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Note 
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The occurrence of galactofuranosyl units m natural polymers’-’ prompted us to 
study the conformation m solutron of thrs structure In parallel wrth mvestrgatrons of 
pertnmethylsrlyl derrvatrves of mono- and ohgo-saccharides8 g, we have studied the 
TMS derivatrve of j?-D-galactofuranose (TMS-j&D-Gal. On the basis of the p m r 
data, obtamed from 220-MHz spectra, it was concluded that TMS-B-D-Galf occurs 
mamly in the “I?(D) envelope conformatron In the preferred conformatron of the 
C-4-C-5-C-6 chain, H-4 and O-5, and also O-5 and O-6 are m trans-coplanar 
arrangement (Fig 1) 

H OTMS 

Fig 1 The preferred conformatlon of TMS-B-D-G~~~ 

The refined p m r data of TMS-j?-D-Galfm acetone-d,, obtamed after rteratrve 
computer simulation of the 220-MHz spectrum, are given m Table I 

To determme the structure of the furanord nng, the dihedral angles betlvtm 
the vicmal rmg protons (41,2, (Pt,3, and 43,4, Table IIA) were calculated from the 
observed coupling constants by means of a modrfied Karplus relatrong Thrs relatron 
takes mto account the electronegatrvlty of the substrtuents Only angles larger than 
60” have physrcal srgmficance, as all vlcmal ring protons m TMS-j&D-Galf have a 
trans relatronslnp Por the mterpretatron of these angles m terms of a preferred 
conformatron, it must be reahzed that the energy barrrers between the drfferent forms 
of a furanord ring are rather low” Consequently, the calculated dihedral angles 
probably reflect time-averaged contrrbuhons of merent conformatrons and/or of 
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TABLE I 

CHEMICALSHLF~S 6 (PPM)AND COU~LINGCONSTANTSJ~~ (INHZ)OF TMS-j-D-GAL~IN 
AcEToNE-ds 

Chemtcal shafts H-I H-2 H-3 H-4 H-5 H-6 H-6’ 

511 3 92 408 3 91 3 80 3 67 3 57 

Couphag constants J xz J 23 J 54 J is J 56 J 56 J 66 

29 48 68 30 50 71 -100 

dflerent degrees of puckermg of the rmg ‘o-12 The forms contrlbutmg to the actual 
structure were traced as follows In each of the 10 Ideal twist (7’) and the 10 Ideal 
envelope (E) conformatrons, whrch are usually’0-‘2 consrdered to descnbe the 
structure of furanord rmgs, the magmtude of the drhedral angles was examined m 

relation to the degree of nng puckermg by applying the mode1 of Abraham and 
McLauchlan’ 3 It turned out that the dihedral angles of the “E(D) conformatIon*, m 
which C-4 IS drsplaced 0 15A out of the plane of the remammg rmg atoms, fit, 

wrthm 4”, wrth the calculated angles for TMS-B-D-Galf (Table II), The 4T3(~) 

conformation, with out-of-plane displacements of -0 ISA for C-4 and C-3, shows 
devlatlons of maximally 7” An agreement wlthm 10” 1s found for the 4To(~) con- 

formatlon, when 0 and C-4 are -0 19A out of the plane of C-l, C-2, and C-3 From 
a stereochemrcal pomt of view, the “E(D) conformatron must be preferred as, in thus 
structure, the Iargest rmg substrtuent (C-5-C-6 side cham) IS orrentated equatorrally, 
whereas the 3-OTMS and I-OTMS groups have a pseudoaxral posrtron (anomerrc 
effect) In conclusion, the 4E(~) conformation (Fig 1) makes the major contribution 

to the actual structure of the nng of TMS+D-Galf. 

TABLE II 

CALCULATED DIHEDRAL ANGLES dH H IN TMS-j?-D-GALA AND ESTIMATED DIHEDRAL ANGLES IN 
DIFFERENT CONFORhlATIONSOFTHERING(~)(~ISTHE OUT-OF-PLANEDISPLACEhIENTOFTHE 

INDICATED ATOMS) 

A TMS-Galf 122 131 149 

B ?,(D) conformatlon 0 18A (C-4$-3) 127 137 142 
4E(D) conformation 0 I5A (C-4) 120 135 145 
4~,(D)coIlf-olXIlatlon 0 19A (C-4,0) 113 127 139 

*For the nomenclature of conformatlons, see Ref 14 
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Thrs conformatronal preference is another exampIe of the diversity of structures 
which furanord rings can adopt For several aldofuranosrdesr”, in solutron as well as 
m the crystalline state, it has been found that C-2 and/or C-3 have the largest out-of- 
plane &splacements Analogously, 111 ketofuranosides10~15-20, C-3 and/or C-4 
usually have the largest drsplacements However, several exceptrous are known in the 
pentofuranose ester series For instance, methyl 2,3,5-tri-O-benzoyl-z-D-arabino- 
furanoade, whrch 1s cotiguratrondly related to B-D-galactofiuanose, adopts mamly 
the ‘T,(D) conformatron l1 Also, in the crystalline state, galactofuranose behaves 
drfferently from other furanord denvatrves, e 9, methyl 1,2,3,5-tetra-O-acetyl+D- 
galactofuranuronate occurs in the ‘E(D) conformation2 ‘. 

For the determmation of the conformation of the C-5-c-6 side cham, rt IS 
assumed that the energy bamers for rotatron around the carbon-carbon bonds are 
low. From the various conformations which anse by rotatron, only the staggered 
rotamers are consrdered22*23. al, a2, and a3 of the fragment C-4-C-5, and bl, b2, 
and b3 of the fragment C-5-C-6 (Fig 2) In the fragment C-4-C-5, rotamer a2 is 
neglected because of the unfavourable 1,3-parallel mteractrong between 3-OTMS 
and 5-OTMS On the basis of the theoretical values of J4,5 m both remammg 
rotamers, calculated by usmg the modmed Karplus relatron, the mole fractions of 
a2 and a3 were denved from the observed values of J4,5 (Table III). A strong 
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Fig 2 The staggered rotamers of the C-4-C-S fragment al, a2, and a3, and of the C-S-G6 fragment 
bl, b2, and b3. 

TABLE III 

CALCULATED MOLE FRACTIONS (PI) FOR THE ROTAMERS ka?,AND3OFTHEG4-G5FRAGMENT(U) 

AND THE C-5-C-6 FRAGhlENT (6) 

Fragment n1 n2 n3 

c-4-c-5 (a) 0 16 OOW 0 84 
C-5-C-6 (b) 0 52 034 0 14 

‘Excluded, because of the unfavourable 1,3-parallel mterachon between 3-OTMS and 5-OTMS 
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preponderance of the trans onentatron of H-4 and 5-OTMS 1s found For the C-5-C-6 
fragment, rhe mole fractxons of the rotamers bl, b2, and b3 were deduced from the 
observed couphng constants Js 6 and J5,s,, in combmatron with the theoretical 
values of Js 6 and J5 6, m each of the three rotamers (Table III) In the preferred 
rotamer (61), 5-OTMS and 6-OTMS are as far remote from each other as possrble 
The gemmal couplmg constant .16,6, also reflects this conformational preference In 
TMS-aldohexopyranoses, Je,s, varies9 between - 9 5 and - 12 Hz When the 
C-5-O bond is trans-coplanar with C-6-0, values between -9 5 and - 10 Hz are 
found, whereas trans-coplanarity with H-6 or H-6’ grves nse to values between - 11 
and - 12 Hz The observed value of J6,6. (-10 Hz) in TMS-j?-o-Galfmdrcates that 
the rotamer @I) m which C-5-O and C-6-O are trans-coplanar prevails. 

EXPERIMENTAL 

Preparation ofpentakzs-O-trzmethylsllyl-8-D-galactofuranose -D-&lactose was 
anomerrred m dry pyndme at 80” for 2 h, and subsequently treated’ with hexamethyl- 
drsrlazane and chlorotnmethyIsllane at 80”. The isolation of TMS-j&D-Galffrom the 
anomenc mixture was performed by preparative g 1 c on a Pye Model 105 Pre- 
parative Gas Chromatograph, equipped wrth a glass column (% mx 9 6 mm) 
contammg 10% of XF 1150 on Chromosorb W/NAW (30-60 mesh), at 135”, usmg 
mtrogen as tamer gas The identrty and purity of TMS-/3-D-Galfwas Getermmed by 
analytical g I c and mass spectrometry 

P m r spectroscopy_ - The 220-MHz p m r spectrum of a 3% (w/v) solution 
of TMS-p-D-Galf m acetone-& was recorded on a Vanan HR-220 spectrometer 
operatmg m the field-sweep mode at a probe temperature of -25” Spectrum slmula- 
uons were rnn on a 16 k Vanan 6201 computer coupled with a Vanan XL-100 
spectrometer, usmg a modified SIMEQz4 spm-srmulatlon program 

The p m r parameters of the protons H-l up to and mcludmg H-6’, obtamed 
from a f&&-order sub-spectral analysis, were checked and refined by calculation of 
theoretrcal spectra until a good agreement was obtamed between the observed and 
calculated spectra In these calculations, the spin system was treated as a seven-spin 
system XABCDEF (H-l up to and mcludmg H-6’) The vrcmal and gemmal couphng 
constants were taken to be posrtrve and negatrve, respectively The refined p m r 
parameters are grven m Table I 
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