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The speci f ic  3 ' - t e r m i n a l  modif icat ion of h igh-molecu la r -we igh t  r ibonucleic  acids is used  both for  
t e r m i n a l  ana lys is  and for  the cha rac t e r i za t i on  of p repa ra t ions  of RNA and the i r  he te rogenei ty  [1-5]. 

The p re sen t  pape r  de sc r ibe s  the synthes is  of N ~,  N a ,  Ne ,  N e - t e t r a m e t h y l l y s i n e  hydrazide  (TLH), 
a substance  with a s t rongly  pronounced basic  function, and c h a r a c t e r i z e s  the ch romatograph ic  p r o p e r t i e s  
of its de r iva t ives  with nucleosides  and the i r  5 ' -phospha tes .  

Pe r ioda te -ox id ized  nucleosides  and t he i r  5 ' -phospha tes  fo rm condensat ion products  with N a, N a, Ne , -  
N e - t e t r a m e t h y l l y s i n e  hydraz ide ,  obviously in a rat io  of 1 : 1, as  is conf i rmed  by the fo rmat ion  of products  
with the same ch romatograph ic  mobi l i ty  of reac t ion  with 1-, 2-, and 10-fold e x c e s s e s  of TLH. Af ter  r e -  
action, the mix ture  shows a new spot on p a p e r  ch roma tog raphy  always accompanied  solely by the excess  
of TLH but with no unchanged nucleoside or  its dialdehyde der iva t ive .  The IR spec t rum of TLH-modi f i ed  
adenosine (A-TLH) does not show the VCO band c h a r a c t e r i s t i c  for  a f ree  aldehyde ~roup, since the re  a re  
no bands in the s pec t rum  with f requencies  above 1670 cm -1. Apparent ly ,  the s t ruc tu re  of the compounds 
fo rmed  is s i m i l a r  to that  of the analogous products  obtained by modif icat ion with isonicotinic acid hydrazide  
[3]. The s tabi l i t ies  of the de r iva t ives  a lso  p roved  to be e x t r e m e l y  s i m i l a r .  The nucleoside de r iva t ives  of 
TLH l ibera ted  the cor respondin~  he te rocyc l i c  bases  a f t e r  incubation at pH 13 and, to a sma l l  extent ,  at 
pH 1. 

The TLH-mod i f i ed  nucleoside 5 ' -phospha tes  l ibera te  the cor respondin¢  ba se s  pa r t i a l ly  at pH 1 and 
pH 9, while at pH 13 fl e l iminat ion  takes  place to a cons iderable  extent .  Modification with TLI t  has a p r o -  
nounced effect  on the mobi l i ty  of the nucleosides  and nucleoside 5 , -phosphates  on p a p e r  ch romato¢raphy .  

The ch romatograph ic  mobi l i t ies  of the products  of the condensat ion of the oxidized nucleosides  and 
t he i r  5 ' -phospha tes  with N °l, Ncv, N e , N e - t e t r a m e t h y l l y s i n e  hydrazide (the mobi l i t i es  of the initial  nucleo-  
s ides  and nucleot ides taken as 1.00) a re  ¢iven below: 

Compound 

System 1 

Relat ive mobil i ty  

A-TLH 0.,78 
O-TLH 0.72 
U-TLH 0.68 
C-TLH 0.61 

System 2 
pA-TLH 2.03 
pG-TLH 2,94 
pU-TLH 1,62 
pC-T L H 2.23 

The high mobi l i t i es  of  the de r iva t ives  a r e  obse rved  only in fairly acidic chromatographic systems, 
which can be used  for  t h e i r  separa t ion  f rom nonmodified nucleotide m a t e r i a l ,  
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FiR. 1. Chromatography  of the con-  
densat ion products  on Dowex-50 W × 4 
c a t i o n - e x c h a n ~  r e s in  (100/200, NIt4 + 
form) .  Combined separa t ion  of the 
mix ture  of  the products  of  the conden- 
sat ion of N~, N ~,  N ~ , N ~ - t e t r a m e t h y l -  
lysine hydraz ide  with uridine 5 ' -phosphate  
(pU-TLH) and adenosine 5~-phosphate 
pA-TLH) in a 0.1-1 M ~radient  of a m -  
monium fo rmate  (a) and of N ~,  N ~, N~, - 
N £ - t e t r a m e t h y u y s i n e  hydrazide  with 
ur idine (U-TLH) and cytidine (C-TLH) 
in a 0.5-1.5 M ~radient  (b). 

In a study of the ch romatography  of the products  on 
a cation--exchange res in ,  it was found that the subs tances  
a re  not eluted by the s y s t e m  developed prev ious ly  [6] and 
p o s s e s s  wel l -def ined basic  p r o p e r t i e s .  The elution of the 
products  t akes  place only at high concentra t ions  of the 
sa l t  ~radient  in a~reement  with the inc rease  in the total  
posi t ive charge  of the subs tances  (Fi~. 1). Der iva t ives  of 
the nucleoside 5 ' -phospha tes  a re  eluted at 4°C f rom a 
column 0.5 × 9 cm prev ious ly  equi l ibra ted  with 0.05 M a m -  
monium phosphate buffer  solution at pH5.6 by  comp ara t i v e ly  
high concentra t ions  of formate :  pU-TLH 0.30 M; pA-TLH 
0.40 M; p C - T L H  0.50 M; pG-TLH 0.55 M; 0.75-1 M a m -  
monium fo rmate  buffer  solution is n e c e s s a r y  to elute the 
nueleoside de r iva t ives .  In our  opinion, this p rope r ty  
broadens  the poss ib i l i ty  of analyzing the 3 ' - t e r m i n a l  nu- 
c leos ides  of RNA, since the modif ied compounds fo rmed 
by condensation with TLH - A-TLH,  G-TLH,  UoTLH, and 
C - T L H -  can be sepa ra t ed  se lec t ive ly  f rom a large excess  
of  bal las t  nucleotide m a t e r i a l  which is not sorbed  onto a 
ca t ion-exchange res in  under  such conditions. 

In de terminin~ the 3~- terminal  f r agments  in an RNase 
hydrolyzate  of RNA modified with the [14C]hydrazide of 
isonicotinie acid, it was found that  a cons iderable  par t  of 
the t e r m i n a l  label  is l ibe ra ted  in the fo rm of nonnucleo- 
tide m a t e r i a l  [7]. The splittin~ off of the modifyin~ a~ent 
f rom RNA on the e l e c t r o p h o r e s i s  of such an RNA in poly-  
ac ry l amide  eel  has also been r epor t ed  [8]. This  shows 
the instabi l i ty  of the bond of the hydraz ides  with the 3 ' -  
t e r m i n a l  oxidized nucleoside in the composi t ion oftheRNA. 
It is obvious that  it is more  effect ive to use modif icat ion 

with hydraz ides  to s epa ra t e  and identify the 3 ' - t e r m i n a l  s t r u c t u r e s  of RNA a f t e r  the enzymat ic  hydro lys i s  
of the RNA. In some cases ,  pa r t i cu l a r l y  in the invest igat ion of dilute solutions,  N ~, N ~, N ~, N£- t e t r ame thy l  - 
lysine hydraz ide  may  be the mos t  sui table 3 ' - t e r m i n a l  modifyin~ a~ent. The se lec t ive  introduction of a 
s t ron~ cationic ~roupin~ into the 3 ' - t e r m i n a l  nucleoside o r  oli~onucleotide of an RNase hydrolyzate  of RNA 
mus t  faci l i ta te  i ts  isolat ion and ana lys i s .  

EXPERIMENTAL 

To synthesize N ~, N °~, N ~, N~-tetramethyllysine hydrazide we used L-lysine monohydrochloride 
{pore-for-analysis  ~rade) (Reanal, Hungary).  The course  of the synthes is  was checked by t h in - l aye r  c h r o m a -  
tography  on KSK s i l ica  ~ 1  (sieve 0.09) in the b u t a n - l - o l - p y r i d i n e - a c e t i c  a c i d - w a t e r  (5 : 2 : 2 : 2) sys t em.  
P a p e r  ch roma tog raphy  was p e r f o r m e d  on washed Whatman 1 pape r  in the p h e n o l - w a t e r  (4:1) s y s t e m  [9]. 
The chromo~enic  a~ent was a 0.5% solution of ninhydrin in ethanol.  The spots  of the L- lys ine ,  hydrazine  
hydra te ,  the hydrazide ,  and the products  of pa r t i a l  methyla t ion were  shown up at l l0°C and those o f t e t r a -  
methyl lys ine  and i ts  e s t e r  appea red  when the plate was subsequent ly  heated at 150-160°C. On paper ,  the 
methyla ted  de r iva t ives  could be seen  as yellow spots  on a red  background a f t e r  sprayin~ with a 0.04% 
solution of Thymol  Blue in b u t a n - l - o l - e t h a n o l  (1 : 1) with the addition of H~SO 4 to 0.01 N. The IR spec t r a*  
of the compounds were  r eco rded  on a UR-20 ins t rument  usin~ KBr  tab le ts  for  the solid m a t e r i a l s .  

N °~, N ~,  N ~, N ~ - T e t r a m e t h y U y s i n e .  This  was obtained bas ica l ly  by Ikutan i ' s  method [10]. A mix -  
tu re  of  12.4 g of Lys • HC1, 50 ml  of fo rmal in  (40%), and 7 ~ of Pd/C ca ta lys t  (10%) in 250 ml  of e t h a n o l -  
wa t e r  (10 : 1) was hydrogenated  at 40 a tm and 30°C until  the absorp t ion  of hydrogen ceased  comple te ly  
(about 2 h). The ca ta lys t  was s epa ra t ed  off by f i l t ra t ion,  the solution was repea ted ly  evapora ted  with 
ethanol,  and the syrupy  substance  was dr ied o v e r  P205 and act ivated carbon.  T h i n - l a y e r  ch romatography  
showed one spot with Rf  0.30 (Rf value of Lys • HC1 0.60), and pape r  ch roma tog raphy  showed a ninhydrin-  
negat ive spot with Rf  0.79 (Rf Ala 0.55) [9]. The decomposi t ion  t e m p e r a t u r e  of the N ~,  N ~,  N ~ , N E- 

• The IR s p e c t r a  were  taken by I. Dipan. 
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t e t ramethyl lys ine  hydrochlor ide  was 203°C, which cor responds  to l i t e ra ture  information t l i I .  IR spect rum,  
cm-l :  1620 (COOH); in the initial L y s . H C h  1615 (COOH). 

Methyl Es t e r  of N ~,  N ~, N e , Ne -Te t r am e th y l l y s in e .  The te t ramethyl lys ine  was dissolved in 100 ml 
of absolute methanol,  and a cu r ren t  of dry  hydrogen chloride was passed while the react ion mixture  was 
cooled in an i c e b a t h .  The react ion lasted 25-30 h, a f te r  which the e s t e r  with Rf 0.50 had been formed 
completely.  The solution was evapora ted  and the residue was r ec rys t a l l i zed  f rom absolute n-butanol.  This 
gave the dihydrochloride of the methyl  e s t e r  of N ~,  N ~, N e , Ne- t e t r amethy l lys ine  with the composit ion 
CllH26ON2C12, mp 162-164°C. IR spec t rum,  cm-l :  1750 (COOCH 3) as compared  with 1740 cm -1 for  L y s .  
OCH 3 and 1750 cm -1 for  Ala.OCH3. 

N ~, N ~, N ~, Ne -Te t r ame thy l ly s ine  Hydrazide.  A solution of the e s t e r  obtained (8.7 C) in 100 ml of 
absolute n-butanol was t r ea ted  with 47 ml of hydrazine hydrate (84%) and the mixture  was boiled for  30 h. 
The format ion of the hydrazide was moni tored by th in - l aye r  chromatography (Rf of the hydrazide 0.38; Rf 
of the excess  of hydrazine hydrate  0.80). After  the coolinc of the mixture ,  the Sulk of the hydrazine hydrate 
(lower phase) was separa ted  off, the butanol solution was evapora ted  to dryness ,  and the residue was dried 
in a des icca to r  over  H2SO 4. Then it was dissolved with heatin~ in 30 ml of absolute methanol,  the solution 
was cooled, and the addition of 70 ml of absolute e the r  precipi ta ted  hydrazine hydrochlor ide  with a small  
loss of the main substance.  The solution was f i l tered and evaporated.  The co lor less  oily substance obtained 
was t r ea t ed  with an excess  of hydrochlor ic  acid, and the mixture  was evaporated with ethanol and dried 
over  NaOH. Recrys ta l l iza t ion  f rom absolute ethanol cave 3.6 C (39%) of N ~, N ~, N e ,  Ne- te t r amethy l lys ine  
hydrazide t r ihydrochlor ide  with mp 176-178°C. The format ion of a t r ihydrochlor ide  with the composit ion 
C10H27ON 4 C13 was conf i rmed by t i t ra t ion  [12]. On paper  it ~ave one spot with Rf 0.5 (system 1) and 0.1 
(system 2). IR spect rum,  cm-l :  1350 w, 1380 sh., 1405 w, 1440 sh., 1465 m, 1480 m, 1540 sh.,1570 m, 
1630 w, 1710 s (CONHNH2). 

The products  of the condensation of the nucleosides and the i r  5 ' -phosphates  with N ~, N °e, N e ,  N e -  
t e t ramethyl lys ine  hydrazide (TLH) were obtained as descr ibed  previously  [6]. IR s p e c t r u m o f A - T L H ,  cm-i.. 
1305 m, 1335 m, 1350 w, 1370 w, 1390 w, 1415 m, 1475 m, I575 m, 1610 s, and 1670 s, as compared  with 
adenosine - 1578 m, 1610 m, 1670 s. 

Descending chromatography of the nucleoside der ivat ives  was pe r fo rmed  on FN II paper  (GDR) in 
sys tem 1) t e r t - b u t a n o l - f o r m i c  a c i d - w a t e r  (70 : 15 : 15), and the der ivat ives  of the nucleoside 5 ' -phosphates  
were chromatographed in sys tem 2) b u t a n - l - o l - 6  N HC1 (7:3) .  In a study of the stabil i ty of the condensa-  
tion products ,  to show the p resence  of the purine bases  we used the sys tem b u t a n - l - o l - a c e t i c  a c i d - w a t e r  
(4: 1 :5 ) .  The stabil i ty of the substances was de termined by incubatin~ them at pH 1, 3, 7, 9, and 13 at 3~C 
for  18 h followed by paper  chromatography (the 0.1 N KOH was neut ra l ized  with HC104). 

SUMMARY 

N ~, N ~, N e ,  Ne -Te t r ame thy l ly s ine  hydrazide,  its der iva t ives  with oxidized nucleosides,  and the i r  
5 ' -phosphates  have been synthesized.  The stabi l i t ies  of the modification products  and the influence of the 
introduction of the hydrazide on the chromatographic  p roper t i e s  of model compounds have been c h a r a c t e r -  
ized. The possibi l i ty is d iscussed  of usin~ N ~, N ~, N ~, Ne- t e t r ame thy l lys ine  hydrazide as a specif ic  3 ' -  
t e rmina l  modifying a~ent for  RNA. 
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