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Abstract 

Nucleophilic radicals derived from alkanols and cyclic ethers (oxolane, 1,3-dioxolane, 2,2-dimethyl- f &dioxolane) were employed to test 
the regioselectivity of addition to &hloto- 1,i ,2,3,3-.pentafluoropropene ( 1)) I ,3-dichloro-1,2,3,3-tetrafluordpropene (2), 1,1,3-trichloro- 
2,3,%t&oropropene (3) atid 1 ,~-dictilord-2i3,3-trifluoropropgne (4). The regioselectivity was strongly dependent on fhe number of chlorine 
atoms at the terniinal position and on the charactdt bf tht! tiditive, Thus the two chlorine atoms in 3 completely reversed the fegioselectivity 
to an anti-Kharasch mode. The &titrt! ted68aii f$tdS ww $~Wti~ally decreased with increasing number of terminal chlorine atoms in olefins 
l-3. The allylic ‘chlorine atom iii i appeattid tcr t&t& ti longer prflu~;onllsyl chain. Experimental results were compared with the shapes of 
frontier orbitals and electron densities calcbfed t&g $%& and ab initio (3-120 and 6-3 1 I + G**) methods. The transformations of the 
adducts to chlorofluoroalkyl metH&Qlates and fhi3fht~d $ehtarie-1,2-dial are reported. 6 1997 Elsevier Science S.A. 

Keywords: Halogcnopropenes; Nucleophilic radic& a’ddition: Regioselectiviiy: !$i&% &ffect of c’)rbriclg; Quantum chemical calculations 

1. Introduction 

Radical additions to double banda ai%! B p~+werful chemical 
tool for the formation of new e--e btirids: IH ~ganie syntheses 
[ 61, including stereoselective reactions [ Ta,% 1, ittr@ i&tc= 
tion partners can be combined by this method. Radical addi- 
tions to fluorine-containing, th&e-CP&%m and higher oletins 
are of practical importance, because the t’&i&iim pl;odusts can 
be employed as useful synthetic intermediates [ 8;a-86) f as 
special monomers [ 9a,9b], e.g. highly sensitive electron- 
beam and X-ray resists for microlithography, or comonomers 
[5,9a,9b] and as biocompatible materials with improved 
oxygen transport capacity. Therefore it is of interest to inves- 
tigate the effects of the chlorine atoms on the regioselectivity 
of addition and on the relative reactivity of chlorofluoropro- 
penes in radical addition. Moreover, the effects of chlorine 
substituents on the regioselectivity of addition are of interest 
with regard to the general scope of radical addition. 
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In the series of chlorine- and fluorine-containing ethylenes, 
the fluorine and chlorine substituents can dramatically influ- 
ence the regioselectivity, as demonstrated by the following 
examples of electrophilic CF, radical additions [ lOa, lob, 
lla-llc] 

CH,=CH - Cl 
IOO’7c 

CF,=CH1 CF2=CH - Cl 
IGin% 92% 8% 

The regioselectivities can be explained using the general rules 
[ 11 a-l lc, 12a, 12b] of radical addition to ethylenes substi- 
tuted with p- and r-electron-active substituents and groups. 
In contrast, the prediction of the regioselectivity of addition 
in the series of fluorine-containing propenes is less clear as 
documented by the following experimental data from the 
reactions of CF, radicals [6,11a-llc,12a,12b] 

CH, - CH=CH2 CH3 - CH =CFp CF, - CH=CH2 
8% 92% 100% 2% 98% 

CF3 - CH=CH -F CF3 - CF=CF2 
25% 75% 5% 95% 

The influence of a chlorine substituent on the regioselectivity 
of radical addition to fluorine-containing propenes and higher 
terminal olefins would be expected to be great, because it 
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completely reverses the regioselectivity of some nucleophilic 
additions [ 131. 

The aim of this study was to determine the effects of chlo- 
rine substituents on the regioselectivity of radical addition to 
chlorine-substituted fluoropropenes as represented by struc- 
tures l-4 (see below). 

2. Results and discussion 

2.1. Selection of reaction partners, Qpe of initiation 

It is known from excellent reviews [ lOa, 1 Ob, 12a, 12b. 141 
on the addition reactions of halogenated species that inter- 
actions between radicals and olefins of opposite Lewis acid- 
base character are kinetically favoured. As highly fluorinated 
olefins, e.g. l-4. have electrophilic character, we employed 
nucleophilic radicals for the additions. 3-Chloropentafluo- 
ropropene (1. “perfluoroallyl chloride”) was chosen as the 
basic olefimc structure modified at the terminal position with 
chlorine atoms (olefins 2 and 3) or hydrogen (olefin 4) 
(Scheme 1 >I. 

Nucleophilic radicals derived from alkanols and cyclic 
ethers (oxolane, 1,3-dioxolane, 2,2-dimethyl- 1,3-dioxolane) 
were employed to test the regioselectivity of addition to chlo- 
rofluoropropenes 14. It is known from the literature that 
they react easily with highly fluorinated aliphatic [ 15a-15d] 
and alicycli’c [ 16a-16~1 olefins, including 2,3,3-trifluoroac- 
rylates using various initiators [ 17a, 17b]. 

According to previous observations [ 4,15a-15d], a gen- 
eralized scheme of the addition reactions of fluoropropenes 
l-4 presupposes the formation of two regioisomeric adducts: 
a classical Kharasch product formed by the attack of radical 
R‘ at the terminal position and an anti-Kharasch adduct 
(Scheme 2)~. The alkanols and cyclic ethers from which the 
radicals were generated in this study possess different kinds 
of cleavable C-H bond. In alkanols, oxolane (OX) and 2,2- 
dimethyl- 1.3-dioxolane (DMDO)) the homolytic cleavage 
of the C-H bonds takes place with complete regioselectivity 
(Scheme 2)~. An exception is 1,3-dioxolane (DO), with par- 
tial cleavag’e of the C-H bond at position 4. However, this 
incomplete selectivity was only observed in the reaction with 
olefin 1 (Scheme 2; products 6a and 6b, 92% and 8% respec- 
tively) : a si,milar observation was reported [ 181 for addition 
to methyl-2,3$trifluoroacrylate with almost the same pro- 
portion of the minor adduct (9% rel.). In the addition of DO 
to sterically hindered olefin 2, the cleavage of the C4-H bond 
is suppressed and only the C2-H bond is cleaved, but the 
addition is not completely regioselective on the double bond 
(Scheme 2; products 7a and 7b, see below). 

CICF2-CF=CF2 CICFyCF=CF-Cl 
38% (Z)- 2a 
62% iEb 2b 

1 2 

3’ 
CICF1-CF=C, CICF2-CF=CH-Cl 

16% (Z)- 4a 

Cl 
84% (E)- 4b 

3 4 

Scheme I 

CICF2-FF-CXY 

CICF2-CF=CXY + R-H 

l-4 

Kharasch product 

CICF2-CF-CXY 

X = H, Cl, F 
Y=CI,F 

Ii A 

anti-Kharasch product 

R2 
100% 

RLCH2-6H f- 

AH 
ALK 

+ 

ox 
8% 

0 

0 - 
92% 

0 

DO DMDO 

ClCF2-CHF-CF2<‘) 

6a (92% rd.) 0 

CICF2-CHF-CF2 

6b (8% rel.) 

ClCF2-CHF-CClF<;> 

7a (5 1% rel.) 

\ . 

ClCF2-::~o) 

7b (49% rd.) 

Scheme 2. 

All reactions were carried out in the liquid phase and the 
radicals R’ were generated using dibenzoyl peroxide or by 
direct photochemical initiation. These different methods of 
initiation can result in different energies and concentrations 
of radicals R‘ which, in turn, can influence the ratio of the 
regioisomeric adducts. Therefore we verified this ratio for 
olefin 2, which is most sensitive to the nature of the attacking 
radical: the results in Table 2 confirm the lack of dependence 
of the adduct ratios on the type of initiation within experi- 
mental error ( f 1.5%). 

2.2. Regbselectivity of additions to 3- 
chloropentajh4oropropene (1) 

The additions of different nucleophilic radicals to oletin 1 
(Scheme 3)) listed in Table 1 (entries l-6), reveal the com- 
plete regioselectivity from the point of view of the double 
bond, with a small exception for methanol (entry 1) . These 
observations are in slight contrast with the additions to hex- 
afluoropropene, which take place with a lower regioselectiv- 
ity (Table 1, entries 7, 8, 11, 12). 
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Regioselectivity of the addition of nucleophilic radicals R’ to fluoroolefins R,-CF=CFZ 

Entry Fluoroolefin R, Radical R Attack to terminal C (c/c ) Product Initiation Reference 

5 

6 

12 

13 

14 

15 

16 

17 

18 
19 
20 

21 

22 

CICF? 
CICFz 
CICF, 

CICFz 

CICFz 

ClCF> 

CF, 
CF, 
CF, 
CF, 

CF, 

CF, 

GF,s 
(35, 
C,F.,O 
C&O 
C&O 

C,F-,O 

C3F>OCF(CF,)CF>O 
C,F-,OCF(CF,)CF,O 
C,F,OCF(CF,)CF,O 

C,F-,0[CF(CF,)CF201Z 

H,C(OH) 
CH,CH( OH) 
(CHd,t(OH) 

H,C(OH) 
HZC( OH) 
CH,cH( OH) 
(CW,~(OH) 

H,C( OH) 
H>C(OH) 
H,C(OH) 
CH$?H(OH) 

(CHdz~(OH) 

H&OH) 
CH$H( OH) 

(CHd,~‘(OW 

99 

100 
100 

100 

100 

96-97 

95.5-98 

100 

100 

99 

99 h 

100 
100 

93 

96 

99 

93 

95 

>99 

100 

94 

6a, 6b uv 

11 UV 

uv 
Peroxide 
uv 
uv 

uv 

UV 

uv 
Peroxide 
uv 
UV 
uv 

uv 

Peroxide 
uv 
uv 
uv 

uv 

Peroxide 

[ 19a] 

Ll5dl 
[ 15d,l9b] 
[ 15d,19b] 

1201 

[201 
I201 
ljl 

I51 
[51 

L41 

LJI 
[41 
141 
ISI 

[al 

[Sl 

I41 

’ This paper. 
h (92 + 8) 7~ rel., see Scheme 2 and Table 2. 

CICF2-CF=CF* + R-H uv, CICF2-CHF-CFyR 

5,6,&11 

R - see Table 1 (99-100%) 

Scheme 3. 

The exclusive attack of radicals on the terminal position in 
olefin 1 can be explained by the “tail effect” of the chlorine 
atom attached to C3. The situation is depicted in Scheme 4: 
the bulky C 1 atom can protect the double bond from addition 
from one side and the CF, group from the other side 
(Scheme 4, A). The steric interactions between attacking 
radical and chlorine atom may include an electronic repulsion 
between the ra.dical centre and the non-bonded electron pairs 
at the chlorine atom. A similar tail effect to that observed for 
the chlorine substituent in conformational state A can be 
caused by a long perfluorinated chain (Scheme 4, B), as 

R’ I? 
\ 

-\ /El 
F2c =c...,“c 

R-3 ‘+ 

dj h 
F2C=C R. I .,:,c,h 

A 

“‘>,p BF 

F2C=C, ‘(CF2)n 
F/ 

C RF 

Scheme 4. 

documented by the complete regioselectivity of methanol 
addition to perfluoronon- 1 -ene (Table 1, entry 13). 

A generally lower regioselectivity of addition is found in 
reactions of perfluorovinyl ethers when compared with hex- 
afluoropropene (Table 1, comparable entries: 7 and 14,9 and 
15, 10 and 16, 1 1 and 17). For these vinyl ethers, the regio- 
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Table 2 
Regioselectib ity of the addition to ClCF,-CF=CF-Cl (2) 

Entry Radical R Terminal attack: CICF:-CHF-CFCl-R 

.._.__. -.-.-- --- .~ 

ItiitiAti8H 

I 
. 

CH3’7H 
OH 

(56 rel.) ‘I 

73 

Compound 

f2a UV, BzzOz 

2 W& 

6H 
95 13a UV. Bz,O> 

3 CH$H2(CH$ 

AH 
95 14a 

4 

5 

15a 

6 

a Calculated from the integral intensity of the signals in the “F NMR spectra; experimental error, f 1.5%. 

selectivity increases with increasing chain length (e.g. entries l-3) are more bulky than oxolanyl radicals (entries 4-6) 
14 and 18, 1.5 and 19 or 17 and 21). In the case of perfluo- with a conformationally more rigid skeleton; branching in 
rovinyl ethers, the lower regioselectivity is probably caused hydroxyalkyl radicals (entries l-3) causes increased termi- 
by the presence of an oxygen atom in the neighbourhood of nal attack up to 95% rel.; in contrast, methyl groups attached 
the double bond instead of the CF2 group (Scheme 4, C): to the 1,3-dioxolane skeleton at C2 have no influzrlce on the 
one side of the double bond is less hindered by the oxygen regioselectivity ratio and all five-membered cjrcik &h@s 
atom than by the C 1 or CF2 group (Scheme 4, A and B) . employed react with the same regioselectivity. 

2.3. Regioselectivity of addition to I,3- 
dichlorotetrajhmropropene (2) 

It can be concluded that the terminal chlorine atom exhibits 
a strong steric effect in the radical additions studied. 

The substitution of one fluorine atom for chlorine at the 
terminal position in olefin 1 substantially changes the regio- 
selectivity of addition: in all additions performed (Scheme 5, 
Table 2), two regioisomeric adducts were formed. The start- 
ing olefin 2 consisted of a mixture of (Z)-2a and (E)-2b 
isomers (38% and 62% rel., Scheme 1). By 19F nuclear mag- 
netic resonance (NMR), it was verified that the relative 
amounts remained constant during addition with both per- 
oxide and photochemical initiation. 

The ratio of terminal to internal attack of the double bond 
in olefin 2 is strongly dependent on the effective bulk of the 
attacking radicals (Table 2), which are all of approximately 
similar nucleophilic nature: hydroxyalkyl radicals (entries 

CICFyCHF-YFCI 

7a, 12a-16a R 
CICFyCF=CFCI + R-H 

uv or 

2a-b -c 
W!OZ 

(5 l-95% rel.) 

CICF+F-CHFCI 

R - see Table 2 
R 

7b, 12b-16b 
(549% rd.) 

Scheme 5. 

2.4. Regioselectivity of addition to 1,1,3- 
trichlorotri$uoropropene (3) and relative reaction rates 

A dramatic change in regioselectivity is observed when 
two terminal chlorine atoms are attached to the double bond 
(olefin 3) : their effects completely reverse the regioselectiv- 
ity of addition of the nucleophilic radicals and, in all reactions 
carried out (Scheme 6)) only one anti-Kharasch regioisomer 
is formed. A similar effect of two terminal chlorine sub- 
stituents was observed [ 131 in nucleophilic additions to 
C2F5CF=CC1,, affording mainly or exclusively a Markov- 
nikov adduct, while nucleophilic additions to F(CF*),- 
CF=CF2 were fully regioselective in terminal attack 
[21a,21b]. 

/Cl 
CICFyCF=C, + R-H War, CICF2-YF-CHCb 

Cl Bz24 
3 17-22 R 

(100% rel.) 
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CH3-fCH3 = ‘[ CH3-$-CHf k 2 CH3-i;H3 

CICF2-CF=CClz CICFp-CF=CHCI 

+ 3 IN, + 4 

P&OH 
acetone 

acetone + HCI 
Scheme 7. 

The inversion of regioselectivity when comparing olefin 3 
with olefin 1 is combined with a dramatic decrease in the 
reaction rate. To obtain aquantitative comparison of the olefin 
reactivity, we carried out kinetic measurements at photosta- 
tionary conditions in the same manner as described previ- 
ously [ la, 1 ] : 2:-propanol was chosen as the additive as it is 
easily transformed into a pair of dimethylketyl radicals (2- 
hydroxy-2-propanyl) by reaction with triplet-excitedacetone 
(Scheme 7) ; in this arrangement, the light was absorbed by 
acetone acting as a photosensitizer and the initiation process 
was independent of the olefins present. In the experiments, 
we also observed the reduction of a C-Cl bond to a C-H 
bond (Scheme 7). A similar photoreduction of a vinylic car- 
bon-halogen bond has been reported previously [ 22a-22d]. 

The relative rates of addition were measured as parallel 
reactions in the initial period of addition until the rates obeyed 
a pseudo-zero-order kinetic dependence (gas chromatogra- 
phy (GC) calibrated measurement of the concentrations of 
the products). The results are presented in Table 3. They 
reveal that, in the olefin series 1-3, the rate of addition 
decreases with increasing number of chlorine atoms at the 
terminal position. A dramatic decrease in the reaction rate of 
fluoroolefin 3 can be attributed to the steric hindrance of the 
terminal chlorine substituents. 

We also compared the reactivity of olefin 2 with its hydro- 
genated analogue, olefin 4 (see Section 4: concentrations 
were followed by NMR). It is expected that the terminal 
=CHCl group in olefin 4 will be more easily attacked than 
=CFCl in olefin 2 from the steric or electronic repulsion point 
of view. However, olefin 4 appears to be less reactive. This 
surprising result can be explained in terms of the polar inter- 
actions between the attacking radical and olefinic carbon: at 
Cl of the =CFCl group of olefin 2. the electron density is 
decreased relative to that at C2 to a greater degree than in the 
case of the =CHCl group of olefin 4 (Table 5, see below), 
thus enabling an easier interaction with the nucleophilic rad- 

Table 3 
Relative reaction Irates of the photosensitized addition of 2-propanol to hal- 
ogenopropenes l--3 

Fluoroolefin ClCF,-CF=CXY 

No. X 

1 F 
2 F 
3 Cl 

Y 

F 
Cl 
Cl 

Relative rate 

355 

50 
l-4 

CICFz-CHF-CHCI 

CICF2-CF=CHCI + R-H 

4a-b 

23a-26a k 
(76-97% rel.) 

R - see Table 4 

Scheme 8. 

CICF,-FF-C&Cl 

R 

23b-26b 
(3-24% rel.) 

ical [ 1 Oa, 1 Ob] . Similar observations have been reported for 
additions to halogenoethylenes [ lOa, 1 Ob, 11 a- 11 c] . 

2.5. Regioselectivity of addition to I,3-dichloro-2,3,3- 
trijuoropropene (4) 

The change of fluorine for hydrogen at the terminal posi- 
tion in olefin 2, i.e. change to structure 4, produces a better 
regioselectivity in all the addition reactions tested (Table 4) 
(Scheme 8) : the apparently higher regioselectivity of addi- 
tion of cyclic ethers to olefin 4, when compared with that to 
halogenopropene 2, is surprising in view of its lower reactiv- 
ity (see above). Several factors can be considered to control 
the regioselectivity: 

H and F have van der Waals’ radii ( 120 and 135 pm 
respectively), and therefore steric hindrance can be 
excluded as an explanation for the better regioselectivity 
of4; 
fluorine attached to a double bond usually develops a 
positive charge at the carbon to which it is attached 
(Table 5)) and hence causes an easier attack of a nucleo- 
philic radical; however, an opposite effect is observed; 
a fluorine substituent differs from a hydrogen atom in that 
non-bonded electron pairs are present that may cause elec- 
tronic repulsion of an attacking radical; this factor is in 
accord with the observations. 

A similar effect has been observed in the addition of methyl 
radicals to 1 , 1 -difluoroethene [ 1 Oa, lo] . Thus electronic 
repulsion by the fluorine substituent seems to be one factor 
responsible for the decreased regioselectivity of radical addi- 
tion to halogenopropene 2 when compared with that to olefin 
4. 

2.6. Electronic structure and regioselectivity of addition 

Frontier orbital theory can be a useful tool in the rational- 
ization and prediction of the experimental behaviour of addi- 
tion reactions. The nature of the interaction between radicals 
and olefins is given by the corresponding interaction of the 
frontier orbitals of both reaction partners. According to the 
analysis of the highest occupied molecular orbital (HOMO) 
and lowest unoccupied molecular orbital (LUMO) energies, 
all the radicals studied seem to be nucleophiles in comparison 
with the studied olefins, regardless of whether PM3 or 
ab initio quantum-chemical methods are used [23,24] 
(Table 5). The interaction of the SOMO of a radical and the 
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Table 4 
Regioselectivity of the additions to CICF-CF=CH-Cl (4) 

Radical R Products (Q ml.) Initiation 

No. 
Cl-CF2-CHF-YHCI Cl-CF2-FF-C&Cl 

R R 

CH$H 

bH 

23a, 23b 86 14 Bz?O, 

24a, 24b 

25a. 25b 

26a, 26b 

97 3 UV, Bz,O _ z 

76 24 uv 

76 24 UV 

Table 5 
Energies of frontier orbitals for oletins and radicals and total charges on the double bond (charges in IO-’ units of electron charge) 

Fluoroolefin PM3 * 3-2lC h 6-311+Gh 

HOMO LUMO Charge HOMO LUMO Charge HOMO LUMO Charge 
(ev) (eV1 (ax.) (a.u.) (a.u.) (a.u.) 

1 CICF&F=CF> - 11.39 - 1.16 Cl 0.21 - 0.43 I 0.132 Cl 0.85 - 0.423 0.150 Cl 0.74 
c2 -0.13 c2 0.27 c2 0.14 

2 CICF,-CF=CCIF - 10.66 - I .05 Cl -0.01 -0.41 I 0.128 Cl 0.30 
C? -0.10 c3 0.31 

3 CICF?-CF=CCI, - 10.24 - 0.95 Cl -0.24 -0.413 0.096 Cl -0.73 - 0.402 0.107 Cl -0.23 
c2 -0.07 c2 0.54 c2 0.48 

4 CICF&F=CHCI - JO.36 -0.68 Cl -0.18 - 0.404 0.068 Cl -0.242 
c2 -0.08 c2 0.383 

Radical R SOMO (eV) SOMO (a.“. ) SOMO (a.u. j 

CHTcH(OH) - 3.46 - 0.042 -0.05 I 
(CH,)&(OH) -3.58 - 0.043 

n - 3.40 

0 . 

l-7 
“X0 

- 3.76 

- 0.044 

- 0.057 

* Ref. 23. 
h Ref. 24. 

LUMO of an olefin is thus responsible for product formation. 
In the case of olefins 1 and 3, the preferred radical attack, i.e. 
favourable overlap of both orbitals (SOMO and LUMO), is 
in complete agreement with the experimental results (Fig. 1, 
Table 5). However, the regioselectivity predicted by frontier 
orbital interactions does not take into account the different 
steric requirements of the reacting radicals. 

An analogous analysis for olefins 2 and 4 leads to less 
satisfactory conclusions: both types of radical attack, i.e. 
“inner” and “end”, have the same probability. These results 

reflect the experimental results discussed above (Tables 2 
and 4), showing a strong regioselectivity dependence on 
the effective bulkiness of the radical. On the basis of quali- 
tative frontier orbital theory, a more detailed analysis of the 
different and changing regioselectivities for these two olefins 
is not possible. The effects of solvation, for example, proba- 
bly have an important influence on the reaction course, but 
they cannot be analysed by this relatively simple quantum- 
chemical interpretation. The thermodynamic stabilities of the 
possible “inner” and “end” adducts of olefins 2 and 4 also 
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CIFQZF=CF~ (1) 

Fig. I. Natural frontier orbitals:A SOMO, B LUMO, C LUMO 

do not provide clear results: both adduct radicals display 
comparable thermodynamic stabilities (practically equal 
heats of formati~on) strongly influenced by conformation. The 
thermodynamic calculations thus support the incomplete 
regioselectivity of the addition reactions for olefins 2 and 4 
as observed experimentally. 

The regioselectivity of kinetically controlled reactions can 
be interpreted on the basis of electron charge distributions. 
On the other hand, a correlation of the charge distribution 
with regioselectivity can be understood as theoretical support 
for kinetic control. In the case of olefins 1 and 3. the nucleo- 
philic nature of the radicals must lead topreferredinteractions 
with more positively charged carbon atoms (Table 5), in 
agreement with the experimental findings. It is interesting 
that the polarity of the double bond is reversed when terminal 
fluorines are substituted by chlorine atoms (Table 5). In the 
case of olefins 2 and 4, analogous predictions of the regio- 
selectivity of addition are not possible because the differences 
in the total charges of C 1 and C2 for olefins 2 and 4 are very 
small (Table 5)) with the exception of the 6-3 11 + G** cal- 
culation for olefin 4 (Table 5). In contrast with the experi- 
mental results (Table 2 and Table 4), however, all values 
predict a better terminal attack by a nucleophilic radical for 
olefin 2. 

The results obtained allow us to formulate the following 
conclusions: 

both treatments, i.e. frontier orbital interactions and 
charge distributions, give qualitatively similar results; 
the reactions studied are probably kinetically controlled: 
the experimental data on radical addition regioselectivity 
can be explained on the basis of the quantum-chemical 
calculations used; 
the total charge distributions on the double-bonded car- 
bons and the shapes of the frontier orbitals reveal that the 
polar effects of the chlorine substituents contribute sub- 
stantially to the observed regioselectivity changes. 

2.7. Transformations of addition products: methacrylates 
of alkanols and hydrolysis of dioxolane adduct 

Chlorofluoroalkanols are more acidic than alkanols owing 
to the electronegativity of the fluoro and chloro substituents. 

R;-OH + NEt, Cl-C-C=CH2 - R,O-S-C=CH2 
8, lZa, 12b 6 dH3 

21,28a, 28b 
8 kH3 

8, 27, R,= CICF2-CHF-CF2-CH-CH3 

t2a, 28a, R,= CICFz-CHF-CCIF-CH-CH3 

12b, 28b, R,= CICF+F-CH-CH3 

CHCIF 

CF2-CHF-CF2CI 

6 11 

CF2-CHF-CF2CI 
CbOH 

OX0 
i--i 29 

HCI (aq) HO OH 

Scheme 9. 

Their transformaticn to esters by esterification is not possible; 
instead, acylation was used [9a] (Scheme 9). The conver- 
sions of fluoroalkanols 8, 12a and 12b were above 95%. 
Asymmetric centres in the starting fluoroalkanols were trans- 
ferred into the corresponding fluoroalkyl methacrylates 27, 
28a and 28b without any change: according to the NMR 
spectra, methacrylate 27 consisted of two diastereoisomers 
in a ratio of 47% and 53% rel., i.e. the same ratio as in the 
starting fluoroalkanol 8: regioisomeric methacrylate 28a, 
with three asymmetric carbons, consisted of four pairs of 
enantiomers in the ratio of 238, 23%, 24% and 30% rel. as 
in alkanol 12a; similarly, the diastereoisomeric composition 
of regioisomeric methacrylate 28b corresponded to starting 
alkanol 12b as documented by values of 14%. 22%, 28% and 
36% rel. 

2.8. Structural elucidation 

The structures of products 5-26 were confirmed on the 
basis of elemental analyses (Table 6) and ‘H and ‘“F NMR 
spectra. Regioisomeric adducts, when formed, were not sep- 
arated, and elemental analyses are given for their mixtures. 

Each addition product consisted of several configurational 
isomers. In the additions to olefins 1 and 3, two new chiral 
centres were created and two pairs of diastereoisomers were 
formed (6b. 7a, 7b, 8,10,11,13a, 13b, 17.19,20,22,23b- 
26b; Scheme 10). In the case of fluoroolefin 2, three chiral 
centres were sometimes created and four pairs of diastereo- 
isomers for each of the two regioisomers were formed (12a, 
14a-16a, 23a, 25a. 26a and 12b, 14b-16b; Scheme lo), i.e. 
the NMR spectrum of such a compound contained complex 
signals of eight regioisomers and diastereoisomers. 

Simpler NMR spectra were obtained in the case of the 
products of addition to olefin 4 because they contained signals 
of only six regioisomers and stereoisomers (23a+23b, 
25a + 25b, 26a + 26b). We were successful in assigning the 
signals of the ‘H and ‘“F NMR spectra to individual diaster- 
eoisomers (see Table 7) by means of their integral intensity, 
signal multiplicity and coupling constants. 
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CICF>-EHF-CF2-dR’R2R3 

6b,8,10,11 

CICF2-;HF-&IF-CR’R; 

7P,lSP 

CICF>-;F-tR’R2R3 

&HCb 

17,19,20,22 

CICF2-6F-6R’R2R3 

6H2CI 

23te26b 
2 pairs of diastereoisomers 

CICF2-;F-ER1R2R3 

*~HCIF 

4 pairs of diastereoisomers 

Y,Z=CI,F;H,CI 

scheme 10, 

CCIF2-CCIF-Ccl3 w, CClFz-CCIF-CHCb =-$$ 4 
PriOH 

CFC-213 30 

Sclwne 11. 

2.9. Synthesis of 1,3-dichloro-2,3,3-triJluoropropene (4) 

Compound 4 was prepared by a new two-sheep synthesis 
(Scheme 11). In the first step, the starting 1,2,3,3,3-penta- 
chloro- 1,1,2-trifhioropropane [ 25 ] (CFC-213) was trans- 
formed selectively to monohydrogenated alkane 30 by pho- 
tochemical reduction [ 26a,26b] In the second step, we used 
modified conditions for the dehalogenation [27a,27b] of 
compound 30 to olefin 4. 

3. Conclusions 

The strong effect of the terminal chlorine atom in highly 
fluorinated propenes on the regioselectivity of addition of 
nucleophilic radicals was confirmed. The effect of two chlo- 
rine atoms (instead of fluorine atoms) at the terminal position 
(olefin 3 vs. 1) appeared to be sufficiently strong to reverse 
completely the regioselectivity ofthe addition from the Khar- 
asch to the anti-Kharasch mode. In the ease of one terminal 
chlorine (olefin 2)) the regioselectivity ratio of the Kharasch 
and anti-Kharasch adducts was strongly dependent on the 
effective bulkiness of the radicals. The influence of chlorine 
on the regioiselectivity can be explained by a steric (repul- 
sive) effect, combined with a dramatic decrease in the reac- 
tion rate, and by polar effects, as expressed by frontierorbitals 
and total electron densities. Some evidence of a steric repul- 
sive effect of the fluorine atom relative to the hydrogen atom 
was obtained. The regioselectivity of addition is also influ- 
enced by the character of the fluorinated chain attached to 

trifluorovinyl in terminal fluoroolefins: longer perfluoroal- 
kyls, as well as a chlorine atom in the CF,Cl group, improve 
the regioselectivity, whereas in perfluorovinyl ethers the 
regioselectivity is relatively decreased. It has been verified 
that the allylic chlorine in 1 mimics a longer perfluoroalky- 
lated chain, which enables the prediction of a similar regio- 
selectivity for the addition reactions of long-chain 
perfluoroalkyl analogues of olefms l-1. 

4. Eqwimental details 

4.1. General comments 

The temperature data were not corrected. Distillations of 
high boiling compounds were carried out on a Vacuubrand 
RCS high vacuum oil pump. GC analyses were performed on 
a Chrom 5 instrument (see Ref. [ 27b] ; silicon elastomer 
E-301 ( GCa), poly (butane diol succinate) (GCb), nitro- 
gen) . NMR spectra were recorded on Bruker 400 AM (FT, 
“F at 376.5 MHz) and Broker WP 80 SY (FT, 19F at 75 
MHz) instruments; tetramethylsilane (TMS) and CFCl, 
were used as the internal standards; chemical shifts were 
given in parts per million (s, singlet; bs, broad singlet; d, 
doublet; t, triplet; q, quadruplet; qi, quintuplet; sex, sextuplet; 
sep, septuplet; m, multiplet) and coupling constantsJin hertz. 

The chemicals used were as follows: chlorofluoropropenes 
l-3 [27b], 1,3-dioxolane (Fluka) and 2,2-dimethyl-1,3- 
dioxolane [28] (yield, 83%; 1,1,2&chlorotrifluoroethane 
(CFC- 113) was used as azeotropic solvent) were prepared 
according to the literature procedures; silica gel L40/100 
( Merck) ; 2,2-diphenyl- 1-picrylhydrazyl ( Aldrich) ; meth- 
acryloyl chloride (Fluka) was distilled before use; oxolane 
(Fluka) ; ethanol, 2-propanol, 2-butanol and acetone were 
dried and purified according to standard procedures [ 291. 

Quantum chemistry calculations were performed: PM3 
(program MOPAC6) [231; ab initio bases 3-210 and 6- 
3 1 1 + G* * (program GAUSSIAN94) [ 241. 

4.2. Photoinduced additions to 3-chloro-1,1,2,3,3- 
pentafluoropropene (1) (products 5,6 and 8-11) 

Reactions were carried out in an immersion-well photo- 
reactor (75 ml) cooled from outside to - 15 to - 5 “C; a 
medium-pressure UV lamp (Tesla, RVK 125) in a 
water-cooled double jacket (quartz and Simax@ glass, gas 
inlet) was used as light source; a dry-ice-cooled spiral reflux 
condenser was connected to a dry-ice-cooled trap which was 

connected to atmosphere through a hydraulic seal with sul- 

phuric acid, The reactor was charged with additive (0.5 mol) 
and the apparatus was flushed with argon for 2 h with cooling. 
Gaseous olefin 1 (8.32 g, 50 mmol) was then introduced into 
the photoreactor on irradiation and the conversion of olefin 1 
was monitored by GC. The surplus additive was distilled off 
using a distillation column (15 cm, Berle saddles) and the 
pure product was obtained by distillation under vacuum (for 



Ta
bl

e 
7 

NM
R 

sp
ec

tra
l 

da
ta

 
for

 
pr

od
uc

ts 
62

9 
( ‘

H 
NM

R:
 

40
0 

MH
z. 

CD
CI

,, 
M

e,%
; 

‘?
 

NM
R:

 
3%

 
MH

z, 
CD

CI
,, 

CC
],F

) 

Di
as

te
re

o-
 

iso
m

er
s 

Co
m

pc
i. 

St
ru

ct
ur

e’
 

(%
 r

el
.) 

‘H
 N

M
R 

‘9
FN

M
-R

 
5a

 
CC

IF
2C

HF
CF

$H
20

H 
3.

10
 (

1 
H

, b
s,

 O
H)

, 
3.

95
 (

2 
H

, t
, ‘

JE
W

 = 
12

, 
-6

2.
13

 
(1

 F
(a

), 
dd

dt
, 

‘Jn
 

= 
17

9,
 ‘J

pF
 = 

16
, 4

Jn
 =

 1
2(

1)
, ‘JH

F =
 6

, C
C

IF
,),

 -
64

.1
3 

(1
 F

(b
), 

CH
20

), 
5.

04
 (

1 
H

, d
dq

, ‘
JH

p =
 4

3,
 ‘J

a 
= 

6,
 

dd
q,

 2
Jm

 = 
17

9,
 3

JF
F =

 1
6,

 ‘Jm
 =

 4
J~

 =
 1

2(
q)

, 
C

C
IF

& 
-1

17
.4

2 
(1

 F
(a

), 
dd

se
x,

 ‘J
FF

 = 

51
1 

CC
IF

2C
F(

CH
>O

H)
CH

& 

6a
 

CC
IF

$X
FC

F2
-D

o 

6b
 

7u
 

71
, 

8 9 

CC
IF

#X
FC

F2
-D

ox
 

C
C

IF
2C

H
FC

C
lF

-D
o 

CC
lF

#F
@

o)
CH

Cl
F 

CC
IF

$X
FC

F~
CH

(C
HJ

)O
H 

A(
53

) 
B(

47
) 

A(
55

) 
B(

45
) 

A(
55

) 
B(

45
) 

A(
57

) 
B(

43
) 

3.
10

 (1
 

H
, b

s,
 O

H)
, 

4.
00

 (
2 

M
, d

, ‘
JH

~ =
 5

, 
CH

3,
6.

18
 

(1
 H

, d
t, 

2J
w 

= 
53

(t)
, 

‘J,
w 

= 
5,

 
CH

F2
) 

4.
08

-4
.1

2 
(4

 H
, m

,C
H2

0)
, 

5.
03

 (
1 

H
, d

dd
t, 

‘Jw
 

= 
42

, ‘
Jw

 
= 

9,
6(

t) 
an

d 
2,

 C
H

F)
, 

5.
30

 
(1

 H
, d

dd
, 

‘JH
~ =

 1
0 

an
d 

5,
 4

J,
~ 

= 
2,

 C
HO

) 

4.
20

 (
2 

H
, m

, C
H

IO
), 

4.
42

 (
2 

H
, s

, C
Hz

O
), 

4.
55

 (
1 

H
, m

, C
HO

), 
5.

04
 (

1 
H

, m
, C

q 

4.
 I 

I 
(4

 H
, m

, 2
 C

H2
0)

, 
5.

13
 (

1 
H(

B)
, 

dd
t, 

2J
w 

= 
43

, ‘
Jw

 
= 

16
, 1

2(
t),

 C
H

F)
, 

5.
14

 (
1 

H
 

(A
), 

dt
, 2

Jw
3=

 4
3,

 3
JH

F =
 4

 (t
), 

C
H

F)
, 

5.
41

 
(; 

“~
$3

”,.
. 

= 
4,

 C
H

), 
5.

42
 (

1 
H(

A)
, 

d,
 

w-
 

, 

4.
11

 (
4 

H
, m

, 
2 

C
H

,O
), 

5.
57

, 
5.

59
 (

1 
H

 
(A

,B
), 

2 
x 

d,
 3

JH
p =

 1
5,

 1
3,

 C
H

), 
6.

51
, 

6.
57

 (
1 

H&
B)

, 
2 

x 
dd

, 2
Jm

 =
 4

8,
 ‘J

,,p
 =

 6
, 

C
H

C
IF

) 

1.
41

 (
3 

H
, d

, 3
J~

 =
 6

, C
H3

), 
2.

50
,2

.7
2 

(1
 

H
 (

A,
B)

, 
2 

x 
bs

, O
H)

, 
4.

18
 (

1 
H

, m
, C

H
), 

5.
 I3

 (
1 

H(
A)

, 
dd

dd
d,

 2
Jm

 =
 4

2,
 3

Jw
 =

 1
4,

 
I 1

, 5
, 3

, C
H

F)
, 

5.
15

 (
1 

H(
B)

, 
dd

dd
d,

 ‘
JH

p =
 

44
, ‘

JH
p =

 1
4,

 1
1,

 1
0,

 5
, C

H
F)

 

1.
36

, 
1.

40
 (6

 H
, 2

 x
 s

, 2
 C

H3
), 

2.
58

 (
1 

H
, 

bs
, O

H)
, 

5.
23

 (
1 

H
, d

dd
dd

. 
‘J,

rp
 =

 4
3,

 ‘J
m

 =
 

17
, 1

1,
 6

, 
1,

 C
H

F)
 

27
4,

 3
J~

 =
 1

2(
se

x)
, 

‘J
m

 =
 7

, C
F,

), 
-1

21
.6

61
1 

F(
b)

, 
ds

ep
, 2

Jw
 =

 2
74

, 
‘JH

p =
 3

Jw
 =

 4
JF

F =
 

12
(s

ep
), 

C
F2

), 
-2

03
.7

4 
(1

 F
, d

dd
t, 

‘JH
p =

 4
3,

 ‘J
rr 

= 
16

(l)
, 

12
,7

, 
C

H
F)

 

-6
2.

21
, 

-6
4.

23
 

(2
 F

, 2
 x

 d
dt

, 
‘JF

p =
 

?J
 

17
9,

 ‘J
n 

= 
12

, ‘
JF

~ =
 9

(t)
, 

C
C

IF
,),

 -
13

3.
81

 
(2

 F
, d

dt
, 

m
 =

 5
3,

 ‘J
FF

 = 
7,

 ‘J
rr 

= 
9(

t),
 C

H
F2

), 
-1

84
.3

8 
(I 

F,
 tt

q,
 ‘J

w 
= 

12
,7

, 
‘Jw

 
= 

5(
q)

, 
CF

) 

-6
1.

94
, 

-6
4.

06
 (

2 
F,

 2
 x

 d
dd

t, 
‘J

FF
 = 

-1
28

.4
5 

(2
 F

, d
dd

t, 
‘Jn

 
= 

17
8,

 ‘J
,T

F =
 1

7,
 4

J~
 =

 1
2(

t),
 ‘

Jm
 =

 9
 o

r 
6,

 C
C

IF
2)

, 
12

(t)
, 

‘J
R

, =
 9

, ‘
Jm

 =
 1

0 
or

 5
, 6

 o
r 

2,
 C

F2
), 

-2
05

.6
5 

(1
 F

, d
dt

t, 
2J

Hp
 = 

42
, 

‘J
m

 =
 1

7(
t) 

an
d 

9(
t),

 ‘
JH

~ 
= 

2,
 C

H
F)

 

-6
1.

16
, 

-6
1.

71
 

(1
 F

(a
), 

2 
x 

rn
: C

C
IF

?)
, -

63
.7

5,
 -

64
.3

2 
(1

 F
(b

), 
2 

x 
m

, C
C

IF
2)

, -
I 

18
.4

6,
 

-1
21

.5
7,

 
-1

25
.0

6 
an

d 
-1

27
.3

7 
(2

 F
, 4

 x
 d

m
, ‘

Jn
 

= 
27

1,
 C

F2
), 

-2
02

.7
6,

 
-2

07
.1

0 
(I 

F&
B)

, 
2 

x 
dm

, ‘
Js

 
= 

43
, C

H
F)

 
-5

7.
90

, 
-5

8.
08

 
(1

 F
(F

(a
), 

A,
B)

, 
2 

x 
dd

t, 
2J

m
 =

 1
77

, ‘
Jm

 =
‘Jm

 
= 

15
, 

16
(t)

, 
‘J

fa
 =

 1
2,

 4
, 

C
C

lF
3,

 
-6

2.
68

 
(1

 F
(F

(b
). 

B)
, 

dd
t, 

2J
n 

= 
17

7,
 ‘J

n 
= 

4J
~ 

= 
16

(t)
, 

‘JH
p =

 1
2,

 C
Cl

F2
), 

-6
2.

81
 

(1
 F

(F
$b

), 
A)

, 
dd

dd
, 

‘J
m

 =
 1

77
, ‘

Jp
p 

= 
15

, ‘
Jn

 
= 

6,
 3

J~
 =

 4
, C

Cl
F2

), 
-1

37
.2

1 
( 1

3W
, 

dd
t, 

J m
 =

 2
3,

 ‘J
pp

 =
 1

5,
 ‘J

pp
 =

 1
5,

6,
 

C
C

lF
), 

-1
40

.0
5 

(1
 F

(B
), 

dq
i, 

‘J~
F 

= 
= 

m
 =

 1
6(

q)
, 

3J
H

F =
 1

6,
4,

 C
C

LF
), 

-1
94

.0
, 

-1
96

.0
 

(1
 F

(A
,B

), 
2 

x 
dq

, 
2J

Hp
 = 

43
, 3

JF
p =

 
= 

15
, 

16
(q

), 
C

H
F)

 

-5
7.

61
 

(1
 F

(F
(a

), 
B)

, 
dt

, ‘
JF

~ =
 1

77
, ‘

Jw
 =

 ‘J
n 

= 
11

(t)
, C

Cl
Fz

), 
-5

7.
70

 (
 1

 F
 (

F(
a)

, 
A)

, 
dd

d,
 2

Jn
 =

 1
77

, 4
Jp

p =
 1

5,
 ‘J

pp
 = 

2J
yp

 = 
17

7,
 “J

Fp
 = 

16
, 1

5,
 3

Jf
l =

 
8,

 C
C

lF
3,

 
-6

0.
10

, 
-6

2.
52

 
(1

 F
(F

(b
), 

B,
A)

, 
2 

x 
dd

d,
 

11
, ‘

Jp
p=

 
11

.8
, 

C
C

IF
2)

, -
15

1.
22

 
(1

 F
(B

), 
dd

t,l
Jm

 
= 

48
, ‘

Jn
 

= 
16

, 
11

, C
H

C
IF

), 
-1

53
.3

1 
(1

 F
(A

), 
dq

,‘J
Hp

= 
48

,‘J
w=

 
JF

~=
 1

5(
q)

, 
C

H
C

IF
’),

 
-1

78
.4

2 
(1

 F
(A

), 
dt

t, 
‘Jp

p =
 1

5,
8(

t),
 

‘Jw
 

= 
15

,6
, 

C
F)

, -
17

9.
43

 
(1

 F
(B

), 
dd

q,
3J

n 
= 

1 l
(q

), 
3J

w 
= 

13
,6

, 
CF

’) 

-6
1.

41
 

(I 
F(

F(
a)

, 
B)

, 
dt

t, 
‘Jw

 =
 1

77
, ‘

JF
P =

 ‘J
w 

= 
14

(t)
, 

‘Jp
p 

= 
11

(t)
, 

CC
lF

2)
, 

-6
1.

83
 

F(
F(

a)
, 

A)
, 

dd
q,

 ‘
JF

P =
 1

77
, ‘

JF
P =

 ‘
JH

P =
 ‘1

~ 
= 

14
(q

), 
‘JE

W
 = 

11
, C

C
lF

3,
 

-6
3.

84
 

(1
 F

 (1
 

(F
(b

), 
A)

, 
2J

w 
= 

17
7,

 ‘J
pp

 = 
‘Jw

 =
 1

4(
q)

, 
‘J

m
 =

 1
1,

 C
C

IF
,),

 -
64

.4
0 

(1
 F

(F
(b

), 
B)

, 
dd

dt
, 

‘Jn
 

= 
17

7,
 ‘J

R
 =

 1
4,

 ‘J
Fp

 = 
1 l

(t)
, 

‘JH
p =

 
2J

pp
 = 

27
0,

 ‘J
n 

= 
14

, ‘
JH

p =
’ 

5,
 C

Cl
F2

), 
-1

20
.7

1,
 

-1
24

.7
2 

(2
 F

(B
), 

2 
x 

dd
q,

 

3J
pp

 =:
 ‘J

n 
= 

14
(q

), 
3J

~ 
= 

JI
T 

= 
1 l

(q
), 

C
F,

), 
-1

25
.0

2 
(1

 F
(F

(a
), 

A)
, 

dd
q,

 ‘J
n,

 =
 2

70
, 

ll,3
Jm

=3
 

5,
 C

F2
).-

13
0.

64
 

(1
 F

F@
), 

A)
, 

dd
dt

, 
‘JF

p=
27

0,
 

‘Jn
= 

14
, 

Jw
 =

 3
, C

F2
), 

-2
03

.0
4 

(1
 F

(A
), 

dd
q,

 
JH

~ =
 4

2,
 3

Jp
p =

 1
4(

q)
, 

3,
 C

H
F)

, 
-2

04
.8

2 
(1

 F
(B

), 
dq

i, 
2J

~ 
= 

44
, ‘

Jm
 =

 1
4(

qi
), 

C
H

F)
 

-6
0.

24
, 

-6
3.

97
 (

2 
F,

 2
 x

 d
dd

t, 
2J

pp
 = 

17
7,

 ‘J
n 

= 
20

, ‘
Jw

 =
 1

5,
 3

JH
p =

 ‘J
n 

= 
1 l

(t)
 

or
 6

(t)
, 

C
C

IF
2)

, -
12

3.
19

 
(1

 F
(a

), 
dd

dt
, 

‘J
R

, =
 2

74
, ‘

JE
 =

 2
0(

t),
 ‘

Jp
p 

= 
4,

 ‘J
w 

= 
I, 

C
F,

), 
-1

26
.4

7 
(IF

@
), 

dd
dt

, 
2J

pF
 = 

27
4,

 ‘J
n 

= 
11

,6
, 

‘JF
F=

 1
1,

 ‘J
w=

 
17

, C
Fz

),-
19

6.
70

 
(1

 F
, d

dd
t, 

2J
w=

43
,3

Jp
p=

15
(t)

, 
11

,4
,C

HF
) 

’ 
Dm

do
 -

 2
,2

-d
im

et
hy

l- 
1,

3-
di

ox
ol

an
-4

-y
l, 

O
x 

- 
ox

ol
an

-f-
yl

. 



Ta
bl

e 
7 

(co
nti

nu
ed

) 

Di
as

te
re

o-
 

iso
m

er
s 

Co
m

pd
. 

St
ru

ctu
re

’ 
(%

 
re

l.) 
‘H

 
NM

R 
‘9F

NM
R 

J(
Hz

) 
10

 
CC

IF
#.X

FC
Fz

-O
x 

A(
55

) 
B(

45
) 

2.
14

 
(4

 
H,

 
m

, 
CH

J, 
3.

90
 

(2
 

H,
 

m
, 

CH
*O

), 
4.

30
 

(1
 

H,
 

m
, 

CH
O)

, 
5.

08
, 

5.
10

 
(1

 
H(

B,
A)

, 
2 

x 
dd

dd
d,

 
CH

F)
 

-6
0.

95
 

(1
 

F(
F(

a)
, 

EJ
), 

dd
dt

, 
CC

IF
2)

, 
-6

1.
57

 
(1

 
@

F(
a)

, 
A)

. 
dd

dd
, 

CC
lFz

), 
-6

3.
75

 
(1

 
F(

F(
b)

, 
A)

, 
dd

q,
 

CC
lFz

), 
-6

4.
39

 
(1

 
F(

F(
b)

, 
B)

, 
dd

t, 
CC

&)
, 

-1
19

.5
0,

 
-1

22
.5

0 
(2

 
F(

B)
, 

2 
x 

dd
q,

 
CF

2)
, 

-1
24

.5
1 

(1
 

F@
(a

), 
A)

, 
dd

dd
, 

CF
z),

 
-1

29
.1

2 
(1

 
F(

F@
), 

A)
, 

dd
t. 

CF
2)

, 
-2

02
.9

4 
(1

 
F(

A)
, 

dq
, 

CH
F)

, 
-2

08
.0

2 
(1

 
F(

B)
, 

dd
t, 

CH
F)

 

F(
a)

 
-ii

i- 15
18

 
6 

24
11

5 

01
15

 

F(
b)

 
K

-E
 

1 
15

 
on

5 
15

 
I5

 

CC
lF

l 

W
I 

A/
B 

11
 

CC
lF2

CH
FC

F2
-D

m
do

 
A(

55
) 

B(
45

) 

1.
38

, 
1.

39
, 

1.
47

, 
1.

48
 

(6
 

H,
 

4 
x 

s,
 

2 
CH

& 
4.

17
, 

4.
28

 
(2

 
H,

 
2 

x 
m

, 
CH

zO
), 

4.
43

 
(1

 
H,

 
m

, 
‘Jw

 
= 

9,
6 

an
d 

5,
 C

HO
), 

5.
05

 
(1

 
H(

B)
, 

dd
dt

, 
CH

IF
;), 

5.
06

 
(1

 
H(

A)
, 

dl
t, 

CH
F)

 

-6
1.

16
,-6

1.
71

 
(1

 
F(

F(
a)

, 
B,

A)
,2

xd
dd

dd
, 

CC
lF2

), 
-6

3.
75

, 
-6

4.
32

 
(1

 
F(

F@
), 

A,
B)

, 
2 

x 
dd

dt
, 

CC
lF2

), 
-1

18
.6

6,
 

-1
2.

1.
65

 
(1

 
F(

F(
a)

, 
B,

 
A)

, 
2 

x 
dt

q,
 

CF
2)

, 
-1

22
.6

8 
(1

 
F(

F(
b)

, 
B)

, 
dd

dq
, 

CF
2)

, 
-1

25
.8

1 
(1

 
F 

(F
(b

), 
A)

, 
dd

tt,
 

CF
z),

 
-2

02
.7

5,
 

-2
07

.1
2 

(1
 

F&
B)

, 
2 

x 
dd

dt
, 

CH
F)

 

F(
a)

 
-ix

- 16
11

7 7 
14

/I 
1 

11
/9

 
14

/9
 

11
f9

 
15

 

I 

CC
lFz

 
A 

B 
- 

-5
6.

27
. 

-5
9.

12
, 

-5
9.

36
, 

-6
1.

27
 

(1
 

F(
F(

a)
, 

D,
B,

C,
A)

, 
F(

a)
 

4 
x 

dd
t, 

CC
IF

2)
, 

-6
2.

08
, 

-6
2.

32
, 

-6
3.

18
, 

-6
3.

73
 

(1
 

F 
(F

(b
), 

D,
A,

B,
C)

, 
4 

x 
dd

t. 
CC

&)
, 

-1
29

.0
4,

 
-1

29
.1

8,
 

-1
34

.6
6,

 
-1

41
.0

4 
(1

 
F(

C,
A,

D,
B)

, 
4 

x 
dq

, 
CC

IF
), 

-1
90

.1
5,

 
-1

92
.8

9 
(1

 
F@

,C
), 

2 
xd

q, 
CH

F)
, 

-1
93

.8
7,

 
3 

-1
94

.2
8 

(1
 

F&
B)

, 
2 

x 
dd

t, 
CJ

SF
) 

3 
3 

11
20

 

15
 

14
 

15
 

14
 

15
 

14
 

13
 

11
 

12
a 

CC
IF

2C
HF

CC
IF

CH
(C

H~
)O

H 
A(

28
) 

1.
40

 
(3

 
H,

 
m

, 
CH

& 
2.

41
 

(1
 

H,
 

bs
, 

~(
27

) 
OH

), 
4.

51
 

(1
 

H,
 

m
, 

CH
O)

, 
5.

14
, 

c(
24

) 
5.

15
, 

5.
18

, 
5.

35
 

(1
 

H(
A,

D,
C,

B)
, 

DW
 

4 
x 

dd
dd

, 
CH

F)
 

12
b 

CC
lF,

CF
(C

HC
lF)

CH
(C

H,
)O

H 
A(

3 
1)

. 
1.

48
 

(3
 

H,
 

m
, 

CH
a)

, 
2.

41
 

(1
 

H,
 

bs
, 

B(
25

) 
OH

), 
4.

51
 

(1
 

H,
 

m
, 

CH
O)

, 
6.

61
, 

W
V 

6.
65

, 
6.

66
, 

6.
67

 
(1

 
H(

B,
A,

D,
C)

, 

W
V 

4 
x 

dd
, 

CH
Cl

F)
 

-5
7.

37
, 

-5
8.

39
, 

-5
8.

40
, 

-5
9.

71
 

(1
 

F(
F(

a)
, 

A,
B,

D,
C)

, 
4 

x 
dt

. 
CC

IF
2)

, 
-5

7.
89

, 
-5

9.
09

, 
-5

9.
10

, 
-6

0.
20

 
(1

 
F 

(F
(b

), 
A,

B,
D,

C)
, 

4 
x 

dt
, 

CC
&)

, 
-1

48
.4

9,
 

-1
49

.9
0,

 
-1

49
.9

7,
 

-1
51

.6
7 

(1
 

F@
,B

,C
,A

), 
4 

x 
dd

t, 
CH

Cl
F)

, 
-1

66
.6

2,
 

-1
71

.1
4,

 
-1

74
.2

1,
 

-1
75

.4
9 

(1
 

F(
C,

B,
A,

D)
, 

4x
dd

t,C
F)

 

F(
a)

 
CC

& 
AB

 

CH
Cl

F 

1.
38

, 
1.

51
(6

H,
2x

s,2
CH

,),
 

-5
9.

44
 

(1
 

F@
(a

), 
B,

A)
, 

dd
dd

, 
CC

IF
2)

, 
-6

3.
20

 
2.

38
 

(1
 

H,
 

bs
, 

OH
), 

5.
20

 
(1

 
H(

B)
, 

(1
 

F(
F@

). 
B.

A)
, 

dd
t, 

CC
&)

. 
-1

33
.6

1 
(1

 
F(

A)
, 

dd
dd

, 
Cm

, 
5.

42
 

(1
 H

(A
), 

dd
d,

 
dd

d,
 

CC
IF

), 
-1

35
.2

5 
(1

 
F(

B)
. 

dd
t, 

CC
IF

), 

Cr
-n

;) 
-1

81
.5

6,
 

-1
83

.1
4 

(1
 

F&
B)

, 
2 

x 
dd

t, 
Cq

 

13
a 

CC
lF&

HF
CC

IF
C(

CH
,)~

OH
 

A(
82

) 

W
V 

13
b 

CC
lF#

ZF
(C

HC
IF

)C
(C

H,
),o

H 
A(

60
) 

B(
4O

) 

1.
40

, 
1.

47
 

(6
 

H,
 

2 
x 

s,
 C

H,
), 

2.
38

 
(1

 H
, 

bs
, 

OH
), 

6.
67

,6
.8

1 
(1

 
H(

A,
B)

, 
2 

x 
dd

, 
CH

CI
F)

 

-5
4.

20
 

(1
 

F(
F(

a)
, 

A,
B)

, 
dt

, 
CC

lF
3,

 
-5

4.
89

 
(1

 
F 

(F
@

), 
A,

B)
, 

dd
d,

 
CC

&)
, 

-1
46

.7
5,

 
-1

48
.7

5 
(1

 
F 

(A
,B

), 
2 

x 
dd

t, 
CH

Cl
F)

, 
-1

59
.9

2,
 

-1
62

.5
0 

(1
 

F 
&B

). 
2 

x 
dd

t, 
CF

) 

’ 
Dm

do
 

- 
2,

2-
dim

eh
yl-

 
1,

3-
dio

xo
lan

-4
-y

& 
Ox

 
- 

ox
ola

n-
2-

yl.
 



iso
m

er
s 

Co
m

pd
. 

St
nl

clu
re

’ 
( 

) 
‘H

NM
R 

%
 r

el
. 

‘9
FN

M
R 

KH
Z)

 
14

a 
CC

lF
$X

FC
Cl

FC
(C

H,
)- 

A(
49

) 
1.

01
, 1

.0
4 

(3
 H

&B
), 

2 
x 

t, 
‘Jt

M
= 

-5
9.

21
, 

-5
9.

30
 (

1 
F(

F(
a)

, 
A,

B)
, 

2 
x 

dd
dd

, 
CC

lF
& 

w 
CC

lF
z 

AB
 

-G
Hs

)O
H 

~(
42

) 
7,

 C
ffj

C
H

2)
. 

0.
98

 (
3 

H
(C

,D
), 

m
, 

-6
3.

19
, 

-6
3.

28
 (

1 
F(

F@
), 

l/B
), 

2 
x 

dd
dd

, 
C

C
lF

,\.
 

.I
>

 
17

5 
M

b)
 

C
D

 
c 

(S
) 

CH
XH

2)
, 

1.
35

 (3
 H

, m
, C

H3
), 

-1
32

.3
0 

(1
 F

&B
), 

dt
, C

C
lF

), 
-1

34
.6

1(
1 

F(
C

,D
), 

15
 I

S 
1;

 ‘
1s

 
1.

66
, 

--I
 

D
 (

4)
 

1.
75

 (2
 H

&B
), 

2 
x 

q,
 ‘J

m
 =

 7
, 

dd
d,

 C
C

IF
), 

-1
80

.3
4,

 
-1

80
.4

2 
(1

 F
&B

), 
2 

x 
dd

t, 
CH

d,
 1

.7
1(

2 
H

(C
,D

), 
m

, C
H

d,
 

C
l-I

F)
, -

18
2.

75
, 

-1
83

.2
6 

(1
 F

(C
,D

), 
2 

x 
dq

, C
H

F)
 

2.
08

 (
1 

H
, b

s,
 O

H)
, 

5.
27

, 
5.

31
 (

1 
C

C
IF

 
H

(C
,D

), 
2 

x 
dm

, 
C

H
F)

, 
5.

39
, 5

.4
5 

13
 1

3 
I 

(1
 H

&B
), 

2 
x 

dd
d,

 C
H

F)
 

14
b 

C
C

IF
2C

F(
C

H
C

lF
)C

(C
H

& 
-(C

zH
s)

O
H 

A(
3t

) 
W

3)
 

Cc
24

1 
D(

l7
) 

0.
98

 (
3 

H
, m

, C
&C

&)
, 

1.
35

 
-5

4.
95

, 
-6

0.
85

 
(2

 F
, 2

 x
 d

dd
, 

CC
lF

z)
, 

-1
43

.7
2,

 
(3

 H
, 4

 x
 s

, C
H3

), 
1.

71
 (

2 
H

, m
, 

-1
45

.6
1,

 -
14

6.
42

, 
-1

48
.5

0 
(1

 F
(A

,C
,D

,B
), 

4 
x 

CH
z)

, 2
.0

8 
(1

 H
, b

s,
 O

H)
. 

6.
67

, 
dd

t, 
C

H
C

IF
), 

-1
58

.5
5,

 
-1

60
.1

5,
 -

16
2.

51
, 

6.
69

,6
.8

3,
 

6.
87

 (
1 

H@
,B

,A
$)

, 
-1

63
.7

2 
(1

 F
(B

,C
,D

,A
), 

4 
x 

dt
, C

F)
 

4 
x 

dm
, 

C
H

C
lF

) 

15
a 

C
C

lF
,C

H
FC

C
lF

-O
x 

A(
32

1 
2.

12
 (

4 
H

, m
, C

H?
), 

3.
90

 (
2 

H
, 

-5
5.

77
, 

-5
8.

92
, 

-6
0.

03
, 

-6
1.

31
 (

1 
F(

F(
a)

, 
B,

C
,A

,D
), 

F(
a)

 
CC

lF
z 

AB
 

8~
24

) 
m

, C
H

,O
), 

4.
42

 (
1 

H
, m

, C
HO

), 
4 

xd
dd

d,
 

CC
lF

& 
-6

1.
82

, 
-6

2.
35

 
(1

 F
(F

(b
), 

B,
D

), 
C(

23
) 

5.
07

, 5
.3

3 
(1

 H
@

,B
), 

2 
x 

dd
dd

, 
2 

x 
dd

t, 
CC

lF
& 

-6
3.

53
, 

-6
4.

08
 (

1 
F(

F@
), 

C
,A

), 
2 

x 
D(

21
) 

Cl
-IQ

, 
5.

12
, 

5.
26

 (
1 

H&
C)

, 
2 

x 
dd

d,
 C

C
IF

,),
 -

12
7.

42
, 

-1
28

.3
5,

 -
13

4.
58

. 
-1

41
.2

5 
dd

d,
 C

H
F)

 
(1

 F
(B

,D
,A

,C
), 

4 
x 

dd
t, 

C
C

IF
), 

-1
89

.9
3,

 -
19

4.
28

, 
41

1 
06

 
-1

94
.8

1,
 

-1
99

.6
0 

(1
 F

(B
,C

,D
,A

), 
4 

x 
dq

, C
H

F)
 

81
1 

06
 

8 
6 

12
 1

4 
C

C
lF

 
13

 
s 

12
 1

6 
IS

 1
6 

4 
1.

5 

15
b 

C
C

IF
2C

F(
O

x)
C

H
C

lF
 

A(
42

) 
B

W
4 

CU
9)

 
D(

l9
) 

2.
12

 (
4 

H
, m

, C
H

I),
 3

.9
0 

(2
 H

, 
-5

7.
02

, 
-5

7.
03

, 
-5

8.
32

, 
-5

9.
05

 (
1 

F(
F(

a)
, 

A,
B,

C
, 

F(
a)

 
C

C
lF

l 
m

, C
Hz

O
), 

4.
42

 (
1 

H
, m

, C
HO

), 
D

), 
4 

x 
dd

d,
 C

Cl
F2

), 
-5

7.
59

 (
1 

F@
(b

), 
A)

, 
dd

d,
 

: 
“D

 
6.

48
, 

6.
52

 (
1 

H@
,B

), 
2 

x 
dd

, 
CC

lF
& 

-5
8.

88
, 

-5
9.

62
, 

-6
0.

21
 (

I 
F(

F(
b)

, 
D

,B
.C

), 
“,‘

I 
F(

;) 
9 

, 

C
H

C
IF

), 
6.

63
, 

6.
69

 (
1 

H
(C

,A
), 

3 
x 

dt
, C

Cl
Fz

), 
-1

47
.8

3,
 -

15
0.

20
 

(1
 F

@
,B

), 
2 

x 
13

 1
0 

2 
x 

dd
t, 

C
H

C
lF

) 
dd

t, 
C

H
C

IF
), 

-1
48

.9
7,

 -
15

4.
48

 (
1 

F(
C

,A
), 

2 
x 

dq
, 

1s
 1

s 
C

H
C

lF
), 

-1
70

.7
4,

 -
17

2.
87

, 
-1

78
.2

0,
 -

17
9.

33
 

13
 1

0 
(1

 F
P,

CA
B)

, 
4 

x 
dd

t, 
C

F)
 

10
 

10
 

C
H

C
IF

 
10

 
10

 
6 

7 
49

 
40

 

16
a 

C
C

lF
,C

H
FC

C
lF

-D
m

do
 

A(
32

1 
1.

36
-1

.4
5 

(6
 H

, 4
 x

 s
, 2

 C
H

,),
 

-5
7.

48
, 

-5
7.

90
, 

-6
0.

05
, 

-6
1.

42
 (

1 
F(

F(
a)

, 
B,

C
,A

,D
), 

F(
a)

 
CC

lF
z 

AB
 

B(
24

) 
4.

23
 (

2 
H

, m
, C

H
,O

), 
4.

63
 (

1 
H

, 
4 

x 
dd

dd
, 

CC
lF

& 
-6

1.
73

, 
-6

2.
52

, 
-6

3.
41

, 
-6

4.
10

 
Cc

23
1 

m
, C

HO
), 

5.
21

-5
.2

4 
(1

 H
&D

), 
(1

 F
(F

@
), 

B.
D

.C
,A

), 
4 

x 
dd

dd
, 

CC
lF

z)
, 

-1
27

.9
3,

 
DC

21
1 

2 
x 

dd
dd

, 
C

H
F)

, 
5.

22
-5

.2
5 

(1
 H

 
-1

29
.8

2,
 -

13
6.

68
, 

-1
41

.3
5 

(1
 F

(C
,A

,B
,D

), 
4 

xd
dt

, 
@

,C
), 

2 
x 

dd
, C

tlF
) 

‘JH
p =

 2
0(

B)
 

an
d 

8(
C)

, 
C

C
lF

), 
-1

89
.6

8,
 -

19
4.

01
, 

-1
94

.4
0,

 -
19

9.
45

 
(1

 F
(B

,D
,C

,A
), 

4 
x 

dq
, C

H
F)

 
C

C
lF

 
12

 1
7 

12
 1

7 
IS

14
 

06
 

’ 
Dm

do
 -

 2
,2

-d
im

et
hy

l- 
1,

3-
di

ox
ol

an
-4

-y
l, 

O
x 

- 
ox

ol
an

-2
-y

l. 

Ta
ble

 7
 (c

on
bn

ue
d)

 

(co
nti

nu
ed

) 



Ta
ble

 7
 (c

on
tin

ue
d)

 

Di
as

tc
re

o-
 

iso
m

er
s 

Co
nl

pd
. 

Sl
nl

clu
re

’ 
(%

 r
el

.) 
‘H

 N
M

R 
‘9

FN
h.

m
 

J(
Hz

) 
16

11
 

C
C

IF
2C

F(
D

m
do

)C
H

C
IF

 

17
 

CC
IF

2C
F(

CH
Cl

2)
CH

(C
H,

)O
H 

A(
51

) 
B(

49
) 

18
 

19
 

20
 

21
 

22
 

23
a 

23
11

 

CC
IF

zC
F(

CH
CI

X(
CH

+ 
A(

50
) 

-(C
tH

s)
O

H 
BW

’) 

CC
IF

2C
F(

O
x)

CH
Cl

z 
W

-9
 

B(
40

) 

C
C

IF
,C

F(
D

o)
C

H
C

12
 

CC
1F

2C
F@

m
do

)C
HC

Iz
 

C
C

IF
2C

H
FC

H
C

IC
H

(C
H

~)
O

H
 

N
W

 
J3

W
 

cc
19

 
W

O
) 

C
C

IF
2C

F(
C

H
,C

l)C
H

(C
H

,)O
H

 
A(

64
) 

1.
47

 (3
 H

, m
, C

H&
 

2.
40

 (
1 

H
, b

s,
 O

H)
, 

3.
82

 (
2 

H
, m

, C
H

IC
I),

 
B(

36
) 

4.
30

 (
I 

H
, m

, C
HO

) 

A(
42

1 
i3

jiij
 

W
’) 

W
8)

 

‘4
05

0)
 

B(
40

) 

1.
36

-1
.4

5 
(6

 H
. 4

 x
 s

, 2
 C

H
,),

 
-5

7.
82

, 
-5

8.
04

, 
-5

8.
43

, 
-5

9.
01

 (
1 

F(
F(

a)
, 

A.
,B

,h
,C

), 
F(

a)
 

CC
IF

z 
AB

 
4.

23
 (

2 
H

. i
Ii,

 C
&O

), 
4.

63
 (

I 
H

, 
4 

x 
dd

d,
 C

C
IF

i),
 

-5
?.

55
, 

-5
8.

9$
 

-5
9.

?0
, 

-6
0.

25
 

m
, C

HO
), 

6.
45

, 6
.5

1 
(1

 H
&C

), 
(1

 F
@

(b
), 

A,
D

,B
,C

), 
4 

x 
dd

d,
 C

C
IF

,),
 -

14
6.

85
, 

2 
x 

dd
, C

H
C

IF
), 

6.
53

, 
6.

57
 

-1
51

.4
0 

(1
 F

(D
,B

), 
2 

x 
dd

t, 
C

H
C

lF
), 

-1
48

.5
5,

 
(I 

H
(A

,D
), 

2 
x 

d,
 C

H
C

IF
) 

-1
54

.4
5 

(I 
F(

C
,A

), 
2 

xd
q,

 
C

H
C

IF
), 

-1
74

.4
5,

 
-1

74
.5

5,
 -

17
7.

68
, 

-1
79

.1
0 

(1
 F

(C
,B

,A
,D

), 
4 

x 
dd

t, 
‘Jw

 =
 1

6(
A)

 a
nd

 2
3(

D)
, 

C
F)

 
C

H
C

IF
 

, 
7 

0 
49

 4
8 

1 

1.
51

, 1
.5

2 
(3

 H
, 2

 x
 d

, ‘
Jm

, =
 7

, C
Hp

), 
2.

42
 (

1 
H

, b
s,

 O
H)

, 
4.

53
,4

.7
2 

(I 
H&

B)
, 

2 
x 

dq
, ‘

Jm
= 

18
(A

) 
an

d 
IO

(B
):J

m
 

= 
7(

q)
, 

C
H

), 
6.

24
,6

.4
1 

(1
 H

&B
), 

2 
x 

d,
 ‘J

Hp
 = 

6(
A)

 a
nd

 4
(B

), 
CH

C1
2)

 

1.
53

, 1
.5

4 
(6

 H
, 2

 x
s,

 2
 C

H
,),

 2
.5

0 
(1

 H
, b

s,
 O

H)
, 

6.
51

 (
I 

H
, 

d,
 “J

H
FW

 = 
2,

 C
HC

M
 

0.
98

 (
3 

H
, 1

, ‘J
H

H
 = 

8,
 W

&I
&)

, 
1.

33
, 1

.3
5 

(3
 H

, 2
 x

 s
, C

H&
 

1.
73

 (2
 H

, q
, $

,, 
= 

8,
 C

H3
,2

.5
0 

(1
 H

, b
s,

 O
H-

), 
6.

52
,6

.5
8 

(1
 

-5
1.

61
, 

-5
3.

02
 (

2 
F(

A)
, 

2 
x 

dd
, *

Jm
 =

 1
79

, 3
Jm

 = 
9,

 C
Cl

F2
), 

-5
3.

65
, 

- 

H
, 2

 x
 d

, ‘
Jw

 
= 

2,
 C

HC
lz)

 
54

.2
7 

(2
 F

(B
), 

2 
x 

dd
, ‘

Jn
 

= 
17

9,
 ‘J

llp
 =

 5
, C

Cl
Fz

), 
-1

47
.0

0,
 

-1
48

.8
3 

(1
 F

&B
), 

2 
x 

dt
, ‘

Jp
p =

 9
(A

) 
an

d 
5(

B)
, 

‘JH
~ =

 2
, C

F)
 

2.
13

 (
4H

, 
m

, 2
 C

H&
 

3.
88

 (
2H

,m
, 

CH
20

), 
4.

55
, 

4.
72

(1
 

H
 

(A
, 

B)
, 

2 
x 

dt
, ‘

JH
F =

 2
5(

A)
 

an
d 

21
(B

), 
‘J

H
H

 = 
7.

5(
t),

 C
HO

), 
-5

4.
80

, 
-5

5.
84

 (
2 

F(
A)

, 
2 

x 
dd

, *
JR

 =
 1

77
, ‘

Jw
 =

 9
, C

C
IF

& 
-5

6.
63

, 
- 

56
.9

2 
(2

 F
(B

), 
2 

x 
dd

, ‘
JR

 =
 1

75
, ‘

JF
F =

 9
, C

CI
Fz

), 
-1

60
.1

6,
 

6.
16

,6
.4

1 
(1

 H
(B

,A
), 

2 
x 

d,
 3

J~
 =

 4
(B

) 
an

d 
3(

A)
, 

CH
C&

) 
-1

66
.3

3 
(1

 F
(B

,A
), 

2 
x 

dd
t, 

‘Jm
=9

(t)
, 

“J
m

=2
5,

 
21

, 4
 a

nd
 3

, C
F)

 

4.
10

 (
4 

H
, m

, 2
 C

H
$,

 5
.7

0 
(1

 H
, d

, ‘
JH

p =
 1

6,
 C

H
), 

6.
21

 (
1 

H
, 

-5
5.

80
, 

-5
6.

56
 (

2 
F,

 2
 x

 d
d,

 *
Jm

 =
 1

78
, ‘

Jm
 =

 6
, C

Cl
F&

 
-1

66
.7

8 
d,

 ‘J
e 

= 
4,

 C
HC

Q
 

(I 
F,

 d
dt

, ‘
1~

 
= 

6(
t),

 ‘
Jm

 =
 1

6 
an

d 
4,

 C
F)

 

1.
43

 (6
 H

, s
, 2

 C
H3

,4
.2

0,
4.

33
 

(2
 H

&B
), 

2 
x 

d,
 3

Jm
 =

 7
, 

CH
zO

), 
4.

72
,4

.8
7 

(I 
H&

B)
, 

2 
x 

dt
, ‘

Jm
 =

 2
3,

 3
JH

H
 = 

7(
t),

 
CH

O
), 

6.
16

,6
.3

0 
(I 

H(
B,

A)
, 

2 
x 

d,
 3

JH
p =

 S
(B

), 
3(

A)
, 

C
H

C
I?

) 

-5
5.

36
, 

-5
6.

42
 (

2 
F(

A)
, 

2 
x 

dd
, 2

Jw
 =

 1
78

, ‘
Jm

 =
 9

, C
Cl

F2
), 

-5
6.

21
, 

- 
57

.2
0 

(2
 F

(B
), 

2 
x 

dd
, *

Jw
 =

 1
78

, ‘
J,

 
= 

7,
 C

Cl
Fz

), 
-1

62
.9

7,
 

-1
66

.5
7 

(1
 F

(B
,A

), 
2 

x 
dd

t, 
‘Jw

 =
 9

(A
), 

7(
B)

, 
‘J

m
 =

 2
3,

 5
, 3

,C
F)

 

1.
40

 (
3 

H
, m

, C
H3

), 
2.

40
 (

I 
H

, b
s,

 O
H)

, 
4.

13
 (

I 
H

, m
, C

H
C

I),
 

4.
30

 (
I 

H
, m

. C
HO

), 
4.

97
 (

1 
H

(B
,C

,D
), 

dm
, ‘

JH
p 

= 
44

, C
H

F)
, 

5.
28

 (
1 

H(
A)

, 
da

, &
 

= 
44

, 
‘Jw

 =
 8

.5
(l)

. 
C

IIF
) 

-6
2.

25
, 

-6
2.

28
, 

-6
2.

33
, 

-6
2.

64
 (

1 
F(

F(
a)

, 
D

,C
,B

,A
), 

4 
x 

dd
d,

 ‘J
rr 

* 
16

8,
 

‘Jn
 

= 
16

, ‘
J,

,, 
= 

8.
5,

 C
Cl

F2
), 

-6
4.

52
, 

-6
5.

20
, 

-6
5.

23
 

-6
5.

29
 

(I 
F(

F(
a)

, 
A,

B,
C

,D
), 

4x
dd

d,
 

*J
m

=!
68

, 
3J

m
= 

16
, ‘

Jm
 -

8.
5,

 
C

C
IF

& 
- 

19
4.

52
, 

-1
98

.2
0,

 -
20

3.
30

, 
-2

03
.3

3 
(1

 F
(B

,C
,D

,A
), 

4 
x 

dd
t, 

‘Jw
 =

 4
4,

 
‘J

m
 =

 1
6(

t),
 ‘

JH
~ =

 2
6 

an
d 

20
, C

KF
) 

-5
5.

05
, 

-5
6.

37
 (

2 
F(

B)
, 

2 
x 

dd
, ‘

JF
~ =

 1
75

, ‘
Jn

 
= 

9,
 C

C
IF

2)
, -

55
.5

6,
 

-5
6.

90
 (

2 
F(

A)
, 

2 
x 

dd
, 2

Jn
 =

 1
75

, ‘
JR

 =
 9

, C
CI

Fz
), 

-1
56

.0
8,

 
- 

16
4.

27
 (

I 
F&

B)
, 

2 
x 

dd
t, 

3J
~ 

= 
9(

t),
 ‘J

w 
= 

18
, 1

0,
6,

 
4,

 C
F)

 

-5
2.

45
 (

1 
F(

a)
, 

dd
d,

 *
Jn

 =
 1

80
, ‘

Jp
p 

= 
9,

 ‘J
w 

= 
2,

 C
C

lF
3,

 
-5

3.
93

 (
1 

R
 

F@
), 

dd
, ‘

Jr
q 

= 
18

0,
 ‘J

n 
= 

5,
 C

C
IF

?)
, -

14
7.

96
 

(1
 F

, d
d,

 ‘J
FF

c,
) = 

4,
 3

JF
F(

bj
 

=s
,c

F)
 

2 e 2 c 2 

-6
0.

05
, 

-6
4.

32
 (

1 
F(

F(
a)

, 
B,

A)
, 

2 
x 

dd
, 2

Jm
 =

 1
68

. ‘
Jm

 =
 I

O
, C

C
IF

2)
, -

 
60

.5
8,

 -
64

.8
1 

(1
 F

(F
p)

, 
B,

A)
, 

2 
x 

dd
, ‘

Jm
 =

 1
68

, ‘
Jm

 =
 1

0,
 C

C
IF

2)
, -

 
16

9.
44

 (
I 

F(
A)

, 
dd

t, 
JF

p =
 I

O
(l)

, 
‘J

m
 =

 3
0 

an
d 

12
, C

F)
, -

17
2.

91
 (

1 
F(

B)
, 

dd
q,

 ‘J
F~

 = 
IO

, ‘J
w 

= 
30

, 
IO

 a
nd

 2
, C

F)
 

* 
Dm

do
 -

 2
,2

-d
im

el
hy

l-l
,%

di
ox

ol
an

-4
-y

l, 
Do

 - 
1,

3-
di

ox
ol

an
-2

-y
], 

O
x 

- 
ox

ol
an

-2
-y

l 

(c
on

rin
ue

dj
 

5 



Ta
ble

 7
 (

cn
nr

in
ue

d)
 

Di
as

te
re

o-
 

iso
m

er
s 

CO
!l?

 d
. 

sln
lc!

ute
’ 

(9
’0

 re
l.)

 
‘H

 N
M

R 
‘P

FN
M

R 
S(

Hz
) 

24
a 

24
13

 

25
a 

C
C

IF
2C

H
FC

H
C

IC
(C

H
,)2

0H
 

CC
lF

2C
F(

CH
2C

I)C
(C

H&
O

H 

CC
iF

$X
FC

HC
I:O

x 

2%
 

C
C

IF
2C

F(
O

x)
C

H
2C

I 

26
a 

26
b 

27
 

28
a 

C
C

IF
,C

H
FC

H
C

I-D
m

do
 

CC
IF

$X
FC

F&
H(

CH
I)O

- 
-C

O
C(

CH
+C

Hz
 

C
C

lF
~C

H
FC

C
IF

C
H

(C
H

$J
- 

-C
O

C(
CH

+C
H2

 

A(
93

) 
B 

(7
) 

W
I) 

~(
23

) 
C(

l3
) 

D(
l3

) 

A(
64

1 
B(

36
) 

45
1)

 
B(

23
) 

C(
l3

) 
D(

l3
) 

A(
64

1 
B(

36
) 

A(
53

1 
B(

47
) 

W
-9

 
B(

27
) 

C(
24

) 
W

I) 

1.
37

, 
1.

50
 (6

 H
, 2

 x
 s

, 2
 C

H
,),

 2
.4

0 
(1

 H
, b

s,
 O

H)
, 

4.
10

 (
1 

H
, 

m
, C

H
C

I),
 4

.9
2 

(1
 H

(B
), 

dm
, 2

J~
 =

 4
3,

 C
H

F)
, 

5.
25

 (
1 

H(
A)

, 
dt

, 
‘J

H
F =

 4
3,

 3
JH

F =
 6

, C
H

F)
 

1.
40

, 
1.

49
 (

6 
H

, 2
 x

 s
, 2

 C
Ha

), 
2.

40
 (

1 
H

, b
s,

 O
H)

, 
3.

81
 (

2 
H

, 
m

, C
H

2C
I) 

2.
05

 (
4 

H
, m

, 2
 C

H
3,

 
3.

90
 (

2 
H

, m
, C

H2
0)

, 
4.

13
 (

1 
H

, m
, 

C
H

C
I),

 4
.3

5 
(1

 H
, m

, C
HO

), 
4.

95
 (

1 
H

(B
,C

,D
), 

dm
, ‘

JH
~ =

 4
4,

 
C

H
F)

, 5
.2

7 
(1

 H
(A

), 
dt

, 2
Jw

 =
 4

4,
 ‘J

w 
= 

9,
 C

H
F)

 

2.
05

 (
4 

H
, m

, 2
 C

H2
), 

3.
83

 (
2 

H
, m

, C
H

ZC
I),

 3
.9

0 
(2

 H
, m

, 
CH

20
), 

4.
35

 (
1 

H
, m

, C
HO

) 

1.
35

-1
.4

5 
(6

 H
, 4

 x
 s

, 2
 C

H
J)

, 4
.1

3 
(1

 H
, m

, C
H

C
I),

 4
.2

3 
(2

 H
, 

m
, C

H2
0)

, 
4.

61
 (

1 
H

, m
, C

HO
), 

5.
22

 (
I 

H
(B

,C
.D

), 
3 

xd
m

, 
‘J

H
F 

= 
44

, C
H

F)
, 

5.
25

 (
1 

H(
A)

, 
dt

, ‘
JR

 =
 4

4,
 ‘J

Hp
 = 

8,
 C

H
F)

 

1.
40

 (6
 H

, 2
 x

 s
, 2

 C
H

,),
 3

.8
3 

(2
 H

, m
, C

Hz
CI

), 
4.

22
 (

2 
H

, m
, 

C
H

*O
), 

4.
61

 (
1 

H
, m

, C
HO

) 

1.
44

 (
3 

H
. d

, ‘
Jm

 =
 6

, C
H

,),
 1

.9
7 

(3
 H

, m
, C

Ha
-C

= 
), 

4.
94

 (
1 

H
, d

m
, 

C
H

F)
, 5

.3
6 

(1
 H

, m
, C

H
), 

5.
68

, 
6.

18
 (

2 
H

, 2
 x

m
, 

CH
2=

) 

1.
52

 (3
 H

, d
, ‘

JH
H

 = 
7,

 C
H

,),
 1

.9
6 

(3
 H

, m
, C

H,
-C

=)
, 

5.
06

 (
1 

H
, d

m
, 

C
H

F)
, 

5.
43

 (
I 

H
, m

, C
H

), 
5.

68
, 

6.
17

 (
2 

H
, 2

 x
 m

, C
H2

= 
) 

-6
3.

77
, 

-6
5.

46
 (

2 
F,

 2
 x

 d
dd

, 2
Jn

 =
 1

68
, ‘

Ja
 

= 
16

, 3
Jw

 =
 6

, C
Cl

F&
 

- 
18

7.
88

, -
19

8.
25

 
(1

 F
(B

,A
), 

2 
x 

dd
t, 

‘JH
~ =

 4
3,

 3
Jm

 =
 2

7 
an

d 
24

, ‘
JF

F =
 

W
), 

C
H

F)
 

-6
4.

21
, 

-6
4.

87
 (

2 
F(

a,
b)

, 
2 

x 
dd

, 2
J~

 =
 1

68
, 3

Je
 =

 I
 I 

an
d 

8.
5,

 C
C

IF
), 

- 
16

5.
02

 (
1 

F,
 d

d,
 ‘l

wc
(.,

 =
 1

 I, 
‘Jm

ej
 =

 8
.5

, C
F)

 

-6
1.

65
, 

-6
1.

79
, 

-6
1.

80
, 

-6
2.

20
 (

I 
F@

(a
), 

B,
D

,A
,C

), 
4 

x 
dd

d,
 ‘

Jn
 

= 
16

8,
 

‘JF
p =

 1
6,

 ‘J
,rp

 =
 9

, C
C

IF
& 

-6
2.

75
, 

-6
4.

08
, 

-6
4.

1 
I, 

-6
5.

03
 (

1 
F(

F@
), 

D
,B

,A
,C

), 
4 

x 
dd

d,
 2

Jn
 =

 1
68

, ‘
Jm

 =
 1

6,
 3

J,
,p

 = 
9,

 C
C

IF
,),

 
-1

92
.4

2,
 

-1
94

.2
9,

 -
19

8.
22

, 
-2

06
.2

0 
(1

 F
(D

,B
,C

,A
), 

4 
x 

dd
t, 

‘J
IIp

 5
f 4

4,
 

‘Jn
 

= 
16

(t)
, 

3J
~ 

= 
26

, C
H

F)
 

-6
0.

02
. 

-6
4.

37
 (

I 
F(

F(
a)

, 
B,

A)
, 

2 
x 

dd
, ‘

JR
’ =

 1
68

, ‘
J~

P 
= 

IO
, C

Cl
F?

), 
- 

60
.6

2,
 -

64
.8

7 
(1

 F
(F

(b
), 

B,
A)

, 
2 

x 
dd

, 2
JR

r =
 1

68
, ‘

Jw
 =

 I
O

, C
C

IS
), 

- 
16

9.
00

 (
I 

F(
A)

, 
dd

t, 
‘JR

,=
 

10
(t)

, 
‘JH

p =
 3

0,
 1

2,
 C

F)
, 

dd
q,

 ‘
Jm

 =
 1

0,
 ‘J

Hp
 = 

30
. 

IO
 a

nd
 2

, C
F)

 
-1

74
.7

4 
(1

 F
(B

), 

-6
1.

64
, 

-6
1.

75
, 

-6
1.

80
, 

-6
2.

21
 (

I 
F(

F(
a)

, 
B,

D
,A

,C
), 

4 
x 

dd
d,

 2
Jw

 =
 1

68
, 

‘Jn
 

= 
15

, ‘
Ja

 
= 

8,
 C

C
IF

& 
-6

2.
77

, 
-6

4.
10

, 
-6

4.
16

, 
-6

5.
05

 (
1 

F(
F@

), 
D

,B
,q

C
), 

4 
x 

dd
d,

 ‘J
R

 =
 1

68
, ‘

JF
~ =

 1
5,

 ‘J
w 

= 
8,

 C
C

IF
?)

, 
-1

94
.4

6,
 

-1
95

.8
3,

 -
19

8.
20

, 
-2

06
.5

8 
(1

 F
@

,B
,C

,A
), 

4 
x 

dd
t, 

‘JH
T =

 4
4,

 
‘JF

~ =
 1

5(
t),

 ‘
JH

F =
 2

6,
 C

H
F)

 

-6
0.

03
, 

-6
4.

35
 (

1 
F(

F(
a)

, 
B,

A)
, 

2 
x 

dd
, ‘

Jn
 

i-;
 1

68
, ‘

Jn
 

= 
IO

, C
C

IF
,),

 -
 

60
.6

2,
 -

64
.8

8 
(1

 F
(F

(b
), 

B,
A)

, 
2 

x 
dd

, ‘
Jw

 =
 1

68
, ‘

Jm
 =

 1
0,

 C
C

IF
& 

- 
16

9.
56

 (
1 

F(
A)

, 
dd

t, 
‘Jp

p =
 1

0(
t),

 ‘J
H~

 = 
30

 a
nd

 2
0,

 C
F)

, -
17

3.
47

 (
1 

F(
B)

, 
dd

q,
 3

J~
 =

 1
0,

 ‘J
H~

 = 
30

.1
0 

an
d 

2.
 C

m
 

-6
1.

82
, 

-6
4.

51
 (

2 
F(

B)
, 

2 
x 

dd
dt

, 
2J

pp
 = 

17
8,

 C
C&

), 
-6

2.
13

, 
CC

lF
z 

-6
3.

93
 

(2
 F

(A
), 

2 
x 

dd
q,

 C
Cl

F2
) 

-1
17

.7
5,

 -
12

2.
21

, 
-1

22
.7

0,
 

-1
23

.5
2 

(2
 F

&A
), 

4 
x 

ds
ex

, ‘J
w 

= 
27

5,
 ‘J

w 
= 

14
, C

F2
), 

-2
02

.4
2 

(I 
F(

A)
, 

dq
i, 

C
H

F)
, 

-2
03

.7
2 

(1
 F

(B
), 

dt
t, 

C
H

F)
 

*:I
”+

:; 
lC

F*
 

-5
7.

0(
C)

, 
-5

9.
8(

D)
, 

-6
0,

0(
B)

, 
-6

1.
4(

A)
, 

-6
2.

3(
A)

, 
-6

2.
4(

C)
, 

CC
lF

z 
-6

3.
2(

D)
, 

-6
3.

7(
B)

 
(2

 F
, 8

 x
 d

dt
,lJ

pp
 =

 1
74

, C
Cl

F&
 

-1
27

.1
, 

-1
28

.2
, 

-1
33

.0
, 

-1
33

.9
 (

1 
F(

B,
C

,D
,A

), 
4 

xd
q,

 
C

C
lF

), 
-1

89
.3

, 
-1

91
.9

, 
-1

92
.3

, 
-1

94
.2

 (
I 

F(
D

,C
,B

,A
), 

4 
xd

q,
 

C
H

F)
 

’ 
Dm

do
 -

 2
,2

-d
im

et
hy

l-l
,3

-d
io

so
la

n-
4-

yl,
 

O
x 

- o
xo

la
n-

2-
yl 



0. Paleta et al. /Journal of Fluorine Chetnistry X6 (1997) 155-l 71 169 

reaction amounts, yields, boiling points and elemental anal- 
yses, see Table 6). 

4.3. Photoinduced additions to 1,3-dichloro-1,2,3,3- 
tetra&oropropene (2), 1,1,3-trichloro-2,3,3- 
trifluoropropene (3) and 
1,3-dichloro-2,3,3-tr@oropropene (4) (products 7, 12-16; 
17-22; 23-26) 

The reactions were carried out in round-shaped, two- 
necked (sealed with septa) quartz cells with volumes of 
approximately 10 or 20 ml (diameter, 5 cm; plane-parallel 
sites); these were irradiated from outside by a medium-pres- 
sure UV lamp (Tesla, RVK 400 W), placed in a reflecting 
metal cylindrical housing, through a round window (diame- 
ter, 5 cm) with a quartz lens; magnetic follower. The cell was 
charged with olefin (2-4,0.03 mol; (Z) -2 38%, (E) -2 62%; 
(Z)-4 16%, (E)-4 84%) and additive (0.15 mol) and the 
mixture was deaerated at - 10 “C for 1 h with argon. The site 
of the cell was then irradiated at room temperature for 3-15 
h with stirring and the progress of the reaction was checked 
by GC (the conversions of olefins achieved were 70%-90%). 
Unreacted additive was distilled off (column, 5 cm; Berle 
saddles), and the pure product was obtained by distillation 
under vacuum (for reaction amounts, yields, boiling points 
and elemental analyses, see Table 6). The ratio of the (Z) 
and (E) isomers of both olefins 2 and 4 remained constant 
during the reaction (checked by 19F NMR) . 

4.4. Peroxide-induced additions to 1,3-dichloro-1,2.3,3- 
tetrajluoropropene (2) (products 12-14) 

In the apparatus described above, the cell (25 ml) was 
charged with olefin 2 (5.49 g, 0.03 mol), alkanol (0.15 mol) 
and dibenzoyl peroxide (0.182 g, 0.75 mmol) and deaerated 
with cooling to - 20 “C for 1 h. The cell was then irradiated 
at room temperature for 3-15 h with stirring and the progress 
of the reaction was checked by GC (the conversion of olefin 
was 70%-80%). Unreacted additive was then distilled off as 
above (product 7) and the pure product was obtained by 
distillation under vacuum (for reaction amounts, yields, boil- 
ing points and elemental analyses, see Table 6). The ratio of 
the (Z) and (E) isomers of olefin 2 remained constant during 
the reaction. 

4.5. Relative rates of addition toJuoroole$ns 

4.5.1. Method A 
An immersion-well photoreactor, as described forproducts 

S-12, was charged with 2-propanol (30.3 g, 0.5 mol) and 
deaerated with nitrogen for 3 h. The reactor was then cooled 
to - 15 to - 25 “C and charged with gaseous fluoroolefin 1 
(2.83 g, 17 mmol); fluoroolefins 2 (3.0 g, 17 mmol) and 3 
(3.33 g, 17 mmol), together with acetone ( 1.2 ml), were 
then added by syringe. The reaction was carried out at - 15 
to - 20 “C and samples of the reaction mixture were taken at 
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Table 8 
Competkive photoreaction of olefins 2 and 4 

Time (min) 

3.39%; Cl, 23.9%; F, 25.6%. M, 297.1; two groups of dias- 
tereoisomers belonging to two regioisomers: 2Sa, fourregioi- 
Somers in the ratio 30 : 24 : 23 : 23; 28b, four regioisomers 
in the ratio 36 : 28 : 22 : 14 (see Table 7). 

0 20 60 90 120 

Content of 2 ( % ret.) 
Content of 4 ( O/n rel.) 
Ratio 4 : 2 
-____ 

45.2 43.7 41.5 40.0 38.4 
54.x 56.3 58.5 60.0 61.6 
1.21 1.29 1.41 I .50 1.60 

4.7. Hydrolysis of 4-(3-chloro-1,1,2,3,3- 
pentajuoropropyl)-2,2-dimethyl-1,3-dioxolane (11) 
(product 29) 

intervals of 10 min (GC analysis using calibration graphs 
relative to trichloroolefin 3 which gave an unmeasurable 
amount of product over 50 min). The relative reactivities 
were obtained from the linear part of the product-time plot 
(pseudo-zero-order kinetics; experimental error, + 10%). 
The amount of addition product of olefin 3 after4 h of reaction 
was calculated by GC analysis, using an external standard 
] 1 a] (bromobenzene) , with calibration for the product of 
olefin 2; therefore the calculated yield of product 18 is only 
approximate. 

A mixture of dioxolane 11 ( 1.34 g, 5 mmol), methanol 
(6.4 g? 200 mmol) and concentrated hydrochloric acid (0.25 
g) was heated to reflux for 3 h with stirring (complete con- 
version checked by GCa). Methanol was removed under 
reduced pressure, toluene ( 15 ml) was added toremove water 
by azeotropic distillation and the residue was distilled in 
vacua to afford diol 29 ( 1.01 g, 88%‘, purity (GCb) 98%), 
b.p. 93-95 “C/l0 mmHg. Analysis: found: C, 26.4%; H, 
2.72%; Cl, 15.65%; F, 41.4%. C,;H,ClF,O, requires: C, 
28.3%; H, 2.65%; Cl, 15.5%: F, 41.6%. M, 228.6. 

4.5.2. Method B 4.8. Preparation of 1,3-dichloro-2,3,3-tr@wropropene (4) 
In the apparatus described for products 12-14, the cell was 

charged with halogenoolefins (2 and 4, 2.5 mmol), 2-pro- 
panol (9.02 g, 0.15 mol) and acetone (0.29 g, 5 mmol) and 
the mixture was deaerated as above for 1 h. The site of the 
cell was thlen irradiated at room temperature for 2 h with 
stirring, and1 samples for 19F NMR determination of the olefin 
2 and4 contents were withdrawn through septa (argon atmos- 
phere, 0.2 ml of the sample was mixed with 0.3 ml of CDCl,: 
Table 8). The ratio of the (Z) and (E) isomers of olefins 2 
and 4 remained constamt during the reaction. 

4.8.1. I,1,2,3-Tetruchloro-2.3,3-triJluoropropane 
(HCFC-223) 

4.6. Methncrylates of chlorofIuoroalkcmols 8 and 12 
(products 217 and 28) 

A three-necked flask was charged with methacryloyl chlo- 
ride (3.14 g, 30 mmol), CFC- 113 ( 1,1,2-trichlorotrifluoroe- 
thane, 12 ml) and halogenoalkanol (30 mmol; K6.38 g; 12, 
6.89 g) in a dry atmosphere with stirring and cooling with 
ice. A solution of triethylamine (3.19 g, 32 mmol) in CFC- 
113 (6 ml) was added dropwise into the flask with cooling 
with ice, at such a rate that the reaction temperature did not 
exceed 20 “(3. and the mixture was then stirred for 3 h at room 
temperature. Water (20 ml) was then added to the flask and 
the oily layer was washed with an aqueous solution of 
NaHCO, and water and then dried ( MgS04). CFC- 113 was 
distilled off and the distillation of the residue gave the prod- 
uct. Methacrylate 27 (5.27 g, 7 1 %, purity (GCb) 98%). b.p. 
65-68 “C/4 mmHg (0.53 kPa) . Analysis: found: C, 39.3%; 
H, 3.81%; Cl, 12.3%; F, 34.15%. C9H&lF,02 requires: C, 
38.5%: H, 3.59%; Cl, 12.6%; F, 33.9%. M, 280.6; two dias- 
tereoisomers in the ratio 53% : 43% rel. Methacrylate 28 
(4.32 g, 5 1% purity (GCb) 98%), b.p. 72-74 “C/2 mmHg 
(0.27 kPa). Analysis: found: C, 36.7%; H, 3.19%; Cl. 
23.65%; F, 25.6%. C9H,,C12F,02 requires: C, 36.4%; H. 

In the apparatus described for products 12-14, the cell was 
charged with amixture of 1,1,1,2,3-pentachloro-2,3,3-trifluo- 
ropropane [ 251 (CFC-2 13, 10.81 g, 40 mmol) and 2-pro- 
panol (30.05 g, 500 mmol) and deaerated at - 10 to - 15 
“C (argon, 0.5 h). The site of the cell was then irradiated at 
room temperature for 6 h with stirring and the progress of the 
reaction was checked by “F NMR (time (h) /conversion of 
CFC-213 (%): l/71, 2192, 3/95,4/96, 5197, 6198). The 
unreacted 2-propanol was removed by distillation (column, 
15 cm; Berle saddles), residual 2-propanol was removed by 
treating with water (2 X 5 ml), the residue was dried ( CaCl,) 
and the product, HCFC-223, was obtained by distillation 
(8.21 g, 87%, purity (GCa) 98%), b.p. 65-67 “C/90mmHg 
(reported: 129.8 “C [ 301; 40-44 “C/2.6 mmHg [ 27b] ). For 
the transformation of the product to halogenopropene 4, a 
raw reaction mixture can be used directly. 

4.8.2. 1,3-Dichloro-2,3,3-trijluoropropene (4) 
A two-necked flask equipped with a distillation column 

( 30 cm, Berle saddles), low-temperature head and hydraulic 
seal (concentrated H,SO,) was charged with zinc powder 
(70 g, 1.07 mol), activated with a glacial acetic acid-acetic 
anhydride mixture (0.5 ml, 1 : 1 ), and with 2-propanol ( 100 
ml, 78.5 g, 1.3 1 mol). The mixture was then refluxed. and 
HCFC-223 (30.9 g, 0.13 1 mol) was added over 2 h, while a 
distillate of b.p. 50-65 “C was collected (a mixture of 2- 
propanol and product 4). 2-Propanol was removed from the 
distillate by a distillation column ( 15 cm, stainless spirals), 
residual 2-propanol was removed by treating with a concen- 
trated water solution of CaCl, and the raw product 4 was 
dried with CaCl,. The product 4 was obtained by distillation 
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( 13.4 g, 62%, purity (GCa) 98%)) b.p. 60-62 “C (reported: 
56-57 “C [27b]), 16% (Z) and 84% (E). 
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