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Reaction of secondary amines with 
2-(imidazol- 1-yl)-perfluoro-5,5-dimethyl-4-ethylidene-2-thiazoline 
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Reactions of 2-(imidazol-l-yl)-perfluoro-5,5-dimethyl-4-ethylidene-2-thiazoline with a 
series O f secondary amines in THF resulted in the replacement of '.he imidazole moiety by 
the amine moiety. 
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perftuoro-5.5-dimethyl-4-ethylidene-2-thiazolines. 

The recently increasing interest in fluorine-contain- 
ing heterocyclic compounds is due to the fact that 
perfluoroaikyl groups and fluorine atoms are capable of 
enhancing the biological activity of these systems. I 
Among various heterocyclic compounds,  derivatives of 
2-thiazoline can be specially noted as intermediates in 
the syntheses of agricultural preparations (for example, 
see Ref. 2). They can be synthesized starting from 
internal perf luoroolefins 3 or their  derivatives, e.g., 
perf luoro-3- isothiocyanato-2-methylpent-2-ene.  4,5 The 
reactions of this compound with O-,  S-, and C-nucleo-  
philes afford 2-substituted 2-thiazolines. 6-s  However, 
its reaction with secondary aliphatic amines results in 
2-substituted 6H- i,3-thiazines. 9 

The aim of this work was to study the possibility of 
synthesizing N-(perfluoro- 5,5-dimet hyl-4-ethylidene-2- 
thiazol in-2-yt)amines using this approach. 2-( lmidazol-  
I -y l ) -pe  rfluo to-5,5-  direct hyl-4-e thyl idene-2- thiazol ine  
(1) was chosen as a model compound because this 
compound is readily accessible and the imidazole can be 
easily separated From the expected reaction products. 

Resul t s  and D i s c u s s i o n  

The reaction of compound 1 with diethytamine, di- 
n-butylamine,  morpholine,  piperidine, and azepane in 
T H F  (Scheme I) afforded products of replacement of 
the imidazole moiety by the secondary amine moiety 
(compounds 2--6) .  

If piperazine was used as a nucleophil ic  agent 
(Scheme 2), a bis-substitution product (7) was formed. 

Initially, the addition of the N-nucleophile to the 
C = N  bond of  compound 1 to form a zwitter-ion (8) 
(Scheme 3) is likely to take place. Subsequent transfor- 
mation of 8 to zwitter-ion 9 by proton transfer leads to 
reaction products 2 - -6  due to the elimination of imida- 
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zole. The ev idence  for the suggested reaction pathway is 
the fact that c o m p o u n d  1 does not  react with diiso- 
propylamine and 2 ,2 ,6 ,6- te t ramethylp iper id in-4-one ,  for 
which the format ion  o f  zwit ter- ion 8 is impeded due to 
steric hindrances.  

The structure o f  compounds  2 - -7  was established by 
IR, IH, 13C, and tgF N M R  spectroscopy and mass 
spectrometry,  taking into account  the published data for 
compounds  o f  this type. 6 For  example ,  19F N M R  spec- 
tra of  2 - -7  con ta in  three signals with the intensity ratio 
3 : 6 : 1 (d, JF--F = 8- -9  Hz, d, JF-F = 22--23 Hz, and 
q.sept, JF--F = 22--23 and 8 - -9  Hz),  which implies the 
E-conf igura t ion  o f  the C = C  bond (Table 1). It should be 
noted that this conf igura t ion  for 2 -amino-pe r f luo ro -4 ,4 -  
d ime thy l -5 - e thy l i dene -2 - th i azo l i ne  was conf i rmed by 

Table I. ~gF NMR data for 2-thiazolines 2--77 

Nu 

Corn- 8 (JF_F/HZ) 

pound FC-6 (q.sept) FC-7 (d) FC-8, FC-9 [d) 

2 9.9I (8, .23) 96.5 (8) 96.1 (23) 
3 9.9 (9. 23) 96.4 (9) 95.9 (23) 
4 12.6 (8.5, 23) 96.7 18.5) 95.5 (23) 
5 10.2 (9, .23) 96.0 (9) 95.8 (23) 
6 9.7 (9, 23) 96.4 (9) 960 (23) 
7 11.9 (9. 23) 97.8 (9) 97.4 (23) 

X-ray structural analysis} ~ The  IR spectrum conta ins  an 
intense absorption band at 1600 cm - I ,  which character -  
izes vibrations of  atoms at the C = C  bond. il  In addi t ion,  
a low-intensity absorpt ion band at 1450--1465 cm - I ,  
which can be assigned to vibrat ions of  the C = N  bond is 
present in the IR spectrum. 

The analysis of  the 13C N M R  spectra shows that the 
signal at 8 161.5--162 (s) corresponds  to the C a tom in 
position 2. The signals at 8 139.4--140.4 (qd) and 135.8-- 
137.2 (d) correspond to the C-6  and C-4  a toms of  the 
C = C  bond and the signal at 8 120.2 (dq) is assigned to 
the C-7  a tom (the C F  3 group).  

Thus ,  we have p e r f o r m e d  the syn thes i s  o f  
2-aminosubst i tu ted derivat ives o f  2- thiazot ine on the 
basis of  rep lacement  o f  the imidazole  moiety at posit ion 
2 by the secondary amine  moiety.  

Experimental  

IH, 13C, and lqF NMR spectra were recorded on a Bruker 
WP 200 SY spectrometer (200.5 and 188 MHz, respectively), 
using SiMe4 and CsF 6 as the internal standards. |R spectra 
were obtained on a Specord M-80 spectrometer (CC14). Mass 
spectra were obtained on a VG 707 OE chromato-mass spec- 
trometer (electron ionization energy 70 eV). Compound ! was 
obtained by the known procedure. Is 

Reaction of compound ! with secondary amines. A mixture 
of compound I (5.81 g, 0.02 tool) and Et2NH (1.095 g, 
0.02 tool) in THF (15 mL) was stirred at 50~ for 4 h, poured 
into water, and extracted with CHC13. The organic layer was 
washed with water and dried with MgSO4. The solvent was 
distilled offand the residue was distilled in vacuo to give 3.76 g 
(64%) o f N, N-diethyl- N- (perfluoro-5,5-dimethyl- 4-et hylidene- 
2-thiazolin-2-yl)amine (2). Some characteristics of this corn- 
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Table 2. Characteristics of compounds 2--7 

Corn- Yield (%) ~p . l~  (M.p./~ re~z, exp. Found (%) Molecular 
pound p/Topp (m/z, catc.) Calculated formula 

C H N 

2 64 66--68 392.03990 
0.1 (392.04050) 

3 68 74--76 448.10247 
0.008 (448.10310) 

4 66 (66--67) 406.02143 
(406.01976) 

5 63 (81--82) 404.03906 
(404.04049) 

6 66 98--9~ 418.05691 
0.16 (418.05615) 

7 69 (217--218) 723.98370 
(723.98710) 

33.40 2.64 7.54 C~HmFIoN~,S 
33.67 2.57 7.14 
40.82 4.05 .4.,9_.1. C~5H~aF~0N!S 
40.18 4.05 4.25 

-- 2.58 6.44 Ct~H~Ft0N2OS 
3.07 6.56 

35.12 2_~ 7_.,33 Ct2H mF~0N2S 
35.64 2.49 6.93 
37.00 2.,.Z.[ 7,~0 C~3H~2F~0N~S 
37.32 2.89 6.70 
29.93 l. I6 8.07 CI,~HsF:0N4S~ 
29.85 1.11 7.73 

pound are given in Tables t and 2. IR, v/era-I: 3000 (C--H); 
1600 (C=C); 1465 (N=C); 1190--1230 (C--F). MS, m/z 
(/reT(%)): 392 [M]" (I00), 377 [M-Me]"  (13.501, 363 [M-  
Eli* (51.34), 349 [ M - N E l l *  (70.39), 343 [ M - E t - H F I *  
(17.07), 329 [ M - N E t - H F ]  § (23.93), 323 [M-CF31 ~ (30.67), 
303 [ M - C F 3 - H F ]  + (10.36), 119 [C2F51 + (1,30), 72 [NEt2] + 
(22.80), 69 [CF3]" (10.02), 44 [HNEt] + (10.63), 29 lEt] + 
(26.65). IH NMR (CDCI3) , 8:3.42 (q, CHI) and 1.21 (t, Me). 
13C NMR (CDCI3), ,5: 162. l (C-2); 140.4 (C-6, tJc_ F 
249.9, 2Jc_ F = 38.9 Hz); 137.2 (C-4, 2Jc_ v = 28.3 Hz); 
122.7 (C(8,9), ~Jc-r: = 284.1 Hz); 120.2 (C-7, tJc_ F = 272.3, 
" C-F 37.3 Hz); 76.1 (C-5, ~Jc-F 35.2 Hz); 23.9 (C-IO); 
25.5 (C-I I ) ;  18.3 (C-12). 

Compounds 3--7 were obtained by a similar procedure 
(see Tables I and 2). 

N,N- Di- n-butyl- N-(pertluoro-5,5-dimethyl-4-ethylidene-2- 
thiazolin-2-yl)amine (3). IR, v/era-l:  2950 (C--H); 1600 
(C=C): 1450 iN=C);  1350 (N-C) ;  1120--1250 (C-F) .  MS, 
m/~ (lrel(%)): 448 [MI + (100). 429 [M-F]+ (34.59), 419 [ M -  
Ell § (23.02), 406 [M-C3H61 + (15.00), 379 [M-CF31 + (37.77), 
363 [M-Bu-C2H4]  + (64.83), 364 [M-C4Hg-C2H4] + (64.83), 
349 [M-Bu-C3H6]*  (64.81), 350 [M-C4Hs-C3H6] § (22.56), 
337 [M-C~Fs-C3Hs]  § (24.77), 329 [M-C2Fs] + (16.32), 323 
[ M - C F 3 - C 4 H s I "  (59.96), 297, 255, 241, 205, 84, 69 [CF31 + 
(5.20), 57 [Bu] ~ (61.00), 55 [C4H71 + (28.70), 41 [MeCNI + 
(65.75). ~H NMR (CDCI3), & 3.48 and 3.20 (t, NCH2, 7.0); 
1.60 (m, CH2); 1.30 (m, CH,);  0.92 (t, Me). 13C NMR 
(CDC13), ,5:162.0 (C-2); 139.8 (C-6, tJc_ F = 250.5. -~Jc-F = 
39.1 Hz); 135.8 (C-4, 2Jc_ F = 28.1 Hz); 122.8 (C-8. C-9, 
~Jr 284.1 Hz); 120.2 (C-7, ~JC_F = 272.2, ZJC_F= 
3 , . ,  Hz )  75.4 (C-5, 2Jc_ F =  31.2 Hz); 52.9 (C-10); 50.9 
(C-14); 30.6 ( C - I l L  29.4 (C-15); 19.8 (C-12, C-16); 13.2 
(C-I 3, C- [7). 

N- (Perfluoro- 5,5-dimethyl-4-ethylidene-2-thiazolin-2- 
yl)morpholine (4). The product was distilled in vacuo and 
c~stallized from pentane. IR, v/era-t:  2980 (C--H); 1600 
(C=C); 1450 iN=C):  1350 ( N - C ) ;  1180--1240 (C--F). MS, 
m~ (Irel(%)): 406 [MI + ~I00), 387 [M-FI  + (23.70), 349 [ M -  
C3H701 + (29.75), 337 [M-CF31* (16.73), 279, 260, 229, 86, 
69 ICF31 § (5.42), 56 [C3H6OI* (10.81). IH NMR (CDC13), 8: 
3.75 (m, CH2N), 3.56 (m, CH20). t3C NMR (CDCI3), ~: 
162. l (C-2); 140.1 (C-6, �91  = 252.6, " J c -F  ~ = 39.2 Hz); 
135.2 (C-4, ' JC -F  = 28.5 Hz): 122.5 (C-8, C-9. ~Jr = 
284.4 Hz); 117.0 (C-7, t Jc_ F = 272.6, 2Jr F= 37.4 Hz); 
74.9 (C-5. ~ C--F 35.0 Hz): 65.8 (C-10): 48.7 (C-IIL 

N- (Perfluoro- 5,5-dimethy|-4-ethylidene-2- thiazolin-2- 
yl)pipetSdine (5), The product was distilled in vacuo and 
crystallized from hexane, iR, v/era-I:  3000 (C--H);  1600 
(C=C); 1445 (N=C); 1350 (N-C) ;  1190--1250 (C--F).  MS, 
talc (lrd(%)): 404 [M]* (I00), 385 [ M - F ]  + (23.93), 335 [ M -  
CF3] + (14.82), 315 [ M - C F ~ - H F ]  + (12.21), 2[9, 175, 69 
[CF3] ~" (8.55), 55 [C4H71 § (15.29), 41 [MeCN] + (20.24). 
IH NMR (CDCI3), ,5:3.53 (m, CH2N, CH~); 1.68 (m, CH2). 
13C NMR (CDCI3), 8: t62.l (C-2); 140.4 (C-6, Igc_ ~ =  
249.9, 2 J c _ F =  38.9 Hz); 137,2 (C-4, 2Jc_F = 28.0 Hz); 
122.8 (C-8, C-9, tJc_ F = 284.l Hz); 120.2 (C-7, t Jc_  F = 
272.3, 2Jc_ F = 37.3 Hz); 76.1 (C-5, 2Jc_ F = 35.2 Hz); 23.93 
(C-10); 25.5 (C-II ) ;  18.3 (C-12). 

N- (Perfluoro- 5,5-dimethyl-4-ethylidene-2- thiazolin- 2 - 
yl)azepaae (6). IR, v/cm-~: 2920. 2850 (C--H); 1600 (C=C); 
1450 (C=N); 1315 (C-N) ;  1150--1250 (C-F) .  MS, m/z 
(/re~(%)): 418 [M] ~ (100), 403 [M-Me[*  (14.80), 399 [M-FI  § 
(28.59), 389 [ M - N 2 - E t l  ~ (5.89), 375 [M-Pr]  + (14.46), 349 
[M-CF3]  * (54.77), 329 [ M - C F 3 - H F I  + (16.44), 295 
[M-C6HgNCN] + (7.79), 279 [M-CF3-CsHIoI  + (4.95), 260 
[M-CF3-FCsH~0] + (3.11), 175, 98 [C6HI2NI* (18.72), 55 
[EtCNI + (28.95), 4l [MeCN] ~" (30.86), 69 [CF3]* (7.08). 
IH NMR (CDCI3), 8:3.67 (t, CI-12N); 3.39 (t, Ctt2N); 1.77 
(m, CH~); 1.57 (t CH2) (signal intensity ratio I : I : 2 : 2). 
13C NMR (CDCI3), 5:162.1 (C-2); 139.3 (C-6, IYc_ F =  
250.0, ' JC-F  = 39.1 Hz); 135.9 (C-4, 2Jc_ F = 28.6 Hz); 
122.8 (C-8, C-9, IdC_ F = 284.2 Hz); 120.2 (C-7, IJc_ F = 
272.2, ' J  = - c - r :  37.3 Hz); 75.4 (C-5, ~J = - r  31.2 Hz); 
53.0 and 50.9 (C-IO); 28.9 and 27.1 (C-II ) ;  26.7 and 26.5 
(C-12). 

N,N'- Bis(perfluoro-5,5-dimethyl-4- ethylidene- 2-thiazolin- 
2-yl)piperazine (7). The reaction mixture was poured into 
water, the precipitate that formed was separated, and the 
product was extracted from the solution with chloroform. The 
extract and the residue were combined and dried with CaCI2. 
The solvent was evaporated, and the residue was crystallized 
from a hexane--chloroform mixture ( |  : 4). IR, v/era-I:  3000 
(C--H); 1600 (C=C); 1450 (C=N);  1315 (C--N);  I150--1250 
(C--F). MS, m/z (1~e1(%)): 724 [M1 § (60.91), 705 [M-F]  § 
(40.50L 655 [M-CF31 + (1.79), 635 [ M - C F 3 - H F ]  ~ (0.61), 
404 [M-CTFIoNS] + (0.68), 388 [CtIHsFf0N3S] + (11.35), 362 
[C;IH~F~0N3S-C2H4N} + (100), 375 [CI tHsFIoN3S-Et l  + 
(41.82), 320 [CTF~0NS]* (16.12), 293 [C7Ft0NS-CH.~=CH} § 
(18.16), 100 [CF2=CF:] * (t.89), 86 [C4H6N] § (2.64), 69 
[CF3] ~ (4.16). IH NMR (CDCI3), 8:3.95 (m, CH:).  
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