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-The oxidation by potassium permanganatc of cytosinc and cytidine to derivatives of urea and of 
biuret has been confirmed. N-Formylurca has also been identified as one of the oxidation products of 
cytosine. Derivatives of urea, but not those of biurct were formed when 2’, 3’. 5’-t&O-bcnzoylcytidine (I) 
was similarly oxidii. The major product was N-(23,5-aiO-bcntoyl-D-ribofuranosyl) N’+xalylurca. 
This was unstable and decomposed readily to another oxidation product, namely N-(2.3,5-triO-benzoyl-D- 
ribofuranosyl) urea. These two compounds were also obtained from the oxidation of 2’.3’,5’-t&O- 
bcnxoyluridine. The reasons for the absence of biurct derivatives in the pmnangmatc oxidation products of 
I and of DNA and RNA are discussed. 

IT HAS been shown previously that cytosine is oxidised by potassium permanganate in 
bicarbonate buffer (pH9) at 37O to give inter ufiu, urea and biuret,’ and that cytidine and 
deoxycytidine gave derivatives of both ureaand biuret.’ However, when DNA and RNA 
were oxidised under similar conditions, although all of the cytosine residues were 
oxidised, no biuret residues were produced 3*4 In order to discover the reason for this 
difference, the permanganate oxidation of cytosine and some derivatives has been 
studied in greater detail. 

In the earlier work on the oxidation of cytosine’ no attempt was made to obtain 
complete oxidation but in the present case an excess of potassium permanganate was 
used (i.e. 3.5 mole c/f 3.33 moles needed for complete oxidation to urea and carbon 
dioxide) and complete oxidation of the cytosine was achieved. The major N-containing 
products were urea and buiret. There was produced, also, a small amount of N- 
formylurea (identibed by comparison with an authentic specimen). These products were 
present in molar ratio, urea: N-formylurea: biuret of 1.8: O-26: 1. This result is 
appreciably different from that previously obtained, (namely a molar ratio urea: biuret of 
1: 1.5) but this could be due to the higher concentration of permanganate used and the 
absence of bicarbonate in solution. 

In the previous work on the permanganate oxidation of cytidine,* urea and biuret 
derivatives were formed in the molar ratio of 4:l. Because the mixture of oxidation 
products was complex and because this may have been due to oxidation of sugar OH 
groups, in the present work these OH groups were protected. The cytosine derivative 
chosen was 2’,3’,5’-tri-O-benzoylcytidine (I) which was synthesized by the selective de- 
N-acylation of 4-N-acetyl-2’,3’,5’-tri-0-benzoylcytidene under acidic conditions to give 
2’, 3’, 5’-t&O-benzoylcytidine. The oxidation was carried out in t-butanol-water (1 : 1) 
because of the insolubility of the compound in water. The oxidation products were 
isolated in good yield. Silica gel TLC showed the presence ofa major, a minor and a trace 
component. The minor component (about 20% of the products) was shown to be 
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N-2,3,5-tri-O-benzoyl-g-D-ribofuranosyl) urea (II) by comparison with an authentic spe- 
cimen. This was obtained by treatment of 2,3,5ai-0-benzoylribofuranosyl chloride 
with silver cyanate to give the corresponding isocyanate, which on treatment with 
methanolic ammonia gave II.’ The major component (about 65% of the products) 
decomposed to II on repeated development on the TIC plate. It showed acidic properties 
and gave oxalic acid upon alkaline hydrolysis. This, and its elemental analysis indicated 
that the compound was an NoxaIyl derivative of II. The fact that the compound reacted 
very slowly with the Ehrlich reagent showed that both N atoms of the urea residue were 
substituted. It was concluded, therefore, that the compound was N-(2.3.5-tri-O-benzoyl- 
B-D-ribofuranosyl) N’-oxaly N’-oxalylurea (III). 
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Compound III was also obtained as the major product and II as the minor product 
when 2’, 3’, 5’,-tri-0-knzoyluridine was oxidised under similar conditions. 

Acidic hydrolysis of the total oxidation products of I gave urea but no biuret. Under 
the conditions used, biuret was not hydrolysed to urea, so it was concluded that no biuret 
derivatives had been formed in the oxidation of I. This reaction is similar in this respect, 
therefore, to that occurring with DNA and RNA and different from that taking place 
with cytosine, cytidine and deoxycytidine. 

The probable first stage in the oxidation of cytosine and its derivatives is, by analogy 
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with thg corresponding oxidation of thymine derivatives,6 the formation of the 5,6dioI, 
I?‘. Because biuret derivatives are not hydrolysed or oxidised to urea derivatives under 
the conditions used, the two types of derivative must be produced by ~d~d~t 
pathways. It seems probable that this could occur by the intermediate, IV, undergoing 
two types of reaction, namely (I) oxidation to give a biuret derivative and (2) deamina- 
tion to a uracil derivative followed by oxidation to give a urea derivative as follows: 

The ratio of urea to biuret derivatives produced would be dependent, therefore, on the 
relative ease of deamination or oxidation of IV. The ease of deamination of 5.6 
dihydrocytosine derivatives appears to be relevant in this connection and it has been 
shown that it is dependent upon the nature of the substituent on N’ and that it is 
in the order: 5,frdihydrocytidine > 5,6 d~y~o~xyc~idyiic acid > 5,6dihydro-2’- 
deoxycytidine > 5,6dihydrocytosine.’ 5,6-Dihydrocytidylic acid is readily deaminated; 
deamination to 5,6dihydrouridylic acid occurs during the hydrogenation of cytidylic 
acid under mild conditions.s As a rough ~prox~ation, therefore, it appears that the 
more bulky the group substituted at N’, the easier the duration. If a similar effect 
operates in the deamination of the proposed intermediate, JY and also a possible 
retardation of the oxidation of IV by the bulky substituent on N’, then the present results 
can be explained. 

EXPERIMENTAL 

C~~o~o~u~~y. The following solvents were used: (I) butan-i-01: ethanol: water (4 : 1:s) (organic 
phase); (2) butan-2-oI: water (7 : 5); (3) propan-2-01: ammonia (d, 0.88): water (35 : 3 : 15). Urea and biuret 

derivatives weredetected by means of Ehrlich’s ~imethylaminobcnxaldebydc reagent9 Urea and glycosyl- 
ureas gave a yellow colour upon drying the chromatograms. Other substituted ureas gave the yelIow colour 
more slowly; biuret derivatives gave the colour slowly and with significantly lower intensity. 

77te ox~~n of cytosk wirh potassiam permungmafe. A soht of cytosine (SO mg) and W&O, (249 
mg) in water f 15 ml) WBS kc@ at 37* for 19 hr. (The soln rapidly reached pH9 and stayed almost constant at 
this pH ). A drop of neutral Nt+SO,aq was then added to convert the excess of pcrmanganatc intoMnO,. The 
suspension was centrifuged, the deposit mll washed with water and the combined supcmatant and washings 
evaporated to dryness. A portion of the residue was examined by paper chromatography in solvent 2. Urea 
(R,0.36)and biuret (R,Oe49) were present. A component (R,Oe58) which slowly gaveayellowcolour with 
the Fhrlich reagent was also present. This was identified as N-formylurea by comparison by paper 
chromatography in solvents 1 and 2 with an authentic sample. In the latter solvent parabanic acid had an R, 
of 0.72 and oxaluric acid had an R, of 0.16. The component also corresponded to N-fo~ylur~ in solvent 
3 but in this case some decomposition to urea occurred and it bchavcd similarly to N-formylurea upon TLC 
on silica gel with acetone: chloroform (3 : 7) as the solvent. Acidic or alkaJine hydrolysis of the compound 
gave urea. The molar ratios of the Products form& during the oxidation were determined by measuring the 
N contents of the cnmponcnts obtained by running chromatograms on Wbatman No. 3 paper in solvent 2. 
They wzre urea: N-formylurca: bittret, 1.8 :0+26 : 1‘0. The tot& recovery of N-containing compounds from 
the crouton was 7796 ~~a~~g that a molecule of ammonia was lost for each molecule of urea 
derivative formed). A control experiment was carried out in which a known mixture of urea and biuret was 
treated with permanganatc under the same conditions as the cytosine. The recoveries of urea and biurct were 
found to be 78% and 74% respectively. 

Tie preparation 0~2’,3’.5’-triQ-benzoylcylldlne. 4-N-Acetylcytosine mercury (2.3 g) was condensed 
with I-O-acetyl-2,3.5-bi-O-knzoyl-~-~ribofuranose (5.04 g) in a mixture of xylcnc and bcnacnc as 
dcacribai.” The product, 4-N-uxtyI-2’,3’.5’-tri~-~~yl-cpidine, on rccrystallixation from F&OH was 
obtained in 32% overall yield from cytosine m.p. 19 I’- 192”1, in EtOH 23 I nm (c.40.70) and 284 nm 
&,7,49O~shoul~~ 295nm. (Found: C.6464; H,4~42;N,6~SO.Clic.forC,1H,,N~O,;C,~~3~,H.4~56~ 
N, 7.03%). 

This compound (l-3 g) was dissolved in chloroform/&OH (3: 1; 100 ml) and IN HCI (11 ml) added. 
The solnwas allowed to stand at room temp for 3 days.at the end ofwhich time the Wabsorptionof the soln 
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at 300 nm had dropped to zero. The solvent was removed under reduced pressure and EtOH added to the 
residue which was evaporated to dryness several times to remove the HCI. TLC on silica (10% EtOH in 
benxcnc), sbowed the presence of a sir&e UV absorbing compound which was rccrystaiiiscd from bailing 
~~~ofo~H f 1:4) to which light petroleum (6B”-80* fraction) was added to incipient cloudiness and 
the soln aliowa! to cool to give pure ~,~~-~i~-~zoyI~i~me hy&~~~i& ( 1.1 g; 40% ovrmli yield 
from cytidint), m.p. 226227O (d). d,, in RtOH 230 run (a,29,700) and 280 nm (a.9.650); l,,& in EtOH 
253 am. (Found: C. 6054: H, 4-41; N, 7.10. C,,H,sN,Os. HCI rquircs: C. 6&87; H. 444; N. 7.10x). 

The oxidation OJ 2’,3,S-WO-~zoylcytidbw with potassfrrm permanganare. 2’,3’,5’-t&O-benzoyl- 
cytidinc hydrochloride (O-5 g) was dissolved in t-B&H (100 ml; previously diiiilcd from KMnO,) 
andwata(100ml)addedThepHofthesotnwes~just#tto7,KMaO,(O~Sg)addedand~esolnktptat 
37O for 19 hr. Tbe excess of KMnO, was then destroyed with neutral NasSOs and the solvent removed by 
evaporation under reduced pressure. Water (SO mi) was added to the residue, which was a mixture of MaOr 
and oxidation products and the MnO, dissolved by the addition of neutral NatSO,. The resulting white 
suspension was extracted scvcrai times with chiorofonn. the cbiorofotm extract dried over MgSO, and 
evaporated to dryness to give a white powder. 

A sample of the product was examined by TLC on silica gel using 5% EtOH/chloroform as solvent, Six 
UV-absorbing componmts (i-6) were obtained. Component 1 (slowest running component) comprised 
66% of the UV absorption of the products (at 23 1 nm) and component 2 about 20% (component 3 ran very 
close and made an exact determination impossible; totai of 2 + 3 waa 24%). Components 2 and 3 gave an 
immcdii yellow colour with the Ebrlich spray, component I did so after s~d~g overnight. Component 2 
was found to be identical ~hromatographic~ly with the sampie of N -(2.3.5-tri-0 ~n~yl-~-~ri~f~~osyl) 
urea syutItesixed as described below. It was noticed that upon repeated running of the cb.romatoplate that 
component I changed into component 2. conversion being complete after 4 runs. A crystaiiine sample of 
component 2 was obtained from a preparative scalc.TLC plate which had been repeatedly run in 5% EtOH 
in chloroform. This had the same m.p. as the authentic material. 

77te ox&Won of ~,~,S-~U-~x~~r~ with potuss&m penrumgawate. The oxidntion WBS carried 
out as described above except that a iargcr volume of solvent was used (SrXt ml of 1: 1 t-BuOH-water). Silica 
gel TLC of the products showed the presence of components which corresponded to I+2 and 3 from the 
oxidation of 2’,3’,5’-t&O-benxoyicytidiie. Component 1 aceountcd for 62% of the absorption at 23 1 nm of 
the products and 2 and 3 combiicd to 38%. Component 2 bad an IR spectrum and R, values in several 
sdvatt systms identical N-~2,3~-triO-bm~yl-B_Dribohuanosyl) urea. 

Isduflon and &&ntfmtb~ of componmr 1. The mixture of oxidation products ( 100 mg) (from either tri- 
0-benzoyicytidiieor ~~~~zoyi~~me) was diisolvcd in a miniium voiumc of chloroform and c&an01 
added untii precipitation was complete. The ppt was fi1terai off, dried (yield, 50 mg) and tbcn dissolved in a 
minimum volume of acetone and one drop of 4N HCI added. After standing at room tcmp for 30 mitt, 
crystaiiisation occurred, the crystais were filtered off, washed and dried (yield, 20 mg). The products from 
the oxidation of both compounds had identical m.ps ( 172*- 175’d.) and IR spectra. Silica gel TLC showed 
the presence of component 1 and a smail amount of 2 (presumably arising from the slow decomposition of 
1). From the evidence given below it was concluded to be N-(2,3,5-Ri-benroyl-B-D-rtbafkrMosy[)N’- 
oxalylureu. Found: C. 60.2; H. 4.33; N. 5~ IO. Cz9HI,N,0,, requires: C, 60.4; H. 4.16; N, 4.86%). The 
compound was acidic and after hydrolysis with boiling IN alkaii for 30 min it gave oxalic acid which was 
identified by precipitation of its calcium sait and dccolourisation of acid pcrmanganate. Celluiose TLC in 
solvent 1 of the aIkalinc hydroiysate showod tbe presence of 3 components which gave a yellow coiour with 
the Ehriich reagent. One of these was urea (RF O-50) and the other two (R, O-29 and O-22) corresponded to 
components idattiRed in the reaction mixture of D-ribose and urea in the presence of acid and shown to be D 
ribosyiurcas.” 

A&rue of b&e: residues in thcoxidatdon products 4f2’.3’$‘-rrlC)-benyo~~~~~jne. A sample (5 mg) of 
tbc totai oxidation products of the 2’,3’,5’-t&O-bcnxoyicytidime was added to N HCI (2 ml) and the mixture 
kept at 37” for 20 hr. The soln was neutraiised. evaporated to dryness and the residue extracted 
~u~iv~ly with hot EtOH. The extract was examined by oelitdose TLC in solventa 1.2 and 3. In each utac 
a component identical to urea was dctqted but there was no component correspondiig to biuret. Wbett 
biura was treated with acid and the products examined in a similar way no urea was detect&. 

2,3.5-Trt-o-anzoyl-&~~~r~~y~ ~oeyutmre. l-o-Acayl-2,3$-tri-o-~oyl-&~riboftn~ose”z 
(20 g) was suapatdcd in dry abcr (250 mi) containing dry HCl(33.6 g) and the suapcnsion kept at Z0 with 
shaking for 16 days. A amall insoluble residue was tiltmu! off, the filtrate evaporated to dryness and the 
residue coevaporated with dry benzene (hvicc)and dry toluqe. The gum so obtained (2.3,5-tri-O-bcnxoyb 
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D-ribofuraooayl chhxkk) was dissolved in dry tolucnt ( 114 ml), freshly-prcParcd A&NO ( 13 g) added and 
the mixture boiled under ~&IX in the absence of light for 2.5 hr. The solid material was then filtered off. 
washed with tohtcne and the combined t&rate and washings evaporated &I vucw at 40° to give a yellow gum 
which crystalliscd on standing to give nccdR.s (2 I 8). This product gave a peak in the IR spectrum typical of 
an isocyllnrte (2265 cm-‘) and a negative reaction for a urea derivative with the Ehrlich reagent. A small 
sample was crystalliscd Born toh~cnc&hcr to give aproducr, m.p. 212-216O fd), ia1$‘-28-30 (c, 0.6 in 
C,H,N). (Found: C, 66.2; H, 4.67; N, 2.76. C,,Hr,o,N requires: C. 66.5; H, 4.34; N, 2.87%). 

N-(2~3,S-M-O-bnroyl-~-DrfboJitrMosyi) ureu. The crude isocyanatc prepared as described above was 
dissolved in McGH ( 12 ml) saturated at O0 with ammonia and the soln shaken at O” for I hr. The isocyanate 
did not completely diisotve, so chloroform (40 ml) was added and the shaking continued for 30 min. The 
sobt was then cmxentrated to dryness at So and the residue cocvaporated with McGH (twice). The residue 
was triturated with aher to give an amorphous, hygroscopic solid ( 10 g). This material was crystalliscd with 
diicuhy from MeGH to give a crude product (6g). After two ruxystallisations from the same solvent, N- 
{2,3,S-~~-~zoyl-~~rib4FtMaryr) urea was obtained which sintcred at I76* and melted at 180- 18 I*, 
(al$-30* (c, i-4 in C,H,N). (Found: C, 64.9: H, 464; N, S.0 C,,H,,O,N, requires : C, 64.3; H, 4.8; N, 
5.5%). The compound was homogeneous by paper chromatography in 3 solvent systems. gave a positive 
reaction with the Eihrlich reagent and gave a white spot with a brown halo with a &No, spray. This is 
chamctcristic of urcido sugars.** The IR spectrum showed a peak at 1647 cm-r typical of the --CONH 
group in ureido sugars. 
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