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ABSTRACT 

A tentative mechanism for complexation, and a possible model of a 

tin(II)chlormethyl glycoside intermediate complex, have been established 

largely from analysis of methyl ethers formed on methylation of methyl cu-L-rham- 

nopyranoside and its monomethyl ethers by diazomethane in the presence of a 

catalytic amount of tin(I1) chloride in selected solvents. The complex is mainly 

formed through displacement of molecules of the donor solvent coordinated to a 

tin(I1) atom by the favorably c&disposed, hydroxyl groups of the sugar moiety. 

The spatial arrangement of the hydroxyl groups plus the distribution of atomic 

charges at the individual oxygen atoms of hydroxyl groups of the methyl glycoside 

were found to be the main factors responsible for the selectivity observed. The ef- 

fect of selected solvents on the stability and/or ability to participate in the forma- 

tion of the foregoing intermediate complex could not be satisfactorily clarified. 

INTRODUCTION 

The selective methylation of glycosides1-3 and nucleosides4-6 with di- 

azomethane in the presence of a catalytic amount of tin(I1) chloride dihydrate 

shows that the catalyst exhibits remarkably high specificity towards certain hydro- 

xyl groups. Thus far, however, little has been reported6-’ on the nature of this 

specificity and about the possible mechanism of complexation of tin(I1) chloride 

with a sugar residue. On the basis of their latest findings, Dudycz et al.’ have prop- 

osed a common pathway for the activation of hydroxyl groups in selected sugars 

and their derivatives in methanolic solutions containing tin(I1) chloride, prior to 

methylation with diazomethane. The activation appears to involve the respective 2- 

stanna-1,3-dioxolane and 2-stanna-1,3-dioxane intermediates. 
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Our studies on regiocelective mrthyiation of methyl a-r.-rhamnopyranosidt~ 

(1) and its monomethyl ethers by diazomethane in the presence (?t :I catalytic 

amount of tin(H) chloride in selected solvents have brought forth valuable informa- 

tion concerning compiexatlon of tin( II) chloride with the methyl glycoside. The re- 

suits have enabled us to propose a tentative mttchanism for acti\:ltlcln ot the hydrcj- 

xyi groups in sugars that differs from that puhliahrcl h! Dudycr TV (If. ’ ‘I_ Part ot these 

findings has already been utilized in the cckctivu monohcnz?latit~n”” 01‘ 1 xnd IIS 4- 

(I-benzyi derivative. ‘i’hc latest n.m.r. s,tuJiec” on the cornpiexatic~n of tin{ 11) 

chloride with 1 and its monomt~thpl ethers have brought forth additic>rtal cvidcncc 

supporting the mechanism ~9f compiexation presenled 

Further details regarding the compicxatlcm arc given herein 

RESULTS AND DISCUSSION 

A catalytic amount of tin( II) chloride considerably enhances the reactivity of 

certain hydroxyi groups in giycosides towards diazomethane. l’hua. analysis of the 

products of such a methyiation of 1 and its monomethyl ethers may indicate forma- 

tion of an intermediate tin( II) chloride-sugar complex. and its coordination hltcs 

Results of methyiation ot I and methyl I’-. 5, and 4-O-m~th~~l-rr-r -rham- 

nopyranosidc (2. 3, and 4) in methanol (Ttibk I) \er\cd to conlirm a known fact” ’ 

that a free dial system of rcatrictcd steric dimensions. acting ‘1s ;t hidentate chciate 

ligand. is the most favorable arrangement for the formation ot an lrit ramolecular 

complex with a tln( II) atom 

The products of methylation of I suggest two different ways for actkation of 

the hydroxyi group through compiexation with tin( 11) chloride. i‘onsldering com- 

piexation at HO-7 and HO-T. the Initial products of methvlatlon should be com- 

pounds 2 and 3. The latter compound cannot participate III sukquent mcthyiation 

because of reasons already mentioned. in contrast to i:<mpound 2. which is capable 

of further cnmpiexatlon at HO-.3 and HO--l, thus gicing rise trl methyl _‘.i- ;tnd Z..$- 

di-O-methyl-ru-I.-rhamnopyranoside (5 and 6). 

Initial complexation at HO-.? and 110-4 should afford compounds 3 and 4 on 

methyiation. Further compicxation c9f 4 nt flC)-3,3 would yield the rei;pectivc 

methyl 3.4 and 2.J-di-c’)-methyl-c-l -rhamnopyranosides (7 and 5) Inspection ot 

TARE 1 
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Table I reveals differences in the yields of methylated products with respect to the 

sites of coordination. Methylation of 1 indicates preferential formation, and proba- 

bly also better stability, of the tin(I1) complex at HO-2 and 3, mainly from the pre- 

ponderance of 5 among the dimethyl ethers. If the complexation at HO-3 and HO- 

4 had been favored or would at least have equalled the complexation at HO-2 and 

HO-3, a higher yield of 7 would have been expected. Methylation of 4 and 2 also 

gave some indications in this respect, as reaction with the former proceeded more 

readily. The observed favored complexation of tin(I1) chloride with HO-2 and 3 

has been noted in the selective monobenzylationrO of 1, and also in recent n.m.r. 

studies’ I. 

Thus, the steric arrangement of hydroxyl groups and, in addition, the distri- 

bution of atomic charges at each group, could be the main factors influencing the 

selectivity observed. The X-ray structure I2 of cu-L-rhamnose shows the 0-2-O-3 

and 0-3-O-4 distances to be 278.3 and 289.0 pm, respectively. The hydroxyl 

groups are gauche disposed, with 0-2-C-2-C-3-0-3 and 0-3-C-3-C-4-0-4 dihed- 

ral angles of 59.4 and 61.4”, respectively. For complexation with tin(I1) chloride, it 

is necessary for the hydroxyl groups to be -28G300 pm apart. Such an arrange- 

ment may readily be reached by a small change of the ring form. It appears that the 

flexible cis-diol system in the compounds under study is a sterically more favorable 

one for coordination with a tin(I1) atom than the HO-3,4 group. Evidence to sup- 

port this idea is a local C-2-C-3 flattening” of the pyranose ring by -10” upon com- 

plexation of 1 with tin(I1) chloride. With compound 2, no noticeable changes in the 

coupling constants could be observed. 

Methylation studies clearly demonstrated preferential alkylation of HO-3 by 

the carbocation in all solvents studied (see later), indicating the highest electron 

density at this group. CNDO/2 quantum chemical calculationsi for 1, confirmed 

this assumption and afforded a complete picture of the atomic-charge distribution 

(Fig. 1). The geometry was taken from the crystal structure of a-L-rhamnose” and 

the methoxyl group was in the most stable, gauche disposition towards O-5. 

Considering that the determining factor for alkylations of the hydroxyl group 

is the formation of a complex, the calculated CND0/2 electron distribution in 1 

may be used for qualitative prediction of the hydroxyl-group reactivity. Applica- 

tion of the generalized polyelectronic perturbation theory to the donor-acceptor 

interaction yielded the fundamental equation, consisting basically of two terms, an 

electrostatic term and a covalent one14. The electrostatic term always favors the in- 
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Fig. 1 Dlstrlhution of net atomic charges (In l(W4cV) on selected atoms in I 

&action of the atoms carrying the highest opposite charges. On the other hand, 

the covalent term is optimized when the interaction involves a donor center carry- 

ing the highest electron density and an acceptor center having the largest positive 

hole. In our example. the charge on oxygen and the electron density of the hydro- 

xyl groups in the highest occupied molecular orbital wiil be the determining factors. 

as the acceptor (SnClLt see later) is the same. It follows from the charge distribu- 

tion in 1 (Fig. 1) that the highest negative charge is located on O-3 and therefore. 

this atom is the most readily complexed one from the electrostatic vlewpoint. Ai- 

though the charge at O-3 is higher than at O-3, the difference 15 not hufticient to 

make any definite conclusions concernmg the preference m coordination to a 

tin(II) atom. However. some difference can be found in the electron-density locali- 

zation in the highest occupied molecular orbital. If the electron density at O-2. O- 

3. and at O-3 atoms is compared. its localization decreases ns follows: O-3 > O-2 

> O-4. Thus, the second covalent term favors O-2 to O-1 in coordination with a 

tin(I1) atom. The data presented here are qualitative only. as a more-precise. quan- 

titative report would have required both calculations of the electron distribution 

and the structure of the whole complex. which are not currently possible 
In order to understand better the mechanism of complcuation between 

tin(I1) chloride and methyl glycosides, it is useful to consider >ome details of the 

behavior of tin(I1) chloride in various solvents. N-Ray analysis” ” has shown that 

crystalline, anhydrous tin(I1) chloride, (SnC12)I. consists ehscntlall) of polymeric 

chains of bent SnC1? unit\ (Scheme I. l). According to the donor solkent (L.) used. 

the reagent is dcpolymcrized” on dissolution In essentially two ways. \Ilth the for- 

matlon of various solvated species”.“, having, for example. the following compos- 

itions: SnCILT (ref. Xl), SnCI_; (ref. 21) (Scheme 1. /I and III respectively). or 

SnCI,L. (as in the crystalline hydrate” of SKI, . 2H,O). Exceptionall!. species of 

the type SnC12L, (Scheme 1. IV) may also occur” “. The stereochemistry of 

tin(I1) compounds differs considerably from those of tin(W). which favor tetrahrd- 

ral or octahedral geometries. The differences in oxidation numbers and geometries 

are connected, among other factors. wtth distinct properties of these compounds as 

Lewis acids. 

Measurements of electrical conductivity” have also indicated the presence of 

the aforementioned species in tin(I1) chloride solutions. Thus. solutions of tin(U) 
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Scheme 1 

chloride in methanol, ethanol, 2-propanol, acetone and acetonitrile show detecta- 

ble electrical conductivity, and it may be assumed that they contain SnClL2+ and 

SnCl; species. On the other hand solutions of tin(I1) chloride in tetrahydrofuran 

and 1,bdioxane are not electrically conductive, thereby indicating the presence of 

SnCl,L, or SnC12L complexes. 

At present little is known’8,‘9 concerning the factors influencing stabilities of 

such species in solutions. The bond strength of the coordinated solvent-molecules 

to a tin(H) atom evidently depends on the solvent used26,27. Some secondary reac- 

tions may also take place in these solutions. For example, if amines or di- 

azomethane’ are present in solutions of tin(I1) chloride in alcohols, they react with 

the hydrogen chloride generated during alcoholysis and the corresponding solvated 

tin (II) alkoxides are formed. 

Scheme 2 

Both the bond strength of the coordinated solvent molecules to a tin(H) atom 

and the stereochemistry of the species created should significantly influence the 

subsequent displacement reaction shown in Scheme 2. By analogy with other sub- 

stitution reactions, formation of a tin(I1) chloride-methyl glycoside complex (V) 
may take place only under conditions when the bond strengths of coordinated sol- 

vent molecules in ZZ are weaker than the newly formed bonds with the hydroxyl 

groups, and the mutual distance of donor atoms of the coordinated solvent 

molecules is approximately the same as that of two vicinal hydroxyl groups suitably 

disposed in the sugar. Such a situation occurs in species of type ZZ (L = methanol, 

ethanol, 2-propanol, acetone, acetonitrile, and so on). As ZZZ does not contain 

molecular ligands capable of effecting a displacement reaction, coordination with 
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the sugar molecule cannot take place and the tin derivative is. therefore. catalyti- 

cally inactive. The nature of catalytic activity of the species of type IV (L = 1 .A-di- 

oxane) is not quite clear as yet. 

Following methylation. the donor properties of the resultant OMe groups are 

lower than those of the free OH groups and they are thus not capable of coordinat- 

ing a tin(T1) atom in complex 1’ in most of the solvents given, Complex t’ is. there- 

fore, split off and the coordination sphere of tin(II) is filled with the solvent 

molecules, and the regenerated complex II enters a further catalytic qcle. 

In contrast to the findings reported here, Dudycz er ul ” have ncjt considered 

the chemical role of a solvent in the catalytic process. In our opinion. an alkoxidr 

ligand has a function analogous to that of chloride. and thuc is not involved direct]) 

in activation of the hydrowyl group. ‘I’h~s is evident from the fact that the catalytic 

process also takes place in aprotic (nonalcoholic) solvents, in which an alkoxide ion 

cannot be formed. 

The aforementioned considerations Icd us to perform the mcthylation in 

selected solvents and to determine the influence of solvent on the distrihutmn of 

methylated products and consequently on the complewation as well. In all solvents 

listed in Table II. preferential complexatlon at HO-2.3 of 1 could be inferred. again 

mainlv from the preponderance of 5 among the dimethyl ethers. Aceront: was the 

only skvent in which a moderate increase of the complexation at HO-.;.-I could be 

observed. Evidence for thi\ ~vas a relatibcly high proportion ~jf 7 111 the mixture, a 

product that could only result from the enhanced Initial activation of these two 

groups. The results revealed littlc solvent dependence in the helcctlvity of the 

methylation reaction. It may thus be assumed that such a vigoroux re.igent as di- 

azomethane does not discriminate between fine distinctions of the degree of activa- 

tion of the respective hydroxyl groups in various solvents and ~onsquently. also 

between those concerning the stability of the Intermediate tin(III chloride-methyl 

glycoside complex. Slight actlvatian of the hydroxyl group> 15 suffitrlcnt for the 

methylation reaction to proceed to completmn. 

Nevertheless. Interesting results were obtained upon mrthylation of 3 with 

diazomethane in diethyl ether and 1,3-dioxane. In both solvents. compounds 5 
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(45.7, 20.4%), 7 (traces, 2.6%) and starting 3 (54.3, 77.0%) were detected after 

reaction. This fact clearly shows that solvents coordinated only weakly to tin(I1) 

may even be displaced by a diol system in which one of the hydroxyl groups was 

substituted. However, both steps, namely displacement and subsequent coordina- 

tion to tin(I1) do not proceed to the extent observed with free hydroxyl groups, 

judging from the yields of methylated products. Furthermore, the distribution of 

dimethyl ethers again confirmed favored complexation at O-2 and O-3. As 3 was 

not methylated in other solvents mentioned here, it follows that they are probably 

coordinated more strongly to a tin(I1) atom than are diethyl ether and 1,6dioxane. 

The findings here provide new information concerning the mechanism of the 

regioselective enhancement of the nucleophility of the sugar hydroxyl groups by 

tin(I1) chloride, and some general conclusions may be drawn. Further experimen- 

tal data are needed on the complexation as a basis for more-widespread application 

of tin(II)-catalyzed reactions in synthetic carbohydrate chemistry. 

EXPERIMENTAL 

All solvents used were purified and dried. Anhydrous tin(I1) chloride was 

prepared as described elsewhere . “I Compounds 2 and 3 were prepared by methyla- 

tion (methyl iodide and silver oxide in N,N-dimethylformamide) of methyl 3,4- and 

2,4-di-0benzyl-cY-L-rhamnopyranosides” and subsequent hydrogenolysis of the 

products over a palladium catalyst. Compound 4 was synthetized according to But- 

ler et al. 28. The identities and purities of the methyl ethers were proved after their 

conversion into the corresponding alditol acetates and analysis by g.l.c.-m.s.29. 

Methylations with diazomethane were performed as follows. To solutions of 

compounds l&4 (5 mg of each) in selected solvents (2 mL) containing tin(I1) 

chloride (1-5 mmol.dmp3), -0.6~ diazomethane [from N-nitrosomethylurea30] in 

dichloromethane was added slowly at room temperature until a yellow color per- 

sisted. After 30 min, the mixtures were evaporated to dryness, chloroform (250 

pL) was added to each sample, and the resulting solutions were then directly in- 

jected into the g.1.c. column. G.1.c. was performed with a Hewlett-Packard Model 

5711 A chromatograph, with a column (200 x 0.32 cm) of 5% (w/w) of BDS on 80- 

100 mesh Gas-Chrom Z, at a programmed temperature-range of 130” (16 min) to 

200” at 2”/min. 
Large-scale methylations in the presence of tin(I1) chloride (l-5 mmol.dm-3 

of solution) afforded essentially the same yields and distribution of methyl ethers. 

No differences were observed whether or not the reactions were conducted with 

exclusion of oxygen. 
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