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ABSTRACT 

The reaction of raffinose with sulphuryl chloride m a mixture of pyndme and 
chloroform at temperatures between amblent and -20” afforded, after dechloro- 
sulphation, 6’-chloro-6’-deo-.yraffinose t, 6’,6”-dichloro-6’,6”-dldeoxyraffinose, 6-G 
(4,6-d~chloro-4,6-dideory-or-~-glucopyranosyl)-~-~-glucopyranosyl 6-chloro-6-deoxy- 
j?-D-fructofuranoside, methyl 6-chloro-6-deoxy-cr-D-fructofuranoslde, and methyl 
O-chloro-6-deoxy-#?-D-fructofuranoslde The proportions of these products depended 
on the reaction condltlons, higher temperatures and longer reaction times favoured 
the formation of the monosaccharide derlvatlves, which, under certain condltlons, 
could be Isolated m a combmed yield of 51 oA Catalytic hydrogenolysls of 6’-chloro- 

6’-deoxyraffinose and the foregolng trlchloro derivative afforded, respectively, 6’- 

deoxyraffinose and 6’,4”,6”-tndeoxyraffinose In good yields 

INTRODUCTION 

The reaction between sulphuryl chlonde and carbohydrates was first described’’ 
by Helferlch m 1921, who noted that certam hydroxyl groups were replaced by 
chlorine and that others were engaged m the formatlon of cychc sulphate esters The 
mechamsm and the stereochemutry of the process were not understood until J K N 
Jcnes and his colleagues undertook a thorough study of the reaction3 They showed 
that the reaction proceeded vta chlorosulphate esters (ROSO,Cl), some of which 
underwent bimolecular nucleophlhc substltutlon by chloride to give chlorodeoxy 
derlvatlves The chlorosulphate groups that undergo replacement by chloride are 
those which would be expected to undergo S,2 displacement by nucleophlles according 
to the rules proposed by Richardson 4 We have apphed this reaction to dlsacchande 
derivatives, including trehalose5, sucrose’, methyl j?-maltoslde’, methyl /3-lactoslde’, 
and benzyl /I-cellobiosldeg, and obtained a variety of chloro derlvatlves that have 
been employed as synthetic intermediates for the preparation of deoxy, amino, and 

*Raffinose Chemistry Part II For Part I, see Ref 1 
tThe unpnmed, smgle-pruned, and double-pnmed numbers refer to the carbon atoms m the D- 
gkcosy& D-fructosyl, and D-galactosyl rmgs, respectively 
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ando denvatrves The mtroductron of chlorme atoms at certam posrhons of the 
sucrose molecule has a profound effect upon the sweetness of the dtsacchande, and, 
for example, the 4,6,1’,6’-tetrachloro derivattve IS 200 ttmes sweeter than sucroselo. 
Consequently, tt was of interest to study the reaction of ohgosacchandes related to 
sucrose wrth suiphnryl chlorrde, m order to prepare a wider range of chlonnated 
ohgosacchandes related to the mtenseiy sweet chloro-sucroses We now descnbe 
the reaction of raffinose (6-O-a-D-galactopyranosylsucrose) with sulphuryl chloride. 

RESULTS AND DISCUSSION 

The reactron of raffinose (1) with sulphuryl chlonde at -20” for 5 h gave, after 
dechlorosulphatton (with methanohc sodrum Iodide m the presence of sodturn 
carbonate) and acetylatlon, a mixture contammg one maJor and several mmor 
components Chromatographrc fracttonatron of this mixture afforded five pure 
components (A-E) 

The fastest-moving component (A) was isolated m 6% yreld as a syrup 
Elemental analysts and spectroscopic studres mdrcated A to be methyl 1,3,4-trr-O- 
acetyl-6-chloro-6-deoxy-/I-D-fructofuranostde (12) The mass spectrum contamed 
Intense signals at m/e 265 and 307, due to loss of CH,OAc and OMe, respectively, 

1 R’ = H,R’= R3= R4= 0~ 

2 R’= Ac,F?= R4=Cl,R3= OAc 

3 R’ = H,R’= R4= Cl,R3= OH 

4 R’ = Ac,R’= R3= OAc R4= C, 

5 R’ = li,R’= R3= 0H.R4= c, 

6 R’= R4=H,R2=R3=oH 

7 R’= Ac,R*=P”=OAc R4= H 

8 R’ = Ac,R2=d=R4=H 

9 R’ = R2 = R3 = R’ = H 

R4 
lOR’= AC, R’= Cl,R3= R4= ,, 

11 R’= H.R*= C, R3=R4=,, 

OMe H 

OMe H RO 

72 R = AC 14 R = AC 

13R = H 15Rxl-l 
OR 

1SR = AC 

17Q = H 
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TABLE I 

Compound C-l c-2 c-3 c-4 C-5 C-6 Mefhyi 

Methyl 6-chloro-6-deoxy- 
@-n-fructofuranosrde (13) 62 2 106 6 794 83 4 78 7 479 51 7 
Methyl 6-chloro-6-deoxy- 
a-D-fructofuranosrde (15) 604 III I 849 821 81 1 467 510 

=P p m downfield from DSS 

from the molecular ion, thereby mdrcaim g that A was a fructoside and that the 
chlorme atom was not at C-I. The presence of the chlorine atom at C-6 was mdlcated 
by the ‘H-n m r spectrum m which the H-6a and H-6b resonances were centred 
around r 6 5, mdrcatmg a CH,Ci group All other resonances were m agreement 
wrth the proposed structure, and the values for J3 4 (6 Hz) and J4 T (7 Hz) were 

similar to those observed for sucrose derivatives and therefore suggested the /J- 
anomerrc configuratron 

The second fractron B, obtained m 5 T< yield, was the a! anomer of the fructo- 
furanosrde 12 The mass spectra of B and 12 were almost superposable, but the ‘H- 
n m P spectrum of B showed couphng constants J3 5 2 Hz and J4 5 5 Hz which were 
distmctly different from those found for sucrose derivatives Therefore, the data are 
m agreement with the u anomer 14 Careful deacetylatlon of each anomer gave the 
methyl GchIoro-6-deoxy-D-fructofuranosides 13 and 15, for which the “C-n m r 
parameters are given m Table I Notably, the C-2 resonances differ by 4 5 p p m , 
which IS consistent with a change of stereochemistry at this position 

The thnd component C, obtamed in 10% yield, was a crystalhne tnchloro 
derivative of raffinose Exammation of an acid hydrolysate of the deacetylated 
material by paper chromatography revealed the presence of glucose, but no galactose 
or fructose, showmg that the three chloro groups were located on fructosyl and 
galactosyl resrdues The mass spectrum of C contamed peaks for three oxycarbonmm 
ions at m/e 283 (2 Cl), 307 (I Cl), and 571 (2 Cl) due to two hexosyl cations and a 
drsaccharidyl catton, respectively In particular, the tons at m/e 571 and 283 clearly 
mdrcated that two chlorine atoms were present on the galactosyl rmg, and the Ion 
at m/e 307 must be due to the fructosyl residue having a smgle chlorme substituent 
Fmally, the posttions of the chlorine atoms were determmed by an exammation 
of the 13C-n m r spectrum (Table II) of the deacetylated compound (17), the C-4”, 
C-6”, and C-6’ resonances were shifted to high field by - 10, 16, and 17 p p m , 
reSpect]veIy, in comparison with those of raffinose (l), m agreement with the assigned 
structl*re of 16 

Component D crystalhsed m 7 % overah yieid, and elemental a^nalysis Indicated 
that it was a dichloro derivativ, a of raffinose its mass spectrum showed mtense 
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TABLE II 

‘3c-CHEhfICAL-SHzrr DATA= 

~~ 

Carbon 1* 3 5 6 9 11 17 
atom 

c-2 
C-l” 

C-l 
C-4’ 
C-3’ 
C-5’ 
c-2 
c-3 
c-5 
C-5” 
C-2’ < 

C-4 ) n 

;I$ 

C6 
C-6 
C-Z’ 
C-6” 

106 37 
10109 

94 66 
83 89 
79 01 
76 60 
75 26 
74 99 
73 59 
72 05 
71 85 

106 70 
101 15 

95 06 
83 35 
79 21 
78 54 
75 40 
74 06 
73 66 
72 25 
72 05 

106 65 
101 19 
94 95 
83 32 
79 22 
78 51 
75 26 
74 09 
73 57 
72 20 
71 81 

106 17 
10109 

94 60 
81 35 
80 01 
78 94 
- 

73 86 
73 66 
72 12 
71 85 

106 63 10663 
10190 101 41 
94 9s 9486 
81 88 83 22 
80 73 79 07 
79 58 78 40 
76 42 75 59 
76 06 75 19 
74 24 73 98 
72 78 73 58 
70 36 72 11 

71 05 
69 09 
68 51 
65 03 
6402 
63 69 

70 85 71 03 
69 04 69 08 
- - 

48 03 48 03 
63 89 63 69 
45 76 63 69 

71 12 
- 

68 56 
20 89 
64 16 
63 69 

42 94 39 86 
69 02 70 77 

68 05 68 77 
22 81 22 20 
64 78 63 82 
31 23 47 89 

10662 
10109 
9492 
8321 
79 36 
78 52 
75 46 
75 46 
7440 
7440 
73 61 
72 35 
61 59 
69 34 
- 

48 03 
63 96 
47 30 

“P p m downfield from DSS *For 13C-assygunents, see Ref 12 

peaks for only two oxycarbonmm tons at m/e 307 (1 Cl) and 595 (1 Cl), mdtcatmg 
that the galactopyranosyl and fructofuranosyl resrdues must contarn one chlorme 
atom each Thus observatton was substantrated by acrd hydrolyses of the deacetylated 
compound 3 whtzh gave (paper chromatography) glucose as the only unsubstttuted 
monosacchartde Compartson of the 13C-n m r spectrum (Table II) of 3 with that 
of raffinose (1) showed shafts of the C-6’ and C-6” resonances to htgh field by N 17 
and I8 p p m , respecttveIy On the basrs of these resuits, D was rdentrfied as the 
6’6”-dtchIorrde 2 

The myor component (E) was obtamed crystallme m 43% yield and shown 
to be 6’-chloro-6’-deoxyraffinose deca-acetate (4) The mass spectrum of 4 contained 
three Intense signals for oxycarbomum tons at nr/e 307 (1 Cl), 331, and 619 due to 
two hevosyl cations and a dtsacchartdyl cation, respecttvely, smce the latter mdtcated 
the absence of chlorme, the smgle chlorme substttuent was assumed to the fructo- 
furanosyl rmg Careful de-esterrficatror of 4 gave a hygroscoptc compound 5 whtch, 
upon acrd hydrolyses, afforded galactose and glucose, but no fructose The structure 
of 5 was confirmed by 13C-n m r spectroscopy (Table II), whtch revealed an upfield 
shaft of the C-6’ resonance by 17 p p m , compared to that of raffinose 

In an attempt to increase the yteIas of dr-, trr-, and htgher chlormated products, 
*he reaction penod of raffinose with sulphuryl chloride was extended_ After 7 h, 

the dl- and trr-chlorrdes 2 and 16 were Isolated m yteids of 20 and 13 %, respectrvely 
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However, when the reactIon time was extended to 18 h, the methyl fructofuranosldes 
12 and 14 were isolated m yields of 27 % and 24 %, respectively 

It 1s noteworthy that formatlon of the methyl fructofuranosldes 13 and 15 
appears to be a maJor pathway m the reactlon, whereas these products have not been 

detected when sucrose was similarly treated with sulphuryl chloride Indeed, much 
more extensive chlormatlon of sucrose was observed and two penta- and one hexa- 

chlormated sucroses were Isolated6 The reason for these differences between sucrose 
and raffinose remains obscure It IS possible that 13 and 15 arIse by cleavage of the 
glucose-fructose glycosldlc bond durmg the chlormatlon to give, as one of the 
products, the fructofuranosyl chloride Subsequent dechlorosulphatlon m methanol 
would then give rise to the methyl fructofuranosldes 13 and 15 Jennmgs15 observed 
that dechiorosulphatlon of z-c-D-xylopyranosyl chloride trlschlorosulphate m methanol 
slmdarly afforded the methyl xylopyranosldes 

The J3 4 values for 12 and 14 (6 and 2 Hz, respectively) correspond to dihedral 
angles of - 140-150” for the j? anomer and 100-l 10” for the x anomer This large 
difference is evphcable m terms of the existence of the rr auomer m the E, conforma- 
tion with the 2-methoxyl group pseudo-axial (anomenc effect) and the chloromethyl 
group pseudo-equatonal as m 14 On the other hand, the p anomer adopts the E’ 

conformatlon, which maintams the 2-methoxyl group axial as m 12 
Reductive dehalogenatlon of the 6’-chlonde 5 with Raney mckel m the presence 

of a stolchlometrlc amount of potassmm hydroxide gave one major product, as 
mdlcated by t 1 c It was Isolated m 27% yield and characterlsed as 6’-deoxyraffinose 
deca-acetate (7) The mass spectrum of 7 contamed strong signals for two hexosyl 
oxycarbomum Ions and a dlsaccharldyl oxycarbomum Ion at Nl/e 331, 273, and 619, 

respectxvely, due to cleavage of the ,oalactopyrar_osyl, deoxyfructofuranosyl, apd meh- 

blosll bonds, respectively The assigned structure of 7 was further confirmed by the 13C- 
n m r spectrum (Table II) of the deacetylated compound (6), which showed a large 
upfield shift of the C-6’ resonance by 44 p p m with the posmons of the other primary 
carbon resonances unaltered 

Surprlsmgly, 6’-chlororaffinose (5) was also rcductlvely dehalogenated by 
Raney mckel m the presence of trrethylamme, and the product was isolated m 54% 
yield It has previously been noted that on!y secondary chlorme substltuents are 
reduced m the presence of trlethylamme, and that dehalogenatlon of primary chloro 
groups reqmres potassium hydroxide as base 

Slmllarly, reduction of the 6’,4”,6”-tnchlorlde 17 in the presence of potassmm 
hydroxide afforded the trldeoxyraffinose 9, which was Isolated as Its octa-acetate 
8 In 51% yield The structure of 9 was elucidated by the apphcatlon of 13C-n m r 
and mass spectrometry Thus, the 13C-n m r spectrum (Table II) of the deacetylated 
compound showed high-field shifts for the C-4”, C-6”, and C-6’ resonances by 28, 
42, and 42 p p m , respectively The mass spectrum of the octa-acetate 8 contamed 
signals for thee oxycarbomum Ions at m/e 273, 215, and 503 due to deoxyfructo- 
furanosyl, dldeoxygalactopyranosyl, and dldeoxymehblosyl catlons, respectively 
When the hydrogenation of 17 was repeated m the presence of trlethylamlne, It gave 
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the 6”-chloro-6’,4”,6”-trideoxyraffinose 11, best Isolated as Its octa-acetate 10 The 
r3C-c m r spectrum (Table II) of 11, in comparison with that of rafiose, showed 
upfietd shifts of the C-4”, C-6”, and C-6’ resonances by 33, 16, and 43 p p m , re- 
spect_vely, which IS m accord with the assigned structure This conclusion was con- 
firmed by the mass spectrum of 10, which showed very mtense peaks for oxycarbonmm 
ions at mrz/e 249 (1 Cl), 273, and 537 (1 Cl) due to chlorodtdeoxygalactopyranosyl, 
deoxyfructofuranosyl, and chlorodideoxymehbiosyl cations, respectively. 

EXPERIMENTAL 

Gejreral ntethods - Evaporations were carried out under reduced pressure 
below 45 a Optical rotations were determmed on chloroform solutions (unless other- 
wr;e stated) with a Perkm-Elmer 141 polarimeter and a I-dm tube Melting points 
were determined on a Kofler hot-stage and are uncorrected Srhca Gel 7731 (Merck) 
was used for t 1 c , derection bemg effected by charrmg with sulphuric acid Dry- 
cotumn chromatography was performed on Sihca Gel 7734 (Merck) Anhydrous 
pyridme was prepared by distiliation from calcium hydride Chloroform and methanoI 
were dried over magnesmm sulphate Light petroleum (b p 6CS0°) was used through- 
out Chlormation reactions were momtored by withdrawmg ahquots of the reaction 
mixture and adding them to a suspension of sodium carbonate m methanol contammg 
a catalytic amount of sodium iodide, m order to effect dechIorosulphation AII 

reductions were carried out at room temperature and 60 p s I m the presence of 
Raney-nickel catalyst AI1 deacetylated chlorodeoxy and deoxy compounds were 
hydrolysed m 6~ hydrogen chloride at room temperature and then neutrahsed with 
Amberhte IR-45 (HO-) resin Paper chromatograms were deveiorod m l-butanol- 
toluene-pyndme-water (5 1 3 3) and processed as described by Hough et al l4 

‘H-N m r spectra were recorded with a Varian HA-100 instrument at 100 MHz 
Selected regions of the spectra (r 4-7) were then recorded at 220 MHz with a Varian 
HR-220 spectrometer, Me_& was used as the internal standard Mass spectra were 
determined with an A E I MS-30 spectrometer at 70 eV “C-N m r spectra were 
recorded with a Bruker-WP-60 instrument SoIutions of concentration 50-100 mg/mI 
mad- up m D,O were used throughout with DSS as the internal standard The sample 
temperature m each case was 34 _+2” Raffinose pentahydrate was dried at 70”/8 
mm!-lg for 24 h and then dtssolved m pyndme, and the soiutron was evaporated to 
azeotropically distd off the remammg water. The Iatter process was repeated five times 

Reactlon of ra$nose wth srdphryl chlonde - (a) To a stirred suspension 
of raffinose (1, 10 g, 19 8 mmol) m a mixture of chloroform (100 ml) and pyridme 
(40 ml) at -78” was added sulphuryl chloride (30 ml, 371 mmol) dropwise during 
I h After 2 h, the mixture was ahowed to warm up to between - 10 and -20” and 
maintained thereat for 5 h The rmxture was then poured mto methanol (500 ml) con- 
taming sodium carbonate (20 g) and sodium Iodide (1 g), stirred for 3 h, filtered, 
and concentrated to dryness The resultmg yellow sohd (17 g) was dissolved m 
pyrnhne (170 ml), and acetic anhydride (25 ml) was added dropwlse After 12 h, 
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10 (0 141 g, 31 ‘A), m p 56-59” (from ether-hght petroIeum), [cc],, + 117” (c 0 5) 

(Found. C, 49 5; H, 6 0, Cl, 5 0 C34H47C1022 talc C, 49 4, H, 5 7, Cl, 4 3 %) 
Deacetylatlon of 10 afforded 6”-chtoro-6’,4”,6”-trldeoxyraffinose (11) as an 

amorphous, hygroscoplc powder (67 %), [ujr, f 103 o (c 0 25, methanol), which 
did not Bve a satisfactory analysis 
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