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ABSTRACT 

Iodotrimethylsilane in carbon tetrachloride cleaves interglycosidic linkages in 

per(trimethylsilyl)ated disaccharides to give iodinolysis products that may be readily 

hydrolyzed to component monosaccharides. The cleavage rate is dependent on the 

type of interglycosidic linkage, and is in the order (l-+4) < (132) < (1+3) < (1+6) 

for derivatives of P-linked glucobioses. This iodinolysis reagent is more reactive to- 

ward interglycosidic linkages in permethylated carbohydrates; all of the linkages in 

the permethylated derivatives examined were completely cleaved, irrespective of 

linkage type. Iodinolysis with iodotrimethylsilane, followed by treatment of the 

products with water, offers a rapid and mild method for hydrolysis of permethylated 

carbohydrates. 

INTRODUCTION 

Iodotrimethylsilane (ITMS) is a recently developed synthetic reagent that 

catalyzes a variety of important reactions, such as cleavage of ether’ and ester’ 

linkages, as well as conversion of ketals into ketones 3. It also catalyzes the reduction 

of alkyl carbamates to amines and that of sulfoxides to sulfide$. With carbohydrates, 

Thiem and Meyer6 reported that the reactions of peracetylated mono- and di-sacchar- 

ides with ITMS affords high yields of peracetylated glycosyl iodides. Under their 

conditions, the interglycosidic linkages were not affected. Recently, however, we 

found that interglycosidic linkages in per(trimethylsilyl)ated and permethylated 

oligosaccharides are readily cleaved with ITMS under milder conditions, in contrast 

to those in peracetylated oligosaccharides. As the iodinolysis products may be rapidly 

and quantitatively hydrolyzed to free and partially methylated monosaccharides, 

respectively, the iodinolytic cleavage with this reagent may lead to a novel method 

for hydrolysis of carbohydrate chains. This paper describes the results of optimization 

studies of the ITMS method, and presents some preliminary applications. 
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Gerle~cl//l~et/locl.~. ~--~ All evapnrations ~vcre performed LI~&I. diminished pressure 

helow 30 I. 

~~/~rtcrirt/,~. ~-- locl~v and brc,mo-trimethyisilanc~ ucrc’ obtained from Aldrich 

Chemicals (M11waukcc, Wlscc)nsin); chlorotrimcth~Isil;~nc \\;Is purchased I‘ro~n l-oh~,o 

Kasei Kogyo (Toshima, Kita-hrr. Tokyo). All other chemical< wl~c‘nts. ;~nci the 

samples of free carboIlJdr;ltes \\c’l‘t’ 01‘ the h1gl:ttst grade CCmm-sI:lIIy :~\ailal~lc. 

The samples of’ per( trilncth~l~ilql)atcd mono- and di-wcch;lrldc~ wcrc‘ prepared bk 

pcr(trimcthylsilyi )ation 01‘ the parent carholi~dr~ttcs with cl~l~~rt~t~~iinc‘tii~lsilanc and 

heuamethyidisila~~l~e in p>rldinc. according to the liter:tttircB‘. Phu mi\turss hkcri‘ 

evaporated to drynew. and the resrducs w!re extracted \\rth chlorc~l;~ri:i. The chloro- 

form extracts \\cre \\nshed with iced waler and cv;lpor:ltcd to drj,nca. l‘hc dcrib 3tlvCj 

of monosaccharides weft further purified by distillation under d~minishod pressure: 

those of disaccharides MCI~ u~c’d wthout dlstillatlon. Authentic ~pr’c~rncns of pcr- 

mcthylated mono- and disacchat-ides mvrc obtained by methylation 01 the parent 

carbohydraks by the method of‘ Hakomori”, follow2d by puritic3tion 01‘ the products 

on columns of Wakogel c‘-2!)0 with 30 : I chforoforn7-~tncthan~~l as wlvcn~ All of these 

specimens gave slnglc pca!.s on gas chromatogrnphv. Solvent> \\L’I’c dchvdrat~d b! 

conventional mcthod5 (curbc~n tt?rachlorlde, chlnrot~ornl, and ii~tronia~thanc \vith 

calcium chloride; acetonitrik \tith pl1ospho1-~1~ pcntao.\lde: pyridlnc \vjth wdwm 

hydroxide: and dimethyl suIf~~GC;e \blth molecul:1r s~e\c -11%). and ci~at~llcii bel‘or-c USC. 

.+‘J”m’t”“. - Gab cliromntograpli~~ was pcrformcd 011 :I Sh1111;icizu -IBM Pt 

instrument quipped njtti a hydrogen llalne-ic~ni~;ltlc,n detector. Anal! \a of dithio- 

acetal deriwtlves of free and partally mcthylated rnono\acch;tl.ic~~ z\t‘rc performed 

by using ;t Scot capillary column ((I.118 mm 1.d.. 50 m) coatcci with silicons SF-90 
t 795” ;t -I- > according to the Iitcrntuia”.“‘. Other _Sas-chrc~nlatc?gr~~l~l1ic ;~1;tl~sc~ \ENC 

performed by using ;I glas:, column (3 mm i.d.> I m) pached \L ~tl; C’hrc~mosorh M’ 

(AW-DMCS, N-100 mesh) coated with 2”,, \lliconc t.)‘L’-I :tt I ‘JO -I he flow rata 

of the c:trrIw (nitrogen for both col~iinils) wm2 corltrollcd at I 2nd 30 mL min. 

respectively. C;as cht-oniatc,gral,li~- mas spectrometry \\a\ pt4’~~rm~ci vk lth ;t Hitachi 

M-70 spectrometer by using an OV- I column. The lonlration potential of the mass 

spectrometer ~2s 70 cV, and the column conditions were the same ;I\ fhnsc alrc:d~ 

described.. 

Iodillolj~sis of metli)Y ,‘,_~,4,6-tct~o-O-tlilllerll~~i.cil~~l-x-u-,~lu~~~~~~~~~~trno.virf~~. ~~~- A 

sample of methyl ~.3.~.(r-tctl-~~-O-tr~~nethylsilyl-x-n-glucop!;r:tnosrilc ( I pnol) \V;IS 

dissolved in carbon tetrachlorlde (100 /IL), and ITMS (XI /rL) \VIIS added. The soiu- 

tion Ma5 kept for 30 min at 75 0nc-/1L aliquots were remwed and analyzed 171 

gc. alld g.l.C.--nl.s. Methanol (50 pi) and hilvcr oxide ( 10 rn$) wcrc tiicn added to 

the remaining portion of the mixture, khicti was then stir& t;>i 30 mill at room 

temperature. The si~lvcnt w;i> c\q~orated, and the rcsiduc‘ dl~s~~l~cd in p>ridine 

(50 /lL). Hexanlcthyldtsllaraoc ( IO!) /II_) and cl1lorntr~mctl~ylsii;~~~e (So /IL) \verc 

tl1en added. and the mixture ~;_tc incubated for 30 min .lt 50 . The mixture \va 
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centrifuged, and a I-pL-sample of the supernatant solution was analyzed by gas 

chromatography. 

Another iodinolysis reaction-mixture, obtained by the same procedure, was 

diluted with carbon tetrachloride (300 pL), and the resultant solution was shaken 

thrice with iced water (500 ,uL). The combined aqueous layers were introduced onto 

a column containing Amberlite CG-400 (acetate form, I mL.), and the column was 

washed with water (30 mL). The combined eluate and the washings were evaporated 

to dryness, and the residue was dissolved in pyridine (50 nL). Hexamethyldisilazane 

(100 AIL) and chlorotrimethylsilane (50 ,uL) were added, and the mixture was in- 

cubated for 30 min at 50”. The mixture was centrifuged, and a I PL-sample of the 

supernatant solution was analyzed by gas chromatography. 

All gas-chromatographic analyses were performed on a OV-1 column, and the 

results are shown in Fig. 1. 

Optimtafion studies. - In each of the optimization studies, a sample of methyl 

2,3,4,6-tetra-0-trimethylsilyl-a-D-glucopyranoside (1 pmol) was dissolved in one 

of the solvents (100 /IL) listed in Table I, and the indicated amount of ITMS was 

added. The mixture was maintained at the given temperature, and then iced water 

(300 ,uL) was added. When a homogeneous solution resulted, cold carbon tetra- 

chloride (300 pL) was added, and the mixture was shaken vigorously. In each instance, 

the aqueous layer was washed twice with carbon tetrachloride and deionized by passing 

it through a column of Amberlite CG-400 (acetate form, 1 mL). The combined 

eluate and the water washings (30 mL) were evaporated to dryness, and the amount 

of D-glucose in the residue was estimated by the trimethylsilylated dithioacetal 

method’. The results are summarized in Fig. 3. 

BrorninolJlsis and chlorinolysis of methyl 1,3,4,6-tetra-0-trimethyki~yk@z-D- 

glucopyranoside. - These reactions were performed with bromo- and chloro-tri- 

methylsilanes in carbon tetrachloride in a manner similar to that described for iodino- 

lysis. The chromatograms are shown in Fig. 2. 

Cleavage of the intergl~~cosidic linkages in per(trimetlzylsilyl)ated disaccharides. - 

An authentic sample of a per(trimethylsilyl)ated disaccharide (0.2 pmol) was dis- 

solved in carbon tetrachloride (100 pL), and ITMS (20 pL) was added. The solution 

was kept for 30 min at 25”, and then diluted with carbon tetrachloride (300 pL). 

The resultant solution was cooled and shaken thrice with iced water (300 ,uL). The 

combined aqueous layers were deionized by passing them through a column of 

Amberlite CG-400 (acetate form, 1 mL), and the column was washed with water 

(30 mL). The combined eluate and washings were evaporated, and the monosacchar- 

ides in the residue were determined by the trimethylsilylated dithioacetal method’. 

The yields of monosaccharides are listed in Table II. 

Cleavage of the glycosidic linkages in yewnetllylated rnotio- aitd di-saccharides. - 
An authentic sample of methyl 2,3,4,6-tetra-O-methyl-cr-D-glucopyranoside (0.4 

pmol) or a permethylated disaccharide (0.4 Llmol) was dissolved in carbon tetra- 

chloride (100 PL), and ITMS (20 pL) was added. The solution was kept for 30 min 

(unless otherwise stated), and then iced water (300 pL) was added. The organic layer 



was evaporated, and the remaining aqueous layer was deionized on a column of 

Amberlite CC-300 (acetate form. 1 mL.). The combined cluatc and t!lc \vater washings 

(30 mL) were evaporated to dryness, and the partially mcthqlatcd t11c~nos;lccllarlc!c!, 

In the residue were analyzed by the modified dithioaceta! mcthod’( 

For comparative studlcs, samples ol‘ permetl~ylatcd mono- and di-saccharides 

were hydrolyzed in 90”,, Ihrmlc acid for I 11 at IOCJ -. I’o!!swd 13~ 0.25hr sulfuric acid 

for I4 h at IO0 . ;tccording to tlic !itcraturC1 ‘_ Tllry were 31s~~ !lp!rc~!;ret! in ‘7br 

trifluoroacetic acid for 6 h at IO0 The rckultnnt. partially meth>!ated monosacchar- 

ides were analyzed as the dlthioaccta! derivatives by the ~mc !7roccdurc The result\ 

are summarized in Table I!!. 

.4/~7/~l~.si.5 qf ptYictll I‘ t7rcllt~~lntecl tttoilO.(.N(.~~it~tt.j~/~~.F fiwttwtl li~or7r !,~,~tttc,l/t,l.I~llcti 

olipsacc~ltcrrrd~ ,y~~~~wsir/c~ nrd /)(t/.l’.r(t(‘(.hnl.iLk~J.~. -~ Because no ;I ut hen I IC XI IN plcs of 

these permcthylatcd carhnhydrutes \kere availab!c. the parent carbohqdratcs \\crc 

permethylatcd by the method of Hakomori’, and the products \rcl’c hU!~JCCtCd. 

without purification, to iodinolyric cleavage. The detailed proccdurc \tas ah l~~~!lo~~. 

A sample of an oligosaccharlde glycosidt: (0.4 ~.rmo!) or a pol~saccharide ( IO0 pg) 

was dissolved in dlmethy! sulfoxide (I00 ,uL ), and :I dlmt’thy! ~u!!‘o\icfu solution of 

methylsulfiny! carbanion (50 /‘IL) and methyl iodide (70 /tL b \\a~ added. The mi\turc 

was kept overnight under nitrogen. and then \vater (300 j(L) and ch!orol;~rm (500 pL 1 

were added. The mixture \va> shaken \igorous!y; and the chloroform layer \\‘a~ b\ it$!tc<! 

twice with water (300 /iL). ‘Tile chloroform layer ~~95 t>vaporated to dryne~. and I!K 

residue was further dried under tiiminlshed pressure III :t clwccator ujntainlng sodium 

hydroxide. The residue was treated with ITMS. and the product \+:I:, h>drc>!yred III 

the manner already described !‘or permethylated rncjno,- ;111d dl-saccharidc~. The 

chromatograms are shown in Fig. 4. 

RFXILTS AND DISCLISSION 

Gas-chromatographlc examination ofthe mixture of the pet-(,trilncthylsi!yI)ethers 

of methyl x-I>-glucnpyranoside. a mode! carbohydrate. and ITMS indicated the 

presence of a major peali (!~a!i I ) at 4.9 min. together with luo minor peaks at 

5.7 (‘peak 2) and 6.9 mln (peah 3) [Fig. ~(a)]. When ~1 mixture \\;i> trcatcd Mith an 

excess of methanol in the presence of silver oxide and the resultant mcthanol~~atc 

trimethylsilylated conventionally’ after remova of r:\cc‘s> methanol 1~) evaporation, 

the foregoing peahs dIsappeared and two slower-cluting pcnh> emer@ at 11.3 

(peak 4) and 12.1 min (peal\ 5) [Fig. l(b)]. These peaks \vere Identified as those 01 

methyl 3,3.3,6-tetra-0-trimethylsilyl-r- and -/i-r,-glLlcopylanosldcs. rc~pcctivcly. I>! 

comparing their retention times with those of authcntlc sa~iip!es. !n c)ths c~pc‘rinient~ 

the iodinolysis reactton-mluturc \vas shaken with iced water. The ;qucwus layty \\a3 

deionized with an anion-exchange resrn. and the producl in the deionmA solution 

wan trimethylsilylated. Analysis of the derivatizcd hydro!y/atc re~calcd the prr‘>encc 

of two peaks at I?.! (peah 6) and 1 I.1 min (peak 7), assignable ta the tlcrt\*nti\c> of 

x- and P-u-glucopyranose<. rcspectivelv rFig. 1 (c I], Euc!usi\~ fol matr011 of ;tnonwrlc 
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a b C 

Retention time (rain) 

Fig. 1, Analysis of (a) the iodinolysis products of methyl 2,3,4,6-tetra-O-trimethylsilyl-a-o-gluco- 
pyranoside, (b) methanolyzed iodinolysis products as their per(trimethylsilyl)ethers, and (c) hydrol- 
yzed iodinolysis products as their per(trimethylsilyl)ethers. Peak assignments: 1-3, iodinolysis 
products; 4, methyl 2,3,4,6-tetra-O-trimethylsilyl-cl-D-glucopyranoside, 5, methyl 2,3,4,6-tetra-O- 
trimethylsilyl-,@-o-glucopyranoside; 6, 1,2,3,4,6-penta-O-trimethylsilyl-a-n-glucopyranose; and 7, 
1,2,3,4,6-penta-O-trimelhylsilyl-~-~-glucopyranose. 
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Fig. 2. Chromatograms of (a) the brominolysis and (6) chlorinolysis products of methyl 2,3,4,6- 
tetra-O-trimethybilyl-cc-o-glucopyranoside. Peak assignments: l-3, brominolysis products; 4, methyl 
2,3,4,6-tetra-O-trimethylsilyl-a-D-glucopyranoside; and 5 and 6, chlorinolysis products. 

methyl glucosides and glucoses on methanolysis and hydrolysis, respectively, indicate 

that transformation occurred only at C-l in this iodinolysis reaction. If any carbon 

atoms other than C-l were substituted, the gas chromatograms would show additional 

peaks arising from such substitution-products, Although the iodinolysis products 

could not be isolated because they were unstable, g.l.c.-m.s. of the iodinolysis 

reaction-mixture suggests that the major peak (peak 1) is of per(trimethylsilyl)ated 

glucopyranosyl iodide, because its mass spectrum gave the molecular ion at m/z 578 

and the relative abundance of the peak at m/z 217 (Me,SiO’CH= 3CH-4CfHO- 

SiMe,) to that at m/z 204 (Me,Si02C+H-3CHOSiMe, or Me,Si03CtH-4CHOSiMe,) 
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TABLE I 

FFFECT Ok REACTION SOLVENT ON TH, IOl~INOLYSIS (IF 

<iLLlCOPYR4NOSIDt, AS OBSFRVFI) 1 ROM THL \‘II~l.[) 01 

10131NOL~SI$ PKoDL:rT WITH ICF I) U“\TI K 

hlETH\I ‘,3,-1,6-TI TR\-U-~KlhllTH\ 1.~11 YI_-T-I>- 

I)-GI.LlCOSE OHT\IhFi) H’r IKE \l~llhl 01 Ttll 

Carbon tetrachlorlde 91 

Chloroform 79 

Dichloromethane 7x 

Nltromethane 7-l 

Acetonitrile 60 

Dimethyl hulfouide 0 

nReaction conditions: 30 mm. 25 ‘. wth I. 17~ 1Tkl.S. 

was smaller than unity (0.61 ), characteristic of a pyranose sugar. Tile spectra of the 

minor peaks could not be fully elucidated. 

The halogenolysk reaction as mentloned for ITMS wac also observed for 

bromotrimethylsilane. However. the yields of the brominotysiv products (peaks 

1-3) were low, giving an intcnso peak of unrencted methyl 3,3.~,6-telt-;~-0-tl-itnct~~yl- 

sllyl-a-o-glucopyranoside (peak 3) [Fig, ‘(a)]. The yrcld of I,-gl~rcosc 111 tha hydroly- 

zate of the brominolysis product wab only 9”,, under the aptinluni conditions for 

iodinolysis. With the chloro analoguc, the reactlou was estrcmclq 40~. and t llc 

chromatogram showed almost complete recovery of the starttng materid [FIs. -2(b)I]. 

Methyl ~.3,4.6-tetnt-0-tritnethylsilyl-~-r~-~l~tcop~t-rlt~~~si~~~ QLIS trcatsd wtth 

Fig. 3. (a) Effect of 1TMS concrntratlon on the iodmolysls of methyl 7.3,4,6-terra-O-~rlmethylsil~l- 

n-o-glucopyranosldt in carbon tctrachlorlde, rcactlon time: 30 min, rwction temperature: 75 : 
(h) Effect of reaction tempcraturo on the ioclinolysis of methyl 1.3.j,h-tctru-O-triI~icthylsll~i-r-l,- 

glucopyranoside in carbon tetrachlorlde. ITMS concentration: 1.17~. reactwn time’ 30 mm: (c.1 

Reactlon course of the iodlnolF\i\ of meth)I ).3.J.6-tctr.;l-O-trIm2th!.lall)l-x-r)-gl~lcc~l~yl-~n~~~~de in 

carbon tetrachloridc. ITMS concentralion. I.1 7~. reactlon lernperature: 25 In ,111 o! thc,c rXpcr(- 

merits, mtxtures ctere shahcn with Iced \vater, and the yields vf I,-glucose 111 the &I~IICI)LI\ I,l!et-s \\erc 

estimated by gas chromatography ;\\ the trimcthylsilylated dlethyl dithto~icetak. 
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ITMS in various solvents and the mixtures were subsequently shaken with iced water. 

The yields of D-glucose are compared in Table I. The results indicate that less-polar 

solvents give higher yields of o-glucose, and the highest yield (94qb) was obtained 

with carbon tetrachloride. In dimethylsulfoxide, the starting material was rapidly 

decomposed, and as a result, no ordinary iodinolysis reaction occurred. 

Fig. 3(a) shows the effect of reagent concentration on the yield of D-glucose. 

The yield was rapidly increased with increasing concentration to reach a maximal 

value at 20 ,uL/lOO pL carbon tetrachloride, which is equivalent to 1.17~. The graph 

in Fig. 3(b) shows that the yield of D-glucose was relatively independent of reaction 

temperature in the range of O-50”. It is also shown from Fig. 3(c) that the reaction 

was complete in -30 min and the yield of D-ghCOSe stayed constant thereafter 

when the reaction was conducted at 25” with I. 17M ITMS. 

The foregoing results of the optimization studies indicate that the optimum 

ITMS concentration, reaction temperature, and reaction time for the iodinolytic 

cleavage of the glycosidic linkage in methyl 2,3,4,6-tetra-O-trimethylsilyl-cr_D-gluco- 

pyranoside were 1.17~, 25 ‘, and 30 min, respectively. Under these conditions, several 

disaccharides were treated with ITMS and the iodinolysis products were hydrolyzed, 

The cleavage rates, as obtained from the yields ofmonosaccharides in the hydrolyzates, 

are listed in Table II. It may be observed that the cleavage rate was dependent on the 

type of interglycosidic linkage. With a-linked glucobioses, the order of ease of 

cleavage was (1+4) < (1+2) < (1+3) < (1+6). The interglycosidic linkage in 

gentiobiose, having the fl-(1+6) linkage, was quantitatively cleaved under these 

conditions, whereas cr,a-trehalose, having the a-( I -1) linkage, was highly resistant 
to ITMS. The linkage in maltose, the cc-(l-+4)-linked glucobiose, was more readily 

cleaved than that in cellobiose, its j-linked isomer. Replacement of the nonreducing 

D-glucosyl group in cellobiose by the D-galactosyl group, as in lactose, resulted in a 

slight increase of the cleavage rate. 

TABLE II 

RATES OF CLEAVAGE OF THE INTERGLYCOSIDIC LlNKAGES IN VARIOUS PER(TRIMETHYLSlLYL)ATED DI- 

SACCHARIDES 

_ 

Disaccharide Type of linkage Rate (91) of cleavagea 

Trehalose 
Sophorose 
Laminarabiose 
Maltose 
Cellobiose 
Lactose 
Melibiose 
Gentiobiose 

cc,cx-(l-tl) IO 

/3-U-+2) 56 

P-(1-+3) 73 

a-(1 -+4) 52 

/3-( I +4) 7 

/?-(I +4) 25 

a-(1*6) 104 

p-(1 46) 100 

aReaction conditions: 30 min, 25”, with 1.17~ ITMS. 
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The preferential cleavage of tntrrglycosidic linkages attached to the primary 

hydroxyl groups is noteworthy. because hydrolysts with mineral acids is rathet 

favorable for linkages attached to the secondary hydro\>l group\“. This reversed 

ease of cleavage probably arises from stcric elTMs, 3s ti:c iodinol~bis reaction willi 

ITMS is cssentinllq considered to be S’L_ ’ substitution of the carboniutn 1c1n at C-l 

of an intcrmcdtate 2 bq the bulky iodide ion. \vith Formatinn of the trt!neth\,lsilylatcd 

alcohol. The anomertc carbon atoms at C-I ‘. bound to the lw-hindered os~gcn 

atom at C-6. \\OLIICI lx m~7rre :~CCCSSI~~~’ to the iodide ion than ~hosc h~~und to othet 

oxygen atoms 

A5 the SN? reactton is htghly dependent- on steric factors. the protectton of 

hydroxyl groups in methyl z-t)-glttcopyranot;idc by the less hull\> methyl group 

would be mot-e advantageous for cleavage of the glycosidic Itnhuge. Th14 expectation 

was realized. as iodinoly5ts 01‘ methyl ~,3.~.~~-tetra-O-rnethyl-~-n-~lucc~p~ranoside 

afforded 1,3.-1.6-tctr:t-0-methyl-t)-glucose quantit:tttvcly in oni} 10 mtn. The read! 

scission of the glyco>idtc linhagc in permethylated n-glucose suggested usef’ul applica- 

tions of this method to mcthylation analysis. From this point 01’ \ tew, \,ariou\ 

permethylated carbnhydratc~ wcrc trzatcd with ITMS. and the todtnolyxih products 

were treated with iced \vater. Fig. 4 showy some prelttninary an:tl\,ttcal results for 

partially mcthylatecl tnonc~sacch3rides rot-tncd by these qucnti~tl reacttons. The 

products wcrc analyzed as their trimcthylsilylated diethj.1 dithioacctals’ ‘I AI1 of these 

permethylsted oligoaacchartdcs and oltgosacchartde glycc~dc> ~:I\‘c‘ the partially 

tnethylated motlosaccharidt~ expected. and their molar proporttona were 111 good 

agreement wtth thcorcttcal v;tlttes. The rewlts obtained for pcrmcthylaW poly- 

saccharides were also conat~tcnt wtfh those expected. 

Table 11 I gives the > welds of parttally rneth\ latcd monosaccl1:~ridc.s formed from 

some authentic pcrmethylated disaccharides, togcthct- with the yields obtained by acid 

hydrolybts. The result?, shop that the ITMS method. and alw hydrolysis wtth tri- 

fluoroacetic acrti ~ giw aitiic>st qiiantltative yields of partdly iiietti~latcd mono- 

sacctinrrdcr for al1 permc~hylatod diwzch3rtde~. \I hercas hydrolysta L\ 1t11 ;i comhitia- 

tion of formic acid and sulftim acid ” r-esuth in considerable loss (ol’thc more-\.olatilc 

terra-O-methylated mono~:Icch:trtdc\ tn n fQu instance\. 

The results prowntetf hcrc indicate that iodtnnlyttc cleavage mid subsequent 

treatment \!,illi water may provtdc ;I novel tncthij<i for hydrol!ztng pcrmethylated 

cat-boh),drntcs. Because oi‘ Its raptdity and mt!dneh\. tt may pro\,e 01‘1 :ttuc in mcthyl:t- 

tion analysis, 
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Fig. 4. Analysis of the partially methylated monosaccharides, formed by the reactton of various 
permethylated carbohydrates with ITMS, followed by treatment of the products with iced water. 
The monosaccharide derivatives were analyzed as trimethylsilylated diethyl dithtoacetals by the 
modified dithioacetal methodt”. Peak asstgnments: 1, 2,3.4,6-tetra-O-methyl-o-glucose; 2, 2,3,6-tri- 
O-methyl-o-glucose; 3, 2,3,4-tri-o-methyl-o-glucose; 4, 2,3,4-tri-O-methyl-n-xylose: 5, 2,3,6-tri-O- 
methyl-o-galactose; 6, 2,4,6-tri-O-methyl-n-galactose; 7, 4.6-di-O-methyl-D-glucose; 8, 2,3,4-tri-O- 
methyl-t.-rhamnose; 9, 2,3-di-O-methyl-D-glucose; 10, 2,3,4,6-tetra-0-methyl-o-mannose; 1 I, 3,4,6- 
tri-O-methyl-D-mannose; 12, 2,4.6-tri-O-methyl-o-mannose; 13, 2.3,4-tri-O-methyl-o-mannose; 
14, 3,4-di-0-methyl-D-mannose; IS (Internal standard), 3-O-methyl-o-glucose. Samples (molar 
proportions): (a) maltose (peak 1 :peak 2 = 1 : 1.05): (b) gentrobiose (peak 1 :peak 3 = 1 :0.96); 
(c) digitonin (peak 4:peak 1 :peak 5:peak 6:peak 7 == 1.10: I : 1.00: 1.08: 1.14); (rl) naringin (peak 
8:peak 3 = 1 : 1.02); (e) rabbit-liver glycogen (peak I :peak 2:peak 9 = I : 11.9: 1.47); and cf) yeast 
mannan (peak I0:peak 1 I :peak 12:peak 13:peak I4 = 1:0.62:0.91 :0.26:2.14). 
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