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Iav~ of the exe and en&o isomers of dioxolanetyjx bmxylidcne dgivativu of carbohydrates t113 

a~‘~ and e&o’s Isomers of benxyl 4-O-bcql-2, 
3-O-bcnzyMcne_a-L-rbamnopyranoside (18 ao and 
18 ardo), 
exe’” and mdots isomers of benxy14-@aeetyf-2,3-G- 
~~~~-L-~~y~ide (19 exe and 19 
endo), 
uw” and endo” Isomers of methyl 5 3-G&n- 
xylidene-u-L-rhamnopyranoside (29 exe and 29 

$‘)‘and e&o’* Isomers of methyl 4Wenxyl-2, 
~~en~a-L-~opy~~~e (21 exe and 
21 endo)* 
exe” and endo” Isomers of methyl 4o_acetyl-2, 
3-CMenxylidene-a-L-rhamnopymnoside (22 tzo and 
22~enifO). 

The anomeric contiguratioa of the interglycosidic 
linkageinlwasunequivocaUyassignedasbeingawith 
reference to the carbon chemical shifts of the tetraU- 
~~rn~~y~osyl unit and its ‘Jm = 172 Hx coup- 
ling conatant.‘9 In 3 the vahre of the *J= cmrpling 
constant is 158Hx. 

The resonator of the “reducing” end of 1 were 
assigned with reference to the chemical shifts of 7 and 8. 

The assignment of the ‘% NMR spectra of 4 exe and 
4 en& is based on the study of suitably suiting 
D-marmopyranosyl and L-~n~~osyl derivatives, 
as model compounds. Complete assignment of the spec- 
tra of compounds investigated is shown in Tables 1 and 
2. 

The chemical shifts of carbons of 5, except that of C-c-l 
(100.2ppm) are practically identical with those reported 
by VoeltepD for m&y1 a-~~py~os~e (C-l: 
l~.O~m). The ditTerence can be interpreted by the 
smaller “alkylation shift” of benzyl groups as compared 
to the well-known methylation shift. For the assignment 
of 6, 7 and 9, the known shifts*’ of methyl 4, 6-G 
benxylidene-a-u-mannopyranoside were taken into ac- 
count. At the same time, the investigation of 9 made 
possiile version between the methylene carbons 
of Ct-G-benxyl and C&benxyl group, respectively 
(69.3 and 73.3ppm). Benxylation of HO-3 reeults, 
generally, in a downtield shift of +6 ppm for C-3 whereas 
a slight #-upfield shift (- 1.2 ppm) is found in case of C-2. 
In 8 a downfield shift for C-2 of +9.6ppm typical 
methylation SW and a j? shift for C-1 are observed. 
Complete ~s~~~ of the “reduce unit of 1,4 exe, 
and 4 endo were enabled by the assi8nation of 8 and 
mainly 7. Glycosyiation shifts for C-2 of +6.9ppm and 
+5.9ppmwerefoundinlandinboth4exoand4endo, 
mspectively, as compared to 7. These data are in 
agreement with the literature vah~es.~~ Assignment of 
the “‘non-reducir@ residue and the complete analyses of 
10 cur, 19 en&, 11 em and 11 en& were made with 
reference to the data obtained for the benzyl a-~&m- 
nopyranoside derivatives. 

Our assiguneats of the resonances of l2 are similar to 
those t&en by Gorin et al.” for methyl a-~-&m- 
nopyranoside. ‘lbe only diflerence is an upfield shift of 
-I.Sppm for C-I, similar to that found in case of 5 for 
the methyl-, benxyl change. In W the ~p~py~d~e 
ketal on the C-2 and C-3 oxygens produces an upfIeld 
shift of - 3.8 ppm for C-l. Gf the bridgehead carbons, a 
laqer (+6.9ppm) shift was found for C-3, having an 
equatorial oxygeo, than for C-2 (f4.7ppm) having an 
axial one. Both the direction and magnitude of these 
shifts are in very 6ood agreement with the chemical 
shifts of the i~p~py~e derivatives of 1,&anhydro- 
TET Vd. 33. No. 9-P 

hexopyranoses found by Paulsen d ol.n and PerIin d 
al.m Ihe dioxolane skeleton induces sign&ant shifts of 
atI skeletal carbons of 13 which could possibly originate 
in a change of the molecular geometry. This change is 
~~~by~e’~~~~ofl3r#~ 
the alteration of the dihedral angle between the bridge 
head hydrqens. 

In the spectra of the benxylated 14, acetylated 15, and 
methylated 16 derivatives of 13, mainly the shieldin of 
C-4 can be observed as a result of the a aIkyMion and 
acety~n shifts but also small @ shifts were found in alI 
cases (Tables 3 and 4). The assignments of C-2, C-3 and 
C-4 of 13 and C4 of 14, 15, and 16 were confirmed by 
‘1c{‘H) selective heteronuclear decoupling. 

The assignment of the resonances of 17 exe was made 
considerably easier by the knowledge of the assignment 
of the @aIs of 13. The assigmnent was further sup- 
ported by the investigation of the spectra of 18 exe and 
19 exe in which the chemical shift of C-2 agrees with the 
S values found in 17 exe. As far the C-3 is concerned, 
slight alkylation or acylation fl upfield shifts were 
observed in both the benxylated and acetylatal deriva- 
tives. ln 18 00 benxylation caused for C-4 an alkylation 
shift of +5.8ppm whereas in 19 exe acetyiation induced 
an upfield shift of -0.5 ppm. 

In 17 en&, contrary to 17 cro, the introduction of an 
acetai ring induces approximately identical shifts for 
both the C-2 and the C-3 bridgehead atoms (-+7ppm) 
while C-t shows only a slight downfield shift as com- 
pared to C-4 of 12. The ditTerentiation between C-2 and 
C-3 was made possible by the analysis of the spectra of 
18 cndo and 19 endo. In the former one, benxylation at 
C-4 induces sIight downtield shifts for C-2 and the 
neighboutin8 C-3 (+0.2 ppm and to.5 ppm, respectively) 
while a +6.9 ppm alkykttion shift for C-4 itself. In the 
4-Gacetyl derivative (19 endo) the position of C-2 is not 
changed whereas for C-3 an upfield shift of -2.9ppm* 
y and for C-4 a t 1.1 ppm downfield shift is observed. 

The shifts in the benxylidenc derivatives of methyl 
a-L-rhamnopymnoside were similar in terms of both 
direction and magmtudc. The investigation of these 
compounds was undertaken in order to determine the 
dependence of the chemical shift of the quaternary car- 
bon of the benxyiidene group on the spatial position of 
the phenyl8roup We k&r). 

The chemical shift dit7erences between benxyl a-~- 
~y~ide (12) and its derivatives (13,14,15,16, 
17 exe, 17 en&, 18 QO, 18 en&, 19 Qo, 19 en&r) 
moreover those between methyl a-L-rhamnopyranoside 
and its derivatives (29 exe, 29 en&, 21 exe, 21 endo, 22 
cto, 22 endo) are summarized in Table 5. 

Complete analyses of 4 exo,4 endo, 10 exq 10 e&o, 11 
uo and 11 en& were made possible by the regdarities 
observed in the spectra of 2,3-G-benxylideno-L-rham- I 
aopyranosides: (1) Jn the exe isomers, similarly to the 
isopropylidene derivatives, C-3, hav;a an equatorial 0 
atom, is more shielded (+ 8 ppm) than C-2 having an axial 
oxygen (+ 5 ppm); (2) In the endo isomers the shifts of 
C-2 and C-3 are neariy identical, the positive shift of C-2 
having an axial 0 atom is OSl.Oppm higher than that 
having an equatoti oxygen. 

bl4cro,4ulifo,locxo,loerufo,llcxoandl1endo 
the formation of the dioxolane skeleton induces a 2- 
3ppm uptleld shift for C-S relative to 6. In the exe 
isomers, C-4 undergoes an upfield shift of 3.3-3.6ppm 
w~~a~~ds~tof 1.5ppmoccursinthecn&. 
isomers. In the exe isomers, similarly to the rhamnose 
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1116 ALmAK&?taL 

Compound a A!i la Y is 
Carbon 0x0 endo 8x0 endo 

C-l -0.1 -0.1 0 0 -0.1 

c-2 +0.2 +0.2 +0.2 +0.3 -0.2 

C-3 +0.2 co.1 +0.5 -0.2 +0.2 

C-4 +6.8 +5.8 +6.9 +6.1 +6.6 

c-5 -1.4 -1.3 -1.6 -1.2 -1.6 

C-6 +0.4 +0.4 +0.4 +0.5 +0.4 

Ph-CH -0.2 -0.1 0 -0.2 

Cq 0 +0.4 +0.2 +0.3 

Csimpound lb5 u 
exo % 30 % en 0 en 0 

Ct3.FbOll 

C-l 

c-2 

c-3 

c-4 

a-5 

c-6 

Ph-CH 

Cq 

0 -0.1 0 

+0.2 +0.2 0 

-1.5 -2.5 -2.9 

+1.4 -0.5 +l.l 

-1.9 -1.9 -2.1 

-074 -0.4 -0.4 

0 +0.6 

-0.3 -0.5 

-0.2 -0.3 

+o.l -0.6 

-3.0 -3.1 

-0.3 +0.8 

-2.0 -2.3 

'-0.6 -0.6 

-0.1 +0.2 

-0.3 -0.6 

derivatives, C-3 is more shiddti (+79ppm) than C-2 
(+4.2ppm). In the en&~ isomers the diBerutce bdwecn 
the shieldin of c-2 and c-3 is smaller than in the cxo 
isomers, the ahieldil@ of c-2, having aa axial oxygen 
being greater (Table 6). 

In both L&amno- and MIlammp~idca, the 
shiddingofC!-2andC-4incascof cndo isomersandthe 
shiddiqj of C-3 in case of exe isomers is a more 
pronoun& and cunsccpent pharomeaon. 

The dependence of the chemical shift of the dioxolane 
acctalcaftnmbauylidalec&montheco~’ 
in all uxllpouods studied slKnlld be emphasized. This 
shieldingisstroagcrintheen&iaomcrsthanintheau, 
isomers. This rWmaux ocGurs in the range of 1039- 
104.7ppm whereas the upper limit for exe isomers is 
103.1 ppm. In the exe isomers the chemical shift of the 
ecdel carbon is insensitive to 3ubstitution in the molo 
culewhcreasiathcendoisomeraacctyMoninduxaa 
shift of +0.6 ppm. 

‘)CNMRspectroscopyisagoodtoolforthedBercn- 
thtiOllbdWCUlthCdiOXlUWlllbddbXOl8lletype~ 

zylidcne skdckms, as the acetal cmbons of the former 
ralonatc bdow 102 ppm. 

For the dctcrmktioa of the absoh& cu&uratioo of 

the dioxolanc-type a&al autm a further possii is 
providedbyaurobservationthatthcchankalshiftof 
thearomaticquatcnulrycarbon,*linkaltotheacetal 
c&on,dqenilsontheun@u&moftheaceJalcar- 
bonatom.lIisdcpcndcnceiscspuUlystikio#inthe 
isomericpain20exo-28&and22exo-22ado, 
haviqonlyonefpmtcnmryCatom.ltisatomrcaonatc3 
above 1385ppm in the au, isomers whereas under 
137.6ppm in the endo isomers. ‘Itis la&x rcsona~ 
placticanyC0iltcid~withthatofthCqnaternarycarbon 
of the phellyl group ill the 4,6-o-belWlid= 
derivatives. 

ll~e de&&nation of the absolute confisuntion is 
made upecially easy by the caku@m of the diUera~~ 
(Ad)bctwea!thechcmkalshiftoftheacetalcadxmand 
thatofthequatcrmuyca&on(Table7).Inexoisomers 
thisdiffcruxcisgraitcrthan3S.4ppmandinthe~ 
isomers is less than 33.7 ppm. 

Our study enablea the d&rminakn by “C NMR 
spcctroscopyoftbeabsoMecollfilplrationoftho230 
bunylidene derivatives of pymnosidcd even if o&’ one 
member of the isomeric pair is available, considering the 
chankalshiftsofthecrcdalandpnateraaryarbonsof 
the phcnyl group and the diffcxcnce Ween these shifts. 
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Compound 

Jarborl 
4 ’ 
exe eido 

10 
‘c;‘, 

10 11 
O?iiIO ZO +i- en 0 

1’ -0.9 -0.8 -2.5 -3.1 -0.9 -1.2 

2’ +4.2 +7.1 +4.2 +7.1 +4.3 +7.0 

3’ +7.9 +4.4 +7.9 +4.4 +8.0 +4,5 

4’ -3.6 +1.5 -3.3 +1.4 -3.3 +1.3 

3’ -2.6 -2.6 -2.8 -3.0 -3.1 -3.1 

6’ 0 0 0 -0.2 +O.l -0.1 

A$ a 60 quat. - Jo aoetal 
I 

dX0 0WiO 

36.0 33.5 

35.9 33.3 

35.9 33.6 

35.7 33.1 

35.9 33.6 

35.4 32.0 

35.9 33.2 

36.1 33.7 

35.7 32.4 
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N-,protondecollplal~N’MKcpcctnw~ 
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