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ABSTRACT 

The ‘H-n m r spectra of methyl fl-D-glucopyranoslde tetramtrate and /3- 
cellobiose octamtrate have been obtamed with a 220-MHz spectrometer operated m 

the Founer-transform mode Interpretatron of the spectra from first-order analysis 
PS presented The chemical shifts and couplmg constants of all protons m these two 
molecules have been calculated with the LAOCN 3 computer program The simulated 
spectra obtained with the KOMBIP program are Bven 

INTRODUCTION 

Nuclear magnetic resonance has proved to be an extremely fruitful techmque 
for studymg the structure and conformation of many carbohydrates and their 

derlvatlves’ One class of carbohydrate denvatlves that seems to have escaped general 
interest is the mtrates, typified by methyl j?-D-glucopyranoslde tetramtrate (1) and 

/3-celloblose octamtrate (2) These two D-gluCOSldeS may be consldered to be struc- 
turally very closely related to the fundamental unit of cellulose nitrate 

the commercial Importance of ths polysacchande ester, It seemed 
Consldermg 
desirable to 
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establish the p m r -spectral awgnments of these simple D-ghtcosides with a vrew to 
utlhzmg thus mformatton m the spectral analysrs of cellulose mtrate 

EXPERIMENTAL 

Preparatron of methyl j&D-gIucopyranoszde tetranrtrate (1) - The procedure 
for the mtratron of methyl j?-D-glucopyranowde (purchased from K & K Labor- 
atorres, Inc , Plamvrew, N Y , U S A ) was essentrally that described by Honeyman 
and Morgan’. Two recrystalhzattons from methanol gave the tetramtrate as white 
pnsms m 77% yield Thm-layer chromatography on sheets (20 x 20 cm) of Eastman 
Chromatogram Srhca Gel wlih 15 4 1 (v/v) 1 &dtchloroethane-drchloromethane- 
ethyl ether revealed the presence of a single component, RF 0 88, m p 117” (uncorr ), 
[-AIF + 13 2” (c 3, acetone) {ht 2 m p 116 5” (uncorr ), [ct]fp -I 11 I” (c 4, chloroform)) 

Anal Calc for C,HION,O,, C, 22 46, H, 2 67, N, 14 97 Found C, 22 80, 
H, 2 75, N, 14 58 

Preparation of b-cellobrose octamtrate (2) - Cellobrose (purchased from 
Eastman Kodak, Rochester, N Y , U S A ) was used as recerved Cellobrose (5 g) 

was added m portrons to a chilled mtratmg mrxture consrstmg of 98 7% mtnc acid 
(35 ml) and acetrc anhydrrae (35 ml) After reactron for 45 mm at O”, the mixture was 
qmckly added to stirred Ice-water The resulting sohd was filtered off, and successrvely 

washed wrth water (several times), 1% sodium hydrogencarbonate soluhon, and 
water until neutral The product was dned to constant weight m vacua over phos- 
phorus pentaoxlde yield 10 1 g (98% of the theoretical) Part of thts product (2 g) 
was drssolved 11~ 2 1 1,2-drchIoroethane-petroleum ether (25 ml), the solution was 
added to a column (2 7 x 40 cm) of s&a gel, and the column was eluted wtth the 
same solvent From the first seven 50-ml fracttons of eluate was obtained compound 2 
(1 1 g), m p 117”, [a]:’ + 36’ (c 3, acetone) (ht 3 m p 140”, [a];’ 1-22 1” (c 6, acetone)] 

Anal CaIc for C,*H 14Ns027 C, 20 51 H, 199, N, 15 95 Found C, 20 40, 

H, 2 10, N, 15 65 
The disagreement between our values for m p and [c& and those reported 

III the htrature3 can be traced to the drfferent methods of puntication We puntied 
our crude products by chromatography on S~hca gel cohnmns, whereas previous 
workers apphed the method of recrystalhzatlon fro,m hot methanol By usrng the 
latter method, we also obtained a matenal meltmg at 140”, but rt gave two spots on 
thm-layer chromatograms In addrtlon, the mater& mehmg at 140” shows the 
presence of a methyl group (by n m r spectroscopy) and a hydroxyl group by z r 
spectroscopy ft appears that the treatment wtth hot methanol m the recrystalhzatron 
step results m demtratron at the anomenc carbon atom, followed by partial methyl 

glycosldatmn In our Judgment, the compound reported to melt at 140” 1s probably 
a mixture of celloblose ob&amtrate, cellobrose 2,3,6,2’,3’,4’,6’-heptamtrate, and 
methyl celiobtosrde heptamtrate 

Measurements of n rn r spectra - Solutrons [2% (w/v)] of the mtrates m 
acetone-d, were prepared A trace of tetramethylsllaue was used as the internal 
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standard Shtfts are reported both m Hz and m p p m relative to MeSSi downfield 
shifts are posrtlve Spectra were recorded at the Rockefeller Umversrty, New York 
City, wrth a 220-M% Vanan spectrometer (model HR 220) operating m the Founer- 
transform mode Each spectrum represents the composrte of 32 scans The resuhmg 
spectra of methyl fi-D-glucopyranostde tetrarutrate and fi-celloblose octamtrate are 
reproduced m Frgs 1 and 3, respectlveiy 

The LAOCN 3 program for the analysts of hrgh-resolutlon, n m r spectra 
was obtamed from the Quantum Chemistry Program Exchange, QCPE No 111 
The KOMBIP program for the generatton of Lorentzran/Gaussran hne-shape and 
strck-plot n m r spectra was obtained from the Quantum Chemrstry Program 
Exchange, QCPE No 205 

LNTERPRETAnON OF SPECTRA 

Methyl /3-D-ghcopyranoszde tetratzztrate (1) - The ‘H-n m r spectrum 
of a solutlon of methyl j?-D-glucopyranoside tetranitrate m acetone-d, IS shown m 
Frg 1 The signals of each proton are completely resolved, and can be interpreted bv a 

pseudo-first-order analysis, as mdrcated on the spectrum 

60 55 50 45 ppm 

Fig 1 Experunental spectrum of methyl &D-glucopyranoslde tetrnrutrate (1) and first-order 

spectral asngnments 

The methoxyl protons exhrblt a readtly rdentlfiable singlet at 3 55 p p m 
(781 Hz) Proton 1 gives a doublet at 4 96 p p m (1091 Hz) It IS coupled to proton 2, 
wnh J1 2 8 0 Hz The only other pattern m the spectrum that exhrblts such a sphttmg 
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IS the doublet of doublets centered at 5 37 p p m (1225 Hz) Hence, we conclude that 
tbs must be due to proton 2 This pattern also shows that J2 3 = 9 6 Hz 

The two triplets located downfield at 6 00 p p m (1320 Hz) and 5 81 p p m 
(1278 Hz) show shghtly different sphttmgs Each tnplet IS the result of couphng by 
two different protons The two couplmgs at 6 00 p p m are both 9 6 Hz, whereas the 
two couphngs at 5 81 p p m are 9 6 and 10 0 Hz The asymmetry of the lme mtensltles 
of each tnplet and the overall symmetry of the pair of ‘nplets are due to sccond- 
order effects, and @ve evidence that these two protons are mutually coupled, with J 
9 6 Hz As J2,3 also equals 9 6 Hz, we con&de that the shift of proton 3 IS 6 00 p p m 
Proton 4 resonates at 5 81 p p m , with J3 4 9 6 Hz and Ia f 10 0 Hz 

Proton 4 IS coupled to proton 5, with J4 5 10 0 ILz Thus coupling 1s also found 
m the fine stricture of the octet at 4 44 p p m (977 Hz) We would expect proton 5 
to resonate at high field, as it IS bonded to a carbon atom that does not bear a mtrate 
group The mtrate group causes a downfield shift The fine structure of proton 5 at 
4 44 p p m also shows sphttmgs of 6 2 and 3 0 Hz, caused by couphng with the 
tmo methylene protons, H-6 and H-6’, of the -CH2-0N02 group 

Protons 6 and 6 resonate at 5 06 p p m (1113 Hz) and 4 90 p p m (1078 Hz) 
Two dryerent shifts anse because of molecular asymmetry The mdgmtude of the 
mutual couphng between these two protons IS 13 0 Hz, typlcal of gemmal proton- 
proton couphngs The fine sphttmgs (J, 6 3 0 Hz and J, 6 6 2 Hz) are ldentlcal to 
those found m the Igh-field multlplet of proton 5, confirmmg this conclusion 

A srlmmary of these asslgnments and their refinement through the LAOCN 3 
program are compiled 1x1 Table I For 1, the spectrum generated from computer 
calculations 1s s’10wn In Fzg 2 

TAELE I 

‘H-N M R CHEhiICAL SHIFTS AND COUPLIhlG CONSTANTS= OF 

W-~YL B-D-GLUCOP~RANOSIDE TETRANITRATE* (1) 

Fwst-order analysrs 

ppm HZ 

Computer-calculated Lalues (LAOCN 3)= 

Best Lakes (Hz) Probable error (Hz) 

H-l 496 1091 2 1092 468 
H-2 5 57 1225 4 1225 917 
I-I-3 600 1320 0 1319 684 
H-4 5 81 1278 2 1279 899 
H-5 444 976 8 974 907 
H-6 506 1113 2 1110762 
H-6’ A 90 1078 0 1077 949 
J 12 80 7 947 
J 23 96 9 847 
13 4 96 9 593 
J4 5 100 9 938 

Js 6 30 2 806 

Js .s 62 5 527 

J6.6 -1330 - 12 506 

0 010 
OC11 
0011 
0011 
0010 
0011 
0011 
0 015 
0015 
001.5 
0015 
0 015 
0015 
0 015 

“At 220 MHz *in acetone-d6, reference standard_ Me,!3 =Root mean-square error = 0 122 Hz. 
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H-3 H-4 H-2 H-6 H-l H-6' H-5 

I I I III I 

13i$o 

60 55 50 

990 Hz 

45 ppm 

Fg 2 Simulated spectrum of methyl /?-D-gkopyranoslde tetramtrate (1) obtamed from the 
LAOCN 3 : 3 KOMBIP programs 

P-Celloblose octamtrate (2) - The ‘H-n m r spectrum of a solutton of cel- 
lobtose octamtrate m acetone-d, IS shown m Frg 3. The spectrum IS clearly resolved, 
except for the srgnals at 4 5 p p m (990 Hz) and, posstbly, at 6 1 p p m (1342 Hz), 
where some complex features are notrceable Consequently, care must be exercrsed 
m the first-order anaIysrs Some internal spacings of the multtplets wail not necessarily 
grve the true couplmg-constants 

Protons IA and IB are the only protons that can give rise to a doublet m the 
spectrum Doublets appear at 6 48 p p m (1426 Hz) and 5 36 p p m (1179 Hz) We 
have assigned the signal at 5 36 p p m to 1B and the slgnal at 6 48 p p m to 1 A, 

because proton 1A 1s bonded to a carbon atom that carrres a (highly deshreldmg) 
nitrate group Assuming that the spacmgs correspond sufficrently well to the actual 
couplmg-constants, we observed that proton 1A IS coupled to proton 2A with .J:,* 
8 1 Hz, whereas proton 1B 1s coupled to proton 2B with JFz 7 9 Hz The only other 
place where such couphngs can be found 1s m the multtplet region between 5 74 and 
5 57 p p m The sphttmg pattern m tlus regron mdmates that the chemical shift of 
proton 2A 1s at 5 60 p p m (1232 Hz) and that of protons 2B at 5 71 p p m (I256 Hz) 
The fine structure also shows that J& and J& are very close, and equal to 9 7 and 
9 8 Hz, respectively 

The only regron of the spectrum that shows coupling of thts magmtude, 9 7- 
9 8 Hz, comprises the two sets of tnplets centered at 6 07 p p m (1335 Hz) and 5 9i 
p p m (1300 Hz) The double mtenslty of the low-field triplet (6 07 p p m ) clearly 
Indicates the presence of two protons havmg comparable couphng There IS a hint, 
however, of the posstbrhty of lugher-order effects from the features observed for the 
6 @7-p p m tnplet From the magmtude of the spacings at 6 07 and 5 91 p p m , we 
deduced that these srgnals must be associated wrth protons 3A, 3B, and 4B We 
excluded 4A, because rt 1s attached to a carbon atom that does not bear a mtrate 
group and, hence, IS expected to resonate at a much higher field. The tnplet centered 
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at 5 91 p p m shows the low-field line to be much greater m mtensrty than the htgh- 
field ime, gtvmg evrdence that thts proton IS coupled to a proton resonating at lower 
field 

As 4-4, which IS coupled to 3A, resonates at higher field, we conclude that the 
signal at 5 91 p p m does not arise from proton 3A, and must, therefore, be asstgned 
to either proton 3B or 4B Two arguments may be advanced to assign the stgnal at 
5 91 p p m to proton 4B Frrstly the relative chemtcal-shtfts of the rmg protons on 
rmg B of celloblose octamtrate would be expected to parallel those of methyl B-D- 

glucopyranoslde tetranltrate, I e , the sequence of the s~gnaIs should proceed In the 
order 3B 4B 2B towards hrgher field Secondly, placmg the srgnal of proton 4B m 
comctdence with that of proton 3B at 6 07 p p m would be expected to yreid a non- 
first-order sphttmg-pattern at 6 07 p p m consrderably more complex than 1s actually 
observed To summarize, we conclude that the double-mtensrty srgnal at 6 07 p p m 
orrgmates from protons 3A and 3B, whereas the srgnal observed at 5 91 p p m 
artses from proton 4B 

8 A 

0 

NO2 

65 60 55 50 45 PPm 

Fig 3 Experimental spectrum of j?-celloblose octamtrate (Z), and first-order spectra! assgnments 

Interpretatton of the sphttmgs m the regton between 5 1 p p m cl120 Hz) and 
4 7 p p m (1030 Hz) is clearly dlustrated m Fig 3 The fine detads of the sphttings 
gtvo evrdence that all of these lmes belong to the 6A, 6’A, 6B, and 6’B protons Here, 
we find spacmgs correspondmg to .i6,6, 12 3 Hz, and another, to J6,6e 11 7 Hz These 
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absolute values are typrcal of gemmal, proton-proton couphngs It IS apparent from 
the spectrum that the proton at 5 05 p p m (1111 Hz) IS coupled to the proton at 
4 77 p p m (1049 Hz), as both exhrbrt a spacing of 12 4 Hz Stmrlarly, the proton at 
4.90 p p m (1078 Hz) IS coupled to that at 4 81 p p m (1058 Hz) with a spacing of 
11 7 Hz From the spectrum, tt 1s not unmedrately apparent which pair of protons 
belongs to which rmg We note, however, that the B rmg much more resembles that 
of methyl j?-D-glucopyranostde tetramtrate than does the A rmg Companson of the 
spectrum of thus compound with that of the octamtrate led us to assign 5 05, 4 90, 
4 81, and 4 77 p p m to protons 6A. 6B, 6’B, and 6’A, respectrvely The fiile structure 
in thrs regron mdlcates the followmg couphngs Jtg, 1 1 Hz, .its 4 0 Hz, JF, 3 0 Hz, 
and J!& 4 9 Hz In the 4 5-p p m region, despite overlappmg with the signals of the 
4A and 5A protons rt seems reasonable to identify the five highest-field peaks as 
belongmg to the octet of the 5B proton The measured spacings appear to correspond 
wrth those found for the 6B and 6’B protons 

A summary of the assignments from the first-order analysts of the observed 
spectrum IS grven m Table II Except for protons 3A and 3B at 6 07 p p m and 
protons 4A, 5A, and 5B m the nerghborhood of 4 5 p p m , all other chemrcal shifts 
and couphng constants appear to be farrly well established by the results of this 
first-order analysrs 

Interestingly, the assignments deduced from the first-order analysis suggest a 
classrcal case for the possrbrhty of virtual long-range, spur-spur coupling4 for protons 
3A, 4A, SA, 6A, or 6’A For example, m the 3-proton arrangement shown, with 

I “3A- ‘4A I> J3 4A and J3 5A = 0, the 3A proton resonance IS expected to be com- 

phcated by virtual long-range coupling due to the fact that the chemical-shift difference 
between protons 4A and 5A approaches zero, 1 v4A - rsAl -0 Indeed, as already 
mentioned, we see evrdence of additional srgnais at 6 07 p p m , the regron assigned 
to the 3A proton Simdarly, the broadenmg of the 6’A proton signals at 4 76 p p m 
could also be an mdrcatton of the occurrence of vu-tual long-range couplmg In 
fact, expansron of the spectrum from 1 mm per Hz to 5 mm per Hz showed that the 
apparent doublet at 4 76 p p m 1s actually a tnplet caused by higher-order effects 

By repeated apphcatron of the combined LAOCN 3 and KOMBIP programs, 
we succeeded m faithfully reproducmg the experimental spectrum, as rllus’_rated m 
Fig 4 Each rmg of /I-cellobrose octanrtrate has seven protons (seven-spin system), 
which corresponds to the limit allowable with the LAOCN 3 program Consequently, 
the computer analysts had to be performed for the protons of each ring separately 
The computer tracmgs for protons of the lndlvldual rings are shown m Figs 5 and C 
The simulated spectrum for the protons of ring A confirms the occurrence of htgher- 
order effects m the regtons of 6 07 and 4 76 p p m To estabhsh conclustvely the 
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relative pos~hons of the 4A and 5A proton srgnals, we have vaned their chermcal 
shifts and permuted these values over a small range (Z-4 Hz) As shown m Fig 7, 
a reversal of the two mam peaks m this reson 1s observed, and comparison of the 
signal pattern wrth that shown m Fig 6 leaves no doubt that the assignment for these 
two protons is correct The final assignments from the computer analysis are @ven m 
Table II 

H6B H-4A 

H-1A H-3B H-3A U-4 B H-28 I+2A H-1B H-6A H-6B H-S’A H-5A H-5B 

1 ti I I I I I I !I II I- 

145q 

65 60 55 50 
99.0 HZ 
45 ppm 

Fig 4 Slmuiated spectrrlm of fl-cellobrose octamtrate (2) obtamed from the LAOCN 3 and KOMBIP 
programs 

H-3 H-4 H-2 H-l H-6 H-6’ H-5 

I I I I I I I 

I 
1450 

65 60 55 50 
990 HZ 

45 p.pm. 

FIN 5 Sunulated spectrum for rmg B of /I-celioblose octamtrate (2) obtamed from the LAOCN 3 
and KOMBIP programs 
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H-3 

I 

k-2 

I 

H-6 H-6’ H-5 H-4 

I I =+I( 

J 

1450 

65 60 55 50 

990 Hz 

45 wm 

Fig 6 Slnulated spectrum for nng A of J-celloblose octamtrate (2) obtamed from the LAOCN 3 
and KOMBIP programs 

Fig 7 Effect of small vmatlons tn chemxal shifts on the peak shape of the 4A and 5A protons 

DISCUSSION 

With the help of the LAOCN 3 program. we have accomphshed a complete 
assrgnment of the chemx=zd shfts and couplmg constants for all the protons of methyl 

/3-D-ghxopyranoslde tetramtrate and /kellcblose octamtrate We observe that the 
magmtude of the couphng constants for all the rmg protons in both compounds 
ranges from 8 to 10 Hz If these values are compared with those tabulated for char 
forms of many carbohydrate denvatlves”, It may be concluded that the stenc rela- 
tlonslp between the xotons on v~cmal carbon atoms 1s an&penplanar, and that 
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the pyranose residues m methyl /3-wglucopyranoslde tetramtrate and fi-celloblose 
octarutrate are all m the 4cl(D) conformation 
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