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A theoretical mechanism for this rearrangement
involves a ring opening followed by ring closure as
follows:
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This type of rearrangement has previously been
noted in the purine series. Fischer® observed that
6-amino-2-chloro-7-methylpurine (isomeric to I)
rearranged in basic medium to give 7-methyl-
guanine. It is interesting to note that in Fischer’s
case, although the 7-methyl group exerts a steric
interference to the nearby amino group, the rear-
rangement was not influenced since the initial
nucleophilic attack was at the carbon atom in the 6
position.

No rearrangement was observed in acid medium.
When 4 - amino - 6 - chloro ~ 1 - methylpyrazolo-
(3,4-d)pyrimidine (I) was refluxed in hydrochloric

(5) E. Fischer, Ber., 31, 542 (1898).
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acid, the expected 4-amino-6-hydroxy derivative
(IV) was obtained.

EXPERIMENTAL

4-Amino-6-hydrozy-1-methylpyrazolo(3,4-d)pyrimidine
(IV). This compound was prepared from 4-amino-6-chloro-
1-methylpyrazolo(3,4-d )pyrimidine and concentrated hydro-
chloric acid as previously described.* The ultraviolet ab-
sorption spectra of this compound at pH 1 are 234 mu
(log € = 4.10) and 251 mu (log ¢ = 4.19); at pH 11.6, 247
mu (log € = 4.28) and 269 mu (log ¢ = 4.11). The R,
value of the compound measured at 23° using n-propyl
alecohol-19%, ammonium hydroxide (2:1, volume ratio) is
0.55 (descending method). (Absorption spot was measured
on Whatman #1 paper.)

6-Amino-4-hydroxy-1-methylpyrazolo(3,4-d)pyrimidine
(II). This compound was prepared from 6-chloro-4-hydroxy-
1-methylpyrazolo(3,4-d)pyrimidine and ethanolic ammonia
as indicated in a previous paper.? The ultraviolet absorption
spectra of this compound at pH 1 is 251 mu (log ¢ = 4.34);
at pH 11.6, 267 mu (log ¢ = 4.29). The Ry value of the com-
pound measured under the same conditions as for IV is
0.64.

Action of sodium hydrozide on 4-amino-6-chloro-1-methyl-
pyrazolo(3,4-d)pyrimidine. Five g. of finely powdered
4-amino-6-chloro-1-methylpyrazolo(3,4-d)pyrimidine ~ was
added to 400 ml. of boiling water. To this suspension was
added 20 ml. of 309, sodium hydroxide. The mixture was
vigorously refluxed for 1 hr. The hot, clear solution was
acidified with acetic acid. The white precipitate was fil-
tered and re-dissolved in dilute hydrochloric acid, followed
by reprecipitation with ammonium hydroxide. It was re-
crystallized from dimethyl formamide to give 3.1 g. (68%)
of a white solid, m.p. >300°. The R, value of this com-
pound, measured under the same conditions as for IV, was
identical with that of 6-amino-4-hydroxy-1-methylpyrazolo-
(3,4-d)pyrimidine (II) prepared by the above procedure.
The ultraviolet absorption spectra measured at pH 1 and
pH 11.6 are also identical.

Anal. Caled. for CH;N;O: C, 43.6; H, 4.3; N, 42.4.
Found: (dried at 135° in vacuo for 6 hr.) C 43.3; H, 4.5;
N, 42.4.
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A previous paper? reported that the association
of triethyl amine and sodium hydroxide (sodium
chloride also was present) with amylsodium changed
the polymerization of butadiene from a 1,2- to a

(1) This work was performed as part of a research project
sponsored by the National Science Foundation.

(2) A. A. Morton and F. K. Ward, J. Org. Chem., 24, 929
(1959).
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1,4-process. This effect resembled alfin catalysis®
where sodium isopropoxide and sodium chloride
were associated with allylsodium. These added
compounds must affect critically either the sodium
reagent or the hydrocarbon, and one way to judge
is to test another hydrocarbon in some other re-
action. Accordingly, cumene was chosen because
it is a key compound; it contains aromatic, primary
and tertiary hydrogens, the last being attacked
easily by free carbyls. Also, its alkyl group has
steric and directive influences. Should the triethy!
amine and sodium hydroxide alter the kind of re-
action with cumene, their influence might be general
—affecting the character of amylsodium itself;
but if the type of reaction were unchanged, these
compounds could reasonably have had a special
influence upon the diene hydrocarbon so that its
reaction, but not that of cumene, was changed.
The latter proved to be the case.

The experiment began by preparing amylsodium
from amyl chloride and sodium.* Then successively
water (to form sodium hydroxide in situ), the
amine, and cumene were added. After an alloted
time the mixture was carbonated. The earboxylic
acids were separated and in some cases were oxi-
dized?in order to determine the positions metalated.
Control tests in the absence of the hydroxide and
of both the hydroxide and amine were made.

The results (Table I) show that the amine and
sodium hydroxide reduced the percentage of total
carboxylic acids, but that effect is one of degree
and would be expected because another papert
will show that these compounds accelerate the de-
composition of amylsodium. Within experimental
error, however, the kind of metalation was un-
changed; the distribution of the produects at the
various positions remained the same.

This behavior contrasts with the numerous tests
upon butadiene. Therefore, the influence of the two
added compounds can be interpreted as involving
in some way the butadiene, so that its manner of
chain growth was much less a 1,2-process. That
effect might seem remarkable because the amine
and the sodium hydroxide should enhance the
polarity of the medium and, therefore, should
cause more 1,2-polymerization (if any change
occurred), that type of chain growth being credited’
as symbolic for anionic polymerization; but the

(3) A. A. Morton, I. Nelidow, and E. Schoenberg, Proc.
Third Rubber Tech. Conf. London, 1954, p. 108; A. A. Mor-
ton, Advances in Catalysis, Vol. IX, Academic Press, Inc.,
New York, N. Y., 1957, p. 743.

(4) A. A. Morton, F. D. Marsh, R. D. Coombs, A. L.
Lyons, S. E. Penner, H. E. Ramsden, V. B. Baker, E. L.
Little, Jr., and R. L. Letsinger, J. Am. Chem. Soc., 72, 3785
(1950).

(8) D. Bryce-Smith and E. E. Turner, J. Chem. Soc., 861
(1953); D. Bryce-Smith, J. Chem. Soc., 1079 (1954).

(6) A. A. Morton and F. K. Ward, J. Org. Chem., 24,
in press (1959).

(7) P. J. Flory, Principles of Polymer Chemistry, Cornell
University Press, 1957, p. 243.
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TABLE I

Ymeipos or CarRBoxyric Acips OBTAINED FROM THE
MeravaTioN oF CUMENE BY AMYLSODIUM UNDER A VARIETY
or CONDITIONS

Amylsodium with

No added  Tri- Amine

com- ethyl  and hy-

Acids pounds amine droxide®
Total carboxyl? % 85 67 16

Distributed as

Caproic,* % 12 10 6
Isophth.,? % 29 30 31
Para-bz.,° % 52 53 56
Meta-bz.,” %, 1 3 1

¢ Triethyl amine and sodium hydroxide. "The total
percentage yield is caleulated on the amyl chloride used in
making amylsodium. The yield of formic acid, which would
arise from decomposition of amylsodium to sodium hydride,
is not included in this determination. ‘Caproic acid repre-
sents unchanged amylsodium. % ¢ and / represent successively
5-isopropylisophthalic acid, p-isopropylbenzoic acid and m-
isopropylbenzoic acid.

view adopted in this laboratory has been that these
active organosodium salts can function as radical
pairs®® and that the added compounds, possibly
by complexing with, or orienting of, monomer, can
favor 1,4-polymerization.

This work also adds another example to a long
list of fruitless attempts to metalate the isopropyl
group with sodium reagents. Monometalation of
either cumene® or 1,3-diisopropylbenzene® took
place on the ring. In dimetalations the second
sodium atom entered the ring in m-cumenylsodium!!
and p-isopropylbenzylsodium!!® rather than re-
placed the tertiary hydrogen. p-Cumenylsodium®!®
resisted further metalation by amylsodium al-
though a parallel reaction with n-butylbenzene!'®
showed no difficulty in a lateral attack. 2,6-
Diisopropylanisole,® where an adjoining methoxy
should favor metalation on the alkyl group (it did
so when the alkyl group was methyl'%'%), was
metalated instead on the distant para position.
2,4,6-Trimethoxybenzene'? was cleaved to a phenol
instead of being metalated.

This resistance to metalation affects the inter-
pretation of another reaction of cumene, namely,
its alkylation with ethylene in the presence of
organosodium compounds as promoters. That re-

(8) A. A. Morton and E. J. Lanpher, J. Org. Chem., 21,
93 (1956); A. A. Morton, C. E. Claff, Jr., and F. W. Collins,
J. Org. Chem., 20, 428 (1955).

(9) (a) A. A. Morton, J. T. Massengale, and M. L. Brown,
J. Am. Chem. Soc., 67, 1620 (1945); (b) A. A. Morton and
E. L. Little, Jr., J. Am. Chem. Soc., 71, 487 (1949).

(10) C. E. Claff, Jr., J. Am. Chem. Soc., 77, 3774 (1955).

(11) (a) A. A. Morton and C. E. Claff, Jr., J. Am. Chem.
Soc., 76, 4935 (1954); (b) A. A. Morton and J. L. Eisen-
mann, J. Org. Chem., 23, 1469 (1958).

(12) A. A. Morton and A. E. Brachman, J. Am. Chem.
Soc., 76, 2973 (1954).

(13) A. A. Morton and A. E. Brachman, J. Am. Chem.
Soc., 76, 2980 (1954); R. L. Letsinger and A. W. Schnizer,
J. Org. Chem., 16, 869 (1951).
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action has been pictured!4 as progressing through
the intermediate phenyldimethyl carbanion, Ce-
H;C(CHs;),—, which adds to ethylene to form a new
carbanion, CeH;C(CH,;):CH.CH,~, which, in turn,
abstracts a tertiary hydrogen from cumene to
maintain the chain, while forming the final hydro-
carbon, t-amylbenzene. With sodium reagents
however, this alkylation should be on the nucleus
instead of the tertiary carbon, because the carb-
anion is on the nucleus. Alkylation of p-cymene also
should occur at the methyl group, because that
position alone is metalated by either sodium®®
or potassium?! reagent; yet alkylation occurred at
the isopropyl group.** The above mechanism,
therefore, can scarcely be correct.

The facts are beautifully accommodated, how-
ever, to the view of biradical activity along the
lines used to explain alfin catalysis.? At first, ethyl-
ene coordinates with the cation of the promoter,
Nat-R, to give the complex salt, [C;H~Na]*+—R.
Next, dissociation to two radicals, Na- and ‘R,
occurs. Then the carbyl removes the tertiary
hydrogen from cumene to give CeHsC(CHs),-
in a process typical for radicals, while atomic
sodium converts the adjacent olefin into an anion-
radical, Na+~CH,CH,-. Finally, the two radicals
unite to form an end salt product, Na+t—CHyCH,-
(CH,),CC¢H;, which serves as the promoter to
start the cycle again and to form t-amylbenzene.
The several steps are closely consecutive or almost
simultaneous. In its fine detail the process provides
good evidence for radial pair (atomic metal and
carbyl)®8 activity rather than serves as an example
of carbanion chemistry.

EXPERIMENTS

Metalation of cumene. In three experiments amylsodium
was prepared in heptane from 1 g. atom of sodium sand and
0.5 mole of amyl chloride in the customary way.%!2 To one
preparation a mole of cumene was added. To a second was
added one mole of cumene and 1.5 mole of triethyl amine
which previously had been dried over amylsodium. To the
third was added 4 ml. (0.22 mole) of water, followed by one
mole of triethyl amine and 0.5 mole of cumene. Each mix-
ture was heated quickly to 70° and kept there for 3 hr.,
with stirring at 10,000 r.p.m. After being cooled to room tem-
perature, the contents were forced into a 4-liter Erlenmeyer
flask filled to a quarter of its depth with powdered carbon
dioxide. The reaction flask was rinsed twice with 200 ml. of
heptane which likewise was carbonated.

The next day 300 ml. of water was added to dissolve the
salts. When both layers had cleared the hydrocarbon por-
tion was separated and extracted with 50 ml. of 109,
aqueous sodium hydroxide, followed by 50 ml. of water.
Next, the combined aqueous layer and extracts were ex-
tracted with four 150-ml. portions of ether, after which the
aqueous portion was acidified with 509, (by volume) sulfurie
acid. A white precipitate which appeared and the solution
were extracted with four 150-ml. portions of ether. The ether

(14) (a) H. Pines, J. A. Vesely, and V. N, Ipatieff, J. Am.
Chem. Soc., 77, 554 (1955); (b) H. Pines and V. Mark,
J. Am. Chem. Soc., 78, 4316 (1956).

(15) C. E. Claff, Jr., and A. A. Morton, J. Org. Chem.,
20, 981 (1955).
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extract was dried over Drierite, filtered and made up to 500
ml., from which a 5-ml, aliquot was titrated in order to
determine the total carboxylic acid.

The ether solution was evaporated to about 50 ml. and
200 ml. of petroleum ether was added. Overnight, 5-iso-
propylisophthalic acid precipitated. It was washed, dried,
weighed and recorded as dimetalated product. After being
crystallized from ethanol-water, it was identified by its
neutralization equivalent, 107 (caled. 104), its melting point,
282-285° (lit.’s 285°), the melting point of its dimethyl
ester, 64-65° (lit.1* 64-65°), and a mixed melting point
with an authentic sample.

The petroleum ether decantate was evaporated to one-
half its volume and cooled. The first crop of crystals had
the correct neutralization equivalent for p-isopropyl-
benzoic acid and melted at 115-117° (lit.® 116-118°). Its
amide melted at 152-153° (lit.»* 153°).

The remaining petroleum ether in the mother liquor was
evaporated and the acid residue was fractionated to remove
caproic acid (b.p. 60°/4 mm.). An aliquot (1.5 g.) from the
acid residue was oxidized with chromium trioxide according
to the method developed by Bryce-Smith and Turner® for
determining the amount of m-isopropylbenzoic acid and a-
phenylisobutyric acid.

The yields calculated from these operations, with appro-
priate allowances for all samples removed, are recorded in
Table I, They show that triethyl amine, and particularly
triethyl amine with sodium hydroxide, decreased the
amount of metalation of cumene. The loss is accounted for
as decomposition of amylsodium, 1 although the formic acid
was not measured. No product from metalation at the alpha
carbon atom was observed.
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(16) O. Doebner, Ber., 23, 2377 (1890); 24, 1746 (1891).
(17) L. Gattermann and G. Schmidt, Ann., 244, 52
(1888).
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In general, organosodium compounds will trans-
metalate with hydrocarbons if they can form an
organometallic corresponding to a stronger acid.
However, Morton and co-workers® have shown
that this rule is not followed invariably (for ex-
ample: Amylsodium metalates {-butylbenzene pre-
dominantly in the pare position, but in the pres-
ence of sodium alcoholates meta metalation occurs
preferentially). The mechanism of transmetalation
is still the subject of discussion.* Its elucidation is
made more difficult because sodium alkyls are in-
soluble in hydrocarbon solvents. Steric factors and

(1) Abstracted in part from the doctoral thesis of J. H.
Ludwig.

(2) Present Address: The Upjohn Co., Kalamazoo,
Michigan.

(3) A. A. Morton, Ch. E. Claff, Jr., J. Org. Chem., 21,
736 (1956); A. A. Morton, Ch. E. Claff, Jr., Fr. W. Collins,
J.Org. Chem., 20, 428 (1955).

(4) R. A. Benkeser, D. J. Foster, D. M. Sauve, J. F.
Nobis, Chem. Revs., 57, 867 (1957).



