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Reduction of C=C1 bonds in 2.2-dichloro-1.1.2-trifluorocthyl trichloromethyl ether (7). 2-chloro-1,1.2-
trifluorocthyl trichloromethyl ether (7). and 2.2-dichloro-1.1.2-trilluorocthyl dichloromethyl cther (11)
with 2-propanol. 2-butanol. cyclohexanol. tetrahydrofuran, dicthyl cther. and 1.3-dioxolane initiated
photochemically and by radiation has been investigated. Beside the main reduction products — 2-chloro-
1.1.2-trifluorocthyl dichloromethyl ether (/V) and 2-chloro-1.1.2-triflluorocthyl chloromethyl ether (V) — it
was also possible to prove the formation of 1.2-dichloro-1.2-bis(2-chloro-1.1.2-trifluorocthoxy)cthane (VI).
1-chloro-1.2-bis(2-chloro-1,1.2-trifluorocthoxy)ethene (VI1), and 1.2-dichloro-1.2-bis(2-chloro-1,1,2-trifluo-
rocthoxy)ethene (V). The structure of products was confirmed by clemental analysis. MS, IR, "1 NMR
and " NMR spectra and by GLC comparison of the clution times with those of the standards. The rela-
tive reduction ability of the solvents used and the reduction rate order of C-Cl bonds in the compounds
(CCly > CFCly > CHCly and CFCIHH) are given.

Dédek and Ligka! = # studied the addition of 2-propanol to chlorotrifluorocthylene
initiated photochemically and by radiation and obscrved formation of the products
formed from the primary 1: 2 and 1 : 3 telomers by chemoselective reduction of C-Cl
bonds in CFCI groups by action of 2-propanol under radical conditions. No reduction
took place in the terminal HCFCI group. In an independent way they confirmed this
reduction in other chlorofluoro compounds by action of 2-propanol, tetrahydrofuran,
and 1,3-dioxolanc initiated by UV and y-“”Co radiation. The radical mechanism of
photochemically induced reduction of C-CI bonds with 2-propanol was proved c.g. in
1.1, 1-trichloro-2,2-bis(4-chlorophenylyethane®  (DDT) and in various [fluorohalo
compounds”.

In the present work we have investigated the reduction of C=CI bonds in CCl;,
CHCl,, and CFCIl, groups of 2,2-dichloro-1,12-trifluorocthyl trichloromethyl cther
(1), 2-chloro-1,1,2-trifluorocthyl trichloromethyl cther (/7), and 2,2-dichloro-1,1,2-tri-
(luorocthyl dichloromethyl ether (/17) with the aim ol preparation ol 2-chloro-1,1,2-
trifluorocthyl dichloromethyl cther (/V) which is an intcrmediate in the production
of 2-chloro-1,1,2-trifluorocthyl difluoromethyl cther — the inhalation anacsthetic
enfluran®.
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CFCl,—CF,—0—CCl, HCFCI—CF ,—0—CCl CFCly—CF ,—0—CHCl,

I i34 11
HCF Cl—CF 3—0—CHCl,
w

The reduction agents used included alcohols (cthanol, 2-propanol, 2-butanol,
3-pentanol, cyclohexanol) and cthers (tetrahydrofuran, 1,3-dioxolanc, and dicthyl
cther). We investigated the reduction abilities of the solvents used and the cffect of
molar ratio of the solvent to the chlorinated cther upon the rate and degree of reduction
of C-ClI bonds. The experimental conditions of the reductions are prescented in Table 1.
The reaction course was monitored by gas chromatography, and the time dependences
of relative proportions of halo cthers in the reaction mixture arc given graphically.

The photochemically induced reduction of cther /7 with 2-propanol was found to
procced chemosclectively in the CCl; group to give cther IV. Only after complete
conversion of cther /1 into cther IV there begins the reduction of C-Cl bonds in the
CHCI, group of the cther IV formed to give cther V (see Fig. 1, Table I, experiment No. 1).
Under the same conditions, the C-Cl bonds in CFCl, group of cther /11 are reduced
with high sclectivity; at first cther IV is formed predominantly, and then it is reduced to
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Relative proportions of halo cthers in the reaction

mixture during photochemically induced reduction
of ether 11 with 2-propanol (experiment No. 1). 1
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Relative proportions of halo ethers in the reaction

mixture during photochemically induced reduction
of cther 111 with 2-propanol (experiment No. 2). 1
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cther V (Fig. 2, experiment No. 2, Table 1). The reduction course observed indicates
distinct differences between reactivities of the individual C-Cl bonds which decrease in
the order CCl; > CFCI, > CHCl, >>> CFCIH.

HCF CI-CF ,—0—CH,CI

vV

The observed different reactivities of C=CI bonds in the groups given can be practi-
cally utilized for transformations of cthers I — [1] into cther IV, Ethers [ - 1] are always
formed as side products in the production of ether /V by chlorination of 2-chloro-1,1,2-
trifluorocthvl methyl cther and must be separated by a high-performance rectification.

The photochemically induced reduction of C-Cl bonds in cther 7 was studied in more
detail. It was found that the reduction with 2-propanol proceeds in accordance with the
above-mentioned reactivity order of C=Cl bonds in the individual groups. At first the
chlorine in CCly group is reductively removed to give cther /11 which is subsequently
reduced in its CFCI, group to give cther [V, The reduction of chlorine substituent in
CHCI, group is the most difficult one, and the conversion of cther IV into ether Vois
slow. Both the reduction rate and the conversion degree are affected by molar ratio of
2-propanol to cther [ il this ratio was 10 : 1, the reduction of ether 7 gave a mixture of
cthers IV and Voin the ratio of 96 : 4. With a 5 @ 1 excess the reduction is slow and
practically stops after the first step; the ratio of produced cthers is [ [V =92 0 8.

Further experiments were focused on the reduction cfficiency of the alcohols and
cthers. The time decrease in the relative content of ether / (Fig. 3) shows the following

order of reduction ability of alcohols: 2-propanol > 2-butanol > cyclohexanol > ¢thanol

i, 3
1 Comparison of reduction abilities of alcohols uscd
in photochemically induced reductions ol cther 1.

Relative proportion of starting cther 7in reaction

mixture (experiments Nos 305 = 8). 7 3-pentanol.
0 50 ; 150 2 cthanol, 3 cyclohexanol. 4 2-butanol. § 2-propanol
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> 3-pentanol. Analogous time dependences (Fig. 4) show the following reduction abili-
tics of cthers: tetrahvdrofuran > 1,3-dioxolanc and dicthyl ether.

From the standpoint of preparative translormation of cther [ into cther IV (with
transicnt formation of cther /11y the most advantageous reducing agent is 2-propanol.
The different reduction rates of C=Cl bonds in cthers [ — [V can be utilized in the
process of production of ether /V (ref.”) which is obtained by chlorination of 2-chloro-
I,1.2-trifluorocthyl methyl ether (XVI). Its chlorination gives ethers [ — 11 as side
products which accumulate in the distilation residues after rectification of the main
portion of cther /V. Such a mixture of cthers /- IV was transformed into the required
cther 7V (with an admixture of cther V) by a photochemically induced reduction with
2-propanol, which is represented in Fig. S giving the time dependences ol relative
content of cthers [ — V during the reduction.

The reduction of ether 7 with a tenfold molar excess ol 2-propanol was also carried
oul with the initiation with y radiation of ®“Co. It was found that the reduction of chlo-
rine substituent took place only in the CCl; group of cther [ to give ether /11, the dose
used being as little as 60 kGy. The reduction of cther [/ into the required cther 1V did
not take place, not even with application of higher radiation doses (up to 250 kGy).

The distillation residues after rectification of the reaction mixture from photoche-
mically induced reduction of ether [ with 2-propanol contained 1,2-dichioro-1,2-bis(2-
chloro-1,1,2-trifluorocthoxy)ethane (VI), 1-chloro-1,2-bis(2-chloro-1,1,2-trilluorocthoxy)-
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Comparison of reduction abilities of cthers used in
photochemically induced reductions of ether /.
Relative proportion of starting cther [ in reaction
mixture (experiments Nos 9 = 11). 1 tetra-
hydrofuran, 2 1.3-dioxolanc, 3 dicthyl cther

Relative proportions of halo cthers in reaction
mixture during photochemically induced reduction
of mixture of cthers I = V (mixture A) with 2-
propanol (experiment No. 12). 1 cther /1, 2 cther
IV, 3 cther 111, 4 cther 1, 5 cther V
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cthene (VI), 1,2-dichloro-1,2-bis(2-chloro-1,1,2-trifluorocthoxy)ethene (VII), and 3,6-
dichloro-5,5,6-trifluoro-2-methyl-4-oxa-2-hexanol (IX).

CHCI-0~CF ,CHFC CH-0~CF ,CHFCI
CHCI-0—CF ,CHF CI CCl—0—CF ,CHFCI
VI vIiI
CHy
CCI-0—CF,CHFCI i
i CH3—C—CHCI-0—CF ,CHF CI
CCI-0—CF ,CHFCI i
OH
VIII 19'¢

The photochemical reduction of C-Cl bonds is interpreted by a radical mechanism?®.

[tis presumed that at first the C-ClI bond of trichloromethyl group of cther [ is split by
photolysis or by action of the ketyl radical X to give the radical XI which produces
cther /I and Ketyl radical X by the chain transfer to 2-propanol. Acctone was always
detected in the reaction products (Scheme 1).

CFCL=CFp=0-CCly  + HC-C-CHy —=> CFCL,~CF=0-CCl +

OH
I XI
X

+  CHyCOCHy + HCI

XI + (CHy),CHOH ——> CFC,—CF,—O—CHCl, + X

111

SCHEME |

Similarly it is possible to explain the formation of cther IV from cther /11 via the
radical intermediate X/ or from cther /1 via the radical intermediate X//I (Scheme 2).

111 —— CFCI-CF,0-CHCl, —> IV <—— HCFCI-CF,0-CCl, <—— I

XII XIrr

SCHEME 2
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Also the formation of compounds VI — [X has its origin in reactions of transicnt
radical intermediates: it is presumed that dimeration of radical X1 gives the dimer X1V,
recombination of radical X with X1 produces alcohol XV. Under the conditions given,
the compounds X1V and XV are reduced to ethers VI - VIIT and alcohol LY, respectively
(Scheme 3).

CCl;~0~CF,CFCl,

2 XI1 . VI, vII,L VIII
CCl,—0—CF ,CFCl,
X
OHs
X + XI —— CH3—$—CCI2—O—CF2CFC|2 + X
OH
XV
SCHEME 3

EXPERIMENTAL

The temperature data were not corrected. The ' and F NMR spectra were measured in deute-
riochloroform with a Varian XL 100 apparatus using tetramethylsilane and fluorotrichloromethanc,
respectively, as the internal standards. The chemical shifts are given in ppm, the coupling constants J in
/. The IR spectra (V. cm") were measured (if not otherwise stated) in carbon disulfide with a Perkin—
Flmer 225 apparatus. The mass speetra were measured with a Gas-Chromatograph-Mass-Spectrometer

[.LKB 9000. The GLC analyses were carried out on a Chrom S apparatus.

2-Chloro-1.1.2-trifluorocthyl Mcthyl Ether (XVI)

The ether XVI was prepared by a reaction of chlorotrifluoroethylene with a methanolic solution of
preg y ) ‘

potassium hydroxide® at 50 °C: b.p. 69.5 — 70.5 °C. p 1.36 g em™ (ref.¥ gives b.p. 64.4 °C/83.98 kPa.

p 13632 g em™).

2.2-Dichloro-1.1.2-trifluorocthyl ‘Trichloromethyl Ether” (1)

A photochemical quartz reactor of 1 000 ml volume was charged with 950 g (700 ml, 6.41 mol) mcthyl
cther XVIL "The reactor was equipped with a high-pressure discharge lamp 125 W, a reflux condenser with
condensation trap filled with solid carbon dioxide and cthanol. and a through-flow absorber of the hydro-
gen chloride set free. Chlorine was introduced into the reactor and the reaction course was monitored chro-
matographically (SE 301, 150 °C, 0.105 MPa. N,). After the total conversion of the ceduct, the reaction
mixture was washed with water, saturated solution of sodium sulfite, saturated solution of potassium
hydrogen carbonate. dried with anhydrous calcium chloride. and distilled. Yield 1 430 ¢ cther 1 (78%). b.p.
149 = 151 °Cop 171 g em™ (ref 10 gives bop. 142 °C/83.44 kPa. p L7141 ¢ em™). For C3C15130 (286.2)
calculated: 12.52% C, 61.92% CL. 19.91% F; found: 12.429. C. 61.53% C1. 19.41% I'. MS, m/z (rcl. int., %):
152 (65). 150 (100). 119 (38), 117 (41). 102 (25). 101 (39). 65 (17). 63 (52). 47 (17). 31 (20). "'F NMR
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spectrum: 76.37 ¢ 1 17 (CFCL, SEE) = 10). 86.77 m, 2 1. (C15). IR spectrum: 608 sh. ms, 626 show, 738
shy s, 797 shy s 876 sh, s, 892 w, 913 she <0 1 O17 w1033 shovs, 1100 sh, s, 1 IS6 shovso 1175 s0 1183 s

1 296 sh, vs. 1 375 w.

Trifluorocthyl Ethers 11 -V

The ethers 110 11TV, and Vowere obtained by chlorination of ether XV up to a total consumption of 1.8
mol chlorine per 1 mol ether XVI (ref’). The reaction mixture was rectified to give ether Vowith bop. 110 °C,
p 1S3 g em™ (refS gives bop. 1044 °C/83.98 kPa. p 1.5260 ¢ em™), ether IV with b.p. 118 °C, p 1.58 ¢
em™ (ref1? gives bop. 112.5 °C/83.44 kPa. p 1.5620 g em™). cther T with bop. 128 °C, p 1.63 g em™?
(rel.? gives bup. 53 °C/6.67 kPa), and cther 11 with bup. 137 °C. p 166 g em™ (ref'” gives bop. 131 °C/83.84
kPa. p 1.6631 ¢ vm").

2-Chloro-1,1,2-trifluorocthyl trichloromethyl cther (11). For CiHCT 0 (251.9) caleulated: 14.31% O,
0.40% T, 56.31% C1, 22.63% 1 found: 14.27% C,0.397 1. 56.24% C1, 22.38% 1. MS. m/z (rel.int., %):
119 (S5). 117 (100). 82 (17). 69 (13). 67 (36). 63 (75). S1(9). 47 (9). 31 (12). "I NMR spectrum: 6,144 di.
I (CHECL 2JALEF) = 480 U3LEF) = 5) " NMR spectrum: 46,30 m., 2 I (CFy). 15820 di. | F (CHECL,
SJALEY = 480 ULEY = 1. IR spectrum: 600 w, 707 sh. s 740 w, 797 vs, 808 vs. 864 sh, vs, 879 5, 912 w.
1020 vso T O42 wso 1006 vs. 1 TOS wa 1022 vs T O30 ws, T OS2 v, 1070 <01 244 shoso 1258 <01 272 s,
1 284 sh. so 1 361 sho ms. 1 405 w, 2 985 w.

2,2-Dichloro-1,1,2-trifluorocthyl dichloromethyl ether (1), For CHCTEF0 (251.9) caleulated: 14.31% €,
0.40% 11, 56.31% CI, 22.63% F: tound: 14.28% C, 0.40% H. 56.23% Cl. 22.37% I'. MS. m/z (rel. int., %)
153 (75). 151 (100), 116 (18). 103 (28). 101 (43). 85 (58). 83 (76). 31 (22). 29 (27). 28 (19). 'I1 NMR
spectrum: 7.43 s 1 H (CHCLL). Y NMR spectrum: 76,01 1 11 (CFCL,, ‘./(l’.l") = 10), 88.55 m. 2 I
(CF5). IR spectrum: 602 she ms, 713 shoovs, 780 50853 w880 sho s 804 sho s, 916 shoovs, 1002 ms, 1023
showvso T 1O2 shyovso TS wso 1 IS0 wso 1227 shoomsc 1282 shovse T340 w2 005 w.

2-Cllloro-1,1,2-triflucrocthyl dichloromethyl ether (IV). For CiHLCKE,0 (217.4) caleulated: 16.57% C,
0.93% 11, 48.92% Cl, 26.22% I': found: 16.22% C,0.937% H. 48.71% Cl. 26.14% FF. MS. m/z (rel. int., %):
183 (24). 181 (28). 133 (27). 117 (97). 85 (66). 83 (100), 69 (10), 67 (61). 48 (23), 20 (41). "Il NMR
speetrum: 6,16 dt. 11T (CHEFCL 2/(ILE) = 48, J(ILF) = 5). 748 s, 1 1 (CHCL). ' NMR spectrum:
8837 m, 2 F (CF,), 15517 di 1 F (CHIECL Z./(H.l") = 48, l.l(l:.l") = 11). IR spectrum: 678 sh, ms, 693 s,
699 5. 774 s, 793 <. 842 sh, ms, 875 shy ms, 910 wo T OTO <0 1024 <01 094 vs, L LIS wso 1 1S3 ws, 1 167 vs,
1224 shy ms, 1261 sh, vso 1257 shy mso 1336 wo 1 360 sh. ms. 2 997 w.

2-Chloro-1,1,2-trifluorocthyl chloromethyl ether (V). For CiILCLE;0 (183.0) caleulated: 19.69% €,
1.65% 11, 38.59% CI. 31.15% I: found: 19.52% C. 1.60% 1. 38.67% C1. 31.02% F. MS. m/z (rcl. int., %):
149 (24), 147 (70). 117 (70), 115 (27). 69 (33). 67 (100). 51 (63). 49 (61). 31 (34). 29 (28). 'Il NMR
spectrum: 5.66 s, 2 TH(CHL,CHL 6,12 di L H(CHECL 2/(LE) = 48, 3(1LF) = 5). "I NMR spectrum: 69.0
m. 2 I (CF). 1548 dic 1 F (CHECIL Z.I(H.l") = 48, ) = 12) IR spectrum: 712 sho ms, 731 ms, 804
shoms, 843 w862 shy w0992 show, 1023 ms, 1040 mso 1095 wso [ LE6 vso 1147 wvso | 162 vs 1252
shoso 1278 shoso 1291 msc 1342 wo 1351 w1372 sho ms 3 000 sh, w.

Photochemically Induced Reductions

The photochemical reactor of the effective volume given in Table T for the individual experiments was
charged with the educt ethers [ = 1V or with their mixtures (the amounts are given in ‘Table 1), Cooling
water was introduced into the cooled section of the reactor in such a way that the temperature of the outlet
water did not exceed 10 = 12 °C immediately at the outlet from the reactor. The temperature of the reactor
surface varied within the limits of 30 = 3 °C. In the experiment No. 7 the reaction was carried out at 45 °C.
The reactor was equipped with a sintered glass plate for introduction of gas. a reflux condenser with a

[reezing trap filled with a mixture of solid carbon dioxide and cthanol. and with a high pressure discharge
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famp Tesla RVK 1250 A slow stream of nitrogen (50 mbmin) was introduced into the reactor in order to
perlectly mix the reaction mixture in the whole volume of reactor. Samples (0.5 ml) were taken by means
of w syringe and in the experiments Nos 7. 13, 14 they were analyzed immediately with special respect to
the components with higher clution times (SIF 301, 200 °C. 0,13 MPa N,). whereafter they were shaken
with water, and the small organic layer formed (ca 10 = 30 pd) was analyzed again by gas chromatography.
this time with respect to relative proportions of halo cthers [ =V in the reaction mixture (SE 301, 150 °C,
(1.105 MPa N»). “The same procedure, i.c. shaking of the 0.5 ml sample with 2 ml water, was applied in all
other experiments oo, The results of chromatographic analyses are presented in graphs cited in Table 1 for
the individual experiments. The ethers /1 =V formed in the reductions were identified by GLC (SE 301,
150 °C. 0.105 MPa N.) by comparing with the standards of ethers /1 =V obtained by chlorination of cther
NV and by comparison of the IR and NMR specetra.

Ithers VI = IX

I'he distillation residues obtained from the photochemical reduction of cther / alter distilling oft" the cthers
11—V were steam distilled, dried with MgSO . and analyzed by GELC Tt was found that they are mixtures
of side products from which we could isolate ethers V1 and IA by means of preparative GLC (SE: 301, 197 °C,
35 ml Na/min) and identily cthers VIF and VITT by mecans of Gl.C-MS.

1.2-Dichloro-1,2-bis(2-chloro-1,1,2-trifluorocthoxy)ethane (V1. For CJHL,CHELO, (363.9) calculated:
1O.S1% Co L% T 31.33% 1 found: 19.55% C. 1.45% 1L 310447 1. Bop. 8O = 82 °C/2.13 kPa. 'IT NMR
pectrum: 6.04 . 1 HHCHCD, 6,08 di, 1T (CHCIE 2JLE) = 475 U(ELEF) = 4.5)0 IR spectrum (CCLy:
S7S ms. 973w, 1020 ms. 1097 shyovs, 1121 vs, 1200 shy s 1202 shoso 1370 shy mse TAS3 w2 426w
2024 w, 2095 w.

1-Chloro-1,2-bis(2-chloro-1,1,2-trifluorocthovy)ethene (V). CHCREO (326.5). MS. m/z (rel int, %):
326 (3.8, M*), 258 (0.7). 200 (2), 193 (1.2). IS8T (2). 174 (16). 133 (5). 117 (100).

1.2-Dichloro-1,2-bis(2-chloro-1,1,2-trifluorocthoxy)ethene (V1. ClLCLEOS (361.9). MS, m/z (rel.
it %00 360 (1, M), 325 (0.2), 203 (0.4), 234 (0.2), 220 (3.4). 213 (4). IS1 (1.5). 133 (8.5). 117 (100),
00 (10). 77 (12.6). 67 (+.2).

3.6-Dichloro-5,5,6-trifluoro-2-methyl-1-oxa-2-hexanol (IX). CoHGCLER 05 (241.0). Bop. 74 =78 °C/80
Pa. MS. m/z (relint. %) 223 (0.6). 205 (1.3). 188 (2.7). 117 (10). 107 (2). 91 (11). 71 (16). 59 (100). 43
(59). "1 NMR spectrum: 140 s, 6 TL(CHL). 236 s T H (O, 028 de T CHECL 2JALE) = 46, U(LE) =
) 6.50 s (CHCT. IR spectrum: 542 w. S88 w560 w. 720 ms. 762 ms. 818 ms, 869 s, 1 020 ms. 1 095 vs,
L0 s, 1150 vee 1254 s, 1287 s, 1321 w1365 shy ms, 1464w, 1600w, 1683w, 1725w, 1 763 w.
2085 ms. 3620 w.

Reduction of C=Cl Bonds Induced by y Radiation with oo

Four glass ampoules of ca 6 ml volume were charged with 2011 ¢ (7.37 mmol) cther £ oand 4478 ¢ (745
mmol) 2-propanol cach. The ampoules were sealed and exposed to v-"'Co radiation. whereafter their
content was analyzed by means of gas chromatography (SE 301150 °Co0.11 MPa Ny). Tt was found that
the starting cther 7 was completely transformed into the dichloromethyl ether /11 which did not undergo

any further reduction. The resulting mixtures were not worked up.
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