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Among cellulose triesters, only cellulose tripropanoate (CTP) has been shown to 
have threefold screw symmetry along the molecular axis. Other triesters - cellulose 

triacetate, cellulose tributanoate, and cellulose tripentanoate - have twofold screw 
symmetry along the molecular axisle3. Questions arise. Why does only CTP possess the 
threefold screw symmetry? Which propanoyl groups play a decisive role in the confor- 

mation of the molecule, the primary substituent at C-6 or the two secondary sub- 
stituents at C-2 and C-3? These are the motives of the present investigation. 

Recently developed nuclear magnetic resonance (n.m.r.) techniques are useful for 
the structural characterization of cellulose triesters-. We previously assigned all n.m.r. 
signals of CTP by a combination of 2D-n.m.r. and lD-long-range selective proton 
decoupling (LSPD) techniques’. Although 2D-long-range heteronuclear shift-correla- 

tion spectroscopy (COLOC experiments ‘O*“) should give the position of esterification, 
the assignment of both carbonyl carbons and acyl protons could not be achieved in a 
single experiment because of low sensitivity attributable to the combined effect of three- 
and two-bond couplings between these two atoms during refocusing period, and the 
short spin-spin relaxation-times of ring protons7-9’-9.‘2. Recently, Frey ef ~1.‘~ and Bax et 

al. 14*15 presented a high-sensitivity 2D-heteronuclear multiple-bond connectivity 
(HMBC) technique designed to detect long-range couplings. 

We report herein procedures for preparation of cellulose acetate dipropanoate 
(CADP, 6-U-acetyl-2,3-di-O-propanoyl-cellulose, 1) and cellulose propanoate diace- 
tate (CPDA, 2,3-di-O-acetyl-6-O-propanoyl-cellulose, 2) and a full assigment of their 
n.m.r. signals by applying the HMBC technique together with the conventional 2D- 
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n.m.r. techniques. This work was to assure that we are dealing with the desired two 
cellulose mixed esters prior to undertaking detailed conformational analysis. 

OsCHzCH3 

0 0 

1 2 

The ring ‘H- and ‘%-n.m.r. signals of CADP (1) were readily assigned by 
combination of the H,H-COSY and H,C-COSY experiments as listed in Table I. 
Similarly, the signals due to acyl methyl and methylene protons and carbons were 
identified, but no information about the sites of esterification was available as .T- 
networks. For this purpose, it was necessary to detect three-bond couplings between 
ring protons and carbonyl carbons. This was achieved by the HMBC experiment. This 
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Fig. 1. ‘H-Detected ‘H-“C multiple-bond correlation (HMBC) spectrum of cellulose acetate dipropanoate 
(CADP, 6-0-acetyl-2,3-di-O-propanoyl-cellulose, 1). The symbol, s, denotes signals due to the solvent. 
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experiment, first developed to characterize short DNA duplexes” and coenzyme B,, 
(refs. 14,15), has been extended to various compounds, including Haemophilw injhen- 
zae type a capsular polysaccharide’6, but has not been applied to cellulose derivatives. 

The HMBC spectrum of CADP (1) is shown in Fig. 1. Although H-5 and H-6 
signals did not show a clear correlation peak, as noticed in the results of Byrd et aZ.16, the 
signals for the other ring protons could be immediately assigned from the HMBC 
connectivity map. 

Both the H-2 and H-3 signals had two intense HMBC correlation peaks with C- 1 
and C-3, and C-2 and C-4, respectively, based on two-bond couplings. The glycosidic 
linkage site, assigned as the H-l signal, gave an HMBC peak with C-4 of the neighboring 
glucose residue, based on three-bond coupling across an O-linked glycosidic linkage. In 
turn, the H-4 signal gave an HMBC correlation peak with C-l of the neighboring 
glucose residue in addition to correlation with C-3 and C-6. 

The locations of acyl groups were unambiguously determined by the HMBC 
experiment. The acyl carbonyl carbon signals at 6 173.46, 173.04, and 170.51 gave 
HMBC correlation peaks with the signals of protons at the sites of esterihcation, H-3, 
H-2, and H-6, respectively. The methyl and methylene protons of the same acyl groups 
also correlated the corresponding carbonyl carbons. In addition, the HMBC experi- 
ment showed correlation peaks between propanoyl methyl and methylene groups. The 

r”‘-l”“l”“l I I , 8 I 1 I 1 , 8 , I I I @ I I 1 
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Fig. 2. ‘H-Detected ‘H-“C multiple-bond correlation (HMBC) spectrum of cellulose diacetate propanoate 
(CPDA, 6-0-acetyl-2,3-di-O-propanoyl-cellulose, 2). The symbol, s, denotes signals due to the solvent. 
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assignments achieved with the HMBC experiment are given in Table I, which provides a 
complete n.m.r. assignment of CADP (1). The n.m.r. assignments of the other cellulose 
mixed ester, CPDA (2), in which the acetyl and propanoyl groups are interchanged, 
were straightforward and the results are shown in Fig. 2 and Table II. 

In summary, the HMBC experiment has been found to provide a rapid and a 
reliable method for unambiguous establishment of the substitution sites of cellulose 
esters. 

EXPERIMENTAL 

Materials. - Cellulose derivatives were prepared from low-molecular-weight 
cellulose having a weight-average degree of polymerization (dp,) of 57, The cellulose (1 
g) was dissolved in 60 mL of N,N-dimethylacetamide containing 7.5% (wh) of LiC117, 
and tritylated selectively at O-6 by 4.3 g of chlorotriphenylmethane (2.5 mol per mole of 
OH) in 23 mL of pyridine for 48 h at 100”. The degree of substitution (d.s.) of the 
6-0-tritylcellulose precipitated by MeOH was determined’* to be 0.92. The 6-O-trityl- 
cellulose (1 g) was dissolved in 18 mL of pyridine and propanoylated with 16.1 mL of 
propanoic anhydride (25 mol per mole of OH) for 48 h at 90”, and then detritylated with 
2 mL of 25% HBr in HOAc in 34 mL of a mixture of HOAc and CHCl, (2: 15, vk). After 
vigorous stirring for 5 min at room temperature, the mixture was poured into 15 vol. of 
50% aqueous MeOH and made neutral immediately by adding solid NaHCO,. The 
precipitated material was recovered by centrifugation, washed with MeOH, and dried in 
uucuo to give 2,3-di-O-propanoyl-cellulose which was then acetylated with a mixture of 
pyridine and Ac,O as already described to give cellulose acetate dipropanoate (CADP, 
6-O-acetyl-2,3-di-O-propanoyl-cellulose, 1) in a yield of 60%. 

Similarly, cellulose propanoate diacetate (CPDA, 2,3-di-O-acetyl-6-O-propa- 
noyl-cellulose, 2) was prepared in 61% yield by interchanging Ac,O and propanoic 
anhydride in the preceding procedure. 

The purities of CADP (1) and CPDA (2) were estimated to be 91 and 92%) 
respectively, by ‘H-n.m.r. spectroscopic measurements. The dp, values of CPDA and 
CADP were estimated to be 46.4 and 32.0, respectively, by gel-permeation chromato- 
graphy on a column of Shodex A-80M (8.0 mm x 50 cm) eluted with CHCl, and 
calibrated against CTP. 

Measurements. - All n.m.r. experiments were performed with a GE NMR 
Instruments Omega 500 spectrometer at 500.14 MHz for ‘H and 125.77 MHz for 13C. 
The spectra were recorded using 50 mg of sample in 0.6 mL of CDCl, at 25”. Chemical 
shifts in p.p.m. were downfield from the internal Me,Si (1% , v/v). HMBC, H,H-COSY, 
and H,C-COSY experiments were carried out with the pulse sequence and programs 
provided by GE. HMBC spectra were the results from a 1024 x 256 data-matrix size with 
128 scans and a delay time between scans of 1 .O s. The durations d, and d, were 3.5 and 
67.9 ms, respectively. 
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