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w--Methyl 3,4-dichloro-4-deoxy-~-~gfy~~t-2~op~~~ide and 3,4-dichloro4dcoxy- 
/?-n-glyuro-pent-2enopyranosc have ban synthcsixcd from t_-arabinosc. The ring conformations of 
these unsaturated derivatives and those of the previously reported m&y1 &D-glycoridc and dimeric 
analogre have been determined by PMR qxctroscopy, the conformational assignments being &cd 
upon both vi&al and long range coupling constants. Frequency swept spin dmupling experiments 
at 100 MC/~ showed that tk bi-allylic and J ,., vicinal coupling constants in the methyl a-cwnomcr 
are of the same sign, whcrczu its allylic and J ,., vi&al couplings have opposite signs. The a and /? 
derivatives exist predominantly in ditfcrcnt halfchair conformatioru, controlled in each tax by the 
p’tsena of the anomcric effect. The free energy ditTerence of the anomeric methyl glycosidu has been 
obtained by GLC analysis of equilibrated mixtures. The greater stability of the /?-anomer is intcr- 
prctcd in tm of Van da Waals energies and dipole interactions. 

THE synthesis and properties of 2,3-unsaturated derivatives of carbohydrates have 
attracted continuing attention. t-’ Many examples of hex-2tnopyransoyl derivatives 
are now known,1*4.6*7 but the corresponding structures derived from pcntoses appear 
to be less common.3 Two further examples of the latter class of substances have 
recently been described. 6 Thus pyridinc catalyscd elimination of chlorosulphuric 

l Present addrm: Department of Chemistry, Southern Illinois University. Carbondale. Illinois 
62903. U.S.A. 

t Prmcnt addrcs: Dcpartmcnt of National Health and Welfare. Food and Drug Directorate, 
Tunney’s Pasture, Ottawa, Canada. 

’ 1:. l-f. Ncwth, 1. Ckm. Sk 471 (1%6); R. J. Fcrrkr, W. G. Ovcrcnd and A. L Ryan, ibid, 3667 
(1962). 

* R. K. Ncsa and H. G. Fletcher, Jr., J. Og. Ckm. 28,435 (1963). 
a N. F. Taylor and G. M. Riggs. Chem. t Ind. 209 (1963); 1. Ckm. Sot. 5600 (1963). 
4 l R. J. Flier, J. Chem. SOC. 5443 (1964); Adwnccs in Cartwhydrafe Chem. 20.67 (l%S); ’ R. J. 

Ferricr. W. G. Overend and G. IL Sankey. 1. Chem. Sot. 2830 (1%5); l D. M. Ciment and R. J. 
Fetricr, ibid. (0 441 (1966); D. M. Cimcnt. R. J. Ferrier and W. G. Overend, Ibid. (c) 446 (1966). 

L E. F. L. J. Anct, Ausf. J. Chem. 18, 837 (1965); and previous papers in a SC&S. 
’ H. J. Jennings and J. K. N. Jones. CoMd. J. Chem. 43.3018 (l%S). 
r E. F. L. J. Anet. Carbohydrofr Research 1, 348 (1966). 
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acid from methyl 3,44chloro-3,4dideoxy-B_Dribopyranoside Zchlorosulphate 
yielded methyl 3,4-dichloro4deoxy-/?-~glyceto-pcnt-2-enopyranoside (I).O Struc- 
tural proof for I was based in part on its PMR spectrum which at 60 MC/S was only 
partially resolved. A 1.1’ linked dimeric analogue of I was reported, which on meth- 
anolysis also gave I.d 

The pyranose rings of these unsaturated derivatives are expected to exist in either 
the half-chair, or less likely, in the half-boat conformations. Progress has been made 
recently towards the elucidation of the ring conformations of hex-2cnopyranosyl 
derivatives using PMR spectroscopy.‘b*s*7 It is now apparente*8 that conformational 
preference in sulurured pentopyranose rings may be dominated completely by the 
operation of the anomeric effect i” of the substituent at C,. It was found for example, 
that tri-O-benzoyl-z- and fi-D-ribopyranosyl l-halides exist predominantly in 
dinerent chair conformations, always containing the l-halogen atom in axial orienta- 
tion.8 Similar derivatives containing a I-substituent for which a positive anomcric 
effect was not expected, tended to adopt mainly the chair conformation in which this 
substitucnt was equatorial .* The question arose, therefore, as to whether similar 
effects govern the half chair conformations of unmrurured pentopyranosyl derivatives. 
The synthesis of the a-anomer IV of I reported herein, and the fact that at a spectrom- 
eter frequency of 100 MC/S both I and IV yielded well resolved PMR spectra (Figs. 1 
and 2) provided the opportunity for an investigation of the factors which influence 
conformational preference and stability in these unusual sugar derivatives. 

Further evidence for the structure of the /I-n-glycoside (1) was obtained as follows. 
Acidic hydrolysis of I gave a crystalline product which displayed reducing properties, 
mutarotation, OH absorption in the IR, and which retained ethylenic absorption 
characteristics in the IR and UV identical with those of I. Thc PMR spectrum of the 
product showed a broad singlet at low field which was assigned to a OH proton. The 
close relationship of the structure and anomeric configuration of the product to those 
of I was further indicated by the marked similarity of the spectra of the ring protons in 
the two compounds. In agreement with its elemental analysis, the product of hydroly- 
sis was therefore assigned the structure 3,4dichloro4deoxy-/l-u-gfycet-pent-2- 
cnopyranose (II). Its downward mutarotation in mcthanolic solution appears to be 
anomalous (see below). Under the conditions of acidic hydrolysis, the alternatively 
possible structure VIII of I would have been expected to give a 2dcoxy-aldonolactone 
derivative by preliminary protonation at G. 4a No analytical or spectroscopic evidence 
was found to support such a possibility, and the structure of I is therefore conErmed by 
its hydrolysis to the I-hydroxy derivative II. 

Previously, the dimcric analogue of I had been tentatively assigned the structure of 
a symmetrical aa’-linked disaccharide. 6 In order to confirm or refute this structure, 
the preparation of an authentic example of an r-glycoside was necessary. Attempts to 
prepare the methyl a-n-glycoside IV by methods similar to those used to synthesize its 
@-anomcr I had failed, since the precursor methyl 3,4dichloro-3,4dideoxy-a-D- 
ribopyranoside 2chlorosulphate (VI) could not be prepared from methyl-,4-L-arabino- 
pyranoside because of the unfavourable steric effect of the axial anomeric methoxyl 

’ B. Coxoq Termhedrm 22,228I (I!%-). 
* cf. D. Horton and W. N. Turner. C’hem. Comm. 113 (1965); /. Og. Chem. So,3387 (l%S). 

I0 J. T. Edward, Chem. & Ind. 1102 (19Sn; R. U. Lemicu, Moimuhr Reurrtxqpmnfs (Edited by 
P. de Mayo) part 2; p. 73s. Inlcrscienr. New York (1963). 
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group on chloro-substitution at G. o Additionally, methanolysis of the dimer had 
been shown to yield predominantly I. Therefore, another approach was made. It 
had been postulated6 that 3,4dichloro-3,4dideoxy-~ribopyranosyl chloride 2- 
chlorosulphate was one of the unisolated products of the reaction of L-arabinose with 
sulphuryl chloride, and it was anticipated that the isolation of this product, and its 
subsequent methanolysis might yield the appropriate precursor VI of IV. The syrupy 
reaction mixture from the chlorosulphation containing at least two components (TLC) 
was chromatographed on silica gel, and two crystalline products were obtained. A 
minor product was the previously isolated6 Qchloro4deoxy-n-xylopyranosyl 
chloride-2.3dichlorosulphate. Its PMR spectrum in CDCI, at 60 MC/S displayed a 
doublet at 7 3.51, a very complex multiplet at 7 4.61, a sharp quartet at 7 5.05, and a 
complex multiplet (intensity 3 protons) at 7 5.8. These multiplets were assigned to H,, 
H,, H,, and to the group H,, H, and H,, respectively. The Hi and H, multiplets 
yielded spacings Jl,, = 3.8 and Jsa3 = 9.6 c/s. The complexity of the H, signal was 
evidently due to virtual coupling” with the strongly coupled ABC subsystem com- 
prixd by H,, H, and H,, (cf. virtual coupling of H3 in z-D-glucopyranosidc deriva- 
tivesl*). However, if H, is treated as the X part of an ABCX system and it is assumed 
furthermore that it couples to H, and H, only, then the separation of the outermost 
lines represents the sum of J,+, and J,.,.l* This implies that J,,, M 8.8 c/s. The large 
values of J,., and J,+, show that this chloride exists mainly in the Cl conformation IX 
in which the proton pairs H,-H,, and H3-H, are diaxial. The comparatively small 
value of J,., indicates that its anomcric configuration (previously undefined) is Z-L) 
(cf. Jive = 3-3, and J,., = Jj., = 9.5 c/s in a-o-xylopyranose tetra-acctate’a). Elemen- 
tal analysis of the major product V showed that it contained three chlorine atoms 
attached to the carbon chain and one chloro-sulphate group. Its reaction with sodium 
iodide in aqueous acetone yielded the known crystalline 3+dichloro-3,4-didcoxy-P_n- 
ribopyranosc,’ revealing thereby the location and configuration of two of the chlorine 
atoms. That the third chlorine atom was situated at C, of V was ascertained by 
treatment with methanol in the presence of silver carbonate which gave a methyl 
glycoside still containing the chlorosulphate group, which must, therefore, have been 
at C,. Since the formation of furanosidcs is not possible without expulsion of chlorine 
from C,, and because the glycosidc was isomeric with, but had different physical 
properties to, the known methyl 3,4-dichloro-3,4-dideoxy-fi-u-ribopyranoside 2- 
chlorosulphate ([a], - 102”)6 it was assigned therefore as the a-anomer VI, in agree- 
ment with an optical rotation [a]n +65”. At 60 MC/S in CDCI,, the PMR spectrum 
of VI was complex and uninformative. The specific rotation -174” of the lchloro 
precursor indicated that its anomeric configuration was /I-D (cf. [a], - 147” in tri-0- 
benzoyl-/?-mribopyranosyl chloride”), and hence the major isolated product of the 
chlorosulphation of L-arabinose is 3+dichloro-3+dideoxy-/I-D-ribopyranosyl chlo- 
ride 2chlorosulphate (V). By analogy with other /I-u-ribopyranosyl halides,8*e V is 
expected to be the thermodynamically stable anomer existing preferentially in the IC 
chair conformation (V as shown). PMR evidence in support of this configuration 

I1 J. 1. Musher and E J. Corey, Tetrahedron 18,791 (1962). 
‘* l B. Coxon, Tetrubfron 21,3481(1%5); @ C. N. Banwell and N. Sheppard, Proc. Roy. Sot. A, 263, 

136 (1961). 
I’ R. U. kmkux and J. D. Stevens. CUJI&. 1. Chem. 43.2059 (1965). 
” R. K. Ness. H. G. Fktchcr. Jr.. & C. S. Hudson, /. Am. Chem. SW. 73,9S9 (1951). 
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and conformation was not immediately available, since the spectrum of V in CDC& 
at 60 MC/S was complex. A group of lines at 7 3.72 consisting of a triplet of lines of 
almost equal intensity 5nked by weak wings was assigned to H, (cf. H, at I 3.66 in 
triObenzoyl-B-Dribopyranosyl chloridti), and a narrow complex multiplet (intensity 
two protons) at 7 5.05 to H, and H,. A wide complex multiplet (intensity three 
protons) at T 5.7 was assigned to H, and 2H,. The complexity of the H, signal was 
undoubtedly caused by virtual couplingi due to the tightly coupled H, and H,. The 
a+xylopyranosyl chloride derivative IX would also be expected to be the thermo- 
dynamically more stable anomcr, and hence it seems likely that the conditions of the 
chlorosulphation reaction favour anomerization of the I -chlorides which are produced. 

Since a rrans+glycoside was not obtained in the methanolysis of V it appears 
that there was no participation in the displacement of the chlorine from C, by the 
neighbouring chlorosulphate group, a process which if it occurred, would be at a 
maximum in the 1C conformation V. Predominant inversion of configuration at C, is 
a common consequence of alcoholysis reactions of hexopyranosyl l-halides containing 
a non-participating substituent in truns relationship at c.1s.16 In the Darabino- 
furanose series, methanolyses of anomeric l-chlorides containing a nitrate group at C, 
(in the absence of an acid acceptor) have recently given major yields of the I,2 cis- 
glycoside, regardless of the anomeric configuration of the chloride.” This has been 
rationalized in terms of anomeritation to a more stable rruns ion-pair intermediate.’ 

As a non-participating substituent, the chlorosulphate group is advantageous 
since it is easily synthesized, and since subsequent regeneration of the OH group may 
be achieved rapidly.i” 

Treatment of the a-glycoside-2chlorosulphate (VI) with pyridine gave only a 
single unsaturated syrupy product IV (TLC and GLC), the structure of which was 
proved as follows. It had been demonstrated previously’@ that the preferred mode of 
elimination of the elements of chlorosulphuric acid under these conditions involves the 
expulsion of rruns-diaxial substituents, suggesting that the reaction in this case would 
proceed riu the 1C conformation VI to give either the 2-ene IV, or the lent VIII. 
Structure VIII could not be immediately discarded by inspection of the PMR spectrum 
(Fig. 2) of the elimination product; however acid hydrolysis of the latter gave only the 
crystalline I-hydroxy derivative II which, as noted above, is not expected to be the 
hydrolysis product of VIII. This structure may thercforc be ruled out. It was ob- 
scrvcd that the hydrolyses of the glycosides I and IV were quite rapid, as might be 
expected from the likely formation under acidic conditions of the stable allylic oxo- 
carbonium ion VII. The structural relationships of the glycosides I and IV and the 
dimeric analogue III were further confirmed by their acid-catalysed mcthanolysis 
reactions, from which the products were either isolated, or estimated by GLC. On a 
preparative scale, mcthanolyses of Ill and IV both gave the crystalline P-glycoside I in 
good yield, suggesting that I is the thermodynamically favoured product of an equilib- 
ration process. GLC analysis showed that methanolyses of I, Ill, and IV at 20”, in 

I‘ M. L. Wolfram and 1. C. Gillam, Science. Land. 130, 1424 (1959); M. L. Wolfram. A. 0. Pitt& 
and 1. C. Gillam, Pmt. Nor. Acd Sci. 47,700 (l%l); M. L. Wolfram. A. Thompson and D. R. 
Lincback, 1. Org. Chem. 28.860 (1963); M. L. Wolfrom and K. Koirumi. Chcm. Comm. 2 (1966). 

*’ P. A. J. Gorin and A. S. Pcrlin. Cum&. /. Chcm. 39, 2474 (1961). 
I’ C. P. J. Glaudemanns and H. G. Fletcher, Jr., 1. Am. Chcm. Sot. 87, 2456 (1965). 
lo H. J. Jennings and J. K. N. Jones. Cutwi. J. Chem. 43.2372 (1965). 
I* H. J. Jennings and J. K. N. Jones. Cud. 1. Chrm. 41. 1151 (1963). 
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each case yielded the same equilibrated mixture of anomers, as indicated by the 
observation of peaks with retention times identical with those of pure I and IV. Afer 
neutralization of the hydrogen chloride catalyst, the /? : a ratio was in each case 9 : 1. 
However, before neutralization, the apparent ,9:a ratio was 6.4: 1 in each case. This 
difference may be ascribed to a rapid acid-catalysed redistribution of the equilibrium 
in the unneutralized samples towards the less stable a-anomcr, due to the high 
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temperature (150”) in the inlet port of the GLC column. Although the formation of 
IV from I in methanolic hydrogen chloride could be detected readily by GLC, syrupy 
IV was dimcult to isolate because of the preponderance of its @-anomer I in the 
equilibrium mixture. Additionally, detection of the signals of IV in the PMR spectrum 
of the methanolysis product (p: a, 9: 1) of I was also difficult. However, measurement 
of a spectrum of the mother liquors (@: a, 3: 1 by GLC) obtained by removal of the 
bulk of the /I-anomer I by crystalliLat.ion enabled several of the characteristic signals 
of the r-anomer IV to be observed, thus confirming the presence of IV in the mixture. 

The conclusion that compounds I-IV are all 3,4+iichloro4deoxy-r+ycero-pent- 
Z-enopyranosyl derivatives is supported by their similar IR and UV spectroscopic 
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properh bx 1650 cm-’ and &, 212 rnp. The PMR spectra of the B_glycoside I 
(Fig. 1). its parent sugar II, and the dimer III were all markedly similar, but quite 
dissimilar to that (Fig. 2) of the r-glycosidc IV. It now seems more likely therefore, 
that the dimer has the ,$Y anomcric configuration III rather than the aa’ previously 
assigned tentatively on the basis of the chemical shift of its anomeric protons, and its 
large positive rotation. In fact, the chemical shifts of H, in the anomeric glycosidcs I 
and IV are very similar (Table l), as are also their specific rotations at the sodium 
D-line, which are both positive and differ by only two degrees. It has been observed 
recently’ that the optical rotatory properties of many hex-Zenopyranosyl derivatives 
contravcnc Hudson’s rules of isorotation.m (cf. the downward mutarotation of the 
++reducing sugar II.) The usual application of optical rotatory data is therefore an 
unreliable means of determining anomeric configuration in both pent- and hex-t 
enopyranosyl derivatives. 

It is perhaps surprising that none of the l-cne VIII was isolated from the pyridine 
catalysed elimination reaction of the chlorosulphate VI, since on stcric grounds alone 
its formation appears to be as probable as that of the 2-cne. Some evidence is 
available to suggest that removal of a proton from a carbon atom bearing oxygen 
substituents is less facile than from one having chlorine substituents, due probably to 
stabilization of the chloro-carbanion by d-orbital rcsonance.P1 Such stabilization 
would be relevant to the transition state of the elimination reaction of VI if this 
possessed at least some carbanion character .= Alternatively, the resemblance of the 
stability of the transition state to that of the product may favour the formation of the 
more stable vinyl chloride IV. Although vinyl chlorides are generally thought to be 
stabilized by resonance involving a positively charged chlorine atom,= the vinyl 
d&her VIII may not bc stabilized to the same extent bccausc of the presence in its 
most likely mcsomcric form of two oxygen atoms carrying partial positive charges 
in close proximity. More complex mechanisms for the formation of IV arc possible, 
for example, those involving hydrogen migrations in the l-ene VIII or in its C,- 
protonated form. (Cf. the greater stability of hex-2-enopyranose derivatives compared 
with 2-hydroxyl-l-enopyranose compounds.“) To our knowledge, no example of an 
elimination reaction incorporating the removal of a proton from C, has been observed 
in carbohydrate chemistry. 

It had been postulated previouslyd that the mixture resulting from the reaction of 
L-arabinose with sulphuryl chloride contained the D-ribopyranosyl chloride (V) and 
that this was a precursor of the dimer III. This has been confirmed by the isolation 
of V, and by the observation that treatment of it with pyridine in chloroform followed 
by partitioning of the product between chloroform and dilute aqueous acid led to the 
separation from the latter solution of crystalline III. A 60 MC/S PMR spectrum 
obtained from a solution of V in 1:3 v/v pyridinod,:chloroform-ddisplayed doublets 
of equal intensity and spacing 3.4 c/s at 7 3.31 and 2.53 which resembled the signals 

lo C. S. Hudson,l. Am. Glum. Sbc. 31.66 (1909); cf. D. Horton, 1.0~. Gem. 29.1776 (1964) and 
Ref. tlwrcin. 

*I L. H. Slough and E. Bergmann, 1. Org. Chem. 26,3158 (1961). 
” E. S. Gould, Me&at&n and S~rucrure in Organic Chemisfry p. 497. Holt. Rinehart and Winston, 

New York (19S9). 
” L. Pauling, 7Ie Nufurc o/r& Chemical Bond(3rd Edition) p. 288. Cornell Univenity ti, Ithaca, 

New York (1960). 
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due to Hi and H, in the spectra of the 3,4-dichloro4deoxy-P-D-glycer~pent-2- 
enopyranosyl derivatives I-III. Because of their appearance at low field, it seems 
likely that these doublets represent the signals of H, and H, in a I-pyridinium analogue 
of compounds I-IV. U The spectrum also contained a doublet at T 3.45, with spacing 

H> n n 
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FIO. 1. PMR spatm of methyl 3.~ichloroedeoxy-8_~~~~t-2~p~~~ 
(I), (a) in CDCI, at 100 MC/S. (b) computed. The methoxyl resonance is not shown. 

2.1 c/s, and intensity about half that of the doublets described above, due possibly 
to an anomeric N-glycosidc. It was not possible to interpret the remainder of the 
spectrum. 

Neutralization of the aqueous acid-wash of the chloroform-soluble product from 
the L-arabinose-sulphuryl chloride reaction yielded the crystalline I-hydroxy derivative 
II thus suggesting the presence of a water soluble intermediate of similar structure to 
compounds I-IV. 

The foregoing observations support a previous suggestion” that the dimer III is 
formed ciu an intermediary pyridinium glycoside. One possibility is that the latter 
N-glycoside is hydrolyscd to the OH derivative II which then dimeriles by an acid 
catalysed reversion, process in which the equilibrium is displaced towards the dimer 
III by its insolubility in aqueous acid. 

In the 100 MC/S spectrum (Fig. 1) of the ,!I-glycoside I in CDCl, under optimized 
resolution, the anomeric proton appeared as a quartet at T 5.08 with one very small 

g’ Cf. R. U. Lemicux and A. R. Morgan, Canud. /. CiKm. 43.2205, 2214 (1965). 
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spacing of 0.4 c/s, and the vinylic H, as a very sharp doublet at I 4.07.’ The octet 
at T 5.73, also with one small spacing, and the quartet at T 6.10 both contained a large 
splitting (12.5 c/s), and hence were assigned to the geminal protons H, and H, 
respectively. Two of the other splittings in these muhiplets were present in the re- 
maining quartet at T 5.86, which was therefore assigned to H,. Irradiation of H, with 
a strong radiofrequency field under frequency swept conditions caused the H, doublet 
to collapse to a singlet thereby confirming its assignment, and also removed the 
smallest splitting from the H, octet, thus demonstrating that there is a small long range 
coupling (0.4 c/s) between H, and H,. Analysis of the H,, H, and H,. group was 
performed initially as an ABX system. In order to refine the parameters further, 
theoretical spectra were computed for the five-spin system comprised by the ring 
protons, using the Frequint IV program. Mean chemical shifts weighted according 
to peak heights in the multiplets were used for Hi, H, and HV, and Y* and ~a derived 
from the ABX analysis, for H, and H, respectively. Values of J,., and J,., derived by 
first-order analysis were inserted in the program, and the remaining coupling constants 
were taken from the ABX analysis. For the purposes of computation, the geminal 
coupling constant J,.V, and the four (or six) bond long range coupling J,., were taken 
as being negative. s Comparison of the computed and experimental spectra indicated 
that only small adjustments (1 c/s or less) of the chemical shifts were necessary to 
obtain a good fit. Recomputation then gave the theoretical spectrum in Fig. 1, in 
which the maximum deviation between observed and calculated line positions was 
O-22 c/s. The spin system was insufficiently strongly coupled to be variant on the sign 
of J,,, which could not therefore be determined. The parameters obtained are listed 
in Table 1. 

The spectra of the reducing sugar II (in 2: 1 CDCl,:pyridine) and the dimer III 
(in pyridine) were assigned by analogy with the methyl /?-bglycoside I. The broadness 
of the H, and H, muhiplets in these spectra again suggested the presence of a small 
long range coupling between H, and H,. The chemical shifts of II and III calculated 
either as weighted means, or from the ABX analyses (va and ~a only) are shown in 
Table 1 together with coupling constants derived from first order or ABX analyses. 

The small values of J,., and J,,,. in these &derivatives indicate that they exist 
predominantly in conformations, for example, the half-chairs I, II, and III, in which 
looking along the C.-C, bond, H, lies inside the dihedral angle subtended by the H, 
protons. For example, if the values J,,, = 2.7 and J,,r = 1.04 c/s in the /I-glycoside I 
are used in the Karplus equation” 

JIIC = 4.22 - 0.5 cos 4 + 4.5 cos 24 (1) 

to calculate oery upproximore values of the vicinal dihedral angles, one obtains 
+,*6 --: 53” or 123”. and &, = 66” or 11 lo. Since these angles must add or subtract 
to give approximately 120”. therefore the only valid combination is 53” and 66”. 
Measurement of a Crystal Structures Ltd (CSL) scale molecular model of the half 
chair conformation I suggested dihedral angles I$,.~ = 50“. and I#,.~ = 70”. If the H, 
multiplcts are assigned on this basis, then the octet at T 5.73 must be assigned to the 
axial Hs, and the quartet at higher field to H,. The appearance of H, at lower field 

Y S. Stemhell, Rev. Pure & Appl. Chrm. 14. 15 (1964). 
” M. Karplus, /. Am. Chem. Sot. 85,287O (1963). 
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than H, may be explicable in terms of deshielding of H, by the almost trunscoplanar 
chlorine at C,, and the synquasiaxial methoxyl group.” This assignment implies that 
it is H, which shows a coupling of O-4 c/s to H,, whereas H, and quasicquatorial H, 
which in the half chair I possess the planar zig-zag arrangement of intervening o bonds 
normally considered to be optimum for long range coupling over four bonds,S*g 
did not display an observable coupling. Such behaviour is unusual. On the basis of 
results from 4-substituted-1,3dioxanes in chair conformations, it has recently been 
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FK1. Z PMR spcstra of rncthyl3.4-dichlor~boxya-~gf~~~~t-2~p~ 
0, (a) in CDCI, l t 100 MC/~ (b) computed. The mcthoxyl resonance is not ahown. 

pointed out that a planar zig-zag arrangement is not necessary for the observation of 
long range couplings of the order of 0.5 c/s.~ However, in the cases reported, J,,, 
was always appreciably larger than the other types of long range coupling which were 
present. It is to be noted however, that a change in I$ of 10” would suffice to reverse 
the assignment, and it may well be that the model and measurements taken from it are 
not accurate to this degrtt. The assignment is very largely independent of the param- 
eters used in the Karplus equation. In any event, the assignments given above for 
H, and H, must be regarded as tentative. 

” N. S. Bhaax UKI D. H. Willh. A&&arkwu of NMR Spectroscopy In Ogank Chemirwy. 
Ilhfrafions from the stcrofd~%Id p. 185. HoldaAhy. !hn Francha~ (1964). 

n M. Rnrtield, /. C&m. Phys. 41, 382S (1964). 
n K. C. Ramey & J. Mu&k, Tetrabdron L.etkrs 4423 (1965). 
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In the spectrum (Fig. 2) of the methyl a-D-glycoside IV in CDCI,, the sharp 
quartet at lowest field was assigned to the vinylic proton at &, and the less sharp 
quartet at T 512 to H,. Strong irradiation in the H, region of the spectrum caused the 
latter quartet to sharpen, thus suggesting the prcscnce of a very small long range 
coupling between H, and one of the H, protons. The latter geminal protons were 
assigned as the AB system at high field with J = 11.6 c/s. The smaller splittings in 
the H, and H, quartets also appeared in the nonet assigned to H, which is therefore 
coupled to all four other ring protons. First order analysis gave the values Je., -= 1.2 

FK;. 3. Frcqucncy swept spin decoupling experiments with methyl 3.4di~hloro4dcoxy- 
a-D-glycero pent-2mopyranoside (IV) in CDCI, at 100 MC/S. Resonance due to H, (a) 
unperturbed, (b) with irradiation of the low field pair of lines of the H, quartet, and (c) 

with irradiation of the low field pair of lines of the H, quartet. 

for the allylic, and J,,, - 1.3 c/s for the biallyliP(homoallylict5) long range couplings. 
The relative signs of the allylic, biallylic and vicinal J,,, coupling constants were 
determined by the frequency-sweep spin decoupling technique, and some of the results 
are shown in Fig. 3. For the purpose of this experiment, the H1, H, and H, spectrum 
can be considered as a 3-spin AMX system in which the X resonance, due to H, and 
showing two almost equal small splittings, is further coupled to the H, protons to 
give the major triplet. It is expected therefore, that the effect of any double resonance 
experiment will be seen on each component of this triplet. Fig. 3a shows the H, 
nonet whilst 3b shows the effect on it of irradiating the lowest field pair of lines in the 
H, quartet. It is seen that this has affected the lowest field pair due to the J,,, coupling 
in each line of the H, resonance, which implies that J,,, and J,,, are of like sign.- 
Similarly, as seen in Fig. 3c irradiation of the low field pair of lines in the H, quartet, 
due to the J,,, coupling, affects the high field pair in each of the H, lines and demon- 
strates that J,., is of opposite sign to J,.,. These observations arc in agreement with 
previous work showing that in the many cases where coupling is dominated by a 

n l C. R. Narayanan and N. K. Vcnkatasubramanian. lndiun 1. C&em. 2,274 (1964). b R. Freeman 
and D. H. Whiffen. Mol. PAys. 4, 321 (1961). 
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u-n contact mechanism,t6 allylic couplings are negative, and biallylic ones positive. 
Examples ofpositire allylic couplings in bicycle-alkenes, -alkadienes, and -alkatrienes 
have been attributed to dominance of the o-contribution to the coupling over the 
ncontribution for the particular proton geometries involved’8*s1 (see below). Since 
the H, protons in IV wcrc strongly coupled, they were analyscd as the AB part of an 
ABX sub-system with HI as X. The derived chemical shifts Ye and vn together with 
weighted mean chemical shifts for Hi, H, and H,, first order values of Jlatr Jr,, and 
J,,,, and values of J,,I, J,.&, and J,., from the ABX analysis (Table 1) were then used 
to compute a theoretical spectrum for IV taking J,., and Jbar to have negative sign. 
Since a good fit of experimental and theoretical spectra was not obtained due evidently 
to the fact that the H,, H,, Hv sub-system was quite closely coupled, three iterations 
of the computer program were carried out. Two modifications of the J,., and J,,, 
couplings gave the values listed in parentheses in Table 1 which when combined with 
small changes in the chemical shifts then yielded a theoretical spectrum (Fig. 2) in 
which the line positions agreed with those in the experimental spectrum within 
0.28 c/s. 

If Eq. 1 is again used to calculate approximate dihedral angles from the vi&al 
couplings J,., -7 7.87 and J, U = 5.56 c/s (Table 1) determined for the a-glycoside IV 
by iteration, then we obtain’+,,, = 12” or 158” and +,.v L 34” or 141”. The pair of 
angles which add or subtract to give an angle closest to the methylene dihedral angle 
( *120c) is 158” and 34”. These values are consistent with a conformation resembling 
the half chair IV in which looking along the C,-C, bond, H, lies outside the methylene 
dihedral angle. The same result may be inferred from a previous generalization based 
on a Karplus equation that two large (>5 c/s) vicinal coupling constants in a CH- 
CH, group can arise only from dihedral angles of 4 and 120” + 4.” Measurement of 
a CSL model of the halfchair IV indicated dihedral angles &. = 170” and $,., -- 
NO”, and the larger coupling of 7.87 c/s was therefore assigned as J,,Ur and the coupling 
of 5.56 c/s as J,.,. The fact that 7&-r& is only 0.06 ppm and much less than that 
(@37 ppm) in the /I-anomer I may be ascribed to the absence in the half chair IV of a 
chlorine in approximately rrans-copianar orientation to H,, which however, still has 
the methoxyl group in synquasi-axial relationship. 

The observation of allylic and bi-allylic couplings in the a-glycoside supports the 
assignment of the half chair conformation IV since these couplings are most frequently 
observed to have appreciable magnitude when the dihedral angle of an allylic proton 
with its vicinal vinyl substitucnt is near !W.Os In a CSL model of IV, measurement 
of Ho gave a dihedral angle of 80”. The variations of the magnitudes and signs of 
allylic couplings with dihedral angle have been describeda” by the empirically derived 
equation 

J,, z I.3 co9 I$ - 2.6 sin* 4 for 0” < r$ < 90”. (2) 

Putting 4 I : 80” in this equation gives a theoretical value J,., = -2.48 c/s which 
agrees with the experimentally determined sign of this coupling constant, if not its 
magnitude. This value may be contrasted with the theoretical value -2.67 c/s for 

** l E. I. Snyder and B. Fmnzus. 1. Am. C/tern. Sk. 66.1166 (1964); ’ P. La40 and P. R. Schlcy~r. 
Ibid. 86, 1171 (1964); ’ E. W. Garbisch, Jr., Ibkf. 86.5561 (1964). 

#* R. J. Abraham and K. A. McLauchlan. Mol. Phys. 5, 513 (1962). 
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the through-bond contribution to the coupling constant predicted by a semicmpirical 
valence bond theory of allylic couplingg 

Conversely, the nonsbscrvation of allylic and bi-allylic couplings in the B_ 
compounds supports the assignment of the alternative half chair conformations 
I-III which in CSL models gave allylic dihedral angles of &O” for both H, and H,. 
For I$ -3 40”. Eq. 2 predicts J,., = -0.31 c/s which is not expected to be readily 
observable.= The estimation of allylic dihedral angles from empirical cquationPd 
describing the variation of the coupling constant of the allylic proton with its vicinal 
vinyl proton does not appear to be reliable for angles which are less than 90’.7*a1e 

‘Ihe preference of the methyl a- and /I-D-glycosides for different half chair con- 
formations IV and I each containing the OMe group in quasi-axial orientation must 
be attributed to the dominating presen& of an anomeric effect.10 Support for this 
conclusion is provided by the conformational behaviour of the I-hydroxy derivative 
II and the dimer III. Although the importance of anomeric effects in half chair 
conformations of methyl pyranosides has not been clearly demonstrated previously, 
the existence of these effects in half chairs of Z-enopyranosides may be anticipated 
from the similarity of the steric relationship of the C,-G, and C,-G, dipoles and 
oxygen orbitals with that in chair conformations, despite the fact that in these half 
chairs the substituents at C, are only either quasi-axial or quasiGquatoria1 with 
respect to the ring as a whole. These results are in contrast to those reported recently’ 
for methylated methyl hex-2tnopyranosides where the stronger conformation 
locking effect of a methoxymcthyl substituent at C, evidently caused these derivatives 
to adopt mainly conformations in which this substitucnt was equatorial, irrespective 
of the configuration of the methoxyl group at Ci (cf. Ref. 46). 

The half chair conformations I and IV are remarkably alike, since inversion of the 
configuration at C, in one would give the enantiomorph of the other. This relation- 
ship is supported by the similarity of the values of J,,, in the two anomers, and by the 
observation that the chemical shifts of H, differ by only 0.04 ppm, those of H, by 
only 0.01 ppm, and those of the OMe protons are identical (Table 1). It seems 
certain therefore, that the difference in stability of the anomeric glycosides revealed by 
their equilibration reactions in methanol is due to the differing orientations of the 
chlorine and hydrogen atoms at C, with respect to other atoms, in the two half chair 
conformations. At 20”. the fi:u ratio of 9: 1 in the equilibrated mixtures corresponds 
to a free energy difference of 1.28 kcal/mole. It is difficult to assess the enthalpy 
change since the change in entropy is unknown. However the entropies of stcreo- 
isomers are likely to be very similar since the vibrational and rotational modes of 
motion will be similar. Furthermore, one isomer is much more abundant at 20” than 
the other and so the entropy change may bc negligible in which case the enthalpy 
itself is about 1.28 kcals/mole. Alternatively, if it is assumed that the ratio of isomers 
of 6.4: 1 observed before neutralization of the hydrogen chloride catalyst represents 
the equilibrium ratio at the inlet temperature of the GLC column (150”). a value of the 
enthalpy can be obtained independent of assumptions on the size of the entropy term. 
This yields a value of 0.91 kcals/mole. In fact the mixture may not have equilibrated 
during its short residence time in the inlet port, and so this represents a lower limit 
to the enthalpy. It in turn implies a value of -1.26 cals/deg/mole for the entropy 
change, which must be numerically a maximum possible value. Whilst this is sufficient 

” Cf. Ref. 7. 
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to make the enthalpy differ by 25 % from the free energy value it is not large enough to 
affect its order of magnitude. In consequence the postulated neglect of the entropy 
above may be reasonably justified in cases in which equilibrium concentrations are 
known only at one temperature. Furthermore, since the entropy change is negative, 
1.28 kcals/mole represents an upper limit to the cnthalpy which must therefore have a 
value between @91 and 1.28 kc&/mole. This uncertainty is insufficiently large to 
preclude a discussion of the factors which make the b anomer the more stable. In 
order to estimate what proportion of the enthalpy difference was due to steric inter- 
actions, Van dcr Waals interaction energies of pairs of atoms having different 
orientations in each half chair conformation (i.e. those non-bonded, non-geminal 
pairs including tither Ho or Cl,) were computed from Hill’s equation= 

E, == e{-2*25[r/(r, -t r&l-” 4. 8.28 x 105 exp [-rr/0*0736(r, -i. rz)]} 

where E is a parameter which varies with the size of the atoms, and which may in some 
cases be calculated from critical temperature data,= or, as in this case, obtained from 
tables,= and where r is the interatomic distance and ri and r2 the Van dcr Waals radii 
of the atoms.= Approximate values of r were obtained from measurements of CSL 
models. Interactions involving atoms in the Me group which is conformationally 
indeterminate but probably remote from H, and Cl,, were neglected. The approximate 
interaction energies obtained for 18 pairs of atoms in each conformation are shown 
in Table 2. The majority of the interactions are attractive, and the total attmctivc 
interaction (- l-626 kcal/mole) in the /I-anomer outweighs that (- 1465 kcal/molc) 
in the a-anomer thus suggesting that on steric grounds alone the half chair con- 
formation I is more stable than the half chair IV by 056 kcal/mole. By far the most 
important difference in the two conformations is that in the interaction of the chlorine 
atoms (Cl, and Cl,) with each other. In IV, these atoms suffer a small repulsion, but 
experience a large attraction in the &anomcr I giving an energy difference of 046 
kcal/mole in favour of I. This difference arises from the fact that the Q-Cl, distance 
measured from models of IV is appreciably less than twice the Van der Waals radius 
of chlorine, but approximately equal to it in models of I, corresponding to Cl,-Cl, 
dihedral angles of 40” and -80” respectively. Thus in the half chair I the Cl,:CI, 
energy lies very close to the theoretical minimum of -0.38 kcal/mole.sO 

These calculations are based on the idealized, undistorted, conformations I and 
IV, whereas the actual conformations adopted will be dictated by minimization of the 
sum of the energies due to bond length distortion, bond angle strain, torsional strain, 
Van der Waals forces, dipole interaction, and other terms.=*- However, since even 
for simple systems the complete calculations are formidable,s8 and since molecular 
conformation may often be predicted by minimization of the Van der Waals forces 
alonc,3Q only the latter interactions arc considered hcrc. 

Inspection of models suggested that the chlorine-chlorine repulsion in the half 

y T. L. Hill. /. C&m. P/y. 16. 399 (1948). 
u E. 1.. EM, N. L. Allinger. S. J. Angyal and G. A. Morrison, Con/ormclrionuI AN”,.Gs p. 452. 

Inbmciencc. New York (1963. 
y Ref. 23, p. 260. 
n Ref. 35 p. 446. 
y J. B. Hendrickson, J. Am. Chem. Sot. 83,4537 (1961); Ibid. 84.3355 (1%2); Ibid. 86,48S4 (1964): 

K. B. Wibcrg. Ibid. 87, 1070 (1965). 
- Ref. 35, p. 449. 
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chair IV could be relieved by flattening of the ring towards the sofa conformation X 
in which the ring oxygen is out of the plane containing the ring carbon atoms, and in 
which the chlorine atoms are more distant (dihedral angle MD’), and &, m 30” 
and 4,,& = 150” (CSL models). Depending on the weight given to calculations of 
proton dihedral angles from the Karplus equation, some support for such a con- 
formational distortion may bc seen in the values of &, and d4., derived from 
J 4.w and JO, above, and also in the closer agreement of J,., with the semi-empirical 
value - 1.6 c/s obtained by substitution of the allylic dihedral angle of H, in the sofa 
X (~40~ in CSL models) in Garbisch’s Eq. 2. Van dcr Waals Energies were also 
computed for 18 atom pairs involving H, and Cl, in the sofa X (Table 2). It is seen 
that the only significant change in these interactions is in that of Cl,:CI, which 
becomes an attraction -0.26 kcal/mole. It is not possible to compare the sum of the 
I8 energy terms in the sofa X directly with those for the half chairs I and IV since the 
orientations of the remaining atom pairs are no longer the same. Indeed, computation 
of non-bonded interaction energies for the 34 other pairs of non-geminal atoms in IV 
and X suggested that the increase in Cl,:CI, attraction and decrease in C,:C, repulsion 
in passing from IV to X are largely balanced by increased 0, : H, and 0, : C, repulsions. 

The dipole-dipole interaction of the C,-Cl, and C,-CI, bonds should also be of 
some importance in these conformations and is expected to be at a minimum in the 
/I-anomer I, in which the CI,,CI, dihedral angle is at a maximum. The magnitude of 
the interaction may bc reduced somewhat in all of these conformations by the 
resonance contributiorP of the polarized form of the vinyl chloride. By the same 
token, the effective Van der Waals radius of the vinylic chlorine atom may be slightly 
less than the standard value 1.8 A used in the computations for both Cl, and Cl,.= 

TABLE 2. TMEORmCAL VAN DFR WMIS IhmACl-ION ENE.RGIET (KCAL/MDLE) IN 

MLTHYL 3.~DlC~lLon~DsOXY-~~yCC~~PEhT-2-~PYRA~~S 

Atom pair 
- 

H,:H, 
H,:CI, 
o,:H, 
O,:CI, 
C,:H, 

C,:CI, 

H,:H, 

H,:CI, 

C*:H, 
c, : Cl, 
Cl,: H, 
Cl,:CI, 
H,: H,, 
H.:H,, 
Cl,: II,, 
Cl,: H, 
H,:O, 
Cl,:O, 
TOTALS 

z-Anomer (IV) /?-Anomer (I) 

-0GO35. 0.0017 
-0w80 .0.0291 

OaYll 0.0073 

-0a6l .@0307 

00521 - 0.0296 

-0.1047 -0.1869 
--00043 0.0035 

0.0188 - 0.025 I 
0.0744 0.0618 
@1920 0.2210 

- 0.1227 -0.1361 

00761 - 0.3797 

0.0501 0.0501 
- oa246 -0.0509 
-0.1361 -0.1002 
-0G954 -60755 
-. 0.0829 -0.0359 

0.1 I88 .- 0.2009 
-,I.0655 - I.6260 

z-Anomer in Sofa (X) 
- _ 

- 0.0024 

-@0096 

- om80 
- 0.0974 

0.0397 

0.1392 

-WI039 

. 00214 

- 0.0694 

- 0.2074 

0. I 3x9 

- 02604 

-0.0370 

- 0.026f4 
- 0.1377 

0.1033 

- 0.0674 

-0.1203 
- I.2836 

. Negative and positive energies signify attractive and repulsive interactions respectively. 
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In summary, it may be stated that consideration of the chlorine-chlorine Van der 
Waals and dipole4ipole interactions in two different conformations has given a 
reasonable interpretation of the observed difference in stability of the anomeric 
methyl 3,4dichloro4deoxy-~gRlyceto-pent-2cnopyranosides. 

EXPERIMENTAL 

Mps were determined on a Kofkr hot stage. and optical rotallons were measured at 21 f 3’. 
Solns were CoDcartratai below SW under red press, and the pet. ether (petrol) used was the fmccion of 
b.p. 6WW’. Chf solns were dried over Na,SO,. TLC was performed on silica gel G (Merck) coated 
plates with the solvent mixtures; (a) pctroxHCl, (3: 1 v/v), (b) ether-petrol (1: 1). (c) petrol- 
CHCI, (5: l), and (d) petrol-ether (4: 1). GLC was cprriod out a1 90” wing an F and M Biomcdicol 
Gru Chromatograph Model 400 equipped with a 6 ft column of 3-l % w/w SE. 30 silicone rubber on 
Diatoport S (60-80 mesh), a flame-ionization detector, and a disc integrator. IR F (of nujol 
dispcrGons U&U stated othcnvk) and UV 6pectra (of %% EtOH solns) were determined on 
U&am S.P. #)o and S.P. 800 insI rununts respectively. The PMR spectra were obtained from 
Varian A-60 and HA-100 spaztromctas with TMS as internal reference. the 100 MC/S spaztromcta 
bdng operated in the frequency-swap mode whilst locked internally on TMS. Sweep width, wae 
checked with a Vcnncr 333-6 ekctronic counter. Soln cor~~~trations were for I and IV. 70 mg in 
04 ml of solvent, for II SO mg in 1.5 ml, and for the rarGning compounds S&100 mg in 04 ml, 
except that a sat soln of III was used. Frequency-swept spin decoupling cxpcsimcnts were performed 
aI 100 MC/S using a Muirhead-Wigan Decade oscillator. Van dcr Waab interaction Qyrgicl for 
conformations I, IV and X, and theoretical PMR spatra for the five spin systems of nuchzi comprised 
by the ring protom of compounds I and IV were calculated on the Elliott SO3 computer. The NMR 
progam utcd was a modified vcnion of Frequint IV. 

r-Arabinosc (15 g) was treated with sulphuryl chloride (32 ml) and pyridine (60 ml) in CHCI, 
soIn.* The mixture wu kept a.( room tanp for 24 hr, and was then filtered and the filtrate washal 
with 10% H,!jO,. The ecid layer was divided into two equal fractions which were retied for further 
use. The CHCI, layer was further washed with sat NaHCO, aq and water. and concentrated lo a 
syrup (10 g) which on TLC in solvent (a) displayed two components with slightly dflaing mobilities. 
The syrup (5 g) WIU chromatographcd on silica gel (Davison grade 9SO. 60-200 mwh) wheat elution 
of the faster moving component with 6% ether in pcfrol and conantration of the elutc yielded a 
crystalline solid (2.5 3. Razystallization from CHCl,-petrol gave V 83 large colourkss crystals 
(1.S g). m.p. 123-125” and [aID -174” (c, 14 in CHCI,). (Found: C, ml; H, 2.1; Cl, 47-2; S. 10-7. 
C,H,Cl,O,S requires: C. 19.8; H, 2.0; Cl, 46.8; S, l@S%.) 

The slower moving component was clutcd with 20% ether in petrol and recrystallization from 
CHCI,petrol yiddcd large colourkss crystals (O-6 gl of IX.’ m.p. 84-85” and [a]n +78” (c. 1.4 in 
CHCI,). (Found: C. 15.9; y 1.8. Calc. for C,H.Cl,O,S,: C, 15.7; H, 1.6x.) 

(a) From ~-arab&wsc. One fraction of the acid wash liquid from above was left in an open beaker 
for 7 d. Crystal (@7 g) separated and after drying. had m.p. 221-226” undeprascd on admixture 
with authentic III.’ 

(b) From 3,~i~~3,4x~~~r~pyr~syI chbridc Z-chbodphatc 0. vdine (011 
g)wasaddcdtoasolnofV(@14g)inCHCI.(2ml). Aftcr24hratrocmtanpthesolnwasallowal 
to partirion between CHCI, (3 ml) and 10% HISO, (4 ml). The acid layer was stored as in (a) and 
during 7 d aystah (004 g. 56’/@ separated, two ~Ullizations of which from aqueous acetone 
yielded colourius needles (OlS g. 21 ‘k, m.p. and mixed mp. 223-225”. and IR spc&um identical 
with that of authentic III.’ 

3,4-Dfchloro4&oxy-,!bglyaro-pent-2-e~pyranose (II) 

(a) From methyl 3,4-dich~oro-44oxy-B_Dglyar~pent-2-enopyranos&k (I). N H&O, was added 
to a soln of I (@7 g) in acetone (25 ml) until ic bbcpme slightly opakscent. On warming the mixture, 
the opalescence disappeared, and further heating for IS min gave asenrially complete hydrolysis 
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yielding only one component (TLC. solvent b). The soln was then partitioned between CHCI, and 
water. The CHCI, layer WPI washed with NaHCO, aq, water, dried. filtered and concentrated to a 
crystall& mass which when reayscllliztd from CHCl,-petrol afforded colouric~ needles (@4 g, 
62.4 of II, which melted initially at 13U-132”. rcsolidifkd. and then mdtcd furolly at 205-210”. and 
showed [& f 127” (5 min) + $108” (24 hr tinal, c. @7 in MeOH). On TLC in solvent b. the producr 

gave a brilliant yellow spot (R, 05) when spmycd with panisidinc HCI; it also showed &t;’ 3W 
and 3310 (OH), 1650 (ethyl&c bond). and d,.= 212 mp. (Found: C. 355; H, 3.5; Cl, 42.S. 
C,H,CI,O, requires: C. 355; H, 3.6; Cl. 42.0X.) 

(b) From Melhyf 3.4-dicrh&r&dtoxy-1-~-gly~~~~r-2~~~~~~~e (IV). Hydrolysis of IV 
(@3 g) (whose preparation is described below) under the same conditions as in (a) above, also yielded 
crystalline II (@2 g. 73’4. Its idcntily with the product of hydrolysis of I was confirmed by mixed 
m.p., rpcif%z rotation, and comparison of IR and UV spectra. T1.C suggested that only II was formed 
in rhe hydrolysis. 

(c) From t_-a&inose. The remaining fraction of rhc acid wash of the chlorosulpharion reaction of 
L-arabinosc was extracted with CHCI, until the extracts gave an insignifIcant rcsiduc on concentration. 
and was then made alkaline with solid Na,CO,, and extracted thrice further with CHCI,. The latter 
cxtfltcts were combined, washed with water, dried, and concentrated to a syn~p which crystallized 
spontaneously. Recrystallization of the product from CHCl,-petrol gave colourkss needles (@4 g) 
with m.p. 130-132” (initial) and 205-21 I” (final). not depressed by admixture with II described in (a) 
above. The IR and UV spcctm of the products were also identical. 

A soln of V (a24 gJ in 9S% v/v acetone aq was treated with NaI and BaCO,.l’ The suspension 
was then filter& comntrated to small volume. and after addition of water was tratcd with Na,!&O, 
to rcmovc free iodine. Continuous extraction of the soln with CHCI, followed by concentration of 
the extract then gave a syrup which crystallized. Recrystallization from CHCl,-petrol yielded needles 
(OQ9 g, 61%) of mp. 107-108” undepressed when mixed with authentic 3,4-dichlorc+3,4-dideoxy-/?- 
D-ribopyranosc,* and showing (zlr, - 8.5” (20 min) + -34” (equilibrium at 24 hr. c, 1.34 in h&OH). 

Merhyl3.4diclJor&3,4-a-~ri~pyranoJiJ 2-chlorosul~~r (VI) 

A soln of V (05 g) in anhydrous McOH (10 ml) wps stirred with Ag.CO, (2 g) for 16 hr. The 
mixture was then filtered. and the filtrate concdltmtcd to a residue which was treated with CHCI, and 
the mixture again Altered to rcm~ve Ag-salts. Recrystallization of the solid obtained by evaporation 
of the filtrate yielded colourieu crystals (0.35 g. 71x), m.p. 11 l-l 12” and [aID +65” (c, 08 in CHCl,). 
(Found: C. 24.0; Ii, 3.2; Cl, 36.0; S. l&8. C,H,Cl,O,S requires: C, 24.0; H. 3.0; Cl, 35.6; S, 
107 7’ PMR in CDCI,: singlet at T 6.51 (inrensiry 3 protons), OCH,. 

The compound VI (@75 g) was dissolved in CHCI, (2 ml), and pyridine (2 ml) WBS added. The 
solution was stored at room temp for 16 hr (TLC in solvents c and d suggested that only one product 
was formal), was then partitioned between CHCI, and water, and the CHCI, layer was washed with 
&-cold dil H,SO,. NaHCQ a+ wa(cr, and dried. Conczntmtion of the CHCI, soln gave a mobik 
brown syrup (a35 g. 78 %) whose homogeneity was indicated by TLC in solvents c and d, by GLC 

(one peak of rctcnrion time 8.8 min). and by PMR. Other spectroscopic data: IR (thin film), &’ 
1650 (double bond), and UV Rmu 212 n~1 (cf. I. II. and III). The syrup was d~lourized by charcoal 
with some loss (m yield 5OyJ. and then rotated [alo -tSS” (c. 0.8 in MeOH). (Found: C, 394; 
H, 4.4; Cl. 38.4. C,H,CI,O, requires: C. 39.4; H, 4.4; Cl, 38.8x.) 

Reorrioru of I, III Md IV wirh merhunolic HCI 

(a) Quanfiraritw ednado~~. Compounds I, III, and IV (IO mg of each) were dissolved in separate 
portions (1 ml) of N HCI in McOH and the solns kept a1 20” for 24 hr.* When small aliquots of tha 

l Trial estimations by GLC established that equilibrium was reached in times ksa than u hr. 
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equilibrated solutions were examined d&ecrfy by GLC. & gave an identical chrosnatogram am- 
&sting of two peaks with rcrention times of 8.8 min (oomsponding to pure IV), and 9.6 min (identical 
withthatofthcpurcI)ina~:aratioof64:1. l When on the other hand, the acidic solm were first 
ncurralizcd, either by the addition of Ag,CO,. or by adding CHCI, and shaking the raul~ant mixture 
with NaHCO, aq. the /I:a ratio (GLC) became 9: 1 in eech case. 

(b) Furrher i&~fijicorion of rhcproducrs-mehtwlysis o/I. A soln of crystalline I(1 g) in N HCI in 
McOH was allowed to stand at room temp for 24 hr and was then dilumd with excc~ of CHCI,; the 
soln was then washed with NaHCO, aq and water, and concentrated IO a crystalline mixture @:a 
ratio, 9: 1 by GLC) in whose PMR spcc1rum the signals of IV were no1 readily disczrnible. The mixture 
was therefore dissolved in MeOH and by the addition of water, some pure (by GLC and mixed m.p.) 
crystalline I (@SS g) was removed. The mother liquors wcrc partitioned between CHCI, and water, 
and the CHCI, soln was dried and conccntrarcd IO a syrupy mixture (P:s ratio 3: 1 by GLC). In its 
60 MC/S PMR spectrum (CDCI,) could bc distinguished 3 lines of the H, quarter, 2 lines of the Hs 
quarter, 8 lines of the Ii, nonet, and the four strongest lines of the 2H, octet of the z-glycosidc (IV), 
superimposed on the spcstrum of its fi-anomcr I. Due IO the overlap of the mulriplets, determination 
of the anomeric ratio by inrcgration of the spectrum of the mixture was no1 convenient. However, 
this spectrum was identical with that of a mixture prepared by the addition of 3 parts of pure & 
anomcr I 10 1 part of pure x-anomcr IV. The OMc signals of the anomcrs were not rcsolvcd at 60 
MC/S. 

Mcrhano/~ri.r n/I/I. The dimer III (1 g) was dissolved in warm N HCI in MeOH. The soln was 
kept at room tcmp for 2.5 hr. then concenrntcd IO dryness. A CHCl, soln of the r&due was washed 
with NaHCO, aq, water, dried and evaporated IO a mass of crystals which when recrystallized from 
McOH aq afforded silky plates (@9 g. 7672). m.p. 74 , mixcd m.p. with I undcprcsscd. 

Merhano/ysir o/lY. A soln of IV (0.17 gl in N HCI in McOH (20 ml) was left at room tanp for 
24 hr. then evaporated IO a small volume. The addition of water yicldcd colourlcss silky plates (0+07 
g, 41”/@ of m.p. 74’ not dcpr& on admix1urc with authentic 1.’ 
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l Although the peaks were not completely separated at the blinc. a fairly accurate estimation 
of their respective areas could be made by using the disc-intcgraror. 


