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ABSTRACT 

Mikhailenko V. V hiral diesters of p-terphenyl dicarboxylic acid and fluorinated 

alcohols as effective components of ferroelectric liquid crystals with a short helical 

pitch. – Qualification scientific work is as a manuscript. 

Thesis for a Candidate Degree in Chemistry: Specialty 02.00.03 – Organic 

chemistry (Chemistry). – State Scientific Institution «Institute for single crystals» of 

National Academy of Science of Ukraine; V. N. Karazin Kharkiv National University, 

the Ministry of Education and Science of Ukraine, Kharkiv, 2020. 
Actuality of theme. High practical utility of liquid crystal (LC) materials is 

conditioned by their use as a basis for implementation of series of electro-optical effects. 

This allows to use LC in information display devices such as light valves and optical 

modulators of optoelectronic and telecommunication systems or light polarizers.  

State-of-the-art technological demands require LC operating media to be ultrafast 

switchable (in a matter of microseconds). At the same time, capabilities to improve 

characteristics of the most widely used nematic LC materials (response time in the range 

5–30 ms) approach to the natural limit and now they are almost exhausted. As a promicing 

alternative to nematic LCs, ferroelectric liquid crystal (FLC) materials are concidered 

above all due to their fast switching in the range of hundreds to units of microseconds 

under moderate driving voltages (1.5–6 V). 

From the discovery of ferroelectric behavior in chiral tilted smectic LC, the best 

efforts were focused on the development of materials for use in the Surface stabilized 

ferroelectric liquid crystal (SSFLC) effect where pitch of a supramolecular helix should 

be much more than thickness of a LC cell. However, wide practical use of the SSFLC in 

display technologies appeared to be restricted by several factors such as relatively low 

optical contrast, insufficient shock stability under screen touch, difficulties in realization 

of a grayscale, problems in formation of a defect-free monodomenic sample on a large 

area caused by, among other, too low LC cell thickness (<2 m), etc. 
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As the result of futher evolution of physical concepts of FLCs, other electro-optical 

effects were developed including above all the Deformed helix ferroelectric liquid crystal 

(DHFLC) effect where helical pitch is to be shorter than LC cell thickness. Optical 

switching in the DHFLC requires helix to be only partially unwinded. In the DHFLC, 

some peculiarities of the SSFLC (the grayscale, the shock stability) do not exist. However, 

with regard to matetials chemistry, the main obstacle in the way of widespread use of 

devices based on the DHFLC effect over many years was the fact that chiral compoonents 

(CCs) of the FLCs at the best provided helical pitch in the range 300–500 nm. Firstly, this 

did not permit high contrast ratio due to diffraction in visible range. Secondly, substantial 

speeding of the response was impossible due to considerable dependence of the response 

time on the helical pitch value (  ~ p0
2). 

Principal possibility to overcome this obstacle occurred when in SSI «Institute for 

single crystals» NAS of Ukraine chiral diester of p-terphenyl dicarboxylic acid and  

1,1,1-trifluorooctan-2-ol was obtained. As CC for induced FLCs, and by comparison to 

non-fluorinated analogues, this compound has shown one of the best perfomances for use 

in the DHFLC devices. However, detailed relationship between structure of that 

compound and its practical properties was not revealed so far. 

Moreover, due to the fact that the preponderance of the FLC materials developed 

to the moment are intended for achievement helical pitch as wide as possible, structure–

properties relationships related to induction of the short-pitch helix with chiral 

compounds in the tilted smectic mesophases were not thoroughly studied. Thus, such 

studies are current topics both in fundamental and practical aspects. 

The thesis is devoted to synthesis and investigation of new effective fluorine-

containing chiral conmponents of short-pitch ferroelectric liquid crystal materials. 

Following on from actual practical demands, we have stated suitability criteria of 

chiral organic compounds for practical use in the short-pitch FLC materials: first one is 

high helical twisting power (HTP)  which  is  characteristic  of  CCs and is inversely 

proportional to a value of the pitch of a supramolecular helix. HTP is to be not less than 

35 m–1. Secondly, effective induction of spontaneous polarization (PS) in a FLC at the 

level at least 150 nC/cm2 should take place. Relying on some regularities found in 
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literature, we have stated primary structural criteria which may affect effectivity of chiral 

components intended for use in the short-pitch FLC materials: (1) presence of two flexible 

polar groups separated by p-terphenyl core in a CC molecule; (2) presence of polar 

trifluoromethyl groups at chiral centers; (3) presence of two flexible terminal alkyl 

substitutes which may take an effect by strengthening interaction between molecules in 

adjacent smectic layers; (4) substitution of an alkyl at the chiral center with more 

polarizable aryl moiety; (5) introduction of a bifunctional lactate moiety to CC molecules. 

As the CCs combining criteria (1) – (3), homologous 1,1,1-trifluoroalkan-2-olic 

diesters of p-terphenyldicarboxylic acid were chosen. Effect of polarizability of substitutes 

at a chiral center was studied on 2,2,2-trifluoro-2-p-tolylethanolic diester of p-terphenyl-

dicarboxylic acid taken as an example. Effect of combination of chiral lactate and  

1,1,1-trifluoroalkan-2-olic moieties in a CC molecule was revealed on homologous diesters 

of p-terphenyldicarboxylic acid and 1,1,1-trifluoroalkan-2-yl-2-hydroxypropanoates. 

Key chiral intermediates for the synthesis of the target compounds are respective 

(R)-1,1,1-trifluoroalkan-2-ols (homologues n 5 11)  and  (R)-2,2,2-trifluoro-2-p-

tolylethanol. These were obtained as racemic mixtures starting from alkyl 

trifluoroacetates and corresponding alkyl and aryl bromides. Enantiomerically 

enriched forms were obtained by enzymatic kinetic resolution of the corresponding 

racemic chloroacetic esters with the use of lipase. 

Since the key intermediates are of synthetic origin, there is a need for control their 

enantiomeric purity. One way to such control is derivatization of a mixture of enantiomeric 

alcohols with a derivatizing agent followed by gas (GC) and/or high performance liquid 

(HPLC) chromatographic analysis of obtained mixture of corresponding diastereomeric 

esters. As effective derivatizing agent for the analysis of enantiomeric purity of chiral 

secondary alcohols, L-menthyl phthalate was proposed. 

The  developed method for enantiomeric purity determination using L-menthyl 

phthalate was applied to the analysis of (R)-enantiomeric trifluoroalkanols. It is found that 

in some cases the enantiomeric purity of the obtained chiral alcohols is insufficient for 

further use. However, the purity can be considerably increased by repetitive esterification 

and kinetic resolution. Moreover, enantiomerically pure (S)-1,1,1-trifluoroalkan-2-oles 
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can be obtained from residual chloroacetate fractions after isolation of the  

(R)-enantiomers. 

The target chiral trifluoroalkanolic diesters of p-terphenyldicarboxylic acid were 

obtained by esterification of the corresponding homolgous (R)-1,1,1-trifluoroalkan-2-oles 

(n = 5–9) with p-terphenyldicarboxylic acid dichloride. The homologous diesters of  

p-terphenyldicarboxylic acid and 1,1,1-trifluoroalkan-2-yl-2-hydroxypropanoates were 

synthesized through formation of the terphenyl core by Suzuki cross-coupling reaction 

starting from 1,4-phenylenediboronic acid and corresponding homologous 1,1,1-tri-

fluoroalkan-2-olic (n 6 11) diesters of (S)-2-(4-bromobenzoyl)oxy)propanoic acid. 

The obtained target compounds were studied as CCs of FLC materials. It is found 

that introduction of the target compounds into an achiral smectic host even at high 

concentrations generally does not have negative effect on practical smectic C (SmC*) 

mesophase thermal range. It is observed that on legthening of the terminal substitutes the 

homologous 1,1,1-trifluoroalkan-2-olic diesters of p-terphenyldicarboxylic acid prone to 

reduce melting points of the FLC compositions. Similarly, the (R)-2,2,2-trifluoro-2-p-to-

lylethanolic diester has almost no effect on SmC* upper limit. However, this CC is 

characterized by induction of wide-range blue phase in the achiral host. This fact may be 

a consequence of high HTP of the CC in phases of nematic type. Study of FLC 

compositions of the homologous diesters of p-terphenyldicarboxylic acid and 1,1,1-tri-

fluoroalkan-2-yl-2-hydroxypropanoates revealed that in the low-temperature range they 

form optical textures characterisric for ferri- and/or antiferroelectric mesophases. 

Study of helical twisting properties of the CCs shown that the presence of polar 

trifluoromethyl groups at chiral centers enables higher HTP. The HTP is also improved 

by lengthening of the terminal alkyl substitutes. Substitution of alkyl moiety at a chiral 

center in CC molecules with an aryl one does not promote increase of HTP in tilted 

smectic mesophases but appropriately leads to intensification of helical twisting in 

induced cholesteric mesophases. 

In the thesis, for the first time: (1) systematic series of symmetric chiral diesters of  

p-terphenyldicarboxylic acid and 1,1,1-trifluoroalkan-2-oles and (R)-2,2,2-trifluoro-2-p-

tolylethanol were synthesized and studied as chiral components of FLC; (2) synthetic 
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methodology for symmetric chiral diesters of p-terphenyldicarboxylic acid which 

molecules combine (S)-lactate and (R)- or (S)-1,1,1-trifluoroalkan-2-olic moieties was 

developed; alternating synthetic approaches are compared; systematic series of the 

diesters are obtained and studied as chiral components of FLCs; (3) L-menthyl phthalate 

is proposed as effective derivatizing agent for determination of enantiomeric purity of 

chiral secondary alcohols using chromatographic methods; (4) (S)-1,1,1-trifluoroalkan-2-

ols are obtained by excessive conversion of starting chloroacetate under enzymatic 

hydrolysis conditions; (5) it is shown that, in contrast to cholesteric LC materials, on 

transition from a 1,1,1-trifluoroalkan-2-olic diester of p-terphenyldicarboxylic acid to  

(R)-2,2,2-trifluoro-2-p-tolylethanolic derivative, substitution of an alkyl moiety at a chiral 

center with an aryl one which is more polarizable does not lead to increase of helical 

twisting power in a smectic C* LC; (6) it is shown that for  (R,S)-diastereomeric diesters 

of p-terphenyldicarboxylic acid which molecules combine lactate and  

1,1,1-trifluoroalkan-2-olic moieties the degree of helical twisting in an induced smectic 

C* LC has non-linear dependence on concentration; from estimations in linear range, HTP 

of higher homologues is at least twice as large as for compounds without lactate moieties. 

The practical significance of the obtained results: ) effective derivatizing reagent 

for determination of enantiomeric ratio of chiral secondary alcohols is proposed and used 

in the development of methods for obtaining  (R)- and (S)-1,1,1-trifluoroalkan-2-ols with 

high enantiomeric purity; (b) data on effect  of  molecular  structure of  chiral  diesters  of   

p-terphenyldicarboxylic acid on properties of short-pitch FLCs are obtained; this opens a 

gate for wide range of chiral components having different effects on practical 

characeristics of FLC materials; (c) FLC materials with wide operating thermal range, 

high optical quality of an electrooptical cell, high optical contrast, and electrooptical 

response which is by two orders of magnitude faster than in current nematic LCs are 

developed; (d) effective method for obtaining both enentiomers of trifluorolactic acid, 

promising intermediate to future FLC components, is developed through tandem 

resolution of its racemic mixture. 

Keywords: liquid crystals, ferroelectric liquid crystal materials, smectic-  phase, 

chiral components, chiral symmetric diesters, helical pitch, helical twisting power. 
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 N*  » (oily 

streaks) .  

 

)  ,  «  

» 17 .  N* , (  

),  0 < 300–350 ,   

). . « » 

. 1.3 ( ,  )), .  

n

1 2 
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: I*, II* III*.  

17 . ,  (0,5–2 º )  17, 18 , 

 (40–50 º )  19, 20 . 

,  

 [21],  

 15–20 . 

   
    

 1.3 :  ( )  
 ( ) 

  (SmA) 

 [13]. ,  

, , ,  

 ( )  ( . 1.4 ( )).  

        n n

n

 

 
    

 1.4   ( )  TGBA ( )  

 SmA , , -

,  SmA*.  

,  

-

 3, . TGBA-  (twist grain 

boundary),  -

n

d



 31
 ( . 1.4 ( )) [22]. ,  

 SmA,  N*  n -

 d,  SmA,  0.  TGBA -

:  

 SmA [13], ,  

 N* .  TGBA  

.  (filament)  17 ,  

.  TGBA -

 [23, 24].   

 

,  SmB [22].  Sm , 

, , 

. ,  – , 

 

. . 

 SmA  

 ( . 1.5 ( )),  n  

 e, ,  (SmC ) 

[22, 25]. , ,  

 . 1.5 ( )). 

   
     

 1.5   ( )  
 n  ( ) 

, 

,  SmC*.  

, ,  

e n

z

x
y
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 ( . 1.8 ( , ),  33). ,  

,  N*  0. 

 SmC* 

,  ( . . 1.1.1). 

 SmC  SmC*  SmA  

,  ( . 1.6 ( )) 

 « » ( . 1.6 ( )).  SmC*  

 

 ( . 1.6 ( )). , 

 SmC  SmC* . hlieren  17 . 

             
 1.6  SmA  ( ),  

 Sm  ( ),  Sm * ( ) 17  

1.1.1  

,  

,   * , , 

.  

 SmC*  –   

 (PS).  

,  

.  

 

 (  

),  PS 

 ( , SmCA* , AFLC) 

[26]. 

) ) ) 
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 (  SSFLC )  E, 

,   

.  

PS :   ( . 1.7 ( , )).  

   
 1.7  PS SmC* :  

 ( ),  ( )  ( ) PS 

  n  ( . 1.8 ( )).  

,   

180  °,   –   2  .  1.8  ( )).  

, 

 ( , . 1.7 ( )).  

, , ,  e, 

n  PS  ( . 1.7 ( )) [26, 27]. 

   
 1.8   SmC*  

: , 
 ( ),  ( )    

 ( ) 

 SmC*  –  (  SmC*)  (SmC*A) 

, –  

.  –  SmC*  (SmC*FI),  

 ( )  (  SmC*),  

ne

z

x

y E
PS > 0

n e

z

x

y E
PS < 0

n

E = 0

) ) ) 

) ) ) 
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 (  SmC*A)  

 ( . 1.9) [26, 28, 29]. –  

 

 ( . 1.9 ( – )) 30 . 

 SmC*A  SmC*FI  

SmC*,  

 [31–33]. ,  

,  

. 

   
   

 1.9  
( ),  ( )  ( )  

,  SmH*, 

SmG*, SmF*, SmI*  ( , , ) [13, 19], 

 TGBC [34]  TGBCA [35]   –  

 TGB  ( . 1.4 ( ))  

,  ( )  [35, 36–38],  

. 

 

1/ 0   q0 =  2 / 0).  

:  

p0
-1 = C, (1.1) 

 –  

 ( )  

,   ( ).  
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,  (  > 0 –  

,  < 0 – ), , , . 

1.1.1.1  

 

,  

.  

 

. 

,  

- * : 

– ; 

–  ( ); 

–  ( ); 

– ; 

– ,  

. 

 

- *   

 ( max) 39, 40 .  Sm *  

 0, ,  

, : 

maxsin2 mDn , (1.2) 
 max – ;  

m – ; n – ,  

 1,6;  – ;  D – . 

, ,  

,  [41–43]:  

 ( )  n. , 

 n , , 



 36
. ,  n  SmC  

,  1.48  1.65 [44],  

 5 %. , ,   

n = 1.5 , 

, ,  n = 1.6 – ,  

, . 

 (D)  – 

SmC* ( )  SmCA* ( ).  

, SmC*,  D = p0/2 ( )  

,  

=90 ) [41, 45, 46].  (  < 90 °)  

 (D = p0/2),  

,  D = p0  41, 47, 48 . , 

 1.2 : 

p0 = max /n,   = 90   

p0 = max /2n,  < 90 °, (1.4) 

,  

. , ,  [32, 45] ,  

. ,  [46] 

:  

p0 = 2 max /n,   = 90  (1.5) 
 SmCA*  

SmC*, ,  [45–48]. 

 n = 1.6, ,  

 

,  240 . ,  

,  ,  .  

,  

 130 ,  

, . 



 37
,  

,  max,  

  

350–300 . , , ,  

0 < 130 ,  max. 

, ,  

, ,  3000 . 

 [49]  

 

. -

, -

 

,  

 

, .  

, ,  

, . ,  

.  

 – . 

,  

,  

.  

 0 = 2x·tg ,  x , tg  = d/l ( . 1.10). 

 

.  

 (>1 )  [50].  

 

. ,  

, , ,  

. 

 
 1.10 -

. 
 – , l –  

, d –  
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 ( . 1.11) , 

 /2n,   – 

,  n – .  

,  

, . 

 

 

 *  [51, 52],  

. 

,  

,  

, , -

, 

. 

,  

 ( r)  

 ( , .  

1.2.2,  1.7). , ,  – , 

. ,  

,  

, , . , 

, ,  

. 

,  

,  

,  (  

~110  300 ) ,  

.  

 1.11 -
 

-
 52  
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1.2  

 

 SmC* , ,  

.  

.  

 

 [5]. 

1.2.1  (SSFLC) 

-

 [7].  

 (  

),  «  

» (bookshelf geometry),  -

 

 0  

. 1.12).  

 PS  

 E,  

 PS  E 

 PS E.  

 2 .  

, , ,  

. ,  

 

. 

 0 >> L. 

, ,  

,  

 1.12 - . 
-
-

 2  



 40
. ,  0 : 

 

 

,  «  

» (Surface Stabilized Ferroelectric Liquid Crystal, SSFLC) [7].  

 SSFLC  

 ( .  1.6), ,  

 [5],  

,  (  

,  90 º),  

 ( . 1.12). ,  SSFLC  

 

,  . 

 = /PSE (1.6) 

,  

 

. ,  1980 .,  

,  

, ,  

, 

 

 PS  

,  

 [53–55].  

,  [8, 56],  

 (  0 ),  

 

.  ( -

 

), . 



 41
,  1990 .  

 SSFLC  [57–59],  

. 

, , ,  

SSFLC . 

1.2.2  

,  

 (Deformed Helix Ferroelectric, 

DHF)  [6],  

.  

 [60, 61]. 

:  

 0 << d.  

 DHF . 1.13 ( ).  

, ,  

.  

 

.  

,  

 cos  2 z/R0 

 ±E ( . 1.13 ( )). 

, , 

, .  

 

 8 .  SSFLC (  1.6, .  40),  

 ( on)  ( , r)  DHF  PS  

,  2
0 : 

2

2
0

sin2 K
p

r  (1.7) 



 42
  ,  . 

,  

 

 25, 30 . 

         
    

 1.13  Sm * .   
1 – , 2 – , 3 – , 
4 –  30  ( ).    

 ( ) 

 DHF  [5, 62]: 

/)((sin))((2(sin 22 ndznzI  (1.8) 

  .  

: (z)  

n(z).  (z) – :                           

y-z  z; (z) : 

))(cosarctan()( ztgz  (1.9) 

 .  

 n(z)  = neff(z)–n  - : 

2/12222
||

2
||

]sinsin)([ nnn
nn

neff  (1.10) 

,  (z)  =  45  

n(z)d= /2. ,  45  

. , .  



 43
,  39–40  

,  DHFLC. 

1.2.3  

 [63, 64]  

 

 

.  ,   DHF,   

.  

,  

 (PA)  

 

  (  1.14).  

,  

 

: 

422

4
0

2

ker sin32 K
pPn

K S

e

ep
 (1.11) 

 1.11 ,  PS  p0  

 ( ker). , ( )  p0 ,  

 

 

, ( )  PS  

, ,  

. ,  

 kerr . 

,  DHF,  

 ( .  1.7, 

. 41).  [64] ,  

 100 . 

 1.14  
-

.  
 ( )  

-
 8  
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1.2.4  

 8, 65 ,  

 « » 

(Electrically Suppressed Helix, ESH). ,      

p0  d,  

 

,  

.  ESH  

 SSFLC ( . . 1.12, . 39).  

,  ESH  

 

. ,  

 

.  ESH  1–3 . 

,  ESH 

 0  d ( ). 

,  ESH , 

. 

1.2.5  

, ,  

 

. 

 SmC*  

 1.1. 

,  DHF (  1.1, . 3, 4) 

 ( . 1.15).  

,  

, ,  



 45
. 

,  

,  SSFLC,  

. ,  DHF  

. ,  

 

  = 36 ,  

 ( .  1.10). ,  DHF  

. ,  

. 

 
 1.15  

.  = c ,  
.  DHF  

, SSFLC – .  ESH 
c  

, ,  

–

. 

 

SSFLC, ,  

, ,  PS,  (  

DHF ( . 3)  ( . 4))  (ESH, . 2) ,  

 ( . . 1.1). 
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 1.1  
 

 

-
 

(SSFLC) 

 
 

(ESH) 

    
(DHF) 

 
 

(VADHFLC) 

 
1) EPs

 EPs
 

hK
p

2

2
0

4
 

hK
p

2

2
0

4
 

 (p0) ,  >5 0,7–1,5 <0,13 0,13–0,24 
 

 (d) p0 >> d p0  d p0 << d p0 << d 

 
 (PS), 
2 

20–60 40–80 >150 >150 

,  10–30 1,5–3,0 3–10 15–20 
 + – – – 

     
 1–100 : 1 ~10 000 : 1 ~800 : 1 ~1 000 : 1 

     
     

 
 
 

 

 
 

 
 

 
 p0 > 240  

 
 p0 > 240  

: 
1)  – ,  – , PS – ,  –  

, p0 – , Kh – . 
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1.3  

1.3.1  

 1.1.1,  

 

, , . 1.16,  

 « »,  

  R1  R2. 

 
 1.16  

 

 4. 

 
  

(37–88 º )  (49–129 º )   . 

 5,  

,  SmC .    

 
Alk1(O) (O)Alk1

X X X X

X = H, F   
 

,  

. 

,  

 2,5-  

-  6–9 [66, 67]. 

 

 130  [44].  

5 

4 
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6 7 

  
8 9 

n = 2–15, m = 1–18 

, ,  

, , 

 

,  

 2- . 

 6–9  

 12,  

 10,  13  

 (  1.1) [68, 69].  

 1.1 

1.3.2  

 ( .  1.2.5),  

, , 

, 

 70 .  

 

 PS  , . 

 

 ( .  1.1, . 34),  

,  

. ,  71–75  

13 11 

10 12 
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 ( . 1.17)  

 (p0  106–300 ).  

 ( )   

 ( r) .  

 15  74  (390 ),  

.  

 

 (fGM)  r =  (2 fGM)–1 76 . 

,  72, 73, 75  fGM  0,08–0,8    

 r  200–2000 . 

 

 
0 = 120-320  

75  

 

 
0 = 290-640  

74  

 

 
0 = 150-250  

73  

 1.17  

, , ,  

 

.  1.1.1)   , 

 p0
2 (  1.7, . 41). 

 

 400–600 , , ,  

 

 ( .  1.2.5), , ,  

,  DHF  

 (  1.2), 

 

14 

15 

16 
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.  

 

 

.  , 

 

, .  

 18  19 ( . 1.18)  

 [77]. 

 
 1.18  N*  

 N*  

,  

,  22  23 . 

,  17  

 

 [78, 79]. ,  

, , , 

17 18 

22 21 20 

25 
24 23 

19 
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. 

 

 (0.98 Tnext,  Tnext – , 

, ).  SmC*  

 

. , ,  

, .   

 1.2  

. 

 (  1.2, . 1),  

 DHF ( .  1.2.2),  

-2-   26 

 1),  (> 30 . %)  

SmC  250  

  13 –1).  

,  

,  

 DHF  

.  

 81  

 27 (  1.2, . 2).  

 24 –1 (10 ° )  13 –1 (20 ° ).  

 (  20 °  

 830 )  

. , ,  

,  (10 . %)  

,  460 . 

 
1  « » : . ., . , . . 
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 28 (  1.2, . 3).  82 ,  

 

 n = 9.  

,  

,  

 Sm * .  

 28  

)  

 6–9 ( . 48). 

 85, 86  

 29  30,  «  

» (  1.2, . 4, 5) . , 

, ,  

,  

, , ,  

.  

 

 ( , ,  

), , ,  

 Sm * .  

. 

 

,  

 

80 . ,  87, 88  31  

 100  (  1.2, . 6). 

 

, . , 

 31  25 . 
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 1.2  

 
  1 . 

1 
 

26 
n = 2-8 

( -n) 
~9–122 8,  11, 

12 

2 
 

+24 (10 C) 
+13 (20 C) 81 

3 
 

11–423 82-84 

4 
n = 6-8 17 

85 
n = 9 39 

5 
 

n = 6 1,4 
86 

n = 7 20 

6 

  

~302, 4 87, 88 

7 
 

–30 89 

8 
 

33 
(FOTDA-6) ~19–212 9, 64 

: 
1)  ( . %) , . 
2)  2 . %. 
3) . 
4)  N*. 

 89  32,  

,  (  1.2, . 7). 

 

150 . ,  

29 

30 

27 

28 

31 

32 
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,  

. 

 9, 64  33  

 DHF . 

 26, , 

 20 . %  

 (  

,  240 ,  

21 –1),  DHF  

 (  300:1)  

 (  120 ).  

. 

 1 

1. ,  

,   

 

.  

: 1)  (  

 12 . %, , 

,  

[8, 30], ),  

2) ,   

p0 < 130 . 

2. , ,  

:  > 35 –1.  

 1.2 ,   

,  

 28  29.  28  29, 
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,  

 ( , ). 

3.  

. ,  

,  

,  

, ,  

 p0 < 130 . ,  

 

 « »  

 

.  

  

:  > 60 –1. ,  

,  1.2. 

4.  

. ,  

 SmC* .  

,  

,  

, . 

5.  

 – 

 

 –  

,  

,  

 

.  
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 2  

 

 

FOTDA-6 [9] (  1.2, . 8, . 53). ,  

 

 (  PS)  

 

,  

 26 ( ;  1.2, . 1)  FOTDA-6. 

,  FOTDA  

,  

,  

,  

.  

,  CF3  

 

 [80].  

. 

 

 

. ,  

,  

 [90, 91],  

. ,  28  29 (  

1.2, . 3, 4)  82, 85 ,  

.  

,  

 

,  FOTDA 92 . 
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-  PS,  

 [87, 93].  PS  

,  

. 

,  

 ( . 2.1): 

; n = 4–8 

 2.1  FOTDA-n 

,  [77, 90],  

 

 ( ,  

,  ) ,  

,  

.  

 ( .  1.3.2) . 

, ,  

 [92] ( . 2.2): 

 
 2.2  FOTDA-Ar 

, 

 

. ,  

,  

,  

 [30]. ,  

FOTDA-Ar 

R-FOTDA, S- FOTDA 



 58
 PS  

 (  

Sm *),  ( . 

1.2.1). ,  

,  

PS,  DHF ( .  1.2.2). 

 

,  – ,  

. ,  

,  

, ,  , 34  

FOTDA. . 

, , ,  

  .   

,  

 

,  

. . 2.3. 

 
 2.3 ,  

(R*1, R*2) . B1 2 – : 
, ,  

: 

1) :  

) ,  

;  

)  -

  34  

 [25,11, 12];  
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) ,  

,  

;  

. 

)  34  (S)-  

, , ,  

, ,  

,  34  

 S ;  

2) 1,1,1- -2- ,  FOTDA, 

,  34,  PS. 

,  

  LACTAF-n [94] ( . 2.4). 

; n = 5–10 
 2.4  LACTAF-n 

2.1  

 

.  

 – , , , 

 –  PS  

 [95], : 

Pi = i ROFi 1/  

 Pi –  i , i – , 

 ROFi , ,  

. 

34 

RS-LACTAF, SS-LACTAF 



 60
,  

 RS-  SS-LACTAF-n   

 ( . . 2.5)  PM3.  

,  

»,  

. ,  

 – .  

 
 2.5  

, , 

,  

.  ,  

 – ,  

, ,  

 ( . 2.6).  «  

» ,  

,  

,  « ».  

, , , 

 

. . 

,  ( . . 2.5),  

,  

. ,  

,  

,  

». , ,  

.  

.  
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, ,  

,  

 « »,  –  

.  

 

YOZ, . ,  

3  Y  Z
 , . . 2.6.  

,  

, , 

  ( .  2.1 – 2.3),  

 ( , ). 

 
 2.6  (  )  

 ( ),  (YOZ),  
 ( )  YOZ.  

,  ( ) , XI ( ) 

 FOTDA   

 , , .  2.1.  

,  

XT 
XI

YOZT

T I 

YOZI

) )
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 2-  34  2.2)    

SR-  SS-LACTAF  2.3).  

 2.1 
 FOTDA 

 
 FOTDA-2 -1 

 1 0 2 1 1 1 1 2 
  -120 60,4   

 
, D 

X -2,768 3,192 1,272 1,165 
Y -1,103 2,356 0,871 1,217 
Z 1,685 -1,708 -1,499 -0,959 

 | | 3,423 4,604 2,150 1,939 
 H PM3,   -174,710 -172,623 -23,451 -22,802 

H,  0,000 2,087 0,000 0,649 
% at 298 K 97,1 2,9 75,0 25,0 

, D**) 
  3,25 1,84 
, I  2,04 1,69 

 
 2.2 

 34 

 
 34 

 1 1 1 2 1 3 2 1 2 2 2 3 3 1 3 2 3 3 
           
           

, D 
X 0,897 3,470 3,325 0,567 3,309 3,452 -0,849 -1,562 2,742 
Y 1,095 -0,493 0,137 -0,464 0,122 0,416 1,053 -0,567 1,392 
Z -1,400 -2,094 -1,914 -2,149 -1,927 2,033 1,445 -0,492 1,777 

 | | 
 1,990 4,082 3,839 2,271 3,831 4,027 1,979 1,733 3,551 

H PM3, *)  -91,0 -90,3 -89,2 -89,3 -89,2 -90,5 -91,1 -90,6 -90,2 
H, *)  0,094 0,822 1,970 1,833 1,960 0,665 0,000 0,571 0,966 

% at 298 K 27,3 8,0 1,2 1,4 1,2 10,4 32,0 12,2 6,3 
 

, D**) 
  1,70 
, I  1,76 

**) .  2.6 
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 2.3 

 SR-  SS-LACTAF 

 
LACTAF-SR011-Ethyl 

 1 1 1 1 1 2 1 2 1 1 2 2 2 1 1 2 1 2 2 2 1 2 2 2 
          
          
          

, D 
X 3,072 -3,041 -4,431 -2,610 1,852 3,647 -5,227 -1,478 
Y -2,506 1,952 -0,568 1,187 1,720 1,240 0,495 -1,335 
Z -0,539 -2,956 -4,003 0,168 4,245 -0,687 -0,359 2,804 

 | | 
 4,001 4,669 5,998 2,872 4,941 3,913 5,262 3,440 

H PM3, *)  -254,6 -255,8 -253, 0 -255,7 -252,1 -254,7 -248,6 -254,3 
H, *) 1,171 0,000 2,839 0,104 3,728 1,341 7,186 1,491 

% at 298 K 5,1 36,6 0,3 30,7 0,1 3,8 0,0 2,9 
 

, D**) 
  2,31 

 , I 2,42 
LACTAF-SS011-Ethyl 

 1 1 1 1 1 2 1 2 1 1 2 2 2 1 1 2 1 2 2 2 1 2 2 2 
          
          
          

, D 
X -1,032 -3,735 -5,002 1,825 2,002 -3,101 -2,936 4,056 
Y 3,545 0,681 0,516 0,893 3,097 1,493 -1,067 1,069 
Z -2,453 -0,560 -0,093 -3,618 0,476 2,864 4,360 0,235 

 | | 
 4,433 3,837 5,029 4,149 3,718 4,478 5,364 4,201 

H PM3, *) -254,4 -257,0 -253,9 -255,7 -252,8 -254,8 -252,0 -255, 1 
H, *)  2,521 0,000 3,109 1,228 4,170 2,201 4,989 1,893 

% at 298 K 1,2 82,6 0,4 10,4 0,1 2,0 0,0 3,4 
 

, D **) 
  1,44 

, I 1,27 
*)  
**) .  2.6 
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 2.4  

. 

 2.4 

 
 ( , 34)  (FOTDA, SR-   

SS-LACTAF) 
  

SS-LACTAF LACT  FOTDA SR-LACTAF 
YZ 1.27 1.76 1.69 2.03 2.42 

T 1.44 1.70 1.84 3.25 2.31 
 

PS <  <    
, ,   

, ( , . . 2.4)  

  FOTDA . ,  

 

 SR-   SS-LACTAF,  

 SS  

.  

 FOTDA-n, 

FOTDA-Ar, LACTAF,  35 [96],   

, , ,  

, , ,  

(R)-  (S)- ,  FOTDA  

, , ,  (S)-  

 SR-LACTAF/SS-LACTAF. 

 R-35  S-35 
n = 4 ( ), 5 ( ), 6 ( ), 7 ( ), 8 ( ), 9 ( ), 10 ( ) 

 2.7  



 65
 2 

 

 

 ( , 

 * , ,  

, ) : 

-  (  FOTDA, LACTAF); 

-  (  FOTDA 

 FOTDA-Ar  ); 

-  

 (  SR-LACTAF/SS-LACTAF). 

 

 [92, 94, 96]. 
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 3  

 

3.1  

 35 ( . 2.7, . 64) –  

 [97–99]. -

.  

 

.  

 ( )  90 % [100].  

,   97 % ,  

 [101, 102]. 

,  1,1,1- -

-2-  35  

. 

 

. 

3.1.1  

, ,  

   

, 

 103 . , -

 

 (dr) . ,  

 dr  

, . 

: 

1)  

,  - ; 
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2)   ; 

3) ; 

4) .  

 101  

 19F  102  

-(  

 (MTPA, ; 36, . 3.1).  

 (S)- -

 (37) 104  (S)-  (38) 105 . 

 

 3.1  36–38  
 

,  36–38 ,  

,  

 

. ,  

, ,  

 ( )  

 ( ). 

, ,  

 ( . 3.2) – N -l  (39),  

N -l-  (40)  N -d-  (41), , 

, .  

 
 3.2 ,  

36 37 38 

39 40 41 42 



 68
, ,   

 [106]  [107],  

 

 

 [108],  

 

, i . ,  

 1,1,1- -2-  

 l  (42, . 3.2),  

 MTPA (36) [96, 109]. 

 39–42 

 

 rac-35  

 45–48 ( . 3.3)  

. 

 
43: R1, R2 =  

46: R1 = CF3, R2 = -(C6H4)CH3 
47: R1 = H3, R2 = -C6H13 

45: R1 = CF3, R2 =Ph 48: R1 = H3, R2 = H2Ph 
 3.3.  45–48. 

 35  45–48  

 39–42  

 [110, 111] (  3.1).  

 

 R-44  S-44  

 N, .  

.  3.1.  

 
 rac-35, 45–48  R-44, S-44 

 3.1 
 (R)-   (S)-  

 44  49  
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,  

 R-35 –35   S-35 –35   ( .  3.1.2).  

 44 . 

 44  49    

 ( max) 245 ,  

. 

 3.1 
 35, 45–48  

 39–42.

  
    

Rs
 dr  Rs  dr  

1 39 35  0   – 0 – 
2 40 35  0  – 0 – 
3 41 35  0  – 0 – 
4 42 35  1,40  49:51 1,20 51:49 
5 42 35  1,84  51:49 1,29 49:51 
6 42 35  2,39  49:51 1,38 49:51  
7 42 35  2,53  50:50 1,32 50:50 
8 42 45 2,54  50:50 1,32 49:51 
9 42 46 3,18  50:50 1,81 50:50 
10 42 47  1,52  51:49 0,43 –  
11 42 43 0  – 0  – 
12 42 48 0  – 0  – 

 : Agilent HP-5 (5% );  20:1;  
 250 °C; :  40 °C  300 °C  20 °C/ , : 20 . 

  (Rs)  Rs=(tR2–tR1)/(w1+w2),  tR1,  tR2 –   
 (tR1<tR2),  w1, w2 – . 

 ,  (dr)  
; ,  

. 
 Ascentis Si, 4,6×250 , 5 ; : 32%  (  
 35), 50%  (  45–48),  

 245 . 
 Prontosil 120-5-C18H, 4,0 250 ; : 70% ,  

 245 . 
. 

  R-35 /S-35  
 44  R-35   S-35 , 

, ,  R-35   S-35 . 

 3.1 ( . 1–3),  39–41  

 

.  
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 44.  

 l  (42). ,  

 44  1,1,1- -2-  35 –35  

 3.1, . 4–7)  

(RS), .  

,  

. ,  RS 

 44  

 35  ( . 6) . 

i 44  45, 46 . 8, 9)  

 – .  

 45, 46  

 ( . . 8  9).  

 35, 45, 46 ( . 4–9),  l  (42)  

 47 –48 . 

,  ( . 10),  

44  2-  47 . ,  

 (43, .11)  1- -2-  (48, . 12). 

 44 ( . 10–12) .  

 2-  (47 , .10)  dr  

. 

 MTPA (36) 

[101, 102],  35  (R)-MTPA (R-36)  

 R-49  

S-49  (  3.2) .  

 
 3.2 

 (R)-MTPA  (R-36)  

R-49  S-49  R-36 

R-35  

S-35  
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 42 (Rs=2,30  R-49 /S-49 , Rs=1,38 

 44 ( .  3.1, . 6)).  

 R-49  S-49             

,  

. ). , ,  

 R-49 /S-49 . 

, 10 . %  

 S-35  (  > 99,9 %, .  3.1.2)  R-35  (  > 99,9 %,). 

 (R)-MTPA (R-36)  

 R-49   S-49  

 6,3 % S-49 . ,  l  

(42) ,  R-44  S-44  

 (10,3% , 10,2% ).  

,  (R)-MTPA  (R-36)  

 (R)- . 

, , 

 99,5 %,  

 0,25 %,  

 0,25 

. % S-35  (R)-  ( . 3.4). 

 
 3.4 ,  

 Ascentis Si, 4,6×250 , 5 ;  32% -
),  R-35  0,25 % S-35  

R R 

S 

S 
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S-35  0,23±0,04 % ( . 3.4).  RS = 2,1.  

 S-35  0,39±0,23 %, 

. 

, l  (42),  39–41,  

 ee -  

. 

,  l  

 (S)-  S-35  (R)-  

,  

.  l    

 47 –48 .  

(R)-MTPA  (R-36), ,   

(R)-1,1,1- -2-  (R-35) . 

3.1.2  (R)-  (S)- -2-  

 35 –35  

 [112]  

 51,  50 -

,  52,   

1,2-  51 ,  

 51  rac-35 (  3.3).  

 

 3.3 
 (R)-  1,1,1- -2- -

 R-35 –35  rac-35 –35  

 rac-53  

 [102],  53  <50 % ( ),  

50 51 52 rac-35 
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 (R)-  R-35,  

 R-53  S-53,    (  3.4).  

 

.  3.2   

R-35 –35 ,  l  (42)  

 

,  3.1.1. 

 
 3.4 

 3.2 ( .1, 3, 5, 7),      

rac-53–53   3.4)  R-35 –35 . 

,  R-35 –35  

 ( . 8, 9  10)  

 35  53,  

. ,  R-35 , 35 , 

35 , 35  ( .1, 3, 7, 8)  [101],  

, ,  

 

 (  

1,8°). ,  R-35  . 5)  

 [101],  

 

. ,  R-35 –35  (  3.2, . 

1, 3, 5, 7, 8)  l  (42) [96, 109]. 

rac-53 

R-35 

rac-35 R-53 

S-53 
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 3.2 

, (R)-1,1,1- -2-  ((R)-35 –35 ). 

 

 
 
 

, % 

, 
% 

 
 
 

( [ ]d
25 ), ° 

 (ee ) 
(%) 

 

  
 

 
( [ ]d

25 ), ° 
ee, % 

1 
R-35  

99,6 70 +23,6 
95,6 

(90,6) 
95,3 

(91,2) 
+29,5 98 

2 99,8 75  +27,0 
99,9 

(99,8) 
100,0 

(100,0) 

3 
R-35  

99,4 68 +24,0 
95,5 

(91,0) 
95,8 

(91,6) 
+28,0 97 

4 99,4 83  +26,5 
99,6 

(99,2) 
99,7 

(99,4) 

5 
R-35  

99,1 65 +25,0 
99,1 

(98,2) 
99,0 

(98,0) +24,0  

+28,6  97  

6 99,7 60  +25,0 
100  
(100) 

100  
(100) 

7 R-35  99,6 78 +25,1 
98,1 

(96,2) 
98,0 

(96,0) 
+23,8 98 
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 3.2  

 

 
 
 

, % 

, 
% 

 
 
 

( [ ]d
25 ), ° 

 (ee ) 
(%) 

 

  
 

 
( [ ]d

25 ), ° 
ee, % 

8 R-35  97,8 61 +25,0 – 97,0 
(94,0) 

+25,4 98 

9 
R-35  

98,4 62 +23,0 
– 

97,8 
(94,0) 

– – 
10 98,8 74  +23,0 99,7 

(99,4) 

11 R-35  78,8 41 +22,5 – 97,7 
(95,4) – – 

: 
) ,  R-35  

 (50%  (R)-  (S)-  rac- ). 
)  R-35 l  (42),  

, 
 3.1.1 . )   ( )  

. )  [101, 102]. 
)  Ascentis Si, 25 ×4,6 , 5 ; : 32% ;  245 . 
) : Agilent HP-5 (5% );  20:1;  250 °C;  15,0 ; 

:  40 °C  300 °C  20 °C/ , : 20 . )  100%  
 53 . ) ,  

 . )   
(S)-  S-35 . 
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 ( . 

 3.1.1),  

 

 (  3.5) [113]. 

 
 3.5 

,  R-35 –35 ,  

 (  3.2 . 1, 3, 5),  

 53  

 53 85 %  (  3.5)  

 R-35 –35  

 ( ., , . 1, 3, 5 . 2, 4, 6). 

, , ,  

, ,  

 R-35, .  

, , ,  

 R-35, i, , -

,  

 R-53  

 ( , , ) -

 S-53, , , 

 S-35,  

. 

 (S)-1,1,1- -2-  (S-35 –35 )  

 R-53, S-53  (  3.3):  

1)  R-53,  S-53  

R .  S-53; 

R-35, S-35 
53 R-35 –35  

R-53, S-53 
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2)  S-53,  R-35  S-35 

) ;  

3)  S-53  S-35 

 3.6,  3.3). 

 
 3.6 

 3.3 
,  

(S)-1,1,1- -2-  (S-35 –35 ) 

 
a, 

% 

 
, 

% 

 
 ( [ ]d

25
), ° 

 
, % 

  

1 S-35  27 99,1 –29,1 100 100 
2 S-35  22 99,4 –30,3 100 100 
3 S-35  49 99,0 –28,0 100 100 
4 S-35  25 99,6 –28,2 100 100 

a ,  ( .  3.6). 
  S-35 l -

 (42) , 
 3.1.1 . 

 . 
 3.2 . 74. 

 3.3 ,  

 S-35 i ,    R-35,  

 (l ,   

(R)- ,  S-35 ). 

3.1.3  (R)-2,2,2- -2-  

 R-46, -

 FOTDA-Ar,  3.7. 

 (54)  55  

 1,2- ,  

R-53 

S-53 S-35 –35  

R-35 

S-53 

S-35 
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[114],  rac-46.  

 rac-46 ,  

,  

35 –35  ( .  3.1.2):  rac-46  56  

 rac-56  Lipase MY.  

,   

35 –35   56  45 %  55 .   

2–8 .  35 –35 ), .  

 R-46 [115].  

 54 55 rac-46 56 R-46 
 3.7 

 R-46,  

 ( .  3.1.1),  72 % (ee 44  %)  .  

,  Lipase MY  

  56 .  

 46  (R)  

 ([ ]D
25 –31,8 °, c(MeOH) = 0,1)  

 ([ ]D
26,4 – 9.8°, c(DCM) = 0.08 [116]). 

3.2   1,1,1-

 (FOTDA) 

 FOTDA-4–8  FOTDA-Ar  3.8 

   58 

  57  [117])  

35 –35  ( .  3.1.2)  R-46 ( .  3.1.3)  9 .  
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 (R)-  (S)-  35 –35 ,  

R-46  R-FOTDA-4–8, S-FOTDA-6   

R-FOTDA-Ar [92, 115, 118].  

 
 3.8 

-  
1 . ,  1  FOTDA-n  CDCl3 

a  8,18–8,18 . 

(J 8,2 ), b –  7,76–7,70 . (J 3,7 ),     

 –  7,74–7,18 .  

 

 5,58–5,40 .;  1,92–1,88 ., 

CH2  

 1,35–1,18 .,  

 0,87–0,80 . (J 6,8 ).  

 3.5  1  FOTDA-7.  

 1  FOTDA-Ar a 

 8,22 . (J = 8,2 ), b –  

7,76  .  (J = 8,2 ),  –  7,75 .,  

 7,48 .  7,25 .,  

 6,37 . 

(J =7,0 ),  2,38 .  

 FOTDA-4–8  

FOTDA-Ar,  

. 

FOTDA-n: R = CnH2n+1, n = 4–8 
FOTDA-Ar: R = -C6H4CH3 

57 

35 –35 , 
R-46 

 58 
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 3.5  1   

 (R)-1,1,1- -2-  FOTDA-7 DCl3, 200 ) 

,  

 R-35 .  3.1.2)  R-46 ( .  

3.1.3),  

FOTDA-n  FOTDA-Ar,  (  3.8)  

, 

 (S,S; R,R)   (R,S; S,R). ,  

, ,  

,  PS ,   

(S,S  S,R,  R,R  S,R) . 

,  

ee 100 %,  (S,S; R,R), , 

 FOTDA-n  FOTDA-Ar  

 (R,S; S,R).  

, . 

, , ,  FOTDA-n  

FOTDA-Ar , 
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  « », ,  

 (R,S; S,R) , 

 (  PS ),  

,  

, . 

3.3   1,1,1-

-2- -2-  (LACTAF) 

 LACTAF,  

 FOTDA-n i FOTDA-Ar .  3.2), 

 -

58 (   57)  

 59 (  3.8, . 79).   

SR-59  SS-59  60  

 61  R-35/S-35.  

,  (S)-  (S-60, Alk=C2H5)  

R-35  -

 (PTSA)  SR-59  

 (  3.9).  (S)-  (S-61) 

 R-35  

 SR-59 . 

 

  3.9 

S-61 

R-35  

S-60 

SR-59  

R-35  
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,  

59 ( . 3.6).  ( . 3.6) : 

 

   60. 

 ( . 3.6) -  

, , . 

    
 3.6  LACTAF-n  

   58   59 
),  4-  (62)   

 63 ( ) 

-

 (TBDMS) ,  3.10.  

, -

. , , ,  

. ,  SR-66  SR-59  

,  (30 .) .  

, 

, ,  S-60  

 SR-59 .  

,  (  TBDMS- ),  

.  O  SR-69   -

 (TBAF)  [119], ,  

 58 62 

63 59 PG = PhCH2, 
 TBDMS 

LACTAF 
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,  KHSO4,  [120],  

. 

 
  3.10 

,  « » 

 LACTAF  

 1,4-  (62)   

 63 ( . 3.7) [94].  

 70 

  71  

  72. 

,   

 72, ,   

 , , 

 LACTAF,  

S-60 

R-35  R-35  

S-64 S-67 

S-65 S-68 

SR-66  SR-69  

SR-59  



 84
 –  34 ( . 59). ,  

  

(S)-  S-70. , ,  

 (  

, ),  

. ,  LACTAF  

   (  3.11). 

O

OO

O
O

O
O

O
F3C

CnH2n+1H2n+1Cn

CF3

CH3H3C

* *

+

HO
O

O

CH3

HO CnH2n+1

CF3

*

(HO)2B B(OH)2
O

O

O CF3

CnH2n+1

CH3

*

O

Br

O
OH

O

CH3O

Br

+

O
O

O

CH3O

Br

Ph

Ph

 

 3.7  LACTAF,  
i  

 (S)-  (S-70), 

 S-71.  S-71  

 (  3.4, .1; 

 3.12). , , 

LACTAF 

62 63 

72 35 

71 

70 
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, ,  S-71  

 

 S-73  S-74  ( . 2;  3.12) [94].  

 
 3.11 

  

, ,  

 S-72 ,  

 S-72  

 3.4, . 3). 

 
 3.12 

 

,  

LACTAF 

S-70 
S-71 

S-72 Sx-63 

62 

 

35 
 

S-72 S-71 

S-73 S-74 
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 S-72,  

. ,  

 ( . 4).   

,  

 S-72  

 ( . 5). 

 3.4 
 

  

 
 
i 

) , % 

, 
% 

 
) , 

% 

1  – –  – – 

2  – –  – – 

3  – 78,0 –  –  

4   80,0 –  –  

5   97,0 65 97,5 
  Prontosil 120-5-C18H, 4,0 250 ; : 70 %  

 0,05 % ,  254 . 
 , .  3.12. 
 .  3.12.  

; . 

 S-72  (R)-  (S)-  35 –35   

 SR-63  SS-63 (Sx-63,  3.11). 

 Sx-63  Pd-   

1,4-  [121],  

 SR-LACTAF-5–10, SS-LACTAF-6. 

 

 1 .  1  SR-  SS-LACTAF 

   8,18–8,20 .  

S-71 S-72 
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(J  8,2 ), b –  7,75–7,80 . (J  7,4  )    –  7,74–7,75 .  

    5,41–5,35 

. (J  7,2 ).   

 5,28–5,37 .,  

-    –  

1,75–1,80 .,  CH2  

 –  1,2–1,4 .,  0,88  

  (J  6,8).  

3.8  1  LACTAF. 

 

 
 3.8  1    

1,1,1- -2- -2-  (SR-LACTAF-9)  CDCl3 

 SR-LACTAF-5–10, 

SS-LACTAF-6,  

. 

 3 

1. l  

 

,  

.  –  
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 ,  

. 

2.  (R)-1,1,1- -2-  

 

 Lipase MY,   

(R)-1,1,1- -2-  >99,9 %.  

,  

Lipase MY ,  (R)-1,1,1- -

-2-  Lipase MY,  

 (S)-  (S)-1,1,1- -2-  

. 

3.   

 1,1,1- -2- . 

4.  1-(( -4-  

 

; , ,  

;  

;  

 . 

5.  4-  1,4-  

, 

 1,1,1- -2-  

. 

 [92, 94, 96, 109, 

113, 115, 118]. 
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 4  

 

FOTDA-n  LACTAF-n ,  

,  SmC 

, ,  

 ( ), –  

 – ,  

, , .  

 

. 

 (« », )  

 75 [67] ( . 4.1 ( )),  

- ,  

 < 16 º )  76  [122] ( . 4.1 ( )).  

 

 [25, 28]. 

) 

 

75 

( ) 

 

76 

 4.1   
 75 ( )  76 ( ),  
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4.1  

,  

,  

 ( ) . 

,  

. 

4.1.1  

 [13, 19, 25],  FOTDA  LACTAF 

 

. 

, ,  FOTDA-4–8  

.  FOTDA-4–8 ,  

 FOTDA-6  = 42,1–42,2 ° ). ,  

 26 ( . . 1.2, .1, . 53) 

 79–87 º .   

 FOTDA-Ar –  (  58  º ),    

 . 

 SR-LACTAF-5–10  ,  

, . . 4.2. 

4 5 6 7 8 9 10
0

20

40

60

80

T 
o C

n

 
 4.2  SR-LACTAF-n  
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,  SR-LACTAF, 

 

, . 

,  SR-LACTAF-5  -6 

 ( ) ,  

 

 ( . 4.3). 

, SS-LACTAF-6  = 67,2 º    

. 

  
 4.3  SR-LACTAF-5  

,  FOTDA   

S,R-LACTAF,  

,  

,  

. 

-40 -20 0 20 40 60 80 100 120

-2.0

-1.5

-1.0

-0.5

0.0

 
, (

m
V)

T, (oC)

 1- , 
 1- , 
 2- , 
 2- , 
 3- , 

 

40,4  

53,7  
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,  FOTDA  

. 

4.1.2   

 1,1,1- -2-  (FOTDA-n) 

 FOTDA-4–8  

 75  ( . . 4.5 . 4.4).  

 ( .  4.1.1),  FOTDA-n -

, , ,  75,  

 20–25 . % (  33 . %, . . 4.4  

4.7)  SmC*  [92].  

 (Iso)  

 FOTDA-4–8  

 (N*)  

 

 ( 17 . 4.5).  

 (SmA*),  

 

,  

.  

 SmC* (schlieren  

,  

, , ,  

, , , 

 ( ,  

) . 

 4.5. 
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0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160
Iso

SmA*

N*

T,
 (o

C
)

C FOTDA-4, mol %

Cr

SmC*

)

 

0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160

C FOTDA-5, ( . %)

T,
 o C

Iso

N*

SmA*

SmC*

Cr

)

 0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160

T,
 o C

C FOTDA-6, ( . %)

IsoN*

SmA*

SmC*

Cr

)

 

0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160

T,
 o C

C FOTDA-7, ( . %)

Iso
N*

SmA*

SmC*

Cr

)

 

0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160

C FOTDA-8, ( . %)

T,
 o C

Iso

N*

SmA*

SmC*

Cr

)

 

 4.4  (Iso N* ( ),   N SmA*  ( ), N SmC* ( ), 
SmA SmC* ( ),Sm Cr ( ))  FOTDA-4  ( ), FOTDA-5 ( ), FOTDA-6 ( ), FOTDA-7 ( ), 
FOTDA-8 ( )  75 
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0 5 10 15 20 25 30 35 40
0

20

40

60

80

100

120

140

160

T,
 (o C

)

C FOTDA-6, ( . %)

IsoN*

SmA*

SmC*

Cr

)

 
 4.5 ,  FOTDA-n  

75,  17,0 . % R-FOTDA-6 

122,0 º  
-

 (  
)  

00 00 

121,3 º  
-

 

00 

101,5 º  
 Sm * 

00 

115,0 º  
-

 Sm * 

00 

86,6  

 
Sm *  
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 Sm  ( . 4.6 ( )).  

 Sm *   

. 4.6 ( )). 

           
    

 4.6 ,  24  %  
FOTDA-6  75.  
Sm  114,3  ( ),  Sm *  88,6  ( ) 

 SmC*,  

,  

 FOTDA-n  75 .  5.1). 

 4.4  4.7  SmC*  

 25 . %  20–80 º .  

 SmC* ,  

FOTDA–7  FOTDA–8,   

30 . % , , , 

 75. 

,  FOTDA-4–6  SmC* 

,  FOTDA–7  –8  

 SmA* SmC*. I  

. ,  

 [123], . 

», . , ,  

 ( , ) 

, , 
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. ,  

.  

 ( .  4.2.1),  

 

. 

 FOTDA-n  

 75. . 4.7 ,  

 

 75, , ,  

 FOTDA-6,  20 . %  

. ,  

,  

. 

4 5 6 7 8
0

20

40

60

80

100

120

N*

SmA*

Iso

T,
 (o C

)

n  FOTDA-n

SmC*

Cr

 
 4.7  

FOTDA-n  ~25  33 . % (  
)  81  

(n=4-8).  ( )  
 SmC*  

 75 

,  

SmC* ,  FOTDA-6 (  

 25 .%)  FOTDA-7,  –  

 FOTDA-7  FOTDA-8. 
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4.1.3   

 (R)-2,2,2- -2-  (FOTDA-Ar) 

 4.8  

 FOTDA-Ar  75.   

(FOTDA-Ar),  FOTDA-Ar . 4.8)  

,  SmC*  ( . . 4.8 

. 4.4).  SmA* SmC*  

FOTDA-Ar  FOTDA-4-6.  ,   

,  FOTDA-Ar  

. 4.8),  [17], 

. 4.9. 

 (BP)  

FOTDA-Ar  FOTDA-Ar  

,  FOTDA-n [92]. ,  

  

FOTDA-n  ( .  1.3.2).  

0 5 10 15 20 25

0

20

40

60

80

100

120

140

160

SmC

T,
 (o C

)

C TolF, ( . %)

Cr+SmC*

SmC*

N

N*

Iso

SmA*

BP

 
 4.8  (Iso BP ( ), BP N* 

), N SmA* ( ), SmA SmC*( ), SmC* Cr ( ))  
FOTDA-Ar  75  

 FOTDA-Ar -

 ( . > 60 C)  SmC* -

, , ,  75, , .  
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 4.9  (BP)  FOTDA-Ar  
 75: ) 110,8 º ,  

 FOTDA-Ar (22 . %) ) 124 º  
  

FOTDA-Ar (12 . %) 

 (FOTDA-

Ar/75), . ,  

 

 FOTDA-Ar. 

4.1.4   

 1,1,1- -2- -2-  

,  FOTDA-n,  

SR-LACTAF-5–10  75 

. 4.1, . 89); . 4.11,  -  

. 4.12. ,   20 %   

SR-LACTAF-n :  

-  Iso-  

-  SmA*  

-  SmC*  

- ,  

. 

,  FOTDA-n,  

 SR-LACTAF-5–10  

.  
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.  17  

 SmC*FI  

SmC*   [124, 125]. 

,  

 3–5 ,  

. , , ( .  1.1)  

, ,  

. 

 SS-LACTAF-6  75  

,  SR-LACTAF-6 . 4.11),  

,  

 15  % ( . 4.12). ,    SR- ,  SS-

 

 ( , . 4.12),  

 [94]. 
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 4.10  (Iso N* 

), N TGB  ( ), Iso SmA*  ( ), TGB SmA*( ), N SmC ( ), 
SmA SmC*, SmC Cr+SmC* (*))  SS-LACTAF-6 
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 4.11  SR-LACTAF-5 ( ), SR-LACTAF-6 ( ), SR-LACTAF-7 ( ), SR-LACTAF-8 
( ), SR-LACTAF-9 ( ), SR-LACTAF-10 ( )  75  (Iso N* ( ), N TGB  ( ), 
N SmA* ( ), TGB SmA*( ), N SmC* ( ), SmA SmC* ( ), SmC* Cr+SmC*(*)) 

. %) 

) ) 

) ) ) 
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 4.12 ,  SR-LACTAF  

 75,  12,2 . % SR-LACTAF-5 
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4.2  

 

 SmC*  N*  

 

 ( max; .  1.1.2.1).  (p0)  

  max  1.2 ( . 35).  

 ( )  

 

 1.1 ( . 34). 

4.2.1  -

 1,1,1- -2-  (FOTDA-n) 

. 4.13  (p0)  

 FOTDA-4–8  FOTDA-Ar  75.  

 

. ,  FOTDA-4  

 25 º  

 (  35  .  %).    

FOTDA-5   18 .%.  

,  

FOTDA-6–8,    25 º  

 (  

)             

17-18 . %.  « » 

, +50 ,   FOTDA-6 »  

 33 . %,  FOTDA-7  -8 –  22-24 .% [92, 115, 118]. 

 p0  SmC* 

 FOTDA-Ar, , 

 75 ,  
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,  

 ( . 4.13 ( )).  

 FOTDA-Ar,  FOTDA-n, 

. 

 

20 30 40 50 60 70 80 90 100

100

200

300

400

500

600

 12 . %
 18 . %
 22.3 . %
 37 . %

p 0, 
(

)

T, (oC)  
20 30 40 50 60 70 80 90 100

100

200

300

400

500

600

 9.1 mol.%
 12 mol %
 17.8 mol. %
 22 mol. %

p 0, (
)

T, (oC)  

 5.5 . %
 7.9 . %
 12.1 . %
 17.4 . %
 24.0 . %
 34.4 . %

10 20 25 30 40 50 60 70 80 90 100 110
0

100

200

300

400

500

600

700

p 0
, (

)

T, (oC)   
20 30 40 50 60 70 80 90 100

100

200

300

400
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600

 6.0 . %
 11.8 . %
 18.3 . %
 22.0 . %

p 0,(
)

T, (oC)   

20 30 40 50 60 70 80 90 100

100
130

200

300

400

500

600

 9.2 mol.%
 11.9 mol.%
 17.6 mol.%
 24.0 mol.%

p 0,(
)

T, (oC)  
20 50 55 60 65 70 75 80 85 90

150

300

350

400

450

500

550

 23,3 mol %
 17,6 mol %

p 0
, (

)

T, (oC)  
 4.13  ( 0)  FODTA-4 

(a), FODTA-5 ( ), FODTA-6 ( ), FODTA-7 ( ), FODTA-8 ( ), FODTA-Ar ( ) 
 75.  

 0,  
.  25  

 0,  

) ) 

) ) 

) ) 
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. 4.14  

 FOTDA  75.  

5 10 15 20 25 30 35 40

100

200

300

400

500

600

700

800

900

m
ax

, (
)

, (  %)

 FOTDA-4
 FOTDA-5
 FOTDA-6
 FOTDA-7
 FOTDA-8
 FOTDA-Ar

 
0 5 10 15 20 25 30 35 40

0

2

4

6

8

10

12

14  FOTDA-4
 FOTDA-5
 FOTDA-6
 FOTDA-7
 FOTDA-8
 FOTDA-Ar

1/
p 0 , 

(
-1
)

, ( . %)  
 4.14 max ( )  ( ) 

 FOTDA-n (n = 4( ),  n  =  5  ( ),  n  =  6  ( ),  n  =  7  ( ),  n  =  8  ( ),   
n = Ar ( ))  75  25 º  

, ,  

 (1/ 0, . 4.14 ( )),  

FOTDA-n . 

 FOTDA-4  

 37 . %. 

 4.1  FOTDA-n  

FOTDA-Ar  75  76 ( . 4.1, . 89). ,  

 26 (  4.1, . 1).  

 4.1 ,  26  ( . 1)  

 FOTDA-6 ( . 5) ,  

 

 ( ) . 

 FOTDA-4–8  

. ,  FOTDA-4  4.1, . 2)  

FOTDA-7 ( . 5)  2,5 .  

 FOTDA-8 ( . 6) ,  

 FOTDA-7  FOTDA-8  

. , , ,  

. 4.15,  FOTDA  

) ) 
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 75 ,  

 FOTDA-7. 

 4.1 
1 ( ) FOTDA-4–8, FOTDA-Ar, 26  75, 76 

 

  
 n  Ar e2, % 

3,4, –1 
 

75 767 
N* SmC* SmC* 

1 S-26 
(X = H, Y = CnH2n+1) 

6 >99 – +226 – 

2 R-FOTDA-n 
(X = F, Y = CnH2n+1) 

4 99,8 << 85  –18 –11 
–18 
–22 
–25 
–27 

3 5 99,2  –32 
4 6 99,9  –36 
5 7 96,2  –44 (–46) 
6 8 94,0  –45 (–47) 
7 R-FOTDA-Ar 

(X = F) 
-C6H4CH3 44,0 |31| –13 (–29) –8 (–19) 

1 , -
max (4.14 ( ))  p0 .4.13, . 103, )  25 , 

 1.1  1.2  
2  (ee)  R-35 –35 , S-47 , R-46. 
3 ,  ee 100 % ( ), 

100=100· /ee. 
4 ,  

 ( . . 142). 
5  

 (5–21 . %). 
6  11 . 
7  (  12 . %)  = 1/(p0 ). 

 4.1   

FOTDA-n  (  < 16 )  76 ( . 4.1, 

. 89).  1/p0( )  FOTDA-n ,  

 

 12 . %). ,  FOTDA-n  

76 , 

 | | ,  75. ,  
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 FOTDA-n  76  n > 8, 

, ,  

 ( .  1.3.2). 

3 4 5 6 7 8
0

10

20

30

40

, (
-1

)

n  
 4.15  ( )  

 FOTDA-n (n = 4–8)  
 75 ( )  76 ( )  

 FOTDA-Ar  75  

 SmC*  ( .  4.1.3), ,  

, 

,  

 p0 ( . 4.13 ( )), -

 25 °C (  4.1, . 7).  

 FOTDA-Ar  4.1, 

. 7)  FOTDA-n . 2-6) ,  

 

FOTDA-Ar  

 ( 10 %) 

 

FOTDA-5  4.1, . 3). 

 SmC* ,  N*  

 75 ( . 4.16) ,  

 FOTDA-Ar, . 

,  

, , 

105 110 115 120

500

600

700

800

 12 mol %

m
ax

, (
)

T, (o C)

 4.16  
max  

FOTDA-Ar -
 N*  12 

 %  75 



 107
 [126].  

 N*  FOTDA-n  ,  3 . , 

 FOTDA-Ar  N* (  4.1, . 7)  

4  FOTDA-4–8  4.1, . 2–6). 

4.2.2   

1,1,1- -2- -2-  (LACTAF-n) 

 LACTAF-n  75  

-  SmC* 

.   -

,  

 ( .  1.5, . 36). ,  

 SmC*  SmCA*  ( .  1.1.1.1).  

 

.  

 LACTAF-6,  ( .   5.1),   

,  14  % ,  

,  SmC* . 

 22  %  65 ,  29 

 %  SmCA* . 

 

. ,  

 max  ( . 4.17),  

, .  

,  

 (   10 . %),  

 LACTAF-n,  LACTAF-6 . 

. 4.17 ( ) ,  SR-LACTAF-6 

(<9 . %)  max  

SmC*,  FOTDA-n:  max 
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.  

 ( . 

 10.1, 11.9, 12.3 . %) , ,  13.4 . %,  

 SR-LACTAF-6 

. ), max . 
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m
ax

, (
)

T, (oC)

 5.5 mol%
 7.2 mol.%
 9.3 mol%
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 11.9 mol %
 12.3 mol %
 13.4 mol%
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 6,1 . %
 11,7 . %
 15,1 . %
 16,8 . %

 

m
ax

, (
)

T, (oC)  
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0

100
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 6,7 mol %
11 mol %
 15,3 mol %

m
ax

, (
)

T, (oC)  10 20 30 40 50 60 70 80 90 100
0

160
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480
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800
 5.8 . %
 9.2 . %
 12.0 . %
 13.6 . %
 18.5 . %

m
ax

, (
)

T, (oC)  

10 20 30 40 50 60 70 80
0

160

320

480

640  8.0 . %
 9.5 . %
 12.2 . %

m
ax

, (
)

T, (oC)  
 4.17  SmC*  

 SR-LACTAF-6 (a), SR-LACTAF-7 ( ),  
SR-LACTAF-8 ( ), SR-LACTAF-9 ( ), SR-LACTAF-10 ( )  75. -

,  
 

, , ,  

, ,  

) ) 

) 
) 

) 
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SR-LACTAF-7 .  11,7, 15,1, 16,8 . % . 4.17 )   

SR-LACTAF-8 ( .  11,0  15,3 . % . 4.17 ( )).  

 4.17,  SR-LACTAF-6 (a)  SR-LACTAF-7 ( ), 

,  

 ( max = 544  9-10 .% . 4.17 ( )),  

 11.9-12.3 . %  675-700 .  

 SR-LACTAF-n, .  

,  

 LACTAF-n, :  

 

. ,  13,7 . % SR-LACTAF-6  75 

  SmC* ( . 4.18 ( ))   70  

 ( . 4.18 ( )),  

 ( . 4.18 ( )),  60 max . 

   
( ) ( ) ( ) 

 4.18  13,7 . % SR-LACTAF-6  
75 :  

 schlieren  SmC*, max; 
: 119,3 °  ( ), 69,7 °  (b), 60,3 °  ( ) 

  

SR-LACTAF  ,  

, . ,  

 SR-LACTAF-6  12,3 . % ( . 4.17 

( )), SR-LACTAF-7 – 16,8 . % ( . 4.17 ( )), SR-LACTAF-8 – 15,3 . % 

. 4.17 ( )). , SR-LACTAF-9,  -10,  

,  
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max (>200 ). , ,  

 SR-LACTAF  

. 

 SS-LACTAF-6  

 75,  SR-LACTAF-5,  

,  50 ° ,  

max .  12 . % SS-LACTAF-6  75 

 70 ° ,  

. 

,  (SR-LACTAF-6, 7) 

 (SR-LACTAF-5, SS-LACTAF-6)  

 LACTAF max  

, .  

, .  

 

 ( -  ( .  1.1), , 

, ,  ( . 4.12). -

 

 127 . ,  

 LACTAF,  

. ,  

.  

,  SR-LACTAF-6, 

,  SmC* 

,  1.2  max  

 13.4 . % . , . 4.19  

 

,  

 = 1/ 0 . 
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, , ( , 1/p0), 

, ,  

 SR-LACTAF-6  FOTDA-6,  

.  

 ( . 4.19), ,  

 (5-6 . %),  FOTDA, 

 

 (  10 %).  
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, (

0-1
), 

-1

 ( ), .% 
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,

(
0

)-1
, 

-1

 
 4.19  ( , ( ))  (p0

-1)  ( , ) 
,  (1/p0C)  

 SR-LACTAF-6  75 

 

 SR-LACTAF . , ,  

 « »  – 

 

.  4.17 ,  

SR-LACTAF-9  -10  

,  50 . 

, ,  

  12 .%! ,  FOTDA-n,   n  =  7,  

 22 .% ( . 4.13, 

. 103), ,  SR-LACTAF-9  -10. 
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4.2.3  

,  

, ,  

,  

, , , ,  

,  

,  

:  

,  

 [85, 86, 128] ( . 4.20),  [87]. 

   
 4.20  

 ( )   ( )  
 

, ,  

 « »  

 

,  

.  

,  

SmC* .  

 

, , ,  

FOTDA-n (  4.1, . 4.1). 

 FOTDA-n  

 (75)  (76)  

 
 ) ) 
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 FOTDA-n  76,  

,  

, , , 

 

FOTDA-n  SR-LACTAF  ( . . 4.4,  4.11). 

 FOTDA-n  FOTDA-Ar.  4.1, 

. 105) ,  SmC*  FOTDA-Ar  

, FOTDA-5,  

 ( . 4.21). 

 
 4.21  

FOTDA-5  FOTDA-Ar 

,  

 Sm *, 

 N*, ,  

 ( ),  

. ,  

 

.  

 FOTDA-Ar, ,  FOTDA-n, 

 «  

»,  ( . 4.22). ,  

FOTDA-Ar  ,  

.  

, ,  « » 

. 

 SmC*,  N*  

 « » 
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. , ,  

,  

, . 

 FOTDA-Ar  FOTDA-n  N*  (  4.1, . 105) 

:   

 FOTDA-n  FOTDA-Ar  

 N*,  SmC*  

 ( . ). 

 
 4.22  FOTDA-n  FOTDA-Ar.  

 
FOTDA-n  TolF  

 « »  

,  

 26  ( .  1.2 . 1 . 53),  

,  FOTDA-6 , 

, ,  

 26  (FOTDA-6)  

.  

 FOTDA-4–8,  

 75  76  
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 FOTDA-7. , , 

,  

 FOTDA-7. 

 

 

,  FOTDA-n  FOTDA-Ar,  

 N . ,  

.  

 FOTDA-Ar. 

,   

FOTDA-Ar, , ,  

 ( .  3.1.3) 

 ( .  

4.1.3) . 

 SR-LACTAF-6–10, 

.  

, , ,   

(9-  10- ) , ,  FOTDA-n.  

,  

:  

 ( . .4.20 

. 112).  SR-LACTAF-n 

,  

» ,  

FOTDA-n. ,  

  .  

 SS-LACTAF-n,  

 

. 
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,  

,  

 SR-LACTAF-6–8, ,  Sm *, -

 ( ) , -

 ( . 4.12, . 101), , , 

 ( .  5.2).  

 [73, 129],  Sm *   Sm A* 

 

 ( .  1.1).  

,  Sm *   Sm A* . ,  

 SR-LACTAF-n  

:  

  

  

 

,  

 ( . . 4.17, 

. 108), ,  129 -

 SmCA* . 

 4 

1. ,  

 FOTDA-n  

 

 SmC* . 

 FOTDA-n   

(n = 4–6)  25 .%  

.  

FOTDA-n  

 75 . 
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2.  SR-LACTAF-n  SS-LACTAF-6,  

 FOTDA-n, 

 

SmC* .  

- (SmC*FI)  (SmC* ), 

. 

3.  FOTDA-Ar,  

,  (  40  60 )  

 

. 

4.   

. ,  

 FOTDA-n  

, .  

,  

 

 FOTDA-n  FOTDA-Ar  

 

.  

5.  SR-LACTAF-n  

,  n = 9, 10  

FOTDA-n, ,  

. 

6. , ,  

 

  1,1,1- -2-  

(FOTDA-7).  

 22 .%.  

 [92, 94, 

115, 118, 124, 125] 
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 5  

5.1   

 1,1,1- -2-  

 DHF 

 

 DHF  

 

, . 

 

 FOTDA  75  12 . %),  

,  

 

, . 

 SmC*,  

,  

 FOTDA-n  75.  

5.1, 5.2  FOTDA-6  FOTDA-7.  

 

.  V-  

 33%  FOTDA-7/75  « »  V- ,  

, ( . 5.3 ( )). 

     
 f = 10  f = 60  f = 180  

 5.1  (V)  24  %  FODTA-6  
 75.  1.7  

 27 C 
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 5.2  (V)  33  %  FOTDA-7  
 75,  f = 2  

19 Vpp (a)  12Vpp ( )  1.75 ,  
 27  

 S-  2  

100  ( . 5.3 ( )), 

 SmC*. 

             
          

 5.3  V- ( )   
S-  ( ) ,  33  % FOTDA-7  75 

. 5.4  (Ps)  

 ( )  

 FOTDA-4–8  75  12 . %. 

. 5.4,  Ps  

 FOTDA-n ,  

 50 º   

T=50 °C) . ,  FOTDA-n  

 75  PS   

 ( . 5.5 ( , )). 

,    FOTDA-n  

 ( . 5.5 ( )), , , ,  

 R-FOTDA-8,  ,   

 R-FOTDA-4). 

f = 2 Hz, 
V-shape mode 

f = 2 Hz, 
S-shape mode 

f = 100 Hz, 
S-shape mode 
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 5.4  ( ) Ps, ( ) , ( )  ( ) ( r)  

 12 . %  FOTDA-4 ( ), FOTDA-5 ( ), 
FOTDA-6 ( ), FOTDA-7 ( ), FOTDA-8 ( )  75 

,  

, FOTDA-6–8,  75  

 PS  , ,  

 ( .  4.1, . 4–6, . 105). 
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 33 . % FOTDA-7  FOTDA-8.  
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  ( . . 4.4  4.7, . 96)  

. 

 
10 20 30 40 50 60 70 80

0
20
40
60
80

100
120
140
160

Ps
, (

/
2 )

T, (oC)         
10 20 30 40 50 60 70 80 90 100

0

5

10

15

20

25

30

35

o

T, (oC)  
   

 5.6  ( )  (Ps)  ( )  
 ( )  

33 . %  FOTDA-7 )  FOTDA-8  75 

 5.1  

   FOTDA-4–8  75. 

 5.1 

 FOTDA-n  751) 

  , . 
% PS

2), 2 , , º p0
2),  

1 FOTDA-4 12 76 3,14) 32 454 
2 FOTDA-5 12 77 1,94) 30 262 
3 

FOTDA-6 
12 71 1,34) 30 248 

4 24 111 – 36 118 
5 33 –3) 7,95) 37 85 
6 FOTDA-7 12 79 1,44) 31 191 
7 33 112 4,75) 34 65 
8 FOTDA-8 12 69 0,84) 30 183 
9 33 130 4,44)/4,85) 30 64 

1)  25 º . 
2)   100 %;     

 ( .  , 3.2 . 74). 
3) PS . 
4) : 

 = PSE/1,8 30 . 
5)  DHF 30 : r =  p0

2/2 K sin2 ,  
K  = 2,4·10-11  [130]. 

 1.6 ( . 40) -

 PS  SSFLC ( .  1.2.1),  

 (  5.1, .1-3, 6, 8, 9). -
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 (  c =  33 . %) -

 (  

PS     Vc , . . 1.15, . 45),  

  1.7 ( . 41)  

 DHF (  5.1 . 5, 7, 9).  5.1 ( . 9), 

 , , .  

 FOTDA  

   

 5.1), , , ,  FOTDA-8 

.  8),  ,   FOTDA-4 . 1),   

 FOTDA-7 . 7) i FOTDA-8 ( . 9) off,  

 (  4.1, . 105),  ( . 5.7). 

6 7 8

40

60

80

100

120

0.
1-

0.
9 (

)

n

 on

 off

0

2

4

6

8

10

12

 

 , 
(

)

 
 5.7  ( on)  ( off)   DHF 

)  ( )  
 FOTDA-6–8  33 . %  

 75  25 º  

 

 [131, 132],  

 [83, 133],  

 [134].  

, ,  

 p0  . 

, ,   p0  

. 
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,  ( , PS, , off)  

 FOTDA-7 i FOTDA-8. 

,  

. 

 FOTDA-n  

 

,  

. , . 5.8 ,  

p0  FOTDA-4  FOTDA-7  

.  

             

p0 = 218   p0 = 118   p0  85   p0  65   p0  64  

 5.8  
 (  75)  1,7 : ( ) 

25 . % FOTDA-4, ( ) 24 . % FOTDA-6, ( ) 33 . % FOTDA-6, ( ) 
33 . % FOTDA-7,  ( ) 33 . % FOTDA-8;  
80  80 , 25 º ,    

 PMDA-ODA 

 FOTDA-6  24 . %  33 . % 

,  

 ( .  5.8  ( )  ( )).  

 ( .  

. 4.7)  FOTDA-6  75  

 33 .%. ,  

, ,  

. 

. 5.9  

 33 . % FOTDA-7  75 ( )  

 ( ). 

( )  ( )  ( )  ( )  ( )  
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 5.9 ,  
 DHF- ,  33 % FOTDA-7  

 75,  ( ),  
 ( ) ( );  0.1-0.9on  0.1-0.9off  

 FOTDA-7 ( ) 

 5.9, ,  

 FOTDA-7  ( ) 1500:1  

 1 . (  = max/Tmin, . 5.9 ( )).  0.1-0.9off  

 50  (  5.9 ( )). ,  

 FOTDA-7  

, , , 

. 

, ( .  1.2.5)  DHF ,  

 (Vop)  

(Vc).  0.1-0.9on  0.1-0.9off  

 (Vop,  5.9 ( )).  

,  

FODTA-n,  

V-  DHF,  

   33 . % FOTDA-7  75 ( . 5.10). 

. 5.10,  V-  
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 5.10  

 V-  DHF ,  
 33 . % FOTDA-7  75  23 C 

 FOTDA-7  FOTDA-8  

,  1.7 ( . 41), . 

, .  

,  SSFLC  V-  

 fi, , .  

, ,  FOTDA-7  -8, 

 

 (  DHF-  

),  

,  N* , -

.  

 

, . 
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5.2  DHAFLC  U-  

,  FOTDA  LACTAF 

 ( )  

 

 [30, 135–138].  

,  25  [139–141], 

 [30]. 

,  –  

,  W-  

 « » – ,  

 [30, 142]. 

,  

SSFLC ,  – ,  

 [30, 135, 137, 138]. ,  

0  1 µm [137]  

 SSFLC . 

,  

DHFLC [5] , ,  

.  

 

 (FOTDA-n  LACTAF-n),  

 (LACTAF-n)  

 DHAFLC .  

,  

,  

 

, ,  

 PS ,  FOTDA-n  LACTAF-n, 

. ,  
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 LACTAF-n  

 25  % . 

 

, , 

,  

 

.  

 S-FOTDA-6  SR-LACTAF-6   

 5.2. 

 5.2 

 S-FOTDA-6  SR-LACTAF-6  
 75  

  ( ) , .% Ps, 2 

1 SR-LACTAF-6 24 111 

2 SR-LACTAF-6 15.0 200 

3    389 

 S-FOTDA-6 20.5 

 SR-LACTAF-6 15.4 

4    70 

 S-FOTDA-6 21.0 

 SS-LACTAF-6 15.6 

 
 5.2 ,  S-FOTDA-6  

SR-LACTAF-6 ,  

,  S-FOTDA-6  SS  

LACTAF-6  PS ,  

S-FOTDA-6. , ,  

 S-FOTDA-6  SR-LACTAF-6 . 

,  

 S-FOTDA-6   
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SR-LACTAF-6  4:3 (  3, . 5.2),   

 75  

 36 . %.  5.11.  
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 5.11  S-FOTDA-6/SR-LACTAF-6 (3:4)  
 75;  SmCFI* -SmCA*  

 ( ). - (1)  (2) 
 schlieren  (3) –

 36 . %  S-FOTDA-6/SR-LACTAF-6 (3:4)   
 75.  64.2 C,  

, 87-88 . ( ) 

 (S-FOTDA-6/SR-LACTAF-6/75), 

 

 S-FOTDA-6/SR-LACTAF-6 15 . %.  

,  

 

 15.5  36 .% ( . . 5.12).  

 36  .  %  S-FOTDA-6/SR-LACTAF-6  

 PS  400 2.  

, ,  

. 

,  SR-LACTAF-6 ,  

 (7 .%),  15 . %, 

 ( .  4.1.4). 

2 

3 
1 
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,  

»  –  
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 5.12  ( )  ( )  
 

36 . %  S-FOTDA-6/SR-LACTAF-6  3:4  75. 
 1.7  
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  ( . 

. 5.13), , , 

 ( on)  ( off).  

 ( ) off = r.  

.   

,  

. ,    

, .  

 
 5.13 on off   

 36,0 . % S-FOTDA-6/SR-LACTAF-6  
 75  T=30 °C, 

 =0, =632,8  f=100   

, ,  5.3 

 5.3 
,  0  
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r
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,  60 °  
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 45 ,  39–40 ,  

. 

,  S-FOTDA-6  SR-LACTAF-6, 

 

,  PS   

,  

. 

5.3  

 5.4  

 FOTDA  LACTAF: ,  R-FOTDA-7  SR-LACTAF-9. 

 5.4 

 R-FOTDA-7  SR-LACTAF-9  75 

  
  , –1 PS/ , /( 2 . %) ,  off,  

1 R-FOTDA-7 46 6,2 1,41)–4,72) 432) 

2 SR-LACTAF-9 >90 10,1 2,1 25 
1)  = 12 . %. 
2)  = 33 . %. 
3)  35 º . 
4)  50 º . 

 5.4 ,  

 ( , PS/ ; .  

1.3.2)  SR-LACTAF-9 ( .  2).  ,   

 ( , off),  SR-

LACTAF-9 . ,  

  

SR-LACTAF-9  

,   

R-FOTDA-7  ( . 5.16 ( )). 

SR-LACTAF-9 R-FOTDA-7 
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,  R-FOTDA-7,  

 

.  4.1.2),  SR-LACTAF-9 .  

, ,  off (  5.4, . 2),  

 SR-LACTAF-9   25 º , ,  

, ,  

 SmC Cr.  

 ( . 5.16 ( )), 

,  

, .  

off:  

. ,  R-FOTDA-7  

 25 º  ( . 1) ,  SR-LACTAF-9  35 º , 

, , . 
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C, . %
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T, °C  

  
 5.16 .  R-FOTDA-7 )    

SR-LACTAF-9 )  25 º  ( ),  
 ( )  12  %  ( )  75 

 LACTAF,  

 ( , PS/ ) ,  

,  

, .  

 LACTAF -

,  77.  
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.  ( .  4.1.1)  

 26 

,  

. ,  

,  34 

. ,  

  

 

,  

. 

 
 

R =  
 

 

 38*, :  

 (  

)  ( ,  5.1) 143–148  

 149–152  ( ,  5.1).  

 
 5.1 

 38* , 

 

 149, 153–155 .  38  

 78 (  5.2, ) 

145  3,3- -1,1,1-  79 (  5.2, ) 

38* 38 

77 



 135
156 . ,  38  

 5.2 ( )  79,  

. 

 
 5.2 

 148  38  

 80  

 S-81.  

 38:  

 80 . 

,  38  

 

 ( .  3.1.1). , ,  

 38  

80 

38 

78 

82 

SR-84e 

83 

79 

SS-84e 38 

81 

R-35e 
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 77.  

 38  82  83,  

 S-35  

.  3.3). . 5.17  84. 

,  

 

SR-84   SS-84 .  

 

 SR-84   SS-84 . 

 
 5.17 ,  

 (  Ascentis Si, 4,6×250 , 5 ;  8 % 
),  84 

 38   90 %  

 R,R-  S,S-2- -1- -1,3-  86 (  5.3) 144 , 

 38*  

 86. ,  ( .  4.2.1), 

 

,  

 99 %. 

 147, 148 ,  

 38*  R-  S-1- -

, ,  R-38   ( 95 %)  

, . 

 S-38   68 % . 
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,  

 S-38,  

, ,  

,  

 38  (S)- -  

, . 

, ,  Phenomenex 

Lux® Amylose-1 250 x 4.6  5 ,  

. , 

 

 85  86.  

 S-38  [157]. 

*

*

 
 5.3 

,  38, 

 77,  

,  

 

. 

, , ,  

 (30-35 )  22.5  

 ESHFLC , , ~40  DHFLC. ,  

, , 

 ( , PS, )  

. 

86 85 81 

38* 
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 5 

1.   1,1,1-

-2-  

,  

 (1:1500), 

 ( 20–40 ), ,  

. 

2. ,  

1,1,1- -2-  1,1,1- -2- -2-  

 15 . % -  

 

 100 –1. ,  

. 

3. , 

 

,   R-FOTDA-7  SR-LACTAF-9.  

 

 R-FOTDA-7,  

 SR-LACTAF-9)  

. 

4. (R)-  (S)- ,  

,  

 

.  rac-38  (S)- -

 (R)- , ,  

 (S)-38.  

 S,S-2- -1- -1,3-  

.  

 [92, 94, 

115, 118, 124, 125] 
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 6  

6.1  

1H  Varian VX-200 (200 ) 

 Varian MR-400 (400 )   CDCl3  DMSO-d6;  

 [158]. 

 Varian 

1200L GC-MS, , 70 . 

,  

 Bischoff  

 Lambda 1010  «Prontosil 

120-5-C18H» (4,0 250 )  ( )  (  

 

)  «Ascentis Si» (4,6×250 , 5 )  

 ( )  (  

). 

-4. 

 Agilent 7890A GC System,  

 HP-5 (5 % , 30 ×0,32 ×0,25 ).  

 Agilent 7890A GC System  Agilent 5975C inert MSD, 

 DB-5HT (5 % , 10 ×0,25 ×0,1 ). 

, , , , 

N,N  ( ), N,N'  ( ),  

(S)- , KOH, KHSO4, CaCl2 ( ), Lipase MY, LiOH, ,  

(R)- -(  ((R)-MTPA), NaOH, 

 (SDS), Na2SO4 ( ), , 10% Pd/ , 

PdCl2dppf· H2Cl2, SOCl2, ,  (TBAF), –

 (TBDMS-Cl),  (PTSA), AlCl3 

), 3,3- -1,1,1- -2- , (S)-1- , (S,S)-2- -

-1- -1,3- , (S)- , ,  
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(96%), , , CS2,   

 

. 

 KOH  

.  

 CaCl2 .  

 Na . 

 CuCl,  KOH,  

KOH, . 

 NaOH  NaOH 

. 

,  

 ( )  

 ( )  

. ,  

, ,  

,  

, , ,  

,  

.  

 5 . . .) ,  

. 

 

.  « »  17, 

18 ,  

.  

, ,  

, ,  

.  

 15-20 .  
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,  

i  Polam P-111.  

,  

, , 

. 

,  

 R-FOTDA-4–8, FOTDA-Ar, SR-LACTAF-5–10,  

SS- LACTAF-6  75 ( . 89),  

, . 6.1,  Polam P-111, 

 Ocean Optics USB 

4000. .  

 
 6.1  

max 

 ( max)  

 C* . 

 5 %  

,  20  150 ° ,  

,  

 15 ,  15–20 .  

 

. ,  

, ,  

max   [39, 40] ( .  

 

 

 

 

 
 

 

 ptics 
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. 6.1) ,  

. 6.2). max  

,  1.2 ( . 35).  

 75 n  1,6;  76 

– n  = 1,5.  p0 < 130  

 Origin®. 
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on

, A
U

, nm

 68.8 oC,  = 80o

 72.8 oC,  = 80o

 75.6 oC,  = 80o

 79.4 oC,  = 90o

 79.4 oC,  = 80o

 
 6.2  (  

)  ( )  
,  

 

,  FOTDA  LACTAF  

 26 .  

 30, 

78 .  FOTDA-n  LACTAF-n  10 . % 

 26 , ,  

,   26 . 

6.2  (R-35, S-35, R-46) 

6.2.1  1,1,1- -2-  

.  (500 )  

 (1140 )  

(165 ). .  
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-

 54 ° .  

  ,  CaCl2  

, ,  60–60,5 ° . 

 60 %. 

 (rac-35).  

,  

 34,6  Mg (1,43 )  I2.  

,  284  

 50 

(1,42 ).  

 1- ,  3    

.  

 3 ,  

, 1  67,6  (0,57 ) 

 25 ° .  

 

 (50–51 ° ).  

  ,  3 ,  

,  (100 .),  

NH4Cl (20  200 ) . HCl (50 ). , 

 (3 100 ), , 

,  Na2SO4  

. ,  rac-35  

. 

1,1,1- -2-  (rac-35 ). 86 %.  48–49°  (12 . .). 
1H   (200  M ,  -d6):   0,84  (3 ,  ,  J = 6,75 ), 1,59–1,10 (6 , ), 

 3,94–3,68 (1 , ), 6.00 (1H, d, J = 6,9 ). 

 (DEP, 70 eV): m/z 138 (2,5), 123(1,8), 87 (35), 69 (100). 
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1,1,1- -2-  (rac-35 ). 95 %.  54–55°  (15 . .). 
1H   (200  ,  -d6):   0,84  (3 ,  ,  J = 6,55 ), 1,62–1,05 (8 , ), 

 3,94–3,67 (1 , ), 6,00 (1H, , J = 6,8 ). 

 (DEP, 70 ): m/z 152 (1,3), 123 (9,3), 103 (10), 56 (100). 

1,1,1- -2-  (rac-35 ).  76 %.  65–67°  (12 . .). 
1H  (200 , -d6):  0,88 (3 , , J = 6,70 ), 1,67–1,08 (10 , ), 

 3,95–3,72 (1 , ), 6,02 (1H, , J = 6,9 ). 

 (DEP, 70 ): m/z 166 (0,7), 138 (0,6), 97 (8), 70 (100). 

1,1,1- -2-  (rac-35 ).  79 %.  70–72 °  (15 . .). 
1H  (200 , -d6):  0,88 (3 , , J = 6,65 ), 1,67–1,10 (12 , ),  

3,94–3,71 (1 , ), 6,02 (1H, , J = 6,9 ). 

 (DEP, 70 ): m/z 180 (10), 152 (2,5), 138 (42), 69 (100). 

1,1,1- -2-  (rac-35 ).  82 %.  93–95°  (15 . . .). 
1H  (200 , -d6):  0,87 (3 , , J = 6,68 ), 1,67–1,09 (14 , ),  

3,96–3,71 (1 , ), 6,02 (1H, , J = 6,9 ). 

1,1,1- -2-  (rac-35 ).  88%.  116-120°  (15 . .). 
1H  (200 , -d6):  0,88 (3 , , J = 6,66 ), 1,64–1,03 (16 , ),  

4,06–3,81 (1 , ), 6,02 (1H, , J = 6,8 ). 

 

(rac-53, rac-56).  0,3  rac-35  (51,1 , 0,45 , 

1,5 .)  (200 )  

 0 °C, ,  30  

(50,8 , 0,45 , 1,5 .)  10 °C  2 , 

 HCl. , 

 (3×70 ). , 

 1  HCl (2×30 ) , . 

Na2SO4, , . 

(1,1,1- -2- )-2-  (rac-53 ).  79 %.  95–96 °  

(15 . . .). 
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1H NMR (200 , -d6):  0,92 (3H, , J = 6,85 ), 1,15–1,94 (6H, ), 4,62 

(2H, ), 5,34–5,67 (1H, ). 

 (DEP, 70 ): m/z 203 (10,3), 183 (12,5), 155 (10), 95 (100). 

(1,1,1- -2- )-2-  (rac-53 ).   78 %.  98–100 °  

(12 . . .). 
1H NMR (200 , -d6):   0,91  (3H,  ,  J= 6,90 ), 1,16–1,93 (8H, ), 4,58 

(2H, c), 5,36–5,59 (1H, ). 

 (DEP, 70 ): m/z 203 (10,3), 183 (12,5), 155 (10), 95 (100), 56 (100). 

(1,1,1- -2- )-2-  (rac-53 ).   82  %.   100–101 °  

(12 . . .). 
1H NMR (200  ,  -d6):   0,93  (3H,  ,  J= 6,80 ), 1,15–1,95 (10H, ), 4,61 

(2H, c), 5,38–5,61 (1H, ). 

 (DEP, 70 ): m/z 211 (10,2), 183 (3,5), 166 (1,5), 70 (100). 

(1,1,1- -2- )-2-  (rac-53 ).  81 %.  120–122 °  

(15 . . .). 
1H NMR (200  ,  -d6):   0,91  (3H,  ,  J= 6,50 ), 1,13–1,87 (12H, ), 4,62 

(2H, c), 5,41–5,64 (1H, ). 

 (DEP, 70 ): m/z 225 (7), 231 (10), 197 (1,5), 70 (100). 

(1,1,1- -2- )-2-  (rac-53 ).  79 %.  132–135 °  

(15 . . .). 

(1,1,1- -2- )-2-  (rac-53 ).  76 %.  

 158–160 °  (15 . . .). 

(2,2,2- -1- )-2-  (rac-56).  71%.  120–125 °  

(12 . . .).  94 % (GC-MS).  (GC-MS): 266 (M+). 

 (R)-1,1,1- -2-  (R-35).  

 37 °C  (pH 7,28)  0,025  Lipase 

MY.  15 ,  rac-53 (0,22 ). -

,  30 -

.  rac-32  40 %  

,  
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. ,  

(3×60 ).  HCl 

(50 ),  (50 ), . 

. Na2SO4 .  

,  R-35  

. 

(R)-1,1,1- -2-  (R-35 ).  70%. [ ]D
25 + 23,6 (  0,154 MeOH). 

(R)-1,1,1- -2-  (R-35 ).  68%. [ ]D
25 + 24,0 (  0.157 MeOH). 

(R)-1,1,1- -2-  (R-35 ).  66%. [ ]D
25 + 25,0 (  0.168 MeOH). 

(R)-1,1,1- -2-  (R-35 ).  60%. [ ]D
25 + 25,1 (  0,159 MeOH). 

(R)-1,1,1- -2-  (R-35 ).  61 %. [ ]D
25 + 25,0 (  0,151 MeOH). 

(R)-1,1,1- -2-  (R-35 ).  62 %. [ ]D
25 + 23,0 (  0,141 MeOH). 

 (R)-1,1,1- -

-2-  (R-35 –35 ). (R)-1,1,1- -2-  R-35 –35   

 

, ,  ,  

 53 –53    85 %.  

   R-35 –35  . 

 (S)-1,1,1- -2-   

(S-53).  700  7,28  38 °  

100  Lipase MY.  15 . -

 ( .  

 R-35,).  

37 ° , , 4 ,  

,  30%  

53.  100  Lipase MY.  

,  (~100 )  

 HCl. ,  – -

 (3×25 ).  

,  Na2SO4 .  
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, 

.  

 (20 . .), 

 S-53 . 

(S)-(1,1,1- -2- )-2-  (S-53 ).  48 %.  95–96 °  

(12 . . ). 

(S)-(1,1,1- -2- )-2-  (S-53 ).  50 %.  98–100 °  

(12 . . ). 

(S)-(1,1,1- -2- )-2-  (S-53 ).  51 %.  100–101 °  

(12 . . ). 

(S)-(1,1,1- -2- )-2-  (S-53 ).  47 %.  110–111 °  

(12 . . ). 

 (S)-1,1,1- -2-  (S-35). 0,23  

 S-53  (51,1 , 0,91 , 4 .)  

 (400 )  (160 ).  

 3 , ,  (500 ) 

 (100 ),  

(3×50 ), ,  CaCl2  

.  

,  S-35 . 

(S)-1,1,1- -2-  (S-35 ).  70 % (25 % , 

 rac-35 ).  49–51 °  (15 . . .). [ ]D
25 –29,1 (  0,155 MeOH). 

(S)-1,1,1- -2-  (S-35 ).  74  %  (24  %  ,  

 rac-35 ).  54–55 °  (15 . . .). [ ]D
25 –30,3 (  0,167 MeOH). 

(S)-1,1,1- -2-  (S-35 ).  78 % (27 % , 

 rac-35 ).  58–59 °  (15 . . .). [ ]D
25 –28,0 (  0,207 MeOH). 

(S)-1,1,1- -2-  (S-35 ).  68 % (23 % , 

 rac-35 ).  58–59 °  (15 . . .). [ ]D
25 –28,2 (  0,170 MeOH). 
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6.2.2  (R)- 2,2,2- -1-  (R-46) 

.  (50 )  

 (150 )  

 (17 ).  

. -

 62,3 ° .  

,  CaCl2  

 P2O5 , ,  

 72,5 ° .  52 %. 

 2,2,2- -1-  (rac-46).  

 2,4  Mg.  

  Mg  ,  45  

  (54, 19,2 )  

 (45 ),  

 54  ~3 . . 

 (55)  

 

,  

 (11,8 )  (290 ).  

 –80 °    

 –75 ° ,  

 –70 °  1 ,  

.  (30 )  

 NH4Cl (10  100 ) . HCl (25 ).  

,  –  (2 50 ),  

, , . 

Na2SO4 . ,  

 .  77 %.  92–97 ° .  

(GC-MS): 176 (M+). 
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(R)-2,2,2- -1-  (R-46).  

rac-56 , ,  

  Lipase MY.  

, : 3 % .  77 %.  

]D
25 -31,8 (  0,101 MeOH). 1H  NMR  (200  ,  CDCl3):  2,38 (3H, c), 2,55–2,74 

(1H, c), 4,98 (1H,  J= 6,65 ), 7,22 (2H,  J= 7,90 ), 7,36 (2H,  J= 7,90 ). 

6.2.3  

l , d- ,  2,2,2- -1-  (45), (±)-2- -

 (rac-47), d-/l  (43)  1- -2-  (48)  

. 

N- -l-  (39).  1,8  

(11 ) l  20 ,  

 1,6  (11 ) .  15 .   

 30  1,7  (14 ) .  

, ,  

 30 ,  2 . . ,  

, ,  (2×10 )  

.  1,9  (67 %).  (DEP, 

70 ): m/z 261 (M+) (1,0), 148 (100). 

N- -l-  (40). l  (1,9  

NaOH  250 ),  5 ° ,  20  

 1,7  (15 ) .  

 4 ,  

 100  1  HCl. , , ,  

(3×10 ) .  3  

(73 %).  (DEP, 70 eV): m/z 269 (M+) (1.5), 179 (100). 

N- -d-  (50).  2,5  (14 ) d-  

(1,78  NaOH/230  H2O/20  Et2O)  3 ° ,  

 20  1,8  (15,4 ) . 
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 3  100  1  HCl. , 

, ,  (3×10 )  

.  0,8  (25 %).  (DEP, 

70 eV): m/z 179 (2), 105 (100). 

l-  (51).  

 (200 )  12,9  (87 , 1,5 .)  

, 9,1  (58 , 1 .) l  1,2  (11,6 , 0,2 .) 

. ,  10  

 8,8  (87 , 1,5 .) .  

,  100  

 200 . ,  –  

 (2 100 ), ,  

 Na2SO4,    

.  50  CCl4,  

, .  

.  8,8  (50 %).  109–110 °C ( . 108–109 °C 

[159]).  1H (200 , -d6):  11,06–8,32 ( , 1H), 7,92 ( , 1 ), 7,67 ( , 1 ), 7,56 

, 2 ), 4,98 ( , 1 , J1 = 4,2 , J2 = 10,8 ), 2,23 ( , 1H), 1,99 ( , 1H), 1,71 ( , 2H), 1.51 

, 2H), 1,24–0,96( , 3 ), 0.94 ( , 3 , J = 6,5  ), 0.90 ( , 3H, J = 7,2 ), 0,83 ( , 3H, 

J = 6,9 ).  (DEP, 70 ): m/z 305 (M+) (0,1), 166 (35), (149) (100), 138 (44). 

 l-  (  

).  1  

 (0,100 ), 

, l  (0,043 , 0,140 , 1,4 .) –  

 (0,005 , 0,044 , 0,44 .).  0 °  

 

(0,030 , 0,140 , 1,4 .)  2 .  

,  
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 N,  

. 

 R-35 , S-35  ( ). 

 l  

, ,  R-44 , S-44 . 

(R)-1,1,1- -2-  l  (R-44 ). 1H  (200 , 

-d6):  0,67–0,95 (13H, ), 0,95–1,13 (2H, ), 1,14–1,54 (10H, ), 1,58–1,74 

(2H, ), 1,74–1,95 (3H, ), 1,96–2,11 (1H, ), 4,8 (1H, , J1 = 6,6 , J2 = 4,2 ), 

5,51–5,72 (1H, ), 7,73 (4H, ). 

 (DEP, 70 ): m/z 471 ( +) (9), 333 (79), 315 (30), 149 (100), 138 (90). 

(S)-1,1,1- -2-  l  (S-44 ). 1H NMR (200 , 

-d6):  0,70–0,94 (12H, ), 0,98–1,22 (3H, ), 1,24–1,57 (10H, ), 1,58–1,73 

(2H, ), 1,74–1,97 (3H, ), 1,97–2,11 (1H, ), 4,8 (1H, , J1 = 6,6 , J2 = 4,3 ), 

5,50–5,71 (1H, ), 7,73 (4H, ). 

 (DEP, 70 ): m/z 471 ( +) (35), 333 (71), 315 (72), 149 (100), 138 (81). 

 (S)-1,1,1- -2-  

(S-35 )  (R)-  (R-35 ) . 

 S-35  (mS=34,46 )  

 25 .  

 (R-35 ) (mR1=0,2052 , mR2=0,1912 

, mR3=0,2179 ).  

 vS1=0,373 , vS2=0,346 

, vS3=0,395 . . 

.  

 10 . 

 6.1,  –  

 6.2. : 

iX – ; iX –  

; X – ; n – , i –  

; 
xS – ,  [160]: 
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)1(
)( 2

nn
XX

S
i

x , (6.1) 

– ,  
x

St  [160],  t  – -
 C  ( 3,4t  21nf  

 95,0P ). 
 

 6.1 
 

 iX , % iX , % X , % xS   
1 0,25; 0,24; 0,21 0,23 

0,23 0,01 0,23±0,04 2 0,21; 0,25; 0,25 0,24 

3 0,21; 0,23; 0,19 0,21 
 

 6.2 
 

 iX , % iX , % X , % xS   
1 0,42; 0,42; 0,42 0,42 

0,39 0,05 0,39±0,23 2 0,42; 0,49; 0,49 0,47 
3 0,29; 0,29; 0,28 0,29 

6.3 (R)-3,3,3- -2-  

 3,3,3- -2-  (38).    

 NaOH (23,0 , 0,576  57 ) ,  1 . 

 28,63  (0,144 )  79,  20 .  

 3 .,  30 %. l.  

,  –  (3 75 ).  

 (2 50 ),  

.  50  

20 . .  

,  (2 10 ), . 

: 13,15  (63 %) 1  (200 , CD3OD):  4,56 (1 , , J = 7,7 ). 

. 
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 2-(4- )-3,3,3- ).  

 2  38 (1,2 , 8,34 )  20  

  

2–5   82 (2,014 , 9,18 ) 

 10 .  

 (50 ) . HCl (20 ), -

 (3 20 ),  15 % l .  

, :  (1:3). 

 1,62  (88 %). 1  (200 , CDCl3):  7,91 (2 , , J = 8,6 ), 7,80 (2 , , 

J = 8,6 ), 6,05 (1 , , J = 7,5 ). 

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

 (83)  (S)-1,1,1- -2-  (35 ). 

 83 (0,547 , 1,67 ),  35  (0,37 , 2,01 )  

(20 , 0,17 )  6  5 , 

 (0,414 , 2,01 )  3 , 

,  

.  83 

 (1,4 ).  (DEP, 70 ): m/z 492 ( +).  

 3,3,3- -2- .  

  (7 , 50 )  S-  (6,4 , 50 )  

90  (3Å)  

 60  2 .  

 0  3 .  

,  7 .  

 50  0,1  HCl,  

 (3 50 ). ,  

 20  20 .  

. ,  

(2 10 ) .  32 %. 1  (400 , CD3OD):  4,55 

(1 , , J = 7,8 ). . 
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6.4  

6.4.1    

1,1,1-   

  ( 58)  

 [9]  SOCl2  

.  70  4,48  

(12,6 , 1,0 .)  58.  

 37,1  (0,47 , 

37,2 .) ,  30,2  (1,2 .) . 

, ,   150  50  

. HCl. ,  –  

(2 50 ), , 

 Na2SO4 .  

 

. ,  

,  

 47 , 

 3  - ,  –  

40 % . 

(R,R)- -(1,1,1- -2- )-4,4''-  (R)-FOTDA-4). 

.  31 %.  >99,7 % ( , 

, 254 ). 
1  (200 , CDCl3):  8,18 (4 , , J = 8,1 ), 7,74 (4 , , J = 8,1 ), 7,74 

(4 , ), 5,58 (2 , ), 1,92 (4 , ), 1,35 (8 , ), 0,87 (6 , , J = 6,3 ). 

(R,R)- -(1,1,1- -2- )-4,4''-   

(R-FOTDA-5). .  30 %.  

99,6% ( , , 254 ). 

 (200 , CDCl3):  8,18 (4 , , J = 8,1 ), 7,74 (4 , , J = 8,1 ), 7,74 (4 ), 

5,58 (2 ), 1,92 (4 , J =  6,8 ), 1,25-1,56 (12 ), 0,87 (6 , J =6,3 ). 
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(R,R)- -(1,1,1- -2- )-4,4''-   

(R-FOTDA-6). .  

23 %.  >99 % ( , , 254 ).  42,1–42,2 ° . 
1  (200 , CDCl3):  8,17 (4 , , J = 8,2 ), 7,74 (4 , , J = 8,2 ), 7,74 

(4 , ), 5,57 (2 , , J = 6,6 ), 1,90 (4 , , J = 7,1 ), 1,33 (16 , ), 0,86 

(6 , , J = 6,3 ). 

 (DEP, 70 ): m/z 650 (100, +), 484 (34,6), 467 (45,1), 439 (5,0), 318 

(74,1), 228 (34,8), 202 (6,0). 

(S,S)- -(1,1,1- -2- )-4,4''-  (S-FOTDA-6). 

.  20 %. 

 >99 % ( , , 254 ).  42,0–42,3 ° . 

 (DEP, 70 ): m/z 650 (100, +), 484 (34,6). 

(R,R)- -(1,1,1- -2- )-4,4''-  (R-FOTDA-7). 

 1 . 

 >99,5 % ( , , 254 ). 
1  (200 ,CDCl3):  8,17 (4 , J = 8,2 ), 7,74 (4 , J = 8,1 ), 7,74 (4 , ), 

5,57 (2 ), 1,91 (4 , J = 6,8 ), 1,24–1,55 (20 ), 0,86 (6 , , J = 6,2 ). 

(R,R)- -(1,1,1- -2- )-4,4''-  (R-FOTDA-8). 

 1 . 

 >99,5 % ( , , 254 ). 
1  (200 ,CDCl3):  8,17 (4 , J = 8,2 ), 7,74 (4 , J = 8,1 ), 7,74 (4 , ), 

5,57 (2 ), 1,91 (4 , , J = 6,8 ), 1,24-1,55 (20 , ), 0,86 (6 , , J = 6,2 ). 

-(2,2,2- -1- )-4,4''-  (FOTDA-Ar). 

.  8 %.  >99% ( , 

, 254 ).  58 °C. 
1  (200 ,CDCl3):  8,22 (4 , , J = 8,2 ), 7,76 (4 , , J = 8,2 ), 7,75 (4 , ), 

7,48 (4 , J = 7,9 ), 7,25 (4 , J = 7,9 ), 6,37 (2 , J =7,0 ), 2,38 (6 , ). 

 (DEP, 70 ): m/z 662 ( +). 
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6.4.2   1,1,1- -

2- -2-   

(S)-  (S-70).  (S)-  (40 , 38,5 )  -

 (500 )  (100 )  100–110 °  

 12 . , ,  

. ,  200  K2CO3,  

 (12 . . .) , ,  

 142–143 ° . ,  S-70  

. 

 33 %.  94 % (GC-MS;  – ). 

(S)-1-(( -4-  (S-71).  4- -

 (9,7 , 48.2 , 1.1 .), (S)-  (S-70,  7,8  ,  

43,3 )  (590 , 4,8 , 0,11 .)  (90 ) 

 (11,9 , 57,8 , 1,3 .) -

 (60 )  0–5°C . , 

. 

,   

S-71, .  21,5  

(78 %).  98 % , , 254 ). 

(S)-1-((  (S-72). ,  

,  10% Pd/C (1,0 )  

 -  (350 ) :  

 Pd/C   

, !], 

 (S)-1-(( -4-  (S-71) (21.5 , 5.9 ) 

 (9,4 , 11,8 , 2 .).  

,  

.  Celite 450  

 HCl. , 

 –  (3×100 ). , 
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, , 

 CaCl2,  

. ,  

, . 

, ,  

,  S-72 . 

 10,3 .  64 %.  111–112 .  97,5 % ( , 70 % 

/0,05 % , 254 ). 

 1  (200 , DMSO-d6):  7,89–8,07 ( , 2H), 7,53–7,85 ( , 2H), 5,19 ( , 1H), 

3,66 ( , 1H), 1,57 ( , 3H). 

  (S)-2-(4-  

 (S -63).  

 S-72 (2,8 , 10,0 , 1,1 .),   

(R-35 –35 )  S-35 ; 9,10 )  (126 , 1,0 , 0,11 .)  

 (20 ) ,  0–5 °C  

 (2,5 , 12,3 , 1,35 .)  

 (15 ). ,  

. 

 

,  

   -63 ,  

. 

(S)-1-(((R)-1,1,1- -2- -4-   

(SR-63 ).  100%.  99,4% ( , , 254 ). 

(S)-1-(((R)-1,1,1- -2- -4-   

(SR-63 ).  100 %.  99,5% ( , , 254 ). 

(S)-1-(((S)-1,1,1- -2- -4-   

(SS-63 ).  95 %.  99,7% ( , , 254 ). 

(S)-1-(((R)-1,1,1- -2- -4-   

(SR-63 ).  100 %.  
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(S)-1-(((R)-1,1,1- -2- -4-   

(SR-63 ).  99 %. 

(S)-1-(((R)-1,1,1- -2- -4-   

(SR-63 ).  98 %. 

(S)-1-(((R)-1,1,1- -2- -4-   

(SR-63 ).  97 %.  

 S -63  1,4-  

).  -63 (8,2 ), 1,4-  (815 , 

4,9 , 1,2 .), PdCl2dppf·CH2Cl2 (267 , 0,3 , 0,04 .),  SDS (300 )  

 (18 ),  (3 )  H2O (2 ) 5  

,  

,  NaHCO3 

(690 , 49,2 , 6 .)  H2O (18 ).  

 1 ., ,  

 (1 ) . HCl  pH 1. ,  

–  (3×20 ). ,  

Na2SO4, .  

.  

 

,  50 % . 

((S)-1-(((R)-1,1,1- -2- )-4,4''- -

 (SR-LACTAF-5). . 

 32 %.  99,4 % (  50 % , 254 ). 
1H  (400 , CDCl3):  8,18 ( , 4H), 7,74 ( , 8H), 5,37 ( , 4H), 1,80 ( , 4H), 

1,69 ( , 6H), 1,25–1,45 ( , 12H), 0,89 ( , 6H). 

((S)-1-(((R)-1,1,1- -2- )-4,4''- -

 (SR-LACTAF-6). . 

 25%.  99,6 % (  50 % , 254 ). 
1H  (400 , CDCl3):  8,18 ( , 4H), 7,74 ( , 8H), 5,37 ( , 4H), 1,80 ( , 4H), 

1,69 ( , 6H), 1,25–1,45 ( , 16H), 0,89 ( , 6H). 
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 (DEP, 70 ): m/z 794 ( +, 30). 

((S)-1-(((S)-1,1,1- -2- )-4,4''- -

 (SS-LACTAF-6). . 

 23 %.  99,2 % (  50 % , 254 ). 
1H  (400 , CDCl3):  8,17 ( , 4H), 7,75 ( , 8H), 5,37 ( , 4H), 1,80 ( , 4H), 

1,69 ( , 6H), 1,26–1,45 ( , 16H), 0,89 ( , 6H). 

 (DEP, 70 ): m/z 794 ( +, 46). 

((S)-1-(((R)-1,1,1- -2- )-4,4''- -

 (SR-LACTAF-7).  

 36 %.  99,7 % (  50 % , 254 ). 
1H  (400  ,  CDCl3):  8,18 ( , 4H), 7,74 ( , 8H), 5,37 ( , 4H), 1,65–1,83 

, 10H), 1,25–1,45 ( , 20H), 0,89 ( , 6H). 

((S)-1-(((R)-1,1,1- -2- )-4,4''- -

 (SR-LACTAF-8).  

 31 %.  99,5 % (  50 % , 254 ). 
1H  (400  ,  CDCl3):  8,17 ( , 4H), 7,74 ( , 8H), 5,38 ( , 4H), 1,67–1,85 

, 10H), 1,25–1,45 ( , 24H), 0,89 ( , 6H). 

((S)-1-(((R)-1,1,1- -2- )-4,4''- -

 (SR-LACTAF-9).  

 25 %.  99,3 % (  100 % , 254 ). 
1H  (400 , CDCl3):  8,18 ( , 4H J = 8,2 ), 7,75 ( , 4H J = 7,4 ), 7,74 

, 4 ), 5,28–5,37 ( , 4H), 1,67–1,85 ( , 10H), 1,22–1,51 ( , 28H), 0,88 ( , 6H). 

((S)-1-(((R)-1,1,1- -2- )-4,4''- -

 (SR-LACTAF-10).  (100 ) 

 2,00  (0,0040 )  63  

 

 

 97,8 % ( , , 254 ).1H  (400 , CDCl3), , .: 

8,17 ( , 4H J = 8,2 ), 7,76 ( , 4H J = 7,4 ), 7,73 ( , 4 ), 5,30–5,39 ( , 4H), 1,66–1,83 

, 10H), 1,20–1,52 ( , 32H), 0,90 ( , 6H). 



 160
 6 

1.  

 

. 

2.  

  

. 

 

 [92, 94, 

96, 109, 113, 115, 118] 
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.  

 ,  

 

.  

 

. 

1.  

 

 ( ),  

 

.  

:  (  

)  

 (  

). 

2. l  

 

, . 

 –  

 ,  

.  

3.  (R)-1,1,1- -2-   >99.5%  85% 

 

 Lipase MY.  (S)-1,1,1- -

-2-  

 (R)- :  Lipase MY  30 % 
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,  (S)- ,  

 (S)- . 

4.  4-  1,4-  

 

,  1,1,1- -

-2-  

. 

5.   1,1,1- -2-  

 n-C5–C9), ,  

,  

 (20–33 . %)  

 SmC* . 

,  7-  9- ,  

 15 . 

6.   (S,R)-1,1,1- -

-2- -2-  

-  

: ,  

.  

  - ,  

 16-18 . % . SS-  

,  

. ,  

 

. 

7.  

1,1,1- -2-  1,1,1- -2- -2- -

 15 . % -  

 



 163
 100 –1. ,  

. 

8.    

1,1,1- -2-  

,  

 

 (1:1500),  

 ( 20–40 ), , .  
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