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We had shown [1] that when 16a, 17a -epoxy-A~-pregnen-3f l -o l -20-one  (Ia) and i ts  3 -ace ta te  (Ib) a re  
r eac ted  with thiolacet ic  acid in the p r e s ence  of acids (H2SO 4, H3PO4, p-CTHTSO3H ) the react ion takes  place 
without involving the 16a, 17a-epoxide  ring. S te reochemica l ly  and s t ruc tu ra l ly  it p roceeds  in the s ame  
direct ion as under  the c lass ica l  radica l  conditions (UV light, CClt), i . e . ,  exclus ive ly  at the AS-bond of the 
s t e ro id  molecule,  giving the C6-ep imer ic th io lace ta t e s  (II) and {III). The s ame  direct ion and s t e r e o c h e m i s t r y  
in the case  of the react ion  of oxides {ia, b) with thiolacet ic  acid under  ionic and homolyt ic  conditions makes  
it poss ib le  to a s sum e  that in both cases  the react ion is accompl ished  by the rad ica l  mechan i sm.  The 
val idi ty of such an assumpt ion  finds confirmat ion in the p resen t  paper,  which is devoted to the react ion of 
oxides (ta) and (Ib) with thiolacet ic  acid in the p re sence  of inhibitors of f r e e - r a d i c a l  p r o c e s s e s  

CH. ~H 3 ~H 3 

�9 ~ s" 

RO AcO ~cO 
R=H (la), SAc SAc 

hc {tb) (tl) (ill) 

The reac t ion  of oxides {Ia) and {Ib) * wi ththiolacet ic  acid in the p r e s e n c e  of H2SO 4 and f r e e - r a d i c a l  addition 
inhibitors (SO 3 or  hydroquinone) is accompl ished  only at the oxide r ing and leads to the fo rmat ion  of a complex 
mix ture  which is composed of at l eas t  eight compounds, f r o m  which by chromatographing on s i l ica  gel we re  i so -  
la ted and identified the following products~:  AS-isopregnene-3fi ,  16a-d io l -17f l - th io l -20-one  3, 16-diaceta te  
(Va), AS-pregnene-3 f i ,  16fi, 17a - t r i o l -20 -one  3-acetate ,  16-thionacetate  {IV), 17 f i -me thy l -18 -nor -A  5,13- 
17- isopregnadiene-3f l ,  16o~-diol-20-one 3, 16-diaceta te  (VI), AS-pregnene-3fi ,  16fl, 1 7 a - t r i o l - 2 0 - o n e  3, 16- 
diaceta te  (VII), and 17aa-methy l -AS-D-homandros tene-3f i ,  16fl~ 17af l - t r io l -17-one  (VIII). In this connec-  
tion the products  of addition at the AS-bond were  not detected. The main react ion  product  is 16fi- thiono- 
aceta te  (IV), which is apparent ly  fo rmed  as the resul t  of the exceedingly r a r e  case  of the thiolacet ic  acid 
reac t ing  in the thiono fo rm.  We do not know of any cases  for  the d i rec t  p repa ra t ion  of thiono e s t e r s  by 
the addition of thiolacet ic  acid to a mult iple bond or  to the oxide ring, for  which reason  we gave specia l  

�9 Oxides (Ia) and (Ib) when reac ted  with thiolacet ic  acid give the s ame  products ,  since thiolacet ic  acid is 
an acylat ing agent under  the indicated conditions. 

The obtained products  a r e  a r r anged  in the o rde r  of the i r  decreas ing  chromatographic  mobili ty.  
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Fig. 1. C i rcu la r  d ich ro i sm curves :  1) AS-pregnene - 
3/3, 16fi, 17~ - t r i o l -20 -one  3-aceta te ,  16-thionoacetate  
(IV) (in C2HsOH); 2) 3 ,16-diaeeta te  (VII) (in 16fl- 
methyl -AS-pregnene-3f l ,  17~-d io l -20-one  3-ace ta te  
(in C2H5OH); 4)A~-pregnene-3f l ,  16o~, 17~- t r io1-20-  
one 3, 16-diace ta te  (in dioxane); 5) AS-pregnene-3fl ,  
17~-d io l -20-one  3 -ace ta te  (in C2H5OH); 6)AS-preg - 
nene-3fi ,  16o~, 17~- t r i o l -20 -one  3, 16-diace ta te  (in 
C2HsOH); 7) A - i s o p r e g n e n e -  3fi, 16~-d io l -17f i - th io l -  
20-one 3, 16-diaceta te  (Va) (in dioxane); 8) AS-preg - 
nene-3fl ,  16~-d io l -17f i - th io l -20-one  3, 16, 17- 
t r i a ce t a t e  (Vb) (in dioxane). 

attention to proving the s t r u c t u r e  of thiono e s t e r  (IV). The s t ruc tu re  ass igned to thionoacetate  (IV) was 
based  on alI of the obtained chemica l  and phys icochemica l  data 
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~:. (:a) ( ~ "1 ' '~  ( T ?-o~o : T 
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Thionoaceta te  (IV) is a ve ry  labi le  compound, and even on standing under  the react ion  conditions, 
i . e . ,  in th ic lace t ic  acid, in the p r e s e n c e  of H2SO 4 and hydroquinone, at 20~ it is eas i ly  conver ted  to the 
known diaceta te  (VII) [2]. Fo r  this r ea son  it is poss ib le  to a s sume  that the fo rmat ion  of substant ia l  amounts 
of d iaceta te  (VII) when the (I) oxides a r e  r eac ted  with th iolacet ic  acid is the consequence of a secondary  
p r o c e s s  f o r  the t r an s fo rm a t i on  of thiono e s t e r  (IV) under  the react ion  conditions. The s ame  mus t  also be 
sa id  regard ing  the s u l f u r - f r e e  products  (VI) and (VIII) that were  detected in the react ion  mixture,  which, 
in all of the i r  cha rac t e r i s t i c s ,  p roved  to be identical  with the p rev ious ly  obtained compounds [2], and do 
not depress  the mixed  mel t ing  point 

I~o ', 

OH3 [- CHa ] ./.. i/ft. ~ A~ 
io / io / ,L J 

hcO" ~ ~ (X) 

AcO ~ r = H (XIa); Ac(XIb) 

Thion0aceta te  (IV) on standing is eas i ly  saponif ied in methanol,  acidif ied with H2SO4, giving A 5- 
pregnene-3f i ,  16fi, 1 7 ~ - t r i o l - 2 0 - o n e  (IX), which was identified by acetylat ing it to the known diacetate  
(VII). 
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TABLE I. 

# 
o 
o 

Va 0,95 
Vb 0,93 
IV 0,83 
VII 0,87 
Xh, 0,67 
XIb 0,60 

*Broad line. 
t Triplet. 

Data of NMR Spectra (5, ppm 

0,95 
0,97 
0,94 
0,96 
0,93 
0,92 

0 

t,95 
1,93 
t,92 
i,94 
1,93 
1,90 

0 0 

2,04 -- 
t,88 

2,31 
2,20 
2,09 
2A2 
2,1i 
2,07 

r 
O ~  
a ~ O r ~  

2~7 
2~i9 
2,t9 

relative to HMDS) 

5,25 5,57 4,45 
2~3 5,26 5,75 4,43 
--  5,25 [ 5,17 4,5 

15,26 4,5 
[ 5,2s 13,64 4,5 

375 
3,46 
3,~ 

Thionacetate (IV) is not acetylated by acetic anhydride in pyridine, which test if ies to the presence  
of a 17- te r t ia ry  hydroxyl group, while it is converted to the 3, I6, 17- t r iaceta te  of Ah-pregnene-3fi,  16fl, 
17(~-triol-20-one (X) when it is acetylated with acetic anhydride in glacial  acetic acid. The obtained resul t  
is in good agreement  with the exceeding ease of the acid hydrolysis  of th ioes ter  (IV), while the formation 
of t r iaceta te  (X) under these conditions can be depicted by the above-given react ion scheme. All of these 
facts make it possible to assign the s t ruc ture  of the thionoacetate to compound {IV), while its conversion 
under mild conditions to diacetate (VII) and t r iaceta te  (X) unequivocally indicates the presence  of a 16fi- 
thionoacetate group in it. 

A comparison of the physicochemical  charac ter i s t ics  of thionoacetate (IV) and the i somer ic  thiol- 
acetate, namely Ah-pregnene-3fi,  17~-diol-16fi - thiol-20-one 3, 16-diacetate (XIa), the synthesis of which 
will be descr ibed in a subsequent communication, also cor robora tes  the s t ruc ture  of (IV). 

Thus, in the UV spect ra  of thionoacetate {IV) and thiolacetate (XIa) are  respect ively  observed highly 
intense bands at 245 nm (e 8316) and 235 nm (e 4212), which are charac te r i s t ic  for  the ~ -  ~r* transit ion 
of the thioketo and carbonyl chromophores in thiolacetates [3, 4]. An important  difference in the UV spect ra  
of the compared compounds is also the presence  in the case of es te r  (XIa) of a weak band in the long-wave 
region at 271 nm (e 146), which is charac te r i s t ic  for  the n -  ~r* transi t ion of thiolacetates [3], and the 
absence of absorption in this region for  es te r  (IV). These data make it possible to exclude the s t ruc ture  
of the thiolacetate for  es te r  (IV). In addition, the frequency of a carbonyl group attached to sulfur was not 
detected in the IR spec t rum of es te r  {IV), but in the 1200-1300 cm -1 region are  observed two clear ly dis-  
tinguishable intense bands at 1280 and 1245 cm -l, which were respect ively  assigned to the stretching 
vibrations of the C = S [5] and OAc groups. 

A comparison of the positions of the signals in the NMR spec t ra  f rom the protons of the angular 
methyl, acetyl and methylketo group in thionoacetate (IV) and thiolacetates (XIa, b) on the one hand, and 
the 3, 16-diacetate (VII), on the other hand (Table 1), and of the l i tera ture  analogs [6], make it possible 
to verify the s t ruc tura l  identity of these compounds. However, in the NMR spec t ra  of the thiol es te r  (XIa) 
or  its 17-acetate (XIb) and the thiono es ter  (IV) are  present  important differences, which make it possible 
to assign them to the indicated ser ies .  This difference consists, first,  in the position of the signal of the 
proton at Ct6, which suffers  a s t rong paramagnet ic  shift (5.17 ppm) in the O-es te r  (IV) when compared 
with the signal of this proton in the S-es te r s  (XIa) and (XIb) (3.58 and 3.64 ppm). This deshielding of the 
proton at Ct6 in thiono es te r  (IV) when compared with its thiol analog (XIa) can be predicted if the g rea te r  
electronegativity of the oxygen when compared with sulfur is taken into account. In addition, the singlet 
signal of the methyl protons of the thionoacetate group in {IV) is manifested fur ther  downfield than that 
of the thiolacetate group in (XIa). Since the thioketo group manifests  a g rea te r  anisotropic effect than the 
oxygen analog, the signals of the alkyl group in the thiono es te r  {IV) appear fur ther  downfield, which is in 
agreement  with the l i te ra ture  data [7]. As can be seen f rom Table 1, it is impossible to obtain conclusive 
information regarding the configuration of the substituents at C16 and C17 in thiono es te r  (IV) on the basis  
of the data of the NMR spectra .  

A study of the c i rcu la r  dichroism (CD) curve of thiono es te r  (IV) and its comparison with the curves 
shown in Fig. 1 for  the s tandard samples lends support to the configuration of the substituents in the D 
ring that is assigned on the basis  of the chemical data. It is known that a positive Cotton effect in the 
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pregnane se r ies  is associa ted  with the 20-keto chromophore of the 17/3-aeetyl side chain [8]. Compound 
(IV) manifests  a positive Cotton effect, and consequently has a f i-orientat ion of the 17-acetyl  group. As 
can be see r  f rom Fig. 1, the CD curve of thionoacetate (IV) almost  coincides with the curves that are  shown 
for  the star:dard compounds with a known fi-configuration of the substituents at Ct6, and has a much smal le r  
amplitude when compared  with the 16-unsubstituted pregnenediol.  A s imi la r  rule has been mentioned 
repeatedly in the l i te ra ture  and is a general ly  accepted fact at the present  time, namely, that the insert ion 
of a 16fl-substituent in the 17fi-aeetyl derivat ives is accompanied by a substantial decrease  in the CD 
amplitude, whereas  16a-subst i tuents  affect to a l e s se r  degree (usually in the direction of increasing the 
amplitude) or  else are  completely without effect on the Cotton effect [8-10]. 

As c~n be seen f rom the react ion schemes,  together  with the main product of opening the keto oxides 
(Ia, b) by t~iolacetic acid, namely thiol es te r  (IV), is also fo rmed thiol (Va), which was assigned the in- 
dicated s t ruc ture  on the basis  of the elemental  analysis,  the data of IR and NMR spectroscopy,  the CD, 
and its beh' tvior in the acetylation reaction.  In the IR spec t rum of this compound is observed absorption 
in the 2550 cm -1 region, which is cha rac te r i s t i c  for  the thiol grouping. In the NMR spect rum of thiol (Va), 
in the regions 0.95, 1.95, 2.04 and 2.31 ppm, are  found single lines with a relat ive integral  intensity of 
6 : 3 : 3 : 3, ~vhich can be respect ive ly  assigned to the protons of the angular methyl groups at Ci8 and Ct9, 
the acetate groups at C 3 and C16, and the methyl groups at C20. A multiplet is observed downfield in the 
5.57 ppm region, which was assigned to the proton at C16, which is in agreement  with the l i tera ture  data 
for  16~-acetoxypregnanes  [11, 12]. On the basis of this the possible i somer ic  s t ructure,  with a t e r t i a ry  
acetate group at Cl7 and a secondary  thiol group at C16, was excluded. The NMR spect rum of thiol acetate 
(Vb), obtairLed by the acetylation of thiol (Va) with acetic anhydride in pyridine, does not contradict  the 
assigned s t ruc ture  (see Table 1). The signals of the methyl protons of 18-CH 3 and 21-CH 3 in compounds 
(Va) and ( ~ ) ,  which respect ively  appear  in the regions 0.95-0.93 and 2.31-2.2 ppm, are  deshielded, which 
is in agreement  with the iso-or ienta t ion of the 17-acetyl  group [13]. These data, together  with the fact 
that thiol (Va) does not give an oxathiolane derivative when heated with acetone under acid conditions, while 
its acetate (Vb) differs in its p roper t ies  f r omthe  epimer ic  3, 16, 17- t r iaceta tes  of AS-pregnene-3fi, 16~ - 
diol-17~ - th iol -20-ones ,  obtained by us by other routes, speaks in support  of the validity of the configura- 
tion assigned to it. It should be mentioned that the CD curves of compounds (Va) and (Vb), taken in dio- 
xane, are  charac te r i zed  by a positive Cotton effect in the region of the n-~r* t ransi t ion of the C20 = O 
group, and l a rge r  amplitudes.  As we had already shown, sulfur-containing substituents, found in the a -  
position to i:he C20= O chromophore,  exert  a substantial  effect on the amplitude and sign of the Cotton ef- 
fect [14]. For  this reason the simple use of the above indicated corre la t ions  in o rder  to determine the 
configuration of the CiT-center of s teroidal  20-ketones, when sulfur-containing substituents are  present  
in them in the 17-position, without taking into account the contribution made by the la t ter  in the Cotton 
effect, is wrong. This problem will be discussed in more  detail in a special  communication. 

As a :cesult, the ionic opening of the oxide ring of 16~, 17~-epoxy-AS-pregnen-3f l -o l -20-one (ia) 
with thiolacetic acid in the p resence  of f r ee - rad ica l  addition inhibitors takes place with a predominant 
cleavage of the C16-O bond of the s tar t ing oxide and the formation of the 16fl-thiono es te r  (IV), which is 
apparently the product  of the direct  react ion of the keto oxides (I) with the thiono form of thiolacetic acid. 
It is possib].e to assume that the thiolacetic acid attacks the site of the lowest e lectron density of the formed 
oxonium ior  by its more  electronegat ive O-center  

C. H3 ~H3 

Together  with this, a smal l  amount (~ 6%) of the 16-diacetate  (Va) is obtained, which is fo rmed as 
the resul t  of the cleavage of the oxide ring in the Cl? position and the insert ion of the thiolacetic acid anion 
as its thiol fo rm at the indicated CiT-center. The mechanism for  the formation of (Va) has as yet not been 
completely elucidated. 

EXPERIMENTAL METHOD 

The melting points were determined on a Kofler block. The IR spectra were taken on an UR-10 

instrument as KBr pellets. The NMR spectra were taken on a DA-60 IL NMR-spectrometer at an operating 
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frequency of 60 MHz in CDC13 solution. The internal s tandard was hexamethyldisiloxane. The UV spect ra  
were taken in C2H5OH solution. The angles of rotation were measured  on a Hilger Watts spec t ropolar i -  
mete r  in CHC13. The CD curves were taken on a Roussel  Jouan dichrograph (C ~ 1g / l i t e r ) .  

Reaction of 16~, 17~-Epoxy-AS-pregnen-3f l -ol -20-one 3-Acetate {ib) with Thiolacetic Acid in the 
1Jresenee of SO 3. To a solution of 5 g of keto oxide (ib) in 28 ml of f reshly distilled CH3COSH was added 
a mixture of 3 ml of CH3COSH and 0.5 ml of 100% H2SO4, containing t races  of SO 3. The reaction mass  was 
allowed to stand at room tempera ture  for 48h, after  which the excess CH3COSH was evaporated in vacuo, 
and the residue was diluted with water.  The aqueous layer  was extracted with ether, and the ether extract  
was washed with NaHCO 3 solution, and then dried over MgSO 4. After distilling off the ether we obtained 
5.6 g of an oily product, which, when subjected f i rs t  to chromatographing on a column (SiO2, eluant = ether 
- hexane mixture, in success ion 1 : 6 1 : 4, 1 : 3, 1 : 2), and to TLC on SiO2, gave, * together with 0.42 g 
of unreacted oxide {ib): 

1. 1.1g of A~-pregnene-3fi, 16fi, 17~- t r io l -20-one  3-acetate,  16~thionoacetate (IV), mp 190-194.5 ~ 
[~]D21-94.3 (C 1.018 in CHCls), Rf 0.51. Infrared spect rum (v, cm~l): 1245, 1280, 1700, 1725, 
3380-3600. Ultraviolet spect rum (in ethanol): 245 nm (5 8316), 318 nm (e 158). Found: C 66.78; 
H 7.98; S 7.14%. C25H360~S. Calculated:C 66.94; H 8.09; S 7.21~c. 

2. 0.31gofAS-isopregnone-3fi ,  16~-diol-17fl- thiol-20-one 3, 16-diacetate (Va), mp 178-181 ~ (from 
methanol), Rf 0.58. Infrared spec t rum (v, cm-1): 1245, 1689, 1738, 2555, 3450. Found: C 
66.79; H 8.00; S 7.15%. C25H3~O5S. Calculated: C 66.94; H 8.09; S 7.21%. 

3. 1.33g of A~-pregnene-3fi, 16fl, 17~- t r io l -20-one  3, 16-diacetate (VII), mp 174-175 ~ (from me-  
thanol); Rf 0.17. The mater ia l  coincides chromatographical ly  and does not depress  the mixed 
melting point with an authentic sample [2]. 

4. 0.51g of 17fi-methyl-18-nor-AS,13-isopregnadiene-3fi ,  16~-diol-20-one 3, 16-diacetate (VI), mp 
215-217 ~ (from aqueous acetone); Rf 0.35. The mater ia l  coincides chromatographical ly  and does 
not depress  the mixed melting point with an authentic sample [2]. 

5. 0.5 g of 17a~-methyl-AS-D-homoandrostene-3fl ,16fi ,  17a f i - t r io l -17-one  3,16-diacetate (VIII), mp 
254-256 ~ (from methanol), Rf 0.13, which was identical with the authentic specimen [2]. 

Transformat ion  ofAS-l~regnene-3fl, 16fl, 17~- t r io l -20-one  3-Acetate,  16-Thionoacetate (IV)under 
the Conditions of the Preparat ion Reaction. A solution of 0.1g of thionoacetate {IV) in 0.5 ml of CH3COSH, 
to which had been previously  added a drop of H2SO 4 and 5 mg of hydroquinone, was allowed to stand at room 
tempera ture  for  24h. The workup was the same as described above. Separation of the reaction product 
by TLC (SiO2, i :2 ether--hexane mixture) gave 0.04g of (VII), mp 173-176 ~ (from methanol), which was 
identical with the previously obtained specimen. 

Transformat ion  of AS-Pregnene-3fl,  16fl, 17~- t r io l -20-one  3-Acetate,  16-Thionoacetate (IV) under 
the Conditions of the Acetylation Reaction. A mixture of 0.05 g of thionoacetate {IV), 0.7 ml of Ac20 and 
0.05 g of sulfosalieylic acid in 3 ml of glacial acetic acid was allowed to stand at room tempera ture  for  4 
days. The react ion mass  was poured into water, and the precipitate was filtered, and then separated by 
TLC (SiO2, e the r -hexane ,  1 �9 2). We obtained 0.034 g of chromatographical ly  pure/XS-pregnene-3fi,  16fl, 
17c~-triol-20-one 3, 16, 17-tr iaeetate  {X), mp 202-203.5 ~ (from aqueous methanol), which in all of its char -  
ac ter i s t ics  was identical with the authentic specimen and did not depress  the mixed melting point with it. 

Hydrolysis  of AS-Pregnene-3fl ,  16fl, 17~- t r io l -20-one  3-Acetate, 16-Thionoaeetate (IV). A solution 
of 0.1g of thionoaeetate (IV) in 15 ml of absolute methanol, to which had been added 3 drops of conc. 
H2SO 4, was allowed to stand at room tempera ture  for a day. The reaction was accompanied by the l ibe ra :  
tion of H2S. A precipitate was obtained on dilution with water, which was filtered, washed with water, and 
dried. We obtained0.07gof  products with mp 136-156 ~ which was acetylated with 0.7 ml of Ac20 in 1.8 
ml of pyridine at 20 ~ overnight. After the usual workup we isolated 0.08 g of a powder, the r ec rys t a l l i za -  
tion of which f rom e the r -hexane  gave 0.015 g of the 3fl, 16fi-diacetate (VII), mp 172-178 ~ which was 
identical with the previously obtained specimen. The  mother  liquor was chromatographed (SiO2, ether 
-hexane ,  1 : 3) to give an additional 0.04 g o f  (VII). 

�9 The given values are  based on the chromatographical ly  pure unrecrys ta l l ized  products.  
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AS-Isopregnene-3fi ,  16c~-diol-17fi- thiol-20-one 3, 16, 17 -Tr i ace t a t e  (Vb). A solution of 0.035 g of the 
3fl, 16a -d iace ta t e  (Va) and 0.35 ml  of Ac20 in 0.8 ml  of pyridine was allowed to stand at 20 ~ for  2 days. 
The reac t ion  m a s s  was diluted with water ,  and the obtained prec ip i ta te  was f i l tered.  We obtained 0.029 
g of product,  the separa t ion  of which by TLC (SIO2, e t h e r - h e x a n e ,  1 : 2) gave 0.025g of the 3, 16, 17 - t r i -  
aceta te  (Vbl, mp 160-164 ~ (from aqueous methanol) .  In f r a red  spec t rum (v, cm-1): 1245, 1695, 1732. 

C ON C L U S I  ONS 

1. A method was developed for  opening the oxide r ing of the 3 -ace ta te  of 16a, 17a -epoxy-AS-pregnen  - 
3f l-oI-20-or .e  with th iolacet ic  acid under  ionic conditions. 

2. The react ion  p roceeds  with a predominant  c leavage of the C1G-O bond of the oxide ring and a t tack 
of the C t r c e n t e r  by the th iolacet ic  acid in the thiono form,  with the fo rmat ion  of the 3-acetate ,  16-thiono- 
aceta te  of ~,5-pregnene-3fi,  16fl, 17a - t r io l -20 -one ,  the s t ruc tu re  of which was ass igned on the bas i s  of the 
sum of the chemical  and phys icochemica l  methods.  

3. A sma l l  amount (~ 6%) of the i s o m e r i c  product  of opening the r ing is formed,  which apparent ly  
a r i s e s  as the resu l t  of the c leavage of the C17-O bond of the s ta r t ing  oxide by the thiol f o r m  of thiolacet ic  
acid. 

LITERATURE CITED 

1. A.A. Akhrem, A. M. Turuta, and E. P. Prokof'ev, Izv. Akad. Nauk SSSR, 
2. A.A. Akhrem, V. A. Dubrovskii A. V. Kamernitskii, and A. V. Skorova, 

Ser. Khim., 2792 (1969). 
3. K. Takeda, K. Kuriyama, and T. Komeno, Tetrahedron, 21_._, 1203 (1965). 
4. M.J. Janssen, Rec. Tray. Chim. , 79___, 464 (1960). 
5. P. Rey~aud and R. C. Moreau, Bull. Soc. Chim. France,  2999 (1964). 
6. N . S .  Bhacca  and D. A. Wil l iams,  Application of NMR in Organic  Chemis t ry  [Russian translat ion[,  

Mir, ~ o s c o w  (1966). 
7. A. Ohr~o, T. Koizumi, and G. Tsuchihashi ,  Te t rahedron  Let t . ,  17__, 2083 (1968). 
8. P. Crabbd, Optical Rota tory  Dispers ion  and Ci rcu la r  Diehro i sm in Organic Chemis t ry ,  San F r a n -  

c isco--  Lo ndon -  A m s t e r d a m  ( 1965). 
9. P. Crabbd and F. McCapta, Tet rahedron,  20_ 2455 (1964). 

10. A . A .  Akhrem,  Z. I, Is tomina,  G. A. Kogan, A . I .Kuzne t sova ,  and A. M. Turuta, Izv. Akad. Nauk 
SSSR, Set .  K h i m . ,  2503 (1969). 

11. H . L .  I t e rzog  and O. Gnoi, J .  Org, Chem. ,  32_.., 2906 (1967). 
12. A . A .  ~kh rem ,  A. V. Kamerni t sk i i ,  and A. V. Skorova, Izv. Akad. Nauk SSSR, Ser.  Khim. ,  416 

(1972), 
13. Es tabl  shing the St ructure  of Organic Compounds by Physica l  and Chemical  Methods [in Russian], 

Vol. 1, Khimiya (1967). 
14. A . A .  Akhrem,  G. A. Kogan, A. 1Vi. Turuta,  I. S. Kovnatskaya,  and Z. I. Is tomina,  Izv. Akad. Nauk 

SSSR, Ser.  Khim. ,  2100 (1971). 

Ser. Khim. ,  2558 (1971). 
Izv. Akad. Nauk SSSR, 

1081 


