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For the chemical syntheses of nucleotides and oligonucleotides involving cytidine,
both amino and the hydroxyl groups other than that involved directly in phosphoryla-
tion should be blocked with appropriate ¢ protecting groups’ such as acyl groups.

Selective acylation of the amino group of cytidine may be achieved with acetic
anhydride in the presence of tri-n-butylamine,? thiolacetic acid,» O-acetylhydroxamic
acid derivatives,® acetic anhydride in methanol® or benzoylimidazole.®

All the procedures are quite tedious and apart from those of Fox, ef al.V and
Montagu, ef al.,? the above methods require the special acylating agents.

In this regard, we have divised a simple procedure for acylation of the amino group
of cytidine.

In this paper, selective acylation of 5-hydroxyl group of the nucleoside will also
be briefly dealt with. '
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Chart 1.

*1 A preliminary report of part of this work was read at the 23th National Meeting of the Pharmaceutical
Society of Japan, Sendai, October 1966 : Abstract, p. 55. ‘
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Our procedure consists in treatment of cytidine (I) with acetic anhydride in pyridine.
Thus, acylation of (I) with an equimolar amount of acetic anhydride at refluxing tem-
perature in dry pyridine afforded predominantly N4-acetylcyt1d1ne3> (I, 66% vyield),
indicating that acylation under these conditions took place mainly on N*-amino group
rather than hydroxyl groups.

On the other hand, treatment of (I) with refluxing glacial acetic acid in the absence
of bases afforded a predominant amount of 5’-O-acetylcytidine (V, 57%), cytidine (26%)
being recovered unchanged.

Compound (IV) was converted into N* 5 -O-diacetylcytidine (V) with acetic anhydride-
pyridine which was also obtained by treatment of (II) with refluxing acetic anhydride.

The above structure assignments for (V) and (V) rest upon the fact that they were
all oxidized with metaperiodate under a standard condition and both their ultraviolet
absorption spectra and the combustion values were also in good agreement with such
formulations.

N*-Benzoylcytidine () was previously prepared by selective O-debenzoylation of
N+, 2/,3,5-O-tetrabenzoylcytidine.® However, the nucleoside (II) could be obtained in
92% vield from cytidine by one-step procedure (treatment of (I) with excess of benzoic
anhydride in pyridine and dimethylformamide).

Our tentative explanation for selective acylation described above is as follows : N*-.
Amino group of cytidine in pyridine solution is the best nucleophile among their amino
and hydroxyl groups to be selectively acetylated with an equimolar amount of acetic
‘anhydride, whereas amino group of cytidine in glacial acetic acid (under such conditions,
cytidine exists probably in N—protonated form) becomes weaker nucleophile than hydroxyl

groups.

Thus, in acidic media 5-O-hydroxyl group which is the least hindered among
hydroxyl groups was predominantly acylated. Attempts at economical conversions of
N*-acetylcytidine (II), 5’-O-acetylcytidine (IV), N*-benzoylcytidine () and N*5'-O-diace-
tylcytidine described above into cytidine derivative having free 3’-hydroxyl group (a
key intermediate of oligonucleotide synthesis) being investigated in our laboratory.

Experimental

Unless othrwise stated, melting points were corrected. Paper chromatography was carried out on Toyo
Roshi No. 51 filter paper by ascending technique with a solvent of #~BuOH-H,0 (86:14). - Column chromato-
graphy also used same solvent. UV absorbing spots on paper chromatogram were detected under the
ultraviolet lamp and the compounds containing cis-glycol were detected by periodate spray reagent. Ultra-
violet absorption spectra were taken with an Hitachi EPS-2U automatic recording spectrophotometer. Infrared
spectra were taken with a JASCO DS-301 spectrophotometer.

N¢-Acetyleytidine (II)——To a suspension of cytidine (12.15g., 50 mmoles)in 1.1L. of pyridine was
added 5ml. of Ac;O. The nucleoside was then completely dissolved. The resulting solution was refluxed
for 2hr. The solvent was removed in vacuo to leave white solid. Recrystallization from EtOH afforded
pure (II); yield, 9.5g. (66.6%), m.p. and mixed m.p. with an authentic sample® 202.5~204.5°, UV 255 mp:
247, 296. IR cm™: vo-g 1730. Anal. Calcd. for CuHis06N3 ¢ C, 46.31; H, 5.30; N, 14.73. Found: C,
46.31; H, 5.51; N, 14.65.

5'-0-Acetyleytidine (IV)——A solution of cytidine (I, 1.21g., 5 m’moles) in 200 ml. of glacial AcOH was
refluxed for 3hr. The cooled solution was concentrated to dryness in vacwo. The residue was dissolved
in 10 ml. of solvent and applied on a cellulose powder column (weight of cellulose powder, 100g., column
size, 2.8 x60cm.). , _

The column was washed with the same solvent. Ten ml. of eluate was collected as one fraction.
Fractions 5~10 contained a nucleoside (Rf 0.37); yield 31 mg. (10%), fractions 11~18 contained two nucleo-

6) D.H. Rammler, H.G. Khorana : J. Am. Chem. Soc., 84, 3112 (1962).
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sides (Rf 0.20 and 0.37)*3; fractions 19~21:contained the nucleoside:(V, Rf-0.20); vyield, 566 mg. (39.7%).
This sample (Rf 0.20) consumed metaperiodate under .a standard: condition. . UV. 2 mp 1. 270, 230. IR
cm™: veoo 1720, Though this sample was analytlcally pure, attempts to crystalhze farled Anal. Calcd.
' for C11H1506N5: C 46.31; 'H,"5.30; N, 14.73: Found : C, 45.98; H, 5.26; N, 14.58. ‘

Product Distribution of Acetylation of (I) with 'Glacial AcOH——Cytidine (I, 243 mg., 1 mmole) was
treated with glacial AcOH (10 mL.) for 3hr. at refluxing temperature. The solvent was removed i vacuo to
leave brown syrup. . Chromatography of the reactlon ‘mixture showed the presence of 5'- O-acetyl-(Rf 0.20,
57%), and 2’ (or ‘3) 5/-O-diacetylcytidine (Rf 10.37, 17%)in addition to unreacted cytidine (0.08, 26%).
Even after the solution was refluxed for another 3 hr., the product distribution did not change.

N4,5'-0-Diacetylcytidine (V) from 5'-O-Acetylcytidine (IV) To a solution of 5/-O-acetylcytidine (IV,
285mg., 1 mmole)in 50 ml. of pyridine was added 0.1ml. of AcyO. . The solution was refluxed for 2 br.
The solvent was removed i vacuo to leave gummy residue. Crystallization from EtOH afforded 274 mg.,
83.89 vield of N%,5-O-diacetylcytidine, m.p. 127~130° ~This sample consumed metaperiodate under a
standard condition. UV 2129 'mp : 248, 296. IR cm™: vc -0 1720, 1730. Anal. Calcd for Cy3Hi7O7Ns:
C, 47.71; H, 5.23; N, 12.84. Found: C, 47.52; H, 5.35; N, 12.80. '

. N¢,5’-0-Diacetylcytidine (V) from N*-Acetylcytidine (II)—To a suspension of N‘*—acetvlcytldlne (]I
2.26 g., 7.9 mmoles) in 150 ml. of dry pyridine was added 0.8 ml. of Ac;O (ca., 8 mmoles). The suspension
was refluxed for 2 hr. The solvent was removed in vacuo to leave gummy residue. Crystallization from
EtOH afforded a pure sample; yield, 2.12g.(82%), m.p. 125~129°. - UV A3 mp v 248,296, IR cm™!:
vooo 1720, 1730. Mixed m.p. with the authentic sample described above did not show depression. Anal.
Caled. for CisHisO:Ns: C, 47.71; H, 5.23; N, 12.84. Found : C, 47.43; H, 5.49; N, 12.70.

N¢-Benzoylcytidine (IIN)——To a solution of cytidine (2. 43 g., 10 mmoles) in pyridine (70 ml.) and di-
methylformamide (30 ml.) was added benzoic anhydride (3.39 g., 15 mmoles). The reaction mixture was stirred
for overnight at room temperature, after which it was poured into water and ‘stirred.. The solvent was
removed. in vacuo to leave white solid. The solid material was extreacted with ether (four-40ml. portions)
to remove BzOH. The yield of residue was 3.2g.(92%), m.p. 218°.  The analytical sample was prepared
by crystallization from EtOH; m.p. 219~220°. UV 249" mip : 305, 260. IR cm™: ve=0 1730. Anal.
Calcd for C16H170eNz ¢ C, 55.04; H 4.94; N, 12.1. Found' C, 55 05' H, 4.95; N, 12.20.
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o Nucleosrde (Rf 0.37) was assumed to be 2'(or 3", 5’~O dlacetylcytrdme,, based on . 1ts absorption ‘maxima
and the fact that the spot (O 37) showed a negative reaction for a metaperrodate spray. 1eagent and the
fact that Ri-values in the same solvent of 27(3'),5'- O-diacétyl-, 2’,3/,5'=0= triacetyl=, and N%,2/,3%,5'-0O-
tetraacetylcytidines are 0.37, 0.48 and 0.73, respectively.
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A highly sensitive determination method ' for the: compounds in: vrtamm B6 group
has’ been requested because of the extremely ‘small quan’ues of them present in biological
fluids.  The fluorometric method and bioassay are usually available, but they are
troublesome and tedious, and have some defects.. The application of gas chromatography
should provrde a rapid and simple. method. _In. addition, the microdetermination may.

*1 Bunkyo-ku, Hongo, Tokyo (4pE#%5H, BENHFR).
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