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molecule related by 1c - '12, '12 - y ,  -2. 

related atom atom distance, A 

0 1 A  C16 3.35 (1) 
0 2 1  s1 3.49 (1) 
0 2 1  c1 3.26 (1) 
0 2 1  c2 3.29 (1) 
021' s2 3.31 (1) 
0 2 1 '  N 1  3.42 (1) 
0 2 1 '  c2 3.02 (1) 
0 2 1 '  N2  3.30 (1) 
0 2 1 '  c3 3.06 (1) 

The 0 2 1  and 021' contacts with A-ring carbons C1, C2, and C3 
are less than the sum of their van der Waals radii.16 The disorder 
observed in the 0204221-021 atoms is likely related to these close 
packing interactions. 
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The reactions of 3-aminocinnamates lc,d with S2C12 provided 2,5-diaryl-3,4-pyrroledi~boxylates 7c,d in 3662% 
yields whereas the reactions of 3-(perfluoroalkyl)-3-aminoacrylates le-h with S2C12 or SClz gave 3,5-bis(per- 
fluoroalkyl)-2H-l,4-thiazine-2,6-dicarboxylates 4 e h  as the major products. Further treatments of 4e-g with 
triethylamine provided the corresponding pyrroles 7e-g in good yields (58-77%) via sulfur extrusion. These 
methods constitute a novel synthesis of 3,4-pyrroledicarboxylates from 3-aminoacrylates. 

Although 2H-1,4-thiazine was reported' in 1948, only 
limited methods have been developed for the synthesis of 
this ring system and only a few W-l,4-thiazinecarboxylates 
are known.2 Contrarily, the  chemistry of the  corre- 
sponding dihydro-1,4-thiazines has been well developed.2 
Because several biologically active and naturally occurring 
compounds contain the 1,4-thiazine ring: we are interested 
in developing new synthetic methodology for this chemical 
class, particularly the hitherto unknown W-1,Cthiazine- 
2,6-dicarboxylates 4. 

In  principle 4 might be prepared by reaction of 3- 
aminoacrylates 1 with S2C12 or SClz to form bis(2-amino- 
vinyl) sulfides 2 first, followed by cyclization of 2 to  3- 
amine2,3-dihydre2€€-1,4-thiazine-2,6-dicboxylates 3 and 
loss of ammonia from 3 as shown in Scheme I. The  re- 
actions of 3-aminocrotonates with SzClz and SClz have been 
reported3 t o  give unsatisfactory results in attempts to  
prepare the corresponding 2a. However, 2a has been ob- 
tained from the reaction of methyl 3-aminocrotonate (la) 
with morpholine-N-sulfenyl ~ h l o r i d e . ~  No further 
transformation of 2a has been reported. We have prepared 
2b from l b  similarly but  have been unable to  cyclize 2b 
under a variety of conditions. We thought tha t  the cy- 
clization process might be facilitated by replacement of 
the 3-methyl group in 2b with an  electron-withdrawing 

group such as an aryl or a perfluoroalkyl group and decided 
to  study the reactions of S2C12 and SClz with 3-amino- 
acrylates containing electron-withdrawing substituents. 

Results and Discussion 
The  starting 3-aminocinnamates lc,d were prepared 

from the appropriate Grignard reagent and ethyl cyano- 
acetate as described p r e v i ~ u s l y . ~  The  3-(perfluoro- 
alkyl)-3-aminoacrylates l e h  were prepared either by the 
reaction of the appropriate 3-keto ester with ammonia5 or 
by reaction of an  acetoacetate with an  appropriate per- 
fluoroalkanenitrile6 followed by treatment of the resulting 
adduct with ammonium hydroxide. 

0 0  

CH3 KKOR4 + R C e N  - 
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8 
1 
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The  reactions of 4e-g with triethylamine in ether at 
reflux produced the pyrroles 7e-g in 58-77% yields. 
Without purification of the intermediate 4e, we obtained 
7e from le in 56% yield overall by using this two-step 
synthesis. Addition of triethylamine to  a solution of 4e 
in ether a t  -40 OC resulted instantly in a dark blue color 
which persisted a t  low temperature. The  solution changed 
from blue to  yellow upon warming. This yellow solution 
gave 7e (58% yield) after workup. We attribute this dark 
blue color to  the presence of either anion 5 or 6 (Scheme 
I) which extrudes sulfur upon warming. Extrusion of sulfur 
from the 2H-1,Cthiazine system under such mild condi- 
tions is unprecedented, although extrusion of sulfur from 
alkyl thioimidates has been well utilized in organic syn- 
thesis.' 

The  above described methods constitute a convenient 
synthesis of 2,5-diaryl- and 2,5-bis(perfluoroalky1)-3,4- 
pyrroledicarboxylates. T h e  2,5-diaryl-3,4-pyrroledi- 
carboxylates have been prepared by the Knorr pyrrole 
synthesis,8 by cycloadditions of dimethyl acetylenedi- 
carboxylate to  mesoionic oxazolonesg and to  nitrile yl- 
ides,l+l2 and by oxidation of (N-alkyl-3-amino)cinnamates 
with lead t e t r a a ~ e t a t e , ' ~  but  the 2,5-bis(perfluoroalkyl) 
analogues have not been synthesized previously. Our at- 
tempts to  prepare these analogues by the Knorr pyrrole 
synthesis were unsuccessful. 

U 

l a . R = C H 3 ;  R ' = C H 3  
b, R *CH3;  R ' s  E t  
C ,  R =C6H5; R ' =  Et 

R 
0 

2 

3 
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0 
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We found t h a t  addition of 1 equiv of S2C12 to  2 equiv 
of 3-aminocinnamates lc,d in chlorobenzene followed by 
a brief period of reflux produced diethyl 2,5-diaryl-3,4- 
pyrroledicarboxylates 7c,d in 36-52% yields; no amounts 
of the expected 2H-1,Cthiazines 4c,d were detected. We 
believe tha t  4c,d were produced initially in the reactions 
but  were converted to  7c,d by the basic lc,d via facile 
sulfur extrusion as shown in Scheme I. The less basic ethyl 
3-amino-4,4,4-trifluorocrotonate (le), on the other hand, 
gave 4e as the  major product (51%) and 7e as the minor 
product (7%) under similar conditions. We found SClz 
to  be a better reagent than SzClz since SClz produces less 
elemental sulfur as byproduct. We further found tha t  the 
yields of the desired 4e-h could be improved substantially 
by inverse addition; addition of SClz to  lh produced 4h 
in 28% yield and 7h in 17% yield, but the inverse addition 
of lh to SClz produced 4h in 71% yield (isolated) and only 
a very little amount (<4%) of pyrrole 7h was detected in 
the crude product mixture. Other 2H-1,Cthiazines 4e-g 
also were obtained in good yields (6040%) under the 
inverse addition condition. 

Intermediates which decomposed to  4 upon prolonged 
stirring or heating were detected by GC during the reaction 
of l e h  with SzClz or SC12 We believe these intermediates 
are 3e-h. Although the  pentafluoroethyl and hepta- 
fluoropropyl analogues 3f-h were too unstable to  be iso- 
lated, we did succeed in isolation of the trifluoromethyl 
analogue 3e from a reaction mixture of le and SC12 in cold 
ether. T h e  exact stereochemistry of 3e is unknown, but  
3e was determined to  be a single isomer based on its 'H, 
I3C, and 19F NMR spectral data. This compound is 
unstable toward heat, as expected, and brief heating of 3e 
in a mixture of chloroform and hexane caused considerable 
decomposition to 4e; 3e also converted to 7e instantly upon 
dissolution in Me2SO-d6. 

Experimental Section 
Melting points were determined with a Laboratory Devices 

Mel-Temp apparatus and are uncorrected. 'H NMR spectra were 
recorded on Varian T-60 (60 MHz) and Varian EM-360L (60 
MHz) spectrometers. 13C NMR spectra were measured at 25.05 
MHz with a JEOL FX-100 spectrometer. '9 NMR spectra were 
obtained with a Varian EM-390 (90 MHz) spectrometer. 'H NMR 
and 13C NMR spectra were recorded in CDC1, unless otherwise 
noted and are expressed in parts per million (ppm) downfield from 
Me4Si; the C-F coupling constants are expressed as "JCF where 
n is the number of bonds between carbon and fluorine; couplings 
are in hertz. 19F NMR spectra were recorded in CDC13 with 
benzotrifluoride ( 6  -63.73) in a sealed capillary as an external 
standard and are expressed in ppm relative to CC13F, with upfield 
shifts taken as negative. Mass spectra were determined with a 
Varian Mat 311 A instrument operating on either electron-impact 
(EI) or field-ionization (FI) mode. IR spectra were recorded on 
a Perkin-Elmer 727 B spectrometer. Gas chromatography (GC) 
was performed on a Perkin-Elmer gas chromatograph with a 2 
f t  X 0.25 in. column packed with 10% OV 17 on 80/100 chro- 
mosorb W. Column chromatography (CC) was performed with 
60-200 pm silica gel 60 (EM Reagents). Preparative medium- 
pressure liquid chromatography (MPLC) was done on a EM 
LOBAR size C silica gel column. Elemental analysis were per- 
formed by Atlantic Microlab, Inc. Atlanta, GA. Unless otherwise 
noted, the organic layers were dried over MgSO, and concentrated 
in vacuo with a Buchi rotary evaporator. The flash distillations 
were performed by using a Kugelrohr distillation apparatus and 
the recorded temperature for a specific fraction was the tem- 
perature of the Kugelrohr pot. The 3-aminocinnamates lc,d were 
prepared as described previ~usly.~ Ethyl 3-amino-4,4,4-tri- 
fluorocrotonate (le) was prepared from ethyl trifluoroacetoacetate 
by a reported procedure.6 
Bis(2-amino-l-(ethoxycarbonyl)propen-l-y1) Sulfide (2b). 
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The reaction of lb with morpholine-N-sulfenyl chloride by a 
procedure similar to that reported by Gompper et al.3 for the 
preparation of 2a provided a solid (43% yield), mp 124-134 "C, 
which after successive recrystallization from acetone and ethanol 
gave 2b, mp 143-148 OC, containing a mixture of geometric iso- 
mers: 'H NMR (MezSO-d6) 6 7.1,7.7, 8.0 (three br s, total 4 H), 
3.8-4.4 (m, total 4 H), 2.30, 2.23, 2.20 (three s, total 6 H), 1.0-1.4 
(m, total 6 H). 

Anal. Calcd for C12H&'&O4S: C, 49.99; H, 6.99; N, 9.72. Found: 
C, 50.04; H, 7.02; N, 9.68. 

Attempted cyclizations of 2b under a variety of conditions were 
unsuccessful. 
General Procedure (A) for 2-Acetyl-3-(perfluoroalkyl)- 

3-aminoacrylates 8f-h. A modified procedure of Bodnarchuk 
et a1.6 was employed. Into a well stirred mixture of 0.5-0.6 mol 
of alkyl acetoacetate, 100 mL of saturated NaOAc, and 200 mL 
of an appropriate alcohol at  50-60 "C was passed 0.3-0.9 mol of 
an appropriate perfluoroalkanenitrile gas during a 2.5-h period. 
The reaction mixture was cooled and poured into saturated NaCl 
solution. The organic layer was extracted into ether. The ether 
solution was dried and concentrated, and the residue was distilled 
through a Vigreux column under reduced pressure to give the 
desired 8f-h which contained a mixture of two geometric isomers. 
Methyl 2-Acetyl-3-amino-4,48,5,~~n~fluoro-2-p 

(8f). The crude product from the reaction of methyl acetoacetate 
and pentafluoropropionitrile was distilled at  1.5 torr to give 58.4 
g (37% based on methyl acetoacetate) of 8f (bp 67-75 "C), which 
crystallized after cooling: mp 49-67 "C; 'H NMR 6.9-8.3 (br, 2 
H), 3.80 (9, 3 H), 2.37 and 2.20 (two s, total 3 H). 

Anal. Calcd for C8Hg5N03: C, 36.79; H, 3.09; N, 5.36. Found: 
C, 36.64; H, 3.10; N, 5.35. 
Ethyl 2-Acetyl-3-amino-4,4,5,5,5-pentafluoro-2-pentenoate 

(8g). The crude product from the reaction of ethyl acetoacetate 
and pentafluoropropionitrile was distilled at  1.5 torr to give 34 
g (38% based on pentafluoropropionitrile) of 8g: bp 83-85 "C; 
n25D 1.4363; 'H NMR 6 7.4 (br, 2 H), 4.3 (9, J = 7, 2 H), 2.26 and 
2.40 (two s, total 3 H), 1.33 (t, J = 7, 3 H). 

Anal. Calcd for C4H1P5N03: C, 39.28; H, 3.66; N, 5.09. Found 
C, 38.84; H, 3.67; N, 4.90. 
Ethyl 2-Acetyl-3-amino-4,4,5,5,6,6,6-heptafluoro-2-hexe- 

noate (8h). The crude product from the reaction of ethyl 
acetoacetate with heptafluorobutyronitrile was distilled at  1 torr 
to give 74.6 g (67% based on heptafluorobutyronitrile) of 8h: bp 
88-95 "C; nZ5D 1.4209; 'H NMR 6 6.9 and 8.1 (two br s, total 2 
H), 4.23 (q, J = 7, 2 H), 2.37 and 2.36 (two s, total 3 H), 1.33 (t, 
J = 7, 3 H). 

Anal. Calcd for C1&#,N03: C, 36.90, H, 3.01; N, 4.30. Found 
C, 36.53; H, 3.08; N, 4.23. 
General Procedure (B) for 3-(Perfluoroalkyl)-3-amino- 

acrylates If-h. A mixture of 0.08-0.20 mol of 8,75-150 mL of 
ammonium hydroxide, and 20 mL of ether was stirred for 64 h. 
The reaction mixture was extracted with ether. The ether extract 
was dried and concentrated. The residue was distilled under 
reduced pressure to give the desired If-h. 

Methyl 3-Amino-4,4,5,5,5-pentafluoro-2-pentenoate (If). 
Distillation of the crude product from 8f at 9 torr provided pure 
I f  (78%): bp 54-59 "C; nZD 1.3974; 'H NMR 6 6.4 (br, 2 H), 5.20 
(6, 1 H), 3.77 (s, 3 H). 

Anal. Calcd for C6H,$5NOz: C, 32.89 H, 2.76; N, 6.39. Found: 
C, 32.83; H, 2.78; N, 6.39. 
Ethyl 3-Amino-4,4,5,5,5-pentafluoro-2-pentenoate (lg). The 

crude reaction product from 8g was distilled to give lg (72%): 
bp 64-69 "C (6 torr); n25D 1.4029; 'H NMR 6 6.5 (br, 2 H), 5.13 
(6, 1 H), 4.23 (q, J = 7, 2 H), 1.30 (t, J = 7, 3 H). 

Anal. Calcd for C7H8F5N02: C, 36.06; H, 3.46; N, 6.01. Found: 
C, 35.87; H, 3.12; N, 5.98. 
Ethyl 3-Amino-4,4,5,5,6,6,6-heptafluoro-2-hexenoate ( 1 h). 

The crude product from 8h was worked up as described above 
to give a colorless liquid (92%): mp 70-71 "C (8 torr); n Z ~  1.3875; 
'H NMRB 6.37 (br, 2 H), 5.10 (s, 1 H), 4.20 (q, J =  7, 2 H), 1.27 
(t, J = 7, 3 H). 

Anal. Calcd for C8HP7N0s C, 33.93; H, 2.85; N, 4.95. Found 
C, 34.15; H, 2.87; N, 4.98. 
Diethyl 2,5-Diphenyl-3,4-pyrroledicarboxylate (7c). To 

a cold (10 "C) solution of 10.3 g (0.0539 mol) of IC in 20 mL of 
chlorobenzene was added 3.64 g (0.0269 mol) of SzClz in 2 min. 

Lee and Howe 

The reaction mixture was held at  135 "C for 3 h, cooled, and 
filtered to give 6.8 g of solid. This solid was washed with water 
to give 5.2 g of material which was stirred with hot ether and 
fdtered. The ether insoluble material was stirred with chloroform 
and filtered to remove 0.24 g of sulfur. The combined ether- 
chloroform filtrates were concentrated and the residue was re- 
crystallized from chloroform-hexane to give 3.37 g (34%) of 7c: 
mp 148-150 "C (lit.8 mp 151-152 "C); 'H NMR 6 9.33 (s, 1 H), 
7.0-7.6 (m, 10 H), 4.07 (q, J = 7.0, 4 H), 1.13 (t, J = 7.0, 6 H); 
MS, m / e  (relative intensity) 363 (56), 335 (8), 318 (19), 307 (ll), 
306 (13), 291 (31), 290 (95), 279 (8), 278 (9), 272 (18), 263 (22), 
246 (loo), 245 (82), 244 (19). 

Anal. Calcd for CZ,H2,NO4: C, 72.71; H, 5.83; N, 3.86. Found 
C, 72.67; H, 5.83; N, 3.83. 

The chlorobenzene filtrate was concentrated and the residue 
was worked up as described above to give an additional 1.7 g (17%) 
of 7c, mp 149-151 "C. 
Diethyl 2,6-Bis(a,a,a-trifluoro-m -tolyl)-3,4-pyrroledi- 

carboxylate (7d). To a cold (10 "C) solution of 11.9 g (0.0459 
mol) of Id in 20 mL of chlorobenzene was added dropwise 3.10 
g (0.0230 mol) of S2Cl2. The reaction mixture was stirred at 135 
"C for 2 h, cooled, and filtered. The filtered cake was washed 
with ether to give 2.6 g of solid which was washed with water to 
give 1.7 g of yellow solid. T h i  material was stirred with hot ether 
and filtered to remove 0.5 g of sulfur. The ether filtrate was 
concentrated and the residue was recrystallized from ether-hexane 
to give 0.7 g (6%) of 7d: mp 126-127 "C; 'H NMR 6 8.87 (s, 1 
H), 7.2-8.8 (m, 8 H), 4.13 (9, J = 7.0, 4 H), 1.2 (t, J = 7.0, 6 H); 
MS (FI mode), m / e  499 (M'). 

And. Calcd for C24H1&?6N04: C, 57.72; H, 3.83; N, 2.81. Found 
C, 57.72; H, 3.87; N, 2.79. 

The original chlorobenzeneether filtrate was concentrated and 
the residue was purified as described above to give an additional 
3.41 g (30%) of 7d, mp 126-127 "C. 
Reaction of le with SzC1, or SCl,; Isolation of Diethyl 

3,5-Bis( trifluoromethyl)-2H-1,4-thiazine-2,6-dicarboxylate 
(4e). (a) Addition of SzClz to le. To a solution of 36.6 g (0.20 
mol) of le in 30 mL of chlorobenzene was added dropwise 13.5 
g (0.10 mol) of S2Cl, in 10 min (exothermic reaction). The mixture 
was held at  reflux for 30 min, cooled to 35 "C, and kept at 35 "C 
for 62 h. The white and yellow precipitates were filtered. The 
white precipitate appeared to be ammonium chloride (soluble in 
water). The yellow precipitate was sulfur. The filtrate was 
concentrated and the residue was flash distilled (1 torr, 130 "C) 
to give 31.4 g of a mixture of oil and solid. This mixture was stirred 
with petroleum ether (30-75 "C) and filtered to remove sulfur. 
The filtrate was concentrated and the residue was chromato- 
graphed (CC, 19:l petroleum ether:EtOAc). The first fraction 
was 0.5 g of sulfur. The second fraction was 19.4 g (51%) of 4e: 
nZD 1.4395; 'H NMR 6 4.59 (8 ,  1 H), 4.38 and 4.22 (two overlapped 
q, J = 7, 4 H), 1.37 and 1.23 (two overlapped t, J = 7, 6 H); 13C 
NMR 6 163.9,162.2,138.4, ('JcF = 38.3), 134.5 ('Jm = 37.5), 124.6, 
120.1 ('JCF = 273.5), 118.9 ('JCF = 277.2), 63.8,34.9,13.8; 'V NMR 
6 -63.18 (s, 3 F), -70.10 (s, 3 F); IR (film) 1740 cm-'; MS, m / e  
(relative intensity) 379 (4), 307 (65), 306 (62), 279 (421,278 (61), 
259 (17), 234 (96), 69 (100). 

Anal. Calcd for Cl,HllF6N04S: C, 38.00; H, 2.92; N, 3.69; s, 
8.46. Found: C, 37.85; H, 2.98; N, 3.69; S, 8.33. 

The third fraction was 4.4 g of an oil which was a mixture of 
4e and 7e. The fourth fraction was 3.5 g (10%) of an oil which 
after crystallization from petroleum ether at low temperature gave 
2.3 g (7%) of a solid, mp 44-53 "C, which was essentially identical 
to 7e (vide infra) based on 'H and 13C NMR spectra. 

(b) Addition of le to SC1,. To a cold (0 "C) solution of 9.3 
g (0.091 mol) of SCl, in 40 mL of hexane and 40 mL of ether was 
added 29.2 g (0.16 mol) of le in 20 min. The reaction mixture 
was held at  reflux for 64 h and filtered. The filtrate was con- 
centrated and the residue was chromatographed (MPLC, 4:l  
cyc1ohexane:EtOAc) to give 23.9 g (78%) of 4e. 
Diethyl 3-Amino-3,5-bis(trifluoromethyl)-3,4-dihydro-2H- 

1,4-thiazine-2,6-dicarboxylate (3e). To a cold (10 "C) solution 
of 10.3 g (0.1 mol) of SCl, in 50 mL of ether was added a solution 
of 36.8 g (0.2 mol) of le in 20 mL of ether in 50 min. The reaction 
mixture was stirred for 1 h and poured slowly into 200 mL of 
saturated aqueous NaHC03 The ether layer was separated, dried, 
and concentrated. The residual oil was triturated with petroleum 
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ether to give 19 g (48%) of 3e, mp 87.5-92 "C. Recrystallization 
(CHCl,-hexane) gave 8.14 g of 3e, mp 88.5-92 "C; 'H NMR 6 4.99 
(br s, 1 H), 4.17 (q, J = 7, 4 H), 3.77 (s, 1 H), 2.33 (br s, 2 H), 1.27 
(t, J = 7,6 H); '9 NMR 6 -62.80 ( ~ , 3  F), -79.81 ( ~ , 3  F); 13C NMR 
6 166.9, 1623,132.0 (9, 2JCF = 35.0), 123.6 (9, ' JCF = 287), 120.0 
(4, 'JCF = 272), 69.4 (q, 'JCF = 30), 62.6, 62.1, 42.0, 13.8. 

Anal. Calcd for C12H14F6N204S: C, 36.36; H, 3.56; N, 7.07; S, 
8.09. Found: C, 36.37; H, 3.59; N, 7.07; S, 8.07. 

The mother liquor was concentrated to give 9.9 g of an oil which 
was mainly 4e ('H NMR). The 'H and 13C NMR of a solution 
of 3e in Me2SO-d6 indicated that 3e was completely converted 
to 7e. 

General Procedure (C) for 3,5-Bis(perfluoroalkyl)-2H- 
1,4-thiazine-2,6-dicarboxylates 4f,g. To a cold (-2 to 5 "C) 
solution of SClz (0.02-0.06 mol) in 20-100 mL of chlorobenzene 
was added a solution of 2 equiv of lf-g in 10 mL of chlorobenzene 
in 10 min. The reaction mixture was held at 50-55 "C for 4 h 
and filtered. The filtrate was concentrated and the residue was 
purified by flash distillation and/or recrystallization. 

Dimethyl 3,5-Bis(pentafluoroethyl)-2H-1,4-thiazine-2,6- 
dicarboxylate (4f). The reaction of 5.9 g (0.0573 mol) of SClz 
and 24.7 g (0.113 mol) of If gave 24.1 g of crude product which 
was flash distilled (1.5 torr, 90-110 "C) to give 16.6 g of solid. 
Recrystallization (petroleum ether) at low temperatures gave 15.5 
g (60%) of solid: mp 33.5-36 "C; 'H NMR 6 4.63 (s, 1 H), 3.93 
(s, 3 H), 3.76 (s, 3 H). 

Anal. Calcd for ClZH7FloNO4S: C, 31.94; H, 1.56; N, 3.10; S, 
7.11. Found: C, 31.91; H, 1.58; N, 3.10; S, 7.03. 

Diethyl 3,5-Bis(pentafluoroethyl)-2H-1,4-thiazine-2,6- 
dicarboxylate (4g). The crude product from the reaction of 2.1 
g (0.02 mol) of SC12 and 9.3 g (0.04 mol) of lg was flash distilled 
(1 torr, 110 "C) to give 7.96 g (83%) of an oil: n z 5 ~  1.4140; 'H 
NMR 6 4.56 (s, 1 H), 4.33 and 4.20 (two q, J = 8, 4 H), 1.33 and 
1.22 (two t, J = 8,6 H); MS, m / e  (relative intensity) 479 (l), 407 
(30), 406 (42), 379 (18), 378 (24), 359 (19), 334 (48), 226 ( l l ) ,  265 
(30), 214 ( l l ) ,  196 (12), 169 (12), 119 (55), 45 (100). 

Anal. Calcd for C14HllF10N04S: C, 35.08; H, 2.31; N, 2.92. 
Found: C, 35.39; H, 2.15; N, 2.96. 

Diethyl 3,5-Bis( heptafluoropropyl)-2H-1,4-thiazine-2,6- 
dicarboxylate (4h) and Diethyl 2,5-Bis(heptafluoro- 
propyl)-3,4-pyrroledicarboxylate (7h). (a) Addition of SClz 
to lh. To a cold (2 "C) solution of 17.0 g (0.06 mol) of l h  in 30 
mL of chlorobenzene was added 3.06 g (0.03 mol) of SClz in 10 
min. The reaction mixture was allowed to warm to room tem- 
perature in 30 min and triturated with 200 mL of hexane. The 
hexane-chlorobenzene solution was cooled with a Dry Ice bath. 
The insoluble material was filtered to give 8.2 g of solid. This 
solid was dissolved in ether and the ether solution was washed 
with water, dried, and concentrated to give 7.0 g of an oil which 
contained a 1:l mixture of 4h and 7h (GC analysis). Part (5.3 
g) of this oil was chromatographed (MPLC, 92:8 petroleum eth- 
erEtOAc). The f i t  fraction was 1.92 g (11%) of 7h  mp 70.5-73.5 
"C; 'H NMR 6 4.35 (q, J = 7,4 H), 1.33 (t, J = 7,6 H); IR (CHCI,) 
3400, 3300-2800, 1730 cm-'. 

Anal. Calcd for Cl6HllFI4NO4: C, 35.11; H, 2.03; N, 2.56. 
Found C, 35.41; H, 2.07; N, 2.58. 

The second fraction was 2.0 g (11%) of 4h as an oil: nzD 1.4011; 
'H NMR 6 4.57 (s, 1 H), 4.40 and 4.27 (two q, J = 7, 4 H), 1.33 
and 1.23 (two t, J = 7, 6 H), IR (film) 1730 cm-'. 

Anal. Calcd for Cl6HllFl4NO4S: C, 33.17; H, 1.91; N, 2.42. 
Found: C, 33.32; H, 1.81; N, 2.36. 

The original hexane-chlorobenzene filtrate was concentrated 
to give 9.0 g of an oil which after workup as described above 
yielded an additional 1.0 g (6%) of 7h and 2.5 g (14%) of 4h. 

(b) Addition of l h  to SC12. To a cold (0 "C) solution of 2.1 
g (0.02 mol) of SClz in 10 mL of chlorobenzene was added a 
solution of 11.3 g (0.04 mol) of l h  in 10 mL of chlorobenzene in 
10 min. The reaction mixture was stirred for 5 days and filtered. 
The reaction mixture was concentrated to 12.0 g of an oil which 
contained a 30:l mixture of 4h and 7h. Purification of this oil 
by MPLC as described above gave 8.2 g (71%) of 4h. 

General Procedure (D) for Diethyl 2,5-Bis(perfluoro- 
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alkyl)-3,4-pyrroledicarboxylates 7. To a solution of 0.004-0.016 
mol of 4 in 20 mL of ether was added an equimolar of triethyl- 
amine. The reaction mixture was held at  reflux for 1 h and 
filtered. The filtrate was washed with diluted HC1, dried, and 
concentrated. The residue was chromatographed to give an oil 
which was purified by crystallization from petroleum ether at low 
temperature. 

Diethyl 2,5-Bis( trifluoromethyl)-3,4-pyrroledicarboxylate 
(7e). (a) From the Reaction of 4e with Triethylamine. The 
crude product from the reaction of 3.8 g (0.01 mol) of 4e with 1.0 
g (0.01 mol) of triethylamine was chromatographed (CC, 19:l 
petroleum ether:EtOAc) to give 2.3 g of oil which was crystallized 
to give 2.0 g (57%) of solid: mp 55-57 "C; 'H NMR 6 10.67 (br 
9, 1 H), 4.37 (4, J =  7,4 H), 1.30 (t, J =  7,6 H); '9 NMR 6-59.36 
(s); 13C NMR 6 162.3,122.5 (4, 2Jm = 41.2), 119.2 (9, 'JcF = 269.1), 
118.2 (4, 3JcF = 1.2), 62.2, 13.8; IR (Cc4) 3420-3200, 1720 Cm-'; 
MS, m / e  (relative intensity) 347 (3), 302 (17), 275 (loo), 234 (57), 
69 (62). 

Anal. Calcd for Cl2HllF6NO4: C, 41.51; H, 3.19; N, 4.03. Found 
C, 41.51; H, 3.19; N, 4.01. 

(b) Reaction of 4e with Triethylamine at -40 "C. To a cold 
(-40 "C) solution of 3.79 g (0.01 mol) of 4e in 30 mL of ether was 
added dropwise 1.01 g (0.01 mol) of triethylamine. A dark blue 
color developed after a few drops of triethylamine was added. The 
blue color persisted after complete addition of triethylamine. The 
reaction mixture was warmed to 15 "C in 30 min. The blue color 
changed to yellow. The reaction mixture was concentrated at  17 
"C to give 4.2 g of residue which was dissolved in CHC13 and 
filtered. The filtrate was washed with diluted HCl, dried, and 
concentrated. The residue was worked up as described above to 
give 2.0 g (57%) of 7e. 

(c) Two-step Synthesis from le. A mixture of 183 g (1.0 
mol) of le and 53 g (0.50 mol) of SCl, in 250 mL of chlorobenzene 
was reacted at  100 "C for 10 h and worked up by the general 
procedure C. The crude product was flash distilled (1.5 torr, 120 
"C). The distillate (152 g) was further distilled at 3 torr through 
a 25-cm Vigreux column to remove 13.3 g of a forerun (bp 
55-110'). The residue (133 g) was treated with 35 g (0.346 mol) 
of triethylamine (exothermic reaction). The mixture was stirred 
for 30 min and triturated with 500 mL of ether and 300 mL of 
6 N HC1 and filtered to remove 7.6 g of sulfur. The ether layer 
was dried and concentrated. The residue was flash distilled (1 
torr, 150 "C) to give 122 g of distillate which was chromatographed 
(CC, 3:l petroleum ether:ether) to give an oil. Crystallization of 
this oil from petroleum ether gave 96.7 g (56% from le) of 7e. 

Dimethyl 2,5-Bis(pentafluoroethyl)-3,4-pyrroledi- 
carboxylate (7f). The crude product from the reaction of 7.0 
g (0.0155 mol) of 4f and 1.57 g (0.0155 mol) of triethylamine was 
flash distilled (1.5 torr, 120 "C) to give 6.25 g of an oil which was 
chromatographed (CC, 3:2 petroleum ether:ether) to give 5.1 g 
of solid. Recrystallization (petroleum ether) gave 4.96 g (77%) 
of 7f mp 68-71 "C; lH NMR 6 3.92 (s). 

Anal. Calcd for C12H7F1f104: C, 34.46; H, 1.69; N, 3.35. Found 
C, 34.36; H, 1.71; N, 3.34. 

Diethyl 2,5-Bis(pentafluoroethyl)-3,4-pyrroledi- 
carboxylate 7g. The crude product from the reaction of 4g (4.36 
g, 0.0091 mol) and triethylamine (0.92 g, 0.0091 mol) was chro- 
matographed (CC, CH2ClZ) to give 3.5 g of an oil which was 
crystallized to give 2.54 g (63%) of solid: mp 64.5-65.5 "C; 'H 
NMR 6 10.2 (br, 1 H), 4.33 (q, J = 7, 4 H), 1.30 (t, J = 7, 6 H). 

Anal. Calcd for C14HllF10N04: C, 37.60; H, 2.48; N, 3.13. 
Found: C, 37.93; H, 2.28; N, 3.15. 

Registry No. IC, 33831-72-0; Id, 68210-91-3; le, 372-29-2; If, 
87613-27-2; lg, 72850-56-7; lh, 87613-26-1; 3e, 87613-25-0; 4e, 

66092-09-9; 7d, 92844-44-5; 7e, 88149-57-9; 7f, 88149-58-0; 7g, 
87613-21-6; 4f, 87613-23-8; 4g, 87613-20-5; 4h, 87613-22-7; 7c, 

88149-55-7; 7h, 88149-56-8; (E)-8f, 92844-42-3; (Z)-8f, 92900-52-2; 
(E)-8g, 92844-43-4; (Z)-8g, 92844-45-6; (E)-8h, 92900-51-1; (Z)-8h, 
92844-46-7; CH&OCH2COOCH3,105-45-3; CH,COCH&OOEt, 
141-97-9; CF,CFzCN, 422-04-8; CF,(CFZ),CN, 375-00-8; SzC12, 
10025-67-9; SC12, 10545-99-0. 


