
Carbohydrate Research, 112 (1983) C9-Cl1 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

Preliminary communication 

A new method for N-demethylation of 2-deoxy-2-methylamino-a-o -gluco- 
pyranoside derivatives by air oxidation using palladium in aqueous 1,4-dioxane 

TSLJTOMU TSUCHIYA, SHINTARO NISHIMURA and SUM10 UMEZAWA 

Institute of Bioorganic Chemstry, I614 Ida, Nakahara-ku, Kawasaki 21 I (Jupan) 

(Received August 2nd, 1982; accepted for publication August 30th, 1982) 

During research on derivatization of dihydrostreptomycin, we found that hydro- 

genation of methyl 2-N-benzyloxycarbonyl-4,6-O-cyclohexylidenc-7-deoxy-7,-methylamino- 

3-0methylsulfonyl-a-D-glucopyranoside (1) with palladium black in aqueous 1,4-dioxane 

gave traces of a substance having lower t.i.c. mobility than the expected and principal de@;‘- 

ben~yloxycarbonyl)ated product (2). This minor compound was identified as the corre- 

sponding N-demethyl derivative (3), [a]g +89” (chloroform) from the following character- 

istics: m/z 35 1 (M+); ‘H-n.m.r. (CDC&): 6 2.72 (dd, 1 H, J,,Z 3.5, J2,3 9 Hz, H-2), 3.13 (s, 

3 H, S02CHJ), 3.39 (s, 3 H, OC&), 4.60 (t, J3,4 9 Hz, H-3), and 4.81 (d, 1 H, H-l), and 

the fact that 3 was the same as the product of catalytic hydrogenation of methyl 2-benzyl- 

axycarbonylamino-4,6-O-cyclohexylidene-2-deoxy-3-O-methylsuIfonyI-cr-D-glucopyran- 

oside (4). The latter was prepared from the corresponding 3-hydroxy precursor’ (5) by 

methylsulfonylation. The yield of 3 from 1 was greatly enhanced (1 O-35%) if air was 

bubbled into the mixture. This finding suggests that, after de@-benzyloxycarbonyl)ation 

of 1, oxidative ~-demethylat~on may occur. 

Birkenmeyer and Dolak2 described a similar N-dealkylation in Iincamycin and its 

analogues; an aqueous solution of lincomycin was treated with oxygen (or air) in the pre- 
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sence of platinum catalyst to give the I’-iv-demethyllincomycln m moderate yield. Davis 

and Rusenblatt” described oxidation of an IV-methyl group 111 J tertiary amine mte A’- 

formyl on treatment with oxygen and platinum catalyst. More recently. Na:abhushan ef 01.~ 

prepared N-demethylgentarnlclns by treatmg gentamicins with iodine anil sodium ;icetate In 

3queous methanol. PIIotocJ~emlcaI ,%r&methylatlon of sisomiciri by utilizmg the X-3,3-dl- 

nitrophenyl derivative has ~1s) been repel-ted”. ILowever. the yields of Lhesil h’ilemethyl- 

ated product? were moderate or low. In the field of ak&~ids. N-dealhykttlon of tertlar!, 

smmes has been performed by usmg phenyl cllloroformate’; or vinyl ihlr~roformate’ 

The foregoing evidence and our experimental results prompted study of’ the Ai-de- 

methylation reaction with :I more fundamental example. methyl ~.ti-C~-1‘~c‘lclhexylldene-~- 

d~Ll?i.y-?-metti)il~r~liJi[)-~-~-,qlucopyranosi~ie (7). ICY]: +Ql’ (1120) [ "II-n.m I. (C6D5N)’ A 

7.61 (s, 3 II, NCHJ), 3.94 (drl,.I 1,2 3, J2.3 c) Ilr. l-I-1:). anil 3”45 (s. _: II. 0t’H3 I]. which 
was prepared from the n’-metho.~yc3rhonyl precursor7 6 with lithium aluminum hytirkie. 

Trial experiments revealed some charscterlstics of this reactlon. ~1~1~11 WC’JC (a) th? S-de- 

methyl derivative 8 [methyl 7-arnino-~,6-O-cyclohe?cyl~dene-3-clec~sy-cu-D-~luct~pyra~~~~slde’ , 

[a]g +1 13” (chloroform); lit.’ +I 13’ (chloroform’)] begJn to he t;2rnicd only after pre- 

huhblmg of ail- (-1.5 II); (b) the mixture, mltially shghtly basic. be~tme 3c!dlc (pII - 1 ) 

after long bubbling; and (~7) the yield of 8 fluctuated ( 15545”; ) in Erich esperiment. 

Concernmg (6). in order to maintain constant pli of the mixture, 1, bu1911 buffet- (pH 9) 

was added. and this afforded 9 dramatic mcrease and constancy in the yleltl (~‘-W!‘~~) Of 8. 

Replacement of the horate buffer by 0.7~ ammomum c;lrbonste (ptl X.2;) also proved SW- 

cessful. When the procedure [l’ 5 1 ,-&dtoxane-O.?M ammuntum at-hxttc. au bubbling 

for 10 h, and then 70 h after replacement with fresh catalyst] was Iipplied ta 7 {[a]: +73” 

(chloroform); ‘I-I-n.m.r. (C&sNj: 6 3.26 (5, o El) and 3.32 (s. 3 H) (NCEI,, OCll3, SOlCH,)}, 

the N-tiemethyl derivative 3 was obtained m 73Y y~cld. together with a tr,lce of 2. [2. un- 

stable; ‘H-n.m.r. (C6D5N): 6 7.35 (3, .? H, NCH3 ). 2.80 (tld, I f~l. ,I1 ,? 3 7. J2,, IO Ik. I-I-?), 

3.76 and 3.27 (each \, 3 H. OCII,, S&CH,), :mJ 3.87 (t. ! II. lb.?)]. 

To evaluate the solvent effect on the reaction ok’ 7, I ,kho\ane w~ls replaced b) 

oxolane, but this led to a 4q,ht decrease 111 the yield of 8. When the ~quec~us buffer (borate 

or ammomum carbonate) wlfs used without additlun 01‘ I .A-dosane. no ieuction occurred 

and the starting compound (7) was recovered quantltatlvely. As 1 ,4-tllo~;1nr and orhe] 

ether-type solvents art’ known to c lllve unstable pel-oxidess on exposure to ;iii. ;I pero.kide 

may participate in the reaction. This LisUmptic~n was pal-tly 5uhsLmtlat4 I>> the findIng 

(a) already tlescrlbed. No ~reactlon occurred, 3s expected. in the :tb,ence of p:~llad~um. 

These results m&ate thar both palludium :mtf I .khoxane (or other ether-type solvents) 

are essential in this reaction. 

ilr-Demethylatlon of methyl 3-deoxy-~-rr~ethylamlno-a-D-gluite9 (9) did 

not proceed smoothly 111 1 ,l-dloxanc buffer, and gave methyl 3-nmlno-3-iieosy-~-~~-~luco- 

pyranoslde (I 0) in only -20’ ;, yield after 2 days ot :i~r tlubbling (the ~at:ll! st \V;IS replaced 

once with frexh catalyst), and the starting 9 (-3SY.) was recovered. The ditticulty of the t-e- 

action was attributed to the presence of the primary hydroxyl group ;lt (‘-6. which could be 

oxidized to an aldehytle or other reactive group and poison the catalF,sl. ;inJ thrref’ore the 
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hydroxyl group was protected. Treatment of 9 with tert-butylchlorodimethylsilane gave 

the 60silylated derivative (1 l), [a]: t85” (chloroform); m/z 321 (M+); ‘H-n.m.r. (CDCls- 

20% ND3 in DzO): 6 0.1 (s, 6 H, SiMe,), 0.91 (s, 9 H, tert-butyl), 2.44 (dd, Jr,* 3.5, J2,3 

10 Hz, H-2), 2.45 (s, 3H, NCH3), 3.39 (s, 3 H, 0CH3), and 4.83 (d, 1 H, H-l). TheN-de- 

methylation of 11 proceeded smoothly to give the desired product (12) in high yield, prov- 

ing the foregoing assumption. 

A typical procedure, as exemplified by 11, is as follows. To a solution of 11 

(72 mg) in 1,4-dioxane (10 mL) was added borate buffer (6 mL; pH 9; composed of 25 mM 

boric acid, 25 mM potassium chloride, and 21 mM sodium hydroxide) and freshly prepared 

palladium black (2 mL) was sedimented in the buffer, and air was bubbled in with stirring 

for 6 h at room temperature. Filtration followed by concentration of the filtrate gave a resi- 

due that was dissolved in chloroform and the solution was washed with water, dried 

(sodium sulfate), and evaporated to give 12 as a ninhydrin-positive amorphous powder; 

yield 65 mg (94%): [oL]; t80” (chloroform); m/z 307 (M+); ‘H-n.m.r. (CDCl,-20% ND3 

in D,O): 6 0.1 (s, 6 H), 0.91 (s, 9 H), 2.65 (dd,Jr_, 3.5,Ja.a 10 Hz, H-2), 3.39 (s, 3 H, 

OCH3) and 4.64 (d 1 H, H-l). 

In summary, this new N-demethylation procedure is easy, and gives high yield of 

the product if the primary hydroxyl group is protected. Studies on the mechanism, and 

the scope and limitations of the reaction, are under way. 
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