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Synthesis of partially 3-deoxygenated (1+6)-a-D-glucopyranan* 
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As shown in Scheme 1, the synthetic polysaccharide derivatives, 2,3,4-tri-O- 

benzyl-( l-+6)-a-D-glucopyranan (2) and 3-O-acetyl-2,4-di-O-benzyl-( l-+6)-a-D-gluco- 

pyranan (5) were reduced by sodium in hexamethylphosphoramide (HMPA) to 

give (l-6)-a-D-glucopyranan (3) and 3-deoxygenated (1 -+6)-cc-D-glucopyranan (6), 

respectively. In addition to effective debenzylation, the ester in position 3 was reduced 

to the corresponding alcohol or alkane. 
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*Part 4 of the series: Regioselectlvely Modified Stereoregular Polysaccharides. 
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Regtoselective modlficatlon of polysaccharidcs IS an attractrve target f*oI 

developing useful polysaccharides having novel propertics. For this purpose. L~L’ ha~,e 

conducted ring-opening polymerization of 1.6~anhydro sugars h:l\ing two dlfTercnt 

types of substituent in the mo!eculc’ “. T~LIS. Iiigh-molecul~!i.-~~~ig!it 3-Gmcthyl- 

( I -t6)-r-o-glucopyi.~lnan \\‘a\ prepared by polymcri7ation of I ,f,-anh!dI.o-~.f-di-O- 

benzyl-3-O-methyl-/?-II-glucopyrante with auhsequent dcbenzylatlon’ 

During the course of these investigations. attention has hi213 ~II-cctd to I-due- 

tion of the polymer 5. WC prcvlously reported that reduction of 5 I?! sodium III IIC~UIJ 

ammonia yielded (I ~(,)-r-r)-glucoy~ranan~ both dehcnrylation :IIICI dcacctylatlon 

took place. Accordlng to D&ayes and Pctc’, esters of alcohols arc redrrced by sodium 

in HMPA (containing te/.t-butyl alcohol as a proton sourer,) to gi\c mluturcs 01 the 

corresponding alcohols and alkane\. HMPA has a r-enlar-l\ablc ah1111y to tfi~sol\~~ 

alkali metals. forming bliic solution5 of‘sol\atcd clcctrons. and thc4c c\hih~t htrongcr 

reduci ?g power than solutions of aIkali metal5 rn liquid ;Iiiliiioiiias “. The reduction 

system may therefore be expected to bring about dcbeniylatii-rn <t\ \\ cll as partial 

reduction of’ the ester of the polymer 5. 

To our knowledge, no data on dcbcnr!,lation of carbohydrate\ by sndlum 111 

HMPA habe yet been published Prior to it:, application to the Intcndcd pdy~nei- 5, 

the reagent was employed w,ith the polymt‘i 2 to confirm the t‘tli’ctl\.,encss of dc- 

benzylation. 

Deoxy sugars are biologically important. and hclectlve deoxygonatlon processe\ 

of carbohydrates have hew investigated extensively, hut there ha\c been onlv a fcu 

studies on deoxygenation of polysacchar-ides”’ I’. Recently. a full> 3-ticouqgcnated 

glucan, 3-deoxy-( I -6)-x-l,-,iho-hcxopyl-~liian. hab becii prcparerf b! p~‘lb ii~tmratian 

of I .h-anhydl-o-3.4-di-O-benzyi-3-deox~-~~-r~-~;/J~~-~ic~oryra~~~~sc fhlloLV& b> dc- 

bcnzylation”. Iii contrast ~ 7,3,&tridcoxy-( I --(,)-~-r_-,~/l~~~~,o-ll~\o~, r;ln:in p~~~s~ng 

a com_glctely deoxygenated bachbone structure and opposite absolute configurations 

of the asymmetric carbon atoms was obtained by poiymerlzation ofthe corresp<~ndlng 

bicyclic compound derived from noncarbohqdrat~ source\’ “. Other polysac~harldc- 

type polymers, of mlxed ID and I. configurations and havln, 0 t\\-~> and one h!drou!l 

groups per repeating unit have also hcen reported” “). 

RtSCrLTS AND DIS<‘LISSION 

Dehetc_~~lntion oj’ _‘..i.~-r/.i-O-ht~n~.l~/--( / ---f (,)-1-D-~,rrl~/~~i1/~~‘7’~7/1ufi (2). Dc- 

benzylation of 2 was performed by addin g the polymci solution in o~olanc (tetrs- 

hydrofuran, THF) dropwise to a blue solution of sodium III HMPA tT;tble I). The 

reduction was exothermic. The reaction temperature of Euperinicnt ,I rose spon- 

taneously, and hence cspcrimcnt B was conducted at IO P\t thi, tcmperaturc. 

however, a fraction of the starting poiymer was deposited bccuuhe of1t.s low solubillt); 

in cold HMPA, thus lowering the )Gcld. No such proton \ourcc as tc~r-butyl alcohol 

was necessary, as the sodium alkoxidc t‘ormcd by rcductron cc,.~ld bc made neutral 

during the subsequent dialysis In water. 
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TABLE I 

REDUCTION OF 2,3,4-TRI-O-BENZYL-(1+6)-U-D-OLUCOPYRANAN (2) AND 3-O-ACETYL-2.4~DI-O-BENZYL- 

(1+6)-a-D-GLLJCOPYRANAN (5) BY SODIUM IN HMPA 

E.upt. Pol.vmer Na” HMPA tert- THF Temp. Time Yield [a]nZSb Deoxy- 

BuOH 
is) 

genationc 

(g) ln7L) (mLi fmLi I ci (mi77l f",,I i&J ("0) 

A 2 0.50 0.68 30 0 5 R.T.” 50 95 170 
B 2 0.51 0.43 30 0 15 IO 60 62 177 
C 5 0.50 0.33 30 0 5 10 20 56 5 
D 5 0.44 1.40 100 14.4 4.4 10 27 62 23 

‘Sodium consumed during the reaction. “Determined in water. ‘Percent of deoxygenation determined 
by the slgnal intensity [I’/( 1 i I’)] of the W’-n.m.r. spectrum. “The reaction was performed at room 
temperature, but an exothermic process was observed. 

TABLE I1 

DECREASE IN D.P.n VALUES DURING THE REDUCTION 

Expt. Sfartir7g poiw7er 

‘Q 
- 
D.P.,, 

Product .Yk 

- 
iv1 D.p.n 

A 2 0.77 57oc 3 0.08$ 33h 35 
B 2 0.95 790’ 3 0.18f 110” 128 
Ea 2 0.95 769d 3 0.29R 149” 185 
C 5 0.19 s2e 6 _ 27~ 56 
D 5 0.19 52’ 6 - 5.65 6.2 

“Data from ref. 21. ODetermined in chloroform at 25”. XJalculated from the equation [)I] = 2.12 i 
IO-” m,“.66 (ref. 21). dDetermined by membrane osmometry in toluene at 37 ‘. pEstlmated from the 
g.p.c. retention time-molecular weight relationship derived for standard polystyrenes. fDetermined 
m water at 25’. gDetermined in Me&O at 25 ‘. Valculated from the equation [t/l = 4.93 ,l 1O-J 
ii%,“.60 (ref. 24). iDetermined by membrane osmometry in Me$O at 37”. jDetermined by the signal 
Intensity [(6 + 6’)/6”] of the 13C-n.m.r. spectrum. “Chain scission occurred once per x units. 

The water-soluble polymers obtained were stereoregular (l-+6)-cc-D-gluco- 

pyranans: debenzylation proceeded completely without any configurational change. 

Their i.r., and ’ H- and 13C-n.m.r. spectra were identical respectively with those of the 

products prepared by debenzylation with sodium-liquid ammonia”. The 13C-n.m.r. 

spectra showed only six signals, assignable to the six carbon atoms of (1 +6)-a-~- 

glucopyranan22 (compare Table III). No resonances for a p-anomeric carbon atom 

or for terminal glucopyranose residues were detected. The specific rotations agree 

with those for linear, stereoregular (1 +6)-cc-D-glucopyranans if a correction for 

content of retained water is made2’.23. 

Table II summarizes the intrinsic viscosities and d.p., values determined before 
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and after the reductton. The data collected are based on different methods and solvents, 

but stem adequate for the following discussion. The term .Y in the last column was 

introduced to compare the decrease in d.p.,. It represents the reciprocal ofthe proh- 

ability of observing a chatn scission in one glucosidic Itnkage. In other words. the 

scission occurs once per .Y glucose residues. It was found that Iowcr rcactlon tempera- 

ture resulted in a higher value of .Y Data for conventional debenrqlattc~n by sodium 

111 liquid ammonta are also itsted for comparison. We preferred the wrftcr data by 

Sch uerch and Uryu’ ‘. while tnore recent proc~dut-cs27~2 ’ haw been improved to 
- 

minimize the dcctxxtse in d.p.,,. The sodium-HMPA dcbcnzylntion caused scisston 

ol‘ the main chatn more often than the sodtutwliquid ammonia mcthoci 

In conclusion. the sodturn--HMPA reduction has proved hattsfactory fat 

debenzylation of the cynthettc polysaccharide to pi\,e stereoregular ( I --(I)--s-I>-gluco- 

pyranan. although there 15 bttll room for improvement in the yield and the d.p ,, 

of the resulting polymer. The simple procedure has advantages over the conventional 

method. but a demertt IS that HMPA is carcinogenic. 

Redrctim of i-O-nc~t~l~l~/-2.4-cii-O-hct~_i~l-( I + 6 )-a-l~;rl~rc’~/~~““““il (-s ). 

Polymer 5 was reduced by sodiun-HMPA rn the absence and in the prcsencc of tcrt- 

butyl alcohol at IO’, as summarized also in Table I. Compared with the reduction of‘ 

2, the blue color of the mixture tended to dtsappear more readily. especially in the 

24 
5 -_ 

7---T-.-~-_I. .7--r ____~_? 

100 80 60 4 i! 

6 Ppm 

F-g. I ] ‘C-N.m.r. (25.05 MHz) spectrum of’ partially X&oxygenated ( I -~G)-l-u-glucopyranan 
prepared by reduction of‘ ?-O-acetyl-2.3-dl-O-be~l~yl-( I -6)-1-l,-glucopqranan (5) by sodium m 
Hh’lPA-lrrr-butyl alcohol (product D). The spectrum wa\ rccordctl at room tempertiturtz after 35000 

transients with 3 lube (IO-mm dianwtert containing an 8”,, wlutmn in l>Q with h1e1S1 a\ the external 

standard. 



247 

TABLE III 

13c-N.M.R. CHEMICAL SHIFTS (P.P.lll.) Ok REDUCTION PRODUCTS” 

Sample C-l c-2 c-3 c-4 c-5 C-6 

A 

D 

98.83 72.56 74.56 70.71 71.34 66.76 

( 
98.83 12.5 1 74.51 70.66 71.33 66.66 Glucose residue 

I 
97.75 67.64 36.01 65.20 3-Deoxy residue 
97.7, 93.3 61.60 Terminal residue 

=All shifts are relative to the external reference of Me&. 

presence of tert-butyl alcohol, where the tendency was marked and more sodium 

was consumed. For experiment D, larger quantities of sodium and HMPA were 

used, and the reaction was terminated immediately after the color disappeared. 

The product was characterized by ‘3C-n.m.r. spectroscopy, including the off- 

resonance technique. Fig. I is the proton-noise-decoupled spectrum of product D, 

and the chemical shifts are listed in Table III. Benzyl and acetyl resonances were 

absent. The six signals of relatively high intensity were found superposable on those 

of linear, high-molecular-weight (l-+6)-cc-D-glucopyranan. Assignments are shown 

by unprimed numbers in Fig. I. 

The signals designated by pnmed numbers were attributed to the 3-deoxy- 

(l-+6)-cc-r>-ribo-hexopyranosyl residues. Comparison between (l-+6)-a-D-glUCO- 

pyranosyl residues and the 3-deoxy analogs shows that replacement of the 3-OH 

group by hydrogen causes a large upfield shift (38.5 p.p.m.) for the C-3 resonance and 

intermediate upfield shifts of 4.9 and 5.5 p.p.m. for the adjacent C-2 and C-4, 

respectively. The C-l resonance was also shifted upfield by 1.1 p.p.m. These values 

are in accord with the corresponding differences between a-o-glucopyranose25 and 

3-deoxy-a-o-ribo-hexopyranose26. The C-5 and C-6 signals were assumed to overlap 

those of the non-deoxygenated unit. 

The I” and 6” signals were similar in chemical shifts to the C-l and C-6 

resonances, respectively, of the terminal residues of low-molecular-weight dextran. 

The ratio of non-terminal to the terminal C-6 resonances in an expanded spectrum 

gave an approximate value for d.p.,. The area ratio of the 1’ and I signals also 

provided a rough estimate of the deoxygenation/deacetylation ratio. 

The estimated percent of deoxygenation (Table I) and d.p., (Table II) depended 

upon the reaction conditions. The sodium-HMPA reduction in the absence of tert- 
- 

butyl alcohol gave a (1+6)-cc-D-glucopyranan having d.p., 27, in which -51; of 

3-deoxygenated residues was present. A polymer having a higher proportion of 

deoxygenated residues (23 “/,) was obtained by the sodium-HMPA-ferf-BuOH 

reduction, whereas the addition of rert-butyl alcohol lowered the rp., to 5.6. 

The molecular weights (determined by vapor-pressure osmometry) and optical 

rotations of the products were found to be smaller than those expected. The products 



probably still contained some salt, as thorough dlalysls could not be performed 

because of leakage of the product through a cellulose membrane (cut off _ 3500). 

Nevertheless, we consider that the evidence presented in this paper supports the 

formatlon of regioselecti\ely deoxygenated, stercoregular polysaccharides of low 

molecular weight. 

Gencrcrl metltods. ~-~ ‘“C-N.m.r. spectra were recorded ulth a JASCO JNM- 

FX-100 Fourier-transform spectrometer for solutions 111 deutcrium c)xlde. Tetra- 

methylsilane was used as the external standard. Opttcal rotations wcrc determined 

at 25 with a JASCO-DIP-I 81 digital polarlmeter equipped with a jacketed. I-dm 

cell. Solution viscosities \cerc measured in Ubbelohde viscometers at 75 

~1f~iterinl.r. ~ The polymerization of 1,6-a~~hydro-2.3.4-tt-l-O-bcnryl-P-l)- 

glucopyranose (1 ) and I .6-anhydl-o-3-O-acetyl-~.4-dl-O-benryl-~~-~)-glucopyran(~se 

(4) was conducted according to the published procedures’,“. except that an improved 

polymerization vessel was used to dry the liquid monomer 3 thoroughly’.“. Polymcl 

2 was obtained In 96.5”” yield; [,x1$’ + 113.8’ ((~ 1, chloroform); polymer 5: in 

5J.3”. yield: [T];’ -t- IqI.-I ((’ I, chloroform). HMPA \+as refluxed over calcium 

oxide for 3 h. stirred with sodium at room temperature until a darh-hluc color per- 

sisted, and then distilled under diminished pressure (61 -61 ,$.30 nlmHg). trr/-Butyl 

alcohol was dried by distillation from calcium hydride. THF uab distilled and stored 

over sodium. 

Dehen~~~lution of‘ 2 (c.\-periment B ). - A mixture of small pieces of sodium 

(1.5 g) and freshly distilled HMPA (30 mL) was stirred for 60 mln at room tempcra- 

ture under nitrogen. The blue mixture, in which some of the sodium had dissolved. 

was cooled to 10” with oxtcrnal cooling in an aceton+Dry [cc bath. A solution of 2 

(0.51 g) in THF (15 mL) was added dropwise during 10 mln at such a rate that the 

blue solution was never decolorized. The mixture was stirred for 50 mln at room 

temperature. Unreacted sodium (I .O7 g) was removed by decantation. and the solu- 

tlon was poured into 100 m L of ice--water and washed with five 3-ml_ portions of 

chloroform. The aqueous phase was dialyzed. concentrated. and freeze-dried to 

yield 0. I2 g (62 ‘lo ) of ( I -+h)-r-u-glucopyranan. 

Reduction o/‘S (c.yw~irmr~t D). --~ A partial solution of aodlum (3.97 g) In 

HMPA (100 mL) was prepared with stirring for 60 min at room temperature. and 

was cooled to IO”. tert-Butyl alcohol (10 mL) was added and the mixture was stirred 

for 5 min. The polymer 5 (0.50 g). which had been previously dissolved in 5 mL 

of THF and then diluted dropwise with 5 ml_ of tort-butyl alcohol. was added 

slowly to the sodium-HMPA-tert-butyl alcohol mixture through a dropping funnel 

at such a rate that the blue color of the HM PA solution ncvcr completely disappeared. 

When 8.X mL of the polymer solution had been added over Ii7 men, the blue color 

disappeared and did not reappear. The reaction was terminated ~rnmcdiatcly: un- 

changed polymer was recovered (78 mg), unreacted sodium (2.57 g) WB\ removed by 
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decantation, and the solution was treated with 100 mL of ice-water. The aqueous 

solution was washed with five 25-mL portions of chloroform, and then dialyzed, 

concentrated, and freeze-dried; yield, 0.11 g (62 %). 
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