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AJ3STRACT 

For studymg the structure-actlvlty relatIonshIp of cytostatlcally active hexltol 
denvatlves, I,2 5,6-dlanhydro-3,4-dl-0-methyl-(17), -ethyl-, -allyl-, and -pentyl-D- 
manmtol, as well as 1,2 5,6-dlanhydro-3,4-dl-U-methyl-L-rdltol, -galactltol, and 
-D-glucltol were synthesized In the synthesis of 17, 2,5-dl-0-acetyl-1,6-dl-O-mesyl- 
3,4-dl-0-methyl-D-manmtol was used as an intermediate that could be deacetylated 
to gve 1,6-dl-0-mesyl-3,4-dl-0-methyl-D-manmtol, a compound that proved to be 
about ten times as active as 1,6-di-O-mesyl-D-manmtol (“Manmtol-Myleran”), a 
known cytostatrc compound 

INTRODUCTION 

In order to study the structure-actlvlty relatlonshlp of the ulcerostatlcally 
active 1,6-anhydro-2,5-d~-O-methyl-3,4-d~-O-(methylsulfonyl)-l(6)-th~ohexltols2, the 
synthesis of the correspondmg isomers contammg the methoxyl groups on C-3 and C-4 
was undertaken Blolo@cal mvestlgatlon of 3,4-dl-0-methyl-1,6-dl-O-(methyl- 
sulfonyl)-D-manmtol (15), an mtermedlate m the synthesis of the correspondmg 
1,6-anhydro-l(6)-thio-D-manmtol denvatlve 22, revealed its slgruficant cytostatic 
actlvlty This was rather surpnsmg, as, accordmg to the llterature3*4, hexltol denva- 
tlves carrying blologlcal alkylatmg groups on C-l and C-6 are mactlve if their hydroxyl 
groups on C-3 and C-4 are blocked by a base-reslstant group As, m the compounds 
investigated 3*4, this group was an lsopropyhdene group, the lack of cytostatic actlvlty 
IS probably a consequence of the unfavorable stenc arrangement, due to the presence 
of the rather Inflexible dioxolane rmg which would restnct the free motion of the 
molecule and determine the sterlc arrangement of the bloloacal alkylatmg groups 
In our case, the presence of the 3,4-dl-O-alkyl groups does not slgmficantly hinder 
the free rotation of the atoms m the hexltol skeleton, consequently, It seemed prob- 
able that they might not change the blologlcal activity of the ongmal compounds 
Hence, It was decided to synthesize several 3,4-dl-0-allcylated hexltol denvatlves m 

*Synthesis of New Sugar Derwatwzs Havmg Potential AntI-tumor Actwlty, Part XX For Part XIX, 
see reef 1 
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order to study the mfluence of different 0-alkyl groups, as well as the conEguration 
of the hexltol, on the cytostatic activity 

hEt5ULT.S AND DISCUSSION 

3,4-Di-O-methyhxmannlto~s ’ (6) was prepared from 1,2 5,6-dl-O-rso- 
propyhdene-D-mannitol’ (1) by methylation with dimethyl sulfate-sodmm hydroxide 
m dimethyl sulfoxlde solution, alfordmg, after distillation, pure 2 This was hydrolyzed 
according to the hterature’, to give 6 Partial mesylation of 6 and subsequent acetyla- 
tion yielded the mixed ester 11, the acetyl groups of which could be selectively removed 
with hydrochloric acid contammg methanol at elevated temperature. On treatment 
with methanohc sodium methoxide, the 1,6-dl-O-mesyl-3,4-dt-0-methyl-D-manmtol 
(15) obtained, as well as its diacetate 11, gave the correspondmg I,2 5,6-dianhydnde 
(17) Essentially the same route was applied for the synthesis of the corresponding 
3,4-dr-O-ethyl (3+7412418), -di-O-ally1 (4-G-+13+19), and -di-0-pentyl denva- 
tives (5+9+14+20), but, in the last two examples, alkylatlon of compound 1 was 
conducted with ally1 and pentyl bromide, respectively, m the presence of sodium 
hydride Hydrolysis of the distilled di-0-pentyl compound 5 gave, besides the desired 
9, some of the mono-0-pentyl derlvatlve 10 In contrast to those of the di-O-methyl 
derivative 11, the acetyl groups of the correspondmg mixed esters 12, 13, and 14 
could not be selectively removed wrthout decomposition of the material; only the 
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di-O-ethyl derivative 12 gave a chromatographrcally homogeneous I ,6-drmesyl ester 
(16), whrch was, however, unstable at room temperature 

The presence of the oxrrane rings m derrvattves 17-20 was proved by an 
Independent, synthetic route, namely, alkylatron of the known I,2 5,6-dranhydro-D- 
manmtol’ (21) wrth the appropriate alkyl halide rn the presence of silver oxide 

Treatment of the dt-U-methyl dertvatrve 17 with sodium sulfide gave, bestdes 
some polymeric material, 1,6-anhydro-3,4-dr-O-methyl-l(6)-thro-D-manmtol (22), 
whrch was separated as rts dtacetate 23 Deacetylation according to ZempKn gave 
crystallme 22, whrch could not, however, be converted mto 24 because, on mesylatron, 
decomposrtion occurred 

When 3,4-dr-0-methyl-D-mannrtot (6) was treated m pyrrdme at low tempera- 
ture with benzoyl chloride (2 2 equtv ) and then wrth mesyl chlorrde, the mrxed 
ester 25 was obtained, on treatment wrth sodrum methoxrde, 25 gave, rra mversron 
at C-2 and C-5, the 1,2 5,6-dranhydro-r--rdrtol denvatrve 26 

Complete mesylatron of 6 yielded the 1,2,5,6-tetra-0-mesyl derivative 27 which, 
m contrast to 1,2,5,6-tetra-O-mesyI-D-mannitol’, possessed only weak cytostatic 
actrvrty This provides further, mduect evrdence that the brologtcahy active metabohte 
of the latter compound must be 2,3 4,5-dranhydro-l,6-dr-O-mesyl-L-rdrtol’0, which 
can not be formed from 27 as the correspondm g hydroxyl groups at C-3 and C-4 
are blocked 

As both of the d anhydro-3,4-dr-0-methylhexrtols 17 and 26 showed srgmficant 
cytostatrc actrvIty, the correspondmg galactltol derrvatrve 29 was prepared by alkyla- 
tron of the known, cytostatrcally active I,2 5,6-dranhydrogalactrtol’ I1 (28) In- 
terestingly, on methylatron, the toxrcrty and the actrvrty of the orrgmal compound 
were decreased to the same extent, and consequently, the therapeutic index remained 
unchanged 
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For further comparrson, I,2 5,6-dranhydro-3,4-dr-0-methyl-D-glucrtol (37) 
was synthesized As the startmg material, 1,2 5,6-di-O-rsopropyhdene-o-glucitol 
(30) was needed, and thrs had been obtained (m 7 7% yield) by Anderson et al I2 
by treatmg D-glucrtol with zmc chlonde u-r acetone The same authors also descrrbed” 
Its crystahme 3,4-dr-0-benzoyl denvatrve 31. We combmed the procedures, and 
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Isolated from the crude reactron-mrxture, after the benzoylatlon, the dlbenzoate 31 

in a yield of 18% ZemplCn saponrficatron of 31 gave 30 111 practrcally quantttattve 

yreld, methylatton of 30 afforded the dlmethyl ether 32, and hydrolysis thereof 

with actd gave 33 as a homogeneous syrup * For further charactenzatlon, 33 was 

converted mto Its tetraacetate 34, which could be punfied by drstrllatron Pure 33, 
obtained by ZemplCn deacetylation of pure 34, was converted mto the esters 35 or 36, 

which, without further punficatton, were treated with sodium methoxtde to gave the 

desued dlepoxrde 37 
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From brologtcal mvesttgatton of the 3,4-dr-0-alkylated epoxtdes, the fcllowmg 

general conclustons concernmg the structure-actrvrty relatlonshtp could be drawn 

(a) The alkylated denvatrves are generally less toxic than the parent compounds 
havmg free hydroxyl groups at C-3 and C-4 (b) The cytostatic actlvuy decreases 

with elongation of the cham of the alkyl groups on O-3 and O-4 (c) The configura- 

tron of the hexltol has the followmg Influence on the actlvtty galactnol > D-ghcltol >> 

D-manmtol > L-rdttol, this IS remarkable, as, for most brologtcal-alkylatmg hexrtol 

derrvatrves, those havmg the D-manno configuration are the most actrve 
Comparison of the actrvuy of the 3,4-di-0-methyl-D-manmtol drepoxrde 17 

with that of the correspondmg 1,6-dt-0-mesyl compound 15 provtded another 

surpnse For the non-alkylated derivatives, the correspondmg epoxrdes are always 

the more toxrc, but also the more actrve, compounds’3, whereas, for the 3,4-dr-O- 
methyl denvatlves, the toxrcrty was approximately the same for both types of com- 

pound (LD,, 100 mg/kg), but the actrvrty against Yoshtda s c. sarcoma at a dose 

of 4 x 100 mg/kg (p o ) was only 17 ‘A for the epoxlde 17, but 99% for the dl-O- 
mesyl denvatrve 15 Compared to 1,6-dr-0-mesyl-D-manmtol (“Manmtol-Myleran”), 

compound 15 showed about ten ttmes the activity 

*Compound 33 had been synthesized for g 1 c mnvestlgatlonla, but no data were given 
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EXPERIMENTAL 

General met/&s - Meltmg pomts are uncorrected T 1 c was effected on 
Kteselgel G wrth ethyl acetate (A), wrth ethyl acetate-carbon tetrachlorrde2 1 (B), I I 

(C), 1 2 (D), 1 3 (E), and 1 5 (F), and wrth ethanol-ethyl acetate 1 1 (G), 1 2 
(HI, and 1 9 (I) For detectron, 1 1 0.1,~ potassmm permanganate-M sulfuric acid 
was used at 105” Column chromatography was performed on Kleselgel40 (63-200 

!cm) ‘H-N m r. spectra (60 MHz) were recorded at room temperature wtth a JEOL 
60-HL spectrometer for solutions in chloroform-d, or drmethyl sulfoxtde-d,, wrth 
tetramethylstlane as the internal standard 

All evaporations were performed m a rotary evaporator under drmtntshed 
pressure, after the orgamc soluttons had been dried wrth sodrum sulfate Borhng 
pressures are given in torr * Light petroleum refers to the fraction having b p 60-80” 
Optical rotattons were determmed m chloroform (c 1 00), If not stated otherwrse 

I,Z 5,6-D1-O-rsopr opylrdene-3,4-dt-0-methyl-D-manmoi (2) - To a stn-red 
solutton of compound’ 1 (73 g) m dtmethyl sulfoxrde (350 mL) were srmultaneously 

added a solutron of sodmm hydroxtde (56 g) m water (56 mL) and dtmethyl sulfate 
(66 5 mL) at such a rate that the temperature of the reaction mixture dtd not exceed 
60” Stn-rmg was contmued at this temperature for 30 mm After standing overnight 
at room temperature, the mixture was poured mto water, and extracted wtth chloro- 
form The extract was dried, and evaporated, and the residue was dtsttlled, to gave 

pure 2 (73 g, 90x), b p ,, 5 106-I IO”, [z];’ f9 6”, RF 0 70 (C), ‘H-n m r data 
6 1 31 and 1 37 (2 CMe,), and 3 46 (2 OMe) 

Atzal Calc for CISrlt606 C, 57 91, H, 9 03 Found C, 57 82, H, 8 91 
3,4-Dr-O-et/l] i-1,2 5,6-dr-0-lsopropylrdene-D-manmtol (3) - A solutron of 1 

(20 g) in dtmethyl sulfoxtde (60 mL) was treated wtth a solutton of sodturn hydroxtde 
(60 g) m water (60 mL) and drethyl sulfate (96 mL) as described for 2, to gave, after 
drstrllatton, pure 3 (20 8 g, 85 8 %), b p a 4 116-120”, [u]:~ + 13 5”, RF 0 75 (C), 

‘H-n m r data 6 1 17 (t) and 3 60 (m) (2 OEt), and 1 27 and 1 34 (2 CMe,) 
Apzal Calc for CrgHs006 C, 60 35, H, 9 50 Found C, 60 24, H, 9 26 
3,4-Dr-O-&y&I,2 5,6-dr-0-rsopropyhdene-D-mmmrtol (4) - Sodmm hydride 

(55% suspenston m 011, 20 g) was washed three trmes by decantatton with light 
petroleum, then, drmethyl sulfoxtde (80 mL) was added, and the mixture was stirred 

until foaming ceased A solutton of compound 1 (52 4 g) m drmethyl sulfoxtde 
(160 mL) was now added, and, when the evolutron of hydrogen had stopped, ally1 
bromide (40 mL) was added at such a rate as to keep the temperature below 50” 

Thereafter, stu-rmg was contmued for 1 h at 50”, the mrxture was then chilled, 
diluted three-fold wrth water, and extracted with chloroform (3 x 200 mL) The 
extracts were combmed, washed with water untrl neutral, dned, and evaporated 
The restdue was purtfied by column chromatography, using solvent F for elutlon The 
fractions having R, 0 55 were combmed, to grve, after evaporatton and drstrllatron, 

l 1 Torr = 101 325/760 Pa 
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pure4 (62 6 g, 91 5x), b p ,, 4 :25-130”, [a];’ f22” {ht l5 [a]$’ +8 9”); ‘H-n m r. 
data 6 1 31 and 1 35 (2 CMe,); 300-370 Hz (CH, =CH-) 

Anal. Calc. for CIBH,,OB- C, 63 13, H, 8 83 Found: C, 63 02, H, 8 98 
I,2 - 5,6-DI-0-lsopropylrdene-3,4-dl-0-pentyl-n~tol (5) - Compound 1 

(36 5 g) was treated with pentyl bromide (31 mL) as described for compound 4 The 
crude product was purdied by column chromatography with solvent E The fractions 
having RF 0 75 were combmed, to give, after evaporation and dlstdlatlon, pure 5 
(8 2 g, 20 4%), b p o o1 118-121 O, [a];’ +8 2” 

Anal Calc for C,,H,,06 C, 65 63, H, 10 55 Found C, 65.49, H, 10 80. 
3,4-Dr-O-???ef/?~z-D-nzafznrto~ (6) - A solutton of 2 (25 8 g) m acetic acid 

(200 mL) and water (100 mL) was heated on a steam bath for 30 mm, and evaporated 
Two portlons of water (and, subsequently, two of ethanol) were added to, and 
evaporated from, the residue, which sohdlfied Recrystalhzatlon from ethanol gave 
pure 6 (14 I g, 76x), m p 148-150”, [a]:’ -1-37” (water) {ht ’ m p 144-146O, 
[z]~O t40 8’ (water). ht 6 m p 145-14S”, b]k” + 39” (water)}, RF 0 55 (G), 

‘H-n m r data ii 3 38 (2 OMe) 
3,4-Dr-O-et/q I-D-mannlto/ (7) - Compound 3 (20 g) was hydrolyzed slmllarly 

to 6, yleldmg pure 7 (10 g, 67%), m p- IX-139”, [%I;’ +42 7” (water), RF 0 60 (H) 

Anal Calc for CIOHZ106 C, 50 45, H, 9 31 Found C, 50 36, H, 9 45 
3,4-Dr-O-aZ~I-D-,?ta,llllr9[ (8) - Compound 4 (7 g) was hydrolyzed as for 6, 

yielding pure 8 (3 9 g, 744x), m p 111-I 13”, [a]? f45” (water), (lit I6 m p 
11 l-1 II”, @];o +42 3” (ethanol), f44 7” (water)). R, 0 65 (I) 

3,3-Dr-O-pelrtyi-D-marInltoi (9) and 3-o-pent! I-D-mannltoi (10) - Compound 5 
(7 5 go) was hydrolyzed similarly to 6, but the crude product, obtained after evapora- 
tion, was separated by column chromatography with solvent I The fractions having 
RF 0 75 gave, on evaporation, pure 10 as a semisolid residue (4 9 g, 8 I 5 %) which 
could be recrystallized from ethyl acetate, m p 85-87”, [z]~O t37 6” (1 1 water- 
methanol) 

Anal Calc for C16HJ406 C, 59 59, H, 10 63 Found C, 59 91, H, 10 74 
Evaporation of the fractions having & 0 30 gave (after treating the residue 

with chloroform) pure mono-0-pentyl derivative 10 (0 6 g, I2 8 ‘A), m p 7S-80”, 
[ct]k” +26 3” (water) 

Anal Calc for C,,H,,O, C, 52 37, H, 9 59 Found_ C, 52 20, H, 9 54 
2,5-D~-O-acet~~~-3,4-d~-O-~neti~yl-l,6-dr-0-(metl~~~Is~~ffo~~y~)-~-man~~~toC (11) - 

To a stirred solution of 2 (105 g) in dry pyrldme (1 5 L) was added mesyl chloride 
(55 mL) during 1 h at - 10” The mixture was kept for 30 mm at 0”, and then for 
30 mm at room temperature Thereafter, It was chilled to - lo”, and acetic anhydride 
(150 mL) was added at such a rate that the temperature dtd not exceed 0”. The 
mixture was kept overnight at O”, poured into water, and extracted with chloroform 
The extract gave, after the usual processing, and evaporation, a solid residue which 
was recrystallized from ethyl acetate-light petroleum to afford crude 11 (161 g, 
'71 5 %). m p 99-101 o This was pure enough for further reactions, recrystalhzatlon 
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from ethanol (3 vol > provrded pure 11, m p 101-103 O, [~];e + 18 70, & o 50 (B), 

‘H-n m r data 6 2 12 (2 acetyl-Me), 3 05 (2 mesyl-Me), and 3 48 (2 OMe) 

Anal Calc for C,,H260,,S2 C, 37 33, H, 5 82, S, 14 24 Found C, 37 45, 
H, 5 95, S, 14 43 

2,5-Dr-O-acetyZ-3,4-dr-O-etltyl-I,6-dt-O-(n~etlryIsulfon_vl)-~-mannztol (12) - 

Compound 7 (26 g) was treated as described for 11, to give, after recrystallrzatron 
from ethanol (100 mL), pure 12 (42 6 g, 82 %), m p 85-87 O, [z]~O +24 6”, RF 

0 55 (C), ‘H-n m r data 6 1 18 (t) and 3 62 (m) (2 OEt), 2 10 (2 acetyl-Me), and 
3 05 (2 mesyl-Me) 

Atzal Calc for C,,H,,O,& C, 40 15, H, 6 32, S, 13 40 Found C, 40 48, 
H, 6 30, S, 13 12 

2,5-DI-O-acetyl-3,4-d~-O-ali~I-1,6-dr-O-(nzetl~~~lsrtlfor?yl)-D-i~~at~n~tol (13) - 

Compound 8 (5 2 g) was treated as described for 11, to give, after evaporation, a 
syrupy mixture which was separated by column chromatography, usmg solvent C 
The fractions havmg RF 0 35 gave, on evaporation, 13 as a colorless syrup (6 2 g, 
65X), [a];’ +23”, ‘H-n m r data 6 2 10 (2 acetyl-Me), 3 03 (2 mesyl-Me), and 
305-370 Hz (CH2 = CH-) 

Anal Calc for C18H3001tS2 S, 12 76 Found,& 12 38 
Evaporation of the fraction having R, 0 45 gave 1,2,5-tn-O-acetyl-3,4-dl-O- 

allyl-6-0-(methylsulfonyl)-D-manmtol as a syrup, [a]:” +30”, ‘H-n m r data 
6 2 04, 2 07 and 2 11 (3 acetyl-Me), 3 03 (mesyl-Me), and 305-370 Hz (CH, =CH-) 

3,4-Dz-O-metlzyI-I,6-dr-O-(~~~et/~ylsrtlfonyI)-D-r,zat~n~tol (15) - A suspension 
of crude 11 (45 g) m 7 5~ methanohc hydrogen chloride was refluxed on a steam 
bath Bollmg was continued for 10 mm after complete dlssolutlon, and the solution 
was then evaporated The sohd residue was filtered with the aid of ethanol (yield 
25 g, 68 %) to give, after recrystalhzatlon from ethanol (150 mL). pure 15 (22 g, 60 %), 
m p 112-l 14”, [algo f35" (methanol), RF 0 35 (A), ‘H-n m r data 6 3 12 (2 mesyl- 
Me) and 3 41 (2 OMe) 

Anal Calc for C,oH~~O,oSz C, 32 78, H, 6 05, S, 17 50 Found C, 32 81, 

H, 6 08, S, 17 65 
3,5-DI-O-et~~_~~~-I,6-d~-O-(rtlet~~yls~(~o?~~~~)-D-i~~aJ~i~lto~ (16) - Compound 12 

(9 6 g) was deacetylated as described for 11, to give, after evaporatron, a syrup that 

could not be crystalhzed and which decomposed on stanamg overnight at room 
temperature, [cc]i” t40” (methanol), RF 0 60 (A) 

AnaZ Calc for C,,H260,0S, S, 16 26 Found S, 15 88 
I,2 5,6-Dl&rJ dro-3,4-dr-0-methyh-nranmtoi (17) - Method a A stu-red 

solution of compound 11 (45 g), or Its deacetylated derivative 15 (36 6 g), m dry 
chloroform (150 mL) was treated at 10” wrth 4 3M methanohc sodium methoxlde 
(45 mL) After 1 h, the mixture was washed with water, dried, and evaporated The 
resrdue gave, on drstrllatron, pure 17 (11 6 g, 66 8 %) which soliddied on coolmg 

b p 1 5 95-97”, m p 17-19”, [a];’ -IO”, RF 0 45 (D), ‘H-n m r data 6 2 80 (d, 

J4 Hz, H-1,6) and 3 47 (2 OMe) 
Anal. Calc for CsH,,O, C, 55 IA, H, 8 10 Found C. 55 12, H, 8 35 
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Method b To a solutron of drepoxrde’ 21 (4 7 g) m IV&-drmethylformamrde 
(20 mL) were added freshly prepared sdver oxrde (20 g) and methyl iodide (10 mL), 
the temperature of the mixture bemg kept below 40” by gentle coolrng When the 
exothermrc reaction was over, the temperature was kept at 40 o for 2 h The suspensron 
was cooled, and the salts were filtered off and washed with acetone The filtrates 
were combined, and evaporated, and the resrdue, mrxed with ethyl acetate, was 
passed through a short column The fractrons havmg RF 0 85 (A) were evaporated, 
and hght petroleum was added to, and evaporated from, the sohd residue, whrch 
was recrystallized from light petroleum (10 mL) at -50” Pure 17 was filtered off, 
ano dried at + 5 o (4 g, 75 5 O%); It was rdentrcal with that descrrbed m a 

I,2 5,6-DlanhJ dro-3,4-di-O-ethyl-D-manmtoI (18) - bfethod a Compound 12 
(23 9 g) was treated with sodmm methoxide as described for 17, to grve, after drstrlla- 
tron, pure 18 (5 3 g, 52 5%), b p 0 1 67-70”, [cz]~’ -6 2”, R, 0 60 (E): ‘H-n m r 
data 6 1 1 (t) and 3 62 (m) (2 OEt), and 2 74 (d, J 4 Hz, H-1,6) 

Anal Calc for CloH180, C, 59 38, H, 8 97 Found C, 59 26, H, 9 08 
Method b A solutron of compound 21(4 g) m N,N-drmethylformamrde (40 mL) 

was treated with silver oxtde (20 g) and ethyl rodrde (6 mL) as descrrbed for com- 
pound 17, to gave, after drstrllatron, 18 (4 3 g, 78%), It was rdentrcal wrth that 
described m a 

3,4-D1-0-ailJ&I,2 5,6-dranhydro-D-mannrtol (19) - MetJlod a Compound 13 
(8 6 g) was treated with sodmm methoxrde as descrrbed for 17 The residue obtained 
after evaporatron of the chloroform solutron was separated by column chromato- 
graphy with solvent C The fractions having RF 0 80 were combmed, and evaporated, 
and the resrdue was drstrlled, to give pure 19 (1 6 g, 41 4%), b p o 3 112-l 15O, [a]k” 

O”, ‘H-n m r data 6 2 68 (d, J 4 Hz, H-1,6), and 290-370 Hz (CH2 = CH-) 
Anal Calc for CrzH180, C, 63 69, H, 8 02 Found C, 63 52; H, S 22 
Method b Drepoxrde 21 (4 g) was treated with ally1 bromide (6 mL) as descrrbed 

for compound 18, to grve, after drstrllatron, 19 (3 7 g, 62%), rdentrcal wrth that 
described m a 

I,2 5,6-Dranhl dt o-3,4-dr-0-pent_+wmanmtol (20) - To a stirred solutron 
of 9 (9 6 g) m pyndme (100 mL) was added a solutron of mesyl chlonde (5 mL) m 
pyrrdme (50 mL) durmg 1 h at - 10” The mrxture was kept for 1 h at 0”, and then 
acetrc anhydnde (10 mL) was added The mixture was kept ovemrght at room 

temperature, and processed as described for 11, to give crude 14 (16 8 g) This was 
dissolved m dry chloroform (40 mL), and treated with sodium methoxrde as descrrbed 
for 17, but the resrdue from the evaporated solutron was purified by column chro- 
matography with solvent E_ Evaporatron of the fractrons havmg RF 0 75 gave pure 20 

(2 4 g, 28%), [ul;” +9 5”, ‘H-n m r data S 2 60 (d, J 4 Hz, H-1,6) 
Anal Calc for C16H3004 C, 67 00, H, 10 56 Found C, 66 92, H, 10 32 
2,5-D~-O-acet~~l-I,6-a~~1~~dro-3,4-dr-O-n~etl~yt-I(6)-thro-~-mannrtol (22) - So- 

dium sulfide nonahydrate (9 g) was added to a solutron of drepoxrde 17 (6 g) m 
ethanol (60 mL) and water (25 mL) The mixture was stirred for 1 h at room 
temperature, and was then evaporated (wlthout neutrahzatron) Two portrons of 
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ethanol and, subsequently, chloroform were added to, and evaporated from, the 
residue, which was then dissolved m pyrldme (50 mL) and treated with acetic anhy- 
drlde (70 mLj The mixture was kept overnight at room temperature, and then 
evaporated The residue was dissolved m pyrldme (10 mL), to gve, after the usua1 
processing, a syrup which was punfied by column chromatography with solvent C 
Evaporation of the fractions having RF 0 75 gave pure 22 as a coIorIess syrup (4 6 g, 
45 7%j, [a];0 +20”, ‘H-n m r data 6 2 05 (2 acetyl-Me) and 3 50 (2 OMe) 

Anal Calc for C,,H,,O$ S, 10 96. Found S, 10 64 
Z,6-An~l)ldro-3,4-dr-O-meth~~Z-l(6)-thro-D-martnrtoI (23) - A soiutlon of the 

dlacetate 22 (3 gj in dry chloroform (10 mL) and methanol (10 mL) was treated 
with 4M methanohc sodium methoxlde (0 1 mL), and kept overrilght at room temper- 
ature Sodium ions were removed with a cation-exchange resin, and the soIutlon 
was evaporated On recrystalhzatlon from acetone-light petroleum, the residue gave 
pure 23 (1 9 g, 95x), m p 94-96”, [~]r -28 5”, R, 0 55 (A), IH-n m r data 

b 3 50 (2 OMe) 
Anal Calc for C,H,,O,S C, 46 13, H, 7 74, S, 15 40 Found C, 46 33, 

H, 765, S, 1534 
1,6-Dr-O-be~~~oyl-3,4-dr-O-metl~~~l-2,5-d~-O-(n~etl~ylsulfo~~yl)-~-~~a~~~~itol (25) - 

To a stirred solutlon of compound 6 (21 g) m pyrldme (300 mL) was added benzoyl 
chloride (25 5 mL) durmg 1 h at - 10” The mixture was kept for 1 h at room temper- 
ature, and then chilled to -IO”, and mesyl chloride (25 mL) was added at this 
temperature The mixture was kept overnight at room temperature, to give, after 
the usual processmg, and crystalllzatlon from ethanol, pure 25 (24 6 g, 42 8 %). 
m p 140-142”, [z]:~ f21 4”, RF 0 40 (D), ‘H-n m r data 6 3 07 (2 mesyl-Me) 
and 3 62 (2 O-Me) 

Anal Calc for CZSH30012SZ C, 50 16, H, 5 26, S, 11 16 Found C, 50 25, 
H,537,S,1121 

I,2 5,6-Dlanhydro-3,4-dr-0-methyl-L-idrtol (26) - Compound 25 (I 5 4 g) 
was treated with sodium methoxlde as described for 17, to give, after dlstlllatlon, 
pure 26 (3 8 g, 82x), which sohdlfied on coolmg, b p o 1 70-72”, m p 40-42”, 
[a];O -go, RF 0 45 (D), ‘H- n m r data 6 2 92 (H-1,6) and 3 42 (2 OMe) 

Anal Calc for C,H,,O, C, 55 16, H, 8 10 Found C, 54 88, H, 7 83 
3,4-Dz-O-nretl~~Z-1,2,5,6-tetra-O-(~~~et~~~~~s~~~fo~z~~f)-D-nzaniz~to~ (27) - A solu- 

tion of compound 6 (4 2 g) m pyrldme (60 mL) was treated with mesyl chloride 
(8 mL) to give, after the usual processmg, and crystalhzatlon from ethyl acetate, 
pure 27 (8 22 g, 78 7x), m p 126128”, [a];’ f28 4”, RF 0 80 (A), ‘H-n m r data 
6 3 12 and 3 20 (4 mesyl-Me), and 3 63 (2 OMej 

Anal Calc for C12H,,0,,S, C, 27 58, H, 5 02, S, 24 54 Found C, 27 49, 

H, 5 25, S, 24 36 
1,~ 5,6-Dlanhydro-3,4-dl-0-methy/galactrtoI (29) - Dlanhydrogalactlto18.” 

(28, 4.1 g) was methylated as described for 17 After column chromatography with 
solvent C, the fractions having RF 0 SO were evaporated, and the sohd residue was 
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recrystallized from light petroleum (25 mL), to @ve pure 29 (3 5 g, 71 5 Ok), m p. 

45-46 O) ‘H-n-m r. data- 6 3.15 (H-1,6) and 3 60 (2 OMe) 
AnaZ Calc for &H,,O, C, 55.16, H, 8 10 Found. C, 55.08, H, 8 25 

I,2 5,6-Dr-0-soprop~~lrdene-D-ghcItol (30). - A suspensron of the dlbenzoate 

31 (76 g) m dry methanol (380 mL) contaming 4~ methanohc sodmm methoxlde 
(0 2 mL) was refluxed for 1 h The solution was cooled, and made neutral with 

carbon dloxlde, to give, after evaporation, and crystalhzatlon from dlbutyl ether, 

pure 30 (34 75 g, 8 1 8 %) Evaporation of the mother liquor gave, after removal of 

the methyl benzoate by dlstlllatlon, and recrystalhzatlon of the sohd residue from 
dlbutyl ether, a second crop of 30 (6 2 g, 11 5 %), m p 93-94”, [cx]g” 0” (pyrldme) 

(11t I2 m p 95-95 5”, [a]:’ -0 25” (c 10, pyndme)}, RF 0 65 (A), ‘H-n m r data 

6 1 25, 1 28, and 1 33 (1, 1, and 2 CMe?), and 3 42 and 3 45 (2 OMe) 
3,4-Dr-O-ber~=o~?~-l,Z 5,6-dl-0-lsopropl iidene-D-ghtcitol (31) - D-Glucltol 

(364 g) was added to a stirred solution of zinc chloride (740 g) m acetone (3 5 L) The 

clear solutron ob:amed after 30 mm was kept for 2 h at room temperature and then 

poured mto a vigorously stlrred, Ice-cooled solution of potassmm carbonate (880 g) 

m water (880 mL) The precipitate was filtered off, and washed with acetone (500 mL), 

and then separately with chloroform (1 5 L) The acetomc filtrate was evaporated, 

the reslcue was dissolved m the chloroform solution, and the solution was washed 

with water, dried, and evaporated The residue was dissolved m pyndme (1 5 L), 

and benzoyl chloride (400 mL) was added dropwlse while the temperature of the 

mixture was kept below + 10” The mixture was kept ovemlght at room temperature, 

then, It was cooled to 5”, water (100 mL) was added slowly, and the mixture was 

poured Into water, to give, after extractxon with chloroform, and the usual processmg, 
a syrupy residue which was treated with methanol and chllled to -5”. The crystals 

that separated were filtered off and washed with methanol, to give pure 31 (169 g, 
18x), mp 135-136”, [alho +54 5” {ht l2 m p 134-135”, [ali +53 7” (c IO)}, 

RF 0 60 (F) 
I,2 5,6-DI-O-rsoprop~?~~dene-3,4-d~-O-metl~_vI-~-gIrrcrtol (32) - The D-ghCltOl 

derlvatlve 30 (40 g) was methylated with dlmethyl sulfate as described for the D- 

manmtol isomer 2, to give, after dlstdlatlon, pure 32 (42 g, 92 5 %), b p o 4 106-108 O, 

[a]i” -10 8”, R, 0 75 (C) 
Anal Calc for C14H2606 C, 57 91, H, 9 03 Found C, 57 99, H, 9 21 

3,4-Dz-O-??zet/zyl-D-gltlcltol (33) - To a solution of tetraacetate 34 (38 g) m 

dry methanol (100 mL) was added 4h1 methanohc sodmm methoxrde (0 1 mL) 

After two days at room temperature, the mixture was freed of sodmm Ions by means 

of a catlon-exchange resm The solution was evaporated, to give pure 33 as a colorless 

syrup (20 5 g, 97 5 %), [a]k” +22 2”, + 15 3” (water), RF 0 55 (G), ‘H-n m r data 
6 3 46 and 3 54 (2 OMe). 

Anal Calc for C,H,,Os. CH30, 29 4 Found CH,O, 29.1 
I,2 5,6-Tetra-0-acetyl-3,4-di-0-methyl-D-ghcitol (34) - The dl-0 -ISO- 

propyhdene denvatlve 32 (42 g) was hydrolyzed as described for 6, and chloroform 
(2 x 200 mL) was added to, and evaporated from, the residue obtained by evapora- 
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tmn The residue was dissolved m pyndme (200 mL) and treated with acetlc anhydnde 

(150 mL), to gwe, after the usual processmg, and dlstdIatlon, pure 34 (46 5 g, 91x), 

bp,, 165-170”, [iJ;O +5 3”, RF 0 55 (c) 
And Calc. for C,,H260,0 C, 50 79, H, 6 93, Found C, 50 69; H, 6 86 

1,2 5,6-Dianhydro-3,4-dr-0-methyl-D-glrtcrrol (37) - Method a To a stIrred 

solution of 33 (20 g) m pyndme (100 mL) was added a solution ofp-toluenesulfonyl 

chloride (40 ,g) 1x1 pyrldme (100 mL) during 30 mm at 0” The mixture was then kept 

for 30 mm at room temperature, and then chIlled to 0”, and water (10 mL) was 

added After the usual processmg, the chloroform solution, contammg the 1,6-dl- 

O-tosyl derlvatlve 36, was concentrated to 500 mL, then, methanol (50 mL) and 4 3h1 

methanohc sodmm methoxlde (50 mL) were added at 0” After 30 mm, the mixture 

was washed with water, dried, and evaporated, and the residue was dlstdled to give 
pure 37 (5 g, 30x), which sohddied on coolmg, b p o 1 63-65”, m p 23-24”, [z]i 

-7 6”, RF 0 45 (D), ‘H-n m r data 6 2 62 (d, J 4 Hz, H-1,6), and 3 35 and 3 45 

(2 OMe) 

Ana/ Calc for &H,,O, C, 55 16, H, 8 10 Found C, 55 02, H, 8 30 

Method b To a stlrred solution of 33 (20 g) m pyrldme (200 mL) was added 

a solution of methanesulfonyl chloride (17 mL) m pyndme (100 mL) durmg I h at 

-10” The temperature was then raised to O”, and after 30 mm, acetlc anhydrIde 

(30 mL) was added The mixture was kept ovemlght at room temperature, and then 

processed m the usual way The chloroform solutlon, contammg the mlxed ester 

35, was treated with methanohc sodium methoxlde as described m method a, to 

give pure 37 (6 g, 36 2%), ldentlcal with that described m a 
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