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Organic Chemistry 

Reactions of polyfluoroaikenylsulfenyl chlorides with carbonyl compounds 
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Polytluormated I-lluoroalk-l-enylsulfenyl chlorides react with ketones RCOCH~R" to 
give uasaturated sulfides. The latter undergo smooth cyclization into 2-alkylidene-1,3-oxathioles 
in the presence of BF 3 �9 NEt> 
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Reactions of saturated polylluoroalkylsulfenyl chlo- 
rides with enolizable carbonyl compounds are well stud- 
led. l Hov, cver, the only example of similar transforma- 
tions for ct,13-unsaturated sulfenyl chlorides documented 
so far is the reaction of 1,3,3,3-tetrafluoro-2-methoxy- 
carbonylpropenylsulfenyl chloride (I) with acetone, 
which yields a normal sulfenylation product. 2 In the 
present work, reactions of  various carbonyl compounds 
with 1,3,3,3-tetrafh~oro-2-(trif luoromethyl)propenyl- 
sulfenyl chloride (2) and su]fenyl chloride ! were stud- 
ied. The reactivity of compounds I and 2 are due to the 
presence of  a sulfcnyl chloride group and a labile 
ct-F a [o[-n. 

We showed that sulfenyl chlorides I and 2 react 
smoothly with various enolizable carbonyl compotmds 
(acyclic and c3,clic ketones, [~-diketones, and [~,-oxo 
esters) to give monosulfenylation products 3--17 loom- 
pounds 8, 16, and 17 were not isolated in individual 
states and were used in subsequent transformations with- 
out purification) (Scheme 1). 

Usually, the reaction is carrmd out without a solvent 
at ~20 ~C or on slight cooling (--I0 to 0 ~C, in the case 

of  nonfluorinated [3-dicarbonyl compounds). Fluorinated 
ketones  react with much greater difficulty. Thus, 
hexatluoroacetylacetone and ethyl trifluoroacetoacetate 
react with sulfenyl chloride 1 only at 70 ~ while methyl 
perfluorohexyl ketone did not react even at 140 'C.  

According to IH NMR data. sulfides 6--8  and 11--17 
obtained from p-diketones and 13-oxo esters exist in the 
enol form only, which is characteristic of  such com- 
pounds. I They can be isolated from the reaction mix- 
tures only under mild conditions: e.g., sulfides 6, 7, and 
i 1 - - 1 4  were obtained by freezing from solutions in 
hexane. When heated, these compounds mostly undergo 
intramolecular cyclization with elimination of HF to 
give substituted 1,3-oxathioles. 

It was found that BF 3- NEt 3 is a convenient reagent 
for this type of selective cyclization and acts not only as 
an acceptor of HF, but als(~ as a base for the generation 
of  enolate anions. Thus [3-dicarbonyl compounds 7, 8, 
and 12--17 at ~20 ~C are transformed into oxathioles 
19, 20, and 22--27 in ether in the presence of this 
reagent in high yields. Under these conditions, sulfide 
13 with two different enolizable carbonyl groups gives a 
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Scheme I 
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R--C--CH2R' + F3xC~c=CF--SC 1 

1 , 2  

0 
II /CF^ 

R--C--?H--SCF=CN X 

R" 

3 - - 1 7  

4, 7, 8, 10, 12--17 BFa'NEt3~ 
R'-..r;l, 0" OF 3 

18--27 
X = COOMe (1), CF 3 (2) 

Compound R R 

X = CF 3 
3 Me  H 
4, 18 Ph H 
5 R * R '  

- -CH2CH2CH 2 -  
6 Me MeC(O) 
7, 19 Ph COOEt 
8. 20 Me COOEI 

X :: COOMe 
9 Et Me 
10, 21 Ph H 
11 R+-R" 

--GH2CH2CH 2 -  
12, 22 Me MeG(O) 
13, 23 Ph MeG(O) 
14, 24 Cg a CF3C(O ) 
15, 25 CF 3 COOEt 
16, 26 Me GOOEt 
17, 27 Ph COOEt 

rnixture of cyclization products. However .  when  re l luxed  
in acetoni t r i le ,  sulfide 13 select ively gives only  o n e  o f  
the possible products,  namely, oxa th io le  23. The  reac-  
t ion cond i t ions  depend on {he c o n t e n t  of  the enol  fo rm 
in the carbonyl  compound.  For example ,  cyc l i za t ion  o f  
subst i tu ted  ace tophenones  4 and  i0 ,  which exist in the  
ke tone  form (IH NMR) .  requires refluxing in c h l o r o -  
form in the presence of BF 3- NEt.;. U n d e r  s imi la r  c o n -  
di t ions,  al iphat ic  and cyclic m o n o k e t o n e  der iva t ives  3, 
5, 9, and  I1 also undergo cyc l i za t ion  ( a c c o r d i n g  to 
~H N M R  data) ,  but the c o r r e s p o n d i n g  oxathioles  cou ld  
not  be isolated in the ind iv idua l  state b e c a u s e  o f  
res inif icat ion of  the reaction mixtures .  It is of  no te  tha t  
c o m p o u n d  24 (Table I) proved to be a mix tu re  o f  
isomers.  ~hough all o ther  r eac t ions  rest, lted in pt, re 
oxathioles .  (The reasons for these differences  will be 
analyzed later). 

Colorless  crystalline a lkyl ideneoxath io les  18---27 re- 
present  a new type of  O,S-aceta ls  o f  f luor inated ke tenes .  
The i r  s t ructures  were conl i rmed by 11-I and IOF N N I R  
spectroscopy.  

Experimental  

19F NMR spectra were recorded on a Bruker AC-2OOF 
spec'.romcter ( 188.31 MH::/. IH NMR spectra were recorded on 
a Bruker AC-3I)OSF instrument (300.13 MHz). lUF and IH 
chemical shifts (8) are referred to CF3COOH (external stan- 
dard) and MeaSi (internal standard), respectively Reaction 
conditions, physical and spectral characteristics, and elemental 
analysis data For compounds 3--?, 9-- 15, and 18--27 are given 
in Table I. 

The starling polyfluoroalkenylsutfenyl chlorides ! and 2 
were prepared according to the known procedures, z,3 

Reactions of sulfenyl chlorides I and 2 with carbonyl com- 
pounds (general procedure). A mixture ofsullenyl chloride ! or 

Table 1. Reaction conditions, yields, physicochemical properties, spectral characteristics, and elemental analysis data for compounds 
3--7, 9--15,  and 18--27 

Corn- z E/r M.p.,,'~ Yield Found (%) Molecular & 19F c; IH 
pound /h Gol- lb .p . /%' l  (%) Calctdated R~rm ula (JF.F/Hz)* (JH.H/HZ)* 

vent) tp,"Torr) C H 

3 5 10.--20 

4 10 10--20 

5 20 10-- 20 

6 5 -10 - -0  

7 5 -10- -0  

35--37 v~ 31.26 f.87 C7H~F?OS -20.2 (m, 3 F. CF3): 
31.11 1.85 ---19.5 {m, 3 F, CF3}: 

-9 .4  (m, I F. CF) 
49--51 70 43.21 2.06 CleHTF7OS -22.2 (m, 3 F, CF3); 

43.37 2. tl --21.9(m, 3 F, CFg:  
-14.8 (m, I F, CF) 

[78--801 65 36.38 2.39 CgHTFTOS -21.0 (m. 3 F, CFO; 
(2) 36.49 236 -19.9 (m, 3 F, CF.O- 

-10.4 (m, I F, CF} 

-- 61 34.75 2.30 CgHTF702S -20.1 (m. 3 F, CFfl; 
34.62 2.2,1 --19.2 (m. 3 F, CFp: 

-8.6 (m. 1 F, CF) 
- -  58 4a.71 2.66 CIsHI~Fv()3S -20.0 (m, 3 F, CF3): 

44.55 2.72 -19.3 (m. 3 F, CF3;: 
-8 .4  (m. I F, CF) 

232 (s, 3 H, Me): 
3,89 (s. 2 H, Cft2~ 

511 (s, 2 H, CH2): 
7.55 (m, 2 H): 7.69 (m, t H): 
8.02 (m, 2 H) 
1.98 (m, 2 H); 2.20 (m, I H); 
2.37 (m, 2 H): 2.60 (m. I H): 
.',,.87 ft. I H, CHS, J =  6) 

2.40 (s, 6 H. 2 Me); 
17.4 (s. I H, OH) 

1.40 ft. 3 H. Me, J = 7): 
4.43 (q, 2 I-I, CH 2, J = 7); 
7.50 (m, 5 H, Ph): 14.2 (s, 
I H, OH) 

(to he continued) 



F l u o r o a l k e n y l s u l f e n y l a t i o n  o f  ke tones  Russ. Chem. Bull.. Int.Ed., Vol. 49, No. lO, October, 2000 1751 

Table 1 (Continued'} 

Corn- : T/"C bl p / ' C  Yield Found 
pmmd .,'h (solvent)  [b.p./~ I%} Calculated 

~p/Torr C H 

(%) Molecular 6 19F 8 ~H 
fi)l'mul:~ JF.r../Hz)* ( JH.H/HZ)*  

9 I0 10--20 [120--125[ 67 4t,82 4,11 C i{}H ~ 2 F40.-,S 
(3) 41.67 4.17 

10 5 10--2(} !20--122 

I I  20 10---20 { t30- - t33 t  
(3) 

1̀ 2 5 - I f ) - -0  49--51 

13 5 - 1 0 - - 0  

83 !8.5__! Z,2Z 
48.45 3. I 1 

64 4J .c}~_} 3.~5.~ 
4 I %  3.50 

,~2 3980 3.26 
39.74 331 

,~3 !')=J ~ 3._26 
49.45 3.30 

-22.5 (d. 3 F, CF  3, 1.10 (t, 3 H, Me, Y = 7.,)}: 
d = 3 0 ) : - 1 9 0 ( q ,  t . 53 (d ,  3 H, Me, d--= 7.5}: 

F. CF, d =- 30) 2.61 {q. 2 H. CH 2, d = 7.0/: 
3.82 Is, 3 H, MeO}; 
4.27 {q, I H, CH,  d = 7.5) 

CL~HIoF403S -22.9 Id, 3 F, CF  3, 3.85 Is, 3 H, MeO); 4.50 (s, 
d = 30}; --19 4 (q. 2 H, CH2): 7.54 {m, 2 Hi: 
I F, CF, J= 30) 7,69 (m, I H); 8 0 0  (m, 2 H) 

C~oHIoF403S -23 .0 (d ,  3 F, CF3. 198 (m. 2 H}; 2 .30 (m,  
d = 3 0 ~ ; - 1 7 . b i q ,  3 H) :2 .55 ira, 1 H): 
I F, C F . . / =  30) 3.85 (m. 4 H. MeO and CHS} 

CtoHn~F4()~S --23.5 Id, 3 F, CF,> 2.35 Is, 6 H, 2 Me): 
J =  30J: -18.2 (q. 4.85 (s, 3 H, MeO); 
I F, CI r. d = 30} 17.35 Is, I H.  O H }  

C'~511~2F40.,5 -23.1 (d, 3 F, CF_;. 2.48 is, 3 H, .'vie}; 3,80 (s, 
d = 30): - !8 .5  tq, 3 H, MeO): 7.50 (m, 5 H, 

14 50 7!) 76--78 51 29.__3,1 !J2~ CIoHaFIoO4S 
29.27 0.98 

15 20 70 43--45 68 32~L5 J . _ ~ 2  CIoH-,FTOsS 
32.26 188 

18 5 61 65--67 76 .1627 I.t}b C~?H6F~,OS 
{CHCI 3} ,16.15 1.02 

19 I(1 20 76--78 ~4 4694 2.56 CIsH ~(}F,O-~S 
(r 46.88 2.60 

2 0  10 20 39--4 t 77 37 .__.._~ ~ 2~_4_3_ Ctt}HsFt, O3S 
{e~her} 37.27 2.48 

21 5 6! 134--136 89 {!=..77 291 (" 3HgFtO;S 
(C'HC! 3} 51.66 2.98 

22  10 20 :';0--82 79 !2;{}.Z ~J_! CmIh~F304S 
. 4_ .3_  3.1 ( } ( e~ h e  r} ~ 5 

23 15 81 49--51 56 52.46 3.23 C !.~1-111F3048 
( M e C N )  52.33 3.20 

24 10 20 g8--9{} 60 30.84 0.81 C m H . F 9 0 , S  
(ether} 30.77 0.77 

2 5  10 20 53---55 72 3618 214  CI~HsF6OsS 
(ether} 36.07 2.19 

26 10 2{',' 82--84 73 42.'4__0 .3247 C!l H,, ~ F3058 
{ether} 42.31 3.53 

27 I0 20 90--92 71 w 1.4.~5 3.44 C~,l-I ~ F;OsS 
(ether)  51.34 3.48 

t F, C F . J =  30) Ph)" 17.50 (s, I H, OH) 
-20.0 fro. 3 F, CF3), 3.90 is, 3 H, MeOL 
-14.5 (m. I F, CF):  17.5 (,,;. 1 H, OH) 
-7 .9  ira, 6 F, 2 CFO 
-20.5 (d, 3 F, CF 3. 1.32 It. 3 H, Me, J = 
d = 30), - t5 .2  (q, 7.0): 3.85 Is. 3 H, MeO): 
I F. CF, d = 30); ,1.40 (q, 2 t t ,  CH 2, d = 
- t i 3 G ,  3 F. CF3) 7.0}: 14.2{s, 1 H. OH) 
-22.0 (m. 3 F. CF~}: 7.48 (m. 3 H): 7.52 Is, 
-21 .01m.  3 F, CF-} I H, CH): 770  (m, 2 H) 
-22.3 (m, 3 F, CF3); 1.28 ([, 3 I-1, ble,  J =  7.0}; 
-211 (m, 3 F, CF3) 4.25 (q, 2 H. CH~. J =  7,0); 

7.52 Ira, 3 H); 7.85 (m, 2 I-t) 
-22 I ~,m. 3 F, CF3L 132 It, 3 H, Me, d = 7.0~ 
-21.2 (m, 3 F, CF 3) 2.57 Is. 3 H. ,'vle~; 4.30 {q, 

2 H, CH. 2, J =  7.0) 
--235 (s, CF3) 3.87 Is, 3 H, MeO}: 6.70 Is, 

I I-l. CH}: 7.45 Ira. 3 H); 
769 {m, 2 H) 

-21.2 (s, CF~) 2.45 Is, 3 H, Me):  
2.55 is, 3 H, Me); 
3.85 (s. 3 t l .  MeO) 

-21.6 ;s. CFO 2.25 is, 3 H. Me): 
3.'-)0 is. 3 FI, Mr 
7.60 ira, 5 H, Ph) 

-23.5 Is. 3 F, CF.;}: 4.0 Is. 3 H, MeO) 
- 1 7 7  and -13,0 q's. 
3 F. CF 3, ratio 2 : 11: 
--5.5 and 5.2 
Is, 3 F, (TF> 
ratio t : 21 
-21.3 (s, 3 F, CF3); 1.38 (t, 3 H, Me,  Y = 7.0): 
-15.3 Is. 3 F, CF 3) 3.90 Is, 3 H, MeO);  4.41 (q. 

2 H, CH 2, J =  7.0) 
1.35 {t. 3 H, Me, d = 7 0 }  
2.58 {.,,, 3 H, Met:  3.87 Is. 
3 H, MeO); 4.3t {q, 2 H, 
CH-.  d = 7.0) 
1.30 ([. 3 11, Me, a = 7 0}; 
3.87 Is, 3 H, MeO),  432 {q, 
2 H, CH 2, d =7.0):  7.50 (m, 
3 H } :  7.90 (m,  2 H) 

-20.9 (S, C|:  3} 

-21.1 (s, CF~) 

In CDCI 3 ('or 3, 5 - -7 ,  9 - -15 ,  and 21--27 and in DMSO-d  6 for 4 and 18--20 
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2 (0.01 mol) and a carbonyl coml~ound ({)01 mob was stirred at 
a required temperature  until evolution of hydrogen chloride 
ceased, l ,ow-boiling substances were removed in vac'uo ( 10 T o m ,  
and the residue was crystallized from hexane or fraclionated. 
This procedure  was used to obtain i l ,3 ,3 .3- tetraf luoro-2-  
ir i i l t ioromethylpropenylthiomcetorle (3), 2-( 1.3,3.3-tetrafluoro- 
2-hi l luoromeihylpropen. , , l ih io jace tophenone (4'~. 2-i 1,3.3.3- 
teml f]uoro- 2-t r i t luoromeHlylpropenylthio)c)ch~pentanone (5), 
3-( 1,3,3,3-tet ra l luoro-  2-irifluoronle,qlylpropc n}l th io)pentane-  
2,4-dione (6), ethyl 2-(I,3,3.3-letlafluoro-2-trii luoronrethyl-  
propenyl th ioJbenzo,v lacc!a te  (7). 2 -11 ,3 ,3 ,3- te t ra f lucuo-2-  
me thoxyca rbony lp ropenyhh io )pen t an -3 -one  (9), 2-~'l ,3,3,3- 
tetrai /uoro-2-medloxycarbonylpropen. , , I thio)acelophenone (10), 
2-( 1.3.3,3-tet ra l luoro-  2- met hoxycarbonyipropenylt  hio)cyclo-  
pen tanone  (11),  3 - ( l . 3 , 3 ,3 - t c t r a f l uo ro -2 -me thoxyca rbonv l -  
p ropeny l th io ipen tane -2 ,4 -d ione  (121, 3-henzoyl-3-(  I,3,3, ~'- 
l e [ ra t ]uoro-2-melhoxycarbony l l~ ropeny l th ic~)ace~one  (13). 
I , l , ! .5 ,5 .5-hexai 'h~oro- .3-{  1 .3 ,3 ,3 - t e t r a f iuoro -2 -methoxycar -  
bo!lylproperlytthio)pentane-2,4-dicme (14), and ethyl 2-( l ,3 .3 ,3-  
tetr:ll]uoro- 2 -me t  hoxyca rborlylpi ope,lyh hio)-4,4,4-1 rifiuoro - 
a,.etoacelaie (15). 

Synthesis of 2-polyfluoroalkylidene-l,3-oxathioles (general 
procedure). A solution of BF-~. NEt~, t002  moll in 20 mL of an 
appropriate solvent was added with stirring to a solution of 
Ipol~,fluoroalkenylttdo)alkyl ketc.ne ~0.01 moi) in 10 mL  of the 
same solvent. The reactic, n mixture was kepl at a required 
temperature to complet ion of  the reaction and washed with 
5% HC, I (2•  rilL). The orgalaic layer was separated arid dried 
',~,ith Na2SO 4, the solvent was removed in vueuo, and the residue 
v,a.,, recwstallized from hexane. Compounds  20, Z6, and 27 
were synthesized wJthotlt isolation of keton~:s 8, 16. ar:d 17. 
This procedure way, used to obtain 2-hexa;tuoroisopropylidene- 
5 -pheny l - l ,3 -oxa th io le  (18), 4.-ethoxycarbonyl-2-hexalluoro- 

i sopropyl idene-5-phenyl -  1 ,3-oxathiole  t 19), 4-e tho•  
y l - 2 - h e x a f l u o r o i s o p r o p y l i d c n e - 5 - m e t h y l . l , 3 - o x a t h i o [ e  (Z0), 
2-( 2 ,2.2-t  ri.q uoro- 1 - met he•  rbonylel hylidene)- 5- phe nyl- 1,3- 
oxat h iole ( 21 ). 4-acctyl - 2- ( 2,2,2- tri fluoro- I - met l'lo',:,vca rbo n yl.- 
ethylidene'J 5 - m c t h ? l - l , 3 - o x a t h i o l e  (221. 4-ir i f luoroacetyl-2-  
( 2 . 2 , 2 - t  r i fhloro-  I -reel h o x y c a r b o n y l e l h y l i d e n e ) -  5- t r i f luorc> 
mettDl-1,3-o•  (24), 4-ethoxycarbonyl-2-{2,2.2- tr i I luoro-  
I - met hoxyca rbonylet hy l idene) -  5-r r i f luoromethyl-  1,3-oxathiote 
(25), 4-ethoxycarbon,,, 1 - 5 -met  hyl-2-1'2,2,2-lriflu,,~ro- I -methoxy-  
carbon,vlcrhylidene)- 1 .3-oxaihiole  (26), and 4-cthoxycarb, onyl- 
5 -pheny l -2 - i  2.2,2-tr if luoro.-1-rnetl ' loxycarhonylethylidene)-1,3- 
ox,n hiole (ZT). 

4-Acetyl-5-phenyl- 2- (2,2,2 -trifluoro- I -methoxycarhouyl- 
ethylidene)-1,3-oxathiole (23 ) .  A solut ion o f  sulfide 13 
(t).01 reel) in 30 mL of  M e C N  was refiuxed until evolution of  
HF  ceased.  The solvem was rcmo,~ed in vacuo, arid lhe resMue 
was recrystalhzed i'lom hexane.  
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