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ABSTRACT 

Methyl 4,6-0-benzyhdene-2-deoxy-3-C-methyl-r-o-nr abuzo-hexopyranoslde (4) 

\\a~ prepared from methyl 4,6-0-benzyhdenc-2, 3-dldeoly-3-C-meth] lene-r-o-e/J rht o- 
hevopyranosrde (1 b) and from methyl 4,6-O-benzyhdene-3 C-methyl-rr-D-gkco-heuo- 

pyranoslde (6a) by two different methods Spnthesls of D-evermlcose’ (10) (2,6-G- 
deouy-3-C-methyl-D-arabmo-heloss) 1~3s then achieved m four steps from 4 

IhTRODUCTION 

Such 2,6-dldeoxy-Z-C-methyl-D- or -r-hexoses as r_-mycarose2z, L-cIadmosezz, 
t.-oIIvomycose’a, L-chromose BZ3, L-arcanoseZn, o-evermcoseZb and L-axenosezc are 

examples of Important, naturally occurrmg, branched-cham sugars The ,oeneral 
mtroductlon of the desired C-methyl branchmg at C-3 of hexoses has been achieved 
prlmarlly by the actlon of such reagents as methylmagnesium bromide and dlazo- 
methane wth the correspondmg helos-3-uloses 

In a prevrous paper3, \re proposed a simple method for Introducmg methyl- 
branchms vta epo\ldatlon of C-methylene sugars, folio-ved by reduction wth hthmm 
alurmnum hydride Instead of reactlon with dlazomethane, as the latter may cause un- 
dewed rmg-eupanslon acco dmg to the solvent or the structure of the startmg 

matenat 

RESULTS AND DJSCLJSSION 

We therefore extended our epowdatlon method to prepare the tltlc compound, 

methyl 4,6-U-benzylldene-Zdeouy-j-C-nlethyI-3r-D-arabr/zo-heuopyranosxde (4) from 

*Part X of the series ‘ Branched-Cham Sugars” 
~TO whom enqumes should be addressed 
fA syntheses of D-evermlcose \~a resolution of trans-3-hydrouy-3-C-methyl-oL-gl)cero-he~--&eno~c 
acids has recently been reported b> Dyong ef al ’ 
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methyl 4,6-0-benzyhdene-2,3-dldeoxy-3 -C-methylene-z-D -er yth u- hexopyranoslde* 
(1 b) Compound 4 was also prepared by another route, from methyl 4,6-U-benzyhdene- 
3-C-methyl-z-D-ghIcopyranoslde6 (6a) 
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Compound 4 IS a potential precursor to most of the naturally occwrmg 
branched-cham sugars Just mentloned Although It has already been syntheszed by 
treatmg methyl 4,6-O-benzylrciene-2- deouy-y-D-er] rhro-hexopyranosld-S-ulose (la) 

wth dlazomethaneGd followed by reduction with hthlum alummum hydride, the 
yield was unsatisfactorily low and the proceaure seems to be lmpractlcal for further 
reaction steps 

We prepared the startmg material 1 b from the correspondmg glycos-3-ulose la 

*After the completion of this paper, another descrlptlon of the synthesla of 1 b dppedred5 
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The former was readily oxldlzed wth nl-chloroperoxybenzolc acid m 1 ,Zdlchlororo- 

ethane to $ve two epolldes, wluch could be separated by column chromatography 

m y=Ids of 61 and IS%, respectively The desired epoxlde (2) was the predomnant 
product as expected, as the electropluhc attack of the reagent on the carbon-carbon 
double bond of lb occurred from the side opposite the methovyl group The con- 
figuration of each was deternuned by conzparlson of the physlcal data with data found 
m the hterature” Reduction of the unseparated epowdes gave a mixture of the 
dewed compound 4 and Its C-3 eplmer 5 Separation of the compounds by column 
chromatography _gave 4 and 5 m yields of 65 and 20%, respectwelyV The physlcal 
data were III good agreement wth values gven m the hterature 

Compound 4 wds also prepared by a different route Methyl 4,6-O-benzyhdene- 
3-C-methyl-r-o-glucopyranoslde (6a) was con\erted Into the methanesulfonate 6b 

m 86% yield Compound 6b was then treated wth sodmm methoxlde m methanol to 
give methyl 2,3-anhydro-4,6-O-benzylldene-3-C-methqI-r-D-mannopyranoslde (7) m 
93% yield 

It IS commonly recogmzed that nucleophlhc attack on methyl 2,3-anhydro-r-D- 
mannopyranoslde gives e\cluswely the product of dlaxlal ~lng-openmg’ (the methyl 
r-D-altropyranoslde denvatlve) Dlequatorldl rmg-openmg, however, may also be 
expected rn the case of the branched-cham sugar 7, as the presence of an axial methyl 
group at C-3 nught Impede the nucleophlle from approachmg C-3 In fact, reduction 
of 7 wth hthnnn alummum hydride gave a 1 1 nurture of methyl 4,6-O-benzyhdene- 
3-deo\y-3-C-methyl-r-r,-mannopvranopyranoslde (S) (dlaulal rmgopenmg) and 4 (dl- 
equatorial rmg-openmg) The compounds have ldentlcal RF values m t 1 c treat- 
ment of the Imlture of 8 and 4 111th acetlc anhydnde in pyrldme \\dds, therefore 
necessary to effect separation The less-polar acetate 8 could then be readily separated 
from 4 In 47% yield by column chromatography The qleld of 4 LX as 40?6 from 7 The 
~IWI/ZO configuration of8 was re,ld1ly confirmed by ‘H-n m r spectroscopy (J, 1 = I 0, 
J Z 3 = 3 0 Hz) 

Compound 4 \\as con\erted Into o-evermlcose 111 four steps m the foliowm,o 

manner treatment ~1 lth ll-bromosuccmmude In carbon tetrachlonde gave methyl 

4-O-benzoyi-6-bromo-2 6-d~deo~y-3-C-metliyl-r-D-nrnDrno-he~opyranos~de(9a) quan- 
tltatl\ely Reduction of 9a wth tnbut>lstannane m benzene In the presence of 
y,;I’-azobls(lsobutanomtrAe) gave the co~respondm, = 2,6-dldeoly denvntwe 9b also 
quantltatlvelq After debenzoylatlon of 9b m methanollc ammoma, the compound 

\\as hydrolyzed ~lth 0 I \I hydrochlonc acid to ,oI\ e cryst,ll Ime 2,6-dldeouy-3-C- 
metl~yl-rr,/3-D-arabz~zo-he~o~e (D-e\ernltcose) The physical data of 10 were In good 
agreement ~1 Ith those of o-e\erm~cose”b +* 

*In the svnthesls ot L-oh\om\Lose Jonts er (I[’ obt uncd the endnttomer of 4 m 72”” vr~ltl b\ 
o\~mer~uratlon of rhc corrcspondwg _ 7-C-meth~knc sugar follo\\cd b> rcductlon, the C-3 cp~mtr 
u 15 not descrlbcd 
** Mthough the meltin; point .tnd opttcal rotdtlon of the synthetic dl.kttatt 11 dltfer tram the 
reported values ior D-evtrmlcobe dl LcCtatc (set E\perlmentaI sectIon), the n m r data are In good 
agrrement Authentic sampks \\crc unfortunately not akadablc 
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EXPERIMENTAL 

Gene& nzetlzods - Meltmg pomts were determmed on a Yanagmoto nucro 
melting-point apparatus and are uncorrected Solvents were evaporated m vacua 
N m r spectra were recorded with a JNM-PS-100 spectrometer for solutions m 
chloroform-d contammg tetramethylslIane as the mternai reference Optical rotations 
were measured wth a Carl Zeiss LEP Al spectrophotometer using an 0 5-dm tube 

&fet!lyI 4,6- 0-benr~ Ir~etre-2,3-nrcleoxy-3- C-nretl~yletre-a-D - erythro - hexo- 

pyranoszde (lb) - A solution of butylhthmm (10%) S 7 ml, 13 6 mmol) m hexane 
was gradually added to a cold suspension of methyltnphenylphosphomum brorrude 
(6 g, 16 8 mmol) m dry tetrahydrofuran (20 ml) cooled m an lce-+ater bath A 

solution of methyl 4,6-O-benzyl~dene-2-deo~y-~-~-erytlrro-heuopyranos~d-3-uloseg 

(la, 3 g, 11 4 mmol) dissolved m tetrahydrofuran (90 ml) was then rapidly added 
w1t.h vigorous stlrrmg to the yellow-orange suspension The nurture was stirred at 

room temperature for 30 mm, and the reactlon was morutored by t 1 c After addltlon 
of acetone (10 ml) and ether (200 ml), the precipitate was collected by filtration The 
filtrate was evaporated and the residue was placed on a column of slhca gel (Wake-gel 
C-200, 100 g) Elutlon wth benzene gave whte crystals (1 S g, 60%) Recrystalhzatlon 
from ethanol gave lb, m p 121-122”, [r]A5 + 146” (c 1 0, carbon tetrachlonde) 
pit 5 m p 121-122 5”, and [xlz3 + 163” (c 1 04, chloroform)] (Found C, 65 75, 
H, 698 CaIc for C,5H1801 C, 6569, H, 692%), nmr 9260 (broad, 2H, 
H-2a, H-2e), 3 39 (s, 3 H, OCH3) 3 68-4 4 (m, 4 H, H-4 H-5, H-6a, H-6e), 4 SO 
(q, 1 H, J, 1 3 0 and 2 0 Hz H-l), 4 95 and 5 1 S (m 2 H, e\o-methylene), and 7 3-7 65 
(m, 5 H phenyl) 

MerhyI 3,3’-atrl~_wiro-[4,6-0-bet~~~ Irdetle-3-C-(ltj d-o I ~metlr~ I)-z-D-arabmo-helo- 
p> ranosme] (2) atuf ttletfzi I 3,3’-atdzj d-o-4,6-0-betI=] i&we--7-deo X_I -3-C-(h-v&o \_I - 
nzetlz~~l)-r-D-nbo-~ze~~~~ ranosrde (3) - A solution of lb (11 g 42 mmol) and ?iz- 
chloroperoxybenzolc acid (S5% purity, 16 5 g, 81 mmol) dissolved m 1,2-dlchloro- 
ethane (500 ml) was stlrred overmght at room temperature The preclpltate was 

removed by filtration, and the filtrate was washed \\lth 0 1x1 sodium hydroxide and 
eater, and dned (magnesium sulfate) The orgamc layer was evaporated to a crystal- 
lme mass, a part (1 g) of \\l-uch \\as placed on a coIumn of slhca gel (20 g), and 
eluted \\lth benzene to gwe 2 (650 m,, 0 61%) as the less polar portion and 3 (190 mg, 

lS%) as the more polar portlon Compound 2 had m p 113-l 14”, b]i2 110” (c 1 0, 
ethyl acetate) [ht Jd m p 116 5-l 17”, [&, f 119” (c 0 5, ethyl acetate)] Compound 3 
had m p 123-125”, b]o + 140” c 1 0, ethyl acetate) [lit a= m p 123-124”, l!~]o + 154” 
(ethyl acetate)] (Found for 2 C, 64 85, H, 6 47, 3. C, 64 68, H, 6 52, Calc for 
C15H1805 C, 6473, H, 6 52%), n m r of 2 8 1 68 (d, 1 H, Jgcm 13 2 Hz, H-3e), 

2 40 (q, 1 H, J, Za 4 0, Jza 3 1 5 Hz, H-2a), 2 78 (d, 1 H, J3 3 5 0 Hz, H-3”), 3 22 
(9, 1 H, H-Z’), 3 36 (s, 3 H, OCHJ), 3 68-4 4 (m, 4 H, H-4, H-5, H-6, and H-6’), 

4 86 (d, 1 H, H-l), 5 52 (s, 1 H CHPh), and 7 2-7 52 (m. 5 H, phenyl), n m r of 3, 
6 I 65 (d, 1 H, Jgem 14 Hz, H-2e), 2 48 (q, 1 H, J,,Z, 4 0 Hz, H-2a), 2 52 (d, 1 H, 
J gem 5 0 Hz, H-3’), 3 04 (d, 1 H, H-3”), 3 41 ( s, 3 H, OCH,), 3 7-4 4 (m, 4 H, H-4, 
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H-5 H-6, H-6 1, 4 82 (cId, 1 H, H-l), 5 52 (s, 1 H, CHPh), and 7 2-7 5 (m, 5 H, 
Phenyl) 

Met&l 4,6-0-benzyZrdene-2-deoxy-3-C-metlzyZ-a-D-~abIno-hexopyranostde (4) 
and meth)I 4,6-0-benzyirdene-2-deo,uy-3-C-met~zy~-a-D-r~bo-hexopyranos~de (5) - 

LIthum alumnum hydnde (6 5 g) was gradually added to a solutron of the crude 
epoxlde (10 g), already descrrbed, m dry tetrahydrofuran (200 ml) The nnxture was 
borled for 30 mm under reflux Ethyl acetate and water were successrvely added to the 
m=ture, and the precrprtate was removed by filtratron and washed with ether The 
filtrate and washmgs were evaporated to a crystalhne mass, which was placed on a 

column of srhca gel (Wako-gel C-200, 100 g) that was eluted wxth benzene to gave 5 
(2 0 g, 20%) as the less-polar component and 4 (6 5 30, 65%) as the more-polar 
component Compound 4 had m p 75-77”, [XI:’ +87” (c 1 0, ethanol)* [ht 4;1 
m p 79-79 5”, [rlo + 122” (c 1 0, ethanol)] Compound 5 had m p 124-125”, [r]:’ 
+ 137” (c I 0, ethanol) [In 3d m p 125 5-126”, [&, + 121” (c 0 2, ethanol)] (Found, 

for4 C, 64 35, H, 7 22,s C, 64 21, H, 7 21 Calc forC,,Hz,O, C, 64 27, H,7 19%), 
n m r of 4, 6 1 50 (s, 3 H, C-CH& 1 8-2 18 (m, 2 H, H-2a, H-2e), 2 28 (s, OH), 
3 32 (s, 3 H, OCH,), 3 52-3 90 (m, 3 H H-4, H-6, H-6’), 4 14 4 (m, 1 H, H-5), 

4 76 (q, 1 H, J, za 2 0, J, zc 3 4 Hz, H-l), 5 56 (s, 1 H, CHPh), and 7 28-7 6 (m, 5 H, 
phenyl), n m r of 5 5 1 30 (s, 3 H, C-CH,), 1 88 (q, 1 H, J, zc 4 0 Hz, H-2e), 2 04 

(q, 1 H, J1.2a 1 0 Hz, H-2a), 3 20 (s, 3 H, OCH,), 3 72 (t, 1 H, J, 6a = J6 6 = 9 0 Hz, 

H-6a), 4 06 (e 1 H, J, 6c 4 5 Hz, H-6e), 4 124 40 (m, 2 H, H-4, and H-5), 4 76 
(q, H-l), 5 56 (s, 1 H, CHPh), and 7 2-7 56 (m, 5 H, phenyl) 

Methyl 4,6-0-ben=~Irdene-3-C-~~~et~~~I-2-O-(~net~~~~slrIfol?yl)-a-D-gIucopyranos~de 

(6b) - Methanesulfonyl chlorrde (0 88 g, 7 75 mmol) was added to a solutron of 
methyl 4,6-0-benzyhdene-3-C-methyl-r-D-glucopyranosrde (6a, 1 2 g, 4 12 mmol) 
m dry pyrrdme (50 ml) cooled m an Ice-water bath The solution was kept for 24 h at 
room temperature, and then poured mto Ice-water The aqueous solutron was 

extracted wrth chloroform (2 x 100 ml) The extracts were washed with saturated 
aqueous sodmm hydrogencarbonate and wrth water Evaporation of the drred extract 

gave a resrdue (1 4 g) that was recrystalhzed from ethanol (10 ml) to give 6b (1 2 g, 
SS%), m p 110-I 12”, [XI;’ t48” (c 1 0, chloroform) (Found C, 51 49, H, 5 98 
Caic for Cr6H2,0sS C, 51 33, H, 5 92 %), nmr 6 1 48 (s, 3 H, C-CH,), 2 55 
(broad, 1 H, OH), 3 10 (s, 3 H, 0SOICH3), 3 40 (s, 3 H, 0CH3), 3 45-3 S5 (m, 

H-4, H-5, and H-6a), 4 27 (q, 1 H, J, ,6c 2 5, Jea 6c 7 5 Hz, H-6e), 4 5 1 (d, 1 H, 
J 3 8 Hz, H-2), 4 87 (d, 1 H, H-l), 5 50 (s, 1 H, CHPh), and 7 1-7 51 (m, 5 H, 
piZny1) 

MethyI 2,3-anhJdro-4,6-O-benzyhdene-3-C-) I-cr-D-mannop~lranosIde (7) - 

A solutron of 6b (6 4 g, 17 mmol) and sodmm methovlde (0 6 g, 26 mmol) m abs 
methanol (100 ml) was borled under reflux untrl the starting matenal dIsappeared 

*There IS a dwxepancy between the hterature value and the experImenta value for the optxal 
rotation of 4 Similar values (87”, +S4”) for 4 wre obtnmed, however, when the compound \\as 
produced by &fferent routes 
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Calc for C,SI-I~~O~, C, 6428, H, 7 14%), n m r 3 1 22 (s, 3 H, J, 6 6 0 Hz, 
CH-CH,), I 45 (s, 3 H, C-CH,), 2 04 ( m, 2 H, H-2e and H-2a), 2 65 (broad. 1 H, 
OH), 3 30 (s, 3 H, 0CH3), 3 90 (act, 1 H, J, 5 10 Hz, H-5), 4 71 (q, 1 H, J, le 1 9, 

J , la 3 S Hz, H-l), 4 56 (d, 1 H, H-4), and 7 2-7 7 and 7 9-S 1 (m, 5 H, phenyl) 
~,~-DI&oA_I -3-C-iiletil_~l-o-arablno-he\o ye (IO) atId I,&&O-acetl I-2,6-drdeoxJ - 

3-C-nzet/zlI-lj-D-arablno-/le_~op~rarzoJe (11) - A solution of 9b (450 mp, 1 6 mnlol) 
m methanol saturated wth ammoma (30 ml) was kept for 4 h at room temperature 

and then evaporated to a syrup The syrup was hydrolyzed m 0 05~ sulfuric dcld 
(25 ml) for 30 mm at 90” The solution was then neutrahsed wth barium carbonate, 

and the preclpltate was removed by filtration The filtrate was finally deioruzed ~~11th 
Amberlne I R-120(H ‘) resm and evaporated to a residue that crystalhzed from 
acetone to gl\ e \\ hate needles [(IO 130 mg) having m p 105-109” [r] ii ~-20 S” 
(c 1 0, \\ater 24 h)] [ht Zb m p IOS-112”, [;(lD +20 7” (water 24 h)] (Found 
C 7224, H, 5 12 Calc for C?H,,O, C, 72 33 H, 5 00%) Acetylatlon of 10 
170 mg) wth acetlc anh! drlde (3 ml) and pyrldme (3 ml) gave \\ hate needles (55 mg) 
mp 115-117” b]A’ ;2S” (c I 0, carbon tetrachlorlde) [ht Zb m p 73”, [T/I,, +39 5”] 
(Found C, 53 33, H, 729 Calc for C,,H180, C, 53 65 H, 7 370,‘o) n m r of 11 

5 I 22 (d, 3 H, J5 G 6 0 Hz CH-CN,), I 32 (s, 3 H, C-CH3), 2 10 and 2 13 (5, 

I? H x2, COCH,) 3 62 (act I H, J, , 10 Hz H-5) 461 (d I 1-l H-4) 5 75 (q I H, 
f,, = S S f,, = 3 3 Hz, H-l), and 2 9 (broad, I H, OH) 
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