
90 J. Org. Chem., Vol. 41, No. 1, 1976 Schweiger 

(6) R. A. Long, A. F. Lewis, R. K. Robins, and L. B. Townsend, J. Chem. 

(7) U. Lerch, M. G. Burdon, and J. G. Moffatt. J. Org. Chem., 36, 1507 

(8)  W. A. Asbun and S. B. Binkley, J. Org. Chem., 33, 140 (1968). 
(9) S. David and A. Lubineau, C. R. Acad. Sci., Ser. C, 275, 331 (1972). 

SOC. C, 2443(1971). 

(1971). 

(10) M. P. Mertes, J. Zielinski, and C. Pillar, J. Med. Chem., 10, 320 
(1967). 

(1 1) (a) L. Kalvoda, J. Farkas, and F. Sorm, Tetrahedron Lett., 2297 (1970); 
(b) G. Trummlitz and J. G. Moffatt, J. Org. Chem., 38, 1841 (1973). 

(12) E. M. Acton, K. J. Ryan, D. W. Henry, and L. Goodman, Chem. Com- 
mun., 986 (1971). 

(13) J. Farkas and F. Sorm, Collect. Czech. Chem. Commun., 37, 2798 
(1972). 

(14) J. Farkas, 2. Flegelovir. and F. Sorm, Tetrahedron Left., 2279 (1972). 
(15) (a) J. G. Buchanan, A. R. Edgar, and M. J. Power, J. Chem. SOC., Perkin 

Trans. 1, 1943 (1974), and references cited therein; (b) J. G. Buchanan, 
A. R. Edgar, M. J. Power, and P. D. Theaker. Carbbhydr. Res., 36, C22 

(29) H. P. Albrecht, D. B. Repke, and J. 0. Moffatt, J. Org. Chem.. 39, 2176 
(1974). 

(30) (a) H. Ohrui and J. J. Fox, Tetrahedron Left., 1951 (1973); (b) R. S. 
Kleln, H. Ohrui, and J. J. Fox, J. Carbohydr., Nucleosides, Nucleotides, 
1, 265 (1974). 

(31) (a) Although the terms anomeric and anomer do not strictly apply to C 
glycosyl derivatives, they are nevertheless used here for the sake of 
simplicity and convenience. (b) The chosen nomenclature for 5b and 6b, 
In our opinion, Is more readily understandable than the alternative: ethyl 
4,7-anhydro-5,6-~isopropylidene-8-~trityl-~-all~ and -a/frwct-2-yn- 
oate. 

(32) Note Added in Proof. After submission of the present manuscript, a pre- 
liminary communication on the synthesis of methyl 3-(2,3,5-tri-O-benzyl- 
a- and -&wibofuranosyl)propiolate by J. G. Buchanan. A. R. Edgar, M. 
J. Power, and 0. C. Williams appeared: J. Chem. SOC., Chem. Com- 
mun., 501 (1975). 

(33) L. B. Townsend in “Synthetic Procedures in Nucleic Acid Chemistry”, 
Vol. 2, W. W. Zorbach and R. S. Tipson, Ed., Wiley-Interscience, New 

(1974). 
R. Zelinski and R. E. Meyer, J. Org. Chem., 23, 810 (1958). 
D. Horton, J. B. Hughes, and J. K. Thornson, J. Org. Chem.. 33, 728 
(less), and references cited therein. 
H. El Khadem. D. Horton, and M. H. Meshreki, Carbohydr. Res., 16,409 
(197 1). tion. 

York, N.Y., 1973, p 330. 
(34) H. Ohrul, 0. H. Jones, J. G. Moffatt, M. L. Maddox. A. T. Christensen, 

and S. K. Byram, J. Am. Chem. SOC., 97, 4602 (1975). The authors are 
indebted to Dr. Moffatt of the institute of Molecular Biology, Syntex Re- 
search, Palo Alto, Calif., for access to the manuscript prior to publica- 

J. M. Tronchet, A. Gonzalez, J. 8. Zumwald, and F. Perret, Helv. Chim. 
Acta, 57, 1505 (1974). 
M. T. Garcia-Lopez, G. Garcia-Murioz. and R. Madroirero, J. Heterocycl. 
Chem., 8, 525 (1971). 
For a general review on 1,3dipolar Cycloaddition see (a) R. Huisgen, 
Angew. Chem., lnt. Ed. Engl. .. 2, 565, 633 (1963). (b) For a more recent 
review on 1.3dlpolar cycloaddition to alkynes see J. Bastide, J. Hamel- 
in, F. Texier, and Y. V. Quang, Bull. Soc. Chim. Fr., 2555, 2871 (1973). 
S. Y-K. Tarn. F. 0. De Las Heras. R. S. Klein, and J. J. Fox, Tetrahedron 
Left., 3271 (1975). 
(a) A. N. Kost and I. I. Grandberg, Adv. Heterocycl. Chem., 8, 347 
(1966); (b) R. Fusco, “The Chemistry of Heterocyclic Compounds”. Vol. 
22, A. Weissberger, Ed., Interscience, New York. N.Y., 1967. 
(a) R. P. Barnes, ”Heterocycllc Compounds”, Vol. 5, R. C. Elderfield, 
Ed., Wlley, New York, N.Y.. 1952. Chapter 7: (b) N. K. Kochetkov and S. 
D. Sokolov, Adv. Heterocycl. Chem., 2.365 (1963). 
Of notable exceptlon are two novel methods Involving (a) a one-step re- 
action between an aldehydo sugar and dlmethyl daromethyl phospho- 
nata and Ib\ treatment of the same suaar with (PhLP---CBr* and then 

(35) J. L. lmbach and B. L. Kam, J. Carbohydr.., Nucleosides, Nucleotides, 1, 
271 (1974). 

(36) The first attempt to dry the silver acetylide of ethyl proplolate at higher 
temperatures (70°, in vacuo) resulted in its spontaneous decomposition 
and the formation of large amounts of metallic silver. Although no deto- 
nation was heard and no glassware wa8 damaged, we recommend that 
such acetyiides be handled with caution and dried only as described in 
the text. 

(37) (a) R. G. Weis and E. T. Snyder, J. Org. Chem.. 35, 1627 (1970); (b) R. 
Appel, R. Kleinstuck, K. Ziehn, and F. Knoll, Chem. Ber., 103, 3631 
(1970). 

(38) 2 (0.227 rnrnol), 0.274 mmol of (PhhP, and 0.45 mmol of CCI, were dis- 
solved in 0.5 ml of CDCl3 and the reaction was followed by NMR with a 
Varian A-60 spectrometer (1 % MedSI as internal standard). 

(39) T. L. Gilchrist and G. E. Gymer, Adv. Heterocycl. Chem., 16,33 (1974). 
(40) (a) L. Blrkofer and A. Rltter, Angew. Chem. lnt. Ed. Engl., 4, 417 (1965); 

(b) L. Birkofer and P. Wegner, Chem. Ber., g9, 2512 (1966). 
(41) See ref 23a, p 414-416, and references cited therein. 
(42) G. Just and M. Ramieesinoh. Tetrahedron Left.. 985 (1975). \ - I  - -  - - - 

with wBuLi. See ref 19. 
(26) (a) CIBA Ltd.. Belgian Patent 620,022; Chem. Abstr., 59, 88401(1963). 

(b) For a general procedure on the preparation of silver acetylldes and 
their reaction with acyl halides see R. B. Davis and D. H. Schelber, J 
Am. Chem. Soc., 78, 1675 (1956). 

(27) R. S. Klein, M. P. Kotick, K. A. Watanabe, and J. J. Fox, J. a g .  them., 
36, 4113 (1971). 4225 (1972). 

(28) S. Hanessian and A. G. Pernet, Can. J. Chem.. 52, 1266 (1974). 

i43j (a) R. A. Firestone, 3. or; chem., 33, 2285 (1968); ib) ~.’Huisgen, ibid., 
33, 2291 (1968); (c) J. Bastide, N. El Ghandour. and 0. Henri-Rousseau. 
Bull. SOC. Chim. Fr., 2290 (1973); (d) J. BastMe and 0. Henri-Rousseau, 
ibid., 2294 (1973). 

(44) K. von Auwers and 0. Ungemach, Ber., 66B, 1205 (1933). 
(45) J. Bastide, N. El Ghandour, and 0. HenrCRousseau, Tetrahedron Left., 

(46) B. Loev and M. M. Goodman, Chem. Ind. (London), 2026 (1967). 

Nitrite Esters of Polyhydroxy Polymers’ 

Richard G.  Schweiger 

Stauffer Chemical Company, Oxnard, California 93030 

Received June 16,1975 

Ni t r i te  esters o f  polysaccharides and synthetic polyhydroxy polymers are obtained by reaction o f  polyhydroxy 
polymer w i th  dinitrogen tetroxide or nitrosyl chloride in a medium containing a suitable proton acceptor. The 
polymeric nitrite esters are relatively unstable compounds and can be isolated only a t  low temperatures as wet, fi- 
brous materials f rom a neutral or alkaline medium. In the presence o f  a protic solvent, such as water or alcohol, 
and catalytic amounts o f  mineral acid, they decompose immediately w i th  formation o f  nitrous acid or alkyl n i t r i te 
and regeneration of the  corresponding polyhydroxy polymer. Results suggest tha t  nitrosation o f  alcoholic hydrox- 
y l  groups, irrespective o f  their origin, follows the same mechanism and is  subject t o  an equil ibrium ROH + NzOr 
+ RON0 + “03, whose equil ibrium constant depends greatly on  the stabil ity o f  the n i t r i te  ester. 

It has been found previously that cellulose can be solubi- 
lized with nitrogen dioxide or nitrosyl chloride in N,N-dial- 
kylacylamide, with formation of clear and viscous solu- 
tioxx2 More recent results indicate that the reason for this 
solvation lies in the formation of cellulose trinitrite ester, a 
compound that decomposes immediately in the presence of 
a protic solvent and mineral acid as a catalyst with regener- 
ation of the cel l~lose.~ A reaction mechanism has been pro- 
posed3 in which the nitrosyl nitrate form: not the symmet- 
ric nitrogen dioxide dimer, is the reactive agent that quan- 
titatively esterifies the cellulose molecule. Nitrosyl chloride 

reacts in a similar fashion producing nitrite ester and, in- 
stead of nitrate ion, chloride ion. However, a 2.5- to 3-fold 
excess of nitrosyl chloride is required for completion of the 
reaction probably as a result of a higher stability, i.e., lower 
reactivity, of nitrosyl chloride. 

It is postulated that the N,N- dialkylacylamide functions 
as a proton acceptor, so the equilibrium as shown in 
Scheme I would shift to the right to provide for an essen- 
tially quantitative nitrite ester formation. Consistent with 
this mechanism, the rate of esterification increases and the 
conversion with nitrosyl chloride can be completed with 
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Scheme I 

ROH + ONONO, “--.r RONO + HNOB 
ROH + ONCl RONO + HC1 

stoichiometric amounts of reagent if the more strongly 
basic tertiary amines, such as pyridine or quinoline, are 
used as solvent. The reaction proceeds also in inert sol- 
vents, such as benzene, chloroform, acetone, or ethyl ace- 
tate, provided that at  least 1 mol of amine per mole of ni- 
trosating agent is present. However, if a strongly basic ter- 
tiary amine, such as trialkylamine, is used, no nitrite ester 
formation occurs but, instead, a highly exothermic reaction 
of the nitrosating reagent with the amine is observed mak- 
ing nitrosyl nitrate or chloride unavailable for nitrosation 
of the cellulose. 

Previously it was believed that the only principal reac- 
tion of cellulose (and other hexosans) with nitrogen dioxide 
was oxidation of primary hydroxyl groups at  C-6 to form 
carboxyl groups with minor side reactions being oxidation 
of secondary hydroxyl groups and n i t r a t i ~ n . ~  The present 
results establish that, in a medium containing cellulose and 
nitrogen dioxide, an equilibrium as shown in Scheme I ex- 
ists and, depending on the medium, the reaction may pro- 
ceed either toward oxidation or nitrite ester formation as 
shown in Scheme 11. In relatively inert solvents, the equi- 

Scheme I1 

r CO,H. 1 

N p , ,  t inert solvent 1 proton Nr I :  accept I 
ON0 H P c.---- 

HOH or ROH, -0 OH H 
-0 

H OH H ON0 

librium is very much in favor of the left side, Le., cellulose 
and free dinitrogen tetroxide, and practically no nitrite 
ester is detectable. Then, oxidation of primary hydroxyl 
groups, a relatively slow reaction, will take place. No such 
oxidation, however, is possible in the presence of a suitable 
proton acceptor even with an excess of nitrogen dioxide 
since the rate of nitrite ester formation is much higher than 
that of oxidation and, once the nitrite ester is formed, the 
hydroxyl groups are protected from oxidative attack. 

Nitrite ester formation as shown above is not limited to 
cellulose but is reaction common to all polysaccharides 
and synthetic polyhydroxy polymers. Thus, other polysac- 
charides, such as starch, guar gum, locust bean gum, alginic 
acid, and hemicellulose, and polyvinyl alcohol form clear 
and viscous solutions in N,N- dimethylformamide (DMF), 
N,N-dimethylacetamide (DMA), pyridine, or quinoline 
when a sufficient amount of nitrogen dioxide or nitrosyl 
chloride is introduced. The amounts of dinitrogen tetroxide 
necessary to solubilize the various polyhydroxy polymers 
are shown in Table I. During introduction of the nitrogen 
dioxide, the mixtures remain colorless to very lightly col- 
ored until the ratios in Table I are closely approached. 
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Table I 
Reactions of Dinitrogen Tetroxide with Polyhydroxy 

Polymers in DMF ---- 
Number of 

Molar free OH 
equiv of groups in 

polymer 
units 

Polyhydroxy N2 0 4  
nolvmer reacted 

~ 

Cellulose 2.7-2.8 3 
Starch 2.7-2.8 3 
Guar gum 3.0-3.2 3 
Locust bean gum 3.0-3.2 3 
Alginic acid 1.8-1.9 2 
Hemicellulose 2.0-2.1 2 
Polyvinyl alcohol 0.9-0.9 5 1 

Then, an intensive color change toward bluish green occurs 
indicative of free nitrogen dioxide. The molar ratio, polyhy- 
droxy po1ymer:nitrosyl chloride, is essentially the same if 
pyridine or quinoline is used as the proton acceptor. With 
DMF or DMA, a 2.5- to 3-fold excess of nitrosyl chloride is 
required for completion of the reaction. In all cases, the 
ratio coincides remarkably well with the number of free hy- 
droxyl groups per polymer unit, Le., three for hexosans, two 
for polyuronic acid and pentosans, and one for polyvinyl al- 
cohol. Slight deviations from the theory toward higher 
values may be due to the presence of impurities, such as 
protein, and, in the case of hemicellulose, to a small per- 
centage of anhydrohexose as a molecular building unit. The 
yellow color of regenerated guar and locust bean gums may 
be an indication of protein impurities that have reacted 
with nitrogen dioxide. 

The nitrite esters of polyhydroxy polymers can be isolat- 
ed by addition of their solution, neutralized with a tertiary 
amine, to  water. All nitrite esters prepared exhibit similar 
solution properties and an instability similar to that of the 
cellulose nitrite ester described pre~iously.~ Thus, they can 
be isolated only at  a low temperature, they cannot be dried 
without decomposition unless the temperature is extremely 
low, and they decompose immediately in the presence of a 
protic solvent and mineral acid as a catalyst. The consump- 
tions given in Table I indicate that all poly- form fully 
substituted nitrite esters. This has been established by di- 
rect analysis of the nitrite ester through decomposition 
with acid, determination of the regenerated polymer by 
weight, and titration of the nitrous acid with permanganate 
followed by isolation of the nitric acid formed as nitron ni- 
trate. Degrees of substitution calculated from the weight of 
the polymer and the amount of nitrous acid titrated were 
found to be 2.8-3.0 for the hexosans (including cellulose), 
1.9-2.0 for polyuronic acid and pentosans, and 0.9-1.0 for 
polyvinyl alcohol. 

Regeneration of the polyhydroxy polymer is accom- 
plished by addition of a protic solvent, such as water or al- 
cohol, to the nitrite ester solution containing mineral acid. 
With water, this is a simple hydrolysis while, with alcohol, 
it is a transesterification producing alkyl nitrite as the most 
stable nitrite ester in this system. Stoichiometric amounts 
of protic solvent are sufficient to remove the nitrite groups 
quantitatively from the polymer molecule as this has been 
demonstrated previously for cell~lose.~ Nitrogen determi- 
nations of the regenerated materials are negative or do not 
show an increase of the nitrogen content originally present, 
and ir spectra are identical with those of the corresponding 
starting materials indicating that the regenerated polyhy- 
droxy polymers are chemically unmodified. 

Comparison of the viscosities of the regenerated polysac- 
charides with those of the corresponding starting materials 
is made in Table 11. It indicates that degradation is negligi- 
ble with the exception of galactomannans, which appear to 

- 
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Table I1 
Viscosity of Original and Regenerated Polysaccharide 

Viscosity 

Material Concn, % pH Original Regenerated 
__.--- 

Cellulosea 0.5 28.8 28.8 
Starch 1.0 6.0 30.4 29.3 
Guar gum 0.25 6.3 287 70.7 
Locustbeangum 0.25 6.6 255 117.2 
Alginic acidb 0.25 6.5 1 1 4  104.6 
Hemicellulose 2.0 6.7 146.2 138.5 
Water 1 2  

a The viscosity of cellulose was determined in cupram- 
monium hydroxide solution as  described previously. 
b EDTA (0.1%) was added to exclude any influence on  
viscosity by traces of calcium ions. 

depolymerize t o  a significant extent as shown by the reduc- 
tion of their solution viscosity. 

Apparently, all polyhydroxy polymers irrespective of 
their structure or composition are  subject to the equilibri- 
u m  in Scheme I, producing polymeric nitrite ester if a suit- 
able proton acceptor is present. Aliphatic alcohols undergo 
the same reaction with dinitrogen tetroxide: but  the pres- 
ence of a proton acceptor is not  necessary for alkyl nitrite 
formation, and the reaction proceeds with or without the 
addition of an inert s 0 1 v e n t . ~ ~ ~  Assuming that the  forma- 
tions of alkyl nitrite and polymeric nitrite proceed along 
the same reaction path so both are subject to the equilibri- 
u m  in Scheme I and ignoring the fact that there are  one- 
and two-phase reactions, the principal remaining differ- 
ence i s  in  t h e  stability of the nitrite esters. Such difference 
is expressed in  the value of the equilibrium constant, C = 
[ROH] [N20&[RONO] ["Os], which is reversely propor- 
tional to nitrite ester stability. Relatively large constants 
favoring unsubstituted hydroxyl groups and free dinitrogen 
tetroxide would thus be expected for the relatively unstable 
polymeric nitrite esters while relatively small constants 
would be typical of the more stable alkyl nitrites. 

Experimental Section 
Cellulose Trinitrite Ester. Cellulose trinitrite ester was pre- 

pared by treating cellulose (IO g) with N204 or NOCl as described 
previ~usly,~ but instead of DMF, 100 ml of (a) pyridine, (b) quino- 
line, (c) benzene-pyridine, 1:l and 4:1, (d) acetonepyridine, 4:1, 
and (e) ethyl acetate-pyridine, 4:1, was used. All mixtures formed 
viscous solutions with about 1 mol of Nz04 or NOCl per mole of 
hydroxyl radical. Experiments c-e formed some white precipitate 
consisting probably of pyridinium nitrate. 

Similar results were obtained when a benzene-pyridine mixture 
was used in which the amount of pyridine was about 1 mol per 
mole of Nz04 or NOC1. 

If triethyl- or tripropylamine was substituted for the pyridine, a 
strongly exothermic reaction occured on addition of Nz04 or NOCl 
without esterification of the cellulose. The same exothermic reac- 
tion was observed when Nz04 or NOCl was added to trialkylamine 
without cellulose being present. 

Nitrite Esters of Polymers Other Than Cellulose. Pregela- 
tinized corn starch (4 g) was dried at  60° in vacuo for 3 hr and sus- 
pended in 100 ml of DMF or DMA, and Nz04 was introduced at  
room temperature with mechanical stirring and under exclusion of 
moisture. After introduction of 5 g of NzO4, the mixture had thick- 
ened but still contained a considerable amount of suspended parti- 
cles. The color of the mixture was slightly bluish green. Complete 
solubilization and deepening of the color occurred with about 6.1 g, 
and further addition of Nz04 did not increase the viscosity but 
only intensified the deep green color of the solution. Without pre- 
gelatinization of the starch, no solubilization was achieved under 
these reaction conditions. 

Four-gram portions of guar gum, locust bean gum, alginic acid, 
hemicellulose, and polyvinyl alcohol were treated under identical 
conditions in 400, 400, 150, 150, and 40 ml of DMF or DMA, re- 
spectively. Prior to the reaction with Nz04, guar and locust bean 
gums were dissolved in water, precipitated and dehydrated with 

Table I11 
Amount 
of N,O, 

Poly hydroxy introduced, 
g 0 bservation 

6.2 Gelatinous, clear, 

7.2 

polymer 

Guar 4.3 Thickening, light color 

Gelatinous, clear, deep 
deeper color 

Locust bean 

Alginic acid 

green 
5.6 Thickening, light color 
6.4 Gelatinous, clear, 

deeper color 
Gelatinous, clear, deep 7.4 

green 
3.5 Thick solution, light 

color 
3.8 Clear viscous solution. 

bluish green 

dissolved particles 
5.8 Clear solution, bluish 

green 
Polyvinyl alcohol 4.0 Thickening, colorless 

8.0 Clear solution after 
prolonged stirring, 
bluish green 

Hemicellulose 5.5 Thick solution, un- 

methanol, and dried in vacuo at  60' for 2 hr. Alginic acid was ob- 
tained from Kelco Gel H V  by dissolution in water, precipitation 
with CaC12, washing of the precipitate with 0.1 N HCl followed by 
water, dehydration with alcohol, and drying in vacuo at  50° for 2 
hr. Hemicellulose was prepared by alkaline extraction of corn 
hullsa and purified by redissolving in water, precipitation with 
methanol, and drying at  llOo for 2 hr. Polyvinyl alcohol (fully hy- 
drolyzed) was used as supplied without further treatment. 

The observations in Table I11 were made after introduction of 
various amounts of N204. With NOCl and DMF or DMA, the 
molar amount of reagent had to be increased substantially to ob- 
tain similar results. In the presence of pyridine, however, stoichio- 
metric quantities of NOCl were sufficient. Similar results were also 
obtained when solvent mixtures as described above for cellulose 
were used. 

Regeneration of Polyhydroxy Polymer. The nitrite ester so- 
lution in DMF was poured in a thin stream and with vigorous agi- 
tation into about 3 volumes of methanol, and the precipitate was 
filtered off and pressed out on a Buchner funnel, resuspended in 
fresh methanol, filtered off again, and dried in vacuo at  60°. All re- 
generated polymers were practically colorless, with the exception 
of guar and locust bean gums being light yellow. Films were ob- 
tained by spreading the solution on a glass plate and contacting it 
with aqueous methanol. The film was removed, washed with meth- 
anol, and dried in vacuo at 60°. 

Analytical Procedures. Ir spectra were obtained with a Per- 
kin-Elmer spectrophotometer, Model 257. All samples were used 
in the form of films prepared as described above. 

Nitrogen was determined by the Kjeldahl method, and each 
polymer was analyzed before solvation and after regeneration, 

For viscosity measurements, the polysaccharides were kept in 
DMF-NzOd for 24 hr at 5O, regenerated, and the viscosities of their 
aqueous solutions determined at  a pH of 6-7 with a Cannon 
Fenske Viscometer at 2 5 O .  pH values, if too low, were adjusted by 
the addition of dilute sodium hydroxide. Alginic acid prepared as 
described above was transformed into the ammonium salt before 
the viscosity measurement. Viscosities of aqueous solutions of the 
corresponding starting materials were measured under the same 
conditions, and results are given in Table 11. Evidence of alkyl ni- 
trite formation during regeneration of polysaccharide or polyvinyl 
alcohol by the addition of stoichiometric amounts of alcohol was 
obtained by isolation of the alkyl nitrite formed as described pre- 
viously for cellulose? 

Isolation and Analysis of Polymeric Nitrite Ester. The ni- 
trite ester solution in pyridine (or in DMF to which an eicess of 
trialkylamine had been added) was poured slowly and with stirring 
into ice-cold water. The fibrous precipitate was removed, washed 
with ice-cold water, and pressed out on a Buchner funnel. Care had 
to be taken to maintain the temperature a t  below about 5 O  to avoid 
decomposition of the nitrite ester. 

The moist nitrite esters thus obtained decomposed on drying. 



2-Amino-5-chloro-, -3-chloro-, and -3,5-dichloropyridines 

They were soluble in DMF, pyridine, ethyl acetate, benzene, tolu- 
ene, chloroform, acetone, and other common solvents for polymer- 
ic esters even in the presence of a protic solvent, such as alcohol. 
Solutions gelled on standing over an extended period of time final- 
ly resulting in separation of the corresponding polysaccharides or 
polyvinyl alcohol. On addition of mineral acid, the regenerated 
polymer separated immediately. The nitrite esters were analyzed 
by suspending the moist fibrous material in water, acidifying with 
sulfuric acid, and keeping the mixture in a closed Erlenmeyer flask 
with occasional shaking. After about 1 hr, a portion of the sample 
was neutralized with sodium hydroxide and the nitrite titrated 
with permanganate solution. The nitrate formed during titration 
was precipitated and identified as nitron nitrate.g The other por- 
tion was poured slowly and with agitation into 3-4 volumes of iso- 
propyl alcohol to precipitate the polysaccharide and the precipi- 
tate was removed, dried in vacuo over P206 at  60°, and weighed. 

Registry No.-Cellulose nitrite, 57255-90-0; starch nitrite, 
57255-91-1; quar gum nitrite, 57108-91-5; locust bean gum nitrite, 
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57108-95-9; alginic acid nitrite, 57108-92-6; hemicellulose nitrite, 
57108-93-7; polyvinyl alcohol nitrite, 57108-94-8; dinitrogen te- 
troxide, 10544-72-6; nitrosyl chloride, 2696-92-6. 
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A convenient and general process is described for the selective monochlorination of 2-aminopyridine and a 
number of methyl-substituted 2-aminopyridines. The chlorination of 2-aminopyridine at  various sulfuric acid 
concentrations and the distribution of chlorinated products has been studied in detail. The results show that with 
increasing acidity dichlorination decreases, and in 72% sulfuric acid only traces of dichlorination occur. The selec- 
tivity of the chlorination reaction is ascribed to differences in the rate of chlorination of protonated vs. nonproto- 
nated substrates. 

We wish to report a convenient and general process for 
the selective monochlorination of 2-aminopyridine and a 
number of methyl-substituted 2-aminopyridines. 

Several procedures for the chlorination of 2-aminopyri- 
dine have appeared in the literature. Chichibabinl reported 
the chlorination of 2-aminopyridine in ethanol. Later work- 
e r ~ , ~ * 3  unable to duplicate the literature results, utilized 
20% aqueous sulfuric acid at 25' as the solvent. However, 
in each of these procedures the desired monochlorinated 
product was found to be contaminated with significant 
amounts of 2-amino-3,5-dichloropyridinea A 70% yield of 
2-amino-5-chloropyridine, with only slight formation of di- 
chlorinated product, was obtained by treating 2-aminopyri- 
dine in concentrated hydrochloric acid with hydrogen per- 
oxide.4 These results on the chlorination of 2-aminopyri- 
dine in highly acidic media, and the varied selectivity re- 
ported in the halogenation of other aminopyridines,5?6 led 
us to undertake a systematic investigation of this reaction. 

Results 
Chlorination of 2-Aminopyridine. Reaction of %ami- 

nopyridine (1) with a 2 molar excess of chlorine gas a t  vari- 
ous sulfuric acid concentrations gave the products listed in 
Table I. The distribution clearly shows that with increasing 
acidity dichlorination decreases, and in 72% sulfuric acid 
only traces of 2-amino-3,5-dichloropyridine (IC) are 
formed. Under optimum conditions (see Table 11) the 
crude product 2-amino-5-chloropyridine ( lb)  had 99% pu- 
rity and was obtained in 82-85% yield (98% based on recov- 
ered 1). 

Table I 
Chlorination of 2-Aminopyridine in Sulfuric Acid 

% product distribution 
Sulfuric acid concn 

3,5- 
Wt % Ho 5-Chloro- Dichloro- 

1 7  -0.8 50 50 
30 -1.5 52  4 8  
4 5  -2.7 77  2 3  
55  -3.7 92  8 
72 -5.8 98 2 

Chlorination of Substituted 2-Aminopyridines. The 
generality of the chlorination process and the specificity 
toward monochlorination were demonstrated by chlorina- 
tion of the compounds listed in Table 11. As one might an- 
ticipate, the methyl groups facilitate 3 substitution. The 
combined effect of the methyl group on product distribu- 
tion in the case of the 2-amino-4-methyl- and 2-amino-6- 
methylpyridines (3 and 5) when compared with 2-amino- 
4,6-dimethylpyridine (6) was very close to an average. The 
structure of each chlorinated product was easily deter- 
mined by 'H NMR spectroscopy except in the case of 2- 
amino-6-methylpyridine (5). Each monochloro derivative 
of 5 displayed an AB system for the aromatic protons, and 
the spectra were almost identical. A literature search re- 
vealed that Parker and Shive had prepared the nitro deriv- 
ative (9) of 2-amino-3-chloro-6-methylpyridine by an alter- 
nate route.' Using their procedure we nitrated 5 and sepa- 
rated the mononitro products (7 and 8), and subsequent 


