
Car boltjdrate Research, 89 (1981) 65-72 
EIsevler Sclent& Pubhshmg Company Amsterdam - Prmted In The Netherlands 

SYNTHESIS OF SOME DERIVATIVES OF 3-C-1METHYL-D-PSICOSE, 3-C- 
METHYL-D-FRUCTOSE, AND 6-DEOXY-3-C-IMETHYL-D-PSICOSE* 

ISIDORO ~ZQUIERDO CUBERO AhD MARIA D PORTAL OLEA 

Depai Zm~nr of Orgamc Chemrst~ y, ihrrwrsttv of Gt anada GI anada (Spam) 

(Recened 1March IStb, 1980, accepted for pubhcatlon, May 30th, 1980) 

ABSTRACT 

The synthesis of d@-lsopropyhdene derlvatlves of 3-C-methyl-D-ps1cose (3) 
and 3-C-methyl-D-fructose by the reactlon of I ,2 4,5-dl-U-lsopropyhdene-/)-D- 
eryt/z,o-heso-2,3-diulo-2,6-pyranose (2) with methylmagnesmm Iodide and methyl- 
hthlum IS described The react1on 01 r 2 with dlazomethane and reduction of the 
resulting epox1des gave the same branched-chain sugars Tsomer1satIon of 3 and Its 

transformation Into the 6-deoxy-5-1odo denvat1ve 9, followed by catalytic hydrogena- 
t1on and hydrolysis of the Isopropyhdene groups, gave 6-deoxy-3-C-methyl-D- 

pslcose 

INTRODUCTION 

Branched-chain sugars have been found as components of substances having 
physlologlcal actlvlty, mamly antIbIot1cs ’ There have been several reports on the 
structural elucidation and synthesrs of C-methyl-, C-hydroxymethyl-, and C-formyl- 
pentoses2, and deoxy-C-methylhexoses3, but few about branched-chain hexuloses 
the synthesis of I-deoxy-3-C-methyl-D-pslcose has been reported” 

Branched-chain sugars are usually synthesIsed by the reactlon of an aldulosc 
or drulose der1vatIve with a Gr1gnard reagent, organohthlum compound, dlazornethane, 
or dImethyIsulfoxon1um methyhde’ We have been Interested 1n the synthesis of I- 
deoxy-3-C-methylhexuloses, 1n connectIon with studies of the Knoevenagel reactIon” 
between u-alkyI+keto acids and aldehydo sugars 

RESULTS AND DISCUSSION 

Ox1datron of I ,2 4,5-d1-U-1sopropyhdene-/3-D-fructopyranose7 (1) to gve 

1,2 _4,5-d1-O-Isopropyhdene-/3-D-e~~ tlzro-hexo-2,3-dmlo-2,6-pyranose (2) has been 
achieved by usmg methyl sulfoxlde-acetIc anhydnde’ 9 or ruthenium tetraox1de” 
We have effected the conversIon 142 (8.5%) by usmg methyl sulfoulde-phosphorus 

*Branched-chain Sugars Part I 
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pentaoxlde m N,I~r-dlmethylforrnamlde, which avoids the formatron of the 3-G 
methyIthlomethy1 derwatlve 

1 2 3 R=OH R =Me 
4 $=Me R=Ol-’ 
5 R=-O- R -_-CH2- 
6 R=-CH2- R--O- 

\/ 
CMq 

7 

0--CMe2 

1 

CH2OH 

Lo 
c-o 
t2 M&OH 

CMf?2 
“{OH 

8 R=OTs 
HCOH 

i 
9 R=I CH3 

10 $=kJ 11 

The reactlon of 2 lath methylmagnesu.n-n lodlde II-I anhydrous ether followed 
by column chromatography gave 1,2 4,5-dt-O-isopropyfldene-3-C-methyl-P_D- 
pslcopyranose (3, 50 %), and I,2 4 5-dl-O-isopropyfldene-3-C-methyf-/I-D-fructo- 

pyranose (4 30x) The configuratlons of these compounds at C-3 were estabhshed 

by ‘H-n tn r spectroscopy The slznals for MeC-3 m 3 and 4 occurred as smgfets 

at b I 21 and I 30, respectively consistent” wth equatorldf and axlaf onentatron The 
reactlon of 2 wth methyl-hthlum ga\e only 3 (SOY”), whereas, with dlazomethane, 
2 gave a mwure of 3 3’-anhydro-3-C-hydrokymethyf-I,2 4,5-dl-O-lsopropyftdene- 

/3-D-pslcopyranose (5, 34 5;:) and 3,3’-anhydro-3-C-hydroxymethyf-I,2 4,5-dl-O- 
Isopropyhdene-/?-D-fructopyranose (6, 40 “/0), which were Isolated by column chro- 
matography Compounds 5 and 6 were ldentlfied by reduction wth flthlum afumlnlum 
hydride, which gave 3 and 4, respectwefy These results accord wth those’ I’ I3 for 
the reactlon of methyl 3,4-O-tsopropyfldene-P-D- or -L+IJV/ZI o-pentopyranosld-2- 

ufose wth methylmagnesnmi Iodide, methyl-flthlum, and dlazomethane The stereo- 

seIectwty of the reactlon of 2 wth methyl-flthtum reflects sterlc approach control, 

the equatorlaf side of 2 being the fess-hlndered for formation of the four-centre 
transltIon-state’6 On the other hand, the lower stereosefectwty of the reaction of 2 
w&h methyfmagnesmm lodlde could be due to an Interactton of the magnesrum with 

the gfycosldlc oxygen I7 The results of the reactlon of 2 wth dlazomethane dre m 
agreement wth those prewousfy I eported13 I ‘, In which an axlaf addltlon product 
IS preferentlaIfy obtamed 

Treatment of 3 with 57, suffurlc acid m acetone effected lsomerlsatlon Into 
1,3 3,4-dI-O-lsopropyfldene-3-C-methyf-/3-D-pslcofuranose (7), the structure of which 

was estabflshed on the basis of analytical and spectroscopic data The slgnafs of the 

methy groups of the dloxolane rmgs appeared as a smglet at 6 I 43, as did that of 
MeC-3 at d 1 54 In the ‘H-n m r spectrum of 7 The marked differences m ‘H-n m r 
spectra of 3 and 7 reflect the change m rtng size from pyranotd to furanold The 
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P-D configuratton of 7 was reflected by tts [MID value (- I20 SC), and by the low 

value of J, s (- 1 4 Hz) which accords with those reported” I5 for the splroacetals 

of pentulo- and hewlo-furanoses Attempted tsotnertsatton of 2 WAS unsuccessful 

Convenrtonal tosylatton of 7 gave the crystalltne 6-tosylate 8 (SOY,,), whtch was 

converted quantttattvely mto the syrupy 6-dcoxyd-todo dertvattve 9 by treatment 

with sodmm iodide KI acetone .lt I IO” Catalyltc hydrogen&ton of 9 tn the presence 

of Raney ntchel gave a htgh yteld of 6-deoxy- 1 ,Z 3,4-dt-O-tsopropyltdcne-3-C-methyl- 

/3-D-pstcofuranose (10) Reductton of 8 wtth hthtum alutntntum hydrtde tn ether gave 

10 together with 7 The structure of 10 was confirmed by ‘H-n m I spectroscopy 

The doublet at 6 I 24 was charactertsctc of a MeCH group and tndtcakd that 10 

was a dertvattve of 6-deouy-D-pstcose and not of I-deoly-o-pstcose Th13 concluston 

was confirmed by double-resonance eupcrtments Actd hydrolystb ofthe tsopt opyltdene 

groups m 10 gave syrupy 6-deoxy-3-C-methyl-D-pslcosc (11, SO :‘L) 

C\PERlXICNTAL 

GetwrnI tnet/roc/\ - Mclttrtg points \\ere determtned wtth a Retchtcr hot-pl,tte 

tntcroscope, and are uncorrected Soluttons tn ot gatuc solvcrtts wet e dt ted o\cr Na,SO, 

before concemratton under dtmtntshed pressure ’ H-N m r spectra (tntern,tl Me,St, 

60 MHz) were recotded with d Pet-hm-Elmct RIO spew-omcwr see Table I I r 

spectra (Table IL) \\cere recorded wtth a Pet kin-Elmer Infracord sptxtrometer A 

Pet-km-Elmer Model 141 polartmeter and I-din rubes were used for measurement of 
opttcal rotattons G I c was performed on a Carlo Erba Model Fractovap-G ~‘LS 

chrotnatograph equtpped wtth LL flame-tontsalton detector and d glass column (2 m x 

I 75 mm I d ) packed wtth 3:; of SE-30 on Chromosorb G (AW-DMCS 100-1~0 

mesh) kept at 160” The N1 flow-rate wets 30 ml/mm, the tnJcctton-port tctnperatutc 

X0”, and the zone-detector ternper‘tture 200” T I c wcls performed on Stltca Gel G 

(Merck) wtth detection by charrtn g wtth sulfut IC .xtd Colutnn chrom‘ltography was 

performed on SIIICLL gel (Merck 7734, 0 05-O 2 mm) Colunins were packed III the 

conventtonal manner Paper chromcttogrttphy (p c ) was performed bq the dcxendtng 

techntque on Whatman No I paper wtth I-butnnol-ethanol-water (X3 7 13) and 

detectton wtth stlver nttratc’ ’ 

Rmctrotlv of I,_7 4,5-rit-O-r~op op) Irtl~1tr~-ll-D-crythro-irc\o-_‘,3-clrlrIo-_’,6-~)~ ICI- 
IIOSC’ (2) - (N) IVh nwtlrl II~I~~‘JIIIIII rorlrrk~ To d sttrred solutton of mcth_vlmagnc- 

5tum todtde (1 1 g, 66 tnmol) III anhydrous ether (50 ml) WLS .tddcd gtadually ‘1 solutton 

of 8 2 (7 g, 27 tnmol) 111 anhydrous ether (100 ml), and the mtuture wa5 heated under 

relluv After 2 5 h, t 1 c (3 2 ether-helane) showed that 2 h‘ld dtsappc,ttcd, .md two 

spots (R, 0 53 and 0 42) were observed The textton mt\turc was cooled, and the 

exess of tnethyltliagnestum todtde destroyed wtth 10”; aqueous .m~monmm chlorldc 

The or_gantc layer was separated and the aqueous layer WLS extrxted wth erher 

Concentratton of the cotnbtned ethereal extracts gave ‘1 crystalltnc rcstdue (7 g), 

whtch was eluted from a column of stltc,~ gel w tth ether-helane (1 I-, I I) Concen- 

tratton of the fracttons that corttatned the compouncf of R, 0 53 ,tnd recryst.llltcatlon 



N
 h

f I
t 

‘~
1’

1 L1
1(

h
l 

l>
r\

lh
 (

60
 M

H
r, 

C
D

C
I 

I) 
IO

N 
C

O
h

lI’
O

U
N

I)
~ 

3-
10

 

I_
-_

--
 

-_
_v

--
 

-_
--

w
--

_-
 

_-
-_

 
_ 

_-
_-

__
_ 

I 

C
O

W
 

Cl
llw

w
Yr

l 
cl

r/
j/V

’ 
(A

) 
( 

I 
111

 
Hz

) 

po
r/

/r
d 

_-
v-

-w
 

- 
-- 

_-
 

- 
_-

 
_-

It-
--I

-- 
-_

__
__

---
-_

_I
 

-I 
__

-I 
- 

If-
-I 

fl.
1’

 
I-

1-
4 

II-
5 

II 
6 

11
-6

’ 
hi

d-
? 

A
l&

 
5 

hd
pd

_Y
 

H
O

-3
 

fr
o-

6 
H

-3
’” 

I-
r 

1”
” 

(II
,1

 1
 

(I
I,

51
 

(h
,lI

) 
(I

II
 Ii

) 
C

hl
) 

II
?)

 
- 

J,
‘l

ll 
C

J 1
’1

 II
*)

 
I_

__
__

- 
- 

_-
__

_ 
l_

- 
--

 
- 

--
- 

_-
_-

_ 
__

 _
c_

 
-_

--
v 

__
--

 
--

_ 
__

 
-_

 
_-

--
 

-_
-_

_ 

3 4 5 G
 

7 8’
 

9 10
 

3 
90

d 
(9

 0
) 

1 
85

d 
(9

 0
) 

? 
9O

il 
(9

 0
) 

1 
87

d 
(9

 0
) 

4 
05

d 
(1

00
) 

3 
95

d 
(1

00
) 

3 
98

cl
 

(1
0 

1)
 

3 
98

d 
(1

00
) 

4 
28

d 

4 
1
8
li

 

4 
I5

d 

4 
14

d 

4 
28

d 

44
ld

 

42
1d

 

4 
20

cl
 

4 
00

-4
 

I5
 

3 
85

-4
 

40
 

3 
9l

d 
4 

28
dt

 
(7

 5
) 

4 
40

11
 

4 
4O

lh
 

4 
56

d 
4 

20
m

 
(1

 5
) 

4,
05

4 
20

 

4 
I2

 
I 

22
s 

I 
36

5,
 

14
0s

 
2 

60
s 

I 
48

s,
 

I 
58

s 
4 

22
 

I 
10

%
 

I 
7l

S,
 

14
15

 
2 

50
s 

I 
5o

s,
 I 

60
5 

-3
 70

 
1 

25
s 

2 
5R

cl
 

3 
IO

tl 

I 
40

5,
 
1 

45
5 

(6
 0

) 
4 

00
 

I 
35

S,
 I

 4
0s

 
2 

78
d 

I 
50

r 
(5

 J
O

) 

2 
8&

l 
R

 

3 
65

-3
 

80
11

1 
19

54
s 

I 
45

s’
 

3 
00

9 
S i;l

 

4 
45

tl 
4 

?
O

lll
-f

 

(1
 5

) 
4 

20
11

 
4 

20
11

1 

(1
 5

) 

4 
IO

 
I 

40
5 

I 
40

5”
 

E 

? 
28

lll
fl

 
I 

50
9 

I 
18

s,
 I

4O
bP

 
G

 
E 

1 
45

9 
I 

24
tl 

I 
40

+”
 

“g
 

(7
 5

) 
z 

--
 

--
--

--
--

--
- 

- 
__

- 
w

 
G

~g
na

l 
ni

ul
t~

ph
c~

w
s 

(I,
 d

ou
bl

el
, 

rn
, 

m
llr

l~
le

l, 
dt

, 
do

ub
le

 
h

~p
lc

t,
 

s,
 s

m
g

lc
l 

~‘
O

x~
ra

nc
 I i
n

g
 

p
ro

to
n

s 
d

t 
C

 3
 

%
~g

n~
l 

of
 t

w
o 

nv
zl

hy
l 

gr
ou

ps
 

Q
gn

dl
 

of
 f

ou
r 

m
et

hy
l 

g~
ou

pc
 

P
T

l~
~ ,~

IO
I~

~I
C

 
p

10
10

1l
s 

01
 t

he
 O

T
I 

g
ro

u
p

 
n

p
p

e,
llc

tl
 

n
t 

I)
 7

 1
5 

an
d 

7 
82

 
W

an
t 

X 
of

 .
III

 A
l3

X 
sy

sl
cm

 
W

,II
~

 
A

U
 

of
 m

 
AB

X 
sy

sb
m

 
“0

 

2 I: g F 



BRANCHED-CHAIN SUGARS 69 

TABLE II 

I R SPECTRAL DATA FOR COW’OUNDS 3-10 

_- -__ 

Phtf2'~ L (cm-l) 
OH C-H/J c _O_C_O_” C-CH2 

\./ 

3 S 3500 13so 11.50 
1040 
858 

4 S 3460 I380 11.50 
1040 

855 
5 S 1350 1150 

1040 
848 

6 s i3so 1150 

1040 
s5.5 

7 s 3500 1350 1150 
I o-l5 

S60 

8 s 1380 1150 
1050 

865 
9 L l3SO 1160 

1040 
860 

10 L 1380 1150 

1040 
565 

“Key L. hqtnd, S, KBr pellet Gw~-dlmethyl CDoublet f11,3-D:ouolane rmg 

1250 
915 
810 

1150 

90s 
s13 

of the residue from hexane gave I ,2 4 5-dl-0-Isopropyltdene-3-C-metflyf-/I-v-pslco- 
pyranose (3, 3 75 g, 50”/0), m p 94-96”, [~]z - 130” (L 1 17, chloroform) Spectral 
data are gwen In Tables I and IT 

Atzai Cafe for C,3H2206 C, 56 93, H S 03 Found C, 56 84, H, S 4s 
Concentration of the fractions that contained the compound of RF 0 42 and 

crystafhsatlon of the residue from hexane gave f ,2 4,5-dl-0-lsopropyfldene-3-C- 
methyl-P-D-fr&ztopyranose (4, 2 21 g, 30’%,), III p 84-S6”, b]i5 -95” (c f 05. 
chloroform) Spectral data are given m Tables I and II 

And Found C, 56 92, H, 7 83 
(b) With nzet/z~~l-/ltlllr~t?z To a stn-red suspension of small pieces of hthlum 

(0 38 g) m anhydrous ether (5 ml) were added a few drops of methyl lodlde When 
reactlon commenced, a sofutlon of methyl rodlde (3 5 g) m anhydrous ether (15 ml) 

was added slowly to mamtam gentle bollmg 
The solution was then stlrred and heated under refluu for 2 h After coohng, 
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a solutlon of 2 (0 7 g: 2mmol) m ether (5 ml) was added slowly wth stlrrmg and the 
soiutron was stlrred and heated under reflux for further 3 h T I c then showed that 
2 had dlsappeared and that onIy 3 was present Water was added wth stlrrmg until 

two layers were obtamed The aqueous phase was separated, and extracted wth 

ether (5 x 20 ml), and the combmed ether solutions were washed wth water (2 x 
10 ml) and concentrated Recrystalhsatlon of the residue from hexane gave 3 (0 6 g, 

Sl%) 
(c) 1Vtth dra=otnethane To a solution of 2 (5 6 p, 21 mmol) m methanol (70 ml) 

at 0” was added. portlonwse. 2 S”/, ethereal dlazomethane (70 ml) until the rmuture 

remalned yellow The solution was stored overmght at room temperature T I c 

(3 3. ether-hexane) then revealed two spots- R, 0 47 and 0 38 Evaporation of the 

solvent gave a residue (6 g) a pornon (1 g) of which was subjected to chromatography 

on a column of slhca gel to gwe. first, 3.3’-anhydro-3-C-hydroxymethyl-I,2 4,5-dl- 
U-Isopropyltdene-P-D-fructopyranose (6, 0 463 g 47X,), m p 90-92”, [VI;’ - 111 o 
(C I 32. chloroform) Spectral data are given In Tables I and II 

-ina/ Calc for C,3H1006 C, 57 35, H, 7 35 Found C. 57 35 H. 7 49 

Eluted second was 3,31-anhydro-3-C-hydroxymethyl-l ,2 4 5-dl-O-Isopropyhd- 
ene-/S-D-pslcopqranose (5_ 0 35 g. 34 4 %) m p 142 5-143 5”. [X-J:’ -SS 5” (c 1 4, 
chloroform) Spectral data are gwzn m Tables I and 11 

Anal Found C, 57 50 H, 7 23 
Llthmm alumlnlum hydride (1 5 9) WAS added in portlons wth stirrmg to 

anhydrous ether (70 ml) A solution of the nnxture of 5 and 6 (6 g) In ether (70 ml) 
was added and the mixture was heated under reflux for S h T 1 c then showed that 

5 and 6 had dlsappeared and that 3 and 4 were present The excess of hydride was 

decomposed by dropwse addltlon of aqueous ammomum chloride The ethereal 
layer was separated and the aqueous phase was extracted wth ether (3 x 20 ml) The 

comblnea extracts were concentrated to give a mixture of 3 and 4 which was fractton- 
ated by chromatography Into 3 (2 07 g, 32 5%) and 4 (2 50 g. 39 3%) 

I 2 3,4-Dr-0-rsoprop1 It~etie-3-C-titetlr_1 I-fl-D-psrcofl~r more (7) - A solwon 

of 3 (3 5 g, 12 S mmol) m d 5 y0 solution of sulfuric acid m acetone (70 ml) was stored 
at room temperature for 15 rnln G 1 c then rekealed that 3 (T 112 s) had dlsappeared 

and a product had been formed (T SS s) The nuxture was neutralrsed with powdered 

anhydrous potassium carbonate, filtered, and concentrated A solution of the senu- 

crysrallme restaue m dlchloromethane (50 ml) was washed with water and concen- 

trated and the residue was recrystalhsed from hexane, to give 7 (3 3 g, 94”/,), m p 

69-70” b-JF -44” (c 1 06. chloroform) Spectral data are given m Tables 1 and II 

rl~rl Calc for C,,H,lOs C, 56 93 H, S 03 Found C, 56 84, H, S 13 

I,2 3,4-Dr-0-[soprop) Irc~eire-3-C-nlet~~~ I-6-O-tog I-l)- mpsrcofb-anose (8) - 

Conventtonal treatment of 7 (3 3 g, 12 mmol) wth pyrldme (20 ml) ana tosyl chlorrde 

(3 5 g, IS 4 mmol) gave 8 (4 1 ,g, SO%), m p Sl-83” (from ether-hexane), [z]i5 
-27” (c 1 03, chloroform) Spectral data are gwen m Tables I and TI 

AIMI/ Calc for C,,H,80,S C, 56 07, H, 6 54 Found C, 56 20, H, 6 54 

6-Deoq -6-ror/o-l-2 3,4-(/I-O-r~opt opt itcln~e-3-C-metl~~~l-~-D-pJrcofrrrrr (9) 
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- A solutron of 8 (4 g, 9 5 mmol) and sodmm rodlde (3 g, 20 mmol) III dcetone (50 
ml) was heated for 6 h at I 10” In a sealed tube T 1 c (I 2 ether-hexane) then showed 
one spot (RF 0 70) (<f 0 40 for 8) The mixture was filtered and conccntr‘lted A 
solution of the sem~crystalhne residue In ether was washed sequentially wth water. 

20% aqueous sodium thlosulfate_ and wtcr, and concentrated and the restdue wa4 
subjected to column chromatography to give 10 ds a syrup (3 5 g), [Y]F -45” 
(c I 42, chloroform) Spectral datd are given In Tables 1 and II 

ha1 Calc for C,,H1,105 C, 40 62 H 547 Found C, 40 65 H 5 6S 
/-De0 1~ - Z,2 3,4-&r-O-r~opr cup: I~~cII~~-~-C-~I~~~~I~ I-/I-D-prrcofrtr CUI(IT( ( 10) - A 

solutlon of 9 (3 g, S mmol) In ethanol (50 ml) and tnethylanune ( I 5 ml) wds hydro- 

genated at normal pressure In the presence of Rdney nickel (5 p) The hydroscn 
uptake was complete In - I h T I c (I 2 ether-heuane) then sho\ied only one \pot 

(RF 0 57) (cf 0 70 for 9) The mI\ture wd4 filtered and concentl,itcd and the micro- 
crystalhne residue was partItIoned between ether and water The ether layer w.ls 
washed twce wth water and concentrated, and the 011y rcsIduc NUS ~ub~ectcd ,kg 

chromatography, to give IO as a cofourless sy~ up (2 g) [v-$,’ --50 - (( I S f chforo- 
form) Spectra1 data are gwen m Tables I .tnd ff 

-Inn/ Calc for C,3H,,05 C 60 47. H S 53 Found C, 60 37 H, S 71 
To a suspcnslon of hthium alumm~um hydnde (500 mg) III .mhydrou\ cthel 

(25 ml) was added a solution of 8 (I g, 2 mmol) In ether (25 ml), .ind the mlxturc 

was heated under refkx for 20 h T 1 c then shotted that 8 h‘id dlwppcarcd and that 
10 and 7 were present Treatment of the reactlon mwurc In the uwal m.mner, 
followed by column chromatography, gave 10 (0 25 g, 42’3,) 

6-~eo~l-~-~-t~ref/?~f-D-~?~rco~~~ (11) - A mrutrrrc of 10 (f 45 g, 5 6 Iii~iwf) 

and 20Y0 aqueous tnfluoroacetlc acid (25 ml) was stu-red .tt room tcmpcraturc Altcl 
S h, t I c showed that 10 had dtsappcared Tnc Tolutlon WLS conccntratcd ,md wltcl 
was repeatedly evaporated fionl the residue to rcmovc trlfl,.ux-oxctlc .uxd A solution 

of the ~esldue In water was treated wth actwe charcoal filtered, and concentr,ttcd 

and the colourfess, syrupy residue W&S subjected to chrornatogtaphy 011 A cofcmn of 
mlcrocrystalhne cellulose (Merck), usrng 90”,, ethanol Tf-he F>I upy ploduct (I 1 
1 g, SO%) was homogeneous by p c (R, 0 66) .md h‘ld [Y-J;’ -27” (C 1 46, water) 
No mutarotatIon was observed 
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