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this time. After dilution with water, extraction with chloro-
form, washing tle chloroform with a saturated solution of
sodium bicarbonate, drying and evaporation, an oil was ob-
tained which, when triturated with ether, gave crystals.
Subsequent recrystallization from methylene chloride-
ether yielded 30 mg. of analytically pure 9a-chloro-1la-
methyl-17«,20;20,21 -bismethylenedioxy -4 -pregnene- 113-
ol-3-one (XI), m.p. 260-265° dec.; ANw°! 2.8, 6.05, 6.2(sh),
9.2-9.4 u. Anal. Caled. for CyuHp»O:Cl: C, 63.77; H,
7.13; Cl, 7.84. Found: C, 63.94; H, 7.34; Cl, 7.94.
11a-Methyl-9,118-oxido-17«,20;20,21-bismethylenedioxy-
4-pregnene-3-one (X) from 9«-Chloro-11a-methyl-174,20;-
20,2 1-bismethylenedioxy-4-pregnene-118-ol-3-one (XI),—
Twenty milligrams of 9a-chloro-11e-methyl-17«,20;20,21-
bismethylenedioxy-4-pregnene-118-ol-3-one (XI) was heated
at reflux for two hours in 5 ml. of methanol with 20 mg. of
potassium carbonate in 2 ml. of water. After evaporation
to dryness in vacuo, the product was extracted with methylene
chloride, dried and evaporated to yield crystals which
gave a negative Beilstein test. Recrystallization from
methanol yielded 10 mg. of 1le-methyl-9,118-oxido-17«,-
20;20,21-bismethylenedioxy-4-pregnene-3-one (X), m.p.
235-240°. Admixture with an authentic sample of the
oxide did not depress the melting point and the infrared
spectra of the two compounds were identical.
1la-Methyl-9,118-0xido-4-pregnene-17«,21-diol-3,20-di-
one 21-Acetate (XII).——One hundred milligrams of 1la-
methvl-9,118 - oxido - 17«,20; 20,21 - bismethylenedioxy - 3 -
ethylenedioxy-5-pregnene (IX) was heated at steam-bath
temperature for 5 minutes with 12 ml. of glacial acetic acid,
12 ml. of water and 2 ml. of concentrated hydrochloric acid.
It was cooled, poured into 109 sodium hydroxide, ex-
tracted well with ethyvl acetate, washed with water, dried
and evaporated inm wvacuo. Acetylation of the total crude
was accomplished by heating for 10 minutes on the steam-
bath with 1 ml. of pyridine and 1 ml. of acetic anhydride.
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It was worked up in the usual manner and chromatographed
on 4 g. of acid-washed alumina. Elution of the column with
ether—cliloroform (1:4) and chloroform gave 20 mg. of the
desired 1la-methyl-9, 118-oxido-4-pregnene-17«, 21-diol-3, -
20-dione-21-acetate (XII) as a non-crystalline solid, suit-
able for use in subsequent transformations; ASEC*s 2.8,
5.70-5.79, 6.0, 6.15(sh), 7.90 u.

9a-Chloro-11a-methyl-4-pregnene-113,17«,21-triol-3,20-
dione 21-Acetate (XIII).—One hundred twenty milligrams
of 1la-methyl-9, 118-oxido-4-pregnene-17a, 21-diol-3, 20-di-
one 21-acetate (XII) was dissolved in & ml. of chloroform.
It was cooled to ice-bath temperature and 5 ml.of 0.45 N
hydrogen chloride in chloroform was added. The reaction
mixture was allowed to stir at ice-bath temperature for a
half-hour and at room temperature for a half-hour. Water
and chloroform were added and the chloroform phase was
washed with a saturated solution of sodium bicarbonate,
dried, evaporated and the resulting oil chromatographed on
5 g. of acid-washed alumina. FElution of the column with
ether—chloroform (1:4) and chloroform gave crystals which
upon recrystallization from methylene chloride—ether gave
50 mg. of analytically pure 9ea-chloro-1le-methyl-4-preg-
nene-118,17«,21-triol-3,20-dione 21l-acetate (XIII), m.p.
230-235° dec.; AYeOE 242 my, E 16,400; A\uet 2,75, 3.0,
5.70, 5.80, 6.1, 6.2(sh), 8.1 u. Anal. Caled. for CoyHgsO4-
Cl: C, 63.63; H, 7.34: Cl, 7.83. Found: C, 63.64; H,
7.40; Cl, 8.36.
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The monosodio derivatives of miethyl a-p-glucopyranoside and cellulose were prepared and methylated, and the products

were analyzed by hydrolysis and quantitative paper chromatography.

The methylated derivatives of both contained un-

substituted, mono-, di- and tri-O-methylglucoses and the mono-O-methyl fraction contained the three principal isomers.

In both cases, 2-O-methyl-pD-glucose was the sugar present in the highest percentage of the hydrolyzate.

Application of

Spurlin’s statistical treatment gave the relative rate constants: ky = 5, k3 = 1, k¢ = 2.5, k, = 8, kb, = 6.7.

The relative reactivities of the three hydroxyl
groups in cellulose remains a fundamental problem
in the chemistry of this polymer. This problem
has gained an increasing amount of attention in re-
cent years for a number of reasons. For one, a
correlation appears to exist between tlie chemical
and physical properties of cellulose derivatives
and the relative distribution of the substituent
groups on the primary and secondary hydroxyls.3—$
For another, knowledge of the mode of distribution
is important for elucidating the structure of ad-

(1) Based in part on a dissertation submitted by the author in
partial fulfillment of the requirements for the degree of Doctor of
Philosophy, June, 1956, The author was on a Research Fellowship
sponsored by the American Viscose Corporation. Grateful ac-
knowledgment is hereby expressed.

(2) Presented at the Symposium on Chemical Reactions of Poly-
mers, Division of Polymer Chemistry, 136th Meeting of the American
Chemical Society, Atlantic City, N. J., September 15, 1959.

(3) S. Sonnerskog, Svensk Papperstidn., 51, 50 (1948).

(4) H. M. Spurlin, THIs JoURNAL, 61, 2222 (1939).

(5 T. Timell, Svensk Pappersiidn., 65, 649 (1952).

(6) T. Timell, ibid., 56, 483 (1953).

dition compounds formed as intermediates’®
and in interpreting the mechanism of the substi-
tution reactions used for the preparation of derived
polymers of cellulose.10—14

Through the years a considerable weight of ex-
perimental evidence has been amassed which indi-
cates that the C-2 hydroxy! group is the most acidic
hydroxyl group of the three in the glucopyranoside
repeating unit of cellulose. As a result, both equi-
librium and rate-controlled reactions which involve
the alkoxide anion appear to occur preferentially

(7) K. Lauer, Makromol. Chem., B, 36 (1951).

(8) S. Rydholm, Svensk Papperstidn., 53, 561 (1950).

(9) T. Timell, “Studies on Cellulose Reactions,”’ Esselte Aktiebolag,
Stockholm, Sweden, 1954,

(10) J. E. Mahoney and C. B, Purves, THiS JourwnaL, 64, 15
(1942),

(11) C. J. Malm, 1. J, Tanghe and B. C. Laird, ibid., 70, 2740
(1948),

(12) C. A. Redfarn and M. C. J. Boyle, Brit. Plastics, 20, 63 (1948),

(13) S. Rydholm, Svensk Papperstidn., 83, 561 (1950).

(14) T. Timell and H. M. Spurlin, ¢bid., 88, 700 (1952).
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at this position. The principal exceptions to this
generalization are the reactions in which steric
effects are important as in the formation of trityl
ethers and tosyl esters.’® The preferential re-
activity of the C-2 hydroxyl appears to be particu-
larly evident in the methylation of glucosides
and di- and polysaccharides by the Williamson
synthesis. This preference has been reported in
both the homogeneous and heterogeneous methyla-
tions of cellulose®®#~2 but does not appear to
hold in other etherification reactions. Even in
the closely related ethylation reaction, a preference
for the less sterically hindered primary hydroxyl
has been observed,®>22%.80 and increasing the size
of the etherifying agent to the hydroxyethyl,?!
cyanoethyl,?* benzyl®® or carboxymethyl8.14.3¢ group
appears to magnify this effect considerably, indi-
cating a marked steric control in these reactions.
Under certain conditions the preferential re-
activity of the C-2 hydroxyl groups in methyl a-D-
glucopyranoside, starch and cellulose has been re-
ported to be complete; that is substitution was
believed to occur only at this position.’® This
selectivity has been reported for the methylation of
the monopotassio derivatives of amylose and cellu-
lose,?.2!  the monosodio derivative of starch,®
and the monosodio derivatives of methyl a-D-
glucopyranoside® and cellulose.”.2® The pur-
pose of the present investigation was to vetify
or disprove the reported extreme selectivity of these
monoalkali glucosides to methylation. In almost
all previous investigations the distribution of sub-
stituents on the three hydroxyl groups has been
determined either by fractional crystallization or
distillation of the methylglucoses obtained on
hydrolysis of the methylcellulose, or by a series
of substitution and degradation reactions carried
out directly on the derived polymer.? Neither of

(15) J. M. Sugihara, Advances in Carbohydrate Chem., 8, 16 (1953).

(16) K. Hess, C. Trogus, W. Eveking and E. Gorthe, Ann., 506, 260
(1933).

(17) P. Schorigin and N. N. Makarowa-Semljanskaja, Ber., 69, 1713
(1936).

(18) J. J. Compton, THIS JoUrNAL, 60, 2823 (1938).
(19) P. Karrer and E. Escher, Helv, Chim. Acta, 19, 1192 (1936).
(20) W. J. Heddle and E. G. V. Percival, J. Chem. Soc., 1690 (1938).

(21) W. J. Heddle and E. G. V. Percival, ibid., 249 (1939).

(22) T. Timell, Svensk Kem. Tidskr., 62, 48, 129 (1950).

(23) T. Lieser, Ann., 470, 104 (1929).

(24) V. Derevitskaya, Y. Kozlova and Z. Rogovin, J. Gen. Chem.
U.S5.5.R. (Eng. Transt.), 26, 1649, 3749 (1956).

(25) Z. A. Rogovin and W. Derevitskaya, Faserforsch. w. Textiltech.,
8, 61 (1957).

(26) W. A, Derevitskaya, M. Prokofeva and Z. A. Rogovin, Zhur.
Obshchei Khim., 28, 716, 1368 (1958); C. A., 52, 1769R (1958).

(27) 1. Croon and B. Lindberg, Svensk Papperstidn., 60, 843 (1957).

(28) L. Rebenfeld and E. Pacsu, Textile Research J., 24, 941 (1954).

(29) J. E. Mahoney and C. B. Purves, THIS JOURNAL, 64, 9 (1942).

(30) J. Honeyman, ibid., 69, 168 (1947).

(31) O. M, Klimova and I. A, Katsizno, J. 4ppl, Chem., U.S.S.R.
(Eng. Transl.), 29, 1671 (1956).

(32) O. A. Moe, 8. E. Miller and M, I. Buckley, TH1S JoURNAL, 73,
4185 (1951).

(33) H. B. Roy, Sci. and Culture (Caleutta), 20, 293 (1954).

(34) E. Dyer and H. E, Arnold, THis JoURNAL, 74, 2677 (1952).

(35) K. M. Gaver, U. S, Patents 2,397,732 (1946) and 2,609,368
(1952); K. M. Gaver, E. P. Lasure and D. V. Tieszen, U. S. Patent
2,672,923 (1951); K. M, Gaver, E. P. Lasure and L. M. Thomas,
U. S. Patents 2,602,084 (1952) and 2,609,368.

(36) M. L. Wolfrom and M. A. El-Taraboulsi, THiS JourNaL, 75,
5350 (1953).

(37) J. M. Sugihara and M. L. Wolfrom, ¢bid., 71, 3509 (1949).

(38) V. A. Derevitskaya, M. Prokofeva and Z, A. Rogovin, Zhur.
Obshchei Khim., 28, 718 (1058); C. A., 52, 1769 (1958).
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these procedures, however, gives a complete and
unequivocal accounting of all substituents. In
fact, most of the reactions employed quantitatively
in the chemical methods of analysis have been
criticized in the literature including the tosylation-
iodination,!!.%® tritylation® and periodate oxida-
tion® % procedures. In the present investigation,
quantitative paper chromatography of the hydrol-
yzate was employed to determine the distri-
bution of methoxyl groups in the methylation of the
monosodio derivatives of methyl «-p-glucopyrano-
side and cellulose.

The monosodio derivatives of these two gluco-
sides were prepared according to the procedures de-
scribed by Wolfrom and co-workers®.# in which
the glucoside is refluxed with sodium hydroxide
in 1-butanol and the water formed is removed by
azeotropic distillation. The sample of methyl
monosodio-a-D-glucopyranoside obtained had a
ratio of 0.94 equivalent of base per equivalent of
glucoside unit as compared to 0.92 observed by
Wolfrom and El-Taraboulsi.® This derivative
was methylated with methyl iodide at 100° and
the products were hydrolyzed and chromato-
graphed. The monosodio cellulose prepared was
methylated by the same procedure to a product
having a degree of substitution of 0.96 as compared
to 1.03 obtained by Sugihara and Wolfrom.¥
This methylcellulose was also hydrolyzed and chro-
matographed. In the analysis of the methylated
products, of both the mono- and polysaccharide,
the unsubstituted, mono-, di- and tri-O-methyl-
glucoses obtained were first separated,® and
then the eluted mono-O-methylglucose fraction
was resolved into the three principal isomers.
In both cases quantitative paper chromatography
was used.®.#* The results are presented in Tables
I and II.

TaBLE I
SUBSTITUTION DISTRIBUTION OBTAINED IN THE METHYLA-

TION OF THE MONOSODIO DERIVATIVES
—-———Mole per cent.—————

Methyl

Sugar present a-D-gluco-

in hydrolyzate pyranoside Cellulose
Glucose 30 38
Mono-O-methyl-p-glucose 36 34
Di-O-methyl-p-glucose 22 22
Tri-O-methyl-p-glucose 12 6
D. 8. 1.16 0.96

TasLE II

DISTRIBUTION OF MONO-O-METHYL-D-GLUCOSES OBTAINED
IN THE METHYLATION OF THE MONOSODIO DERIVATIVES

Mole per cent.
Methyl
a-D-gluco-

Sugar present

in hydrolyzate pyranoside Cellulose
2-O-Methyl-D-glucose 52 49
3-O-Methyl-p-glucose 12°% 10
6-O-Methyl-p-glucose 36 41

¢ Probably also includes the 4-O-methyl-p-glucose present
in the hydrolyzate as the spot obtained was more diffuse than
normal.

(39) C. J. Malm, L. J. Tanghe and B. C, Laird, Tz1s JoUrNaL, 70,
2740 (1948).

(40) F. S. Head, J. Textile Inst., 44, T209 (1953).

(41) C. S. Hudson and E. L, Jackson, THis JourNaL, 69, 944, 2049
(1937).

(42) D. A. Sitch, J. Textile Inst., 44, T407 (1953).

(43) G. C. Gibbons, ibid., 47, T511 (1958).

{44) R. W. Lenz and C. V. Holmberg, Anal. Chem., 28, 7 (1958).
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The exclusive selectivity proposed by the pre-
vious workers for the methylation of these niono-
sodio derivatives is apparently contradicted by the
results of Tables I and I1. The hydrolyzates of the
methylated products of the monosodio derivatives
of both methyl «-p-glucopyranoside and cellulose
were found to contain mono-, di- and tri-O-methyl-
glucoses, and the mono-O-methylglucose fractions
contained at least the three principal isomers.
In addition, a tetra-O-methylglucose fraction may
have also been present, but, if so, this fraction was
either included in the tri-O-methyl spot or carried
off of the filter paper as no other spot was observed.
Furthermore, the 3-O-methyl spot obtained from
the chromatographic separation of the monosubsti-
tuted fraction from methyl a-D-glucopyranoside
was observed to be more diffuse at the front end
than in the control separations. This elongation
was believed to be caused by the presence of 4-O-
methyl-D-glucose in the hydrolyzate.

The relative amounts of the various methyl-
glucoses obtained may explain the erroneous con-
clusions of the previous workers on the exclusive
formation of the C-2 substituted derivatives.
Wolfrom and El-Taraboulsi, using a fractional
crystallization procedure on the products of the
methylation of methyl monosodio-a-p-glucopyrano-
side, were able to isolate only the 2-O-methyl-p-
glucose as the triacetate after the removal of un-
substituted methyl oa-p-glucopyranoside.?* This
mono-O-methylglucose derivative, however, was
obtained in only 12.59, yield. In the present
investigation, the 2-O-methyl-p-glucose present
amounted to 18.29 of the products in the hydroly-
zate. Obviously, the 2-O-methyl derivative is
present to largest extent of all substituted glucoses
and it is the only methylglucose representing more
than 13% of the product. Therefore, the fact that
no other sugar could be made to crystallize out is
not surprising. These results and conclusions
have been fully corroborated by Hess and co-
workers who, however, worked only with monosodio
cellulose ard were able to separate guantitatively
only the methyl glucoses of different degrees of
substitution.

It is interesting to compare the distribution of
methylated glucoses of different degrees of substi-
tution obtained in this investigation with distri-
butions reported for other methylcelluloses. Re-
benfeld and Pacsu analyzed a commercial methyl
cellulose prepared by a very similar procedure,
viz. gaseous methyl chloride on alkali cellulose.*
The analysis is given in Table III along with the
theoretical distribution calculated by Spurlin for a
homogeneous, rate-controlled reaction.* The close
agreement between the products from the methyla-
tion of the monosodio cellulose and alkali cellulose
leaves no doubt about the close similarity of the two
types of substrates. On the other hand, com-
parison of the observed distribution of methyl
glucoses with that calculated for homogeneous
methylation in Table IIT assuming complete ac-
cessibility of all repeating units and equal reactivity
of all hvdroxyl groups emphasizes the dissimilarity
between these reaction types. Two important

(45) K. Hess, . E. Heumann and R, Leipold, Axx., 594, 119
(1955).
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TaBLE 111
SungTITUTION DISTRIBUTIONS FOR METUYLCELLULOSE
s=mvmm—m— -\ et hylcellulose:

From com- Theoretical
From mercial for
Sugar present monosodio methyla- homogeneous
in hydrolyzate cellulose tion® methylation?
Glucose 38 36 34
Mono-O-methyl-p-glucose 34 36 44
Di-O-methyl-D-glucose 22 21 19
Tri-O-methyl-D-glucose 6 7 3
D.S. 0.96 0.99 0.91

¢ Prepared by reacting alkali cellulose with gaseous methyl
chloride. ? Assuming a ratio of rate constants k.:k.:ks
of 1:1:1.4

conclusions can be drawn from this comparison.
First, the higher than theoretical percentage of un-
substituted glucose can be attributed to the pres-
ence of inaccessible regions in the cellulose sample
reacted. The second, and more tenuous conclusion,
is that the higher than theoretical percentage of di-
and trisubstituted glucoses can be attributed to an
enhancement of the reactivity of one hydroxyl
group when another on the same repeating unit
was substituted. Of course the alternate and more
popular conclusion would be to attribute this high
degree of polysubstitution to the operation of a
micellar heterogeneous reaction!® 2. in which the
more accessible repeating units were doubly and
triply methylated because of diffusion control of
the reaction. However, when the results in Tables
I and II were applied to Spurlin’s treatment in
which the relative rate constant of one secondary
hydroxyl group was increased by substitution of the
adjacent group, good agreement between the ob-
served and calculated distributions was obtained.*
From the distribution of monosubstituted glucoses
in the methylation of methyl monosodio-a-p-glu-
copyranoside, the relative rate constants for
substitution at the C-2, C-3 and C-6 hydroxyl
groups, k., k; and k¢, were calculated to he 5, 1
and 2.5, respectively. By inserting these values
in the equations derived by Spurlin¥ and solving
for the two modified rate constants by trial and
error, it was found that when substitution occurred
on the adjacent secondary hydroxyl group the modi-
fied relative rate constant for the C-2 hydroxyl.
ka, was 8 and that for the C-3 hydroxyl, kv, was
6.7. The results of this analysis are given in Table
IV in which it can be seen that very good agree-
ment was realized. In these calculations the rate
constant, ks, for substitution on the C-3 hydroxyl
is probably a sum value for the rate coustants of
the C-3 and C-4 hydroxyls, because it was believed
that the spot attributed to the 3-O-methy! deriv-
ative also contained both 3- and 4-O-methyl-p-
glucose. In subsequent calculations on cellulose
this apparent sum value was taken as the rate con-
stant for the C-3 hydroxyl alone. The agreement
obtained between observed and calculated distri-
butions for cellulose indicates that this assumption
was a reasonable one.

The constants obtained for methyl «-b-gluco-
pyranoside were then applied directly to the

(46) L. E. Wise and E. C Jahn, *Wood Chemistry,"” second edition,
Reinhold Publ. Corp., New YVork, N. V., 1952, p. 281ff.

(47) E. Ott and H. M. Spurlin, "Cellulose and Cellulose Deriva-
tives," Part II, Interscience Publishers, Inc., New York, N, Y., 1954,
p. 677.


Metiiyi.celi.ui.osk

Jan. 5, 1960

TaBLE IV
CALCULATED AND OBSERVED DISTRIBUTIONS IN THE METHYL-
ATION OF METHYL MONOSODIO-@-D-GLUCOPYRANOSIDE FOR
ky =05, ky=1ks =25 ks =8 kb, =67

Mole per cent.

Component Observed Calculated
C* 30 31
Ci 36 36
Co 22 25
Cs 12 8
S’ 19 19
Ss 4 4
Se 13 13
D.S. 1.16 1.10

@ C represents the mole fraction of the glucose methyl
ethers having a D.S. = m. %S, represents the mole frac-
tion of a particular gliucose methyl ether substituted at posi-
tion 7.

methylation of monosodio cellulose by assuming
that the reaction was homogeneous in the acces-
sible regions. The fraction of inaccessible repeat-
ing units was readily calculated from the observed
and theoretical percentages of glucose in the hy-
drolyzate, 38 and 309, respectively. These quan-
tities indicated that 109, of the cellulose was inac-
cessible, and applying the relative rate constants
above to the accessible 909, gave the calculated
values of Table V. The correlation is again very

good.
TABLE V

CALCULATED AND OBSERVED DISTRIBUTIONS IN THE METHYL-
ATION OF MonNosopio CELLULOSE FOR ky = 5, kb = 1,

ks = 2.5, ka = 8, kv = 6.7, 909, ACCESSIBLE

Mole per cent.
Component Observed Calculated

GCo 38 38

G 34 32

Cy 22 23

Cs 6 7

Sy 17 17

S3 3 4

Se 14 11

D.S. 0.96 0.99

Croon and Lindberg treated the results obtained
from a homogeneous methylation of cellulose in a
similar manner.® These workers, however, used
relative rate constants for ks, ks, ks of 3.5, 1, 2 and
assumed that &z; would increase to 2 when the C-2
hydroxyl group is substituted but that %, would
remain unchanged by substitution at the C-3
position. The correlation between observed and
calculated values was fair. Application of the
relative rate constants derived in the present in-
vestigation for the degrees of substitution ob-
tained by Croon and Lindberg gave approximately
the same agreement as these authors obtained
but with the deviations in the opposite direction
of the observed values. This less satisfactory cor-
relation for the homogeneous methylation using the
relative rate constants derived for the methylation
of the monosodio derivatives does not necessarily
compromise the present results as the two reactions
almost certainly differ in the variation of individ-
ual alkoxide ion concentrations with conversion

(48) I. Croon and B, Lindberg, Svensk Papperstidn., 60, 843 (1957),
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which will determine the product ratio and may
even differ in mechanism.

In the methylation of the monosodio derivatives
the reaction of the alkoxide ions apparently went to
completion because the degrees of substitution of
the initial alkoxides and methylated products were
essentially identical. However, even if these re-
actions proceeded by an SN2 attack of alkoxide ion
on methyl iodide, the distribution of methoxyl
groups was not necessarily identical with the initial
distribution of alkoxide groups. For the two dis-
tributions to have been identical the observed high
proportion of di- and trimethylated products
would have required an identically high proportion
of di- and triionized glucoside units at the start.
Such a high concentration of polyionized units
would be very urlikely as the ionization of
one of the hydroxyls on the ring would un-
doubtedly reduce the acidity of the others by sev-
eral orders of magnitude. This effect would cer-
tainly be true for the two secondary hydroxyls and
probably hold to a significant although somewhat
less extent for the interaction between the primary
and secondary hydroxyls.

If the distributions of methoxyl groups and al-
koxide ions were not identical then two possible
mechanisms are suggested for the methylation re-
action, viz., either (1) methylation occurred on un-
ionized hydroxyl groups or (2) the distribution of
ionized hydroxyl groups changed continually dur-
ing the course of the reaction. The first mecha-
nism would be analogous to SN reactions between
polar molecules generally referred to as solvolysis
when run in a large excess of the nucleophile.®® A
similar type of dipole-dipole reaction, i.e., the for-
mation of ammonium salts from amines and alkyl
halides, has been observed to go with finite rates in
non-polar solvents including hexane, benzene and
carbon tetrachloride and even in gaseous reac-
tions, 4! although the latter was believed to be al-
most entirely a surface reaction.’? This mecha-
nism would favor polysubstitution because the par-
tially substituted products would be much more
compatible with the methyl iodide reaction me-
dium. Nevertheless, postulation of this mechanism
would not explain the identity between the D.S. of
the initial alkoxide and the final methylated deriva-
tive. If this mechanism was operative, excessive
methylation would have been expected. Further-
more, it is well known that neutral carbohydrates
will not react to any significant extent with methyl
iodide and that the reaction of methyl bromide
with methanol in dry benzene is several powers of
ten slower than with pyridine.’! One possibility
is that the hydroxyl group reaction has a very un-
favorable equilibrium, and for the reaction to go to
any extent, the hydrogen iodide formed must be
taken up in a subsequent step as in the reaction
with an alkoxide.

The alternate possibility involving the continu-
ous equilibration of alkoxide units during the course

(49) A. Streitwieser, Jr., Chem. Revs., 56, 571 (1956).

(50) N. J. T. Pickles and C. N. Hinshelwood, J. Chem. Soc., 1354
(19386).

(51) C. G. Swain and R. W. Eddy, THis JoURNAL, 70, 2089 (1948).

(52) E. A. Moelwyn-Hughes and C. N, Hinshelwood, J. Chem. Soc.,
231 (1932).
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of the reaction may be more acceptable except that
the absence of a polar solvent makes this proposed
equilibration difficult to accept. Consistent with
this mechanism, however, is the observation re-
cently reported that methylation of one secondary
hydroxyl in simple glucosides increases the acidity
of the adjacent group.’® Whatever the explana-
tion may be, the mechanism of the reaction re-
ported in this work would not be expected to be
identical to that of the reaction occurring in a homo-
geneous methylation in a solution of a quaternary
ammonium hydroxide or in a heterogeneous meth-
ylation of alkali cellulose using a comparatively
highly polar, high boiling reagent like dimethyl
sulfate. In these polar solvents the reaction would
almost certainly occur exclusively at equilibrated
alkoxide ions as predicted by solvent effects®* in
bimolecular ion-molecule reactions. For these
reasons, and the steric effects discussed earlier, the
results obtained in this investigation and relative
rate constants derived therefrom are not expected
to be directly applicable to other alkylations of
cellulose.

Experimental

Monosodio Cellulose.—~Holocellulose, prepared from
yellow birch screenings by chlorination and extraction with
monoethanolamine,® was extracted with 17.59% alkali to
obtain the a-cellulose fraction. A 20-g. sample of a-cellu-
lose was dissolved in 600 ml. of cuprammonium hydroxide

(53) K. Sarkanen and K. Larson, Abstracts of Papers, 135th Meet-
ing American Chemical Society, 8E (1959).

(54) J. Hine, “Physical Organic Chemistry,” McGraw—Hill Book
Co., Inc,, New York, N, V., 1956, p. 134ff.

(55) T. Timell and E. C. Jahn, Svensk Papperstidn., 54, 831 (1951).
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solution and regenerated by precipitation in 1.5 1. of 6 N
sulfuric acid. The activated cellulose was treated with so-
dium hydroxide in boiling butanol-1 by the procedure
described by Sugiliara and Wolfrom?® for the preparation of
monosodio cellulose. Identical procedures were wlso used to
analyze and niethylate the monosodio derivative.

Methyl Monosodio-a-p-glucopyranoside.—The prepara-
tion and methylation of methyl monosodio-a-D-glucopy-
ranoside was performed as described by Wollrom and El-
Taraboulsi.

Hydrolysis of Methylcellulose.—A 100 mg. saniple of
methyl cellulose was stirred into 3 g. of 729, sulfuric acid
and allowed to hydrolvze for 15 hours at roomn temperature.
The acid was diluted to approximately 1 N by adding 27 ml.
of distilled water, and the mixture was refluxed on the stean-
bath for 4 hours. After cooling, the solution was trans-
ferred to a beaker and Amberlite IR4B was added portion-
wise under constant stirring at such a rate as to bring the
pH of the solution up to approximately 4.0 in 30 minutes.
The solution was decanted off and reduced in a vacuum
oven at 50°.%

Hydrolysis of Methylated Methyl «-p-Glucopyranoside.—
The sirup obtained on miethylating methyl mononsodio-e-p-
glucopyranoside was refluxed on a steam-bath with 20 ml.
of 1 N sulfuric acid for 4 hours. The solution was neutral-
ized with Amberlite IR-4B and concentrated as above.

Paper Chromatography.—Quantitative paper chromatog-
raphy of the neutralized hydrolyzates were perfornied as
described by Lenz and Holmberg.®* The glucose methyl
ethers of different degrees of substitution (<.e., D-glucose,
mono-, di- and tri-O-methyl-p-glucose) were separated with
the top layer of a 5:1:4 mixture of butanol-1-ethanol-water.
The mono-O-methyl-p-glucose isoniers were separated with
the top laver of a 2:5:5 mixture of 2,4,6-collidine—ethyl
acetate—water.
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Quaternary Salt Formation of Substituted Oxazoles and Thiazoles'
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The course of quaternization of a number of oxazoles and thiazoles and various dimethylaminophenyl, pyridyl and quinolyl

derivatives has been investigated.

Until recently, there has been little pharmaco-
logical interest in oxazole compounds. After the
discovery that certain oxazole quaternary salts
produced poikilothermia in mice,? there have
followed some investigations of other pharmaco-
logical properties of these compounds. They have
been screened for anti-cancer activity,® and they
have been found to be active hypotensive agents.*~7

In an effort to determine what relationship
existed between chemical structure and hypo-

(1) Work performed under the auspices of the U, 8. Atomic Energy
Commission.

(2) C. C. Lushbaugh, et al., J. Pharm. Exptl. Therap., 116, 3606
(1956).

(3) 1. U. Boone, V. G. Strang and W. H. Langham, Cancer Res., 18,
No. 8, Part II, 381 (1958).

(4) T. J. Haley, W. G. McCormick and A. M. Flesher, Arch. Int.
Pharm. Therap., 59, 78 (1957).

(5) T.J. Haley. A. M. Flesher and N. Komesu, J. Am. Pharm, As-
soc., 417, No. 6, 401 (1958).
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(7) J. E. Furchner and L. E. Ellinwood, to be published.

The salts have been screened for hypotensive activity,
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tensive activity, a number of new oxazole quater-
nary salts and related compounds were synthesized.

Preliminary screening for hypotensive activity
has been carried out,” both for the compounds
reported here (Table I) and those in an earlier
paper.! The activity of these salts is very de-

(8) D. G. Ott, F. N. Hayes and V. N. Kerr, THIS JoURNAL, 78, 1941
(1956).



