
carborane)  3090, 3100 (~5-C5H4). PNLR spec t rum (in C6H 6, 5, ppm):  4 .29  m ,  3.97 m (~5-C5H4), 3 . 2 9 s  (CH 
ca rbo rane ) ,  1.62 s (Me2Se4, 1.14 s (CH3), 1.02 s (CH3). The d imer ic  complex (VI) (0.1 g, 15%) of mp 203- 
20~~ (with decomposit ion) and the d imer i c  dimethylsulfonium zwit ter ion (X) (0.27 g, 36%) brown c r y s t a l s  of 
mp 160-190~ (with decomposi t ion ,  f rom C6H6-heptane) were  a lso  obtained. Found: C 41.02; H 7.28; S 3.94%. 
C22H~TB18Fe2S. Calculated:  C 40.70;  H 7.27; S 4.93%. IR spec t rum (u, cm-1): 2450-2650 (BH), 2880, 29~0, 
2970 (CH3), 3050 (CH ca rbo rane ) ,  3090, 3100, 3110 (~5-C5H4). Complexes  (IX), (VI), and (X) were  separa ted  with 
the aid of column ch romatography  as desc r ibed  above.  

CONCLUSIONS 

1. p5-1sopropenylcyclopentadienyl-~5-(3)-l, 2-dicarbollyliron has been obtained containing the metal in 

both Fe(II) and Fe(III) forms. 

2. The protonation of the double bond in ??5-isopropenylcyclopentadienyl-~5-(3)-l, 2-dicarbollyliron (If) 

with the formation of a ter~dary carbocation has been investigated. 

3. The carboeationic center was stabilized significantly less by the ~5-1,2-C2BpHII-3-FeII-~5-ChH 4- 

group than by the ~?5-ChHh-3-Fe-~5-1,2-C2B9I~1-1- group.  
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REACTION OF PHENYL DERIVATIVES OF 

LANTHANIDES WITH CARBONYL COMPOUNDS 

A. B. Sigalov, E. S. Petrov, 

L. F. Rybakova, and I. P. Beletskaya 
UDC 542.91:547.559.65:547.  572 

Not long ago, compounds of rare-earth elements were primarily studied in inorganic and physical chem- 
istry. However, organic derivatives of lanthanides are now drawing increasing attention as reagents for or- 
ganic synthesis [19 2]. 

The reactions of PhLnI* (Ln = Yb, Eu, Sin, Co), prepared in situ according to the method in [3] in oxi- 
dative addition of Phi to a zero valence metal in THF, with ~ ,fi -unsaturated ketones (trans-chalcone and ben- 
zalacetone) and with 9-fluorenone and benzophenone were examined in the present article. It was of interest 
to compare the regional selectivity of addition of PhLnI to the enenes with similar reactions of PhMgX and 
PhLi .  

We note that the exis tence  of an induction per iod (10-30 mi~) was p rev ious ly  obse rved  [2, 3] in oxidative 
addition of Phi to Ln. We showed that the reac t ion  begins immedia t e ly  on addition of Phi a f t e r  p r e l i m i n a r y  ac -  
t ivat ion of the lanthanide with an insignif icant  amount  of CHzI 2 (~ 0.5-1 mole  %). 

The reg iospec i f ic i ty  of addition of o rganometa t l i e  compounds to enones is known to be a function of both 
the nature  of the reagents  and the conditions of the reac t ion  (solvent ,  t empera tu re )  [4-6]. The reac t ion  of PhLi 

* The s t ruc tu re  of PhLnI is conventionally r e p r e s e n t e d  in [3]. 

L. Ya. Karpov inst i tute  of Phys ica l  Chemis t ry ,  Moscow.  Trans la ted  f rom Izves t iya  Akademii  Nauk 
SSSR, Ser iya  Khimicheskaya ,  No. 11, pp.  2615-2620, November ,  1983. Original a r t i c l e  submit ted Apri l  20, 
1983. 
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Addi t ion  of Pheny l  D e r i v a t i v e s  of L a n t h a n i d e s ,  Mg,  and  Li  
to T r a n s - C h a l c o n e  in T t I F  ( - 4 0 ~  40 min) 

Type of 
Reagent addition 

PhYbI 
PhEuI 
PhSmI 
PhCeI 

t,2 
1,2 
1,2 
t,2 

Yield. % 

70-80 
50-60 
60-70 
55-65 

Type of 
Reagent addition 

PhLi 

PhMgI * 

t,2 
1,4 
t,4 

Yield. % 

75 
t5 
90 

" 2 0 ~  

in e t h e r  wi th  c i s - c h a l e o n e  o c c u r s  l ike  1 , 4 - a d d i t i o n ,  whi le  the  r e a c t i o n  with t r a n s - c h a l c o n e  t a k e s  p l a c e  l i ke  
1 , 2 - a d d i t i o n  [7, 8]; P h M g B r  in e t h e r  i s  a d d e d  to t r a n s - c h a l c o n e  e x c l u s i v e l y  in the  1 ,4  p o s i t i o n  [9]. Add i t i on  

of PhLnI  can  thus  in p r i n c i p l e  t a k e  p l a c e  in two d i r e c t i o n s  

0 1,2- addition 

II _ 

RM-~- Z 
~, 4- addition 

MO R HO R 
V v 
% q 

/ ~  / ' - ,  

MO 0 
I II H tt2o / ~  - / N  . . . .  / 

/ \R /\n 

It was  found tha t  the  r e a c t i o n  of  PhLnI  wi th  c h a l c o n e  in THF at  - 4 0 ~  r e s u l t s  in  f o r m a t i o n  of a p r o d u c t  

of 1 ,2 -add i l ; ion  a lone  (Table  1) 

o OLnI OH 
II THF [ H~o ] 

PhLnl -~- PhCH=CHCPh ~ PIICH=CII--C--Ph - -  PhCH=CH--C--Ph 
-4~176 I I 

Ph (I) Ph 
Ln=Yb, Eu, Sm, Ce 

It is important that the yield of alcohol (1) is a function of the order of combining the reagents. In the 
usual order of addition (the ketone to a solution of PhLnl), the yield of (1) is 50-70%, w.hile it is 60-80% in the 
reverse order (all yields in the article are reported with respect to the starting carbonyl compound which is 

totally consumed during the reaction). We note, however, that the ratio of +he produc~:s of I ,  2- and 1,4-addi- 
tion can be a function of the nature of the R in RLnI, as [1] suggests. In the reaction of CH2=CHCH21 with 
trans-chalcone in the presence of amalgamated Ce at 0~ only an alcohol (the product of 1,2-addition) was 
obtained with a yield of 70%, while a mixture of ketone (1,4-addition) and alcohol in the ratio of 1:1 was ob- 

tained in the similar reaction with PhCH2I. 

For comparison, we conducted the reactions of chalcone with PhMgl at 20~ and PhLi at -40~ in THF. 
As the data obtained (Table 1) show, the selectivity of the reaction of PhLnl with chalcone differs from the se- 
lectivity observed in the reaction of PhMgl, where the product of 1,4-addition is exclusively formed according 
to our data and the data in the literature [9], and from the reaction of PhLi, where a saturated ketone (1,4- 
addition) is present in the products of the reaction in addition to (1). Unfortunately, it is not possible to com- 
pare the reactions of PhMgX and PhLnX at the same temperature, since increasing the temperature above 
-40~ results in the appearance of secondary products. However, heating of ytterbium diphenylstyrylcarbi- 
nolate previously prepared at -40~ to ~ 20~ does not result in the appearance of any product of 1,4-addition, 

which  ln igh t  have  o c c u r r e d  in chang ing  f r o m  k ine t i c  to t h e r m o d y n a m i c  c o n t r o l .  

The  d a t a  ob t a ined  fo r  the  s e r i e s  of  phenyl  d e r i v a t i v e s  of  l a n t h a n i d e s  do not  p e r m i t  f o r m i n g  a n y  c o n c l u s i o n s  
c o n c e r n i n g  t h e i r  r e l a t i v e  r e a c t i v i t y  in the  r e a c t i o n  e x a m i n e d ,  s i n c e  the  y i e l d s  of  t he  p r o d u c t  of  a d d i t i o n  d i f f e r  
ius ign l i f i can t ly .  N e v e r t h e l e s s ,  in  r e p e a t e d  r e p r o d u c t i o n  of  the  e x p e r i m e n t ,  the  h i g h e s t  y i e l d  of  (I) w a s  a l w a y s  

o b s e r v e d  fo r  PhYbI .  

An  u n e x p e c t e d  r e s u l t  was  ob ta ined  in conduc t ing  the  r e a c t i o n  of c h a l c o n e  wi th  an  e x c e s s  of  PhYbI  a t  ~ 20~ 
A f t e r  h y d r o l y s i s  of  the  r e a c t i v e  m i x t u r e ,  the  o l e f in  Ph2C = CHCH2Ph, wi th  a 60% y i e l d ,  and  a s m a l l  amoun t  of  
d iphenyl  w e r e  s e p a r a t e d .  D u r i n g  the  r e a c t i o n ,  the  s o l u t i o n  t u r n e d  an i n t e n s e  d a r k  r e d  c h a r a c t e r i s t i c  of  the  
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carbanion [Ph2C ... CH . .. CHPh]- [I0]. Ph(CH3)C =CHCH2Ph was separated with a yield of 66% in a similar 

reaction with ben-z-~aceto--~-. A mechanism consisting of 1,2-addition of PhYbl and subsequent redaction of the 

alcoholate formed by an excess of phenyl ytterbium iodide to a carbanion whose protonation is accompanied by 

migration of the double bond is the most probable 

0 OYbI [ / R  ] -  
[I P h Y b I  [ 2PhYDI 

PhCH= CHCR ~ PhCH=CHCR PhCH~ CH-~C 
-[o=Yb-I] 

Ph 
(II) (III) 

R 
H~O / 
~ PhCH~.CH=C 

(IV) \Ph 
R = P h  (a);  CH3 ( b ) .  

This mechanism of the react ion is confirmed by the react ion of the alcoholate previously  prepared  from 
equimolar  amounts of PhYbI and ehalcone at -40~ with an excess of phenyl y t terbium d[odide at ~ 20'C. After 
hydrolys is  of the react ive mixture,  (IVa) is separated with a yield of 90% with respect  to the s tar t ing alcoholate.  
The possibil i ty of spontaneous rupture of the C - O  bond is excluded, since alcoholate (IIa) is stable in THF at 
~ 20~ in the absence of a reducing agent ,  as noted above. 

Format ion  of carba~uion (Ilia) is confirmed by its react ion with CH3I. The product of methylation,  sepa-  
ra ted with a yield of 55% (methylation of the carbanion takes place with an a lmost  quantitative yield, since ole-  
fin (IVa) is formed in this reaction with a yield of 60%) has the s t ructure  Ph2C =CHCH(CH3)Ph, which is in 
ag reement  with the data in [10t on the methylation of .~:his anion, obtained by the action of NaNH z on 1 , 1 , 3 - t r i -  
phenylpropene.  

There is a cer ta in  analogy between the deoxygenation of alcoholate (II) and ~he data in the l i terature on 
the t ransformat ion  of epoxides into olefins under the effect of SmI2 or  YbI 2 [11] or  TiC13 in the presence  of 
LiA1H4 [12]. We note that alcoholate (II) does not react  with YbI 2. This fact,  as  well as the formation of di- 
phenyI during the react ion,  indicates that deoxygenation is the resu!t  of reduction under the effect of the phenyl 
anion. 

Reduction of the alcoholate under the effect of an excess of PhLnI is not only observed for derivatives of 

Yb, but also for Eu and Sm compounds. However, reduction does act take place when the temperature of the 

reaction is -40'~C. In this case, only formation of alcohol (1) is observed after hydrolysis (see Table 1). When 

the temperature is increased to ~ 20~ and the reactive mixture is mixed for 3 h and then hydrolyzed, forma- 

tion of olefin (IVa) is observed, the yield is a function of the type of lanthanide and is 70--75% for Yb and 8-12% 

for Eu and Sin. No olefin is formed in the reaction of PhCeI. This difference could be due to the different re- 

ducing capacity of PhLnI. On the other ~haad, it is necessary to bear in mind that the solution obtained in the 

reaction of Phl and Yb contains 86% bivalent Yb compounds, while the proportion of the compound containing 

Sm 2~- in the similar reaction with Sm is decreased to 50% [3]. The concentration of PhLnl will thus affect bo~h 

the transformation of the starting carbonyl compound into an alcoholate and the deoxygenation reaction. 

We showed that quantitative transformation into olefin (IVa) takes place with the action of a stronger re- 

ducing agent than PhLnl, lithium diphenyl, on the Ln-alcoholate of diphenylstyrylcarbinol (Ln. =Yb, Eu, Sin, Ce) 

The yields were 70-75% for Yb, 55-6~ff0 for Eu, 65-70% for Sin, and 60-65% for Ce, which corresponds to the 
yields of the alcoholates formed (see Table 1) 

[//-% //-%] "--L ~+ 20 ~, 30 rain ~) L \ ~ / - - \ = / ]  " ' 
PhCH = CHC(OLnI) Ph: 2) H~O ~ ( I V a )  

It thus follows that the low yields of olefin (IVa) in react ions with PhEuI and PhSmI, as well as the ab-  
sence of the olefin in the case of PhCeI a re  due to the poor  reducing capaci ty of these phenyl der ivat ives .  On 
the other hand, it is a lso possible that the alcoholates of tr ivalent  lanthanides,  whose deoxygenation requires  
p re l iminary  reduction of the metal and consequently a s t ronger  reducing agent,  par t ia l ly  part icipate in these 
reactions. 

Addition of PhYbI to 9-fluorenone and benzophenone was investigated to demonstrate the general nature 

of the deoxygenation reaction. 9-Phenyl-9-fluorenol and triphenylcarbinol were obtained with yields of 70 and 

65%, respectively. Reduction of the ytterbium alcoholates of these alcohols with a three-fold excess of lithium 

diphenyl resulted in 9-phenylfluorene and triphenylmethane with an almost quantitative (with respect to the al- 
coholate) yield 
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0 0 // _ _ / /  1)[ = = ] . , m i n ~ \ ~ [  H F P 

Ph OYbI Ph H 
i) [//--%" ~Z--~]~' h L \ = / - - \ = / ]  Li+, 20% a,5 

PhaCOYbl + PhaCH 
2) H~O 

Reduc t ion  of t r i p h e n y l c a r b i n o l a t e  t a k e s  p l a c e  much  m o r e  s l owly  than  r e d u c t i o n  of the  9 - p h e n y l - 9 . - f l u o r -  

enol  a l c o h o l a t e ,  which  i s  in a g r e e m e n t  wi th  ~.he g r e a t e r  s t a b i l i t y  of  the  9 - p h e n y l f l u o r e n y l  e a r b a n i o n .  We note  
tha t  the  t r a n s f o r m a t i o n  found could  a l s o  be of  i n t e r e s t  in s y n t h e s i s ,  judging  by  the  r e a c t i o n  fo r  ob t a in ing  9-  

p h e n y l f l u o r e n e .  

On the  w h o l e ,  d i f f e r en t  f a c t o r s  can  a f fec t  the  c o u r s e  of the  deoxygena t i on  r e a c t i o n ,  fo r  e x a m p l e :  a) the  
c a p a c i t y  to r e d u c e  the  o r g a n i c  p a r t  of the  a l c o h o l a t e ,  f o r m e d  a s  a r e s u l t  of  a d d k i o n  of PhLnI  to the  c a r b o n y l  
g r o u p ,  to a s t a b l e  an ion;  b) the  v a l e n c e  s t a t e  of the  l a n tha n ide  in the  a l c o h o l a t e ;  c) the  s t r e n g t h  of the  r e d u c i n g  
agen t ;  d) the  a f f in i ty  of the  l an than ide  fo r  oxygen ;  e) the  c a p a c i t y  of the  l an than ide  to change  the  v a l e n c e  s t a t e .  

The v a r y i n g  b e h a v i o r  of the  l an than ide  and n o n t r a n s i t i o n  m e t a l  c a r b i n o l a t e s  thus  r e s u l t s  in the  fac t  tha t  
add i t i on  of o r g a n o m e t a l l i c  compounds  to c a r b o n y l  compounds  can  t ake  p l a c e  wi th  f o r m a t i o n  of d i f f e r en t  p r o d u c t s :  

h y d r o c a r b o n s  and  a l c o h o l s .  

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

The phenyl  d e r i v a t i v e s  of the  l a n t h a n i d e s  w e r e  s y n t h e s i z e d  by  the  m e t h o d  in [3] wi th  p r e l i m i n a r y  a c t i v a -  
t ion  of the  m e t a l  in THF by  a d d i t i o n  of  0 . 5 - 1  m o l e  % CH2I 2. The r e a c t i o n  of the  P h L n I  ob t a ined  with  the  c a r -  
bonyl  compounds  w e r e  conduc ted  in an a t m o s p h e r e  of d r y  A t .  The THF was  p u r i f i e d  by  bo i l i ng  o v e r  N a / b e n z o -  
phenone  and was  d i s t i l l e d  i m m e d i a t e l y  b e f o r e  the  r e a c t i o n .  The c o u r s e  of the  r e a c t i o n  was  m o n i t o r e d  by T L C .  
In a l l  of the  e x p e r i m e n t s ,  the  r e a c t i v e  m i x t u r e  was  t r e a t e d  a t  the  t e m p e r a t u r e  of the  r e a c t i o n  i a  the  fo l lowing  
m a n n e r :  The m i x t u r e  was  p o u r e d  in 40 ml  of  H20,  e x t r a c t e d  with e t h e r ,  and d r i e d  o v e r  Na2SO 4. A f t e r  d i s t i l l a -  
t ion of  the  s o l v e n t ,  the  r e s i d u e  ob ta ined  was  p r e p a r a t i v e l y  s e p a r a t e d  by  co lumn  c h r o m a t o g r a p h y  on Chemapo l  
(40-100 pro) s i l i c a  g e l .  Hexane  was  u s e d  to  s e p a r a t e  the  h y d r o c a r b o n s ,  and  a h e x a n e - e t h e r  s y s t e m ,  4 : 1, 

was  u s e d  to  s e p a r a t e  the  a l c o h o l s .  

GLC was  conduc ted  on a T s v e t - 1 1 0  c h r o m a t o g r a p h  wi th  a f l a m e - i o n i z a t i o n  d e t e c t o r ,  He a s  the  c a r r i e r  
g a s ,  and  a 1 . 5  m (s tee l )  co lumn  with  3% SE-30  on N - s u p e r  C h r o m a t o n e .  The PMR s p e c t r a  w e r e  t aken  on a 
T e s l a  BS-497 s p e c t r o m e t e r  in a so lu t ion  of CC14 wi th  TMS a s  the  s t a n d a r d .  

R e a c t i o n  of  P h L n I  wi th  t r a n s - C h a l c o n e ,  a) A so lu t i on  of  3 m m o l e s  of c h a l c o n e  in 10 m l  of  THF was  
a d d e d  to a s o l u t i o n  of PhLnI  (Ln = Yb, Eu,  Sin ,  Ce) p r e p a r e d  f r o m  3 m m o l e s  of Ph i  and 3 . 5  r a g . a t  of Ln in 
30 ml  of  T H F  at  - 4 0 ~  and m i x e d  a t - -40~ unt i l  the  c h a l c o n e  d i s a p p e a r e d  ( T L C ,  40 ra in) .  D i p h e n y l s t y r y l c a r -  
b inol  (I),  mp  110-112~ was s e p a r a t e d  ( c o m p a r e  [7]), 70% y i e l d  fo r  Yb,  50% for  Eu,  60% for  S m ,  and  55% fo r  
Ce .  The r e a c t i o n s  w e r e  conduc ted  in s i m i l a r  cond i t ions  wi th  the  r e v e r s e  o r d e r  of  c o m b i n a t i o n  of  the  r e a g e n t s .  
The yield of (I) was 800/0 for Yb, 60% for Eu, 700/0 for Sin, and 65% for Ce. 

b) A solution of 2 mmoles of chalcone in I0 ml of THF was added at ~ 20~ to a solution of PhYbI pre- 

pared from 6 mmoles of Phl and 7 rag.atom of Yb in 30 ml of THF and mixed until the reaction ended (TLC, 

3 h). Separation of I. 2 mmole (60%) of I, 1,3-triphenylpropene (IVa) was obtained, and the melting point and 

PM_R spectrum coincided with [I 0]. In a parallel experiment, i. 1 mmole (55%) of I, 1,3-triphenyl-l-bntene 

was separated after treatment of the reactive mixture with 4 mmoles of CH3I; the boiling point and PMR spec- 

trum coincided with the data in the literature [I0]. 

c) A solution of 2 mmoles of chalcone in i0 ml of THF at -40~ was added to a solution of PhLnl (Ln = 

Yb, Eu, Sin, Ce) prepared from 6 mmoles of Phi and 7 mg.atom of Ln in 30 ml of THF and mixed at -40~ 

until the reaction ended (TLC, 40 min). (I) was separated with a yield of 700/0 for Yb, 50% for Eu, 600/0 for 

Sin, and 55% for Ce. In a parallel experiment, the temperature was increased to ~ 20~ after the chalcone dis- 

appeared, and mixing was conducted for 3 h. After hydrolysis, the yield of (IVa) was determined by GLC based 

on an internal standard: 70-75% for Yb and 8-12% for Eu and Sin. The olefin was not found in the reaction with 

PhCeI. 

Reaction of Benzalacetone with PhYbI with an Excess of the Organometallic Compound. A solution of 2 

mmoles of benzalacetone in i0 ml of THF was added at ~ 20~ to a solution of PhYbl prepared from 6 mmoles 
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of Phi and 7 nag-atona of Yb in 30 ml of THF and mixed until the reaction ended (TLC, 3 h). Separation of 

i. 32 nanaole (66%) of 2,4-diphenyl-2-butene was obtained; the refractive index aud PMR spectrum were in 
agreement with the data in the literature [13]. 

Reaction of PhLi with trans-Chalcone. At -40~ 3 nal of a 1 M solution of PhLi in ether, prepared 

by the method i~ [14], were added to 30 nal of THF. A solution of 2.5 nanaoles of chalcone in I0 nal of THF 

was then added and mixed at -40~ until the chalcone disappeared (TLC, 40 nain). Separation of i. 85 nanaole 

(75%) of (1) and 0.38 nanaole (15%) of fi,fi-diphenylpropiophenone, nap 91~ was obtained (compare [7]). 

Reaction of PhMgI with trans-Chalcone. A solution of 3 nanaoles of Phi in 30 nal of THF was added to 

4 nag.atona Mg at ~ 20~ The mixture was mixed until the Phi disappeared (TLC). A solution of 2.5 nanaoles 
of chalcone in I0 ml of THF was then added and mixed until the reaction ended (TLC, 3 h). Separation of 2.25 

nanaoles (90%) of fi,fl-diphenylpropiophenone, mp 91~ was obtained. 

lleduetion of Lanthanide Diphenylstyrylcarbinolates under the Effect of Lithiuna Diphenyl. Solutions of 

lanthanide diphenyls tyrylcarbinolates  were prepared  frona 3 mnaoles of PhLnI (Ln = Yb, Eu, Sm, Ce) and 3 
mmoles  of chalcone at -400C by the method descr ibed above, using the r eve r se  o rde r  of mixing the reagents .  
The t empera tu re  was then increased  to ~ 20~ (the conaposition of the products of the react ion did not change 
as monitored by TLC) and 5 nag.atone of Li and 5 mmoles  of diphenyl were added. The mixture was mixed at 
~ 20~ until the react ion ended (TLC, 30 nain). Af te r  hydrolysis  the yield of olefin (IVa) was determined by 
GLC with an internal s tandard:  70-75% for Yb, 55-60% for Eu, 65-70% for Sin, and 60-65% for Ce. 

Reaction of PhYbl with 9-Fluorenone and Reduction of the Alcoholate Formed by Lithium Diphenyl. A 
solution of PhYbI prepared from 3 nanaoles of Phi and 3.5 nag.atone of Yb in 30 nal of THF was added at ~ 20~ 
to a solution of 3 nanaoles of 9-fluorenone in i0 nal of THF and mixed until the reaction ended (TLC, 45 nain). 
Separation of 2.1 nanaoles (70%) of 9-phenyl-9-fluorenol, nap I07-I09~ was obtained (compare [15]). In a 

parallel experiraent, 5 nag'atone of Li and 5 mmoles of diphenyl were added after the starting 9-fluorenone 
disappeared. The naixture was mixed at ~ 20~ until the reaction ended (TLC, 20 nain). Separation of i. 95 
nanaole (65%) of 9-phenylfluorene, nap 141-143~ was obtained (compare [15])o 

Reaction of PhYbl with Benzophenone and Reduction of the Alcoholate Formed by Lithium Diphenyl t. A 

solution of PhYbI prepared from 3 namoles of Phi and 3.5 nag.atone of Yb in 30ml of THF was added at 0~ to 

a solution of 3 mnaoles of benzophenone in i0 nal of THF and mixed at 0~ until the reaction ended (TLC, 2 h). 
Separation of 1.94 nanaole (65%) of triphenylcarbinol, nap 162~ was obtained (compare [16]). In a parallel 
experiment, 5 rag.atone of Li and 5 nanaoles of dlphenyl were added after the starting benzophenone has dis- 

appeared. The mixture was naixed at ~ 20~ until the reaction ended (TLC, 3.5 h). Separation of i. 8 nanaole 
(60o/0) of triphenylmethane, rap 92~ was obtained (compare [16]). 

Preparation of YbI 2. At ~ 20~ 3 mnaoles ofCH2I 2 were added to 4 nag.atone of Yb in 30 nal of THF. 
After the reaction ended (TLC, 15 nain), a yellow-green solution was obtained; the UV spectrum and results in 
titration of the halide ion with AgNO 3 were in agreement with the data in the literature [ii]. 

CONCLUSIONS 

I. The reaction of PhLnl (Ln = Yb, Eu, Sna, Ce) with trans-ehalcone takes place regiospecifically as 1,2- 
addition, in contrast to the reactions of PhMgl and PhLi. 

2. A new reaction of deoxygenation of the lanthanide carbinolates (prepared by addition of PhLnl to ke- 
tones) under the effect of reducing agents was found. 
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A M I N O A C Y L  D E R I V A T I V E S  OF N U C L E O S I D E S ,  N U C L E O T I D E S ,  

A N D  P O L Y N U C L E O T I D E S  

17.* POSSIBLE USE OF N,N'-THIOCARBONYLDIIMIDAZOLE FOR SYNTHESIS 

OF 2 '(3 ')-O-AMINOA CYLNUCLEOTIDES 

P .  P .  P u r y g i n  a n d  Z .  P .  L a l e t i n a  UDC 542.91:547. 963.3 

The method of synthes is  of 2 ' (3 ' ) -O-aminoacylnucleot ides  us ing N, N ' -ca rbonyld i imidazo le  for  the ac t iva -  
tion of the carboxyl ic  group of the amino acids has been descr ibed  in s eve ra l  pape r s  [1-3]. The disadvantage of 
this method is the high sens i t iv i ty  of N ,N ' -ca rbony ld i imidazo le  to moi s tu re  [4], so that the p repa ra t ion  of im i -  
dazolides of amino acids mus t  be c a r r i e d  out in absolute  solvents .  The se lec t ive  arninoacylation of the nucleo-  
t ides a lso  p roceeds  in an a q u e o u s - o r g a n i c  medium with a water  content of > 50% [5]. As the r e su l t ,  the amino 
acid imidazol ides  not only r eac t  with nucleotides but a r e  a lso  subjected to hydro lys i s ,  and the re fo re  4 to 10 
moles  of the amino acid imidazol ide pe r  mole  of nucleotide a r e  introduced into the react ion  [4]. There  is only 
one pape r  in the l i t e r a tu re  on the poss ib le  use  of diethyl phosphate imidazol ide as  an act ivat ing agent  for  the 
synthes is  of 2 ' (3 ' ) -O-aminoacy l  nucleotides in an aqueous medium [6]. 

Our attention was drawn to N, N ' - th iocarbonyld i imidazole ,  which is used  for  the act ivat ion of the carboxyl  
group of amino acids in the peptide synthes is  [7], as a poss ib le  condensing agent .  Its ha l f -decompos i t ion  p e r -  
i o d i n a n  a q u e o u s - o r g a n i c  medium is s eve ra l  hours  [8]. 

In the p resen t  work  we r e p o r t  on the poss ib le  u se ,  in pr inc ip le ,  of N, N ' - th iocarbonyld i imidazole  for  the 
synthesis  of 2 ' (3 ' ) -O-aminoacylnuc leo t ides  in an aqueous med ium.  The synthes is  was c a r r i e d  out by s t a r t ing  
f rom an imidazolide of N- te r t -bu ty loxycarbonyla lan ine  BOC-Ala - Im (IID, obtained f rom BOC-Ala-OH (I) and 
N,N,- th iocarbonyldi imidazole  (H) and nucleoside 5 , -phosphates  (IV) (scheTne 15. The main  studies on the s e l e c -  
tion of the condensation conditions were  c a r r i e d  for  adenosine 5 ' -phosphate  (pA) and imidazol ide (HI). Com-  
pound (I) was condensed with (II) and (III) with (IV) in wa te r  at ~20~ The init ial  nucleotides were  introduced 
into the reac t ion  in the form of a disodium or  diammonium salt .  De te rmina t ion  of the yields  of 2' (3 ' ) -O-BOC-  
alanylnueleot ides depending on the t ime of reac t ion  showed that the highest  yields a re  obtained a f te r  2.5 h and : 
a re  15-20% (Table 15. Imidazol ide (III5 was taken in excess  with r e s p e c t  to nucleotide (IV). The above yie lds  
were  obtained at a ra t io  (IID: (IV5 = 10:1 (moles).  F u r t h e r  i nc r ea se  in this ra t io  does not influence the yield 
of 2' (3' 5-O-BOC-alanylnucleot ides  (VS. 

The isolat ion,  purif icat ion,  and ver i f ica t ion  of the s t ruc tu re  of 2' (3 ' ) -O-BOC- alanyl-pA (V), 2' (3 ' ) -O-  
alanyl-pA (VI) were  c a r r i e d  out by chromatography ,  e l ec t rophores i s ,  and UV spec t roscopy  (Table 2). 

The absorpt ion  m a x i m a  in the UV spec t r a  of the initial compounds (IV) and e s t e r s  (V) and (VI) a r e  located 
at  the s a m e  wavelength,  while the e lee t rophore t ic  mobil i ty  of (VI) at  pH 2.5 co r re sponds  to the number  of c h a r -  
ges on i t ,  which indicates  the absence  o'f acylat ion of the he te rocyc l ic  b a s e s .  

* Ar t i c l e  16, see  [1]. 
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