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Fig. 2. Effect of temperature on the equilibrium constant 
(KT) and the plot of log KT vs. the reciprocal of the absolute 
temperature. 

Additional information about I, together with the 
results of work on related compounds, will be published 
at a later date. 
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Isolation of a 2-Nitropurine from the Reaction of 
Guanosine with Nitrous Acid 

Sir: 
It has been long recognized that nitrous acid reacts 

with those naturally occurring pyrimidines and purines 
that contain a primary amino group.1 A great deal of 
interest has been focused on this reaction recently, 
with the discovery that nitrous acid, when applied to 
nucleic acids, is a potent mutagen.2 Schuster, et al.,* 
have stated that the changes produced by nitrous acid 
within a molecule of ribonucleic acid (RNA) or deoxy
ribonucleic acid (DNA) were the same as those result
ing from the action of nitrous acid upon the simple 
pyrimidine and purine bases or nucleosides: the amino 
groups of the adenine, cytosine, and guanine moieties 
were replaced by carbonyl groups. It was proposed 
that the first two changes led to mutations and that the 
third was lethal. More recently, however, various ob
servations have been made which were not encompassed 
by this scheme. Several workers have noted a cross-
linking effect upon the double helix of DNA produced 
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by nitrous acid.4 The production of deletion muta
tions by this reagent has also been observed.5 A 
synthetic polynucleotide containing uracil and guanine 
was found to suffer a pronounced loss of activity upon 
treatment with nitrous acid.6 In a later communica
tion, Schuster and Wilhelm7 noted that all of the gua
nine of tobacco mosaic virus RNA was not being con
verted to xanthine, but that some was being consumed 
in an unknown reaction. 

In order to obtain some knowledge as to the nature 
of these side reactions, we reinvestigated the reaction of 
nitrous acid with the ribonucleosides adenosine, 
cytosine, and guanosine. No product, other than the 
expected one, was observed with the first two nucleo
sides. The deamination of guanosine, however, in 
acetate buffer, led to the formation of a yellow side 
product in yields up to 5%. The highest yield was 
formed when a large excess of nitrite ion was used and 
the temperature was lowered to 0°. On the basis of 
the properties reported below, this product has been 
assigned the structure I, 2-nitroinosine (isolated as its 
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ammonium salt). I could be separated from xantho-
sine and any unreacted guanosine by paper chroma
tography (isobutyric acid-ammonia-water, 66:5:29) 
or, on a larger scale, by anion exchange chromatography 
on Amberlite CG 400 resin (acetate form). Because of 
its acidity (see below), 2-nitroinosine adhered firmly to 
the resin and was eluted with 0.1 N HCl and 1 N 
NaCl. It was recovered from that solution by adsorp
tion onto charcoal and elution with ethanol-ammonia-
water solution. Evaporation of the eluate gave I as a 
pale yellow powder. It recrystallized poorly, but an 
analytical sample could be prepared by repeated wash
ing with cold 95% ethanol. Anal. Calcd. for Cw-
H14N6O7: C, 36.37; H, 4.27; N, 25.45; O, 33.91. 
Found: C, 36.29; H, 4.40; N (by difference), 25.04; 
O, 34.27. I was titrated as an ammonium salt. Anal. 
Calcd. equiv. wt.: 330. Found: 320. I did not 
melt but decomposed when heated above 180°. It was 
destroyed by heating for 1 hr. in aqueous solution, pH 
1.8, at 90°; ultraviolet spectrum: X ^ 222 (e 12,000) 
and 335 m/x (4200); K™ 233 (e 14,400) and 343 mx 
(3800). The infrared spectrum of I (KBr) showed a 
strong band at 6.20 n (inosine, in alkaline solution, 
absorbs at 6.27 ^8) and bands at 6.40 and 7.38 y. which 
may be ascribed to the nitro function. Only one dis
sociation of 2-nitroinosine between pH 1 and 13 was 
detected by ultraviolet spectrophotometry. This dis
sociation was found to correspond to a pXa of 3.3 
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Paper electrophoresis studies showed that 2-nitroino-
sine exists as an anion at pH values above 4. It mi
grated at the same rate as xanthosine in glycine buffer 
at pH 9. Its mobility was enhanced to the same ex
tent as xanthosine by the use of borate buffer at that 
pH. An aqueous solution of I was decolorized instantly 
by the addition of sodium hydrosulfite. Two products 
were produced. One was identified as guanosine, as it 
coincided with guanosine with respect to the following 
properties: Xmax 250:260 and 280:260 ratio at pH 1, 7, 
and 11 in the ultraviolet9; chromatographic mobility 
on paper in isobutyric acid-ammonia-water, 66:5:29 
(Rt 0.50), and in water (Rt 0.59); electrophoretic 
mobility in borate buffer, pH 9.1. The other sub
stance (Rf in water 0.88) has an ultraviolet spectrum 
similar to guanosine but has not yet been identified. 

2-Nitroinosine is apparently the first published 
example of a pyrimidine or purine with a nitro group 
substituted in an electron-deficient position (2, 4, or 
6).10 It was presumably formed by nucleophilic 
displacement of a diazonium group by nitrite ion. 
Several 2-halopyrimidines and purines have been 
prepared by analogous processes.11 The acidic dis
sociation of 2-nitroinosine is an unusually strong one 
for a heterocyclic ring proton. It is 3 X 105 times as 
strong as inosine, from which it is formally derived by 
replacement of a hydrogen by a nitro group. For 
purposes of comparison it may be noted that the intro
duction of a nitro group into the 5-position of uracil 
increases the acidity of that compound by 104. 

It seems likely that the replacement of the guanine 
amino group by a nitro group occurs to some extent 
when nucleic acids are treated with nitrous acid. It is 
understandable that this product was not observed by 
Schuster, et a/.,3'7 as it would have been destroyed 
during the acidic hydrolysis used in their procedures. 
I is not formed in sufficient amounts, however, to ac
count for all of the loss of guanine observed by Schuster 
and Wilhelm,7 nor does the structure of I afford an 
explanation for the observed cross-linking of DNA. 
It may be that the cross-linking is due to a subsequent 
reaction of I. An alternative explanation would be 
that, within the double helix of DNA, nucleophilic dis
placement of the diazonium ion occurs, but that this is 
done by a group which is held by hydrogen bonding in 
the vicinity of the amino group of guanine. An obvious 
candidate for this role would be the 2-carbonyl group 
of cytosine, whose ability to participate in intramolecu
lar nucleophilic displacements has been well docu
mented.12 
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Preparation of Optically Active Polyhedral 
Borane Derivatives 

Sir: 
Bi0Hi0

2- has been shown to undergo a wide variety of 
substitution reactions,1-6 some of which have led to 
apically substituted products13 and others of which 
have led to equatorially substituted products.45 Those 
reactions which appear to be electrophilic substitutions 
on B10HiO2"" are of special interest because the prediction 
has been made,6 based on LCAO-MO calculations, that 
electrophilic substitution reactions on B I 0 H I 0

2 - will 
occur preferentially at an apical position. 

We report herein the synthesis, by means of electro
philic substitution reactions, of an equatorially sub
stituted derivative of B10Hi0

2-, 2,7(8)-(CH3)3NBi0H8-
CO,7 and its resolution. This carbonyl derivative was 
prepared by reaction of oxalyl chloride with 2-Bi0HgN-
(CHs)3

- 4 in acetonitrile at room temperature. The 
product was obtained as a 1:2 mixture of 2,4- and 
2,7(8)-(CH3)3NBi0H8CO(I) in up to 87% yield. Anal. 
Calcd. for Bi0Hi7C4NO: B, 53.3; H, 8.45; C, 23.6; 
N, 6.90; mol. wt., 203. Found: B, 53.4; H, 8.44; 
C, 23.9; N, 6.91; mol. wt., 201. The carbonyl 
group of I is chemically similar to the carbonyl groups 
of 1,10-B10H8(CO)2.

8 Reaction of the carbonyl deriva
tive, I, with hydroxylamine-O-sulfonic acid8 followed 
by methylation4 (eq. 1) gave B10H8[N(CH3)3]2 (II) 

1, NH2OSOiH 
(CHs)3NB10H8CO >- B10HS[N(CH,),]2 (1) 

2, (CHj)2SC-NaOH 

as a mixture of 2,4- and 2,7(8)- isomers as shown by 
X-ray comparison with authentic 2,4-4 and 2,7(8)-8'9 

isomers of II. 
Treatment of aqueous I with brucine hydrochloride 

gave brucine-H+ (CH3)3NB10H8COOH-, from which the 
highly soluble 2,4- isomer was removed by warm eth-
anol. Fractional crystallization of the remaining 
mixture of diastereomeric salts from etha-nol-aceto-
nitrile followed by reconversion to I gave ( + )2,7-
(or 2,8-) (CH3)3NB10H8CO,10 with [a]2iv +22° (c 
1.8, acetone), m.p. 207-208.5°, derived from the less 
soluble brucine salt, and the ( —)enantiomer with [a]23D 
— 14° (c 2.42, acetone) derived from the more soluble 
brucine salt. No observable loss of optical activity 
occurred on heating (+)-I to 200° for 5 min. Higher 
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The configurational assignment is based on B11 n.m.r. data which, inciden
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(9) The stereochemical assignment for I is based on formation of 2,4-11 
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