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The synthes is  of a new c l a s s  of compounds of the type of 4 ,4 ,8 ,8 - te t ramethy l -2 ,3  : 6 , 7 -d ibenzo -9 -azab i -  
cyclo[3,3,1]nonane-1,5-diol  by the t r ansannu la r  introduction of the amino groups of s t e r i ca l ly  unhindered p r i -  
m a r y  amines  (including impor tan t  biogenic amines)  into the e i g h t - m e m b e r e d  r ings Of the read i ly  ava i lab le  d ike-  
tones 3 ,3 ,7 ,7 - t e t r amethy l -1 ,2  : 5 ,6-dibenzocyclooctane-4 ,8-dione  (DBC) and d i sp i ro -1  ' ,4 : 1" ,8-d icyclopentane-  
2,3 : 6 ,7 -d ibenzocyc looc tane-1 ,5 -  dione has been desc r ibed  previous ly  [1-5]. ~ney d e s e r v e  attention as  sub-  
s t i tuted analogs of  a rgemonine  and re la ted  alkaloids.  Some of them m a y  apparen t ly  a lso  be ass igned  to the 
group of " b a s e - b a s e "  subs tances  that  a r e  of in te res t  as models  for  studying the m e c h a n i s m  of  the action of 
va r ious  enzymes  bound to nucleos ides  and nucleotides [6]. 

We have succeeded in showing [7, 8] that  the react ion  of DBC in a weakly alkal ine med ium with glycine,  
~ -D ,L-a l an ine ,  f l -a lan ine ,  7 - a m i n o b u t y r i c  acid,  and glycylglycine fo rms  good yields  of  aza adducts:  1 ,5 -d i -  
hyd roxy -4 ,4 ,8 ,8 - t e t r am  ethyl-2,3 : 6 ,7 -d ibenzo-9-azab icyc lo  [3,3,1]non-9- ylacet ic  acid (I), ~-  (1,5-dihydroxy-4,  
4 ,8 ,8 - t e t r amethy l -2 ,3  : 6 ,7 -d ibenzo-9-azab icyc lo  [3,3,1]non-9-yl) propionic acid (II), fl - (1 ,5-dihydroxy-4,4 ,8 ,8-  
t e t r ame thy l -2 ,3  : 6 ,7 -d ibenzo-9-azab icyc lo  [3,3,1]non-9-yl)propionic acid {III), 7 - (1 ,5 -d ihydroxy-4 ,4 ,8 ,8 - t e t r a -  
me thy l -2 ,3  : 6 ,7 -d ibenzo-9-azab icyc lo  [3,3,1]non-9-yl)butyric  acid (IV), and 1 ,5-dihydroxy-4,4 ,8 ,8  - t e t r a m e t h y l -  
2,3 : 6 ,7 -d ibenzo-9-azab icyc lo[3 ,3 ,1 ]non-9-y lace ty lg lyc ine  (37). The methyl  e s t e r s  and hydroch lor ides  of c o m -  
pounds (I-V) have  been obtained. 
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The cons tan t s ,  y ie lds ,  and analyt ical  f igures  for  the compounds synthes ized  a r e  given in Table 1. 

The s t r u c t u r e s  of these  compounds have been conf i rmed  by IR, PMR, and m a s s  spec t roscopy .  

The IB spec t rum of compound (I) shows a c h a r a c t e r i s t i c  absorpt ion band in the 1720 cm -1 region indicating 
the p r e s e n c e  of s t rong in t e rmo lecu l a r  in teract ion of its ca rboxy  group,  leading to the exis tence  of the d imer i c  
fo rm.  In con t ras t  to compound (i), the p r e sence  in the IR spec t rum of compound (IV) of a c h a r a c t e r i s t i c  a b s o r p -  
tion band in the 1680 cm - i  region may  se rve  as a proof  of  the exis tence  of a s t rong  in t r amolecu la r  hydrogen 
bond [9]. 

The hydroxyl  of the  carboxy  group in (IV) is shown by a broad and compara t i ve ly  intense band in the 1220 
cm - i  region.  Correspondingly ,  absorp t ion  bands a r e  obse rved  in the 3360, 3415, and 3585 cm -1 regions  for  the 
alcoholic hydroxy groups .  The f i r s t  two of them a r e  in the region c h a r a c t e r i s t i c  for OH groups bound by hy-  
drogen bonds,  and the th i rd  in the range  of f requencies  of  nonassoc ia ted  OH groups .  On the bas is  of these  facts  
and taking into account the low value of the absorpt ion  band of the C ---- O of the carboxy  group,  it may  be a s sumed  
that the i n t r amolecu l a r  hydrogen bond is fo rmed  through one of the alcoholic hydroxy g roups ,  as  a consequence 
of which a n i n e - m e m b e r e d  r ing a r i s e s .  
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The  band a t  1120 cm - I  , the  i n t e n s i t y  o f  which is  r e l a t i v e l y  h igh  b e c a u s e  of  an i n t r a m o l e c u l a r  h y d r o g e n  
bond,  m a y  be  a s s i g n e d  to a t e r t i a r y  h y d r o x y  g r o u p ,  whi le  fo r  the  o t h e r  > C - O H  g r o u p  the band c h a r a c t e r i s t i c  
f o r  o r d i n a r y  a l c o h o l i c  h y d r o x y l s  in the  1030 cm -1 r e g i o n  i s  o b s e r v e d .  In the  II~ s p e c t r u m  of  compound  (Il l) ,  the  
a b s o r p t i o n  band in t h e  1710 c m  -~ r e g i o n  is  a p p a r e n t l y  due to t he  a p p e a r a n c e  of  a c o m p a r a t i v e l y  w e a k  i n t r a -  
m o l e c u l a r  h y d r o g e n  bond be tween  the  c a r b o x y  g r o u p  and the  h y d r o x y l  in p o s i t i o n  1. T h e s e  f ac t s  a r e  in h a r m o n y  
wi th  s p a t i a l  m o d e l s  o f  t h e s e  compounds  (Fig.  1), f r o m  which  i t  can  be s een  tha t  the  d i s t a n c e  be tween  the  c a r '  
bonyl  g r o u p  of  the  c a r b o x y t  and  the  h y d r o g e n  of  a h y d r o x y  g roup  d e c r e a s e s  c o n s i d e r a b l y  in the  s e q u e n c e  (I) - -  
(II19 ~ (IV). A m o r e  c o m p l e x  p a t t e r n  o f  i n t e r m o l e c u l a r  i n t e r a c t i o n  i s  o b s e r v e d  in the  IB s p e c t r a  o f  c o m p o u n d s  
{IVb) and (V) and t h e i r  h y d r o c h l o r i d e s ,  the  s tudy  o f  which  f r o m  the  poin t  of  v iew of  c o n f o r m a t i o n a l  a n a l y s i s  wi l l  
be  the  s u b j e c t  of  a s e p a r a t e  f u t u r e  i n v e s t i g a t i o n .  

The PMB s p e c t r a  o f  the  m e t h y l  e s t e r s  {Ib-IVb, Va) con ta in  nonequ iva l en t  s i n g l e t s  of  m e t h y l  p r o t o n s  in 
an  e i g h t - m e m b e r e d  r i n g  in t he  6 1 .3 -1 .6  ppm r e g i o n ,  and s i g n a l s  a t  ~ 7 .0 ,  3 .5 ,  and 2.5 p p m ,  which a r e  a s s i g n e d  
to the  c h e m i c a l  sh i f t s  o f  the  p r o t o n s  of  an a r o m a t i c  r i n g ,  the  m e t h y l  p ro tons  Of the  e s t e r s ,  a n d  the  m e t h y l e n e  
p r o t o n s  of  >N-CI- I  2 g r o u p s .  The  s i g n a l  of  t he  p r o t o n  of  a h y d r o x y  g roup  is  l o c a t e d  in the  w e a k - f i e l d  r e g i o n  a t  
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6 7.4 ppm. In compound (lib) a doublet and a quartet  at 6 1.1 and 2.9 ppm correspond to the protons of the CIt 3 
and CI4 groups in the CH3-CI-]-COOCH 3 fragment .  

The m a s s  spect ra  of these compounds show basical ly the same fragmentat ion of the molecular  ions as 
takes place for the analogous compounds descr ibed previously [3]. The most  cha rac te r i s t i c  f ragments  a re  ions 
with m / e  147 (M - 147) + , which formed as the resul t  of the breakdown of the e igh t -membered  r ing,  as shown 
by the dashed line, and an ion with m / e  292 (M -I-]2NB) + formed by the elimination of the corresponding p r i -  
m a r y  amines f rom the molecular  ion. 

mien47  ' ~ ~ 0 '3aH3 
r o / e  2 9 2  " 

EXPEPIMENTA L 

The mass spectra were obtained on a LKB 900 instrument (LKB, Sweden) at an accelerating voltage of 70 
eV, the IB spectra on a UR-20 instrument (GDR), and the PMR spectra on a Varian DA-60 instrument (USA) in 
CHCI a. The molecular weights of all the compounds synthesized were determined mass-spectrometrically. 

1,5-Dihydroxy-4,4,8,8-tetramethyl-2,3 : 6,7-dibenzo-9-azabieyclo[3,3, l]acetic Acid (1). A solution of 
DBC in 50 ml of ethanol was added to an alkalinized solution of 0.35 g of glycine in 3 ml  of distil led water  {pB 
.~ 9), and the mixture  was boiled on the water bath for 12 h. Then it was diluted with water .  The DBC that had 
not reacted  was separated off by fi l tration, and the fi l trate was t reated with ether severa l  t imes to el iminate 
the residual  DBC completely.  Then the solution was acidified with dilute H2SO 4 to a weakly acid react ion and 
was extracted with ether  (5 × 25 ml) and with benzene {3 x 25 ml). The combined ext rac ts  were dried over  
Na2SO 4 and the solvent was distil led off in vacuum. The solid residue was rec rys ta l l i zed  from benzene-e thano l  
(20 : 1). Yield 0.55 g of (I). 

Compounds (II), (III), (IV), and (V) were obtained s imi lar ly .  

In the case of compounds (IID and (IV), af ter  the extraction of the unchanged DBC the solution was f i rs t  
evaporated to 1/2 of its original  volume and was then acidified with sulfuric acid and t reated under the condi- 
tions descr ibed in the preceding experiment.  To obtain compound (IV), the T-aminobutyr ic  acid was f i rs t  d i s -  
solved in a small  amount of water .  After acidification of the sodium salt of the product with sulfuric acid, the 
solution was concentrated by evaporation. On cooling, (IV) deposited. The reaction for the preparat ion of com-  
pound (V) was per formed in 50% ethanol. 

Prepara t ion  of the I-tydrochloride (In). A mixture  of 0.2 g of compound (I) and 3 ml of a saturated solution 
of hydrogen chloride in absolute ether was allowed to stand for 30 min and was then evaporated.  After r e c r y s -  
tall ization from e thano l -benzene  (5 : 1), 0.18 g of the hydrochlor ide (Ia) with mp 180-181°C was obtained. 

Prepara t ion  of  the Methyl Ester  (Ib). A solution of diazomethane in ether was added to a solution of 0.25 
g of compound (i) in 50 ml of absolute ether until the evolution of bubbles ceased.  Then the ether was evaporated 
off and the residue was rec rys ta l l i zed  from benzene. This gave 0.22 g of the methyl es te r  (Ib). 

The hydroehlor ides  (Ic), (IIa), (IIIa), (iVa), (IVc) and (Vb) and the methyl es te r s  (lib), (IIIb), and (IVb), and 
(Va) were obtained s imi lar ly .  

S U M M A P Y  

It has been shown that the t ransannular  interaction in a weakly alkaline medium of 3 ,3 ,7 ,7- te t ramethyl-1 ,2  : 
5 ,6-dibenzocyclooctane -4,8-dione with glycine,  a -D,L-a lan ine ,  fl -alanine,  ~/-butyric acid,  and glycylglycine 
forms the co r responding aza adduets of  the type of der ivat ives  4 ,4 ,8 ,8- te t ram ethyl-2,3 : 6 ,7 -d ibenzo-9-azabi -  
cyclo [3,3,1]nonane-1,5-diol der ivat ives  with good yields.  
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S Y N T H E S I S  O F  A F R A G M E N T  O F  H I S T O N E  H4 

W I T E  T H E  S E Q U E N C E  1 4 - 2 1  

G. F.  K a s y m o v a  a n d  V. K. B u r i c h e n k o  UDC 542.91 : 547.466.46 : 547.466.1 

In recent  y e a r s ,  intensive invest igat ions have been ca r r i ed  out on the s t ruc tu ra l  and functional fea tures  
of his tones [1-3]. In spite of the cons iderab le  advances  in this field, the re  stil l  r ema in  urgent  p rob lems  of the 
elucidation of  the mo lecu l a r  organizat ion of the higher  levels  of the s t ruc tu re  of h i s tones ,  and a lso  the i r  ro le  
in the organizat ion of nuclear  s t r uc tu r e s .  A knowledge of the s t ruc tu ra l  fea tures  of his tones will pe rmi t  a f u r -  
the r  deepefiing of invest igat ions of the i r  biological  ro le  and, in pa r t i cu la r ,  will revea l  the role  of h is tones  in 
the regulat ion of the act ivi ty  of  the genetic appara tus  of the cell .  

With the a im of s t ruc tu ra l  and functional invest igat ions ,  we have synthesized the N- t e rmina l  sect ion of 
his tone H4 with the sequence 14521. The se lec ted  sect ion of the histone is in teres t ing  by v i r tue  of the fact that 
it is sa tu ra ted  with basic  amino acids - l y s i n e  and arginine - w h i c h  a r e  a r r anged  s y m m e t r i c a l l y  in re la t ion  to 
a hist idine res idue .  It is not excluded that this sect ion may  play an impor tant  ro le  in the blocking of a DNA 
templa te  [4]. 

The synthes is  of the octapept ide was c a r r i e d  out by means  of the scheme  shown below. The choice of this 
s cheme  predica ted  the exclusion of the possibi l i ty  of the occcu r r ence  of side reac t ions .  With this a im,  at all  
s tages  of the synthes is  CDI was used as the condensing agent  and methylmorphol ine  as the base .  The Cbo and 
NO 2 pro tec t ive  groups were  used for  blocking the side functions of lysine and arginine ,  r e spec t ive ly ,  and t -BOC 
protect ion for blocking a - amino  groups.  (See scheme  on following page.) 

A number  of  diff icult ies a ro se  in the introduction of hist idine into the peptide chain. An a t tempt  to syn-  
thes ize  a peptide with the sequence 18-21 using the N ~ - B O C - N i m - F D N  der iva t ive  of  his t idine was unsuccessful .  
Sa t i s fac tory  r e su l t s  were  obtained when the methyl  e s t e r  of hist idine was introduced f r o m  the N-end of the peptide 
chain. The format ion  of byproducts  was obse rved  at the s tages  of the synthes is  of the pentapeptide (14-18) and of the 
oetapept ide (14-21). (The r e su l t s  of the e l emen ta ry  and amino acid analyses  of these products  showed the imposs i -  
bili ty of  the format ion  of acy lu reas  [5]). The yields of peptides in these  s tages  fell  to 60%. in all  the other s tages  
the peptides were  isolated with fa i r ly  good yields  and were  chromatograph ica l ly  pure.  The peptides we re  p u r i -  
fied by repea ted  c rys ta l l i za t ion  f rom a mix tu re  of  ethanol and ethyl ace ta te  and a lso  by chromatography  on 
Sephadex LE-20.  The Cbo and NO 2 groups  were  removed  f rom the octapept ide with anhydrous hydrogen fluoride. 
The absence  of absorpt ion bands in the UV spec t rum in the 257 and 271 nm regions showed the comple teness  of  
the el iminat ion of the pro tec t ive  g r o u p s .  The f ree  octapeptide was purif ied on a column of Sephadex G-15. The 
peptides synthesized and the i r  constants  a r e  given in Table 1. 

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

Amino acids of the L series were used in experiments. All the products obtained were analyzed for C, H, 
and N. In all  ca ses  the resu l t s  of the e l emen ta ry  analys is  co r responded  to the calcula ted f igures .  The cour se  
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