
OCH3) , 4.95-5.20 multiplet (2H, CH2=C), and 5.30 multiplet (IH, CH=C). Found: IS 69.2 and 
H 9.7%. C13H2203. Calculated: C 69.0 and H 9.8%. 

All~,7-Dimeth[l-4(E),9-decadienoate (Xll!). The ester (VIII) (0o21 g, 1 mmole) in 
20 ml of allyl alcohol was maintained for 5 h at 80~ in the presence of p-To!.SO~H. The 
excess alcohol was removed, and the residue was purified by chromatography on silica gel (G 
40/100) with the 9:1 mixture of hexane and ether as the eluent. We obtained 0.14 g (62%) 
of the ester (XII); 1.4585. The IR spectrum (v, cm-1) was as follows: 930, i000, 3080 
(CH==C), 980, 1645, 3030 (trans-CH=CH), 1250, and 1750 (COOR). The PMR spectrum (~, ppm) 
was as follows: 0.87 multiplet (3H, CH3), 1.07 multiplet (3H, CH3), 1o27 multiplet (IH, 
CH), 1.61 multiplet (IH, CH), 1.91 multiplet (4H, CH2C=C), 2.35 multiplet (2H, CH2=CO2) , 
4.57 multipiet (2H, OCH2), 4.75-5.50 multiplet (4H, CH2=C), and 5.50-6.16 muitiplet (4H, 
CH=C). Found: C 76.0 and H 10.1%. C15H2402. Calculated: C 76.2 and H 10.2%. 

CONCLUSIONS 

The catalytic telomerization of the cis and trans isomers of piperylene with sulfones 
containing an available hydrogen atom was investigated. The synthesis of compounds having 
juvenile hormone activity was shown to be possible on the basis of the telomers of piperylene. 
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POLYFLUORINATED $-KETOESTERS AND THEIR ~-HALOGENATED DERIVATIVES 

IN REACTIONS WITH TETRAPHOSPHORUS DECASULFIDE AND 2,4-BIS(4- 

(METHOXYPNENYL))-2,4-DITHIOXO-pV,pV-I,3,2,4-DITHIODIPHOSPHETANE 

M. B. Bodrov, V. I. Saloutin, 
and K. Io Pashkevich 

UDC 542.91:547.442o3'161:547.1~i!8 

On treatment with tetraphosphorus decasulfide (I) in toluene, acetoacetic and ~-chloro- 
acetoacetic esters give 5-methyl- (30-40%) and 4-chloro-5-methyi-l,2-dithiolene-3-thiones, 
respectively [I, 2]. When, instead of (I), 2,4-bis(4-methoxyphenyl)-2,4-dithioxo-pV,p V- 
1,3,2,4-dithiodiphosphetane (II) with elementary sulfur in toluene is used, the yields of 
5-substituted 1,2-dithiolene-3-thiones are increased to 90-95% [3]. There have been no 
literature reports of the reactions of (I) and (II) with fluorinated $-ketoesters, in which 
the nucleophilicity of the carbonyl oxygen is considerably reduced~ The effect of two halo- 
gen atoms in the ~ position of the $-ketoester on this reaction also remains unclear. 

We have examined the reaction of the methyl esters of the fluorinated ~-ketoacids 
(Ilia-d), ~-chloro-~-ketoacids (IVa-d), ~,~-dibromo-~-ketoacids (Va-d), and ~,~dibromo- 
acetoacetic ester (Ve) with (I) and (II) in the presence of elementary sulfur~ 
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TABLE 2 .  

pound 

V .(a 

,',v~b) 

(Vfc) 
(Vld) 

(VIID) 

(VHrb) 

(Xa) 

(xb) 

(Xel. 

IR and PMR Spectral Parameters for 

X 

S - - S  

H 

H 
H 

C] 

C1 

Dr 

Br 

Br 

IR spectra 
~#, C~ - I  

R 

C--C S--S 

IICF2 :t520 540 

~.~C 2)2 ~520 570 

CF~ i550 525 
QF9 i520 570 

HCF2 ~5~0 525 

H(CFDz i505 5~% 

HCF~ r 550 

H ( C F z ) ~  ~590 540 

CHa 1520 520 
1505 

PMR spectra, 6 
ppN (J, Hz) 

19F NMR spectra~ ~, 
ppm (J, Hz) 

CFa I CF~ --CH= H(CFR)n 

7,2~ 6,66; 
(53,5) 

7,15 8,03; 
(53,o; 4,~) 

7,34 
7,32 

- 6,86; 
(532) 

- 6,46; 
(532; 4,7) 

- 6,84; 
(51,o) 

- 6,42; 
(50,8; 4,4) 

2,5 (CHa) ' 

- 54,6 

93,0 - 
80~8 56,3; 

40,0; 
36,1 

. - 51,5 

- 50,5 

HCF2 

52,3; 
(53,5) 
35,8; 

(53,0) 

48,5; 
(53;0> 
26,9; 

(53,o} 
4&o; 

(5~,o) 
27,4; 

(5o,8> 

The ~-ketoesters (I!I) on boiling with a 2.4~fold excess of (I) in toluene yield, like 
their hydrocarbon analogs, 5-fluoroalkyl-l,2-dithio!ene-3-thiones (VI) (Table I), but in 
lower yields (20-35%): 

R F OMe 

I I  11 toluene. 110 ~ 
0 0 

P 4 S , o ( D  

" ,o - -a5% 

_ ~ j ~ ~/s\~ / ~ \  ~ -  ~ i 

~ o - s o %  

RI~=HCF= (aj, H(CF2)~ (bi, CFa (c;, C~F9 ~1) 

Replacement of (I) by (!I) increases the yields of (V!) to 70-80%. 

The IR spectra of (VI) (Table 2) show absorption at 1505-1590 and 530-570 cm -l, at- 
tributed to the C-C and S=S vibrations of the ring [4]. Absorption for the thione group 
(1110-1190 cm -l) is difficult to identify as a result of superimposition of C-F absorption. 
In the PMR spectra (Table 2), signals are seen for the proton in the 4 position (6 7.15-7.35 
ppm) and for the terminal proton of the fluoroalky! radicals (5 6.03-6.66 ppm) for (Via, b). 
The 19F NMR spectra (Table 2) correspond to the structures of the fluoroalkyl radicals. 

The presence of the thione group in (VI) was confirmed by the formation of salts (VII) 
on reaction with CuCI 2 in boiling acetone, which is also characteristic of fluorine-free 
1,2-dithiolene-3-thiones [5]. 

R F + S--CuCl]Cl- 
  /(VII -dl 89--92% (Vla- ~ . ---+ 

a c e ! ~ n e , ,  ~5 ~ S--S 

In contrast to the reaction of a-chloroacetoacetic ester with (I), which gives 4-chloro- 
5-methyl-l,2-dithiolene-3-thione [2], fluorina-~ed a-chloro-~-ketoesters (IVa-d) re- 
act with (I) and (II) in different ways, giving products which differ depending on the 
fluoroalkyl substituent. For example, $-ketoesters (IVa, b), with a terminal hydrogen atom 
in the fluoroalkyl substituent, give with (II) a mixture of compounds (Via, b) and 4-ahloro- 

801 



TABLE 3. 
X 

Salts R ~ J \ / S - - C u C I ] +  C1- 

S S 

(VHa: 

(Vnb; 

(v~m 

(VI$: 

(IXa) 

RF x F o ~ 
r 

HCF2 H 233-236 

H(CF2)z H 229-23i 

CF3 H 225-228 

C~F9 H 221-223 

HCFz CI: 2J9-22t 

,$ 

89 

90 

90 

192 

94 

t5,35 
t5,07 

t6,35 
16,29 

t4,44 
i4,27 

17,22 
t7,24 
14,1t 

Found/calc., % 

H CI F 

0,90 21,95 I0,95 
0,63 22,i~ ]102--- 

0,83 19A2 2LOO 
0,55 t9,23 

0,46 20,90 17,2 
0,30 2t,~- ~ ---- l~,9,J 

0,52 t4,8 35,03 
o,n 1~,54 ~,~-  
0,37 29,72 Jl,O0 

29,95 
30,18 

26,09 
26,09 

28,62 
28,57 

i9,34 
19,72 
27,55 

Empirical 
formula 

C~H~CI~F~S3Cu 

CsII2CI~F~S~Cu 

CaHCI2FzS3Cu 

CTHCIzFgS3Cu 

CaHCI3FzS3Cu 

u cm-~ 
\~k+/s- 

J300, 
i520 

i305, 
1505 

1210 

i300 

1320, 
i495 

5-fluoroalkyl-l,2-dithiolene-3-thiones (VIIIa, b) (Tables 1 and 2) in 75-86% yields. As the 
length of R F is increased from HCF 2 to H(CF2)2, the yield of halo compounds (VIII) falls from 
66 to 15%, whereas the a-chloro-$-ketoesters (IVc, d) with perfluoro substituents give only 
chlorine-free products (VIc-d) : 

C1 C1 
R F I S P,~ I OMe ' --//'--/~ 

(1) or (ID, S ~~/\/ U) or (II),S 
(V~, d~o~uene, 110o"" [[ ][ tol-~ene, {i0 '~ (Via,b) -~ (VllIa,b) 

O O S - - S  
67% (Vie), 63%(VId) (IVa--d) 20% (Via), 60% (V]&, 

66% (VIIIa), 15% (VIIiS) 

The structures of (VIIIa, b) were confirmed by their IR and IH and 19F NMR spectra (Table 
2), which were similar to those of (Via, b) except that no signals were present for a proton 
in the 4 position. The presence of the thione group in (VIIIa) was confirmed by the forma- 
tion of the salt (IXa) (Table 3) on reaction with CuCI 2. 

CI 
HCF~ ] + S--CuCI]CI- 

�9 CuCl~.2H~O ~ / ~ /  
(Vll: ah6-~one, 55o > 

s--s (Ixa) 

The methyl esters of the fluorinated a,a-dibromo-~-ketoacids (Va, b), which have a 
terminal hydrogen atom in the fluoroalkyl radical, react with (I) and (II) to give mixtures 
of (Via, b) and 4-bromo-5-fluoroalkyl-l,2-dithiolene-3-thiones (Xa, b) (Tables 1 and 2)i n 
35-40% yields [when (II) is used], and (Vc, d), which have perfluoroalkyl substituents, give 
the bromine-free 5-fluoroalkyl-l,2-dithiolene-3-thiones (VIc, d) in 34-38% yields. The a,a- 
dibromoacetoacetic ester (Ve) reacts with (I) to give only 4-bromo-5-methyi-l,2-dithiolene- 
3-thione (Xe) (Tables 1 and 2) in 16% yield, the product resulting from the elimination of 
two bromine atoms (5-methyl-l,2-dithiolene-3-thione) being absent from the reaction mixture." 
In this series of compounds (V), as in the case of compounds (IV), increasing the length of 
R F and its extent of fluorination results in an increase in the yields of nonhalogenated 5- 
fluoroalkyl-l,2-dithiolene-3-thiones (VI), indicating that the lability of the halogens in 
the a position of ~-ketoesters increases with increasing electron-acceptor properties of R F. 
The structures of (Xa, b, e) were confirmed by their IRand NMR spectra (Tables i and 2). 

These results, in conjunction with the findings reported in [i, 2], show that the reac- 
tion of (I) and (II) with ~-ketoesters is not regiospecific, but takes place at two non- 
equivalent reaction centers, viz., the oxygen atoms of the carbonyl and ester groups, fol- 
lowed by ring closure to 1,2-dithiolene-3-thiones. The formation of halogen-free 5-substi- 

tuted 1,2-dithiolene-3-thiones (VI) from a-halo- and a,a-dihalo-$-ketoesters (IV) and (V), 
and of 4-bromo-5-substituted 1,2-dithiolene-3-thiones (Xa, b, e) from ~,~-dibromo-~-keto- 
esters (Va, b, d) may be due to the presence in the reaction mixture of trivalent phosphorus 
compounds, which undergo the Perkov reaction either with the original a-halo-B-ketoester (IV) 
or (V), or with the 4-halo-l,2-dithiolene-3-thione (VIII) or (IX). This assumption is con- 
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Br Br Br 
H ~ OMe HF I S 

~.(I)~ (n),s ,f~/O 0 toluene,:,(1)~ (]I),S ~/~// (VIc, d)~ <luene, ii0 ~ ii0> (VIa, b j -~ 
S--S 

(Va-R) (xa, b) 

I ~oluene ~A0 ~ 

Br 
M e \ / ) \ ~ t  S it% (Via), 28% (VIS), 

l" ~" 30,7% (Xa), 8,5% (X6) 
S--S 

(Xe), t6% 

firmed by the observation that on treatment with Ph3P and H2S in toluene, (IV) and (V) are 
converted into (III), whereas under these conditions (VIII) and (X) do not give 5-fluoroalkyl - 
1,2-dithiolene-3-thiones (VI). In the absence of Ph3P, H2S does not reduce halogen in the 

position. 

EXPERIMENTAL 

The IR spectra were obtained on a Specord IR-75 spectrophotometer as pastes in Vaseline 
oil or layers, and the IH and 19F NMR spectra on a Tesla BS-567A (i00 MHz for IH), and 93.1 
MHz for(19F), with an internal standard of TMS (IH) or C~F 6 (19F), in CDCI 3 or CCI~. 

GLC analysis for the ~-ketoesters (III) was carried out on an LKhM-72 chromatograph: 
carrier gas helium, katharometer detector, 2 m • 4 mm steel column packed with Chromaton N-AW- 
DMCS with 5% silicone SE-30, temperature 170~ The fluoroalkylated ~-chloro- (IV) and ~,a- 
dibromo-~-ketoesters (V) were obtained as described in [6], and the ~,a-dibromoacetoacetic 
ester (Ve) as described in [7]. 

!-X-5-R-l~2-Dithiolene-3-thiones. To a suspension of 0.12 mole of (I) or (II) and 0.I 
mole of sulfur in 60 ml of toluene was added dropwise with stirring at the boil 0.05 mole 
of the $-ketoester (III)-(V), and the mixture was boiled for 7-12 h. The reaction mixture 
was then cooled to 20~ kept for 3-4 h, and filtered; the toluene was distilled off; and 
the residue was chromatographed on a silica gel column (hexane-chloroform, 3:1). The red 
band was isolated, the solvent removed, and the residue recrystallized from hexane. When the 
reaction was carried out with $-ketoesters (IVa, b) and (Va, b), the eluent was hexane- 
benzene-chloroform, 20:10:3. Products (VI), (VIII), and (X) were obtained (see Table i and 2). 

Salts (VII) and (IX)~ To 6.10 -3 mole of CuCI2.2H20 in 25 ml of acetone was added dropwise 
with stirring at the boil a solution of 5.10 -s mole of (VI) or (VIII) in 5 ml of acetone. The 
mixture was cooled, and the precipitated solid was filtered off and the acetone removed. The 
residue was combined with the solid and recrystallized from DMSO. Salts (VII) and ('IX) 
were obtained (Table 3). 

Reaction of ~-Halo~enated ~-Ketoesters (IV) and (V__~)with Triphenylpho__sphine and Hydro- 
gen Sulfide. To a suspension of 6 mmoles of triphenylphosphine in 1O ml of toluene was added 
with stirring 3 mmoles of the ~-halo-$-ketoester (IV) or (V). The mixture was brought to 
the boil, a stream of hydrogen sulfide was passed through for 2 h, then it was cooled and 
filtered. The products (~-ketoesters (III)) were determined by GLC by comparison with au- 
thentic samples. 

CONCLUSIONS 

i. Fluoroalkylated $-ketoesters react with tetraphosphorus decasulfide and 2,4-bis(4- 
methoxyphenyl)-2,4-dithioxo-pV,pV-l,3,2,4-dithiodiphosphetane to give 5-fluoroalkyl-l,2-di- 
thiolene-3-thiones. In these reactions, fluoroalkyiated ~-chloro-$-ketoesters in which R F = 
H(CF2) n (n = I, 2) give mixtures of 5-fluoroalkyl-l,2-dithiolene-3-thiones and 4-chloro-5- 
fluoroalkyl-l,2-dithiolene-3-thiones, but when R = CF 3 or C~Fg, only the first of these are 
formed. 

2. ~,~-Dibromoacetoacetic ester gives 4-bromo-5-methyl-l,2-dithio!ene-3-thione, whereas 
fluoroalkylated ~,~-dibromo-$-ketoesters in which R F = H(CF2) 2 (n = I, 2) give mixtures of 
1,2-dithiolene-3-thiones either unsubstituted or monosubstituted with bromine in the 4 posi- 
tion, or when R F = CF 3 or C4F9, only the bromine-free compounds. 
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FLUOROINDENES. 

COMMUNICATION 8.* SYNTHESIS OF POLYFLUOROINDENES CONTAINING 

CHLORINE IN THE AROMATIC RING, BY DEHALOGENATION OF THE PRODUCTS 

OF REACTION OF I-CHLORONONAFLUOROINDAN WITH LiCI 

V. M. Karpov, V. E. Platonova, 
and G. G. Yakobson% 

UDC 542.91:547.665'161 

We have previously generated a series of polyfluoroindenyl cations bearing substituents 
in the five-membered ring [2]. Ions containing substituents other than fluorine in the six- 
membered ring are not known. The unavailability of such ions does not permit the unambiguous 
assignment of the signals for the fluorine atoms, and the analysis of the 19F NMR spectra 
of these species, which hinders the examination of their electronic structure. The precursors 
of the polyfluoroindenyl cations are the corresponding indenes [2]. Polyfluoroindenes con- 
taining one or two hydrogen atoms in the aromatic ring have been described [3]. However, 
these indenes, together with other indenes with substituents in the aromatic ring, cannot 

*For communication 7, see [i]. 
%Deceased. 

TABLE i. 19F NMR Spectra of Polyfluorochloroindans 
7 

6 ~ } P  

Q 

6, ppm * 
Compound 

Fl  2 J2r 
06 FO~ 1~ Fs F~ F7 

(ii)% 
( l i d  
(Iv) 
(v) 
(vI) 
( vu )  
(VlU) 
(ix) 
(Xli) 

5i,l  
50,0 
50,9 
49,5 
57,0 
5i,4 

56,3-54,3 
50,2 

34,2 
34,4 
34,4 
34,6 
34,3 
35,2 
34,5 
35,2 
44,2 

Fc~, i% 

4t,2 55,3 
41,3 55,0 
4i,3 55,0 
4i,3 54,6 
42,7 55,3 
41,8 56,4 
42,4 56,3-54,3 
4i,6 56,3-54,3 
44,2 " 54,9 

24,4 
45,6 
22,5 
47,3 
33,5 
20,0 
34,3 
45,9 
46,7 

18,0 

39,5 

(3,2) 
26,0 
(3,2) 

t9,3 
40,7 

27,3 
(3,2) 

(3,2) 

24,4 
22,9 
46,3 
47,9 
20,6 
34,3 
46,7 
34,8 �9 
48,5 

24i 
232 
232 
232 
231 
23i 
230 
230 

*The chemical shifts of the signals for the dimethylamino group 
in the IH NMR spectra are given in parentheses. 
%The spectrum of (II) has been given in [9]. 
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