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The following data proved the structure V: 
(1) Infrared- and Raman Spectra: besides the strong 
broad BF4~-band at 1050 cm. -1 , a sharp vc~c-band ap­
pears at 1708 cm. - 1 (infrared: medium; Raman: 
strong). (2) Ultraviolet spectrum: X°l° = 259 m/i (e = 
2970): (tetramethylformamidinium chloride, however, 
absorbs at XS,* = 224 m/t (e 16120)). (3) Nuclear 
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° Integration approximate because of partial signal overlap. 

Magnetic resonance spectra: (in acetonitrile) see Table 
I. (4) Derivatives: the salt character of V was shown 
unambiguously by precipitation reactions with a dilute 
aqueous solution of V. On adding ammonium hexa-
fluorophosphate or sodium tetraphenylborate solutions, 
insoluble hexafluorophosphate Via (colorless powder 
from acetonitrile/ether, m.p. 225° dec.) or tetraphenyl­
borate VIb (colorless plates from acetone/methanol, 
m.p. 199° dec.) were obtained. The retention of the 
BF2-group in VIa,b is easily seen from the conservation 
of the nB-triplet and the 19F-quartet in the n.m.r. spec­
tra of these salts. 

(5) Analyses of V, Via, VIb: 

V Calcd.: 
Found: 

Via Calcd.: 
Found: 

VIb Calcd.: 
Found: 

C, % 

35.76 
35.73 
30.48 
30.45 
71.80 
71.87 

H, % 

7.20 
7.10 
6.14 
6.02 
7.81 
7.95 

N, % 

16.68 
16.77 
14.22 
14.78 
9.87 
9.25 

P, % 

7.68 
6.7 

MoI. wt 

336 
314 

V is oxidized by KMnO4; boiling V with methanolic 
potassium hydroxide yields dimethylamine, potassium 
oxalate, and other products. Concentrated hydro­
chloric acid removes the dimethylamino groups. Phen-
ylmagnesium bromide does not attack the "BF2"-cat-
ion in V. However, under these conditions, the tetra-
fiuoroborate anion is converted easily to the tetraphen­
ylborate anion (see compound VIb). 

V is a new, very stable representative of a class of 
compounds only recently known in boron chemistry.3 

Its ease of formation and stability may be explained by 
the formation of a sterically favored five-membered 
ring. Thus, the reaction also occurs with o-bis-
(dimethylamino) -benzene and diborane. The corre­
sponding salts have been prepared.4 

(3) See [(MeJNH)2BCIj]+: H. Noth and S. Lukas, Ber., 95, 1505 (1962); 
H. Noth, Angew. Chem., 74, 506 (1962); [Py 1 Bh] + : E. L. Muetterties, 
J. Inorg. Nucl. Chem., 15, 182 (1960); [Py2BHPh]+ : J. E. Douglas, / . Am. 
Chem. Soc.,Si, 121 (1962); [(HiN)2BHi]+: R. W. Parry, et al., J. Am. Chem. 
Soe., 80, 4 (1958). 

(4) A more detailed report is being prepared. 

Therefore, the question posed initially, whether an 
[Ethylene +=* 2 Carbenes] equilibrium does exist here, 
cannot be answered from these experiments. Either 
only I is present at —20°, or the dissociation I *=z 211 
is so slow that III is formed only in traces so far unde­
tected ; in the latter case the main reaction would also 
lead to V. 
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H. J. Becher (TH. Stuttgart) for recording and inter­
pretation of Raman spectra, to Dr. W. Briigel (BASF, 
Ludwigshafen) and Dr. G. Englert (Universitat Frei­
burg) for laborious measurements of 19F- and uB-reso-
nances, and to Dr. H. Noth (Universitat Munchen) for 
helpful discussions. 
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A NEW METHOD FOR THE LABELLING OF 
5'-PHOSPHOMONOESTER END GROUPS IN AMINO ACID 

ACCEPTOR RIBONUCLEIC ACIDS 
Sir: 

We have recently reported on the conversion of the 
5-phosphomonoester end groups in amino acid acceptor 
ribonucleic acids to the corresponding C14-labelled 
phosphoroanilidates. The labelling technique facili­
tated the determination of nucleotide sequences near 
the ends bearing the 5-phosphomonoester groups. The 
present communication outlines a new method for the 
above purpose, which involves the specific reaction of 
the terminal 5-phosphate end groups with methyl phos­
phoromorpholidate (C14 label in the methyl group) (I) 
to form the pyrophosphates of the general structure II. 
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The new method is simpler in operation and at the leve 
of radioactivity so far used has proved to be completely 
selective in introducing the label at the phosphomono-
ester terminus. Furthermore, the pyrophosphate link­
age has the desired stability to acidic, neutral and alka­
line conditions, any or all of which may be required for 
subsequent chemical and enzymic degradations of the 
labelled polynucleotide chains. 

C14-Labelled methyl phosphate, prepared by the 
phosphorylation of C14-labelled methyl alcohol with a 
mixture of pyridinium /3-cyanoethyl phosphate and di-
cyclohexylcarbodiimide,2 was converted quantitatively 
to the phosphoromorpholidate (I) by the general 
method previously described.3 The reagent (I) was 
isolated, stored and used as the guanidinium (III) salt 
in which form it is stable over periods of several months. 
A mixture of pyridinium yeast amino acid acceptor 
ribonucleic acids (35 mg., ca. 1 /imole), tri-w-hexylamine 
(0.025 ml., ca. 0.075 mmole), the guanidinium (III) 
methyl phosphoromorpholidate (I) (0.05 mmole; spe­
cific activity about 6 X 104 c.p.m./yumole), and dry pyri­
dinium Dowex-50 (2% cross-linked) ion exchange resin 
(1 g.) were shaken in freshly distilled dimethylform-
amide (3 ml.) and dry pyridine (10 ml.) for six days at 
room temperature. After dilution of the reaction mix-

(1) R. K. Ralph, R. J. Young and H. G. Khorana, J. Am. Chem. Soc, 84, 
1490 (1962). 

(2) G. M. Tener, ibid., 83, 159 (1961). 
(3) J. G. Moflatt and H. G. Khorana, ibid., 83, 649 (1961). 
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ture with water, removal of the resin and extraction 
with ether, the labelled nucleic acids were isolated by 
chromatography on a DEAE-cellulose column using a 
linear gradient of sodium chloride in 0.1 M tris-hydro-
chloride buffer. The labelled amino acid acceptor ribo­
nucleic acid was eluted, as expected, at 0.4-0.45 molar 
salt concentration, the recovery after alcohol precipita­
tion being about 80% of the material applied to the 
column. The specific activity of the product obtained 
in different labelling experiments was 30-50 c.p.m./opti­
cal density unit (260 m^i). 

The labelled product (300 optical density units at 
260 m/n) was hydrolyzed in 1JV potassium hydroxide for 
25 hr. at room temperature and the hydrolysate after 
neutralization with sulfonic acid ion exchange resin was 
chromatographed for 3 days on a 25-cm. wide strip of 
Whatman paper 1 in isopropyl alcohol-ammonia-water 
(7-1-2) solvent mixture. Scanning of a portion of the 
strip in a radioactivity scanner showed that 80-85% of 
the total radioactivity was in a nucleotide travelling 
just ahead of guanosine-2'(or 3')>5'-diphosphate. The 

remainder of the radioactivity was present in a band 
travelling a little faster than the major radioactive band. 
After further purification by paper electrophoresis in pH 
5 ammonium acetate buffer, the major radioactive prod­
uct was identified as IV (R = guanine). The character­
ization was accomplished by absorption spectrum, 
specific activity, degradation with crude snake venom 
to Cu-methyl phosphate and guanosine-2'(3'),5'-di-
phosphate and, finally, degradation with bacterial alka­
line phosphomonoesterase to a compound presumed to 
be P1-guanosine-5',P2-Cl4-methyl pyrophosphate. Al­
though an insufficient amount of the minor radioactive 
product has been available, this has been tentatively 
identified, by similar techniques, as the adenine ana­
log of IV. This result is in agreement with that re­
ported previously1 that a few amino acid acceptor ri­
bonucleic acid chains end in adenosine-5 phosphate 
groups. 

The extent of the reaction with the end groups has 
been in the range of 50% in the experiments carried out 
so far. The principles for subsequent degradations so 
as to recognize the sequences near the labelled terminus 
have been outlined previously. * 
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National Cancer Institute of the National Institutes of 
Health, the National Science Foundation, Washington, 
and the Life Insurance Medical Research Fund, New 
York. The technical assistance of Mr. W. J. Connors 
during a part of this work is acknowledged. 
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RECEIVED NOVEMBER 12, 1962 

Neutron Activation as a Method for Labelling the 
Phosphoros of Nucleotides 

A CORRECTION 
It was reported recently that neutron activation 

could be used to label the phosphorus of nucleotides,1 

the production of phosphorus-32 being proportional to 
the phosphorus content of the samples. There was no 
gross decomposition which could be detected by physical 
or biological means. For instance, 5'-adenosine tri­
phosphate (ATP) irradiated in the water-cooled com­
partment of a graphite reactor at a neutron flux of 
6.5 X 1011 neutrons/cm.2/sec. for 62 hours, retained un­
diminished ability to induce luminescence in the lucif-
erin-luciferase assay, which specifically requires the 
triphosphate.2 The infrared and ultraviolet spectra of 
all samples were unaltered by the activation procedure. 

While all the above findings could be duplicated, it 
was found on repetition of these experiments that there 
is extensive decomposition localized exclusively in the 
radioactive molecules. This decomposition, which is 
due presumably to recoil reactions, could be detected 
by the non-correspondence of ultraviolet absorbing 
spots and radioactivity after paper chromatography or 
paper electrophoresis. Since the "cold" molecules, 
making up the bulk of the irradiated nucleotides, were 
intact no gross decomposition could be found. 

Repetitions of the chromatographic procedure 
coupled with strip counting reported in the original 
communication,1 showed that only a small fraction of 

(1) H. G. Mautner, B. Donnelly, C. M. Lee and G. W. Leddicotte, J. Am. 
Ckem. Soc, 84, 2021 (1962). 

(2) B. L, Strehler and J. R. Totter in D. Glick, "Methods of Biochemical 
Analysis," Vol. I, Interscience Publishers, New York, N. Y., 1954, p. 345. 

the radioactive phosphorus is associated with authentic 
nucleotides. Radioautography provided a more con­
venient method for obtaining the same results. 

Purification of activated 5'-adenosine monophosphate 
by the successive use of Dowex formate3 and Ecteola 
cellulose columns4 and further analysis of the fractions 
containing radioactive ultraviolet absorbing materials 
indicated that not more than 1% of the phosphorus-32 
was attached to adenosine, while there was no gross 
decomposition of the nucleotide. 

The chromatography of "activated" ATP with or 
without treatment with hexokinase and glucose, fol­
lowed by radioautography, showed that the distribu­
tion of radioactivity was not affected by this reaction, 
although ADP and glucose-6-phosphate were formed 
normally.6 

It seems, therefore, that while neutron activation 
can label the phosphorus of nucleotides, it is not a useful 
method for labelling nucleotides. 
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