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THERMOLYXTIC REACTIONS OF POLYELUOROORGANIC
COMPOUNDS. PART XXVII *. INTERACTION OF
1,1- DICHLOROPOLYEFLUOROINDANES WITH HALOFORMS
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SUMMARY

A number of polyfluoro-1-~-methyleneindanes have been obtained
by copyrolysis of 1,1-dichloropolyfluoroindanes with CF2- CPF
CHCIFz, CHCIZB‘ and CHCla.
of 1,1~dichloroctafluoroindan with CI—ICUF‘2
difluorocarbene insertion into the C-Cl bond of the benzylic position

2'
A possibility is shown for the reaction

to proceed by way of
of this indan, with subsequent dechlorination of the insertion product,

INTRODUCTION

Copyrolysis of pentafluorobenzotrichloride and its derivatives
with haloforms and tetrahaloethylenes &s sources of dihalocarbenes
is known to give polyfluorinated styrenes and lndanesfzj. In the
case of haloforms the yleld of styrenes increases and the yield of
indanes decreases, compared with that for tetrahaloethylenes [ 2].
Continuing the investigation of high-temperature reactions of poly-
fluoroaromatic compounds contdining chlorine atoms in the benzylic
position, we now report the intermaction of 1,1-dichloropolyfluoroinda -
nes with sources of dihalocarbenes, This extends the range of
compounds involved in such transformations, and explores the
possibility of synthesizing In such a manner otherwise unawailable
polyfluorinated methyleneindanes or their isomers - methylindenes,
The above compounds are of interest, for instance, for studying the
effect of fluorine atoms on the properties of aromatic and antiaromatic

systems [3].

* For communication XXVI cf. [1].
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RESULTS AND DISCUSSION

We have shown, that in copyrolysis of 1,1-dichloroctafluoroindan
(1) with difftuorochloromethane as a source of diﬂuorocarbene[4] the
main reaction product is perfluoro-1i-methyleneindan (II). Other
reaction products were perfluoro-2- (II) and - 3-methylindenes (v),

as well as octafluorcindene (V).

Ay 2 @ - G -
(1) (u), 69%" (m), 2%
: :
(v), 4% (V), 3%

Methyleneindan (I1) was also the main product of the reaction of indan
(1) with another source of difluorocarbene, namely, tetrafluoroethylene,

In this case methylindene (IV) was also formed,

Cl Ci

(1) (1)

The IR and 1?F NMR spectra of indenes (IlI) and (V) were

identical with the spectrea of authentic samples[s]. The structures of

compounds (II) and (IV) were confirmed by the elemental ansalysis data,
spectral characteristics and chemical transformations, Thus, compound
(11) under the action of caesium fluoride has been converted to

*
19 The vyield of compounds {according to GLC analysis and
F NMR spectra of fractions obtained by distillation of the reaction
mixture) as calculated for compound (1) taken for the reaction.
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methylindene (IV), In the absence of CsF this reaction does not take
place, Methylindene (IV), in its turn, was obtained in & reverse
reaction from the known 1-dichloromethyleneoctafluoroindan (V1) (6]
and caesium fluoride,

(i) (v1)

Under the conditions of the reaction between compound (1) and
CHCIE‘Z, methyleneindan (II) is partially isomerized to methylindene
(V). It has been shown, thaet the latter, together with methylindene
(1) isomeric to it, in addition, appears to be the product of
interaction of indene (V) with CHCIF,,.

cp

2 cHoIR,, 640° l

()

“ T EDers

(1) ()
~2 : 1

The formation of indene (V), probably, proceeds through isomerization
of carbene (VII) generated from indan (I). Indeed, indan (I) under the
reactioﬁ conditions, in the absence of a :CF‘2 source, undergoes
partial transformation into indene (V) and its derivative - 1,2-dichlor -
octafluoroindan (VIII), With a temperature rise to 680°, the vield of
compound (V) is increased. The supposition put forwerd is not in
contradiction to the data obtained by us on the thermal transformation
of 1~hydro-1-chloroctafluorocindan (IX) into indene (V). In the
dehydrochlorination of compound (IX), evidently, carbene (VII) is
generated, similarly to the case with haloforms [4, 7, 8] and o{-fluoro-
benzylchloride [9] Carbene (VII), in its turn, evidently, isomerizes

into indene (V). Isomerization of fluorine-containing carbenes into
olefins is described In the literature [10].
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(vir) (1x)

Cl1 C1

&5 - @ - @ o

(1) (viur)

In conformity with our previous investigations on copyrolysis of
pentafluorobenzotrichloride and its derivatives with haloforms and
tetrehaloethylenes [2], as well as on the thermolysis of polyfluoro-
phenylcyclopropanes [11], the formation of methyleneindan (II) in the
reaction of indan (I) with CHCIF, can be supposed as most likely to
proceed by way of difluorocarbene insertion into the C-Cl bond of
indan (I) with subsequent dechlorination of the insertion product
(route 1) or/and as a result of recombination of carbene (VII) with

difluorocarbene (route 2).

Cl C1 C1 CF‘201

(vir) (1) (x)

()

The formation of indene (V) In the pyrolysis of compound (i)
under argon, as well ag in its copyrolysis with CHCIF‘2 is not in
contradiction with route 2 of the reaction, In addition , in the inter-
action of Indan (IX) with CHCIF,, as in the reaction of compound (I)

with CHCIF,, the main product is methyleneindan (x).
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HCl

“ _cHow, “ “

(x) (1)

In this case, however, one cannot exclude the possibility of compound
(11) being formed by way of difluorocarbene insertion into the C-C}
bond of indan (IX) with subsequent dehydrochlorination of the
insertion product (cf. [12] ).

Should route 1 of the reaction be realized, with lowering of the
temperature one could expect the presence in the reaction mixture of
the product of difluorocarbene insertion into the C-Cl bond of the
initial compound. As a matter of fact, in the interaction of indan (I)
with CH(:IE‘2 at 5‘70°. 1 -chloro- 1-difluorochloromethyloctafluoroindan
(X) is formed. Indan (X) obtained from compound (Il) by heating with
PClg, In its turn, under the conditions of indan (I) reacting with
CHCIF,, gives methyleneindan (II) in & high yield,

PC15

, 225° l

Cl Cl CF Cl CF,C1

GO G ORI G O R

(1) () (x)

(v) (1)

In accordance with the fact that copyrolysis of indan (1) with
CHCIF, gives methyleneindan (II), it appeared reasonable to extend
this reaction, on the one hand, to other 1,1-dichloropolyfluocroindanes
and, on the other hand, to other haloforms, so as to determine

whether it was possible to synthesize other polyfluoro-1~methylene-
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indanes in such a manner, We have shown, that in copyrolysis of
1,1,3~trichloroheptafluorcindan (XI) with CHCIF2 at 575° the main
product is 3-chloroperfluoro-1- methyleneindan (XII),

Cl Cl cp 2
ey —= G
575°

Cl1 Cl

(x1) (x1)

With the temperature rising to 640° the yvield of methyleneindan (XII)
drops, Copyrolysis of 1,1,3,3~tetrachlorohexafluoroindan with CHCIF2
leads to a very complicated mixture of products.

Formation of polyfluoro-1-methyleneindanes takes place also in
the Interaction of indan (I) with other haloforms, But the yield of the
corresponding methyleneindanes is lower than in the case of CHCIE‘Z.

In copyrolysis of indan (I) with CHCI1_F as a source of fluorochloro-

2
carbene [ 7], isomeric 1-fluorochloromethyleneoctafluoroindanes (XIi)
and (XIV) are formed in a ratio ~ 2:1 alongside of 1-chlorohepta -

fluoronaphthalene (XV) and a small quantity of octafluoronaphthalene

(%xv1),

Cl Ct
CHCL,F
Qe - “ G
(1) (x1m) (x1v) (xvi)
‘% VT
C;z:z*‘ T
\%)

Compounds (XV) and (XVI) at least partially can be products of
interaction of indene (V), which is formed from indan (1), with CHCL,F,
Indeed, In copyrolysis of indene (V) with CHCle‘ the main product

is naphthalene (XVI) alongside of naphthalene (XV),
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In the interaction of indan (1) with chloroform as a source of
dichlorocarbene [8] at ~ 600° 1-dichloromethyleneoctafluoroindan

(V1) is formed.

Ci Ci C1 cci,

e @D - O

(1) (vr) (xvi)

When the temperature is lowered to 5250, there takes place not only
the formation of methyleneindan (VI), but also reduced elimination of
one chlorine atom in the Initial compound, leading to indan (1X),
1~ Chloro- 1-trichloromethyloctafluoroindan (XVII), the product of
dichlorocarbene insertion into the C-Cl bond of compound (I), has not
been detected (195‘ NMR spectrum of the mixture). Authentic
indan (XVII) has been synthesized from compound (VI) and PCl,.
The ratio of methyleneindanes (XIll) and (XIV) in the reaction of
compound (I) with CHCI,F has been determined from the 19 NMR
spectrum of their mixture, A distinctive feature of the spectra of
these compounds is a large coupling constant of the fluorine atom of
the fluorochloromethylene group, which is in the cis-position to the
aromatic ring, with the fluorine atom in position 7 (see Table 2).
In Tables 1 and 2 chemical shifts of the signals and coupling
constants in the 19F‘ NMR spectra of the methyleneindanes described
in this paper are presented, Signals were assigned by comparing the
spectra of these compounds in the same manner as it was done for
polyfluorochlorindanes [2c]. In the assignment of the signals of vinyl
fluorine atoms, it was assumed that the value of the coupling constant
of flucrine nuclei was materially dependent on the spatial proximity of
the interacting nuclei [13]‘ It should be noted , that in the
methyleneindanes described, the signal of the atom F‘s which is in
para-position to the double bond is less shifted down-field than the
signal of FG. A similar situation is observed in the 19F NMR
spectrum of octafluoroindene (V) (14].
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TABLE 2
Moduli of the coupling constants (Hz) 1c 1t
for polyfluoromethyleneindanes » \c/
OO
5 A
2
4 s ﬁ
3t 3/3
C d *
& (1) (v1) (xu) (xm) (x1v)
1)
1c2 2.5 3 4
1c5 8 8 8
1c? 73 71 97
1t2 16 17 (ot} 24
21(p)
its 8 8 8
it7 8 8 16
34 7 8 7 7 8
* ¥ e
45 1?7 21 17 17 17
e *a
46 8 7 8 8 8
47 16 17 16 16 16
e *e
56 16 19 16 16 16
57 5 8 5 6 6
67 17 19 17 17 17
*s3
2a2p

*
* Approximate values, since signals 4, 5 and 6 of compounds

(x111) and (XIV) are pairwise mutually superimposed,



468

*Answoaioads ssew uopnosas-ysiy
jo suwow Aq paunuaep s1 (Al) pue (I1) spunodwod jJo uonIsodwod qﬂcwﬁwumt

(92°c) 022 GZST 2°9c €'%c 0°62 6°9c 9°3¢ 2°62  (mAx) Sa’10%%o

("us ‘eTc) 82 91IST ‘ZEST
‘(62°¥) 562 ‘(0=D) 889T ¥'2S 6°0T 8°9€ ¥'2S 9°0T g'og (AIX+mx) 2an’’o

91G6T ‘2¢sT
(98°2) ¥82 ‘(61°%) 292 ‘(0=0) 962T %25 6°0T 8°9¢ 2°26 ¥°0T 2°O¢ (x) %a®s
(to'e) ozz G2ST 6°6% 9°8T G°Ic ¥'6% 9°8T €°Ic (x) 931005

(e¥°c) soe 00ST ‘GTIST
‘(*us ‘sT'c) 922 “(o=2) 0021 (%R

("us *zgs'z)gse €IST ‘0gsT
‘(v8°2) T82 *(9T°%) T%e ‘(D=2) ¥st (m) *oﬂ&oau

4 > a 1 a

(3 1) wu .xcEN Sula ‘woaw pajyeurONn(y

wnayoads AN .Aﬁ..Eov wnapoads i % ‘paambayy % ‘punoyg punodwo)

spunodwod jo wanoads AN pue ] ‘vjep SISATouv [YUsWAIH

€ JIaveL



469

‘% P220Xa jJou S0P Sonpoad JISUI0 JO UdDwe JO JUIUOD

#* %%

.mmﬂu poypw umou Aq pasedsad s1 (IHMIA) 1onpoad Uﬁﬂ@aﬁ!d\#t

*yyep Adoosouspdads WIAN Em.n pue D7D 9 wc_?.ouu/.\*

¥ - (N) ‘69 - (m) 95°0 0¥9 CaoHD 50 +6°0 - (1) +(X)

¥ - (A1) ‘69 - (m) 25°0 0%9 € a1oHD T - (%)

28 = (Nn) ¥1°0 0%9 ay 20 - (x1)

8 - (A1) ‘09 - (i) 62°0 0%9  a1oHD 9°0 = (x1)

6 - (A1) ‘99 - (m) ¥9°0 0%9 Ca1oHD T - (m)

S - (A1) ‘g9 - (m) 15°0 0%9 Cq1oHD T - (1)

enel? " (A1) ‘oz -(m) ‘t¥ - (D) 8¥°0 (17X} Iy G0+6°0 = (n)+(1)
2z - (xX) ‘1s -(u) ‘s - (1) £5°0 05 CaroHD T - (1)

8T - (A) ‘12 - (1) 0%°0 089 ay T - (1)

oT -~ **:Ec ‘9 =~ (A) ‘®s - (1) 221 0%9 v 2 = (1)
. % g tsanmyxtws o (u/t st) 8 *‘punodwod

‘sanyxiul ur syonpoad utew JO JUIUCD Jo pPIRIX ‘aamezeduag, seD Tenmul

NrﬂUEU P sisioaldos aeyy pue (x) ‘(1) (o) ‘(1) spunodwod jo sSISAI0IAG

¥ a1gavy



470

EXPERIMENTAL

195‘ NMR spectra were recorded on a Varian A -56/60A at

56.4 MHz for solutions in CCl, (11 mol.%), Chemical shifts are
quoted in b3 Ppm down-field from C6F‘6 as an internal standard,

IR spectrea were recorded on a UR-20 gpectrometer for solutions

in CCI4. UV spectra were recorded on a Specord UV-VIS for
solutions in heptane, 10"%-10"3 mol/l, Mass spectra were recorded
on an AEIl-MS 902, Elemental analysis data, IR and UV spectra of

novel compounds are presented in Table 3,

Interaction of 1,1-dichloroctafluoroindan (1) with CHCIF,

311 g of indan (I} were passed through a quartz tube
(400x20 mm) at 630-640° in a stream of CHCIF, (15 1/h) for 16.5 h,
Distillation with steam gave 300 g of a mixture (dried over MgSO 4)
which, according to GLC data, contained ~ 65-68% of methyleneindan
(II). The mixture was subjected to vacuum distillation in a stream of
argon on a rectification column; as a resuit, 156 g of perfluoro-1-
methyleneindan (II) (nc) were isolated, b.p. 109.8-110°/75 mm Hg,
containing no admixtures (19E‘ NMR spectrum), In addition, fractions
were obtained, enriched with compounds (II) - (V) (19}5‘ NMR spectra,
GLC).

The reaction carried out with smaller quantities of compound (I)
gave a mixture of the same composition, but in a smaller yield (see
Table 4), The results of pyrolysis of some other compounds are also
presented in Table 4,

Reaction of indan (1) with CE‘2-CE‘

2

By following a similar procedure, from 5 g of indan (I) and
CF,=CF, (15 1/h) at 630-640° (15 minutes) 4.75 g of a mixture
were obtained, which, according to the GLC and 19 NMR data ,
contained 47% of methyleneindan (II) and 15% of indene (IV).

3-Chloroperfluoro-i-methyvieneindan (XI1) (nc)

By following a procedure similar to that described above, from
10.1 g of indan (X1) and CHCIF, at 575° (30 minutes) 7 g of
a mixture were obtained, which, according to GLC data, contained
33% of methyleneindan (XII), The latter was isolated by preparative
GLC (175°, SKTFT-50 on chromaton W, N, ).
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Copyrolysis of indan (1) with CHC1,E

In a similar manner, from 2g of indan (I) and CHCL,F {15 1/h)
at 620° (6 minutes) 4 g of a mixture were obtained, A part of
low-boiling products with b,p, to 110° was distilled off from the
mixture, The residue (1.6 g) contained according to GLC data, 30%
of methyleneindanes (XII) and (XIV), 10% of (XV), 3% of (XVI), 10%
of the initial compound. Naphthalene (XV) and the mixture of
methyleneindanes (XII) (nc) and (XIV) (nc) were isolated by
preparative GLC (200°, SKTFV-803 on celite, N,). The °F NMR
spectrum of the obtained naphthalene (XV) and its m.p. coincide with
those of the authentic sample [15],

Interection of indan (1) with CHCI1

3

(2) At 620°

A solution of 1 g of indan (I) in 4.2 g of CHC1,
through & quartz tube (400x20 mm) at 620° for 4 minutes, Distillation
with steam and drying over MgSO4 gave 1,5 g of a mixture which,
according to GLC data, contained 4% of methyleneindan (VI), 16% of
initial (1), 11% of CCl,, 62% of C,Cl,. In the 19 NMR spectrum of
the mixture signals of authentic compounds (I) and (VI) were observed,

was passed

(p) At 525°

In & similar manner from 1 g of indan (I) and 4.2 g of CHCl, at
525° 2,87 g of 8 mixture were obtained, The fraction with b,p, to
130° was distilled off, The residue (1.08 g) contained, according to
GLC data, 4% of methyleneindan (VI), 17% of indan (IX), 41% of the
initial compound (I)., In the 195‘ NMR spectrum of the residue signals
of the authentic compound (IX) [16] were observed.

Copyrolysis _of octafluoroindene (V) with CHCIZF‘ and CHCIF2

The process was carried out in the same manner as the
copyrolysis of indan (I) with these haloforms, From 1 g of indene (V)
and CHC12F at 620°, after distilling-off the products with b,p. to
120°, 1.15 g of & mixture were obtained, containing, according to the
GLC and Y°F NMR data, 30% of naphthalene (XVI) and 7% of
naphthalene (XV).
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From 1 g of indene (V) and CHCIF,, at 640° a complex mixture
of products was obtained (0.44 g), containing, according to GLC data,
11% of indene (Ill), 6% of indene (IV) and 8% of the initial compound,
In the 19 NMR spectrum of the mixture signals of the above~

mentioned compounds were observed,

Perfluoro-3-methylindene (IV) (nc)

(a) A mixture of 1 g¢ of compound (VI) with 3.54 g of CsF was
heated in a sealed ampoule at 235° for 2,5 h and then at 260° for
3 h, Distillation with steam gave 0.73 g of methylindene (IV),

(v) In & similar manner indene (IV) was obtalned from 0.16 g of
compound (II) and 0,02 g of CsF at 2350. In the absence of CsF the
reaction does not take place,

195 NMR spectrum of methylindene (IV): 99.0 (CF‘3, Ip2_cp ™
~T 4 ~ 20 Hz), 40.0 (1F?), 32.7 (2FY, J 1 _2 ~ 14 Hz),

FY-CF, P -F
24,1 (2F); 16,6 (1F), 10.8 (1F),

Interaction of methyleneindan (11) with PCl,

6 g of compound (II) were heated in a sealed ampoule with 12.8¢g
of PCI5 at 225° for 6.5 h, The contents were transferred into water,
the organic layer (7.2 g) was dried over MgSO, and distilled in
vacuum, 5.6 g of compound (X) (nc) were obtained, b,p. 75-77°

(5 mm Hg). 1°F NMR spectrum: 106.4 (CF‘2CI), 56,9 (21‘-‘3),

52.5 (1Fi), 39.6 (1F3), 31.2 (1F), 23.6 (1F), 19.3 (1F),

AB
17.4 (1F); IR =237 Hz (cf. [2c]).

1-Chloro- 1 -~trichloromethyloctafluorcindan (XVII) (nc)

By following & procedure similar to the above, from 1 g of
compound (VI) and 1.9 g of PCl, after sublimation (120°, 4 mm Hg)
0.86 g of compound (XVIl) (viscous liquid) was obtained,

190 NMR spectrum: 58.9 (2F°), 59.5 (1FZ2 ), 44.2 (1F3), 38.0

(1F), 23.1 (1F), 19.3 (1F), 17.0(1F); J‘;F‘?-zao Hz.
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