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Laminarabiose is either the sole or major repeating unit of many types of poly- 
saccharide’. Recently, we reported a convenient synthesis of laminarabiose’ and 
some. of its glycosides’-“. We have synthesized several laminarabiose derivatives 

which may serve as models for solvolytic and displacement reactions of higher 
members of laminaradextrins’ and polysaccharides’ that contain exclusively (1+3)- 

fl-D-glucosidic linkages. The present paper describes the synthesis of several 6,6’- 
disubstituted derivatives of methyl P-lanlinarabioside’*3 (1) by replacement reactions 
of the sulfonyloxy groups of methyl 2,4,2’,3’,4’-penta-0-acetyl-6,6’-di-0-p-tolyl- 
sulfonyl-fl-laminarabioside (4) with various nucleophiles, and the preparation of 
methyl 6- (25) and 6’-deoxy+laminarabioside (31). In order to obtain 4, the key 

intermediate in the synthesis of a homologous series of 6,6’-disubstituted derivatives 
of 1, two routes were studied. In the first, tritylation of 1 with 2.4 mol. equiv. of reagent 
in pyridine followed by acetylation gave, in 8 1 oA yield, the crystalline 6,6’-di-O-trityl 
derivative 2, which was U-detritylated with aqueous acetic acid to afford, in SO% 

, I$= I$= H.n’= a”= OH 

2 d= 63 = AC.R3 = R’ = OTB- 

3 R’ = R2 = &.R’ = R” = OH 

x, R’ = Rz = nc.R’= R4 = OTs 

!i R’= R2=H.R3=OTr.R4=OH 

6 RI= R2= l,.R3= OH.R4= OTr 

7 R’= R2 = ,+.I?‘= OTs.R*= 0” 

0 A’ = R’= H.R’= OH.R4= OTs 

9 1 R = ,$ = Aced = R- = I 

10 R’ = ,J’ z-z A.c,R’ = R” = Br 

1, R’ = R* = Ac.d= R4= CL 

I2 d = d = AC.2 = n” = SC.2 

13 R’ = R* = AC. R3 = R*= N, 

,., ,$ = R2 = Ac.d = R4 = H 

15 R’ = R2 = Ac.R’ = Rl’ = NHAc 

,6 n’ = ,$ = ” , R= ZZ R’ = &. 

17 R’ = R2 = H R3 = 6 = C, 

,a ,$ = & = $ = R4 = ,, 

19 R’ = R2 = H R’ = R” = NHAc 

20 R’ = Ac;R2. RX = PtlCHO ; R’ = oat 

21 R’ = Ac.R2 = 0z.R3= Br,RP=OAc 

22 $ = 2 = H.R’Z l3r.R” = OH 

23 R’ = Rz = Ad’ = Br.R4 = OAc 

24 R’ = d = Ac,R= = H.R~ = Olt 

25 R’ = ,$ = R’ = H-RI = 0” 

25 R’ = H;R’. d = F%CHO:R” = OH 

27 R’ = Ac;R2,R’ = PhCHO;i? = OTs 

28 R’ = A=;&. d = PhCHO:R’ = I 

29 R’ = R’ = A,.d = OAc.Rc = I 

3od = F?= AC.RJ= 0Ac.d = H 

3, R’ = ,$= R4= H.$= O,, 
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yield, the crystaIline 2,4,2’,3’,4’-penta-O-acetyl derivative 3 having free OH-6 and 

-6” groups. p-Toluenesulfonylation of 3 gave 4 in crystalline form in 91% yieId. The 
overall yieId of 4 was 59 %, based on 1. Tn a second study, treatment of 1 with 2.3 mol. 
equiv_ of p-toluenesulfonyl chIoride in pyridine at -20” and subsequent acetylation 
gave a mixture from which 4 was directly isolated in crystalline form in 70% yield. 
The compounds obtained by both routes were shown to be identical by comparison 

of their m-p., optical rotation, n.m.r. spectra, and behavior in t.1.c. Attempted regio- 
selective tritylation and p-toluenesulfonylation of 1 with 1.1 mol. equiv. of reagents 
in pyridine, with a view to obtaining the 6- (5j and 6’-monotrityl (6) ethers, and the 6- 

(7) and 6’-0-p-tolylsulfonyl (8) derivatives, respectively, as the starting materials 
for the chemical modification of the 6- and 6’-positions in 1, were not successful, be- 

cause each of the reactions gave a mixture that was difficult to separate by chromato- 
graphy and fractional crystallization. 

Nucleophilic displacement of 4 with iodide, bromide, chloride, thioacetate, 

and azide ions in NJV-dimethylformamide afforded 6,6’-dideoxy-6,6’-diiodo (9), 

6,6’-dibromo-6,6’-dideoxy (lo), 6,6’-dichloro-6,6’-dideoxy (ll), 6,6’-di-S-acetyl- 
6,6’-dithio (12) and 6,6’-diazido-6,6’-dideoxy (13) derivatives, respectively, of methyl 

/I-laminarabioside pentaacetate in high yields. Reductive dehalogenation of 9 with 
Raney nickei in the presence of hydrazine6 gave the 6,6’-dideoxy derivative 14. In 
the n.m.r_ spectrum of 14 in chloroform-d, the signals due to CH,-5 and -5’ over- 
lapped at 6 1.24 as a doubIet (J 6.0 Hz). Compound 13 was successively hydrogenated 

and acetylated to give the 6,6’-diacetamido-6,6’-dideoxy derivative 15. U-DeacetyIa- 
tion of 10, 11, 14, and 15 furnished methyl 6,6’-dibromo-6,6’-dideoxy-/3-laminara- 

bioside (16), methyl 6,6’-dichloro-6,6’-dideoxy-/.I-laminarabioside (17), methyl 
6,6’-dideoxy-/3-Iaminarabioside (18), and methyl 6,6’-diacetamido-6,6’-dideoxy+ 
Iaminarabioside (19), respectively, all the compounds being obtained in crystalline 
form. 

Oxidative removal of the benzylidene group of methyl 2,2’,3’,4’,6’-penta-O- 

acetyl-4,6-0-benzylidene-/l-iaminarabioside3 (20) with N-bromosuccinimide’ gave 
the 2,2’,3’,4’,6’-penta-O-acetyl-4-O-benzoyl-6-bromo-6-deoxy derivative 21, which 
on 0-deacylation afforded methyl 6-bromo-6-deoxy-&Iaminarabioside (22). Acetyla- 
tion of 22 gave the 6-bromo-6-deoxy derivative 23, which was reductively dehalo- 

genated to provide the 6-deoxy derivative 24. This was 0-deacetylated to furnish 25 

in crystalline form. 

Selective p-toluenesulfonylation of methyl 4,6-0-benzylidene-B-laminara- 

bioside3 (26) with 1.5 mol. equiv. of reagent in pyridine, followed by acetylation 

afforded the crystalline 2,2’,3’,4’-tetra-O-acetyI-4,6-O-benzylidene-6’-O-p-toIyIsul- 
fonyl derivative 27 in SOo/, yield. Displacement of the tosyloxy group of 27 with 

iodide ion in fV,h’-dimethylformamide gave the 2,2’,3’,4’-tetra-U-ace@-4,6-O- 

benzylidene-6’-deoxy-6’-iodo derivative 28, which was converted by sequential 

debenzylidenation and acetylation into the 6’-deoxy-6’-iodo derivative 29. Reductive 
dehalogenation of 29 produced the 6’-deoxy derivative 30, which was 0-deacetylated 
to provide 31 in crystalline form. i 
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EXPERIMENTAL 

General methods. - The general experimental conditions were the same as those 
described previously3. 

Methyl 2,4-di-O-acrt~~I-3-O-(2,3,4-tri-O-acet~~l-6-O-trit~~I-/3-D-~f~tcop~t-atto.~~~~)- 

6-0-tritybj?-D-ghtcopJ,r-anoside (2). - A solution of 1 (S67 mg, 2.4 mmol) and chloro- 
triphenylmethane (1.629 g, 5.8 mmol) in anhydrous pyridine (10 mL) was stirred 
for 45 h at room temperature with exclusion of moisture, cooled to O”, treated with 

acetic anhydride (8 mL), and then kept overnight at room temperature_ The solution 

was poured into ice-wate_r, and the resulting precipitate was filtered off, washed with 

water, and dried. Crystallization from ethanol and recrystallization from ethanol- 

chloroform gave 2 (2.071 g, 81 %), m.p. 21 l-212”, [u];’ +2_3 o (c 1.7, chloroform); 

n.m.r. (chloroform-d): 6 7.59-7.18 (m, 30 H, aryl-H), 3.56 (s, 3 H, OMe), 2.15, 2.11, 
2.00, 1.73, and 1.5s (s, each 3 H, 5 OAc); t.1.c.: RF 0.5s (2 : 1, v/v, benzene-ethyl 
acetate). 

Anal. Calc. for C61H610,6: C, 69.70; H, 5.95. Found: C, 69.77; H, 6.03. 
Methyl 2,4-di-O-acet~~/-3-0-(2,3,4-fri-O-acet~~/-l)-D-gltrcop_~rattos~d)-/3-D-gIrrco- 

pyratzoside (3). - A solution of 2 (1 .O g) in SO% aqueous acetic acid (35 mL) was 
stirred for 2.5 h at 70”. Removal of the solvents by co-distillation with toluene gave a 

crystalline mass that was recrystallized twice from ethanol to afford 3 (43 I mg, SO’Y”), 

m.p. 190-192”, [~]gz -47.3” (c 1.3, chloroform). 
Anal. Calc. for C,,H3,0rB: C, 48.76; H, 6.05. Found: C, 48.70; H, 6.12. 
Metfly/ 2,4-di-O-acet~~i-6-0-p-tol~Isrrlfotty1-3-0-(2,3,4-tri-O-acetyI-6-O-p-tol~~l- 

strtfotr~~l-B-D-Q/ttcopyrattosJd)-/3- (4). - (a) A solution of 3 (38 1 mg) 
in dry pyridine (5 mL) was treated with p-toluenesulfonyl chloride (384 mg) at - 10” 
and kept overnight at room temperature. The reaction mixture was poured into 
ice-water, and the precipitate formed was filtered off, washed with water, dried, and 

crystallized from ethanol-chloroform to give 4 (535 mg, 91 “/,). m.p_ 174--175”, 
[cx];~ -4.3 o (c 1.9, hl c oroform); n.m.r. (chloroform-d): 6 7.S5-7.27 (m, S H, aryl-H), 
3.40 (s, 3 H, OMe), 2.47 (s, 6 H, 2 aryl-CH,), 2.10, 1.9S, 1.95, 1.93, and 1.90 (s, each 
3 H, 5 OAc); t.1.c.: RF 0.40 (3 : 2, v/v, ethyl acetate-benzene). 

Atral. Calc. for C37HS6020SZ: C, 5O.SO; H, 5.30; S, 7.33. Found: C, 50.87; 

H, 5.34; S, 7.24. 
(b) To a stirred solution of 1 (2.988 g, 8.4 mmol) in anhydrous pyridine (30 mL), 

cooled to -2O”, was added portionwise p-toluenesulfonyl chloride (3.667 g, 19.3 
mmol). The mixture was further stirred for 1 h at -2O”, stored overnight at 0”, 
treated with acetic anhydride (20 mL), and then kept overnight at room temperature. 

The reaction mixture was processed, as described in method a, to give 4 (5.135 g, 
70x), m-p. 174-175O, [a]: -4.4” (c 2.2, chloroform); the n.m.r. spectrum and the 

mobility in t.1.c. were identical with those of the compound prepared by method a. 

Methyl 2,4-di-O-acetyf-&deo_ry-6-iodo-3-0-(2,3,4-tri-O-acetyI-6-deo.~y-6-iot/o- 

j?-D-ghtcopyratzosy&j.%D-ghcopyratzoside (9)_ - A solution of 4 (1.335 g) in NJ- 
dimethylformamide (25 mL) containing sodium iodide (2 g) was heated for 2 h at 
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100”. The mixture was concentrated to dryness and the residue was extracted with 

chloroform. The extract was washed extensively with water, dried (sodium sulfate), 
and evaporated_ Crystallization from ethanol gave 9 (1.032 g, 86 ‘A), m-p. 220-221”) 

b]A* -7.2” (c 2.2, chloroform). 
_4nnZ. Calc. for C13H311Z014: C, 35.13; H, 4.10; I, 32.28. Found: C, 35.21; 

H, 4.06; I, 32.17. 

Metlryi 2,4-di-O-acetyC-6-brot710-6-deos)=-3-0-(2,3,4-tri-O-acetyi-6-bromo-6-de- 

o_ry-/I?-D-ghcopyrarrosyf)-/3-D-ghfcopyranoside (10). - Sodium bromide (800 mg) was 

added to a soIution of 4 (635 mg) in N,N-dimethylformamide (12 mL). The mixture 

was heated for 2 h at 100” with stirring, and then processed as just described_ The 

residue was crystallized from ethanol to afford 10 (440 mg, 88 %), m-p. 242-243”, 

b]g -27.8” (c 1.6, chloroform). 

Anal. Calc. for G,H,,BrzO,,: C, 39.90; H, 4.66; Br, 23.08. Found: C, 39.81; 

H, 4-75; Br, 23.20. 
Metlq9 2,4-di-O-acetyl-6-cJ~foro-6-deo_\-y-3-Q-(2,3,4-tri-O-acetyJ-6-cIrloro-6-de- 

os~~-P-D-gJzrcopyramlos_l,l)-8_D-gJ~~copy~-a~zo~~de (11). - A solution of 4 (7 19 mg) and 

lithium chloride (0.9 g) in N,N-dimethylformamide (14 mL) was heated for 3 h at 
100”. The product was isolated, as described for the preparation of 9, to give 11 

(431 mg, 87 %), m-p. 244-245” (ethanol), [a]:’ -29.5’ (c 1.1, chloroform). 
Anal. Calc_ for C13H3ZC11014~ C, 4578; H, 5.35; CI, 11.75. Found: C, 45.86; 

H, 5.44; Cl, I 1.26. 

Metllyl 2,4-di-O-acet_vl-6-S-acetJ,I-6-tJ~io-3-0-(2,3,4-tri-O-acetyl-6-S-acetyJ-6- 

tJlio-~-D-glrtcop_vrarlosyl~-~-D-glncopyra~~os~de (12). - A solution of 4 (300 mg) in 

NJ-dimethylformamide (4 mL) containing potassium thioacetate (211 mg) was 
heated for 20 min at 100”. The cooled mixture was poured into ice-water, and the 
precipitate was filtered off, washed with water, and dried. Crystallization from ether- 

petroleum ether gave 12 (206 mg, SS%), m-p. 149-150”, [x];~ -42.2” (c 1.0, chloro- 
form); mm-r. (chloroform-d): 6 2.35 and 2.33 (s, each 3 H, 2 SAC). 

AJzaJ. Calc. for CZ7H,,0,,$,: C, 47.50; H, 5.61; S, 9.39. Found: C, 47.57; 

H, 5.58; S, 9.26. 

MetJzyJ 2,4-di-O-acetyI-6-azido-6-deox~~-3-O-(2,3,4-tri-O-acetyJ-6-azido-6-de- 

nxy-P-D-ghrcopyranosyf)-j?-D-ghcopyraizoside (13). - A solution of 4 (1.240 g) and 
sodium azlde (1.5 g) in IV&dimethylformamide (14 mL) was heated for 3 h at 100”. 
The mixture was processed, as described for the preparation of 9, to give 13 (760 mg, 

57 %), m-p. 189-19 1 o (ethanol-chloroform), [u];’ -56.3 o (c ! -3, chloroform). 

Anal. Calc. for CIaH,,NsO,,: C, 44.81; H, 5.23; N, 13.63. Found: C, 44.89; 
H, 5.19; N, 12.84. 

Metlzyl 2,4-di-O-acet~~l-6-deosy-3-0-(2,3,4-tri-O-acet~~Z-6-deoxy-B_D-glrrcopyra- 

nosy/)-P-D-ghcopyranoside (14). - A solution of 9 (971 mg) in methanol (40 mL) 
was mixed with barium carbonate (3 g) and heated to boiling with stirring_ A small 

amount of Raney nickel was added to the mixture, and, after 5 min, hydrazine hydrate 
(2 mL) was added dropwise during 5 min. The mixture was boiled for 20 min under 
reflux, then fihered through a CeIite pad, and the fihrate was evaporated. The residue 
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was dissolved in chloroform, and the solution was washed successively with water. 

5% sodium thiosulfate, and water, dried (sodium sulfate), and evaporated to a solid 

whkh was recrystallized from ethanol to give 14 (545 mg, 53 %), m-p. 220-222”, 

[E]:~ -34.9O (c 1.4, chloroform). 

Anal. Calc. for C2,H,,0,,: C, 51.68; H, 6.41. Found: C, 51.76; H, 6.33. 

Methyl 6-acetanrido-3-0-(6-acetamido- 2,3,4-tri-O-acetyi-6-deo_~_~~-D-g/~~op~ 

ra~zos~~l)-2,4-~i-O-acetJt/-6-~eos~-~-D-g/trcop~~a~?osif/e (15). - Compound 13 (5 I 1 mg) 

was dissolved in methanol (30 mL), and a small amount of Raney nickel was added. 

The mixture was heated to boiling while hydrazine hydrate (1 mL) was added drop- 

wise during 5 min. It was then heated for a further 40 min under reflux, filtered through 

a Celite layer, and evaporated to dryness. The residue was acetylated with acetic 

anhydride (2 mL) and pyridine (4 mL) overnight at room temperature. The solution 
was evaporated to a syrup which crystallized from 2-propanol to give 15 (433 mg, 
SO%), m-p. 126-12S”, [ZIP -28.4” (c 2.0, chloroform). 

Anal. Calc. for CL7H40Nz016: C, 50.00; H, 6.22; N, 4.32. Found: C, 49.59; 

H, 6.29; N1 4.25. 

Methyl 6-brotlzo-3-0-(6-bronlo-6-~~eos~~-~-Dglrrcop}~~aF~o.~~~~)-6-~~cos~?-/I-D-glir~o- 

py-anode (161, nretllyl 6-c/21o~-o-3-0-(6-cllloro-6-deos~~-P-D-glrrcop~.ratros~.I)-6-~ieos~- 

p-D-ghrcopyranosineioside (IT), nietfi_vf 6-rieo_~~1-3-O-(6-rieo_~~~-~-D-g/licop~,raFio~~~~)-~-D- 

ghrcopyraFzoric/e (18), md F?teth_d 6-acetaF~ii~o-3-0-(6-acetaF?iii~o-6-~~~~o_~~.-~-D-gl~~~o- 

pyraFzo.sy~)-6-deo_Y_+D-g/lfcop~raFloside (19)_ - Compounds 10, (335 mg), 11 (3 I6 
mg), 14 (431 mg), and 15 (220 mg) were each treated with a catalytic amount of 
sodium methoxide in anhydrous methanol in the usual way to give the corresponding 

unsubstituted glycosides 16, 17, 18, and 19, respectively. 
Compound 16 (212 mg, 91%): m-p. 191-192” (dec.) (ethanol), [X-J:’ -46.6” 

(c 1.0, methanol). 
_h?a/. Calc. for C,,Hz2Br,09: C, 32.39; H, 4.60; Br, 33.15. Found: C, 32.47; 

H, 4.67; Br, 33.07. 
Compound 17 (IS7 mg, 91 %): m.p. 200-201” (dec.) (ethanol-ether), [z]F 

-58.4” (c 0.8, methanol)_ 
A/ml. Calc. for C,,H,2C120,: C, 39.71; H, 5.64; Cl, 18.03. Found: C, 39.SO; 

H, 5.71; Cl, 17.92. 
Compound 18 (240 mg, 92’;/,): m-p. 21 I-213 B (ether), [z];” -29.5” (c 1.0, 

methanol); n.m.r. (dimethyl sulfoxide-&)): S 1.19 (d, 6 H, J 6.0 Hz, C!i,-5 and -5’). 
Anal. Calc. for C,,H,,O,: C, 48.14; H, 7.46. Found: C. 4S.21; H, 7.40. 

Compound 19 (134 mg, 90%): m-p. 275-280” (ethanol), [u]:’ --23.S’ (c. 0.9. 
methanol); n.m.r. (dimethyl sulfoxide-rl,): S 7.75 (broad s, 2 H, 2 XII j and 1.85 
(s, 6 H, 2 NAc). 

hai. Calc. for C,,H3,,N,0,,: C, 46.57; H, 6.90; N, 6.39. Found: C, 46.64: 
H, 6.95; N, 6.26. 

Methyl 2-O-acet~~-4-O-ben~o~~-6-bromo-6-rfeo_~~~-3-0-(2,3,4,6-tc~trcc-O-a~c~t~~~-~- 
D-ghrcopJv-anosy/)-/?-D-ghcopyranoside (21). - A mixture of 20 (2.0 g), barium 

carbonate (4 g), and N-bromosuccinimide (654 mg) in anhydrous carbon tetra- 
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aryl H), 5.52 (s, 1 H, benzylic H), 3.48 (s, 3 H, OMe), 2.44 (s, 3 H, aryl-CH,), 2.12 
(s, 3 H, OAc), 2.03 (s, 3 H, OAc), and 1.96 (s, 6 H, 2 OAc). 

Anal. Calc. for C,,H,20,,S: C, 54.83; H, 5.52; S, 4.15. Found: C, 54.89; 
H, 5.57; S, 4.09. 

MetbyI 2-0-acet~~I-4,6-0-bet~~~~lide~~e-3-0-(2,3,4-tri-O-a~et~l-6-~~~~o_~~-6-iotfo-~- 

D-glzrcop~v-atlosyl)-/3-D-glrtcopyrauoside (28). - A solution of 27 (1.557 g) in hr,N- 

dimethylformamide (I5 mL) was stirred with sodium iodide (1.5 g) for 2 h at 100”. 

The reaction mixture was processed as described earlier to give 28 (1.305 g, 89 “/,), 
m-p. 209-210” (ethanol), [alA -48.0” (c 1.8, chloroform). 

Anal. Calc. for C2aH3s10L4: C, 46.55; H, 4.58; I, 17.57. Found: C, 46.71; 
H, 4.95; I, 17.68. 

Met!zyl 2,4,6-tri-O-acetyf-3-0-(2,3,4-tri-O-acetyl-6-deo_~y-6-iodo-~-D-g/~tcopy- 

ranosyl)-P-D-glrrcop_wanoside (29). - A solution of 28 (1.201 g) in 60% acetic acid 
(20 mL) was heated for 15 nun at IOO”, and the solvents were removed by codistilla- 
tion with toluene. The residue was acetylated with 1 : 1 (v/v) acetic anhydride-pyridine 
(12 mL) overnight at room temperature. Isolation in the usual way gave 29 (1.042 g, 
57x), m.p. 190-191” (ethanol), [a]y -19.0” (c 1.2, chloroform). 

Arzal. Caic. for C,,H,,IO,,: C, 41.79; H, 4.91; I, 17.66. Found: C, 41.90; 
H, 4S7; I, 17.50. 

Methyl 2,4,6-tri-O-acetyl-3-0-(2,3,4-tri-O-acet~~l-6-~eosy-~-D-gl~rcopyralros~~i)- 

/f-D-g~ltcopyt-anoside (30). - Treatment of 29 (S15 mg) in methanol (40 mL) with 

barium carbonate (3 g), a small amount of Raney nickel, and hydrazine hydrate 
(1.5 mL), as described for the preparation of 14, gave 30 (560 mg, 83 “/,), m-p. 165- 
166” (ethanol), b]F -37-S” (c 1.2, chloroform); n.m.r. (chloroform-$): 6 1.24 
(d, 3 H, J 6.0 Hz, CH,-5’). 

Anal. Calc. for Cz5HX60i6: C, 50.67; H, 6.12. Found: C, 50.77; H, 6.20. 
kfetflyf 3-0-(6-deosy--P-D-glrrcop~ra?zos~?I)-~-D-gIl~~opyratzo.~ide (31). - O- 

Deacetylation of 30 (426 mg) afforded 31 (227 mg, 93 %), m-p. 203-204” (ethano!- 
ether), [u];’ -37.5” (c 1.3, water); n.m.r. (dimethyl sulfoxide-rl,): 6 1.19 (d, 3 H, 
J 6.0 Hz, CH,-5’). 

Anal. Calc. for Cr3Hz40,e: C, 45.85; H, 7.11. Found: C, 45.71; H, 7.17. 
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