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Akbt+eReactia~ of phcnyl isocyanate with cytosine, adenine and guanine gave 4-N-phenylcar- 
bamylcytosine, 6-N-pbenylcarbamyladcnine and 2-N-phea~ylcarbamylguanine respectively. Uracil did 
not react. Reaction of DNA (as the Cetavlon salt) with phenyl isocyanate at O-4’ for 10 days 
resulted in the almost cqmplete substitution of the cytosine. adenine and guanine residues. From the 
analytical results and the fact that 3’.5’-Odiac&ylthymidine did not react it was concluded that the 
thymine reaidka were unafkcted. 

THE chemical modification of the base residues in DNA has been studied mainly to 
elucidate the mode of action of mutagenic agents’ and to determine the distribution of 
nucleotides. For the latter two approaches have been investigated; (a) conversion of 
the base into a derivative which can be readily removed and so rendering the adjacent 
phosphodiester linkages labile2; (b) reaction of one base specitlcally with a reagent that 
can be seen in the electron microscope.’ A third approach, namely modification of a 
base so as to render an enzyme more selective, has been applied to t,RNA.’ This paper 
reports the modification of the base residues of DNA by reaction with phenyl isocyan- 
ate. 

Initially, study was made of the reaction of phenyl isocyanate with purines and 
pyrimidines. A previous worker has shown that a reaction occurs with adenine to give 
a monosubstituted product which was claimed to be 6-N-phenylcarbamyl-adenine (I), 
but no evidence was given to support this.’ Other workers have shown that uracil does 
not react with phenyl isocyanate and that cytosine forms a monosubstituted product 
whiah on the basis of its IR spectrum was considered to be 4-N-phenyl- 
carbamylcytosine (II) but again the product was not completely characterized.6 We 
have confirmed that uracil does not react even at 150’. At the same temperature 
cytosine gave a monosubstituted product which had a UV spectrum similar to 4-N- 
acylated cytosines, and which upon alkaline hydrolysis gave cytosine but upon acid 
hydrolysis gave uracil and phenylurea It was concluded therefore that the compound 
was 4-N-phenylcarbamylcytosine (II). 
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Reaction of adenine with an excess of phenyl isocyanate at 150° in pyridine gave 
three products but reaction at 100° with 1 molecular proportion gave one major 
product which analysed correctly for a monosubstituted compound. Gn the basis of its 
UV spectrum and its occurrence in the hydrolysate of phenyl isocyanate-treated DNA 
it was concluded that the compound was 6-N-phenylcarbamyladenine (I). Guanine 
was treated with phenyl isocyanate in boiling DMF. The product analysed correctly 
for a monosubstituted derivative. Hydrolysis with dilute acid gave, in addition to 
guanine, a small amount of xanthine. This and the fact that it occurs in the acid 
hydrolysate of phenyl isocyanate treated DNA shows that it is 2-N-phenylcarbamyl- 
guanine (III). 

The reaction of DNA with phenyl isocyanate was carried out at 0-4O for 10 days 
on the cetyltrimethylammonium salt in DMF and the product isolated as a white high- 
molecular weight solid (IV). Hydrolysis of IV with 67% formic acid at 37O for 18 hr 
(conditions which convert DNA into free purines and apurinic acid’) gave compo- 
nents, which upon paper chromatography had identical R, values in two solvent 
systems and UV absorption spectra in acid and alkali identical with those of 6-N- 
phenylcarbamyladenine (I) and 2-N-phenylcarbamylguanine (III). In addition a small 
amount of guanine and a trace of adenine were produced, but control experiments 
showed that these were formed by the action of the formic acid on the phenylcarbamyl 
derivatives. It was concluded, therefore, that the purines of the DNA had been 
completely substituted. The recovery of I plus the trace of adenine and of III plus the 
small amount of guanine corresponded to only 73% of the adenine and 47% of the 
guanine, of the original DNA respectively. This low recovery was due to incomplete 
elution from the paper chromatograms because the total recovery of UV-absorbing 
material (purine plus pyrimidine derivatives) was only 84%. There were no compo- 
nents running with Rfvalues greater than I so it appeared that no disubstituted purines 
had been formed. 

The oligonucleotide fraction remaining after the formic acid treatment had a high 
absorption in the region 3 10-320 nm. This indicated the presence of phenylcarbamyl- 
cytosine residues; but a direct measure of these was not obtained. However. 
measurement of the total number of phenylcarbamyl groups in IV showed that there 
were present 2.76 groups per 4 g atoms of phosphorus. This corresponds closely with 
the total number ofadenine, cytosineand guanine residues, and as it could be concluded 
that the thymine residues did not react with phenyl isocyanate (3’,5’-Odiacetyl- 
thymidine did not react under the same conditions), the cytosine residues must also 
have been completely substituted. 

This modification of DNA by phenyl isocyanate takes place under extremely mild 
conditions so that scission of phosphocliester 1inSages must be very small, and it is 
specillc for the adenine, guanine and cytosine residues. It might be of potential use, 
therefore, for the determination of nucleotide sequence by increasing the specificity of 
action of nucleases. There is also the possibility that reaction of DNA with a suitable 
isocyanate might render the thymine residues “visible” in the electron microscope by 
contrast with larger substituted residues of the other bases. 

EXPERIMENTAL 

Paper Chromatography was carried out in the following solvents mlvmt 1. propan-2xd : ammonia (d, 
0.88); water (85:1.3:15): solvent 2, propan-2-ol:lON HCl:water (17:4.1:3.9). 
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I-N-Phenylcarbumykyttuine. Cytosinc hydrcdloridc (200 mg) and phenyl isocyanate (2 ml) wre 
beatcdtogukrat 15O”for lOmin.Thesolidwtrichformedwasfiltcradoffandanebedwithlight 
petroleum (4&60“) and then with ether. It was puri6ed by dissolving in N KOH (10 ml) and reprecipitat- 
ing (twice) with dihtte HCl. It was finally washed well with water and dried in roeno over phosphaic 
anhydride to give 4-N-phenyicarimwryl@orine (260 mg). (Found: C. 56.9; H, 4.2; N, 24.1. 
C,,H,J’i,O, requirm: C, 57.2; H, 4.4; N, 24.4%);1, 294.5 run at pH 13 (a, 15.9 x 10’). 303 MI at pH 
1 (s, 19.2 x 103. ‘Ibe compound was chromatographicaUy homoga~ous in solvalt 1. It was very 
sparingly soluble in water, soluble in dilute acids and alkalis, insoluble in ah common organic solvents 
ace@ DMF. Hydrolysis with boiling N KOH for 30 min gave almost complete conversion into 
cytoaine. Hydrolysis with N HCl at 100” gave uracil and phenylurea 

dN-Phenylcar~lodmbie. A&nine (500 mg), phenyl isocyanate (0.46 mi) and dry pyridii (6 ml) 
were heated to 100“ for 1 hr. Upcn cooling, the mixture set to a gelatinous solid which was triturated 
with light petroleum (40-W’), likered off and washed with ether. The solid residue was diilved in 
pyridine, the soln tiltaed and the product precipitated from the filtrate by the addition of a large excess of 
light petroleum. Examination of the product by paper chromatography showed that it was homogeneous 
excep& for the presence of a&nine. This was removed by extracting twice with boiling water (30 ml) for 1 
hr. Ibe product was fiitered off and dried in vacrw to give 6-N-phenylcarbamylirre (300 mg) (m.p. 
32o”d). (Found: 56.1; H, 44; N, 33.7. C,,H,,NsO requires; C, 568; H, 3.9; N, 33.1%); 1,283 run at 
pH 13 (s, 20.0 x 103,286 nm at pH 1 (8, 24.6 x 103. The compound was very sparingly soluble in 
water, solubie in dilute acids and alkalis, pyridme and DMF, insoluble in other common organic solvents. 

2-N-P~y~or&my&1uwr~. Guanine hydrochloride (500 mg). dried at 1 IO0 61 vocuo, was diilvcd 
in dry DMF (10 ml), phenyl isocyanate (0.5 ml) added and the mixture boiled under rdlux for 10 min. 
The white ppt which formed was tiltered off, washed with EtGH and then with ether. The resulting solid 
was puritied by dissolving in N KOH (20 ml) and reprecipiiing (twice) with N HCl. The resulting solid 
was centrifuged off, washed well with water and dried in vncuo to give 2-N-phtmy&arlmmylguanine 
(100mg).(F~~d:C,53~1;H,3~8;N,30~7.C,~H,~N,O~quires:C,53~3;H,3~7;N,31~l%);lt,,270nm 
(s, 18.1 = 1O~aftd239nm(8,21~4 x 103atpH 13and263nm(e,27.3 x 103atpH l.Thecompound, 
which was homogmeous by paper chromatography, was insolubie in water and -alI common organic 
solvents except DMF in whiih it was sparingly soluble. It was slightly soluble in dilute acids and alkalis. 
Hydrolysis with N HCI at 100° for 30 min gave guanine and a trace of xanthine. 

Treatment oJ 3’, 5’-0-Diace~lthymtdine with phenyl isocyanate. 3’,5’-G-Diacetyltbymidine (103 mg) 
was disaolval in dry DMF (10 ml), the soln heated to 40”. phenyl isocyanate (1 ml) added, the soln 
cooled to 4O and then letI at thii temp for 10 days. EtGH (2 ml) was then added and the soln allowed to 
stand overnight. It was then examined by tic on silica gel using 4 elutions with CHCI, The uv-absorbing 
spot corresponding to the starting material was eluted and its UV absorption spectrum measured. It 
was identical with that of the starting material both in acid and in alkali. The recovery of 3, 5’0 
diace@bymidine was 98%. 

Rtuctfon of deoxyribonucleic acid with phenyl kacyanate. The Cetavlon salt of calf thymus DNA was 
pmpared by adding aqueous Cetavlon (I.C.I. Ltd., Pharmaceuticals Division) (a mixture of long chain 
alkytrimetbylammonium bromides, mainly the tetradecyl derivative) soln (20% w/v) to an aqueous soln 
of DNA until precipitation was complete. The resulting fibrous ppt was removed, washed with water, 
dialysed exhaustively (as a suspension) against distilled water and freexedried. 

Cetavlon DNA (250 mg; dried In vocuo at 1 loo for 3 br over PIO,) was dissolved in DMP (20 ml) by 
warming at 40°. Wary1 isocyanate (2 ml) was added and the soln allowed to stand at O-4” for 10 days. 
It wm then diluted 3 times with EtGH and dialysed against EtGH for 2Obr. The non-diiusible material 
was then poured into 0.5 vol of M NaClaq and the resulting ppt centrifuged off. This was dissolved in 
water (100 ml) and the aqueous soln was exhaustively dialysed against water for 48 hr and then freexe- 
dried to give a fibrous white solid (168 mg). (Found (after correction for 15% water) P, 7.2%. Theoretical 
(assuming P content of DNA to be 9.3% and the presence of 2.76 phenylcarbamyi groups per 4 g atom P) 
P, 7.5%). 
Analysis qfphenyl &cyanate+eated DNA 

(i) Totalpwines andpyrbdbm. The compound was hydrolysed with 98% formic acid at 175’ for 60 
min and the free purines and pyrimidines so formed separated by paper chromatography in solvent 2 and 
determined spectrophotometricaily. Within experimental errcr the base composition was identical with 
that of the original DNA (43% G + C). 

(ii) Totalphmylcorbamyl groups. The compound (10 mg) was boiled under rdlux with 0.3N KOH (2 
ml)fOr30minaodthenthecontcntsdistilladintoa25mlgraduatedBaslr.2mlq~ti~ofwatawm 
repeatedly added to the react&r vessed and then diilation continued. The receiver was tinally made up 
to the mark and the aniline content measured spechophotometrically at 280 run. IV contained 2.76 
phenylcarbamyl groups per 4 g atoms of P. This method gavt. with CN-phenylcarbamylcytosine, results 
which were within 2% of the tbeoreticai values. It was also shown that the substituted purines were 
completely converted into the unsubstituted base and aniline by this procedure. 



194 A. S. JOW and J. H. WARREN 

(iii) Phenylcarbaqvl anb&aaip lIm pba~yl imcyaaate treated DNA (3.7 ms) wm diswlvcd 
in98%formic~(lml)~wrta(o.5ml)ddtd.Tbs~~s~ionwpsatloarodtottsDdrt37~ 
for23hr~whicbacfearBoinarasobt~S~~oftbcsolnwaesubpdsdtopaperchrom~ 
graphy on Whatman No. 1 paper in solvent 2. Spats carresponding with markers of adenine (I50.52) 
guaninc, (R,O.3), bN-phcnylcarbamyladmin8 (R,O.g) and 2-N-pha1ylcarbamy@1anine (R,O45) mere 
obtained. T&se spots were clutcd with 01 N NaOH land their UV absorption spectra determined, which 
corre@onded with those ofthe markers both in ecid und in alkali. Because ofthc close proximity ofthe 
adenine and the 2-N@1cnylcarbamylguanine, for quantitative detamiiation they were eluted togetha and 
tk amount of the latter determined by meatmriq the change in abeorpkn at 235mn on changing from acid 
to alkali. The amount of admine wa.9 then obtrrined by difkcna. The following rezovc&a wee obtained 

(moles of base/4 g atoms P): CN-phttlylcarbamyladeninc, 0795; adenine, 0014; 2-N-phcnylcarbamyl- 
guaninc, @234; guanine, 0182. In addition there was considmbk UV-absorbing material at the origin and 
streaking to just behind the guanine spot. This was duted and found to have a peak at M8 am and a pre 
nounaxi shoulder at 300-320 mn. The whole of the chromatography paper was elutcd with DlN NaOH 
but the total rezovcry of UV-absorbing material was only a40/,. 

Hydrolyris of ~N-phenykarbamyladmine tmdu similar conditions gave 5% convcmion into &nine; 
with 2-N-phcnykarbamyl-gunnine, a 20% conversion into guaninc was obtained. 
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