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A 13C Nuclear Magnetic Resonance Chemical Shift Study of trans-Fused 
Hexopyranoside Derivatives t 
By Eileen Conway and R. D. Guthtie,S School of Molecular Sciences, University of Sussex, Brighton BN1 9QJ 

S. D. Gero," G. Lukacs, and A.-M. Sepulchre, lnstitut de Chimie des Substances Naturelles, C.N.R.S., 

A detailed analysis of the n.m.r. spectra of methyl 4,6-0-benzylidene-~-glycopyranosides (and one ethylidene 
analogue) and their various C-2 and C-3 derivatives has led to complete assignment of chemical shifts. This study 
has enabled the effects of a variety of stereochemical features and a variety of functional groups (OH, OMe, 0-COR, 
O*SO,R, NH,, N3) to be established. 

Gif-sur-Yvette, France 

THE first papers on 13C n.m.r. of carbohydrates were 
published in 1969; since then studies on alditols,l 
inositols,2 aldopyrano~es,~-~ methyl 3-e~10311 and aryl12 
glycosides, glucobio~es,~~ l3 and oligosaccharides ** 99 13-16 
have been described. 

Several features of the spectra of such molecules have 
emerged: (i) the anomeric carbon signal generally occurs 
to low field because of its acetal nature; (ii) the signal 
due to C-6 of hexoses is situated at highest field, as this 
is a primary carbon atom; (iii) 1,3-diaxially disposed 
oxygen atoms have a shielding effect on the carbon 
nuclei involved, but this effect is the same or smaller 
than a similar oxygen-hydrogen interact ion. 

An investigation of the 13C n.m.r. spectra of the more 
conformationally stable methyl 4,6-0-benzylidene-~- 
hexopyranosides (Table 1) and some of their derivatives 
has now been carried out, in the hope of establishing 
further stereochemical features of 13C n.m.r. and their 
particular use in structural studies on carbohydrates, 
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systems has been shown by c.d. studies on cupra- 
ammonium complexes,17 by lH n.m.r.18 and i.r.19 spectral 
studies, and by other methods2* to be *C,(D). The 
variation of chemical shift with stereochemical change 
can therefore be studied with confidence. Empirical 
comparison of the diols, amino-alcohols, and deoxy- 
compounds in this series has led to the assignments 
shown in Table 1. 

RESULTS AND DISCUSSION 

Spectral Assigrtments.-The spectra of all the 4,6-0- 
benzylidene derivatives (1)-(13) and (15)-(23) show 
four peaks at low field due to the six aromatic carbon 
atoms. The positions of these signals vary only within 
experimental error throughout the whole series : 136.8 
(quaternary carbon), 128.7 (para), 127.8, and 125.8 
p.p.m.; the ortho- and meta-carbon atoms have not been 
assigned. 
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atoms on C-6 and C-4) are both bonded to two oxygen 
atoms, and would therefore be expected to give signals 
at lower field than the other carbon atoms, which are 
bonded only to one oxygen atom. These nuclei can be 
assigned the signals at ca. 100 p.p.m. Since the environ- 
ment of C-7 is essentially unaltered throughout the 
series of compounds, the resonance at 101.4 & 0.3 
p.p.m. is attributed to this carbon atom. The methoxy- 
carbon signal can be assigned by comparison with 
previous data and occurs at relatively high field (55.5 -J= 
1.3 p.p.rn.). Since the shielding of a particular nucleus 
varies with its orientation in the molecule, this carbon 

As expected, the C-6 signal varies little throughout the 
whole series and can be assigned as the peak at  68.4 & 
0.7 p.p.m. on the basis of comparison of all the members 
of the series. The spectrum of methyl 4,6-0-benzylidene 
[6,6'-2H,] a-D-glucoside confirmed the assignment of 
the C-6 signal in compound (4); its spectrum was 
identical with that of (4), except that the signal at 68.5 
p. p.m. was missing. 

Consideration of the C-1 anomeric pairs, the a- and 
(3-altro- [(Z) and (3)] and the a- and p-gluco-derivatives 
[(4) and ( 5 ) ] ,  in conjunction with the 2,3-dideoxy- 
derivative (7), leads to the assignment of the C-4 and 

Hexose 
Compound configuration 

(1) a-all0 
(2) a-altro 
(3) p-altro 
(4) a-gluco 

(6) a-manno 
(7) 2,3-dideoxy-a-erythro 
(8) 3-deoxy-a-ribo 
(9) 3-deoxy-u-arabino 

(6) F-gZUCO 

(10) u-gzuco 
(11) u-all0 
(12) a-altro 
(13) a-manno 

(16) 6 a-altro 
(17) f a-altro 
(18) u-aZtro 

(15) (I4) i: p-glucO a-all0 

TABLE 1 
13C N.m.r. shifts (downfield from Me,Si) of compounds (1)-(18) 

X = Ph for all compounds except (14)z(X = Me) 

R' 
OMe 
OMe 
H 
OMe 
H 
OMe 
OMe 
OMe 
OMe 
OMe 
OMe 
OMe 
OMe 
H 
OMe 
OMe 
OMe 
OMe 

R2 

H 
H 
OMe 
H 
OMe 
H 
H 
H 
H 
H 
H 
H 
H 
OMe 
H 
H 
H 
K 

R3 R4 

H OH 
OH H 
OH H 
H OH 
H OH 
OH H 
H H  
H OH 
OH H 
H OH 
H OH 
OH H 
OH H 
H OH 
H OTs 
OTs H 
OH H 
OAc H 

R5 Rs 
OH H 
OH H 
OH H 
H OH 
H OH 
H OH 
H H  
H H  
H H  
H NH, 
NH, H 
NH, H 

E E? 
OH H 
OTs H 
NHMe H 
N, H 

C-1 C-2 C-3 C-4 C-6 C-6 
100.2 67.9 68.8 78.1 56.9 68.8 
101.6 69.6 68.8 76.0 67.8 68.8 
99.4 70.8 68.6' 76.6 62.8 68.6 
99-9 72.4 70.5 80.8 62.0 68.6 

104.2 74.2 72.9 80.3 66-9 68.3 
101.7 70.6 68.0 78.6 62.9 68.4 
98-1 29.0 23.5 77.9 64.6 69.1 
98.9 67.0 32.6 76.1 63.4 68-9 

100-5 67.4 31.4 73.6 64-6 68.9 
99-4 72.1 52.4 81.0 62.2 68-7 

100-8 67.6 62.1 78.3 66.7 68.9 
101.6' 69.4 62.0 76.9 67.6 68.8 
102.0 70.0 60.3 79.4 63.4 68.6 
104.1 74.2 72.9 79.8 66.9 67.7 
98-3 74.6 67.9 77.9 67.2 68.8 
98.6 74.8 " 72.4a 72.4" 67.6 68.4 

102.7 69.6 60.8 77*2e 59.1 68.7 
98.5 70.2 58.3 75.7 67.5 68.6 

C-7 OMe 
101.6 65.7 
101.8 66.0 
101.8 66.4 
101.6 64.9 
101.6 66-8 
101.7 64.4 
101.6 64.2 
101.3 64.6 
101.8 64.3 
101.6 65.0 
101.3 65.6 
101.8 a 64.8 
101.6 64.6 
99.4 66.7 

101.7 66.0 
101.5 86.2 
101.5 55.6 
101.9 66.3 

a Values may be interchanged. b S7-xe 19.6 p.p.m. c Masked by chloroform signal. S,, of tosyl, 21.1 p.p.m. SM, of tosyl 
21-0 p.p.m. f SMe of NHMe, 35.5 p.p.m. 

atom should be more shielded in the a-anomer (ax) than 
in the p-anomer (eq). Thus the methoxy-carbon atoms 
in the anomeric gluco [(4) and (5)]  and altro [(2) and (3)] 
pairs can be assigned. The A(@ - a) values for these 
methoxy-carbon atoms are 3-1.9 and 3-1.4 p,p.m., 
respectively. Voelter et al. found A o M ~ ( ~  - a) for the 
methoxy-carbon atoms of various methyl gluco- 
pyranoside anomeric pairs to be +2.0 p . p . ~ . ~  

Owing to the @-effect of C-7, both C-6 and C-4 are 
strongly deshielded relative to the unsubstituted 
glycosides, in which the C-6 chemical shift is the next 
smallest after that of the methoxy-carbon atom. A 
comparison of met h y 1 4,6- O-benzylidene- p- ~-gluco side 
(5)  and methyl 4,6-O-ethylidene-P-~-glucoside (14) 
shows that the resonances of C-6 and C-4 are not 
affected by the anisotropic effect of the phenyl ring. 

C-5 signals. In compound (7) the unsubstituted 
methylene groups at C-2 and C-3 give rise to high-field 
signals, and since the signal a t  69.1 p.p.m. is assigned to 
C-6, the remaining two signals must be due to C-4 and 
C-5. In the anomeric pairs, C-5 is p to C-1 and therefore 
experiences a 1,3-diaxial interaction with a C-1 oxygen 
atom via its own axial proton; hence it should be 
strongly shielded on changing from the p- to the a- 
anomer. C-4 is y to C-1 and should not be affected 
much by changes at that centre. These considerations 
lead to the assignment of the C-4 and C-5 signals since, 
of the signals in each pair corresponding to the two 
signals in (7) assigned to C-4 or C-5, one is shifted 
upfield by 3.9 and 5.0 p.p.m. and the other is only 
slightly affected. Thus complete assignment of the 
spectrum of the dideoxy-compound (7) is possible. The 
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C-5 signal of all the compounds described was markedly 
upfield of its position in unsubstituted glycopyranoses 
and g~ycopyrano~ides.~-~~ While greater in magnitude 
in the present series, this shift is analogous to the 
observed effect of oxygens on C-2 and C-4 of aldohexo- 
pyranosides3S6y7 and on the acetal carbon atom of 1,3- 
dioxans21 

The differences in chemical shifts of C-1 in (4) and 
(5), and in (2) and (3) [A,-,(p - a)] are 3-4-3 and -2.2 
p.p.m., respectively. The former value is in agreement 
with those found for free glycosides (+34 to +4-5 
p.p.m.) when C-2 is e q ~ a t o r i a l . ~ , ~  However, in the latter 
pair the hydroxy-group on C-2 is axial and the overall 
deshielding on changing from the p(eq)- to the cc(ax)- 
anomer is due to the predominance of the deshielding 
effect resulting from the removal of the gauche relation- 
ship between 0-1 and 0-2 over the shielding effect ex- 
perienced as a result of acquiring an axial methoxy- 
group. This observation supports Perlin’s findings of 
0 p.p.m. (lyxo) and -0.6 p.p.m. (manno) for compounds 
with an axial hydroxy-group at  C-2 and an equatorial 
one at C-3.3 A comparison of the a-gluco-diol (4) and 
the 3-amino-a-gluco-derivative (10) leads to the assign- 
ment of the peak at 72.4 p.p.m. in the former to C-2, 
since in the latter C-3 is displaced to high field as a 
result of shielding by the amino-group; the remainder 
of the signals are relatively unaltered. All the signals 
of methyl 4,6-0-benzylidene-a-~-glucoside (4) and its 
3-amino-derivative (10) can therefore be assigned. In 
the p-anomer (5), C-2 should be deshielded relative to 
compound (4) (since it is p to 0-1) as should C-3 (which 
is y to 0- l ) ,  but on the basis of previous work the latter 
effect would be expected to be greater than the former 
or equal to it.3 Thus the spectrum of compound (5 )  can 
be fully assigned. 

Similar comparisons between the diols ( l ) ,  (2), and 
(6) and the corresponding 3-amino-derivatives (1 1) , (12), 
and (13), led to the complete assignment of all signals 
from these compounds and compounds (8), (9), and (14). 
Since the signal due to C-6 of the 3-amino-a-altro- 
derivative (12) could have been either of the two peaks 
at ca. 69 p.p.m,, off-resonance decoupling was used to 
distinguish between them, since C-6 is coupled to two 
protons and C-2 to one proton. A similar confusion 
between C-3 and C-6 in the manno-diol (6) was resolved 
in an analogous way. 

The spectrum of methyl 4,6-O-benzylidene-P-~-altro- 
side (3) can be assigned by comparison with its cc-anomer 
(2). On changing from the P(eq)- t o  the a(ax)-anomer, 
C-2 will experience shielding since it is p to 0-1, and 
deshielding due to the removal of the gauche 0-1/0-2 
interaction. The overall shift [ A c - ~ c c  - p)] should 
thcrefore be small. C-3 however, gains a 1,3-diaxial 
interaction with the axial oxygen atom via its own axial 
atom and a slight shielding would be expected. How- 
ever, as both these effects are small, C-2 and C-3 are 
assigned as interchangeable. The 13C n.m.r. spectrum 
of methyl 3-amino-4,6-O-benzylidene-3-deoxy-p-~-altro- 
side would resolve this problem. 

Detailed Stereochemical Considerafions.-(a) C-2 Epi- 
meric pairs (Table 2). On changing from an equa- 
torial to an axial substituent at C-2 a large shielding 
would be expected at C-4 which is y to 0-2. C-3 and 
C-1 should also be affected, but while C-1 will be con- 
sistently deshielded owing to the removal of a gauche 
0-210-1 effect (the series consists entirely of a-anomers), 
the effect at C-3 will vary depending on the orientation 
of the substituent. As can be seen, C-1 and C-4 show 
the expected shifts, C-6 is relatively unaffected, where- 
as C-5 is slightly deshielded. This latter effect was also 
observed by P e r h 3  In the case of the 3-deoxy- 
derivatives (8) and (9), C-2 is deshielded by 0.4 p.p.m., 
implying that the loss of a gauche 0-2/0-1 interaction 
has a greater effect than the acquiring of an axial 
hydroxy-group, and C-3, which is (3 to the axial hydroxy- 
group is shielded by 1.2 p.p.m. 

TABLE 2 

upfield shift 
C-2 Epimers (a-anomers) ; a negative sign represents an 

AS0 C-1 C-2 C-3 C-4 C-5 C-6 
3-deoxy (9)-(8) +1.6 -+Om4 -1.2 -2.6 +1.2 0 

axC-3 (12+[ll) +0.8 3-1.9 -0.1 -2.4 +0.9 -0.1 

eq C-3 (13)-(10) +2.6 -2.1 -2.1 -1.6 +1-2 -0.2 

(2)- 1) +1.4 +1.7 0 -2.1 +0*9 0 

(6)-(4) +1*8 -1.8 -2.5 -2.3 +0*9 -0.1 

When the substituent on C-3 is axial, and the group 
on C-2 is changed from eq to ax, C-2 experiences the loss 
of two gauche interactions, 0-2/0-3 and 0-1/0-2 (de- 
shielding), but gains an axial group (shielding); an 
overall deshielding is observed. C-3 loses a gauche 
0-3/0-2 interaction, but is p to the axial hydroxy-group. 
The resultant lack of shielding implies that the latter 
effect has approximately the same impact as the former. 
When the substituent at C-3 is equatorial, C-2 gains an 
axial hydroxy-group, and loses a gauche 0-2/0-1 inter- 
action while retaining a gauche 0-2/0-3 interaction. 
The net effect seen is an overall shielding of the C-2 
nucleus. C-3, which is p to 0-2, exhibits a negative 
shift as expected. 

Comparison of the 
c-3 epimeric pairs, a-D-glucoside and cc-D-alloside (4) 

TABLE 3 

upfield shift 

C-2 eq ( l k ( 4 )  1 0 . 3  -4.5 - 1 . 7  -2.7 -5.1 f0.3 

(b) C-3 Epimeric pairs (Table 3). 

C-3 Epimers (a-series) ; a negative sign represents an 

ASC C-1 C-2 C-3 C-4 C-5 C-6 

(11)-(10) 1 1 . 4  -4 .6 -0.3 -2.7 -5 .5 1 0 . 2  
C-2 ax (2)-(0! -0.2 - 1  *0 +0*8 -2.5 -5.1 f 0 . 4  

(12)-(13) -0.3 -0.6 1 1 . 7  -3 .5  -5.8 f 0 - 3  

and (a) and their 3-amino-derivatives (18) and (11) in 
which the substituent at C-2 is equatorial, and a-D- 
mannoside (6) and cc-~-altroside (2) and their 3-amino- 
derivatives (13) and (12) in which the substituent at 
C-2 is axial, also confirms the assignments alrcady made. 
On changing the substituent on C-3 from eg to ax a large 

W. F. Bailey, J. Amer. Chem. SOC., 1971, 93, 4772. 
21 A. J. Jones, E. L. Eliel, D. &I. Grant, 11. C. Knoeber, and 
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shielding would be expected at C-5 due to the gain of a 
1,3-diaxial interaction; this is observed (Table 3). 
Since all compounds are a-anomers, the shift a t  C-1 will 
be due mainly to a gain of a 1,3-diaxial interaction 
between 0-1 and 0-3, relative to that already present 
between 0-1 and H-3. This effect has been shown to be 
small3 and is so in all cases except that of the change 
from 3-amino-glucoside to 3-amino-alloside [( 10) to (1 l)]. 

C-2 and C-4 are expected to show shifts also, but 
whereas that at C-4 is consistent throughout due to the 
fixed configuration at C-4, the shift at C-2 will depend 
on the orientation of the hydroxy-group at that position. 
When C-2 bears an equatorial substituent, it is affected 
only as a result of being p to 0-3 and shielding is ex- 
pected; this is observed in both cases. C-3 is affected 
in several ways: it gains an axial hydroxy-group and a 

shows a marked deshielding of C-2 in the former com- 
pound of 6.7 p.p.m. and a slight shielding (1.9 p.p.m.) of 
C-1; C-3 and C-4 are only slightly affected. These 
effects of a sulphonyl ester have been studied in greater 
detail on simple model compounds.22 In methyl 4,6-U- 
benzylidene-2,3-di-O-tosyl-a-~-altroside (16) C-2 aQd 
C-3 are deshielded relative to the corresponding diol (2 ) ,  
and C-1 and C-4 are both shielded. 

The 13C n.m.r. spectra of a series of 2,3-di-O-substituted 
methyl 4,6-0-benzylidene-a-~-glucosides have been ob- 
tained and assigned (see Table 4). In this series the 
signals due to the benzylidene aromatic carbon atoms 
are unaltered by substitution of the hydroxy-groups at 
C-2 and C-3 but are masked by the signals of the tosyl 
and benzoyl aromatic carbon atoms in compounds (20) 
and (22). C-5 and C-6 are also unaffected by the 

TABLE 4 
13C N.m.r. shifts (downfield from Me,Si) of derivatives of methyl 4,6-O-benzylidene-a-D-glucopyranoside 

Compound R1 R2 R3 R4 R5 R6 C-1 C-2 C-3 C-4 C-5 C-6 C-7 OMe 
OMe H H OMS H OMS 99.1 77.3 76.0 79.2 62.5 68.7 102.1 56.2 
OMe H H OTs H OTs 98-6 76.0 74.3 79.1 62.5 68.6 102.0 55.9 

(21) c OMe H H OAc H OAc 97-8 71-8 69.2 79.3 62.5 68.8 101.6 65.4 
OMe H H OBz H OBz 98.0 72.6 69.7 79.5 62.7 68.9 101.6 55-5 [ii] f OMe H H OMe H OMe 99.1 82.1-f 81-6f 80-0f 62.4 69.1 101.4 55.5 

SMe of mesyl a t  38.8-39.1 p.p.m. SM, of tosyl a t  21.7 p.p.m. C S,, of acetate a t  20.7 p.p.m.; SCO of acetate a t  169.6- 
170.4 p.p.m. d Sco of benzoate a t  167.7-168.3 p.p.m. S,, of OMe at 59-5-60.5 p.p.m. f Values may be interchanged. 

1,3-diaxial interaction between its axial OH and the 
axial proton on C-5, both of which should cause increased 
shielding, and the 1,3-diaxial interaction between its own 
proton and the axial oxygen atom on C-1 is changed to 
one between 0-1 and 0-3, a small effect. The overall 
effect is the expected shielding. 

When the C-2 substituent is axial, C-2 is shielded by 
the axial hydroxy-group on the adjacent carbon and 
deshielded by loss of a gauche 0-2/0-3 interaction. The 
resultant shift is small and negative. C-3 experiences 
an overall deshielding effect as a result of the gain of an 
axial hydroxy-group and 1,3-diaxial interactions be- 
tween its own axial hydroxy-group and the axial oxygen 
atom on C-1 and the axial proton on C-5, all of which 
will cause a shielding of the C-3 carbon, as against loss 
of a gauche 0-3/0-2 interaction and of a 1,3-diaxial 
interaction between its axial proton and the axial 
oxygen atom on C-1. 

I t  appears from the shift observed at C-2 in changing 
from 3-deoxy-a-~-ribo-hexopyranoside (8) to 3-deoxy-LX- 
D-arabino-hexopyranoside (9) that the deshielding caused 
by the loss of a gauche(ax,eq) interaction is greater than 
the shielding caused by acquisition of an axial in place 
of an equatorial hydroxy-group. The shift a t  C-2 on 
epimerisation at C-2 and C-3 of the a-gluco compound (4) 
and its 3-amino-derivative (10) implies that the shielding 
caused by a gauche(ax,eq) interaction is greater than that 
caused by a gauclze(eq,eq) interaction. 

E f e c t  of O-Substitution.-Comparison of the I3C 
n.m.r. spectrum of methyl 4,6-O-benzylidene-2-O-tosyl- 
a-D-alloside (15) with that of the correspondiqg diol (1) 

22 G. Lukacs, M. Sangark, A.-M. Sepulchre, S. D. Gero, and 
R. D. Guthrie, unpublished results. 

substitution and their signals remain at 62.5 & 0.2 and 
68.8 If 0.2 p.p.m., respectively, throughout the series. 
The signals due to C-7 and the methoxy-carbon atom 
are also relatively unaltered, occurring at 101.7 0-4 
and 55.4 & 0.4 pap."., respectively. In the di-0-mesyl 
and di-0-tosyl derivatives (19) and (20), C-2 and C-3 
are deshielded relative to the diol, the mesyl groups 
causing greater deshielding than the tosyl groups. In 
view of the nearly identical deshielding upon tosylation 
or mesylation of the oxymethine carbon atom 22 this 
effect can be interpreted in terms of greater 1,2-inter- 
actions in the case of a tosylate than in the case of a 
mesylate. In both these compounds, C-1 and C-4 are 
shielded relative to the diol. This shielding is slightly 
greater at both C-1 and C-4 in the tosyl than in the 
mesyl derivative. In  the di-0-acetyl and di-0-benzoyl 
derivatives (21) and (22), C-1 and C-4 are again shielded 
with respect to the diol but in these derivatives C-2 and 
C-3 are only very slightly shielded as a result of com- 
peting acetylation or benzoylation effects (deshielding) 
and increased gauche interactions causing shielding.22 
In the di-0-methyl derivative (23) C-2 and C-3 are 
markedly deshielded relative to the diol and resonate at 
even lower field than C-4, which is slightly shielded, 
as is C-1. 

The shifts of C-2 and C-3 on acetylation, benzoylation, 
and methylation are similar to those quoted for other 
d e r i v a t i ~ e s . ~ ~ ~ ~ ~ 3 ~ ~  No data have been published until 
now on the effect of tosyl and mesyl groups but from the 

23 €3. J.  Reich, M. Jautelat, M. T. Messe, F. J .  Weigert, and 
J .  D. Robets, J .  Amer. Chem. Soc., 1969,91, 7445. 

24 G. W. Buchanan and J.  B. Stothers, Canad. J. Chena., 1969, 
47, 3605. 
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above studies it can be seen that these substituents 
cause marked deshielding of the oxymethine carbon 
atom relative to a hydroxy-group. The magnitudes of 
the shifts show that, in order to differentiate the signals 
of two hydroxylated carbon atoms, which occur close 
together, the spectrum of an 0-methyl derivative of one 
of them would be most effective, However, either an 
0-mesyl or an 0-tosyl derivative could also be used. 

Other Com$ozmds.-In the spectrum of methyl 4,6-0- 
benzylidene-3-deoxy-3-methylamino-cc-~-altroside (1 7), 
the resonance of C-3 is shifted 8.8 p.p.m. downfield from 
that of C-3 in the 3-amino-derivative (12). Thus methyl- 
ation of an amino-group has a similar effect to that of 
methylation of a hydroxy-group (see above). 

C-3 of the 2-0-acetyl-3-azido-3-deoxy-cc-altroside { 18) 

is shielded with respect to the diol (2) by 10.3 p.p.m.; 
this shielding is less than that caused by an amino- 
group, in agreement with effects found from a study of 
simple t-butylcyclohexane derivatives.22 

EXPERIMENTAL 

All the substances studied were drawn from the Uni- 
versity of Sussex collection of carbohydrate compounds. 
The spectra were run in 4 :  1 CDC1,-MeOH on a Fourier 
transform spectrometer a t  15-08 MHz. Chemical shifts 
are given with respect to tetramethylsilane (low-field 
positive). 
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