99 %), the furanoside hydrelyzed by the action of

SYNTHESIS

aqueous hydrochloric acid, and the intermediate pyranose 19*
treated with 1,2-ethanedithiol/concentrated hydrochloric acid
to yield 3 in 67% based on 18. The physical data of 3 are in
excellent agreement with the literature values.*
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Thus starting from (R)-lactate 4, the furanose 2 was prepared
in 8.5% yield with 9 steps, and the cthylene dithioacetal 3 in
5.7% with 11 steps; only a single diastereoisomer separation
was required.

By the same reaction sequences, starting from (§)-5,” the -
enantiomers cnr-2 and ent-3 were svnthesized. The optical
rotation of (§)-5 and those of the subsequent intermediates were
identical in value (-+ 2 %) with those of the D-series but opposite
in sign.

This underlines another advantage of the so-called de novo
synthesis:'> Unlike partiai synthetic approaches, based on
naturally occurring hexoses, here both enantiomers are usually
available with equal ease.

Table 1. D-altro- and 1)-gulacm~3.6~Ik)idcoxy-3~(T'»mclhylhcxnxcs 2 and 3 and the Intermediates Leading to Trem®

Prod- Yield

Molecular

Configuration Fduct "\N\ arance  []3” (solvent, ¢) Ry IR (neat)
uct (%) (eluent)” Formula® v(em ™Y
8 2-D-allo 6 94 oil +652° (CH,Cl,. 4) 050 (F) C1oH2,0,8 (344.9) 1355, 1180
9 a-D-allo 6 9% oil 1653 (CH,Clo ) 054 (E/B 1:1) oo FyOGS (398.4) 1415, 1145
19 a-D-atliro 9 704 il +44.1° (CH,Clo, 4) 064 (B/P, 1:1)  C,2H,,0, (308.4) 1735
1 2-D-altro 10 94 il 4£60.0" (CH;OH. 4)  0.46 (E) C,sHy,0, (266.3) 3440
12 (1R) i e ol —86.27 (CH,Cly. 4) 059 (E/P,1:1)  C,4H,,0, (216.3) 1510, 1495
13 -b>-talo 7 98 oil 8527 (CH,Clon ) 045 (B/P 1:1)  CoH,u0LS (344.4) 1360, 1180
14 p-D-talo 7 84 oil L8777 (CH,Cly, 4) 053 (B[P 1:1)  CyoHy, 15048 (398.4) 1415, 1145
15 p-D-galacto 14 76° oil 6537 (CH,Clp 4)  0.63 (B/P1:1)  C,,H,,0. (308.4) 1740
16 f-D-galacto 15 90 ol L8897 (CHLOH. 4)  0.47 (E) C,sH,,0, (266.3) 3430
17 p-D-galacto 16 88 oil 68,5 (CH,C1,, ) 0.65 (E) €, Has0, (280.4) 2830. 1110,
1070
18 P-O-galacto £7 99 oil ~89.9" (CH,OH, 4) 049 (E/P 1:1)  CoH 30, (190.2) 3470
2 n-altro i 63 ol : CraH00,45 (252.3)
3 f-D-galacio 8 67 oil f C 10H7.)()p>14 (252.4)

* The appropriate L enantiomers were also prepared. The physical data
arc identical, except for the sign of optical rotation.

* E: ether; P: pentanc,

¢ Satisfactory microanalyses obtained: C -
12.

+0.21, H +0.11; except for

4 For further cxperiments see Table 2 and text.

¢ See Table 2 and text.
" See Bxperimental Part.
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Table 2. Acctolysis of Mesylates and Triflates in DMSO*
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Furanoses of type 6 and 7 proved their value also for the

synthesis of 2-aminodeoxy furanosides and of enantiomerically
16.17

Educt Acetate  Temp.("C)/  Acetate Furan 12 Recover- pure 4-hydroxy-2-amino carboxylic acid lactones.
(equiv)  Time (h) (Yield, %) (%) ed i
Ii?ucl TH- and "*C-NMR specira were recorded on Varian XL-200, FT 80A,
/) and Bruker AM 300 spectrometer. IR spectra were recorded on Perkin-
. i Elmer 298 or 283 b spectrophotometer. Optical rotations were recorded
8 és(()))Ac 100746 10 (53) 40 0 on Perkin-Elmer polarimeter 241, Dimethyl sulfoxide (DMSO) and
9 CsO Ac 50/2% 10 (70) 16 0 pyridine were dried by distillation over Ca.H2 in Argpn atmosphere.
(5‘- 0) e - Microan‘a"ly‘%cs were performed by the Microanalytical Laboratory
13 NaOAc 120/52 52 14 Beller. Gidtingen.
(10.0) Methyl  2-O-Alkylsulfonyl-5-O-benzyl-3,6-dideoxy-3-C-methyl-n-aldo-
13 KOAc  120/22 15 (45) 22 v hexofuranosides 8, 9.13, and 14; General Procedures:
(10.0) Mesylates: To a solution of the furanoside” 6 or 7 12.66 g. 10 mmol) in
13 CsOAc  100/24 15 (58) 16 18 dry pyridine (30mL) at 0°C, methanesulfonyl chloride (2.29g.
(5.0 20 mmol) is added, and the reaction mixture kept at room temperature
14 CsOAc  S0/15 15 (76) 10 0 for 48 h. For the work-up, the reaction mixture is poured into an ice-
(5.0) cold mixture of ether (100 mL)/2N HCl (50 mL1, and the aqueous
— S — — phase is extracted with cther (3 x 20 mL). The organic layer is washed
2 Approx. 0.4 M solution of the educt. with 2N agq. HCI (20 mL), sat. aq. Nul.{CO3 2 x 30mL). and brine
b Not determined. {30 mL). The combined ethereal solution is dried (Na,SO,) and
evaporated in vacuum with a bath temperature of < 40°C.
Table 3. 'H-NMR Data of Compounds §-18*
Com- 1-H 2-H 3-H (ddq) 4-H (dd) 5-H (g 6-H,(d) 3-CH, 1-OR(s) 2-OR 5-OCH,(AB)
pound (/) (J2.3) (/3.4) (Js.5) (Js.6) (/3.2) (/2,00 (Tgem)
3 5.04 (d) 4.92 (dd) 2.52 381 3.65 1.19 1.17 345 306(s) 452,464
(4.0) (8.3) (5.8) (3.9 (6.4) (7.2) (12.2)
9 5.07 (d) 5.05 (dd) 2.57 382 3.66 1.20 1.19 3.46 : 4.51. 4.65
4.0) (8.3) (6.0) (3.8) (6.5) (7.2) (11.7)
10 4.88 (s) 4,70 (d) 2.15 167 367 1.25 1.24 3.34 1.97 (s) 4.58. 4.65
©) (1.9) (6.8) (6.1) (6.2) (7.3) (11.9)
11 4.83 (s)° 3.70 (d) 2,190 RIWA] K2 1.16 1.21 3.34 3.65(d)  4.55.4.67
0) {0 (3.5 (23) (6.3) (7.5 (11.0) (11.5)
13 5.09 (d) 4.98 (dd) 245 3.80 3.55 1.28 1.02 347 3.07(s)  44d6.4.68
(3.9) (1.4) (74) (3.0) (6.4) (7.0) (12.0)
14 5.04 (d) 5.05 (dd) 2.50 RE 3.55 1.29 0.99 348 4.51. 4.65
4.1 (8.2) 5.9) (3.7) (6.4) (7.0 (12.0)
13 4.92 (s) 4.71 (d) 213 3n 3.63 1.26 1.15 338 204 (s)  4.56.4.70
(0) 2.7 7.0 (4.4 (6.4) (7.2) (12.3)
16 4.82 (s) 358 (ddd)  2.03 72 3.52 1.36 .16 3.33 370 (d) 442,471
(0.5) (1.3) (3.9) (2.0 (6.4) (7.4) (10) (11.4)
17 4.89 (d) 3.38 (dd) 2.10 3.67 3.63 1.24 1.06 3.36 336 (s)  4.58.4.07
(1.3) 4.7y (8.2) (4.5) 6.3) (7.0) (12.0)
18 4.89 (Q)* 3.42 (dd) 1.99" 352 374 1.23 1.16 3.36 336(s) 243 (d)
(0.8) (3.2) (7.0) (5.0) (6.4) (7.1) (D)
12¢ ~7.2¢ 6.15 (d) 455(q 1.3 1.95(s) - 425 445
(2.5) : (7.0) : (12)
300 MHZ, CDCly; 6. ¢ Covered by the phenyl absorption.
" Additional splitting of the signal by *J, , = 0.8 Hz. 4 Numbering of the starting furanoside is retained.
Table 4. '3C-NMR Data of Compounds 8-18*
Compound C-1 Cc-2 C-3 C-4 C-5 C-6 3-CH, 1-OCH, 5-OCH . 2-0R
8 102.00 79.49 34.65 86.88 75.89 15.85 14.08 55.28 71.26 38.20
9 101.62 85.86 34.92 86.95 7591 16.11 13.93 5573 71.59 118.6°
10 107.20 8§4.79 41.12 88.36 76.06 17.92 16.55 54.32 7118 20.87. 170.10
11 110.51 80.88 41.00 89.27 75.94 18.62 15.96 54.48 71.66 -
13 101.84 79.87 34.77 85.53 73.31 14.75 12.02 54.92 70.32 37.50
14 101.90 85.74 35.81 86.83 72.77 15.34 11.64 56.03 71.04 118.6°
15 106.88 84.60 4015 87.26 74.10 16.60 15.51 54.19 71.04 20.72, 170.00
16 110.47 81.12 43.08 88.74 74.55 17.43 15,58 54.54 7111 -
17 107.02 86.58 39.93 92.96 7415 16.32 15.63 54.48 71.13 57.31
18 107.01 §8.71 40.48 92.55 68.33 19.35 16.74 54.39 - 57.14
141.11 112.73 - 69.75 -

12¢

117.15

* CDCly; 0.

® g Jep = 319 Hz.

1

49.50

67.89 19.73 9.68

¢ Numbering of the starting furanoside is retained
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Triflates: To « selution of the furanoside” 6 or 7 (2.66 g, 10 mmel) in
CH,C1, (40 mL) anc dry pyridine (2.37 g, 30 mmol) is added at — 15°C
triffucromethancsulfonic anhydride (4.23 g, 15 mmol). During Sk the
solution is allowed to warm up t¢ 0°C and is then worked up as described
above.

For the subsequent reactions the crude products were used. For analyses
and yield determination, aliquots were purified by chromatography on
silica gel (10 g/mmol) with ether/pentane (1:2) as eluent.

Methyl 2-0-Acetyl-5-0-benzyl-3,6-dideoxy-3-C-methyl-n-aldohexo-
furanosides 10 and 15; Typical Procedure:

A solution of crude triflate 14 {3.00 g, 7.6 mmol) and cesium acetate
(7.26 g. 37.8 mmol) in dry DMSO (20 mL) is stirred at 50--35°C for
15hin a dry nitrogen atmospiere. The cold reaction mixture 1s diluted
with water (30 mL) and ether (100 mL); the ether solution is washed
with water (20 mL) and brine (20 mL), and is dried {Na,SO,). After
evaporation of the solvent, the residuc is purified by chromatography
on silica gel (80 g) with cther/pentane (1:8) as cluent yielding 15 (1.77 ¢,
76%) and 12 (0.17 g, 10%).

Methyl 5-0-Benzyl-3,6-dideoxy-3-C-methyl-D-aldohexofuranosides 11
and 16; Typical Procedure:

To a solution of acetate 15 (1.62 g, 5.27 mmol) and pulverized KOH
(0.39 g, 10.5 mmol) in CH,OH (15mL) is stirred at 25°C for 4 h. The
CH;0H 1s evaporated in vacuum, the residue is dissolved in water
(10mL) and ether (30 mL), and the aqueous layer is extracted with
cther {4 x 20 mL). The combined ethercal solation is washed with brine
(20mL) and dried (Na,SO,); the ether is evaporated in vacuum, and
the residue is purified by chromatography on silica gel (40 g) with
ether/pentane (1:2) as cluent; vield: 1.27 g (90%) of 16.

Usually, the crude acetates were used, because the separation trom furan
12 is simpler at the stages of 11 or 16.

5-0-Benzyl-3,6-didecxy-3-C-methyl-n-altrofuranose’ (2):

The methyl furanoside 11 (0.80 g, 3 mmol) in 50 % ag. HOAc¢ (8.0 mL)
is stirred at 90°C for 3 h. The solvents are removed in vacuun. and the
residue is purified by chromatography on silica gel (12 ) with
cther/pentane (1:2) as cluent. yield: 0.48 g (63%) of 2. ]y - 064.3

(after 30 min), - 22.8" (after 2¢, CH,OH, ¢ = 1.5) (Lit.* ], ~ 257).

Methyl 5-0-Benzyl-3,6-dideoxy-2-0,3-C-dimethyl-g-n-galactofuranoside
am:

To furanoside 16 (0.60 g, 2.26 mmol) in DMSO (2 ml.) is added 20%,
aqueous NaOH solution (0.57 mL, 2.9 mmol) and then dimethyl sulfate
(0.22mL, 2.3 mmol). After 2.5 h stirring at 25°C, the addition of the
above reagents in the amounts given is repeated and stirring continued
for 24 h. The reaction mixture is diluied with water (20 mL) and ether
(30 mL), the aqueous phase is extracted with ether (2 x 10 mL). and the
combined ethereal solution is washed with brine, dried (Na,S0,). and
evaporated in vacuem. The residue is purified by chromatography on

silica gel (12 g) with ether/pentane (1:8) as cluent; yield: 0.56 g (88 %) of’

17.

Methyl 3,6-Dideoxy-2-0,3-C-dimethyl-g-p-galactofuranoside (18):
PdCl, (0.110 g. 19 mol-%) in CH,OH (15mL) is reduced by a gentle
stream of H,, then the CH;OH is decanted. The palladium black is
thoroughly washed with CH,OH (2 x 20 mL) for removal of disturbing
HCI. Benzyl ether 17 (0.927 g. 3.31 mmol) in CH,OH (15 mL) is added
and the reaction mixture is subjected to a hydrogen stream (4 h, TLC
control). After flushing with N, and separation of the solution from the
catalyst by filtration, evaporation in vacuum affords homogeneous
(TLC) 18; yield: 0.621 g (99%0).

An analytical sample was obtamed by chromatography on silica gel with
cther/pentane (1:1) as eluent.

SYNTHESIS

3,6-Dideoxy-2-0,3-C-dimethyl-D-galactose Ethylene Dithioacetal* (3):

Furanoside 18 (300 mg, 1.58 mmol) and conc. (37%) aq. HC1 (0.3 mL)
are stirred at 25°C for 2 h. To the resultant solution: of pyranose® 19, is
added conc. agq. HClU (0.3mL) and 1,2-cthanedithiol (0.6 mL,
7.2mmol), and stirring is continued for 2.5h before the reaction
mixture is diluted with CH,Cl, (20 mL) and water (5 mL). The aqueous
layer is extracted with CH,Cl, (3 x10mL}; the combined CH,Cl,
solution is washed with sat. ag. NaHCO; and with brine (each 10 mL),
is dried (Na,SO,4) and evaporated in vacuum. Chromatography on
silica gel with ether/pentanc (1: 1) as cluent affords 3 as a colorless oil;
yield: 266 mg (67 %); [«]3! + 4.95° (CHCly, ¢ = 2) (Lit.* [«]y + 5°).
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