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N-/3 -Ch lo roe thy l -N-me thy l - l , 3 -p ropy lened iamine  a lkyla tes  guanosine and the guanine in t r a n s -  
f e r  RNA to give 7- [ /3- (N-Y-aminopropyl -N-methylamino)e thyl ]guanos ine  and the s imi l a r ly  
alkylated t r a n s f e r  RNA. The alkylat ion of guanosine with excess  reagent  is accompanied  by 
quaternizat ion of the t e r t i a r y  amino group of the substi tuent  enter ing into the guanosine with 
a subsequent molecule  of reagent .  In acid, 7- [ /3- (N-Y-aminopropyl -N-methylamino)e thyl ] -  
guanosine is conver ted to 7 - [ /3 - (N-y-aminopropyl -N-methy lamino)e thy l ]guan ine ,  while in 
alkal i  it is converted to 2 -amino-5 - [ f i - fN-Y-aminopropy l -N-methy lamino)e thy l fo rmamido] -  
6 - r ibo fu ranosy lamino-4 -pyr imid inone .  Hydro lys i s  of the la t ter  in acid gave 5-[{3-(N-Y- 
aminopropy l -N-me thy lamino)e thy l fo rmamido] -2 ,6 -d i amino-4 -pyr imid inone .  7- [/3- (N-Y- 
Aminopropyl -N-methylamino)e thyl ]guanine  was isolated f r o m  the acid hydrolyzate  of the 
alkylated t r a n s f e r  RNA. 

The carcinogenic and mutagenic properties of nitrogen mustards and 2-chloroethylamines have stim- 
ulated the investigation of the chemistry of the alkylation of nucleic acids by these reagents [2]. Nitrogen 
mustards are also of interest as bifunctional reagents for the study of the conformations of nucleic acids 
[2, 3]. In addition, alkylation with 2-chloroethylamines is a method for the introduction of basic subst[tuents 
into nucleic acids; this can be used for the study of the structures of nucleic acids by means of electron 
microscopy [4]. 

With the aim of developing methods for the specific modification of nucleic acids [5], we studied the 
alkylation of guanosine (1) and transfer RNA with N-/3-chloroethyl-N-methyl-l,3-propylenediamine {iI). We 
determined the pK a of If in water at 25~ it is 8.8 for the 7-amino group and 6.6 for the trialkylamino 
group. As an aliphatic 2-chloroethylamine [6], If in aqueous media is converted to N-(T-aminopropyl)-N- 
methylethyleneimmonium chloride (III). Judging from the iodimetric titration of excess thiosulfate in sam- 
ples of sol{itions of If with pii_ > 6, ~, 40% of ]If accumulates during the complete ionization of the chlorine, 
probably because of consumption of a portion of ]If in the reaction with II [7]. At pH 5.0, ionization of the 
chlorine in If proceeds at a constant rate(kobs)*ofl.07.10 -4 sec -i (25~ hence, ktrue ? is 4.4 - I0 -~ sec -I 
(for pKa 6.6). Up to 100% of the Ill accumulates at pH 5.0 during complete ionization of the chlorine. 
Compound III reacts slowly withwater (kH2 O1" =2.5 �9 i0 -~ liter/mole �9 sec at 40 ~ and pii 5.0). ~ 

At pH values above 6.5, If is rapidly converted to III, but it does not react with I under these condi- 
tions and is consumed primarily in the alkylation of II (see [7]). A1kylation of I is observed at pH 5.0-6.0 
to give the unstable  7- [13- (N-y-aminopropyl -N-methy lamino)e thy l ]guanos ine  {IV). Unambiguous evidence 
for  the s t ruc tu re  of IV is i t s  convers ion  to 7- [ f i - (N-7-aminopropyl -N-methylamino)e thyl ]guanine  (V) and 
r ibose  on reac t ion  with acid and to 2 - a m i n o - 5 - [ f i - ( N - y - a m i n o P r o p y l - N - m e t h y l a m i n o ) e t h y l f o r m a m i d o ] - 6 - r i b o -  

�9 See [1] for  communicat ion IV. 
These  va lues  were  de te rmined  by N. D. Kobets.  
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TABLE 1. UV Spectra  of Products  of the Alkylation of Guanosine 

Compound pH kmax(kshoulder), e ~  �9 1o .3 Zm~,, nm~ e~o. to -~ 
nm 

Va 

Va ~om transfer 

RNA Vb } 

7-Methylguanine [9] 

I 
7 

13 
1 
7 

13 
I 
6 

249(270) 
248; 283 
280 
250(270) 
248; 285 
280 
250(270) 
248; 283 

10,65 
. 9,0; 9,12 

9,5 

10,96 
--; 7,41 

230 
260 
262 
230 
260 
262 
228 
260 

IXa, IXb 

VI 

VHI ?13] 

V I I  [9] 

13 
1 
7 ,? 

1 i 

12 
1 
7 
9,2 

280 
263 
262 
260 
270 
272 
265 
269 
265 
258(277) 
258; 281 
283 

7,76 257 
18,0 240 
10,7 240 
8,2 235 

19,8 245 
18,3 247 
13,2 243 
18,1 240 
ll,8 242 
- -  229 
- -  271; 
- -  242 

238 

8,5" 

13,0 

furanosylamino-4-pyrixnidinone (VI) in alkaline media. This is analogous to the conversions of 7-methyl-  
guanosine (VII) [8]. The UV spect rum of IV is identical to the UV spectrum of VII (Table 1). It should be 
noted that opening of the ring in IV proceeds  more  readily than in VH [2, 8]. Compound IV is converted to 
VI at pH 6 (40 ~ at an appreciable rate. If alkylation of I is car r ied  out at pH 5-6, the result ing IV has t ime 
af ter  4 h of reac t ion  to be converted (15%) to VI. Compound IV cannot be isolated in pure form; after  sepa- 
ration on DEAE-Sephadex in ammonium acetate at pH 3.7, impuri ty VI is detected in the IV fraction; pr i -  
mar i ly  VI is obtained during paper chromatography in isopropyl a lcohol -0 .01  M ammonium acetate (6 : 4) 
at pH 3.7 or onDEAE-Sephadex in water .  

O R 
fl I 

HO OH 

Iv a,b, 

0 R 

H + HN~'~, N\ 
NH2~N [~r + r i b o ~  

V a,b 

o R II [ 

.N H 2/~,~N f XNH H + H N" ,~(N~-cHO 

HO OH ; 

Vl a,b 

+ ribose 

CH / s 
IV-VI, [X a R~ -'-CH2CH2N \ 

"CH2CH2CH2N H~ 
�9 --CH 3 .CH3 

b R = --CH2CH2~/---CH2CH,,N/~-CH~CH2CH2N H2 
\CH2CH2CH2N H ~ 

Like the corresponding methyl  analog (VIII) [8], VI has the same UV spect rum at pH 2-13; on react ion 
with acids, it readily loses r ibose and gives 5- ~ -  (N-y-aminopropyl-N-methylamino)ethylformamido]-2,6-  
d iamino-4-pyr imidinone (IX). However, the fo rmyl  group in IX is hydrolyzed under more  severe  conditions 
than that in 5 -N-methyl formamido-2 ,6-d iamino-4-pyr imid inone  (X) [10]. It is  retained in IX after  refluxing 
in 1 N HC1 and on standing in 6 N HC1. 

In o rde r  to judge the alkylation of I without complications associa ted with the instability of IV, the 
alkylation products  were separated af ter  convers iontoIV,  V, or  IX. Fo r  this, the react ion mixture was hy- 
drolyzed by refluxing in xylene immediately af ter  alkylation (1) or  af ter  alkaline t rea tment  (2) and ch roma t -  
ographed on Dowex-50 in a l inear  gradient  of hydrochlor ic  acid. The ch romatograms  of the separation of 
the react ion mixtures  a re  presented in Figs.  1 and 2 for  cases  (1) and (2). Two or  m o r e  fract ions of alkyl- 
ated substances a re  formed in the alkylation with excess  II. The fract ions obtained were chromatographed 
repeatedly on paper  and it was observed that each f rac t ion of the alkylated derivat ives  contains a mixture  
of V and IX. Frac t ion  2 (Figs. 1 and 2) yielded Va and IXa, each of which contain one p r imary  amino group 

3 7 8  



~sol 

15 

5 

0 0~5 Ij25 2,5 

D~60 i 
1,~ 

10 

5 

0 O,5 

NHC1 

2 ~ ' ~ - -  . . . . . . . . . ,  1 7'01,03'0 

1,25 2,5 
Fig. 1 Fig. 2 

Fig. i. Chromatogram of the separation of the products of alkylation of guanosine 
II after acid hydrolysis via method (I) on Dowex-50 (H+): i) guanine; 2) mixture 
of Va and !Xa; 3) mixture of Vb and iXb. 

Fig. 2. Chromatogram of the separation on Dowex-50 of the products of alkyla- 
tion of guanosine II after treatment with alkali and acid via method (2) (reaction 
of 5 re_mole of I and 50 mmole of II): 2) mixture of Va and IXa; 3) mixture of Vb 
and IXb. 

~0 

0 1,5 3 O a 

Fig. 3. Chromatogram of the 
separation on Dowex-50 (I-I +) of 
a mix ture of 5-N-a lky l formamido-  
2,6-d iaminopyr imid ines (J~) ob- 
tained by hydrolys is  of VI in acid 
[VI was obtained by alkylation of 
5 mmole of I with 100 mmole  of II 
for  24 h and was isolated by chro-  
matography on DEAE-Sephadex A-25 
(HCO3-)]: 2) IXa (R= i); 3) Ixb 
(R=2). 

(according to react ion with ninhydrin) and one R residue [from 
the rat io of the integral  intensities of the protons in the PMR 
spectra,  namely, the ~-CH 2 and Cs-H protons for  Va in (CD3)2SO 

or  the .~ N--CHO proton for IXa in D20 , Table 2]. Frac t ion  3 
+ 

yielded Vb and IXb, in each of which there  were two NH 3 groups 
(Table 3). The UV spect ra  of Va and INa a re  identical to the 
spec t ra  of \rb and IXb, respect ively.  Only der ivat ives  with the 
same number  of R (or same number of charges) were detected 
in each fraction. F r o m  the overal l  number of f ract ions with 
identical UV spectra  that were eluted with Dowex-50 with in- 
creas ing hydrochlor ic  acid concentration, it can be assumed that 
the number of substituents attached to guanosine may reach five 
in the p resence  of a 20-fold excess of IT (Fig. 3, f ract ions 2-6). 

The coincidence of the UV spect ra  of substances f rom dif- 
ferent  f rac t ions  and the addition to I of two res idues  with two 
f ree  NH 2 groups attest to the fact that alkylation of I is accom-  
panied by quaternizat ion of the t r ia lkylamino group of the enter-  
ing substituent under  the influence of a subsequent molecule of 
lII. Alkylation of I by a dimerized molecule of ]I is unlikely, 
since the ~hl0roethylamino group in ~-qhtoroethyl t r ia lkylam- 
monium derivat ives is of low rea~ .,vi~y, because it cannot react  
through the ~,hyleneimmonium c ~ .ion. 

The alkylation of I with a twofo!d excess of II for  4 h gives 5-t0% Ya~ In the presence  of a 10-fold 
excess  of II, .-- 30% of the I is alkylated, 20% of which is der ivat ives  with R _  > 2. In the presence  of 20-fold 
II, ~ 50% of monoalkylated der ivat ives  of the entire amount of V and IX is found. 

The alkylation of t r ans fe r  RNA was car r ied  out in a 20 mM solution of II at pH 5 and 40 ~ After 1 h, 
we observed the precipitat ion of a port ion of the t r ans fe r  RNA f rom solution, probably because of the fo rma-  
tion of the polyalkylammonium salt of t r ans fe r  RNA. The precipitat ion of nucleic acids of polyamines was 
also observed in [11]. Compound Va was detected along with adenine and uridylic and cytidylic acids in the 
acid hydrolyzate  of the alkylated t r ans fe r  RNA. The degree of modification of the guanine in the t rans fe r  
RNA was 47%. 

The alkylation of guanosine and nucleic acids with aliphatic f l -chloroethylamines and nitrogen mus-  
t a rds  was previously [2] studied at pH 7-8 [12-14]. In [13], two substances with identical UV spect ra  and 
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TABLE 2. PMR Spectra of the Substances Obtained 

Chemical shifts, 5, ppm (relative integral intensities 

Substance solvent Ha, HCH o H~ HN.CH a 

Va 

Va 
IXa 

II 

D~O 

(CD3) 2SO 
D=O 

DO 

Rapidly exchanged 
[20] 

9,35(I) 
8,22(1) 

Singlet 

2,35(2) 
Quinmt 

2,37(2) 
2,35(2) 

Quintet 
2,0(2) 

Quintet 

3,19(3) 
Singlet 

3,t4(3) 
Singlet 
2,95(3) 

Singlet 

TABLE 3. Charac te r i s t i c s  of the Substances Obtained 

Found per mole of 

sub-' 
stancel} ribose, NH~ groups, 

mole mole 

Va* -- 1,04 
Vb 2,25 

Via 0-~6 -- 
IXa 0,93 
IXb 2,10 

Empirical formula 

CNHIgNr 
CIvH34NsO.5HCl 
CmH2sNTO~-2HCI 
CNHmNzO~'3HCI 
CITH36NgO~'5HCl 

Ionic 
chlorine,% 

found 

27,6 
34,3 

28,0 

calc. 

27,1 
31,5 

27,1 

* After  drying at 105 ~ (1 mm) for  3 h, this compound had the follow- 
ing analytical  values: Found: C 35.2; H 5.4; N 25.6%. CIIH19N~O �9 3HC1. 
Calculated: C 35.2; H 5.1; N 26.1%. 

Rf values (elution with Dowex-50 in 4 N HC1) were obtained. Alkylation of DNA [3] gave, in addition to 7- 
monoalkylguanine, a derivat ive that was eluted in 6 N HC1, for  which a s t ructure  of a 7-dialkyl derivative 
alkylated at the amino group of the substituent was proposed. On the basis  of analogous data in [12], the 
products  of the alkylation of thymine were  identified as 3-dialkyl  derivat ives.  

E X P E R I M E N T A L  

Descending chromatography on Leningradskaya B and S papers  was car r ied  out with the following sol- 
vent sys tems:  te r t -buty l  a l c o h o l - m e t h y l  ethyl k e t o n e - H C O O H - w a t e r  (40 : 30 : 15 : 15) (1); isopropyl a lco-  
ho l - concen t r a t e d  H C l - w a t e r  (170: 41: 39) (2); isopropyl a l c o h o l - w a t e r  (6:4), 20% ammonia in the gas 
phase (3); isopropyl  a l c o h o l - w a t e r  (6 : 4) (4); ter t -butyl  a l c o h o l - m e t h y l  ethyl ke tone -concen t r a t ed  ammo-  
n i a - w a t e r  (40: 3 0 : 1 0 :  20) (5); e t h a n o l - I  M ammonium acetate, pH 6.5 (5: 2) (6); butyl a lcohol -CH3COOH- 
water  (5: 2: 3) (7). E lec t rophores is  on paper was car r ied  out in 0.04 M tr ie thylammonium bicarbonate  
(TEAB) at pH 7.5-8.0 for  1 h at 40 V/cm.  The solut ionswere concentrated at 35 ~ (15 ram). The amounts of 
nucleosides and bases  were  determined f rom the absorption of their solutions at 260 nm and e260 via the 
method in [8, 10, 15, 16]. The r ibose content was determined by the orcinol  method [17]. The aliphatic 
amines on the paper  were  developed by means of react ion with ninhydrin and in iodine vapors.  The number 
of p r ima r y  amino groups was determined f rom the react ion with ninhydrin via the method in [18], and the 
equivalent coefficient (c500 1.5.103 l i t e r s / m o l e ,  cm) was found f rom the react ion with T-dimethylamino- 
propylamine.  The laMR spect ra  of 10-15% solutions Of the substances in (CD3)2SO, CD3OD, and D20 were  
recorded  with a Varian A-56/60 spec t romete r  with te t ramethyls i lane  as  the external  standard. 

T rans fe r  RNA f rom b a k e r ' s  yeas t  was obtained with an experimental  device f rom the Novosibirsk 
Institute of Organic Chemistry ,  Siberian Branch,  Academy of Sciences of the USSR. Compound I f rom the 
Reanal Company was used i n the  experiments.  The dihydrochloride of II was obtained via the method in [5] 
f rom ehromatographed y-(N-/3-hydroxyethyl-N-methylamino)propyl  phthalimide [7]. 

The alkylation of a 5 mM solution of I was car r ied  out at 40 ~ and pH 5.0-0.0, which was maintained 
by the addition of 1 N KOH. The H concentrat ion var ied  f rom 10 to 100 raM. After 4 h, the react ion mix-  
ture  was worked up via method (1) or  (2). Method (1): The mixture  was acidified to ptI 2 and evaporated 
to dryness ,  the res idue was dissolved in 1 N HC1, and the solution was heated at 100 ~ for  1 h; the solution 
was then diluted up to 0.1 N tIC1 and chromatographed on Dowex-50 (H+). Method (2): the mixture was 
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T A B L E  4. 

Compound 

Va 
Vb 
VI 
IXa 
IXb 

Guanine 

P r o p e r t i e s  of the  I n v e s t i g a t e d  C o m p o u n d s  

HC1 concn., I 'El relative 
atemtes me ., ,  Rf values in systems 

substance to pu 
from Dowex 
(H+), N pH 3,5 pH 7,5 1 2 3 4 5 

3,5 
4,6 

3,5 
4--5 
1,8 

I 6 

2,0 
1,95 

1,95 

0,46 0,08 
0,5 0~6 
0,54 0,12 

- o-~3 

* Ef  is  the  e l e c t r o p h o r e t i c  m o b i l i t y .  

0,06 0,53 
--  0,37 

0,46 
0~7 0,5 

050 075 

0,60 0,5 0,58 
0,43 

023 o; o,55 
0,55 -- 0,40 
0~1 0~6'  0,3I 0,54 

0,22 
0,20 

0,20 
0,20 

made alkaline to pH i0, allowed to stand for 2 h, and evaporated; the residue was hydrolyzed in hydrochlo- 
ric acid and chromatographed as in method (i). 

7-[/3-(N-T-Arainopropyl-N-raethylamino)ethyl]guanosine (IV). A reaction mixture from a 5 mlV[ solu- 
tion of I and a i0 mlVI solution of If, handled as indicated above, was acidified to pH 3.7 and chromatographed 
on DEAE-Sephadex A-25 in the CH3COO- form (35 by 1.6 em); IV (10%) was eluted in the first fraction with 
0.! ~[ CH3COONa with pH 3.7. The properties are presented in Table I. Compound VI was obtained after 
desalinization on Sephadex or chromatography with isopropyl alcohol-0.01 M CH3COONH 4. 

2-Amino-5- [~- (N-y- arainop ropyl-N-methylamino) ethylformamido]-6- ribofuranosylamino-4-pyrimid- 
inone (Via). A reaction mixture obtained as in the preceding experiment was passed through DEAE-Seph- 
adex in the HCO~- form (60 by 3 cra) and washed out of the column with water. The first fraction was evap- 
orated several times with aqueous triethylamine, dried thoroughly, and washed thoroughly with absolute 
ethanol and ether. The residue was dissolved in 25 ral of methanol, and an equivalent amount of HClinraeth- 
anol was added to it. The resulting oil was triturated with ethanol, and 190 rag of the solid (from 350 rag) 
was dissolved in 1 ral of methanol. The solution was mixed with 2 ml of dry silica gel, and the mixture was 
applied to a column packed with silica gel (12 by 1.6 cra) equilibrated with CHCI 3. The column was washed 
with i00 ral of CHCl3-alcohol (I_ : i) and eluted with system 4. The first fraction was evaporated, and the 
residue was precipitated from methanol solution by the addition of ether. The precipitate was chroraato- 
graphed on paper in system 3. A substance with Rf 0.46 was eluted with water and dried lyophilically. Com- 
pound Via was reprecipitated from methanol into ether containing an equivalent amount of HCI; the yield 
was 36 rag. 

7-[/3-(N-T-Arainopropyl-N-methylamino)ethyl]guanine (V). After alkylation of 0.G ramole of I with 6 
ramole of ]I, the mixture was worked up via method (I). The hydrolysis was carried out in 15 ml of 1 N 
HCI, and chromatography was performed on Dowex-50 (47 by 1.8 era) in a linear gradient of HCh the mixer 
was 1.25 liters of water, the reservoir was 1.25 liters of 7 N HCI, and the fraction volume was 1O ml (Fig.l). 
Fractions 2 and 3 were evaporated with water several times, and the residue was chromatographed succes- 
sively on paper in systems 7, i, 6, and 3. The substances were eluted with water (the ~f values are given 
in  T a b l e  4), and 19% Va and 3.5% IXa w e r e  ob t a ined  f r o m  f r a c t i o n  2, and 3.9% Vb and %1 IXb w e r e  ob ta ined  
f r o m  f r a c t i o n  3. The  p e r c e n t a g e s  of  t h e  s u b s t a n c e s  in t he  f r a c t i o n s  w e r e  d e t e r m i n e d  f r o m  D260 and g260 (Ta-  
b l e  1). ']?he d e g r e e  of c o n v e r s i o n  of g u a n o s i n e  was  28%. F o r  a n a l y s i s ,  Va w a s  a d d i t i o n a l l y  p u r i f i e d  to r e -  
m o v e  s a l t s  on Dowex-50  (16 by  1.8 cm); t he  co lumn  w a s  w a s h e d  wi th  0.5 l i t e r  ~f 1 N HC1, and Va was  then  
e l u t e d  with  4 N HC1. The  f r a c t i o n  was  e v a p o r a t e d  to d r y n e s s ,  e v a p o r a t e d  s e v e r a l  t i m e s  wi th  w a t e r ,  and he ld  
o v e r  KOH at  1 r am.  The  p r e c i p i t a t e  was  r e c r y s t a l l i z e d  f r o m  m e t h a n o l -  e t h e r  to g ive  40 m g  of Va. 

5- [/3- (N-T-Aminopropyl-N-methylamino)ethyllorrmamido]-2,6-diaraino-4-pyriraidinone (IX): The re- 
action mixture after alkylation of 0.6 raraole of I with 6 mmole of II was worked up via method (2). The 
chromatography was carried out on Dowex-50 as indicated above (Fig. 2). After separation on paper as in- 
dicated above for V, fraction 2 gave 14% IXa and 9~0 Va. Fractions 3 and 4 gave 7.5% IXb in a mixture with 
IX, where R_> 2. 

Compound IXa was obtained in the individual state after purification as indicated for Ira. Compound 
IXa was also obtained by hydrolysis of 5 mg of Via in 1 ml of a solution of hydrogen chloride in methanol 
at 4 ~ for 16 h; the yield was quantitative. 

The pKa of II was determined potentiometrically by titration of a 0.01 M aqueous solution of the hy- 
drochloride of II with 0.i N NaOH at 25 ~ in a stream of nitrogen. The titration time was 20 min. The graph- 
ically determined pKa values of 6.6 and 8.8 are approximate because of the lability of If. 
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Alkylation of T r a n s f e r  RNA. A total  of 12 ml  of a solution of t r a n s f e r  RNA containing 6.67 #mole  of 
P pe r  mi l l i l i t e r  (a 2 mM solution of t r an s f e r  RNA) was added to a solution of 0.8 mmole  of II in 28 ml  of 
wa te r  (a 20 raM solution of II), and the mix tu re  was then held at 40 ~ and pH 5.8-6.0 for  3 h and at pH ~ 5 
for  24 h. The prec ip i ta te  was separa ted ,  and the solution was  hydrolyzed at 100 ~ for  1 h in 1 N HC1 and 
chromatographed  on Dowex-50 as  indicated above. F rac t ions  containing ur idyl ic  and cytidylic acids,  gua-  
nine, and adenine were  obtained as  in [19]. Compound Va was  isolated f r o m  the f rac t ion  eluted in 4 N HC1. 
The pe rcen tages  of guanine and Va found were  16% and 14%, respec t ive ly .  The degree  of alkylation of the 
guanine of t r a n s f e r  RNA was 47~. The acid hydrolyzate  can also be separa ted  on pape r  in s y s t e m  2 in 60 h. 
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