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EFFECT OF THE AGGREGATE STATE ON THE CONJUGATION 

IN THE 2-(2'-QUINOLYL)]3ENZOXAZOLE SYSTEM 

N. A. Klyuev, P. 13. Kurapov, UDC 547.787.3'831:535.37:543. 
G. G. Aleksandrov, and I. I. Grandberg 51+548.737 

It was demons t r a t ed  by x - r a y  dif f ract ion analys is ,  e l ec t ron ic  spec t roscopy ,  and m a s s  spec -  
t r o m e t r y  that the phase  s ta te  and a d e c r e a s e  in the t e m p e r a t u r e  of the solution have a subs tan-  
t ia l  effect  on the dihedral  angle between the planes of the r ings  and the conjugation in the 2 - (2 ' -  
quinolyl)benzoxazole molecule .  The molecule  is p lanar  in the c rys ta l l ine  s ta te ,  in the gas 
phase,  and in solution at low t e m p e r a t u r e .  The conjugation is max imal  in these  cases .  The 
conjugation d e c r e a s e s  when the compound is d issolved,  and this is re f lec ted  in the c h a r a c t e r  
of the e lec t ron ic  absorpt ion and em i s s ion  spec t ra .  

It is known [1] that the magnitude of the act ivat ion b a r r i e r  (AE) for  the c o n f o r m e r s  of b i she te rocyc l i c  
analogs of biphenyl in the genera l  case  amounts to only 2-12 k c a l / m o l e .  Under these  conditions the posit ion 
of the equi l ibr ium between the c o n f o r m e r s  is sens i t ive  to var ious  ex te rna l  f ac to r s  [1, 2]. In pa r t i cu la r ,  the 
magnitude of the dihedral  angle between the planes of the a ry l  or  he ta ry l  r ings  of a s y s t e m  with a s t ruc tu re  
of the biphenyl type and, consequently,  the conjugation between them may depend on the aggregate  s ta te  of the 
compound, the t e m p e r a t u r e ,  and the polar i ty  of the solvent .  

In o rde r  to study the effect  of ex te rna l  f a c to r s  on the conjugation in the 2- (2 ' -quinolyl )benzoxazole  s y s -  
t e m  (I) we obtained the e lec t ron ic  absorpt ion  and emis s ion  s p e c t r a  of I at var ious  t e m p e r a t u r e s  in solut ions 
and in the solid phase and made a detai led study of the c h a r a c t e r  of the f r agmenta t ion  of I under the influence 
of e lec t ron  impact  (the gas phase).  We also de te rmined  the conformat ion  of the I molecules  in the c rys t a l  by 
means  of x - r a y  di f f rac t ion analys is  (XDA). 

Thus in the case  of a spec i f ic  compound we have for  the f i r s t  t ime  by means  of var ious  phys icochemica l  
methods t r a ced  how the aggrega te  s ta te  of the sample  and the t e m p e r a t u r e  of the solutions affect the conjuga- 
t ion in a s y s t e m  with a s t ruc tu re  of the biphenyl type.  

Accord ing  to the XDA data,  the 2- (2 ' -quinoly l )benzoxazole  molecule  is v i r tual ly  planar  in the c rys ta l .  
The d ihedra l  angle between the planes of the r ings  is only 1.1 ~ The m a x i m u m  deviat ion of the C 9 and C13 
a toms  f r o m  the middle of the plane drawn through all of the nonhydrogen a toms is 0.03-0.04/~,  r e s p e c t i v e l y  
(Tables  1 and 2 and Fig.  1). Thus in the solid phase the he ta ry l  r ings  of I consti tute a planar  s y s t e m  r e p r e -  
sented by the S - t r ans  i s om er .  Maximum conjugation between the r i n g s  leads to a d e c r e a s e  in the length of 
the in te rannular  C 7-  C~ bond (Fig. 1), which is 1.48(1) A; this  is 0.025 A sho r t e r  than  the centra l  bond in bi-  
phenyl [3]. Sesqui c h a r a c t e r  of the in te rannular  bond was prev ious ly  predic ted  for  s i m i l a r  b i she t e rocyc l i c  
s y s t e m s  on the bas i s  of the r e s u l t s  of quan tum-chemica l  calcula t ions  [4]. The pr incipal  geomet r i ca l  p a r a m e t e r s  
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TABLE i .  Bond Angles in the 2-(2'- 
Quinolyl)benzoxazole Molecule 

Atoms Angles, deg Atoms Angles, deg 

C,C2C3 
Cr 
C~C,C6 
C~C4q 
C4CsC6 
C5C6C, 
C4C50 
C]C~N, 
C~C6N, 
C~N,C7 
C6CsO 
NIC70 
C~0C7 
C8C70 
NIC7C8 
CsN2C,2 

122 (1) 
121 (1) 
117 (1) 
115 (i) 
125 (1) 
119 (I) 
127,4 (9) 
131,4 (9) 
1 lO,O (8) 
102,5 (8) 
107,4 iS) 
117,3 iS) 

-102,8 (7) 
119,1 (8) 
123,6 (9) 
115,1 (7) 

CTCsC9 
N,CsC9 
C~CsN2 
CsC�Cm 
C�CloCll 
CloCllCi$ 
CIIC12N2 
CloCllC]3 
CI2CllCI3 
CuC,2Cm 
N2C,2C,6 
C,,C,aC14 
CIaC,4C,~ 

C],C,sCt6 
C,~C,6C12 

119,0 (8) 
124,7 (8) 
116,3 (8) 
120,0 (9) 
118,1 (8) 
118,4 (8) 
123,6 (8) 
123,6 (8) 
117,9 (8) 
121,7 (8) 
114,7 (8) 
119,0 (9) 
121,6 (9) 
121,6 (9) 
1 1 8 , 2  (9 )  

TABLE 2. Coordinates of the Atoms (-104) and Their Anisotropic 
T e m p e r a t u r e  F a c t o r s  in  the  F o r m  T =exp[ -  1/4(Bllh2a .2+...+ 
2B23k/b*c*)] 

I 
x B .  I B a  ~ =  B~2 B,~ B,,a 

0 
N, 
N2 
C, 
C2 
Ca 
C4 
Cs 
CG 
C7 
Cs 
C9 
CIo 
G11 
Cr2 
Ct3 
C]4 
CI5 
C16 

7876 (7) 
7782 (9) 
9601 (8) 
6099 (12) 
5395 (12) 
5465 (10) 
6290 (ll) 
6980 (11) 
6947 (11) 
8262 (10) 
9211 (9) 
9613 (lO) 

10535 (10) 
[1002 (lO) 
10525 (10) 
11990 (10) 
[2379 (10) 
[1876 (12) 
0936 (I1) 

r y z 

430 (3) [ 1128 (I0) I 
-162 (4) 1-1907 (10)l 
1379 (4) -291(10)1 

--I056(5) --815(17)] 
1-1236 (5) 828 (23)1 

--861 (6) 2649 (18)i 
--291 (5) 2928 (15)I 
--118 (4) 1271 (17) 
--479 (5) --561 (161 

5,7 (4)15,3 (3)1 6,1 (4) 
5,8 (5)14,4 (3)[ 6,7 (4) 
4,7 (5)15,1 (4)1 5,8 (4) 
5,4 (7)]4,9 (5)] 8,5 (7) 
5,5 (7)14,8 (5)1 9,9 (7) 
4,9 (6)16,2 (5)I 0,2 (8) 
5,4 (6)16,5 (5)I 7,0 (6) 
4,4 (6)14,1 (5)l 6,9 (6) I 
5,2 (6)14,9 (5)l 5,8 (5) 1 

--0,3 (3) 
--0,5 (4) 
--0,I (4) 
--0,8 (5) 
--1,2 (5) 
--1,4 (5) 
-0,5 (5) 
-0,5 (5) 

0,2 (5) 

0,4 (3) 
-0,2 (4) 

0,4 (3) 
--0,7 (5) 
-1,8 (6) 
-0,3 (5) 

0,0 (5) 
--0,2 (5) 
-0,3 (5) 
--0,2 (5) 361 (4) 

869 (4) 
794 (4) 

1245 (5) 
1795 (4) 
1842 (4) 
2299 (5) 
2815 (4) 
2851 (5) 
2382 (5) 

--822 (17~I 
- 1590 (15)! 
-3590 (16) 1 
-4301 (12)1 
-2995 (15) 
-1035 (16) 
-3544 (14) 
-2152 (19) 
-241 (18)] 

357 (13) 

4,6 (6)14,7 (5)I 
5,0 (6)15,1 (5)I 
5,0 (6)15,4 (5)I 
5,2 (6)16,7 (5)I 
4,3 (5)15,9 (5)] 
4,0 (5)15,0 (5)1 
5,2 (6)16,8 (5)] 
5,9 (6)15,0 (5)l 
6,5 (7)15,9 (5)1 
6,5 (6)15,3 (5)I 

6,2 (6) 0,1 (5) 
5,4 (5) 1,5 (5) 0,2 (4) 
6,7 (6) 0,3 (5) 0,4 (5) 
5,3 (5) 1,5 (5) 0,4 (4) 
5,2 (5) 1,4 (5) 0,4 (4) 
6,0 (6) 0,5 (5) 0,6 (4) 
6,8 (5), 0,6 (5) l,I (5) 
8,5 (6) -0,2 (5 0,6 (5) 
7,9 (6) -0,8 (5) 1,5 (5) 
6,4 (5) l -0,3 (5) 1,7 (4) 

--0,3 (3) 
--0,4 (4) 
--0,4 (3) 

0,3 (5) 
1,6 (6) 
2,1 (5) 
0,6 (5) 
0,8 (5) 
0,2 (5) 
t,0 (5) 

--0,5 (4) 
1,2 (4) 

- 1,0 (4) 
-0,3 (4) 
-0,8 (4) 

1,5 (5) 
!,0 (5) 

--0,2 (5) 
-o,8 (4) 

of the  I m o l e c u l e  a r e  in good a g r e e m e n t  wi th  the  ana logous  p a r a m e t e r s  in o t h e r  h e t e r o c y c l i c  c ompound s .  The  
l eng th  of the  C ~ - N  1 doub le  bond [1.30(1) .~] in t he  o x a z o l e  f r a g m e n t  i s  c l o s e  to  the  length  of the  s t a n d a r d  C = N  
bond (1.29 .~) [5] and to  t h e  l eng th  found in 2 - m e t h y l - 4 - n i t r o i m i d a z o l e  [1.308(3)/~] [6]; the  length  of the  C -  O 
bonds  [1.36(1) and 1.39(1) A] is  c o m p a r a b l e  to  the  s t a n d a r d  l eng th  of the  C s p 2 - O  bond (1.36 A) [5]. 

The bond l eng th s  and ang l e s  of I a r e  p r e s e n t e d  in F i g .  1 and T a b l e  1. 

It is  known [7-10] tha t  a m o r e  p l a n a r  o r i e n t a t i o n  of the  h c t a r y l  r i n g s  in s y s t e m s  with  s t r u c t u r e s  of the  
b i p h e n y l  t ype  p r o m o t e s  an i n c r e a s e  in the  f l u o r e s c e n c e  i n t ens i t y  and l e a d s  to  a b a t h o c h r o m i c  sh i f t  of the  l o n g -  
w a v e  a b s o r p t i o n  band in the UV s p e c t r u m .  In f ac t ,  2 - ( 2 ' - q u i n o l y l ) b e n z o x a z o l e  l u m i n e s c e s  s t r o n g l y  in the  
c r y s t a l l i n e  s t a t e ;  t he  l u m i n e s c e n c e  m a x i m u m  is  sh i f t ed  ~ 3 5  nm to  the  r e d  r e g i o n  as  c o m p a r e d  wi th  the  s o l u -  
t i on  (Tab le  3). The  l o n g - w a v e  band in the  a b s o r p t i o n  s p e c t r u m  of I due to a Tr-Tr * t r a n s i t i o n  a l so  e x p e r i e n c e s  
a b a t h o c h r o m i c  sh i f t  on p a s s i n g  f r o m  the  s o l u t i o n  to  the  c r y s t a l  (Tab le  3). The  low f l u o r e s c e n c e  i n t e n s i t y  and 
the  s h o r t e r - w a v e  a b s o r p t i o n  s p e c t r u m  of I in s o l u t i o n  a s  c o m p a r e d  wi th  the  c r y s t a l  cons t i t u t e  e v i d e n c e  tha t  
t he  p l a n a r i t y  of t he  I m o l e c u l e  i s  d i s r u p t e d  when  the  compound  i s  d i s s o l v e d .  

I t  m a y  be a s s u m e d  tha t  a p p r e c i a b l e  s t a b i l i z a t i o n  w i l l  not be  o b s e r v e d  in s o l u t i o n s  at  20~ (under  the  usua l  
e x p e r i m e n t a l  cond i t i ons )  b e c a u s e  of t he  low A E  va lue .  H o w e v e r ,  f r e e z i n g  the  s o l u t i o n  to 77~ l e a d s  to  a s h a r p  
i n c r e a s e  in the  l u m i n e s c e n c e  quan tum y i e l d  (q~ =0.84)  and a b a t h o c h r o m i c  sh i f t  of the  l o n g - w a v e  a b s o r p t i o n  
and e m i s s i o n  bands  ( T a b l e  3). C o n s e q u e n t l y ,  l o w e r i n g  the  t e m p e r a t u r e  of the  so lu t i on  l e a d s  to  s t a b i l i z a t i o n  
of the  m o r e  p l a n a r  c o n f o r m e r ,  i . e . ,  the  con juga t i on  e f f ec t  b e g i n s  to  p r e v a i l  o v e r  t h e  s t e r i c  f a c t o r s ,  wh ich  ac t  
in  the  o p p o s i t e  d i r e c t i o n .  
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f ~  1,~5 (1) /~ ,~ ~ -  14, o~]) . . . .  " /  ~--"-,--/ ~k c. ; 

F i g .  l .  B o n d  l e n g t h s  (A) in  t h e  2 - ( 2 ' - q u i n o l y l ) b e n z o x a z o l e  

m o l e c u l e .  

T A B L E  3. E l e c t r o n i c  S p e c t r a  of 2 - ( 2 ' - Q u i n o l y l ) b e n z o x a z o l e  

No. SolvenE 

Crystal 

Ethanol 

Dioxane 

Cyclohexane 

Ethanol-ether (2 : I) 

Ethanol-ether (2 : !) 

T o ; emp., K 

293 

293 

293 

293 

293 

77 

Absorption 

~'max, IRII1 

333 
348 
364 
244 
256 
282 
321 
333 
348 
243 
255 
273 
281 
305 
318 
331 
346 
224 
255 
280 
309 
329 
345 
257 
282 
321 
333 
349 
258 
276 
286 
310 
321 
331 
324 
335 
352 

Emission 

J g 8 Lma x, llm 

4,22 
4,01 
4,10 
4,15 
4,17 
4,04 
4,43 
4,22 
4,29 
4,47 
4,29 
4,37 
4,39 
4,32 
4,32 
4,32 
4,47 
4,39 
4,44 
4,44 
4,00 
4,08 
4,12 
4,15 
4,05 

0,25* 

<<0,1 

<0,I 

<<0,1 

0,84 

* The emission intensity is presented relative to salicylalazine as 
the standard. 

In the examined 2-(2'-quinolyl)benaoxazole system both rings are r-deficient systems, and in this case, 
as demonstrated in [ii, 12], conjugation between the rings will be realized through the mutual ~r-electron-donor 
character of the hetaryl fragments, r-Electron depletion of the rings and, as a consequence, an increase in 
the double bond character of the interannular C 7- C 8 bond should lead to a decrease in the basicity of the nitro- 
gen atoms of the pyridine type. This effect is actually observed for I. The decrease in the basicity of the 
nitrogen atom of the quinoline ring in this case is 2.65 pH units (see the experimental section). 

In the gas phase the molecular ion (M +) of I is planar, and the conjugation in the system is significant. 
The following experimental data constitute evidence for this; the high stability of M + to electron impact (W M -- 
19.2% of the total ion current); the observed elimination of hydrogen, which leads to condensation of the rings 
in the bishetaryl system through the formation of a four-membered ring (the N I -  C 9 bond) [4], which is possible 
only under the conditions of a planar S-trans conformation of the molecular ion; the absence in the mass spec- 
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t r a m  of ions that c h a r a c t e r i z e  c leavage of the in terannular  bond in the I molecu le ,  viz. benzoxazole  (m/z  118) 
and quinoline (m/z  128) cations (see the exper imen ta l  sect ion) .  

Under conditions of d i ssoc ia t ive  ionization and in the case  of the apparent  absence  of i somer iza t ion  
p r o c e s s e s  in both the molecule  and the molecu la r  ion (M +) the s t r u c t u r e  of M + co r re sponds ,  according to the 
F r a n c k -  Condon principle ,  to the unexcited ground s ta te  of the s t a r t ing  molecule  (the ionization t ime  is 10 -1~- 
10 -17 sec ,  while the l i fe t ime of the ion is 10 -7 sec  [13]). 

Thus the set  of data that we obtained const i tutes  evidence that  the phase  s ta te  and a d e c r e a s e  in the 
t e m p e r a t u r e  of the solution have a substant ia l  effect  on the dihedral  angle between the planes of the r ings  and 
the conjugation in the 2- (2 ' -quinoly l )benzoxazole  molecule .  The I molecule  is p lanar  in the c rys ta l  and the 
gas phase,  and the conjugation he re  is max imal .  This leads to an i nc rea se  in the double bond c h a r a c t e r  of 
the in terannular  bond, a ba th ,  ch romic  shift of the long-wave absorp t ion  band in the UV spec t rum,  and intense 
luminescence .  The conjugation d e c r e a s e s  when the compound is d issolved,  probably  due to so lvolys is  and the 
low AE value, which leads to f r ee  ro ta t ion  of the r ings  re la t ive  to one another;  th is  is accompanied by a hypso-  
ch romic  shift of the long-wave absorpt ion  band in the UV s p e c t r u m  and quenching of the luminescence .  A 
d e c r e a s e  in the t e m p e r a t u r e  of the solution p romotes  s tab i l iza t ion  of the m o r e  p lanar  con fo rmer  and an in- 
c r e a s e  in the conjugation; this has a substant ia l  effect  on the c h a r a c t e r  of the e lec t ron ic  absorpt ion and emiss ion  
spec t r a .  

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

The x - r a y  diffract ion studies were  made by means  of a S in tex-Pl  au tomat ic  d i f f r a c t . m e t e r  with )~ CuK~ 
emiss ion ,  an Ni f i l te r ,  0/20 scanning, 2 ~ -> 20 ~ 110 ~ and 776 independent nonzero re f lec t ions  with F 2-> 36. 
The s t ruc tu re  was decoded by d i rec t  methods and was re f ined  by the method of leas t  squa re s  in the anisotropic* 
total  ma t r ix  approximat ion  to R = 0~ The bond lengths and angles and the coordinates  of the a toms and the i r  
anisot ropic  t e m p e r a t u r e  f ac to r s  a re  presented  in Fig.  i and Tab les  1 and 2. The I c ry s t a l s  were  monocl inie  
with a=9.327(3) ,  b=20.072(5),  c=6.407(3) A, fl =98.26(3) ~ , p (ea lc , )=1.38 g - c m  -'~, Z =4, and space  group P21/n. 

A spec t r a l  luminescence  study at 293~ was ca r r i ed  out with a Hitachi  EI)S-3T spec t ropho tomete r  
equipped with a G-3 f luorescence  adapter .  The s p e c t r a  at 77~ were  obtained by means  of a spec ia l  device 
for  r ecord ing  l o w - t e m p e r a t u r e  spec t r a .  A 10 -'~ m o l e / l i t e r  solution of quinine bisul fa te  in 0.1N sul fur ic  acid 
(~ =0.55) was used as the s tandard in the de te rmina t ion  of the r e l a t ive  quantum yields  [a solution of benzo-  
phenone ((fl =0.71) was used as the s tandard at low t e m p e r a t u r e s  [14]]. The luminescence  s p e c t r a  of powders  
w e r e  r eco rded  by means  of an ISIO-51 spec t ropho tome te r  and an Fi~P-1 photoe lec t ronic  adapter ,  in which the 
photomult ip l ier  was rep laced  by an FI~U-51. The luminescence  was exci ted by the light of a PRK-2 m e r c u r y -  
quartz  l amp (with a USF-4 light f i l t e r  in the region of the m e r c u r y  line at 336 nm). The s p e c t r a  a re  given with 
allowance for  all of the co r rec t ions  for  the sens i t iv i ty  of the appara tus ;  the sl i t  width was 0.01 ram, and the 
s tandard  was sa l icy la laz ine  ( l ight-yellow monogen). The pK a values  w e r e  de t e rmined  by spec t ropho tomet ry  in 
50~ ethanol (hydrochlor ic  acid se rved  as the oxonium ion donor).  The pH was m e a s u r e d  with an OR-401/1 
t i t ra t ion  pH m e t e r  with g lass  and ca lomel  e lec t rodes .  The pK a of the conjugate acid of I was 1.35 • 0.02. F o r  
compar i son ,  the pK a of quinoline was 3.99 in 50% ethanol.  

The m a s s - s p e c t r o m e t r i c  study was ca r r i ed  out under s tandard  conditions [9, 13] with a Varian MAT-311A 
s p e c t r o m e t e r .  Mass  s p e c t r u m  of I (m/z):  43 (13.6), 51 (10.0), 57 (16.8), 63 (23.4), 64 (18.1), 75 (10.4), 76 
(4.8), 77 (14.6), 92 (4.4), 101 (27.2), 102 (8.2), 123 (11.5), 128 (7.2), 217 (3.5), 218 (5.8), 220 (13.6), 245 (18.3), 
246 (100.0), 247 (17.4). 
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REGIOSELECTIVE METHYLATION OF I-BENZYL-A~, I~ 

OCTAHYDR O-4-QUINOLONE* 

G. V.  G r i s h i n a ,  I .  F .  L e s h c h e v a ,  
N.  M. S e r g e e v ,  V.  M.  1 D o t a p o v ,  
a n d  A.  I .  V o v k  

UDC 547.831.8 : 542.953 : 543.42 

The methylat ion of 1-benzyl-Ag, i~  with methyl iodide in the p resence  of 
l i thium diethylamide in t e t r ahydro fu ran  is a reg iose lec t ive  e lect rophi l ic  substitution reac t ion ,  
and, depending on the r eac t ion  conditions, takes place in the 3 or  8 position of the quinolone 
sys tem.  Deutera t ion  under the same conditions takes  place only in the 3 position. 

Regioselec t ive  e lec t rophi l ic  subst i tut ion has been observed for  M-substituted Ag,l~ 
[1]. To ascer ta in  the possibil i ty of ca r ry ing  out functional and a sy m m et r i c  e lect rophi l ic  substitution we in- 
vest igated the effect  of var ious  fac to r s  on the d i rec t ion  of methylat ion of 1-benzyl-Ag, l~ 
in the p resence  of s t rong bases .  

We observed e lee t rophi l ic  subst i tut ion in a study of the 13C NMR spec t rum of the deutero  der ivat ive  of 
1-(1-phenyle thyl) -Ag' l~  (II). The synthesis  of deuterated der ivat ive  [I was ca r r i ed  out 
in o rde r  to assign the signals in the 1~C NMR spec t rum of II (Table 1), since only the signals re la ted  to the 
C2, C3, C4, C 9, and C10 atoms could be previous ly  assigned by means of the l i t e ra tu re  data  [2] and data f rom 
the spec t r a  with incomplete decoupling of the protons.  Deutero der ivat ive  II was obtained by condensation of 
2,2,6,6-d4-cyclohexanone with methyl  2-[N-(1-phenylethyl)amino]propionate:  

D 0 

D + C-H CH(CII3)NHCH2CH,COOCH 3 . . . .  i 11 I\\II(D) 

. . . .  ~.N.~ 
o o  J D' 

CH(CH3~C~H 5 

II 

In conformity  with the scheme,  it was assumed that  the reac t ion  proceeds  with the format ion  of enamino 
ketone II, which contains deu te r ium atoms only in the 8 position. However,  in the spec t rum of deutero  der iva-  
t ive II we observed a sharp  d e c r e a s e  in the intensi t ies  of the two signals at 26.9 and 35.3 ppm. 

F o r  a more  detai led analysis  of the composi t ion of the i so topomers  we measured  the t r ip le  I'~C-(1H, 2H} 
NMR spec t ra  (see [3] for  the method used to c a r r y  out these  exper iments) .~  It is apparent  f r o m  the spec t rum 
presented  in Fig.  1 that t h ree  signals of unequal intensity were  observed at 26.9 and 35.3 ppm. In conformity  
with the 13C a - i s o t o p i c  shifts (--0.35 ppm) due to r ep lacement  of hydrogen by deu te r ium [4]. these  signals can 

* Communication 1 from the series ~Methylated cis-enamino ketones.,' 
The triple {ISC--IH, 2H} NMR spectra were measured with the participation of Yu. K. Grishin and V. A. 

Chertkov.  
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