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Controhed, partial benzylation of ally1 2-acetamtdo3-O-benzyl-Z-deoxy-a-D- 
glucopyranoside gave a mixture of the 3,4-d&, 3$-a& (Is), and 3,4,6-tri-0-bcnzyl 
derivatives, the major product being 15. Condensation of 15 with 2-methyl-(3,4,6&- 

O-acetyl-l,2-dideoxy-a-~-glucopyrano)-[2,I-b]-2-oxazoline gave a disaccharide which, 
after purification, removal of the ally1 group, and hydrogenolysis of the benzyl 
substituents, gave 2-acetamido-4- 0-(2-a~tamido-3,4,6-tri- U-acetyl-2-deoxy-/I- 
D-glucopyranosyl)-2-deoxy-a-D-glucopyranose. This compound was further converted 
into di-N-acetyl-hexa-O-acetylchitobiose by acetylation, or into 2-methyl-[4-O-(2- 
acetamido-3,4,6-tri- O-acetyl-2-deoxy-fi-D-gfucopyranosyl)-3,6-di- O-acetyl-1,2-d& 
deoxy-a-D-glucopyranol-[2,1 -d]-Zoxazoline, a starting material for the preparation 
of di-N-acetyl-a-chitobiosyl phosphate. 

lMRCJDUC-l’lON 

2-Acetamido-4-0-(2-a~tamido-3,4,6-tri-GL-acetyl-2-deoxy-8-D-glucopyrano- 
syl)-3,6-di- O-acetyl-2-deoxy-s-D-glucopyranosyl phosphate (N,N’-diaeytyf- 

3,6,3’,4’,6’-penta-O-acetyl+chitobiosyl phosphate) (1) is the starting material for 
the chemical synthesis of P’-di-IV-acetyl-cr-chitobiosyl P2-dolichyl pyrophosphate’ 
(2), which is probabIy a precursor in the biosynthesis of the carbohydrate chains of 
N-glycoproteins’ fglycoproteins having a ‘k-acetamido-i-N-(L-aspart4oyl)-2-deoxy- 
B-D-glucopyranosylamine carbohydrate-protein linkage]. The extension of this 
procedure to the synthesis of dolichyl pyrophosphate diesters (4) that contain tin 
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oligosaccharldz mowty snd arc probably also intermediates in 2lycoprotein bio- 
synthrsls’ requirr’s, as the startin 2 material. compounds containing severnl D-iwnno- 

p) ranosyl residues linked to a dl-h’-acetylchltobiosyl residue (5). The ollgosnccharides 

(6) accumulated In the urine of patients3” suffering from mannosidosis are \ery 

slmllnr to these oliSosaccharides. but lack the terminal 3-acetamido-2-deoay-D-glucose 

residue. Llnhns these natural oll~osaccharides (6) to a 3-acetamido-2-deouy-D- 

glucose residue through n b-n-( I -+_I) llnhs 22 \!ould tjie 5, which. in turn. could be 

conhertcd into a glycosyl phosphate. the synthetic precursor of the p)rophosphatc 

This paper describes the bynthesis oi~nllyl 2-acetnniido-3,6-di-O-bznzyl-2-deoxg- 

a-D-glucop>ranoside (15). u hich is a suitably protected. synthctlc intermediate for 

the synthesis of-l from 7. The usefulness of II was demonstrated by the synthesis. in 

Dood yields, of derivatives of di-Kacetylchltobiosc. and of 2-methyl-[Z-acctamido- 

~-O-r~-occtamido-3.~.6-tri-O-ac~t~I-2-dco,y-/-~ -glucopyranosyl)-3.6-di-O-ncetyl- 

I,7-dideoav-x-D-glucop~rano]-[~.I-d]-~-o~azOlinz” (‘28). the starting material for 

preparin: di-A’-ncet>l-cc-chitobiosyl phosphate’ (3). 

Chitobiose derlvatiies havt: been synthesized previously by Schmitt and Sinaf6 

by a dif’krent procedure, but the steps involved in the preparation of the synthetic 

intermediates and tn the removal of protecting groups from the final compound were 

more complex rhxn those dcxribrd, and bvould therefore be less readily applicable 

to the synthesis of ollgojaccharrdz phojphatcs of biochcmicsl interest. 

For the synthesis of ally1 ~-acet~mido-3,6-di-~-b~~l-2-deouy-r-D-~luco- 

pyranojide (15). the startins compound ~3s ally1 ?-acetclmldo-2-deoay-r-D-_gluco- 
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pyranoside’ (7), prepnnxi by a modlficd. Fisclw sivcosidarton. In order to determine _ 

wherber the product contained an apprzctablc proportion of the /I anomcr. 3s objr’r\Cd 

for the mcth)‘l glycohide8. 7 \vas con\ertedb Into the j.-l.6-trl-O-acetyl dcrl\atl\e 8. 

which could be separated by t.1.c. from the /i-D anomer 14. a compound also prepared 

BY trestiwnt of I-m~t~~~l-~~-acctam~do-?.~.6-tri-U-~ce~yl-l.~-drdco~~,-x-D-_rluco- 

pyrano)-[~.I-r~]-2-o\azollnc (IS) with all)1 alcohol. Thl> t.1.c. shwcd Illat t!lr’ 7. 

obtained by diwct cq~!sllizJtion from thI: sIycosid3Lion nlikture. h:ld contarncd only 

a small proportion of the /i-D anomrr. Compound 7 \\a< con\erted inlo the 4.6-G 

hcnzylldene derl\ati\e 12, \!hlch \\as bcnqlated to ~I\C the 3-O-bcnzyl derlkut!vc 13 

Xligl ~-scetamiifo-3-O-brtn~~l-~-deo~~-r-D- glucop!:ranoslde I 16) nnr obtained by 

mild, acid hydrolysis of 13 The desired 3.6~cii-O-bcnql deri\ntive 15 WAS prepared 

from 16 by selective. partial benqlationv. Thus proccdurc is prcfcrable to the alter- 

native route involving trit~latlan at O-6. protectIon of the h>cirok)l group at C-4. 

detritglntion. brnzviation at O-6. and rrmokal of the O-4 wbsr!tuznt, 3 route that 

not only is longer hut rqulrc5’” nn alknll-htahk group for protectIon at O-4. Nather 

allyl nor benzyl ethers are suitable for this purpose. 3s they arc already in UN as 

protective groups at other posIttons, snd protection bj acer)l groups ~nkolvcs rhe 

risk ofmlgratlon follo\iiing remoinl of rhe trltyl group from O-6. 

Treatment of 16 \vith I molar equt\alent of y-bromotoluent: In N.A-dImethyl- 

formamIde. in the presence of n smzll proportton of sodium hydroxide. en~c it 

mi\turz of t’nrce products (t I.c j together \vlth a sma!l proportion of unchanged 16. 

The product hcr\lng the hi_rhesr chromntoprlphic mobilit\ 1~3s sho\:n to hr :~livl 

2-acetnmido-3.4.6-tri-O-benzyl- 2-deoly-x-D-glucopyrnnoside 117, b) camparijon 
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with the product obtained from 14 or 7 under exhaustive 0-benzylatlng conditioos. 

Of the other trio products, the one with the hqher mobility in t.1.c. was the major 

product: it was expected to be the 3,6-d+O-benzyl derivative 15. owing to the known, 

rzlatlve ease of benzylatlon of the primary hydroxyl group, as compared with the 

strncally hindered, secondary hbdroxyl group at C-4. After separation by preparative- 

laber chromatography. both compounds had the elementary analysis and i.r. specrrum 

expected for a di-0-henzyl derivative. but, surprisingly, neither of them gave a trityl 
eihcr when subjected to prolonged treatment with chlorotriphenylmethane in 

anhydrous pyridme. Therefore, 7 was converted into the 6-0-tr~tyl derlvatlve 9, which 

was fully benqlated to sive 10. hlild. acid hydrolysis of 10 gave authentic ally1 

~-aczraniido-3.1-di-O-benzyl-3-deo~y-~-D-glucopyranosid~ (1 l), which cochromato- 

graphed with the slower-moving of the two partially benzylated compounds, indicating 

that the faster-moving, major component was, indeed. the 3,6-di-0-berzyl derivative 

15. By rhlj convenient, selecrive benzylatlon procedure, 15 was obtained in a yield of 

659.6 based on 16. When the benzylation was performed with a mbture of barium 

ohlde and barium hydroxide, instead of sodium hydroxide, formation of the 3,ldi- 

0-benzyl derivative 11 was minimized. but 3 large proportion of the starting com- 

pound 16 was recovered unchanged. 

For the couplrng of a second residue of 2-acetamldo-Zdeoxy-D-glucose to ally1 

~-ace~amIdo-~,6-di-O-benryl-9-deo~~-~-o-~lucop~~ano~ide (IS) to form a disaccharide 

having 3,6-D-( l-4) linkage, the oxazoline method Itas chosen because of its anomerlc 

specificity I I. and because the conditions employed for the preparatton of the 

ovazoline are mild and unlikely to affect the glycosidic linkages of an oligosaccharide. 

Glycosidauons wiih I ,3- oxazollnes have usually been performed In toluene-nitro- 

methane, trirhp-roluenesulfonic acid as the reaction catalyst’ ‘-13. When a mixture of 

15 and ~-methyl-(~-acetamido-3,J,6-~ri-O-acetyl-r-~-glucopyrano~-[~.I -d]-2- 

o~~uol ine I A (18) In l:I toluenc-nttromsthane was treated with enough p-toluene- 

sulfurtic acid to give pH 4. and then heated to EO’, most of the oxazoline precipitated 

as the p-toluenesulfonium salt. After prolonged heating and stirring. some of Lhe salt 

had redssol\ed, bur the reaction mixture turned black, and t.1.c. revealed the 

forrrkion of numerous by-products and of only a trace of the disaccharide 19, which 

migrated very close to the starting compound 15. By changing the salient to I,?- 

dlchloroethane. rhe solubility of rhe p-toluenesulfonium salt of 18 was greatly 

Increased. so rhst the formation of 19 took place smoothly, although some competing 

side-reactions still occurred. hloreover, rhe unchanged 3,6-di-0-benzyl compound 15 

could be readily recovered by chromatography, and recycled, and the yield of 19 after 

three treatmentsof 1Swith 11(was 3396, based on 15. Such a yield may be considered 

satisfactory rn \lew of the poor nucleophilic properties of the bmdered OH-4 group 

In 15, and compares favorably with the yield obtained by Schmitt and Sinay6, who 

did not use the oxazoline procedure. When the synthesis of 19 \\as attempted with 

repeated additions of 18. without intermediate processing. in an attempt to drive the 

glycosldation nearer to complerion’ ‘, the yield of 19 was unchanged after two 

additions of 18 (and a reaction time of 5 h), and the recovery of the starting compound 
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15 was less: after three addttrons, and a reactton time. or 7 h, both the yield of 19 and 

the recovery of IS were marhedly decreased. When the reaction mi\turc H~S stirred 

overnight at SO:‘. the yield of 19 became almost zero. In other attempts to improve the 

yield of 19. dimerent solvents were tried. but only dichloromrthnne gave a yield 

approaching that obtained with I .2-dichloroethane. It [ias also found that anhydrous 

p-toluenesulfonlc acid IS necessary, ;I5 the hydrate gave \sry IOIV yields of 19. Lemizux 

and Drigurz ” reported that use of rrifluoromethanesulfonic acid increases the yield 

in this type of glqcosidation, althoqh at the risk of decreasing the anomcric specificity. 

In the presence of this reagent, however, the formation of 19 took place much more 

slowly. and the eveniuaf exrenr of the conwrsion of IS rnto 19 \vas only abour half 

that obtained prtx ~ously. 

Nter a preliminary chromatographic purificarlon, which did not separate 19 

t‘rom 15, the crude 19 was O-deacetylated. and the product separated from IS b> 

preparative-layer chronatoprapby. Rescerylatlon save pure, crysmlline ally1 Z-ace- 

tamido-4-O-(2-acetamido-3,4,6-tri-O-ncetyl- 2-deoxy-/I-u-glucopyranosyl)-3.6di-O- 

benzyl-2-deoxy-a-D-glucopjxinoside (19), characterized by elementary analysis. 

1.r. and ‘H-t~.m.r. spectra, opr~cal rotstton, and conversion into N,rV’-di3cztylhcxa-C- 

acetylchitobiose. 
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For the prepnrntlon of dcrr\ntl\cs of chltohiosc. 19 was converted into the 

I-propenql glvcos~dc 20 by trc.itmcnt \vith trls(trtphen)lphojphine)rhodium chlorlde. 

2nd the I-propen>I group ~3s removed \\lth mcrcurtc chloride’” to 211e the redwin? 

dissccharidc 2-I. In some eiperlmcnts. 3 small proportlon of the isomerizcd product 

i’,L?s resistant to the treatment ~lth mercuric chloride. After prepsratt\c-layer chro- 

matogruphy. and crystclllizntion. a compound ~3s Isolated that had the same i.r. 

spectrum. and almast the same elementary analysis, ar the ally1 slycoside 19. Ho\\- 

c\er. It could be dtstingulshcd from 19 hv mixed m p . ‘H-n.m.r. spectrum, and the 

absence of unsaturatton. As the ‘H-n.m.r. spectrum Indicated the prcscncc ofs prop>1 

group. the propyl elvcosidc 21 was prepared by pnnial h!:droglation of 19. to give _ _ 
a crysralltnz compound identical with rhe product just described. The formation of 

21 irom 19 or 20 In the presence of tris(trtphenylphosphtne)rhodtum chloride ma!, be 

explotned by the evxllent catalytic propcrttcs of this reagent” for hydrogenation, 

and its ability to tr;lnsfer hydro,orn from an alcoholic solvent to an unsaturated 

derivatt\eZi): the occurrence of this type of reaction during the isomerizatton of ally1 

groups b!, rhis catalyst has not been reported previously. The bcnzyl groups of 24 

Lcere removed by catalyttc hqdrogenolysts. to g~\e 2-acetamldo--LO-(Z-acetnmido- 

~,~.6-tri-c~-~cety~-~-deo~~-~-o-~lucopy~~no~~l~-~-d~o~~-~-o-~lucop~ r.lnose (25). 

It is elident that 25 \\ould have been obtained by fewer synthctls stags had the 

benzyl glycoside” been employed instead oi the ally1 glycostde 15. Howrier, the object 

of this \?ork was not primarily to develop a new synthesis of l\‘.A”-diacetylheua-O- 

acetylchltobiwe. but to obtain a dzri\ative, such as 21, having OH-1 avaIlable fc7r the 

preparation of a glycosyl phosphate \itthour removal of the benzyl groups at O-3 and 

O-6. In addttton. the rlllyl group of the intermediate compounds shoivs a diagnosttc 

color reaction lbirh the anlssidehyde sprny”, and tt can be detected by the potassium 

pzrmanganate spray on preparative-layer chromatogi-ams. Finally. allyl plycostdes are 

useful startlns-compounds for prepartng I,?-epo\ypropyl glycosidcs (for use as 

enzyme tnhtbltors”) and 3-(2-aminoeihylrhio)propSl glycostdes that can be linked 

IO solld supports for afinrty chromatography’. 

Thus. 19 ~~1s rrested ~lth ch!oropcro\ybenzolc xii” to give the epouypropyl 

derl\vnti\e 22. Removal of the benzyl groups by catalyrtc h)drogenolysts. follo\rcd b> 

purification bh preparnti\c-lajer chromato,oraphy, and O-accrylation \vtth accuc 

anhldrtde-p> ridine. afforded 3.3~cpox>propyl 2-acetamldo-4-0-(2-acctamido-3.6-dl- 

O-acetyl-7_-deo~y-~-D-_giucopyranos~l)-3.3.6-tri-O-acetyl-3-deoxy-sr-D-pluco~~rano- 

side (23). which. on thin-layer chromatograms, S 4ves a iibid. dlagnostlc-color reaction 

with the antsaldehydz spray” that is rather similar to that obratncd \%lth all11 

drrivaLiv?s. 

0-.kxtyla~ton of 25 \~lth acetic anhydride and pyridinr game N,X’-dtacetyl- 

heua.O-acztylchitobiose. identical by thm-layer chromatography and mixed melting 

point \iith rhe compound prepared irom ckltirt”. Alternat!~el~. 25 !\;1s treated \\ith 

ocetyl chlorideZ5 to give the gluwpyranosyl chloride 26, which \\as cfficienrly 

converred. \sithwt purification. into 3-methyl-[Z-acctamido-4O-(a-acctsmldo-X4.6- 

tri-O-accryl-3-dsox)-~-D-glttcop~ranoyI~-3,6-di-O-acet~I-I,3-d~deo~y-r-D-,oluco- 
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pymno]-[7,l-cl]-,-o\;azoline (2s) by 311 adaprz~t~on of the method of Lcmlcul and 

Drlgucz”. For conlparlson. 28 {ias pwpsrcd frown /~.;.r\.“-dtacct~lhr\o-U-3cst~l- 

chirobiose” by 0-deacetylation, and treatment of the product \vlth xr’tyl chloride, 

to _rt!e the perxcrglxred glycoiyl chloride 26. It 15~1s found unnecesxlr? :o emplo) 

hydrogen chloride In this rext,on Tlic o\uollne 18 could be olxalncd from 26 by 

trcL?tmcnt \vith silver nilraw plus 7.1.6-trllnetb}IpSrldlne~. but the rewltlng product 

had fo b? purlticd chromntographlcal~> before IC \c;?s userul for conlparison. or for 

bynthetic purposes’. A purer product V.:IS ohroined b> convcrjion or 26 Into 2- 

nczrnm~do--l-O-~7-~crlrnm~do-3.~.6-tri-O-rlc~r~1-3-dr~~~-~-D-~luc~~~r~~n~~~I)-l.3.6- 

rrl-O-acet~l-‘-ciel~\y-/~-D-~lucop~r~nosc by tile xtlon of rncrcurlc ;l:c’t;lfr: in plx~~l 

acetlc xld .’ ‘. tollo\icd by trcatmcnt \\lth ferric chloride. ix.. ;LII adrlpmtlon ol‘ tlw 

method of Bxll nnd Fletcher as reported by hlatta PI 01.‘~ Ho\l.c\er. the tlcst 

Inethod of preparing 28 wz~s Lrearmsnt of 26 \\~th tctrneth,lanimonlum chloride plus 

sodium hydrogenc.?rhonnlr:ite in :lcetonltrile. the procedure resentI> reported b> 

Lemieux nnd Dril?uez I ’ fc)r the prepsration of I!-met h> I-( ‘-nceramldo-?.4.6-rri- O- 

aceryl-I ,2-dldco~~-,n-~-~lucop!, rano)-[Z, I -r/l-Z-ox,uolin? I IS) Compouncl 28 prcp.ircd 

xcordlv,p to thlb nrocedure \i;is suitable fcx s>nthstlc purpows’ \\~thout further 

puriticatron. bur It arts less pure. In 1.1 c . thsn the sample of 28 s~nrllcji& from 15. 

because pcrxcrylatcd chltoblose prepared from chllin is cont~mln~red \r Ith ?- 

rlcet~~ln~ldo-~-O-(‘-acc’:smlJo-~.~.~-trl-O-~c~tyl-~- dco~~-/l-u-~lucop~r~lnozyl)-~.6-dl- 

O-awyl- ~.3-dideoay-al(k~~ir~~~i~-D-t~t.~~fllro-be~.-2-~no~~~ - , clnd tracrs of this or related 

compounds are nl\\ays present In 16 and 23 prcpzrcd frown chltoblosc, unlehs they 

are purrtisd chromato~r~phicall~. 

\i’t: ha\e shown’ That 28 can be conkerted !ntc) 2-acetsmido-4-O-(Z-ncztamido- 

3.-1,6-tr~-C-~cet~I-~-drlo~Y_G-D-=Jucop~r~no~~I~-3.6-d~-O-~~c‘~t~I-~-dco~~-~-~-~luco- 

pi ranosjl phosphare t 1). which is the s> nthctic precursor of P’-dl-.\-3r~tylchItohroj! I 

P’-dolichyl pyrophwphate (2). Therel;re, the present v,ork mshes prowrlures 

available ior (u) s} ntlwsvln= 0 compound5 containing 3 di-1 L-acctylchiroblosz mow?‘. 

.~nd (b) con\crtlng these complJunds inld r-linhcd D-glysop~rnnosyl phosphat-‘s. UIKI 

thence. into the dollch)I pjropho~phrlre dlesrcrs rcqulrcd I‘cir related biosbntherlc 

btudieb2* 

Gtvwrd t~kvIi~~c~s. - hlclting points \\ere determIned \\Ith ZI hlettlcr FP-2 

appsrntus and corrcbpond to -‘corrcctcd melting polnta”. Opiical rotstlons Hcrc 

determined for solurlons In l-dm. semimicro tubes \ilth ;1 Perkin-Elmer model 141 

polartmcrcr. 1.r. sp?ctra \icrr’ rccordcd !iIth n Pcrhin-Elmer mode! 737 spectro- 

phoiometcr. X.m.r. Spectra v.cre recordcJ al 60 hltiz iilth 3 V’ar~sn T-60 spec- 

trometcr for solurlons In chloroform-tl conrsinlng I”; of tetrameth~lsllane ~3 the 

Internal Itandard. unless othcr\iise stated. E\aporatlons \\e~e conducted r~l !n~wo. 

\\irh the bath temperature hept below 30’. hl~ro~nsl~>ss v.ere pcrformi-d by Dr. IV. 

hlanssr, CH-SiO4 Herllber!z, S~~irzcrlnnd, or by Galbrnlth Lnboratorlcs Inc.. 

Ii_no\~illc, Tcnnesee 37311. U.S.A. 
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Cfmmaragrapl~ic srparatiom. - T.1.c. was performed on precoated plates of 

Silica _eel G (E Merck 4.G.. Darmstadt, Germany). The plates supplied (30 x 20 cm) 
\:ere cut to a length of 6 cm. aad used wrhout pretreatment. PreparatlLe-layer 

chromatography was performed on precoated PLC plates. SIIICS gel G (hlerck). The 

spray reagent. unless othewise stated. was I : I : IS (V/L) anibaldehyde-sulfuric acid- 

ethanol’ ‘, and the plates were heated to 125.. Unsaturation \\as detected with a I?,, 

aqueous solution of potassium permanganste In 210 sodium carbonate. AlI pro- 

potiions of solvents are v/b. The I?, value was calculated from meas?lrement of the 

distance from the origin of the chromatogram to the point of mavlmum intensity of 

the spot after development. 

.-Ili1~1 ~-acerat,l:tlu-~-deo.r L -,~-D-ylLrcop?.ranosi~~ (7). - The follow~np procedure 

ga\c a product that crystallued much more readily. and In higher yield, than that 

obtained by the method of Lee and Lee’. A mixture of 2-aceramido-2-deoxy-D- 

@ucoss (20 g), allyl alcohol (125 ml, dried oler molecular sieve). and boron trl- 

fluorrde etherate (2.5 ml) was boiled l-or 2 h under retlu\. with stirring A 29.b solution 

of hydrogen chloride in ally1 alcohol (5 ml) \\as added. and the mixture was boiled for 

a further I h under refluu, cooled, treated with erher to the point of turbidity, and kept 
overnight at 4”. The resulttng, crystalline mass was iilrered off. and bashed with ether, 

giving a product (12.0 .I?) having [c~]iO + 13s’ (c I. ethanol). This product gave a single 

major spot in r.1.c. In 60:X:-1 chloroform-methanol-water (RF 0.75). and was suitable 

for synthetic purposes without pcrificatlon. A second crop of crystals (1.23 6) had 

[.Y.]? + 142. (c I, ethanol). Recrystallization of the first crop from ethyl acetate gave 

plates. m.p. 159-160’ (softening at I54-): n.m.r. data (D,O with 4,-I-dimethgl- 

-l-stlspentane-I-sulfonate as the internal standard): ci 2.03 (3 H, NHCOCH,), 3.63. 

3.85 and J.lS (m, 6 H, 4 pyranose-ring H and CH,OH). 4 95 (d, J 3 Hz), 5.23 

(d, J 3.5 Hz), and 5.45 (d. J 6 Hz. -I H, anomeric H and CH,=CH-CHI, group). 

Anal. Calc. For C,,H,,NO,: C, 50.56: H. 7.34; N. 5.36: 0. 36.75. Found: 

C, 5047; H. 7.34; N. 5.36; 0. 36.70. 

Lee and Lee’ reported m p. 172-174’. [,x15’ + I4S.S’ (c I .62. water). but no 

figures for elementary anslysls. 

.-f/l.1 I -7-aceramrdo-3,4,6_lrr-0-acerr I-~-cft.vx? -j(-D-g/flcop~ranosrcje (8). - Com- 

pound 7 was acetylated with I:2 acetic anhydride-pyridlne (I ml) for 24 h at room 

temperature. The ml\ture was treated with water (0.5 ml). and then ebaporared. 

After two additions and evaporations of roluene. 8 was obtained, giving a single spot 

In t.l.c. As it was required only for chromnrographic purposes, it was not recrystallized. 

.~llrl ~-ace~at~~r~io-3,~.6-rri-O-acer~~l--3-r~ea.~~~-~-~-gl~~r~~~~~rarrosirie ( 14). - A 

mixture of 2-merhyl-(2-acetamido-3,-I,6-tri-O-acetyl- I ,2-dideouy-r-D-,olucopyrano)- 

[7. I -&+2- oxazoline’J (18) (0.5 g). ally1 alcohol (4 ml), and anhydrous p-toluene- 

sulfonic acid (0.7 mg in 100 ,uI of toluene: prepared by fusing p-roluenesulfonic acid 

hydrate at I IO’ irr wcuu over phosphorus pentaoxidz. and dissolving the residue in 

dry toluene) was kept for I h at 80’, when t I.c (IO: I chloroform-methanol) showed 

a single. major spot (RF 0.58) having the purple color diagnostic of an ally1 derivari\e 

and indicating the complete reaction of the oxazoline. The mlyture was cooled. and 
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the acid was neutralized with pyrldine ( 1 ml). Evaporation. followed by 1~0 ;Iddrtions 
and evaporations of toluene, afforded a restdue that crystallized from ethanoi-e:ther- 

hexan? IO give 14 (0.X g); this was recrystallized from ethyl acetzfe or ethanol. 

m-p. 162-166-. [jl]F - 12’ (c 1.0. methanol): lir.” m p. 160’. [xl;” - 15.1’ (c 9.06. 

chloroform) 

The Ix anomer 8 was wel! separated from the /3 anomer 1-I by r.1.c. in IO.! 

chloroform-methanol. R, 0.70 (x) and 0.58 C/3). h s o\ving that 8 \vas contaminated 

by less than 39k of 14. 

.41Ir/ 3acera~?~ido-4.6-O-bo~~~~~litiene-_’-tk~~ox~~~-sr-~-g!rrcop~~ranosrde ( 12). - A 

mixture of 7 (0.5 g) and benzaldehyde (3 ml) was stirred and cooled to - IO’. and 

then treated with 99% formic acid (3.5 ml. ICN Pharmaceuticals. Life Sciences 

Group, 26101 Miles Road, Cleveland. Ohio 44125). The mixture was stirred at room 
temperature under anhydrous condirlons for I h, \\hen 1.1.~. (5 I chloroform- 

methanol) sho\icd that 60:~ of 7 had been conbcrted Into 12. (After a longer period 

of reacIlon. the proportion of 12 had not appreciably increased, and t.1.c. showed the 

formation of by-products). The mixture was poured into a rapidly stirred. saturated 

solution of potassium carbonate (7.5 ml) while being cooled to - IO’. The juspenslon 

of 12 and potassium sxlrs was treated with helane (20 ml) and water (IO ml). and 

stirred for 30 min at room temperature. The solid product was filtered offand ivashed 

with waler and hexsne. to 2il.e crude 12 (-0.5 g) showing a single. major spot 
(RF 0.50) In t.l.c. :%I ch!oroform-methanol). bur contnlning residual salt. Recrybtal- 

lization from hor ethanol-water gave crystals (0.25 -0.37 g). m.p. 23-l--237- (subliming 

Into \ery long needles), [a];” f99’ (c I, /V./V-dlmethylformamide): ~11: 3410. 3300. 

3070, 2940, X60. 16-W. 1550. 1455, 1420, 1375. 1325. 1275. 1325. 1175. 1160, 1135. 

I 115, 1070, 1025, 1000, 975. 960, 930, 770. 750, and 690 cm- ‘. 

Anal. Calc. for C,,H,,NO,: C. 61.85: H. 6.65: N. ;.Oi: 0, 37.3s. Found: 

C. 61.79: H, 6.67: N, 4.01; 0, 27.50. 

rill~~l 2-ocelattli(io-3-O-bcn=? I-4,6-O-berr: ~~licftwe- -‘-ho \_b’-m;1 -D-~~lrrOp~~rUrlOFI~it~ 

(13). - A mixture of 12 (0.4!3g ). z-bromotolurne (0.45 m!), and A’./\-dlmethyl- 

formamide (9 ml) was treated bvirh barium oxide (I 5 pt plus barium hydroxide 

octahydratr (0 4 8). and stirred at room temperature under anhydrous conditions. 

The reaction Mas monitored by t.l.c. (IO:1 chloroform-methanol), and, when the 

conversIon of 12 (RF 0.30) into I3 (R, 0.811 \vas apnnrenlly complete. the mi\lure 

was diluted with chloroform (50 ml) and filtered through Crl~te. After evaporation, 

and removal of residual N./V-dlmethylformamide by additions and evaporations or 

toluene. the product crystallized from ethanol, to gibe 13 (0.4 g) as nzedlrs. m-p. 1X-- 

223’, [a]2 + 8s” (c I I. chloroform): vrn3” _ -< iinr i’S0. 3 100, 2940, 2860, 1650. 1560. 1500. 

1350. 1375. 1360. 1235, I 180. I 125, 1090. 1060. 1030 (broad). 375. 960.925, 730. and 

685 cm- I. 
-lna/. Calc. for C,,HzgNO,: C. 65.39: H, 6.66: N. 3.19 0. 3l.S-l. Found 

C, 68.29: H. 6.70; N. 3.22: 0. 21.53. 

All\./ ~-aceran~i~i~~-3-O-be~~~~~-2-deo.~~-~-~-g/ucop~~~rarrositie (16). - A milt urc 

of 13 (0.1 g) and 60% acetic acid (2 ml) MRS stirred for I h at 70’. or until t ! c 
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( IO.1 chloroform-methanol) showed complete conlsrsion of 13 (R,O.W) into 16 
I I?, 0.25). ELaporarlon. foilo\\ed by tlro additions and evaporations oi tolucne. ,anve 

~1 solid \ihlch KIS rccry~rallirrd from erhanol, to give 16 (55 mg), m.p. 161.5.166.5”, 

[Y]Zj + I272 (c 04. ethanol): vfy; 3300 , 23-!0, X60. 16-10, 1550, 1500. l-150. 1375. 

1315, 1230. 1170. 1125, 1100, IO50 (broxd). 1023. 1000. 930 (broad). 860. 725. and 

6SOcm-‘. 

*I/IU(. CJIC. f’or ClyHzjNOt,. C. 61.53: H. 7.19: N, 3.99: 0. 27.3. Found: 
C, 61.58; H, 7.34: N, 3.09: 0. 37.32. 

-I lll~1 I-acrrot~lio’i~-_Z.l.r5-lri-O-barl=~~l-_7-ci~~@r~ -a-o-!;7lrrrc~p.~,ra,ro~t[f~~ (17). al!rl 

~-uc~~tar~r~t/~3-3.-r’-c-/i-O-~f~fl~~ I-I-~icw VI’-:‘- u-!ltrrcopI~ronosnkI ( II), 171111 ali.,~l 3-m-~vat~rrti~-~- 

_<.r5-t/r-O-Lw:1 I-?-tAw t I -x-~@rcop~ rc7mst~lc~ (IS) jh7r 16. - I. A mixture oi 16 

(0 5 g. not recrystallized). poivdered sodium hydroxide (0.35 ~1, Ix-hromotoluene 
(0.26 21. and l\~.h-d~mrtrl~~!formam~d~ f I3 mlj \\LIS stirred at room temperature. The 

reaction ~3s monitored by 1.1 c.. v,~hrch sho\!cd the rapid formation from 16 (R,- 0.35) 

ot‘ 11 (RF O.-i6) and 15 (RF 0 67). and the slo\\er formation of 17 (R, 0 SS). When the 

proportion of If; was at the msximum (at I5 mln) and a small proportion of 16 

remnined unchanged. the reaction \L;II stopped by the addition of toluene (200 ml). 

The preclpirat: l.t’L, ?- filtered off(Cel~tc! and \r:ljhed with toluzne. and the filtrates were 

combined 2nd e\aporatsd: add1[1on and e\aporsrion of toluene removed the residual 

solLent. .A solution of the residue In 2: I chloroform-mcrhanol (2 ml) iv;13 applied to 

three preparative-layer piares (20 x 20 cm). \b hich i!ere rhcn daelopcd with 2O:I 

chloroform-methanol. The plates were drlrd in air. and redseloped in the same 

sollent system. nnd rhc hands containing compounds 11. IS. and 16 \iere detected 

\~ith the potawum permarynnrz spray. The silica psi containing each band \\ZS 

removed from the plate. and stirred oicrni_ehr irith 51 chlorororm-methanoi 

Filtration of [he solutions through Celitz, and evaporation. ga\e unchanged 16 

IS? mg). 11 (161 nlg). and 13 (339 mg. 65” u based on the amount of 16 that !ias not 

rwx ercd). 

f?. A ml\rure of 16 (90 mp). barium o*\ide (0.50 0). 5nrlum hydroxide octa- 

hydrate (0. I3 gl, r-bromoroluene (90 mg), and .V,X’-dimethylformam& (3 ml) \vas 

hepc Tar I h at IOO’, srrcr \%.hich t I c. (IO.1 chlorororm-methanol) silo\~ed that tbr 
reaction had sropped. The rnlkturz was processed and chromntographcd 3s in -1. to 

NIX unchanped 16 (31 rnz) and 15 (37 mg), the yield of 11 (t.1.c.j being negligible. 

C. .A mwtare of 16 ( IO0 mp), pok\dercd sodium hydroxide (IO0 mg), r-bromo- 

roluenc (I00 rngl. and 1V,k;dlnlcth,‘lformsmldc (IO ml) v.‘.;is stirred for 5 h at room 

temperature, N hen t.l.c (IO:1 chloroform-methanol) sho\ied that 17 was the major 

product. together VIIS some 11 and 15. The mixtbrc NRS processed and chromnto- 

graphed as In 4. to >icld 17 f.92 mph, 15 (33 rag), and 11 (21 mg). 

Compound 17 ii;15 recrystallized frclm toluene-hexanc: m.p. IX- 130. (‘change 

of iorm a~ 123-l 21’). [A];’ +92’ (c 1.3. chloroform). 

Atnal. Calc. ior CJ,H,TN06: C. 73.26; H. 7.03; N, 2.63; 0, 18.05. Found: 

C, 73.13; H, 7.02; N, 3.5S, 0, IS.03. 
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Compound 11 was recrystallized from ethyl acetate; m.p. 16X5-166.5”, 

[a]:’ + : 19’ (c 0.7, chloroform). 

Anal. Calc. for C2SH,,NOb-C.SH,0: C, 66.59; H, 7.17: N, 3.1 I; 0. 23.0s. 

Found: C, 66.71 : H. 7.03; N, 3.13: 0, 23.16. 

Compound 15 was recrystallized from ether as needles, m.p. 97-98” (soft. at 

S9-), [a];’ +90’ (c 1.3, chloroform); \*:y: 3-W0, 3300. 3060, 3o-u). 2930, 2565, 1650, 

1530 (broad). 1495. 1450, 1375, 1205, I 130, 1035, 925, 730, and 680 cm - ’ ; q .m.r. 

data: 5 1.9 (3 H. NHCOCH,), 3.77 (s, 4 H. 2 pyranose-rrng protons, CH,OH), 

J I3 (d. I HI. 4.60 (3, I H, dcuteratable, OH-l), 4.76 (s, 4 H, CHJ of Bzl, split into 

two singlets at A.70 and -1.73 by deuteration), 4.93 (d, J 4 Hz). 5.05 (d, J 3 1-k). 5.25 

and 5.33 (4 H, anomeric H and CH,=CH-CH,-), ar.d 7.37 (IO H, Rromatic ring). 

,-lttal. Calc. for CZSH3,N0,: C, 67.98; H, 7.09; N, 3.17; 0, 21.74. Found: 

C, 67.97; H, 7.15: N. 3.19; 0, 21.83. 

Artetttpre(f trilvlatiott r3f 11 ami 15. - Compound 11 or 15 (5 rng) was treated 

ivith chlorotriphrnylmethane (10 mg) and dry pt-yridine (0.5 ml) for 2 weeks, and 

ewmined by t l.c. (IO:1 chloro!brm-methanol), \\hlch shobied that no uew compound 

had been formed from either II or 15. 

A//>-i ~-aceiarttid~~-_‘-tf~o~~~-fi-O-trif~~f-cr-D-gitrcop~‘rattosi~i~~ (9). - A misture of 7 

(50 mg). chlorotripheoqlmethane (100 m,o), and dq pyridine (2.5 ml) ~a5 kept for 

3 days at room temperature, when t.l.c. (IO:1 chloroform-merhanoi) showed that 

most of the 7 (RF 0.06) had been converted into the 6-O-trityl deriwtlve 9 (RF. 0.39). 

Evaporation, followed by two sddttions and evaporations of toluene, gale a crude 

product \iVhich was purified by preparative-layer chromatopraphy on one pl~rz 

(30 x20cm) in IO:1 chloroform-mcrhanol, compounds beins detected i\ith UIZ 

potassium permanganate spray. The silica gel bias remo~sd from the plate, and stirred 

ivith IO:1 chloroform-methanol overnight: evaporation of the resulting solution gave 

a product which was recrystallized from ether-hexane to gibe 9 (70 m_r) as prisms, 

m.p. 86-90’, [;x]k’ + 44’ (c 2.1, chloroform). 

.4ttal. Calc. C,,!-I,,NO,: C, 71.55: H, 6.63; N, 2.78; 0, 19.06. Found: C. 71.61; 

H, 6.67: N, 2 60; 0, 19.05. 

AI&l ~-act~tan~ido-3,J-~~-O-hn~~~~1-_3-~~0.~~~~-6-0-~~if~~l-~-D-gf~1~op~~ratroridr (IO). 
- Benqlation of9 (Jo mg) was performed with powdered sodturn hydroxide (-IO ml?) 
and a-bromotoluene (65 rng) in I~,~~-dimerbylf~rmnmIdc (6.5 ml) for 2 h at room 

temperature, H hen t.l.c. (IO: I chloroform-methanol) sholied complete conversion of 

9 (RF 0.39) into 10 (R, 0.90). The mixture was diluted wth tolucne (j0 ml). filtered 

through Celite, and the filtrate evaporated. After three additions and evaporstlons of 

toluene, the residue was taken up in ether. the resultin F suspension lilrered, and the 

filtrate evaporated, to gi\e an oily product ivhich was washed three times with he>anc. 

The residue ~3s crystallized from ether-hexane, to give 10 (76 mg) as prisms. 

m.p. 166- 165’ (softening at 153”). [tl]b’ + 70’ (c 0.85, chloroform). 

Atrul. Calc. for C,;HgsNOo: C, 77 25; H, 6.65; N, 3.05; 0. 14.1-L Found: 

C, 77.19; H, 6.65: N, 1.9s; 0. 14.16. 

Al&i 2-aceratttido-_~,4-di-O-ben-_r~l- Z-deo.~~-‘l-D-gfttcop?,ratfoside (I 1). - 
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Hydrolysis of 10 (21 mg) ws performed with 60% acetic acid (0.5 ml) to which was 

added sufficient ?:I chloroform-methanol to give a single phase. The mixture was 

kept for I .5 h at TO’, when t.1.c. (IO: I chloroform-methanol) showed that 10 (RF 0.9) 

had been converted Into a product havin_g RF 0.46. The solvents were evaporated, and 

the residue was purified by chromatography on a thin-layer plate (30 x 20 cm) in IO:1 

chloroform-methanol. the compounds being detected with the potassium permanga- 

nate spray. The silica gel was stirred overnight with S:i chloroform-methanol; 
filtratiou of the resulting suspension and evaporation of the filtrate gave a solid which 

was recrystallized from ethyl acetate, to gore 11 (I3 mg), m.p. l63-l65”, [r];’ + I 19” 

(c 1.3, chloroform); after admixture with the product prepared by partial bcnzylotion 

of 16. the m.p. was I65-l66”, and the two products cochromatogmphed in t.1.c. 

.~ll~l2-ac~ta~~~ido-~-O-(2-acetan~ido-3.4,6-tri-O-arer)‘l-2-d~o.~~-~-D-gflrCO- 

p~ranos~~f)-3,6-d~-O-~~~~~~~~-2-d~0.~.1 -rx-D-gilrcop~,ra,lo~id~ (19). - To a solution of 

3-methyl-(2-acctarnido-3,1,6-tri-O-acetyl- I ,2-dideoxy-a-D-glucopyrano)-[2, 1 -(fl-?- 
oxnzoline” (18. 100 mg) In l,2-dichlor.oethane (1 ml) was added 15 (:OO mp, dried 

in NKUO over phosphorus penfaoxide for I.5 h). The mixture was stirred until all of the 

IS had dissolved. and was then treated \r*irh a solution of anhydrous p-toluenesulfomc 

acid (2.8 mg) in toluenr: (0.4 ml: see preparation of 14) to give a pH 01-4. The mixture 

was stirred for 3 h at 80”, when t.1.c. (IO:1 chloroform-methanol) shobvrd that -30% 

of 15 (RF 0.67) had bsen converted into a product having RF 0.60 and shot\ ing the 

intense. purple color dia_mostx or an ally1 derivative. This t.1.c. also revealed the 

formation of a major by-product (RF. 0.52) of the olazolme, and of several minor hy- 

products. Therefore, the reaction mkturz was cooled, neutralized with pyridine 

(0.2 ml), and chromatogsphed on CI preparatibs-laqer plate (20x 20 cm) III IO:1 

chloroform-methano!. After being dried in air. the plate was redeveloped with the 

same solvent mixture, and compounds containing the a!lyl group were Identified with 

the potassium permanganate spray. This chromatography did not separate I§ from 

19. The mixture ofcompounds was extracted from the silica gel by stirring it overnight 

with 5: I chloroform-methanol. Filtration (Celite) and evaporation, followed by three 

additions and evaporations of toluene, gave a residue thar was treated with an excess 

of 3% sodium methoxide in methanol. After 2 h at room Icmpe:ature, t l.c. (IO:1 

chloroform-methanol) showed that 19 had been CLdeacetylated, to give a compound 

having RF 0.20, wll separated from 15 (RF 0.67). The mixture was chromatographed 

on a preparative-layer plate (20 x 20 cm) in 5: I chloroform-methanol. and detection 

of rhe products was performed with the potassium perrnanganate spray. The upper 

band (compound 15) k!as extracred by stirring the silica gel overnight with S:l 

chloroform-methanol to give, after filtration (Celite) and evaporation, 15 (69 mg). 

Extraction of the lower band with 60:25:-l chloroform-methanol-water, filtration, 

and evaporation, followed by threeadditions and evaporations oftoluene, gave a solid 

residue that uas reacetylated with acetic anhydride (0.5 ml) and pyridine (I ml). The 

resulting mixture was kept overnight at room temperature, treated dropwise with 

water until no more heat was evolved, and then evaporated; residual solvent was 

rcmoktld by two additions and evaporations of roluene (2 ml). The residue was taken 
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up ir: 5:l chloroform-methanol. the suspension was filtered (sinrered glass), the 

filtrate was evaporated, and the residue (which, in t.1.c. with IO:1 chlorofcrm- 

methanol, showed a smgle spot having R, 0 60) was trirurated ikith I:I hcwne-cther 

and centrifuged (three times) to gke 19 (35 ms), m.p. 219-125’. Because most of the 

unrcacted stanin~-material 15 had been rcxovered (69 mg), the effective yield of 19, 

based on IS. was 65%. %‘hen recowrzd !S was x-treated twice lvrth oxzoline 18 

(69 mg in the second treatment. and 46 mg in the third). the actual yield of 19 was 

75 mg (4396). A sample of 19 \sas recrystallized from aqueous ethanol IO gibe prisms, 

in.p. 236-338’. [*XI? +43’ (c 0.6, 51 chloroform-methanol); v::,’ 3300, 5930. 2860, 

1740. 1650, 15-15. 1353. 1375. 1250. 1530, 1120, IWS, 725. and 680cm-‘; n.m.r. 

data: 3 l.SS (6 H, NHCGCH2), 1.97. 2.0. and 2.03 (3 5, 9 ‘4. OlJOCH,). 3.62 (m) 

and 4.04 (q. 12 H, pyranose ring H). -I.50 (3, I H). 4 63 (3, -I H. CHI of Bzl). 4.86 

[s, I H), 4.95 (d. 2 H. J 2.5 Hz), 5.36 (5. I H), 7.33 (s , 5 H). and 7.52 (s, 5 H. aromatic 

ring H). 

Anal. Cslc for C,.>H,,N,O,,: C. 60.75; H, 6.55; N, 3.63; 0, 29.05. Found: 

C. 60.63; H. 6.58. N. 3.5s. 0. 29.0s 

I - Properi_l I _‘-ac~Ianrirlo-4-O-(‘- actVam~f0 -3,-f& - rri- 0 - ucct.d- 2- deo.r_~ -/l-D- 

glrrcop~~rarros~~l)-3,6-~fi-0-hen~~~l-~-~~o.~~~-~-D-glrrcop~~rafrosr~fe (20). - A solution of 19 

(46 m_g) 3nd dlazahlcycla[2.2.3]ocrane 120 mg) in 9.1 srharol-&later (I ml) ~3s stirred 

at S5” and treated \\ith (Ph,P),RhCI (5 rng;. The mixture was stirred for I h at 85”. 

when t.1.c. (IO:1 chloroform-methanol) showed that 19 had been converted into 20. 

Athough the R, \~II.wz of 19 and 20 vrr: srmllar. the colors of the spars with the 

anivldehyde spray are quite dIKerent, 20grving a ialnt, greenish-brown spot (R, 0.65), 

nnd 19. the inteosc. purple color of an ally1 derivative (I?, 0.60). In some evperlments 
III which the conwrsbn of 19 into 20 was incomplete, it was nec?sssr- to w-treat with 

equal amounts of base and rhodium cornpIe\. For the chclrrrcterization of 20, the 

soltents were zvaporared (N1), and the residue was dissolved in chloroform (IO ml). 

The solution \kas successively washed with saturated potassium cltkrlde solution, 

0. Iht hydrochloric acid, and potawum chloride solution, dried (magnesium sulfate), 

and evaporated. to give a crude product that was triturated with I:I heuane-elher. 

The resultmg solid ~+as isolated by centrifugotion. to pile 20 (31 mg). Although this 

product _eaw a single spot in t I c., it was not pure. as hydrolysis with mercuric 
chloride did not proceed to completion (see neut paragraph). It \vas therefore 

recrystallized from methanol, to give smnll needles (20 m_g), m-p. 260 S-263.5’ 

(softening at W-256”), [a]:’ +6J’(cO.6. chloroform): 1.r. spectrum indlstlngulshable 

from that of 19. 

Anal. Calc. for CJsHjON,O,~: C, 60.75: H. 6.55: N, 3.63: 0, 29.05. Found. 

C, 60.59; H, 6.54; N. 3.62; 0, 23.05. 

_?-AceIanrido--6 0 -(‘-acerarnido-3,1,6_rri- 0 -acdlj I-2-tfco.r~~- B-D-ghrcop~~rarros~~i)- 

3.6-~i-O-ben~~l/-~-~~e~.~.~~-~-~-g~~/~up~~ra/~~~‘~ (24). - For the preparation of 23, it wx 

not necessary to isolate thr: I-propenyl derivative 20. Compound 19 (46 mg) was 

treated with the rhodium complex as described in the previous paragraph. AIter 

evaporation ofthe solvents, the residue (consisting of 20, bicyclic base, Rh derivatives, 
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and Ph,PO) was dissolved in I:5 water-acetone (6 ml), and the solution was stirred 
with HgO (100 mg) and H.&I, (100 mg). After 10 min, r.1.c. (IO:1 chloroform- 
methanol) showed that most of the stating material (RF 0.60) had been hydrolyzed 
to give 2-! (RF 0.44), together with a small proportion (-201 b) of the /I anomer, 
which shoiled a slightly lower R, value. A small proportion (- lOSo) of the starting 
material was resistant to hydrolysis (see next paragraph). After evaporation of most 
of the acetone, chloroform (70 ml) was added. and the mixture shaken. The orgnic 
layer was separated, and the aqueous layer nas extracted twice with chloroform 
(IO ml). The chloroform solutions were combined, filtered (Celltr), \\ashed twice 
with saturated potassium iodide solution, and dried (magnesium sulfate). The solution 
was concentrated to - I ml, and applied to a preparative-layer plate (20 x 20 cm) 
which ~\ns eluted with 5:1 chloroform-methanol. Compound tl was detected with the 
potassium permanganate spray IO the lower of two bands, and was extracted from the 
silica gel with 3~1 chloroform-methanol. After filtrarion (Celitc) of the extract, the 
tiltrate was ebaporatcd, and the residue tahen up in 5:1 chloroform-methanol. The 
suspension was filtered (sintered glass). and the filtrate evaporated, to give a mixture 
(36 mg) of 24 and its p anomer (t.1.c). Recrystallization from aqueous methanol _gave 
pure 24 (20 me), m-p. 225-226’. [a]2 +d’ (c I, 5: I chloroform-methanol); v::: 31-K). 
3280, 2930, 17-M). 1720, 1630, 1540, I-GO, 1375, 1250 (a double peak). I 135, 1060 
(broad), 970, 725. and 655 cm - I. 

Anal. Calc. for C36HJhN20,J -0.5H,O: C, 58.45; H, 6.42; N, 3.79. Found: 
C, 58.34: H, 6.35: N, 3.71. 

In order to characterize, as 21, the compound that had the same RF value as 20 
and was resistant to treatment with mercuric chloride, the upper band of the 
preparstike chromaropram (see previous paragraph) was c\rracted with 5:l chloro- 
form-methanol; evaporation of the extract gate a solid, which was recrystallized 
twice from aqueous methanol to gi\e needles, m-p. X2-254’, [Jx]6’ -1-53” (c 1.6, 
chloroform); i.r. spectrum identical with that of 19: n.m.r. data: 5 0.95 (t. 3 H, J 
7 Hz. CHJ adjacent to CH,), and I. I5 (m. 3 H. CH, adjacent to CHI and CH,), 
otherwise identical with the n.m.r. spectrum of 19: t.1.c.: negative test for unsaturation 
(KhlnO, spray); in admixture with 19, the m.p. was depressed to 237-243”. 

Prop,J$ 2-acetat~~i~io--l-O-(-rrcela~~~~do-_~,4.6-tri-O-acei~~i-~-~~t~o.~~~-~-D-g~~rco- 

p~ranor\~i)-3,6-di-O-betf~~~i-2-~ieo.~~.-~-D-g~~~co~~~ratzosi(ie (21) Jiom 19. - Compound 
19 (2 mg) in methanol (0.5 ml) was hydrogenated a! I atm oker 10Sb Pd-on-charcoal 
(Fluka. A.G., CH-9470 Buchs, Switzerland) for 2.5 min. Examination by t.l.c. then 
showed the absence of an ally1 ether, and the presence of a trace of dehenzylated 
compound, the main product basing the same RF as 20. The catalyst was filtered off, 
and the tiltrare evaporated. to give a residue which was crystallized from aqueous 
methanol; m.p. 25 I-253”; admixture with the by-product arising during the 
Isomerization of the ally1 group of 19 gake m.p. 252-254”. 

2,3-Eposypropj I 2-acetan~ido-J-O-(2-u~eta~~lido-3,6-di-O-a~et~l-2-deo_~~-~-D- 

gfrrcopyrarlos.\~f )-3.1.6-tri-0-acet vl-2-deo y’-r-D-ghlcop?,ranoside (23). - To a solution 
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of 19 (35 mg) in I,2-dichloroethane (3 ml) was added 3-chloroperouybeuzoic acid 

(65 mg), and the mixture \vas kept o\erni.ght at room temperature, wtwn t.1.c. (IO:1 
chloroform-methanol) showed the conversion of 19 (RF 0.60) into a new compound 

having RF 0.55. The miuturc ivas diluted with chloroform, and the resulting solution 

was successively lrashed with saturated Na?SO,, NaHCO,, Na,S,O,, Na,CO,, and 
KCI -‘J, and dried (ILlgSO,). Evaporation gave a syrup. which was tri!ursted ?vith 

methanol-ether-heunne to give 3 solld (22) (27 mgl, m-p. 191-200’. This epo\ypropyl 

derivative (27 m@ was dissolved in me!hanol (2 ml), and hydrogenated at 2 atm in the 

presence of IO% Pd-on-charcoal (Fiuka. 25 mg) for 5 h. \% hen ~1.c. ( IO. I chloroform- 

methanol) relealed the formation of a single, major producr (RF0.2) and traces of 
several other products. The catalyst was filtered off. an+ the filtrate was concentrated 

to 0.5 ml and applied to a thin-layer plate (30 x 20 cm) that was developed with j:l 

chloroform-merhanol. The posirion of th: band containing the product ~3s located 

by cutting strips from thz center and sides of the plate, and spraying with the 

anijaldehyde reagent. The product \vaj extracted from this band of silica gel by 

treatment overnight with 60:25:4 chloroform-methanol-water. After filtration of the 

extract. and cLaporation of rhe filtrate, follo\red by IWO additions and evaporations 

of toluene, a residue ~3s obtained that ~var treated l!*ith I:? acetic anhydride-pyridine 

(0.5 ml). The mtkture I\;lj kept overnight at room tsmpcrc!ture. and water (0.5 ml) 

was then added Evaporation. followed by t\vo additions and evaporations of toluene, 

ga\e a residue that \ras taken up in chloroform. The suspension was filtered through 

C&ISS wool, and the filtrate evaporsted. to zi\e 23 (I I mg). n1.p. 3X-233’, [a];’ +37’ 

(c 0.75 chloroform): $,~J 3320. 2940. 1745. 1660. 1535. 1375, 1335, 1 135, IO-B, and 

900 CrC ‘. the i.r. spectrum being almost identical irith that of 27. In t.1.c. (IO:1 

chloroform-methanol)_ 23 migrated just ahead of 27. and gave \\ith the aoisaldehyde 

reagenr a vivid. purple color even more intense than rhat given by ally1 ethers. It \vas 

not detected by the potassium pcrmanSsnate reagent. The correspondins 0 anomer 
shows” m p. 260’, [a];’ - 53.2” (c 2.15. chloroform). 

AMI. Calc. for C,,H,,N,O, ,: c. 50.40; H. 6.10; N, 4.10. Found: C, 50.57: 
H, 6.30; N, 3.61. 

2-.~ct~fan~ido-3-O-(Z-ac~fa~~~ido-J,~ Ronnie I)- 

~-f~~O.~~-D-g~KcOp~‘r-UnOS~~ (25). - A solution of 24 (30 mg, not rczrystallizcd~ in 

methanol (3 ml) bias hjdrogcnatcd overnight at ‘7 atm in the presence or IO?6 Pd-on- 

charcoal (Fluka. 25 mg). Elamination of the solution by 1.1.~. (51 c’lloroform- 

methanol) showed that the 24 (RF 0.70) had been conberted into t\\o produL!G Aaving 

R, O.-U (presumably having one residual benzyl group) and RF 0.35. The catalyst 

was filtered off and replaced \kith a fresh batch, and, nlier ;! further period of hydro- 
genation (8 h), t.1.c. shoxied one major product (RF0.33) that was incompletely 

resolved into a double spot characteristic of an anomeric mixture. The cntalysr WLS 

filtered off, and washed with methanol, and the combined filtrates kicre evaporated to 

a solid that wan recrystallized from me&nnol. to give 25 (IS m_e) as prisms, de- 

composing. and partially melting above 310’, and becoming completely liquid at 

ZixM”, [;l];o -I- I-!’ Cc 0.9, 5:l chloroform-methanol): YE: 3450,3300,3090,2940. 
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2900. 174.5, 1655. 1545, 1430. 1375, 1300, 1230 (broad), I 115. IO-If;. 965.905, 775, and 

6bScm-‘. 

AIIU~. Calc. for Cr,2H3-IN10,J: C, 17.97: H. 6.24: N, 5.09; 0, -10.66. Found: 

C, 47.87; H. 6 26: N, 5.06: 0, 40.19. 

Z-Ace~amido-4-O-~-1-ac~~a~~id~~-3,4,6-tri-O-~~ce~~~l-~-d~~o.~~-~-~-gi~~cop~ru~~os~~l)- 

_~,6-di-O-acc~rJ~~-1)-df~O.~~‘-x-D-glucop~~ranose (N,N’-diacerl,llle.ra-0-acet~,lcirirobiose) 

(27). - A mixture of 25 (10 mg) with I:2 acetic anhydride-pyridine (0.5 ml) was kept 

overnight at room temperature. After the addition of water (0.2 ml). evaporation. 

followed by t\\o additions and evaporations of toluene (0.2 mlj. gave a product which 
sho\\ed ;1 double spot in t.1.c. (IO:1 chloroform-methanol), R, 0.43. The major spot 

cochromatopraphed with 27 prepared hy the acetolysis of chitin”‘. the minor spot 

probably being the /I anomer. Rccrystallimtion from methanol-ether gave Lery small 
needles (5 III& showing a single spot in t.l.c.. m.p. 305-306-; in admixture with a 

sample from chitin (m.p. 306-307’j, the m.p. was 306-307”. 
~-~~/er~~~~-~~-acela??~i~f~-~-O-(~-acelan~rdo-3,~,6-rr~-Q-act~r~~~-~-dto \_is-,%D-g/lrro- 

~~~rur?os_;~l)-3,6-dii-O-acef~~~-~,~-dideo.~.~~-~-D-_~~~~c~p~ra~~o]-[~,i-d]-~-o.ra:oline (28). -- 

rl. From 25. A mixture of 25 (-lO mg) and acetyl chloride (3 ml) was stirred for 48 h 

at room temperature. The reagent was evaporated, and afrcr five additions and 

evaporations of toluene (2 ml), the product was dissolved in dry acetonitrlle (3 ml) 

and srlrred at room temperaiure with tetraethyl~mmomum chloride (I6 mg) and 

NaHCO, i 16 mg). After I h, 1.1.~. i IO: I chloroform-methanol) revealed the formation 

of a major product (RF O-35), the spot having the Intense. brown color that is 

diagnostic of an ovazoline (anisaldehyde spray). together \\~th minor products 

hsbing RF 0.47 snd 0.66 (see Inter). The solution was diluted with Jichloromethane 

(30 ml), washed twice with water (5 ml) and once with saturated, aqueous KCI, and 

then dried (MgSO,) After evaporation, the residue was dissolved in n,ethanoi 

(0.5 ml), and the solution diluted with ether (10 ml).Theresulting precipitate(R,0.47), 

which was a contaminant, was filtered OK and washed with 30:1 ether-methanol. The 

combined titrates were evaporated to yield 28 as an amorphous solid (36 mg). Hhich 

cochromatogaphed with the product obtained from 27 (see nest paragraph) in t.1.c. 

in IO:1 chloroform-methanol. and had an identical i.r. spectrum. However, the t.1.c. 

and the optical rotation, [%]A” + 3’ (c I, dichloromethane), showed that the compound 

was contaminated by a trace of the corresponding oxazoline 18 CR, 0.66) derived 

from I-acetamido-2-deoxy-D-glucose. 

B. From 27. Compound 27, obtained by the acetolysis of chitin”, was rc- 

crystallized from methanol, but still contained 2-acetamido-4-U-(2-acetsmido-3,4,6- 

tri- O-n~tyl-‘>-deoxy-~-~-glucopyr3oosyl)-5.6-di-0-acstyl-2,3-dideouy-ald~l~~~do-o- 

eryfhro-hex-2-enose’ ‘. ;ts shown by 1.1.~. (IO: I chloroform-methanol) in which it gave 

a dark-green spot having the same mobility as 27 (R,0.43). The contaminated 27 

(200 mg) was O-deacstylated by treatment with 3 0,/o sodium methoxide in methanol. 

The mixture was kspr for 2 h at room temperature, and then rreated \\ith AC 

5OW-X8 cation-exchange resin (pyridinium+. Bio-Rad Laboratories, Richmond, 

Calif. 94Ssol) for removal of sodium ions. The resin was filtered OK and washed with 
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methanol, Ihs combined filuates mere evaporated (N2). and the residue was dried irr 

IYZCUO over phosphorus pentaoxide obcrnig!t. Areryl chloride (3 ml) isas added, and 

the mixture was stirred for 34 h ;t room temperature and processed, and the product 

converted into the osazolinc. as described in hlethod A, uith tetraethyiammonium 
chloride (SO mg) and EaHCO, (SO mg) in acetonirrile (2 ml). Partial purification, as 

described in Method Apave the oxazoline 28. havin g the same major component, by 

t.1.c.. as tbe product obtained from compound 25, but tvith other contaminants having 

lower RF values and giving, in t.l.c., the green color typical of unsaturated carbo- 

hydrates. Compound 28, as prepared by this route, $.\a~ also accompanied by a small 

proportion nf the monosaccharide oxazoljne (R, 0.661, prcwmably arising because of 

attack by acetyl chloride on the /I-( I -4) linka,oe of peracet> lated chitobiose, but it 

was sultsble for synthetic purposes’ biithoul further purification. 

Tk oxazoline 28 (83 rng\ \vas chromatographed on a preparative-layer plnle 

(20 x 20 cm) in IO:1 chloroform-methanol. For detectlon. a strip sas cut from the 

center of the plate and cprayed janisaldehyde). The purified product was extracted 
from the band of silica gel \\ith 3: I chloroform-methanol. and, after stirring overnight. 

filtration. and ebnporstion, 28 was obtained as an amorphous solid (55 m@, [z]b” - 3” 

(c I. I. dichloromethrlne): I,,,~, _L nKBr “Y30, 3090,295O. 1715, 1670(double peak), 1555. 1130, 

1375, 1110, lZ?O(broad), 1170. 1130. 1033.aod94Scm-‘:nmr.data: Sl.27(1 H, 

CH, of oxazoline), I.95 (NHCOCN,). 2 01, 2.08 and 2. I3 (incompletely resolved 

goup of IS H. s, CH, of AcO), 3.55 and 4.21 (two unresolved m, S H), and 5.15 

(m. 2 H): Khorlin t’/ al.’ oblained a crystalline product, m.p. lS9-190’. [a]? -S -t2- 

IC 1.0. chloroform); v:$ 1671, 1655. and I563 cm- ‘. 

.4nal. Calc. for C,,H,,N,O,,: C, 50.65: H, 5 90; hr. 4.54: 0. 38.82. Found: 

C, 50.52: H. 5.97; N. 4.35: 0. X6-I. 
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