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Stereoselective Synthesis of the C-Linked Analogue of
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Abstract: The coupling of the D-serinal derivative 7 with the D-galactopyranosylmethylene phosphorane
generated from the phosphonium salt 6 and reduction of the resulting alkene led to the C-glycosylated
amino alcohol 9 that in turn was oxidized to the title amino acid in 44% overall yield.
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The synthesis of the so called C-glycosyl amino acids possessing an anomeric C-C bond instead of the C-N
or C-O bond between the sugar and the amino acid moieties is an issue that is currently addressed in various
laboratories.! These synthetic amino acids can be used for the modification of bioactive glycopeptides by the
attachment of carbohydrates through chemical and enzymatic resistant carbon-carbon bond.2 Among the few
genuine isosteres so far reported wherein the glycosidic oxygen atom has been replaced by a methylenc
Eroun.lb’d’hvk’“ the C-analogue 2 of B-D-galactopyranosyl-L-serine (1) has been prepared!d and incorporated into

a 17-am cid a-helical nentide for both biological and conformational studies.3 The amino acid 2 was also

f:rnployedle for the synthesis of soluble carbon-linked galactosphingolipid analogues that proved to bind

svmtnatinl daliilaitnn s n-. ‘ln imfFantinn mrana

yotential inhibitors of the first p in the infection proces

@&

specifically to HIV-1 gp120 and
causing the AIDS. In both cases tetra-O-benzylated N-Fmoc and N-Boc derivatives of 2 were prepared by Wittig
condensation of the C-glycosyl aldehyde 3 (see Scheme 1) with a suitable phosphorane serving as a [3-alaninol
anion equivalent. Therefore the B-D-linkage at the anomeric centre of the sugar and the S-configuration at the
carbon bearing the amino group were already in place in the reagents employed. We would like to describe the
application of the same concept in a reversed manner and report below an improved synthesis of 2 by
condensation of a B-linked D-galactose phosphorous ylide with a D-serine derived aldehyde as the key coupling
step. We considered an alternative synthetic approach to the amino acid 2 because the Wittig olefination of the

r alde h de 3 was renorted!d to occur in low vmld (34%) whilst we needed substantial amounts of

high value sugar alde ported ield e neede an unts

2 for the synthesis of glycopeptide and sphingosine mimetics.
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The formvl C-glvcosgide 3 was nrenared in gram guantities (1-5 ¢) bv our thiazole-based method starting
1he formy! C-gIycoside 5 wWas prepared i gram quantities (1-> g) by our thiazoie-based method starting
room totra ) _henayvi.Nogalacstamalact, a 4 Thoe crude nrondnet nhtained hy the imnravad thiarnla_tn_foarmul
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unmasking protocol® was reduced (NaBHy) to the alcohol 4 in almost quantitative yield (Scheme 1). Pure
compound 4 was rcadily transformed into the iodomethyl derivative 5 under standard iodination conditionsS and
the latter was cfficiently converted into the corresponding phosphonium iodide 6 by coupling with neat
triphenylphosphine at 120 °C. When the same reaction was carried out in the presence of various solvents, the
salt 6 was obtained in much lower yield. Compound 6 proved to be a non-hygroscopic material, storable for
long period without appreciable decomposition.
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Scheme 1. Reagents and conditions: a) NaBH,4, Et,0-MeCOH, 0 °C, 10 min; b) Iy, PhsP, Imidazole,toluene, reflux, 2 h;
¢} PhaP, 120°C, 2 h.
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efficient coupling with the readily accessible’ N-Boc-N, O-isopropylidene-D-serinal 7 (Scheme 2). The sugar
phosphorane, generated from 6 by treatment with nBulLi (1 equiv) in THF-HMPA at -40 °C, was reacted with a
solution of the aldehyde 7 (1 equiv) in THF and the mixture allowed to warm up to -10 °C. Suitable workup and
flash chromatography on silica gel afforded pure (Z2)-8 (54%, J3 4 = 11.3 Hz) and (E)-8 (8%, J3 4 = 16.0 Hz)

slightly contaminated by uncharacterized byproducts.
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Scheme 2. Reagents and conditions: a) 6, nBulLi, 4:1 THF-HMPA, 4 A MS, -40 10 -10 °C, 2 h; b) TsNHNH, , AcONa ,

4:1 DME-H,0, reflux, 5 h; c) Jones reagent, acetone, 0 °C to r.t., 3 h; d) CHaN, Et,0-MeOH, 0 °C, 5 min.
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in order io preserve ihe O-benzyl proiecuve groups of ihe sugar moiety, the double bond of ihe Z- and £-
alkene 8 was reduced by the use of diimide® generated in situ from p-toluenesuifonhydrazide and sodium
acetate. e In this way each individual olefin afforded the same C-alkyl galactoside 9 in comparable yields (82-
84%). That the original B-D-linkage at the anomeric carbon of 3 was maintained in 9 was demonstrated by the
coupling constant value of 9.0 Hz between the trans-diaxial protons at C-5 and C-6. To complete the synthesis,
deacetonation and oxidation of 9 with the Jones reagent afforded in a single step the crude tetra-O-benzyl-
galactosyl-N-Boc-o-amino-acid 2a in 94% yield, contaminated (~5%) by the corresponding o-amino-alcohol
derivative? 11. Moreover, the amino acid 2a was fully characterized as the methyl ester 10. The overall vield of

isolated 2a from the sugar nhosnhonium salt 6 was 449,
soiated Za Irom e sugar phosphomum sait &6 was 44%
T 1 +. 1 als, A 1 T
n CGﬁ"x"“i"ﬁ, a practica ﬂlld'ﬂnhvn orocedure has been Anvn}nnnﬂ fnr okln nrnnn«nf4n‘-i Gf flin O_l\c;n-ryyl lh"_

Boc protected sugar amino acid 2a. This kind of protection and the free carboxylic group provide the
arrangement required for the incorporation of 2a into a peptide chain. Both the sugar and the amino acid building
blocks 6 and 7 can be easily prepared in gram quantities. In respect to the earlier synthesis,1d this procedure
involves a higher yield (almost double) Wittig condensation and a simpler elaboration of the resulting alkene. The
synthesis of 2a illustrates a new approach that may be extended to other C-linked glycosyl serines starting from
suitable sugar phosphoranes.
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All moisture-sensitive reactions were performed under a nitrogen atmosphere using oven-dried glassware
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All solvents were dried over standard d Yiiig agenis v ana iresniy aistilied piior io use. ComimneiCialy availaoie

powdered 4-A molecular sieves (50 pm average particie size) were used without further activation. Fiash coiumn
chromatography!! was performed on silica gel 60 (230-400 mesh). Reactions were monitored by TLC on silica
gel 60 Fps4 with detection by charring with sulfuric acid. Melting points were determined with a capillary
apparatus and are uncorrected. Optical rotations were measured at 20 £ 2 °C in the stated solvent. 1H (300 MHz)
and 13C (75 MHz) NMR were recorded at r. t. for CDClj solutions, unless otherwise specified. Assignments
were aided by decoupling and/or homo- and heteronuclear two-dimensional experiments. MALDI-TOF mass

spectra were acquired using o-cyano-4-hydroxycinnamic acid as the matrix.

R i st -

2,6-Anhydro-3,4,5,7-tetra-O-benzyl-D-glycero-L.-manno-heptitol (4). To a stirred, cooled (0

°C) solution of aldehyde 3 (2.76 g, 5.0 mmol; >95% pure by 1H NMR analysis at 140 °C in DMSO-dg) in Et;,0
(10 mL) and MeOH (10 mL) was added sodium borohydride (189 mg, 5.0 mmol). The mixture was stirred at 0
°C for 10 min, then diluted with acetone (2 mL) and concentrated. The residue was eluted from a short column of

Hz, PhCH2), 478 and 471 (2 d, 2 H, J = 11.7 Hz, PhCH,), 4.49 and 4.43 (2 d
3.95(dd, 1 H, J4 5 = 2.8, Js ¢ = ~0.5 Hz, H-5), 3.95 (dd, 1 H, Jp3 = 9.5, 13,4 =9.6 Hz, H 3) 3.87 (ddd, 1
H, J1a 1 = 11.5, J1a2 = 2.8, Jja 01 = 5.5 Hz, H-1a), 3.72 (ddd, 1 H, Jyp = 5.2, Jp on = 7.5 Hz, H-1b),
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2,6-Anhydro-3,4,5,7-tetra-O-benzyl-1-deoxy-1-iodo-D-glycero-L-manno-heptitol (5). A
e 1 0

mixture of alcohol 4 (2.22 g, 4.0 mmol), triphenylphosphine (3.15 g, 12.0 mmol), imidazole (0.82 g, 12.
mmaol) indine (7 02 o R0 mmnl)l and anhvudrance tnlnana (40 mI Y wace raflnvad far 9 h than ennlad tnr
ARRRAEV/AJy AVUNRLLLW \b A2 , W RRALRIVA Jy BRIRG mul]m\lua wWwWwivgwiiw \'Y\I lllu’ YWAJ iviiUuAaLvMd 1LUR &L 11y ULIVEL VUURLAL LU 1. L.y
diluted with EtpO (50 mL), washed with 5% aqueous Na3S>03 (2 x 20 mL), and concentrated. The brown solid

was triturated with Ei20 (50 mL) and fiitered through a pad of Celite to remove most of crystaiiine
triphenylphosphine oxide. The solution was concentrated and the residue was eluted from a column of silica gel
with 7:1 cyclohexane-AcOEt to give 5 (2.05 g, 77%) as a syrup; [o]p = -14.2 (¢ 1, CHCl3). IH NMR: & 7.41-
7.23 (m, 20 H, 4 Ph), 4.99 and 4.71 (2 d, 2 H, J = 11.0 Hz, PhCH>), 4.97 and 4.67 (2 d, 2 H, /= 11.8 Hz,
PhCH,), 4.77 and 4.63 (2 d, 2 H, J = 11.5 Hz, PhCH,), 4.54 and 4.45 (2 d, 2 H, J = 11.7 Hz, PhCH>), 4.01
(dd, 1 H, Jy5 =25, J5 ¢ =~0.5 Hz, H-5), 3.80 (dd, 1 H, Jp 3 =9.2, J3 4 = 9.4 Hz, H-3), 3.66-3.58 (m, 4 H),
3.54 (dd, 1 H, J1,51p = 10.5, J15 2 = 2.3 Hz, H-1a), 3.30 (dd, 1 H, J1p 7 = 7.0 Hz, H-1b), 3.19 (ddd, 1 H, H-
2). Anal. Caled for C35H47104: C, 63.26; H, 5.61. Found: C, 63.55; H, 5.46.

LIRL. QA2 1Y LU0 Y 410 N ‘- LR VL Sy s Aiy oss

503and 495(2d,2 H, /=114 Hz, Ph(,Hz),492 and 4.55(2d,2H,J=115Hz, PhLHZ), 4.75 and 4.69
(2d,2H,J=11.6 Hz, PhCH3), 4.18 and 4.10 (2 d, 2 H, J = 11.5 Hz, PhCH3), 3.85 (dd, 1 H, J4 5 =2.8, J5¢
= (.8 Hz, H-5), 3.70-3.57 (m, 1 H), 3.54 (dd, 1 H, J3 4 = 9.3 Hz, H-4), 3.45-3.28 (m, 3 H), 3.25 (ddd, 1 H,
Jg.7a = 4.8, Jg 71, = 6.8 Hz, H-6), 3.12 (dd, | H, J7, 7, = 9.7 Hz, H-7a), 3.05 (dd, 1 H, H-7b). Anal. Calcd for
C45H37104P: C, 68.68; H, 5.65. Found: C, 68.96; H, 5.67. The use of refluxing toluene, DMF at 120 °C or
sulfolane at 200 °C as the solvent led to very low yield of phosphonium salt 6.

(Z/E)-5,9-Anhydro-6,7,8,10-tetra-0O-benzyl-2,3,4-trideoxy-1,2-N,0-isopropylidene-2-
(tert-butoxycarbonylamino)-D-threo-L-galacto-dec-3-enitol (8). To a stirred, cooled (-40 °C) mixture
of phosphonium salt 6 (923 mg, 1.00 mmol), powdered 4-A molecular sieves (1.00 g), anhydrous
hexamethylphosphoramme (2 mL), and anhydrous THF (6 mL) was slowly added nbutylhthxu m (400 pL, 1.00
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solution of the aldehyde 7 (228 mg, 1.00 mmol) in anhydrous THF (2 mL). The mixture was allowed to warm

:

up to -10 °C in 2 h, then diluted with E2O (100 mL) and filtered through a pad of Celite. The solution was

washed with 1 M phosphate buffer at pH = 7 (30 mL), dried (MgSO4), and concentrated. The residue was eluted

from a column of silica gel with 6:1 cyclohexane-AcOEt to afford first (Z)-8 (405 mg, 54%) as a syrup; [a]p =

-22.3 (¢ 1, CHCI3). IH NMR (C2D2Cly4, 120 °C) selected data: § 5.73 (dd, 1 H, J = 8.2, 11.3 Hz, CH=), 5.63

(dd, 1 H, 7 = 5.2, 11.3 Hz, CH=). MALDI-TOF MS: 773.4 (M*+Na), 789.4 (M*+K). Anal. Calcd for

CyHss0gN: C, 73.67; H, 7.39; N, 1.87. Found: C, 74.01; H, 7.48; N, 1.68. Eluted second was syrupy (E)-8
(

it

) mg, ~8%) contaminated by small amounts of uncharacterised byproducts. IH NMR (DMSO-dg, 160 °C)
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selected data: § 5.77 (dd, 1 H, J = 6.0, 16.0 Hz, CH=), 5.70 (dd, 1 H, J = 5.1, 16.0 Hz, CH=), 4.84 and 4.58
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(24,2H,J=11.6 Hz, PhCH;), 477 and 4.68 (2 d, 2 H, J = 12.0 Hz, PhCH};), 474 and 4.63 (2d, 2 H, J =
11.5 Hz, PhCH5), 4.53 and 4.48 (2d, 2 H, J = 12.2 Hz, PhCH,). MALDI-TOF MS: 773.2 (M*+Na), 789.2
(M*+K)

5,9-A..hyc!resé,7,8,l!!etetraea=benzy!=2,3,4=!rédeax3’=1,2=N,0=issprspylidene-z-(tert-
butoxycarbonylamino)-D-threo-L-galacto-decitol (9). To a stirred, warmed (85 °C) solution of alkene

(Z)-8 (375 mg, 0.50 mmol) and freshly recrystallized p-toluenesulfonhydramde (186 mg, 1.00 mmol) in
dimethoxyethane (5 mL) was added a 1 M aqueous solution of sodium acetate (1.00 mL) in four portions during
2 h. After an additional 3 h at 85 °C the reaction mixture was diluted with H2O (5 mL) and extracted with CHxClp
(2 x 30 mL). The organic phase was dried (MgSQy4) and concentrated. The residue was cluted from a column of
silica gel with 6:1 cyclohexane-AcOEt to give 9 (316 mg, 84%) as a syrup; [0]p = +4.8 (¢ 1, CHCI3). lH NMR
(DMSO-dg, 160 °C): § 7.40-7.20 (m, 20 H, 4 Ph), 4.84 and 4.63 (2 d, 2 H, J = 11.5 Hz, PhCH,), 4.84 and
4.57(2d,2H, J=11.9 Hz, PhCH,), 4.78 and 4.67 (2 d, 2 H, J = 12.0 Hz, PhCH>), 4.53 and 448 (2d, 2 H,

= 12.0 Hz, PhCHQ) 4.04 (dd, 1 H, J7 4 =2.7, Jg g = ~0.5 Hz, H-8), 3.88 (dd, 1 H, J1a2=6.0, J1a1p = 8.5
Hz, H-1a), 3.84-3.77 (m, 1 H, H-2), 3.70 (dd, 1 H, Je,7 = 9.5 Hz, H-7), 3.66-3.54 (m, 5 H), 3.22 (ddd, 1 H,
J4a5=756=90, Jgp 5 = 2.8 Hz, H-5), 1.88-1.67 and 1.62-1.42 (2 m, 2 H-3, 2 H-4), 143 and 1.39 (25,6 H,
2 Mej, 1.40 (s, 9 H, tBu). Anal. Calcd for CyeH5;04N: C, 73.47; H, 7.64; N, 1.86. Found: C, 73.62; H, 7.74;
N, 1.73. When the same reaction was performed using (E)-8 instead of (Z)-8 as the starting material, similar

P Y

5,9-Anhydro-6,7,8,i0-tetra-O-benzyi-2,3,4-trideoxy-2-(tert-butoxycarbonylamino)-D-
threo-L-galacto-deconic acid (2a). To a stirred, cooled (0 °C) solution of 9 (301 mg, 0.40 mmol) in
acetone (8 mL) was added freshly prepared 1 M Jones reagent (1.20 mL, 1.20 mmol). The mixture was allowed
to warm to r. t. in 30 min, stirred atr. t. for an additional 2.5 h and then diluted with isopropanol (~0.5 mL). The
suspension was neutralized with saturated aqueous NaHCOj3, diluted with Et;O (100 mL) and washed with brine
(2 x 20 mL). The organic phase was dried (MgSO4) and concentrated to afford 2a (273 mg, ~94%) contaminated
by the amino alcohol 11 and other minor byproducts. Compound 2a showed !H and 13C NMR spectra
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consistent with thoge renorted 1€ Prolon
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2a due to acidic cleavage of the benzyl groups.

Methyl 5,9-Anhydro-6,7,8,10-tetra-0-benzyl-2,3,4-trideoxy-2-(tert-butoxycarbonyl-
amino)-D-threo-L-galacto-deconate (10). Treatment of a solution of crude acid 2a in 1:1 Et;0-MeOH with
cthercal diazomethane at 0 °C for 5 min gave, after column chromatography on silica gel (4:1 cyclohexane-

o sy Pt Pt ] ~An o TY

AcOE), the ester 10 as a syrup, [atlp = -4.3 (¢ 1, CHCI3). 'H NMR: & 7.40-7.25 (m, 20 H, 4 Ph), 5.04 (d, 1
H, J = 8.0 Hz, NH), 4.93 and 4.63 (2 d, 2 H, /= 11.6 Hz, PhCH;), 4.93 and 4.62 (2d, 2 H, J = 10.8 Hz,
PhCH,), 4.75 and 4.67 (2 d, 2 H, J = 11.7 Hz, PhCH)), 4.47 and 4.41 (2 d, 2 H, J = 11.8 Hz, PhCHj), 4.27-
4.20 (m, 1 H, H-2), 3.98 (dd, 1 H, J7 g = 2.6, Jg g = ~0.5 Hz, H-8), 3.68 (s, 3 H, OMe), 3.66-3.47 (m, 5 H),
3.18 (ddd, 1 H, J4, 5=J56=9.0, Jgp 5 = 2.3 Hz, H-5), 1.95-1.75 (m, 3 H), 1.58-1.48 (m, 1 H), 1.41 (s, 9 H,
1Bu). Anal. Calcd for C44Hs309N: C, 71.42; H, 7.22; N, 1.89. Found: C, 71.20; H, 7.33; N, 1.78.
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