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Preliminary communication

Dissolution of cellulose in polar aprotic solvents via formation of methylol
cellulose
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Recently, a new solvent-system for cellulose, utthzing dimethyl sulfovide (Me,SO)
and paraformaldehy de, was discovered at The Institute of Paper Chienustry®? 1t has been
demonstrated that the mechamsm whereby cellulose dissolves in this sysiem is dependent
1 part, on the formation of a hemiacetal dervative “methylol cellulose”?*? Thermal de-
composition ot paraformaldehyde generates formaldehyde, a portion of which reacts
with hydrovyl groups of cellulose, especially? 3 those at C-6 Despite previous indications
that Me,SO 1s the only solvent for methylol cellulose® ¢, further investigation of the
mechanism of formation of methylol cellulose has shown that methylol celiulose mav also
be prepared and dissolved in polar aprotic solvents other than Me,S0

We now report that cellulose may be dissolved by the action of formaldehyde n
pyvname N, N-dimethylformamide (DMF) N, N-dimethylacetarmide (DMA), N-methyl-2-
pyrrohidinone (NMP). and thiolane l-oxide (tetramethylene sulfoxide, TMSO) These
solvents have the common charactenstics of being polar, aprotic, and good hydrogen-bond
acceptors The aprotic nature of the solvents is essential, as formaldehyde undergoes addi-
tion reactions with most proue solvents” The polar nature of the solvents 1s ynportant m
the dissolution process

In order for cellulose to dissolve the solvent must penetrate and swell the cellulose
structure, even the lughly ordered, crystailine regions Primarily because of thewr dipoles,
the foregoing solvents are good hydrogen-bond acceptors and are able to interact effective-
ly with hydroxyl groups of the cellulose and thereby distupt intermolecular hydrogen-
bonding In addition, these solvent molecules are relatively small and can penetrate the cel-
lulose structure more readily than bulky molecules

Interaction of the solvent with formaldehyde also appears to be very importantn
these systems The dipolar nature of monomeric formaldehyde presents the possibihity for
dipole—dipole interaction between the organic solvent and formaldehyde. Such nterac-
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tions would be expected to enhance retention of formaldehyde n solution, and would
mauttam it 1n a highly reactive state A 1 1 formaldehyde—pyridine complex has previously
been 1solated® Sinular interactions have also been postulated as being important in other
cellulose solvent-systems®

Solutions of methylol cellulose i the new solvents have been prepared by two
shghtly different experunental techmques Such solutions may be prepared in all of the
solvents by bubbling formaldehyde gas mnto a stirred slurry of celiulose 1n the organic
solvent The slurry 1s kept at the desired temperature, generally 80—90°, in an oil bath, and
formaldehyde 1s generated by thermal decomposition of paraformaldehyde in an external
flask Over this temperature range, solutions are generclly limted to a maximum concentra-
tion of 1-2% of cellulose Alternatively, in DMA, NMP, and TMSO, solutions of methy lol
cellulose may also be prepared as previously described for Me,SO! 2 Paraformaldehyde,
which has a surtably low decomposition-temperature, 1s added directly to the sturred slurry
of cellulose, whzch 1s heated to 120—125° By thus procedure, solutions of 5% cellulose cot-
ton linters, and 10% solutions of cellulose having a lower d p (dp,, 275) have been prepared
In Me,SO and TMSQ, 1t 1s possible to obtain even greater concentrations Cellulose solu-
tions may be prepared over a range of temperatures However, when the source of form-
aldehyde 1s paraformaldehyde added directly to the system, temperaturcs greater than
~110° are generally required to ensure effective thermal decomposition of para-
formaldehyde

It was shown earlier!*? that, when the Me,SO—paraformaldehyde solvent-system
1s used to form methylol cellulose, ~1 mol of formaldehyde 1s bound per mol of glucose
residues, after freeze-drying Preliminary characterization of the methylol celluloses
generated 1n the new solvents indicates that there may be substantial differences in the
molecular substitution (m s ) of the denivative when the solution 1s prepared at 80°
as compared to 120° We have found that the m s of the methylol cellulose can be as high
as ~20 The high values are obtained at the lower dissolution temperatures where form-
aldehyde gas 1s bubbled 1nto the solution and the solution is cooled inmediately after dis-
solution Prolonged heating or excessive temperatures can result 1n the loss of bound form-
aldehyde and ultimately 1n the regeneration of unsubstituted cellulose At lower tempera-
tures, when extended polyoxymethylene side-chains are formed gel formation occurs more
readily, thus hmiting the maxymum concentration of cellulose obtamnable Alargems,
because of low dissolution temperatures, probably accounts for the limited concentratiors
of cellulose observed by Seymour and Johnson in the Me,SO—paraformaldehyde system*

The presence of the methylol substituents can be confirmed and the m s deter-
muned for some of these systems by n m r -spectral analysis of the tniacetate Acetylation of
the methylol substituents prevents their loss during isolation of the polymer by precipita-
tion 1n water Complete acetylation of the methylol hydroxyl groups and unsubstituted
hydroxyl groups of D-glucose, as indicated by the lack of OH stretch in the 11 spectra, 1s
readily accomphshed 1n the pyridine, DMF, DMA, and NMP systems by using acetic
anhydride—pyridine In the sulfoxide systems, however, treatment with acetic anhydnde re-
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sults in such undesirable side-reac 1ons as oxidation of the cellulose'?!! The methylol cel-
lulose triacetates isolated can be dissolved mn chloroform-d and the ratio of the acetate
protons to the methylol protons deterrned from the !H-n m r integrals H-N m r. spectra
of two representative samples of methylol cellulose triacetate (ms 29 and 6 1) from the
DMA—formaldehyde system are shown in Fig 1 The 'H-n m r spectrum of cellulose tri-
acetate 1s also presented for companison The signals of methylol protons are readily ob-
served. Protons of methylene groups attached to O-acetyl substituents resonate at

& 533 p p.m, whereas the other methylene protons of the polyoxymethylene chains
resonate at 4 88 p p m Protons of the acetyl methyl groups resonate at 2 08 p p m. The cel-
lulose ring protons are observed as a broad band occurring between ~3 2—5 6 p p m. From
the intensities of the methylene resonances for the methylol cellulose of ms 2 9,1t 15 ap-
parent that, even at thus level of substitution, the formaldehyde 1s present to some extent as
polyoxymethylene side-chains rather than being evenly distributed between the three
hydroxyl groups of the D-glucose residues
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Fig 1 'H-N m r spectra of peracetates of cellulose and methylol cellulose
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