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ABSTRACT 

A facile, one-pot synthesis of u-D-glucopyranosyl 3.4~anhydro-P-D- 

tagatofuranoside (1) from sucrose in good yield is reported. Derivatives of 1 can 
also be obtained from 4,6:2,1’-di-0-isopropylidenesucrose and from 2,3,6,1’,6’- 
penta-0-benzoylsucrose by treatment with triphenylphosphine and diethyl 
azodicarboxylate. The n.m.r. spectra (13C,iH) and conformation of derivatives of 
1 are discussed. A new anhydrosucrose (1’,4’) is reported. 

INTRODUCTION 

Epoxides (oxiranes) have been widely used as synthetic intermediates in car- 
bohydrate chemistry’. Until recently, the most common method of preparation 
was from a vicinal trans.hydroxy,sulfonyloxy group, the synthesis of which may in- 
volve complex strategies. 

We have reported’ that treatment of methyl cl- and /3-D-fructofuranoside 
with triphenylphosphine (TPP) and diethyl azodicarboxylate (DEAD) in NJ-di- 
methylformamide gave high yields of the corresponding methyl 3,4-anhydro-D- 
tagatofuranosides. and that no protection of the primary hydroxyl-groups was 
necessary. This is an unusual reaction, since primary hydroxyl-groups react3 much 
more rapidly with TPP and DEAD (to form dialkoxytriphenylphosphoranes) than 
secondary hydroxyl-groups. Presumably, the success of the epoxidation reaction 
depends on a favourable rate of formation from an antiperiplanar bans-1,Zdiol 
system, where one of the hydroxyl groups has been converted into the oxy- 
triphenylphosphonium leaving-group. The primary hydroxyl-groups arc effectively 
protected as dialkoxytriphenylphosphoranes which are hydrolysed during work-up. 
The mechanism of this reaction has been discussed’. 

It was considered that application of this methodology to sucrose might yield 
the sucrose epoxide 1 (a-D-glucOpyranosyl 3,4-anhydro-P-o-tagatofuranoside), 
which would be a useful intermediate for the synthesis of sucrose derivatives mod- 
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ified in the D-frUCtoSyl moiety. Such modified sucroscs were required for studies4 of 

the structure-activity relationship of substrates for invertase (,C-~fruc- 
tofuranosidase). ‘l‘he epoxide 1 was l\nown hitherto only as its hexa-acetate which 

was obtained in low yield in six steps from sucrose‘. 

RESULTS AND DISCIJSSION 

Treatment of sucrose in N.N-dimethylformamide with TPP and DEAD at 
room temperature for 16 h followed by acetylation gave impure. syrupy hcxa-ncc- 
tate (2, -24%) of 1, from which the conlaminanl was difficult to remove by 

chromatography. In view of the facile conversion” of methyl cu-I>-glucopyranoside 

into methyl li.~,nnhydro~ol-I,-glucopyronosl[le with TPP/DEAD. 3.hw~nhydro for- 

mation with sucrose was considered to be B possible origin of the impurity. A bu- 
crose derivative with HO-3’ and 110-J’ nnsubslilutrd. hut with 110-h bltzked. was 
therefore sought. Since the Mitsunobu reaction can be used far the wlectivr cs- 
tcrification of primary hydroxyl-groups’. the epoxidation of Sucrose tn the presence 

of a carboxylic acid was investigated. From model studlcs with sucrw~ and benzoic 
acid” or thloacetic acid”. It was anticipated that esterilication al pwitions 6 and h’ 
would precede cpoxidc 013,h-anhydl-o ring-for-mation. 

Treatment of sucrose in N,N-dimcthylfarmamide with acetic acid (2.1 
equiv.), TPP (4.5 cquiv.), and DEAD (4.5 equiv.) at loon, ternpzrature for I6 h 
followed by deacetylation afforded the required 1. from which the pure hexa-ace- 
tale (2. 42%) was isolated. The impurity formed previously was not observed. This 
method is presently the most convenient pr~ocedure known for the synthesis of 1. 
and is suitable for large-scale preparations. 

Other readily available h-substituted sucrose derivatives, suitable for conw-- 

sion into 1, are 1.~.6.l’,h’-pcnta-O-benzoylsucrose”’ (3). 4.6:7.1’-di-O-iso- 
propylidcncsucrose”. and 6.h’.di-C)-cer.r-butyldimethylsilylsucro~c’-’. The COIIVCI- 
sinn of the pentabenzoate into the 3’,4’-anhydro derivative 4 and inI<> 1 w;+s i-e- 

ported in a preliminary communic;~tion”. and the yield of 4 from 3 ha< since been 
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increased to 80% by using the much cheaper reagent di-isopropyl azodicarboxylate 

(DIAD) (DIAD can be used instead of DEAD in the one-pot procedure together 
with chloroform, instead of N,N-dimethylformamide, as solvent). By this procc- 

dure, 1 is available from sucrose in three steps, with an overall yield of -40% com- 
parable to the one-pot procedure. 

Treatment of 4,6:2,1’-di-0-isopropylidenesucrose with TPP and DEAD in 

refluxing benzene, followed by acetylation, gave 3,6’-di-O-acctyl-3’,4’-anhydro- 

4,6:2,1’-di-CJ-isopropylidene-“tagatosucrose” (5, 60%). which was readily con- 

verted into 1. A one-pot procedure was also developed, using the crude reaction- 
mixture from acetalation of sucrose (which contained 4,6:2,1’-di-O-iso- 

propylidenesucrose and 4,6-O-isopropylidenesucrose in the ratio -2: 1). The mix- 

ture was treated with TPPlDEAD in pyridine at 70” for 2.5 h, followed by de- 
acetalation to give 1 (30%). The use of pyridine as solvent resulted in a very dark 

reaction-mixture. Preliminary experiments with 6.A’-di-0-terl-butyldimethylsilyl- 

sucrose and TPP/DEAD indicated a very clean conversion into the corresponding 
3’,4’-anhydro derivative, but this method was not pursued as the procedures noted 

above were considered to be more convenient. 

The ‘3C-n.m.r. data of the derivatives of the sucrose epoxide 1 are given in 

Table I. The oxirane structure is clearly demonstrated by the upfield shift of the sig- 

nals for C-3’ and C-4’ by -20 p.p_m. relative to the corresponding signals for the 

parent acylated sugar. The signal for C-5’ in these compounds is also shifted upfield 

by 4-5 p_p.m.; otherwise, the chemical shifts are very similar to those in the parent 

C-l 93.1 89.7 89.8 
c-2 70.9 68.9 69.1 
C-3 72.7 70.3 7D.S 
c-4 69.4 68.2 68.3 
C-5 72.3 69.8 70.0 
C-6 NJ. If 62.3 62.39 
C-l’ 60.5’ 62.3 62.48 
C-2’ 104.5 102.8 102.9 
C-3’ 56.3 56.4 56.5 
C-4’ 55.3 54.9 55.0 
C-5’ 76.5 75.1 75.3 
C-6’ 63.3 65.6 65.6 

90.2 
71.2 
73.6 
69.7 
71.5 
64.0” 
643h 

103.4 
78.7 
75.9 
79.6 
65.7 

Other signals 

&’ 5" 

90.3 93.3 
71.n 63.9 
73.7 72.Y 
69 8 71.W 
71.3 71.7’ 
62.7’ 62.S’ 
63.9’ h9.hk 

103.0 104.4 
56 4 57.6 
54.R 56.1 
74.9 75.6 
6.5.8 63.9 

ha* i-e 

93.9 91.3 
72.1 68.8 
73.7” 70.5” 
70.2 68.3 
71.7 70.1” 
61.4’ 62.2 
76.7 76.4 

109.8 108.3 
78.3 70.7” 
82.2 79.6 
73.8”’ 77.3 
61.5’ 64.9 

~ 0 Me 
101.4 \ \C/ 

99.5 ) / \ 
0 MC 

“In D,O. ‘In acetone-dh. ‘In CDCI,. “At 22.3 MHz. <At 75.5 MHz. fm”Numbers with the same letter 
in a vertical row may be interchanged. 



sugars. The chemical shift, of the carbons in the anhydrotagatofuranoslde mmcty 

were very similar to those found for methyl 3.3-anhydro-8-r,-taaatofuranosid~~. 

The chemical shifts of the prnnary carbons in l-5 were acsigncd a~ C-h < (‘-I ’ c. 
C-h’ by comparwm with the data for acetylated h- and 6’-rhiowcrosc and h.h’-di- 

thiowcrose”. l‘he values tar C’-6 and (‘-I’ in IL.3 are similar. antI the ,ia\ignmcnts 

are not certain. 

‘l’he ‘H-n.m.r. data tar the derivatives of sucrose cpoxidc I arc given in Tn- 

bles II and III. The ipcctra of the acctylatrd derivatives were recorded fur s(~lu- 

tionc, in benzenrwf,. which is a good wlvent for ‘II-n.m.r. \pcctroscopy of 

acetylated sugar<’ ‘. The Ilr\t-order interpretation of the spectra of 2 and 4 was ver- 

ified hy irradiation techniques and refined by calculation of thcorctical rpcctra xbith 

the help of the Uruker spin-simulation program (PANIC. In thew calculatlona. 

the vicinnt and geminal cclupling-conrtallts wcrr takrn as positi\r and ncgati\c. re- 

cpcctivcly. The most noticeal& fcaturc m the spectrum of 2 i\ the upfield shltt of 

the Ggnals for H-3’ and II-J’ tq -21.5 p.p.m. l.elative to those of H-i .4’ in sucrose 

octn-acetatr. Also, the J I, 1’ and J4.,s. values are much smaller for 2 than lor wxxc 

octa-acetate. Since the furanoside ring in 2 carries an oxiranc ring. onI> two confor- 

mations are possible. namely. O-5 ci.v or ~nw\ t<) the cpoxidc ouygcn Tlw przfcrrcd 

puckering mode probably involves the CIS ;srrangemrnt. sines thi, would avwd ,$VII- 

I ,3 interactions hctwcen the glucosyl moxty and the C-5’ sub\~~tucnt In support 

of this vice.. on X-ray analy&“ of the closely related structure methyl i.+anhydro- 

I .h-di-O-p-tolyl~~ilfonyl-P-u-tagatofuranoside showed that O-5 wa\ slightly out of 

the plane and on the .&face. The .I.,,4 (2.0 H7) and .I, - (I. I Hz) \;alues” ni the littter 

compound were wrtually idcnticnl to the .J,, I and .I,,.,. valueh io!- 2 I he glucosyl 

group of 2 is in the ‘C‘, conformation. 

The impurity formed in the reaction of sucrose with TPP!DEAI>. and noted 

above, was initially consiJe[cd to he 3,h-~rnl~ydroru~r~~~~ or .~‘.h’-:lnh~dro~~l~ro~~. 

IIowevcr. although the elemental analy~ and rr.m.r data intllcatcd ii mono- 

anhydrosucrose. the m.p. and n.m.r. data were mconsistent ulth those for 3.h- 

anhydrosucrose’“. 3’,6’-anhydrosucrose’7, or 2. I ‘-antl~drosuci~~s~~~ A 1’.4’- 
anhydro structure 6. not hlthcrto reported. was therctore tcntatwlq as\ipned to 

thi< by-product. The I’(‘-n.m., \l,ect,-urn showed the cxpcctcd set of peaks for the 

glucow moiety. in addition to one othrr CH ,OH group (6’). The remaining peak\ 

were consistent with the proposed I ’ .I’-anhydrofructolur~~~~(~~id~ mowt~: in par- 

ticular, the signal for C-2’ was shifted dounheld to 1W.H p.p.m isi lO8 9 p.p.m 

fur C-2 of I .?-O-isopropytidenc-B_n-fructofuranosc”’ trlacetate) and that for C-l ’ 
was shifted downfield to 76.7 p.p.m, Cc/. 76.X p.p.m. tar C‘- I’ of i.6 I’.-l’:?‘.h’- 

trianhydrowcrose”‘. 

The ‘H-n.m.r. spcctm of 6 and its hcxa-acctatc 7 wcrc also conai\tcnt ujith 

the prcscncc of a I ‘,J’-anhydra ring. ln particular, the iignnls fog If- I ‘:I and H-I ‘b 

in 7 wcrc well rcwlvcd, and appeared as a doublet of doublctr with J,,,,, 8.5 I I/ (cf. 
.I,,,,,.,, X HY for 2.-l-di-O-scetyl-3,h:l. 1’:3’,h’-trianhydrt)suir~ls~‘“). The J,,,,, \aluc 

for -<‘H:OH or -CH>OAc groups I\ usur~11~ I I 13 t I/ (we Table III) Frwn a \tud, 
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H-l 
H-2 
H-3 
H-4 
H-5 
H-6s 
H-6b 
H-1’a 
H-l’h 
11.3’ 
H-4’ 
H-5’ 
H-h’;, 
H-6’b 
OH 
OAc 
ArH 
(CH?I>C 

5.47 
3.54 
3.77 
3.43 
3.7-3.9 
3.7-3.9 
3 7-3 9 
3 73 
3.70 
3.96 
3.98 
4.17 
3.83 
3.82 

6.13 
5.u3 
5.89 
5.34 
4.36 
4.36 
4.36 
4.OY 
3.98 
3.34 
3.05 
3.71 
4.21 
4.16 

1.65s1.77 

6.52 
5.44 
6.29 
3 89 
4 59 
4.81 
4 77 
4.74 
4 17 
3.53 
3.01 
3.72 
4.31 
4.29 
3.39 

6.X-8.2 

6 29 
3.x1 
5.82 
1.69 
4.76 
3.77 
3.75 
3.x0 
3.03 
3 OR 
3.06 
3 55 
4.33 
4.32 

I.6,l.X 

1.25.1.27 
1.28.1.36 

5.4x 
3 64 
3 7x 
3 45 
3 YI 
3.KS 
3 77 
4 04 
404 
4.53 
4.32 
4.47 
3 97 
3.76 

“In D,O. bin C,D,. ‘At 3OU MHz. dAt 270 MHz. 

5.YX 

5 14 
5.67 
5.38 
4.65 
4.26 
4.32 
3.95 
3.26 
4.79 
4.01 
4.06 
3.s 
4.06 

167-1.76 

I .i 

2.3 
3,4 

4,5 
5,ha 
5.6b 
ba,6b 
I’a.l’b 
‘i’.J’ 
4’S’ 
5’,6’a 
5’.6’b 
6’a,6’b 
4,0H 
l’b.5’ 

3.9 3.x 3-Y 37 3.8 3.6 
IO 4 
9.3 

10.0 

11.7 
2.7 
1.1 
4.7 
4.0 

11.5 

10.2 
9.3 

10.0 
1.9 
4.3 

-11.7 
-11.7 

29 
I?.‘1 
5.0 
5.0 

11.8 
3.4 

9.9 94 
9.2 94 
9.9 0.8 

5.2 
5.2 

-12.5 -I2 0 
3.” 2.Y 
0.7 0.9 
64 IO.5 
5.1 10.5 

-11.6 -11.8 

9.9 10.4 
Y.3 9.3 
9.X 10.3 
2.3 2.6 
4.8 4.4 

-12.5 -11.8 
8.5 

2.2 22 
-0 -0 
-0 -0 
-0 0 

-13.0 -11.8 

13 

“In DzO. ‘In ChDh. ‘At 300 MHz. “At 270 MHz. 
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of models, formation of a 1 ‘,a’-anhydro ring result\ in :I reduction of the H--1’3 di- 

hedral angle to --90”. and. as expected. the coupling constant is -4 Hz. Zero cou- 

pling between H-S’ and the H-6’ has been observed for 3.6: I’.“:J’.h’-tri-nnhy- 

drosucrose’“. One unusual fcaturc of the spectrum of 7 is the small (1.3 Hz) long- 

ranpc coupling bctwcen H-l’h and H-5’. This could h e a through-space coupling 

transmitted ~+a the lone-pair p-orbitals on 0-5 ’ and o-l’(O-4’). Se\cral examples 
ul \pin spin coupling across tikc single-bonds arc known”. 

Melting points wcrc Jctermincd with a Tottoll apparatur and 31-c UTICOI-- 

rected. ‘fI-n.m.r. spectra (mtrrnal Mc,Si) wcrr recorded at 72.3 or 75.5 MHz with 

a Bruker HX-‘30 or CXP-3110 spectrometer. Microanalyses were performed hy the 

Chemistry Department. Univc~sity of (Jurcnsland. Column chromatopraphy wits 
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performed on Kieselgel 60 (Merck, 70-230 or 230-400 mesh), and t.1.c. was con- 
ducted on slhca gel CF,,, (Merck). 0 g r anic solvents were redistilled. N,N-Di- 
methylformamide was dried by distillation from P205 under reduced pressure, and 
stored over molecular sieves (4A). Solvents were removed under reduced pressure 
at <50”. Optical rotations were determined with a Perkin-Elmer 241 polarimeter. 

2,3,4,6-Tetra-O-acetyl-a-D-~lucopyranosyl l,h-di-O-acetyl-3,#-anhydro-8_n- 

tagatofuranoside (2). ~ To an ice-cold solution of sucrose (2 g, 5.8 mmol) in NJ- 
dimethylformamide (20 mL) were added, with stirring under an atmosphere of ni- 
trogen, glacial acetic acid (0.76 mL, 2.2 equlv.) and triphenylphosphine (6.Y g, 4.5 
equiv.). A solution of diethyl azodicarboxylate (4.1 mL, 4.5 equiv.) in N,N-di- 
methylformamide (10 mL) was then added dropwise during 10 min. with stirring of 
the solution cooled in an ice-bath. The mixture was then stirred overnight (16 h) at 
room temperature. solvents were removed, and deacetylation was accomplished in 
the usual way with methanolic ammonia. The mixture was concentrated to an oil 
that was partitioned between water and ethyl acetate. The aqueous layer was ex- 
tracted several times with ethyl acetate and with chloroform to remove triphenyl- 
phosphine oxide and diethyl hydrazinedicarboxylatc, and then concentrated to dry- 
ness, and the residue was acetylated. After normal work-up, flash chromatog- 
raphyz2 (ethyl acetate-hexane, I:l) afforded 2 (1.42 g, 42%), [a],, +70” (c 1, 
chloroform), which was identical (13C-n.m.r. spectrum) with a sample prepared 
previously’3. 

cu-r~-ClucopyranosyZ3,4-anhydro-p-D-tagatofuranoside (1). - (a) Deacetyla- 
tion of 2 with methanolic ammonia gave 1. m.p. 179” (from ethanol), [a],, +78” (c 

1, water) (Found: C, 44.1; H, 6.5. C,,H*,O ,{I talc.: C, 44.4; H. 6.2%). For n.m.r. 
data, see Tables l-111. 

(b) Finely powdered sucrose (2 g, 5.8 mmol) was stirred with N,N-dimethyl- 
formamide (60 mL) for 6 h, and 2,2_dimethoxypropane (4 mL) was then added fol- 
lowed by a catalytic amount of tolucne-p-sulfonic acid (20 mg). After stirring for 
15-16 h at room temperature, triethylamine (0.1 mL) was added, and the mixture 
was concentrated to dryness. The resulting oil was dissolved in pyridine (10 mL), 
and triphenylphosphine (3.8 g, 2.5 equiv.) was added, followed by diethyl 
azodicarboxylate (2.3 mL, 2.5 equiv.) with cooling. The mixture was stirred and 
heated at 70” for 2.5 h, and then concentrated to dryness. A solution of the result- 
ing, dark oil in acetic acid (20 mL) and water (12 mL) at 50” was stirred for 45 min. 
and then concentrated, and the residue was partitioned between water (50 mL) and 
chloroform (SO mL). The aqueous layer was washed thoroughly with chloroform 
and concentrated to dryness. A solution of the resulting, dark oil in ethanol was de- 
colourised with charcoal (l-2 g) and then concentrated, and the residue was 

chrnmatographed (methanol+thyl acetate. 1:4). to give 1 as a foam (0.76 g, 40%). 
which crystalliscd (0.6 g) from ethanol or water-2-propanol on seeding. 

1’,4’-Anhydrosucrosr (6). - Treatment of sucrose (1 g) in N,N-dimethyl- 
formamide (10 mL) with TPP (3 equiv.) and DEAD (3 equiv.), as described above 
but in the absence of acetic acid, gave a clear oil (0.83 g, 48%) that had the same 
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R,. value as 2 m t.1.c. However, the “C-n.m.r. spectrum indicated a mixturt: of 2 

and the 1’,4’-anhydrosucrosc derivative 7 in the ratio p-1 : 1. Repeated chromatog- 

raphy gave 7 that was 90% pure by ‘H-n.m.r. spectroscopy, which revealed 6 AcO 

groups. Deacetylation of 7 with methanolic ammonia gave 6, m.p. IfiX” (from 

water-2-propanol), [n]o +123” (c 1.2, methanol) (Found: C. 42.1. H. 6.6. 

C,,,H,,,O,,, H,Ocalc.: C, 42.1; Ii, 6.5%). Forn.m.r. data, sccTahlesI-III. 

J,.?, 6-Tri~O-henzo~l-a-D-,~lucol)ymrro.~y~ .?,4-anh,vlir(l-I,6-di-C)-he,?=o~/-B-D- 

tagatofimznoside (4). ~ Sucrose 2.X,6. I ’ ,h’-pcntabenzoate (3) was prepared in 

50% yield by a slight modification of the literature procedurr”‘: prior to 

chromatography, the organic phase wa\ washed with aqueous .itP+ potassium 

fluoride and then tiltered through Celite to remove insoluble tributyltin Huoride. 

This procedure greatly facilitated the rubsequenl chromatography. without aftect- 

ing the isolated yield of 3. Although a yield of 879; of 3 was reported”‘. in our 

hands, the yield was consktently -Xl%. 

To an ice-cold solution of 3 (4.0 g, 4.6 mmol) and triphenylphosphine (2.41 

g, 2.0 cquiv.) in dry chloroform (15 mL) was added dropwisr during 2U mm a solu- 

tion of di-isopropyl azodicarhoxylate (1.9 mL., 2.0 cquiv.) in chloroform (IO mL). 

The solution was allowed lo attam room temperature. After- 3 h, t.l.c. (rthyl ace- 

tate-hcxane, I : 1) indicated a clean conversion into 4. The solution was concen- 

tratcd and the residue was nash-chromatographzd twice (ethyl acetate-hexane. 

1:2). to give 4 as a syrup (3.2 g, HO%). [w]~, +51” (c 1, chloroform) (Found: C, 

66.5; H. 4.9. C,;H,,lO,scalc.: C. 66.X; H, 4.8?+,). For n.m.r.data. sccTables I III. 

Acetylation of 4 gave 3-0-acctyl-2,3,h-tri-O-benroyl-a-D-glucopyranosyl 

3,4-anhydro-l,6-di-O-ben~oyl-~-D-tagatofriranoside (11) ;as a syrup. 11~1~ fh6” (c 

I. chloroform) (Found: <‘~ 66.7; H, 5. I. CJI,,O,,, talc.: C. 66.4; H, 4.8%). ‘H- 

N.m.r. data (100 MHz, benzene-(1,) 6 2.12 (5, 3 H, OAc). 3.98 (dd, I H. Ji. .II 2.6. 

.iJ,.. 1.1 Hz. H-4’), 4.01 (d. 1 H. H-3’). 4.lf~4.67 (m. X II, I+- 

5,6a.6b.l’a,l’b,S’,h’a,h’b), 5.57 (dd. I H, J3,J IO.11 J4,? 9. I Hz. II-J), 5.33 (dd. 1 

FI.J,.z 3.6. J2,3 9.8 Hz, H-2). 5.97 (d, 1 Ii, H-l), and 6.02 (dd. I H. H-31. 

3.6’-I~i-O-acetvl-.~‘,4’-n11h_ydro-4,6:11, i ‘-di-0-i.~oprr~pylidiPnr-“ragnfosrrcros~~” 

(5). -‘l‘o a solution of 4,6:2.1’-di-(l-isopropylidencsucrosc” (2hU mg. 0.6 mmol) 

and triphenylphosphine (314 mg, 2 equiv.) in dry bcnxnc (2 mL) was added dl- 

ethyl azodicarhoxylate (190 PL. 2 ’ cquiv.). ‘The wlution was boiled under reHux for 

1.5 h and then stirled overnight at room tempcraturc. After concentration. the re- 

sidue was fractionated by flash chromatography (acctone~-dichloromzthane, I :2U: 

then acetone-ethyl acetalc. 1:X)). to give “di-O-isopt~)Pyiiderl~sucrose epoxlde”, 

which, on acctylation, gave 5 (180 mg, 60%) as a foam, [a],, t.56” (c 1. chloro- 

form) (Found: C, 53.9: H. 6.4. (‘>:H,,O j 1 talc.: C. 54. I : H, h.6). For n.m.r. data, 

see Tables I&III. 
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