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INTRODUCTION 

Nitrogen- and sulfur-containing polyfluorinated heterocycles are  available vfa Thorpe-type cycll- 

ration  reaction^"^ From polyfluoro--I.:-unsaturated t h i ~ c y a n a t e s . " ~  We now report that  their 

thermodynamically more s tab le  isomers, namely the perfluoro-z.3-unsaturated isothiocyanates. 

iikewtse, are  excellently sui ted For the synthesis of various polyfluorinated nrtrogen- and sulk 

Fur-containing heterocycles via intramolecular heterocyclization reactions. 

Only one  representative of this  c lass  o f  compounds - t h e  perfluora-2-methyl-I-propen-I-?.I (so- 

thtocyanate - has been described s o  far.6 The preparative potential as perfluorinated building 
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block fo r  heterocyclic synthesis has not  ye t  been exploited, a l though t h e  regioselective intro- 

duction of short-chain perfluoroalkyl groups into target  molecules is  of current  interest.  Per- 
7 

fluoroalkyl groups in s t ra tegical  positions of organic molecules may modify reactivity. 

selectivity in chemical  reaction^.^ biological activity? and material properties1o profoundly. 

RESULTS AND DISCUSSION 

Unfluorinated a,P-unsaturated isothiocyanates represent valuable, highly versatile educts  fo r  

heterocyclic synthesis.  However, they can n o t  be prepared by conventional methods." In con- 

t r as t ,  perfluoro-a,p-unsaturated isothiocyanates are perfectly s tab le  compounds,  accessible in 

high yields on direct subst i tut ion of fluorine in perfluoroolefins by r h ~ d a n l d e " ~  (Scheme I) .  

The ambident anion exclusively a t t acks  perfluoroolefins by i t s  nitrogen terminus. This selectivity 

*.xR' + KSCN 
R1' F - KF R,' N=C=S 

Scheme 1 

can be  readily explained by t h e  HSAB concept.'' In the present paper we describe a new, prepa- 

ratively simple access  t o  partially fluorinated thiazole derivatives, s t a r t tng  from perfluoro-u,8- 

unsaturated isothlocyanates and enamines. 

Construction of heterocycles f rom unfluorinated isothiocyanates and enamines is well 

d ~ c u m e n t e d . " " ~  bu t  in t h e  case of f luaro-subst i tuted a,B-unsaturated isothiocyanates of type 

1 additional functionaiities are present ,  namely a highly eiectrophilic CC double  bond, capable fo r  

CF%cF=- CF3 
CF, N=C=S 

1 

Scheme 2 
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nucleophilic a t tack,  and mobile fluorine a toms  in allylic position, enlarging the  preparative po- 

tential of this  c lass  of compounds considerably. 

When perfluoro-2-methyl-2-penten-3-yl isothiocyanate (1) is t reated with 1-methylindole, compo- 
5 und ( 2 ) c a n  be isolated in 78% yield (Scheme 2). The large coupling constant  of JFF= 22.9 Hz re- 

veals tha t  the C(CF3)2 group and the  single fluorine are placed cis in respect  t o  the CC double 

bond Therefore, the  exocyclic CC double bond formed by fluoride elimination exclusively exht- 

bits E-configuration. Likewise, the  exocyclic CC double bond of 2-amino-perfluoro-4,4-dime- 

thyl-4,S-dihydro-S-ethylidene-I,3-thiazole obtained on reaction of perfluoro-2-methyl-Z-penten-3- 

yl thiocyanate - an isomer of 1 - and ammonia is E-configurated. 2 

The conformers of the  4-pentafluoroethyl-1-thia-3-azacyclopentyl anion (B), formed on 1.5- 

electrocyclization of the  1-thia-3-azapentadienyl anion (A), providing the  E-olefin on fluoride ell- 

rnlnation are energetically much more favored (Scheme 3), since the  sterically demanding groups 
14 

C(CF and CF3 are occupying positions which guarantee maximum distance form each other  
3 2 

E - isomer Z - isomer 

Scheme 3 

15 
The discussion about  the s i re  of a t r i f l u o r ~ m e t h ~ l  group remains s t i l l  a controversial issue. 

0 0 

The van der Waals radii of a trifluoromethyl group and of a methyl group are 2.7 A /  2.0 A, 
0 3  O 3  whereas the  van der  Waals volumes are 42.6 A and 16.8 A respectively.Therefore, the sterical 

demand of a trifluoromethyl group seems  t o  be c lose  t o  tha t  of an isopropyi group. The stereo- 

selectivity observed in the  above reaction is in  agreement with these findings. 
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The final s t ep  of t h e  reaction sequence 1 ;. 3 2 is a deprotonation with rearamatization of the 

indoie system. 

3 

Scheme 4 

W h e n  1 is reacted with 2-methyl-I-morphollno-I-propene (Scheme 4), t h e  iminium s a l t  E formed 

via 1.5-electrocyclization and fluoride e i imina t~on  f rom t h e  zwitterionic primary adduct  C was not  

isolated Hydrolysis of t h e  imin~urn s a l t  resul ts  in the formation of a s tab le  carbonyl compound 

(3), which itself represents  an  interesting fluoro-containing building block fo r  heterocyclic 

c h e m ~ s t r y . ' ~  

When 1-morpholino-1-cyclohexene is introduced into t h e  above reaction (Scheme S), depending on 

the molar ratio of t h e  s ta r t ing  materials and  t h e  reaction conditions applied, compound (4a)  or  

mixtures of 4 a  and Sa are formed (Table I ) .  

Isomer ( 4 4  is  obtained in nearly quantitative yield under acidic conditions, when equlmolar 

amounts of t h e  enamine (solution in e ther)  are  added slowly t o  a s t i r red solution of 1 in e ther  a t  0 
0 C On the contrary, under basic conditions, when a solution o f  1 in e ther  is added t o  a stirred 

solution of t w o  equivalents of t h e  corresponding enamlne in e ther  in a temperature  range of -5 

- 0 OC a mixture of 4 a  and S a  is formed in a 13:87 ratio. At tempts  t o  momerize compounds 4 a  

3 S a  and S a  3 4 a  in t h e  presence o f  acids o r  bases failed. Therefore, we conclude tha t  4 a  and 

S a  are formed via a common intermediate, namely the iminium s a l t  F, which has t w o  opt ions fo r  

stabilization via deprotonation. 

A t  low temperatures, in t h e  absence of an  excess  of t h e  enamine isomer ( 4 s )  is formed from the 

iminium s a l t  F by loss  o f  t h e  more acidic a-proton. In t h e  presence of an excess  of t h e  enami- 

ne, abstraction of t h e  proton in a'-position of t h e  iminium moiety F, which i s  lower in acidity 
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Scheme 5 

Table 1. 

Isomer ratio 4dSa  under different reaction conditions 

ratlo o f  

1 : enamme solvent  t "C 4a 

(%) 

.---- 

hexane 

MeCN 

E t 2 0  

Et,O 

bu t  sterically easier t o  at tack,  competes  with the  abstraction of the  a-proton. The intermediate 

G formed by this procedure is unstable under the  reaction conditions applied, and spontaneously 

undergoes a 1.5-prototropic shif t  t o  give the fully conjugated system (Sa). P r o t o t r o p ~ c  rearrange- 

ments  in similar trifluorornethyl subst i tuted species are well documented." 

It should be noted t h a t  in t h e  case of 1-morpholino-1-cyclopentene under similar reaction condi- 
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tions as summarized in Table 1 only isomer (4b) is formed. We explain t h e  different expenmental 

resul ts  with the different CH acidity of the a- and &protons of t h e  iminlum s a l t s  F of cyclo- 

hexanone and c y c ~ o ~ e n t a n o n e , ' ~  which are intermediates of t h e  reaction. 

X-RAY DIFFRACTION STUDIES OF COMPOUNDS (4b) AND (Sa) 

Unequivocal evidence f o r  t h e  s t ruc tu res  ( 4 b )  and (Sa) was provided by X-ray s t ruc tu re  analyses. 

The E-configuration of t h e  exocyclic CC double bond of compounds ( 4 )  iden t~f ied  by 1 9 ~  Nmr 

spectroscopy was confirmed. The stereochemistry of t h e  exocyclic CC double  bond of  compo- 

und ISa), which we were unable t o  determine on the basis of t h e  spectroscopic da ta  available. 

was shown t o  be  Z. Molecular s t ruc tu res  of  compounds (4b)  and (Sa) are shown in Figures 1 

and 2 

Figure 1. Molecular s t ruc tu re  of compound (4b) Figure 2 Molecular s t ruc tu re  o f  compound ISa) 

The thiaraline ring in Se adopts  a lmost  planar conformation. However, t h e  heterocycle in 4b 

exhibits significant envelope-type distortion, t h e  folding angle a long t h e  C 4  line being 

equal t o  13.S0. 

The most  interesting fea tu re  o f  molecule (4b)  is  i t s  extended conjugated n-system Cl17)C(4)N(3) 

Cl2)Cl6)C(10)N(ll), which involves three pairs of r -e lectrons and t h e  lone pair of t h e  N(11) atom. 

The existence of t h e  conjugation is manifested by t h e  overall planarity of t h e  system. The torsi- 

on angles C(17)C(4)N(3)C(2), C(4)N(3)C(2)C(6), N(3)C(2)C(h)C(10) being equal t o  172.4O, 175.1° and 
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5 7O, respectively. The somewhat  larger Ci2)Ci6)CilO)Nill) torsion angle of 3 1 8  would not ex- 

clude the  retention of  the  essential par t  of conjugation energy between t h e  Ci6)=Ci10) double 

bond and the lone pair of the  Nill) atom. Another important geometrical consequence of the  ex- 

tensive conjugation is a distinct redistribution of bond lengths,  viz. the  elongation of the  formal 

double bonds IC(6)=C(10) (1.404(2) i )  and C(2)=N(3) (1.306i3) .%I and the  shortening of the for- 
0 0 0 

ma1 single bonds CCi4)-N(3) (1.383i2) A), C(2)-C(6) (1 415(3) A), and CiIO)-NiIl) (1.332(2) A11 as 

compared t o  the  corresponding standard values for  C=C, C-C, C=N and C-N bonds C1.330. 1.542, 

1.279, 1.468 & . l 9  

The efficiency of the  conjugation in molecule i4b)  is enhanced by the  oppasl te  sense of the 

electron-donor properties of the  groups present a t  both ends of  the  conjugated system, namely 

by the  electron-releasing capacity of Nil11 on the  one hand, and t h e  electron-withdrawing effect 

of the =CF-CF3 group, on t h e  other. Such an  efficiently conjugated system, as present in mole- 

cule i4b), in fact  may b e  t reated as a superposition of the  t w o  resonance s t ruc tures  (4b)  and 

l4b') (Scheme 6) 

F F 

Scheme 6 

It i s  noteworthy, tha t  the  different position of the  amine subst i tuent  relative t o  the  endocyclic 

C=C bond in S a  makes an  effective participation of i t s  lone pair with the  conjugated chain im- 

possible, which is obviously reflected in the  bond lengths, exhibiting only a very slight degree of  

rr-bond delocalization. 

All other  geometrical characteristics of molecules (4b)  and (Sa) a re  unexceptional.' The cyclo- 

pentene and cyclohexene rings in 4 b  and S a  have typical envelope and chair conformations [atom 

C(8) in 4b is displaced f r o m  the  mean plane Ci7)C(6)C(IO)Ci9) by 0.396(3) x ;  atom Cl11) in Sa  is 
0 

displaced from the mean plane C(b)Ci7)Ci8)Ci9)C(lO) by 0 61(1) A]. The m o r ~ h o l i n e  rings in  both 

s t ructures  adopt  a s  typical f o r  such rings chair conformation. I t  is a l so  noteworthy, that  i n  

molecule (4bl with t h e  long conjugated chain the  environment a t  the  morpholine N atom is 

somewhat more f la t tened than t h a t  in Sa, the  endocyclic torsion angles around the C-N bonds 

belng Cii6)Nill)Ci12)Ci13) 48.4O. C(15)Cil6)N(ll)C(12) 4 8 S 0  and C(17)N(121C(i3)C(14) 57.4O, C(l6) 

C117)N(12)C(13) 57.6O in 4 b  and S a ,  whereas the  r e s t  of the  torsion angles  in morphoiine rings 

are close t o  60° and span a lmos t  the  same ranges from 54.7 - 62.8- a n d  57.3 - 61.ID in 4 b  and 

Sa, respectively. 
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Materiala & methods: 

The 'H Nmr spectra  were obtained with Bruker AC-250 (250.1 MHz), Bruker WM-250 (250.1 MHz) 

and Bruker AM-360 (360.1 MHz) spectrometers, 13c Nmr spectra  - with Bruker AM-360 (90.6 

MHz). Bruker AC-250 (62.9 MHz) and Bruker AC-200 (50.3 MHz) spectrometers .  As reference 

standard. TMS was used. Chemical sh i f t s  a re  referenced internally t o  solvent peaks (CDC13 'H. 

7.24 ppm, 13c: 77.00 ppm; (CD3)ZC0 13c: 28.00 ppm). 1 9 ~  Nmr were recorded on Bruker AC-250 

(235.3 MHz) and Bruker AC-200 (188.7 MHz) spectrometers  (CF3COOH a s  external standard). Ir 

spectra  were recorded on Perkin-Elmer 257 and Perkin-Elmer 1600 FT-IR spectrophotometers. 

Mass spec t ra  were measured on a MIIZS Finnigan MAT instrument  operating in the  El mode a t  

70 eV, m/r values, proposed assignment and relative intensity % f o r  3 2 ~  isotope are lmted 

Isolation of compound (Sa) was performed by column chromatography o n  SiOz (silica gel 60, 

0 0 6 3  - 0.200 mm, 70 - 230 mesh ASTM f o r  column chromatography, p H  = 6.5-7.5). 

X-ray Diffraction s tud ies  o f  single crystals  of 4b and Sa were carried o u t  with 4-circle diffrac- 

tometers  (173 and 188 K, Syntex PZ, and Siemens P3/PC instruments ,  Mo KU-radiation, graphite 

monochromators, 0 / 2 0  scan, 2 0  < 56 and 52" for  4b and Sa,  respectively).20 Crystals of 4b and 
O 0 

Sa are monoclinic, a t  173 and 188 K: a = 13.792(3) and 10.372(3) A, b = 8.949(2) and 9.031(3) A, c = 

14.835(3) and 21.791(7) g, 0 = 9S.77(31° and 98.S6(2)", V = 1822(1) and 2018(1) i3, dcalc = 1.470 and 

1.601 g/cm3. Z = 4,  space group P2,/n and PZl/c f o r  4 b  and Sa, respectively. 

The s tructures  were solved by a direct method and refined in anisotropic-isotropic (H-atoms: for  

5 H-atoms bound t o  carbons included in calculated positions with the common refined Uiso = 
O2 0.008(7) A ) approximation; absorption corrections were n o t  applied. The final refinement conver- 

ged t o  R = 0.031 and 0.075, Rw= 0.041 and = 0.074 f o r  2545 and 1621 observed independent re- 

flections with 1 > 3o(I) f o r  4h and Sa, respectwely. All calculations were carried o u t  with a 

PCIAT computer using the  SHELXTL PLUS programs (PC version).21 

32.28 g (107.6 mmol, 20 mi) of perfluoro-2-methyl-2-pentene was added dropwise t o  a stirred 

suspension of 11.0 g (113.3 mmol) OF dry KSCN in 70 ml of ahs. benzonitrile a t  5-10 OC. The 

mixture was warmed up t o  room temperature and s t i r red f o r  additional 2 h. The volatile pro- 

ducts were distilled off a t  20-40 "C/1 mm Hg into a t rap cooled t o  -78 OC. The lower layer of 

the trap was separated and distilled t o  give 30.52 g (93W of 1, b p  52 OC/71 mm H ~ ; '  3.19 g 

starting material were recovered from the  t rap  (-78 "C). 13c Nmr ICDC13): S = 110 15 ( tq .  'jCF= 

265.4, 'jCF= 41 1, CF2CF3), 118.06 ( q t ,  'jCF= 287.8, 'jCF= 35.3, CF&F3), 119.88 (q, 'JCF= 274.5, 

trans-CF3-C=C-CF2), 120.47 (q, 'jCF= 277.6, cis-CF3-C=C-CF'), 122.83 k e p t ,  'jCF= 32.3, 

ICF,)&l, 133.26 ( t ,  'JCF= 32.8, C=C-CFZ), 143.78 (N=C=S). 

2-(1-Met4yUndol-3-yl)-pe~uom-4,S-di~dro-S,S-dim~l-4-ethyUdene-1,3-Lhl~~ole (2) 

After adding a t  room temperature 2.65 g (7.81 mmol) of 1 in 5 ml of abs. toluene dropwise t o  a stir- 
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red solution of 2.05 g (15.63 mmol, 2 ml) I-methylindole in 30  ml of abs. toluene, the  mixture was 

heated up t o  60 OC for  8 h. The mixture was washed with H 2 0  and extracted with ether. The 

organic layer was separated,  dried (MgS04), and evaporated t o  dryness. The residue was washed 

with small amounts  of hexanes and filtered. Yield: 2.76 (78%) 2, mp 184-185.5 OC (after  recry- 

stalliretion from hexanes). Ir (KBr): vmax (an") = 1679, 1614. 1568. 1471. 'H Nmr (CDC13) S = 3 86 

(s ,  3H, CH,), 7.36 (m, 3H, aromatic HI, 7.58 (s ,  IH, aromatic H), 8.26 (m, lH, aromatic HI. 13c 

Nmr (acetone-d6): 6 = 32.2 (CH,), 71.56 Cseptd, 'JCF= 31.3, ,JCF= 4.0, (CF3)&l, 106.92, 109.95. 

120 45, 122.14, 123.20, 124.43, 136.75, 137.18 (indole C), 118.64 (qd ,  'JCF= 273.1, 'JCF= 37.8, 'CF-SF3), 
I 121.90 [q. JCF= 2 8 4 3 ,  (sF3)2CI, 137.59 (dq ,  'JCF= 25.7, 3 ~ c F =  2.4, N-C=CF-CF,), 142.46 (dq .  

4 19 
J = 262.6, 'JCF= 39.4, =SF-CF,), 161.88 ( d q ,  Jc,= 10.4, 'JCF= 1.6, S-C=N). F Nmr (CDCI,). 6 = CF 

5 -58.8 ( sep tq ,  JFp= 22.9, ,JFF= 7.7, IF, =CE-CF,), 11.6 Cd, 'J,,= 22.9, 6F, (C%)2C1, 12.0 (d,  ,JFF= 

7.7, 3F. =CF-CE,). Anal. Calcd for  ClbH8N2FI0S: C, 42.68; H, 1.79; N, 6.22. Found. C ,  42.68; H. 

1 90, N, 6.23. 

2-Methyl-2-(perfluoro-4,S-dthy~-5,5-dlmethy1-4-et~Udene-1,3-thl~01-2-y1~pr0panal (3)  

4.30 g (12.7 mmol) of 1 was added dropwise t o  1.79 g (12.7 mmol) of 2-methyl-l-morpholino-l- 

propene at 10-15 OC. Stirring was continued for  24 h 15 ml of H 2 0 ,  1 ml of conc. HCI were ad- 

ded with stirring. After  10 min the  organic layer was separated, 5 mi of CHZCI2 and 20 ml of  

H 2 0  were added with s t i rr ing.  Then the  organic layer was separated, dried iMgS04), and d ~ s t i l -  

led. Yield. 3.33 g (67"L) 3, bp  72-76 O ~ / l 6  mm Hg. Ir (film): vmax (cm-l) = 1735, 1685, 1588. 'H 

Nmr (CDCl,): S = 1.45 (s, 6H, 2x CHJ, 9.56 (s, IH, CH=O). ',c Nmr (CDCJ,): 5 = 21.25 LC(CH3)Zl, 

53.12 LC(CH,)21, 72.85 [ s e p t d ,  'JCF = 32.0, ,JCF= 4.4, C(CF,),I, 118.60 (qd, 'JCF= 274.7, 'JCF= 

37 1. =CF-CF3), 122.50 [ q ,  'JCF= 284.3, C(CF3121, 136.53 (dq, 'JCF= 28.3, 3~CF= 2.7, N-C=CF-CFJ, 
2 4 148.14 (dq,  'JCF= 273.6, JcF= 40.2, =SF-CF3), 177.73 (dq ,  JcF= 11.8, 5 ~ c F =  2.0, S-C=N), 197.30 

5 (CH-01 1 9 ~  Nmr (CDCI,): S = -51.1 ( s ep tq .  'JPF= 24.2, = 8.9, IF. =CE-CF3), 10.9 Ld. IFF= FF 

24.2. 6F, (CE31ZCI, 11.2 (d ,  ,JFF= 8.9, 3F, =CF-CE31 Anal. Calcd for  C11H7NOFloS: C. 33.78; H, 

1.80; N, 3.58. Found: C, 33.96; H, 1.96; N, 3 71. 

2-(2-Morpho~no-1-cyclohexenyl)perfluom-4,h&0-~,-ey1-ethyden1.3-thiazole (4al 

To a stirred solution of 2.50 g (7.4 mmol) 1 in 50 ml of abs. ether, 1.23 g (7.4 mmoll of l-mor- 

phoiino-1-cyclohexene in 5 ml of abs. e ther  was dropped a t  -5 - 0 OC. After 3 h a t  0 OC, the 

reaction mixture was slowly warmed up t o  room temperature, stirred fo r  additional 15 h, and 

evaporated t o  dryness in vacua. The residue was dried in a vacuum desiccator over KOH. Yield. 

3 13 g (87%) 4% mp 165-166 OC (af ter  recrystallization from methanol).  Ir iKBr): (cm-') = 

1670, 1635, 1540. 'H Nmr (CDCl31: S = 1.63 (m, 4H, CH2CH21, 2.23 (m, 2H, C H 2 )  2.45 (m. 2H, 

CH2), 2.76 (m, 4H, 2x NCH2), 3.86 (m, 4H, 2x OCHZl. I3c Nmr (CDCIJ: S = 21.91 (CH2).  22.17 

(CH,), 22.78 (CH21, 26.34 (CH,), 51.14 (2x NCH2), 65.78 (2x OCH,), 69.35 Lsept, 'JcF= 29 8 

;cF,)&I, 118.98 (qd,  'JC,= 274.4, 'JCF= 37.5.- =CF-CF3), 123.0 [q, 'JCF= 282.6, (CF3)2CI, 127.05 
2 

(N-C=C-CH,), 135.73 (dq, 2 ~ c F =  28.0, 3 ~ c F =  2.3, N-C=CF-CFJ, 145.95 (dq ,  'JCF= 269.2, JcF= 39.3, 

=CF-CF,), - 160 05 (d ,  'JCF= 2.62, N-C?C-CH2), 166.96 ( d q ,  4 ~ c F =  12.0, 'JCF= 1.7. S-C=N) 1 9 ~  Nmr 
5 (CDCI,): S = -54.8 ( s ep tq ,  JFF= 21.4, 3~FF= 5.8, IF, =CE-CFJ, 11.72 [d, 'JFF = 21.4. 6F, (CE,)2Cl. 
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3 
12.02 (d, JFF = 5.8, 3F, =CF-CQ. Anal. Calcd for  Cl7Hl,N2OFl0S: C,  41.98; H, 3.32; N, 576.  

Found: C,  42.00; H,  3.26; N, 5.77. 

2-(2-MorphoUno-l-cyclopen~nyl)perfluoro-S,S-&methy1-4,S-&hy~0-4-ethyUdene-1,3-t~~01e (4b) 

2.12 g (6.3 mmol) of 1 was added dropwise t o  1.92 g (12.5 mmol) of I-morpholino-1-cyciopentene 

with stirring, maintaining a temperature of 20 OC When the exothermic reactjon ceased, the 

mixture was stirred additional 30 min, then 20 ml of H 2 0  were added. The precipitate was 

Filtered, washed with H 0 and dried on air a t  ambient temperature f o r  15 h. Yield: 2.83 g (96%) 2 
4 b ,  mp 129-130 OC (af ter  recrystallization from methanol).  Ir (KBr): vmax (ern-') = 1662, 1572, 

1503. 'H Nrnr (CCl,): S = 1.59 (m, 2H, CH,), 2.32 ( t ,  7.4, 2H, CH,), 2.41 ( t ,  3 ~ H H =  7.4, 2H, 

CH2), 3.12 (m,  4H, 2x NCH2), 3.33 (m, 4H, 2x 0CH2) .  13c Nmr (CDCI,): S = 20.48 (CH,), 34 40 

(CH2), 35.47 (CH2), 51.37 (2x NCH,), 66.72 (2x 0CH2) ,  71.77 l sep td ,  'JCF= 31.32, ,JCF= 4 8, 

(CF3)&l. 100.83 (N-C=C-CH2), 119.67 (qd ,  'JCF= 273.1, 'JCF= 37.8, =CF-CF3), 122.71 [q. 

282.7, (GF3),CI, 141.98 (dq ,  'JCF= 260.2, 'JCF= 39.4, =SF-CFJ, 138.12 ( d q ,  'JCF= 28.1, 3 ~ C F =  2 4 .  

N-C=CF-CFJ, 163.49 (d, 'fCF= 2.41, N-eC-CH21, 164.20 (do,, 4~ CF = 9.6, S ~ C F =  16 ,  S-s=N!  1 9 ~  

5 Nrnr (CCI 1: S = -62.5 ( s e p t q ,  JFF= 24.0, 3~ = 9.0, IF, =CE-CF3), 11.77 [d, 'JFF= 24.0, 6F, 4 FF 
(C&)2CI, 12.34 (d, 3 ~ F F =  9.0, 3F, =CF-CE3). Anal. Calcd for  C16H14N20FloS: C,  40.68; H, 2 99; N, 

5.93. Found: C,  40.73; H 3.05; N 5.89. 

2-(2-Morphollno-2-cyclohexene-l-ylldene)-2,S-&hy&o-4-~l,2,2,2-te~afluomethyl~-S,S-bls~~fluoro- 

methyl)-1.3-thlazole (5.4 

A solution of  2.49 g (7.3 mmol) 1 in 5 mi of abs. e ther  was added dropwise with stirring to  a 

solution of 2.46 g (14.7 mmol) of I-morpholino-1-cyclohexene in 5 ml of abs. e ther  a t  -5 - 0 OC. 

After completion of the  addition, the  mixture was stirred for  15 min, warmed up slowly to  room 

temperature, and s t i r red additional 30 min. Then 30 mi of H,,O were added,  the  organic layer 

was separated and evaporated t o  dryness. Then H,O was added and the precipitate was collected. 
" 

washed with a mixture of H20/CH30H and dried. The crude material 2.46 g (69%) consisted of 

1% 4 a  and 87% Sa ("F Nmr analysis). For analytical data  0.53 g (90%) Sa. mp 93-94 OC. were 

isolated from 0.68 g of the  isomeric mixture by column chromatography o n  100 g of silica gel 

(eluant: hexanes/ethyl acetate  8:l). Ir (KBr): v-"_ (cm-') = 1600, 1535. 'H Nmr ( C D C I J  & = 170  - 
im, ZH, CH2), 2.27 (m,  2H, CH2!, 2.74 (m, 6H, 2x NCH2, CH2), 3.84 (m, 4H, 2x 0CH2) ,  551 (dq ,  

IH, 'JHF= 44.7, 3 ~ H F =  5.3, CHF-CFJ, 5.76 (m, lH, =CB). 13c Nmr (CDCI,): 5 = 22.43 (CH,), 

25.85 (CH,), 28.91 (CH,), 52.75 ( d ,  8 ~ C F =  4.32, 2x NCH2) ,  65.95 (2x 0 G H 2 ) ,  76.03 [sept,  2 ~ C F =  

29.31, C(CF3),1, 82.38 ( d q ,  'J,,= 193.1, 'Jo= 35.7, CHF-CF,), 121.09 (qd ,  'JCF= 282.6, 'JCF= 27.7, 

CHF-CF,), 122.21 (q, 'JCF= 283.1, SF,), 122.37 (q, 'JCF = 287.1, GF,), 124.07 (d, 7 ~ c F =  2.0, N-C= 

CH), 137.43 (d. 'Jm= 5.0, S-C=C), 138.85 (d, 'JCF= 4.5, C=C-N), 146.57 (d, 4 ~ C F =  2.5, S-C-NI, - 

147.48 (d ,  ?,,= 15.6, =C-CHF). "F Nmr (CDCI 1: S = -112.1 (d with additional multicoupling, 3 
2 3 JFH= 44.7, IF, CHE-CF3!, 2.45 id with additional multicoupling, JFF= 14.9, 3F, CHF-CQ), 11.33 

4 (m,  3F, C&), 11.48 (q, JFF= 9.4, 3F, CE3). Ms (m/z):  486 [MI' (1.68); 417 [M-CF~I '  (1.85); 388 

~ c ~ ~ H ~ F ~ , N s I +  (7.30); 373 ~M-CF,CSI+ (77.37); 279 [ M - ~ c F ~ I +  (4.91); 251 [C~F,NSI+ 1 . 7 ;  207 

[C,F,NI+ (1.59); 147 [c~,H~,NI+ (100.00); 135 [ C , H ~ ~ N I +  (40.13); 119 [C,F,NI+ (24.26); 77 [c,H,I+ 
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(15.33); 28 [ N ~ I  (10.18). Anal. Calcd f o r  C1,Hl6N20FIOS: C ,  41.98; H, 3.32; N, 5.76. Found: C, 

42.07; H, 3.36; N, 5.77. 
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