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Pyrroled} 19 f-EAEL vy, G54, B
elnl B, ¥ 2229 S3 2 A8 £A48 F
83 A 842 delZae] shetelA - FoE
248 deA k! H2 AldAeA AEEAY
FAdo] 753k &2 Alo] %3] halopyrrole F-oll A
Aedeg 229271 35 fluoropyrrole 738k
D7 2483 Lhehiz] B ol A Zxieln @
2] ool slo] gt} 53] EFo=s) A
A SREE TR el W 2ok A3 W64
b % 2] el Ba-EReE Age 2l
o] Sl g S AIcks ARde] el |HEA &
2o 27} A3tE pyrrole ¥ 1 FEAELS B2 o
3 tiake] =l melrt.? o]218t fluoropyrrole -+ EAE
Al &1 v © & = 2-azido-3,3-difluorocyclobuene
o z&|gat uke* chlorotrifluoroethylene - 2-car-
bomethoxy-1-t-butylaziridine 9] [2+3] 8}3} A7}
W& ® xenon difluoride®} pyrrole §-%42] vHS-
pyrrole-a-diazonium tetrafluoroborate2] %3}k
o] wws v} ek olely WHSE WAH R
A EE) $EEo] 30% ol8h2 The i U2
2 stz ol Aol sleh.

3 2ol WEH B-fluoropyrrole AW 2 Qiu 5
2 r-jodo-o,a-difluoromethyl ketone %42l ethyl
4.4-difluoro-2-iodo-4-benzoylbutyrate 15} 3}2k2| o}
mujo} $g-llx) ulk-2-A)A ethyl 4-fluoro-5-phenyl-
methyl 4,4-difluoro-2-iodo-

rlo

pyrrole-2-carboxylate 3%,

4-benzoylbutyrate 29} ¥}zko] kol 4=f-ofx} ut
<A1 4-fluoro-5-phenylpyrrole-2-carboxamide 45
A st o, o] HH-2 14-diketoneT} FE L oLE
HH-8-A|A pyrroleE 438l Paal-Knorrih-g- |71y
Z3} S-AlgE Ao g 7 3% vl 9lvH(Scheme 1).

B AAAE polAd EFeast d2de] 5
Aol %35 4-fluoro-3-halopyrrole =455 34
s71 9stel WA pAAAel E2o st AT flu-
oropyrole-& 92372} Qiu Zo] A A& AW fA}
gt whow wrez7o] ujel ethyl 4-fluoro-5-
phenylpyrrole-2-carboxylate 3 22 4-fluoro-5-phenyl-
pyrrole-2-carboxamide 42| A58 #l3}lx, pyr-
role 2le] N st W A=e BslAle g
Aspikg A4 ol e AL AN Bt
(Scheme 2).
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A 1ol skrYotse] F g Sof Fekog zds)a
HHEEEE 0-5°CollA] 1A12} HkS- A1 A 62%2] 45
2 $4F 5 ek 3¢9 T2 HNMRE el
3lgdn}. 39 o&r|& 4.20 ppm E 1.23 ppmel|A] 72+
7t et

N-v| " 3ite-& Jdubd o 2 ezl N,N-dimethyl-
formamide(DMF) -4-v} ¢} sodium hydride 2} 3}-ol] 4]
alkyl halide -2 dimethyl sulfate S AF&-3}7 1} ==
acetone -2-vje} potassium carbonate Zx|3}olA]
methy] iodideS A}&-5}i wlo] eted A glet. 0 o}

2 B QAT 42HE] DMF Zz)3}] so-
dium hydride 2 methy! iodideZ @ 37 0°Cof| 4] HF-2-

A 92% TEEZ 65 A& 5 3%rh 82 acetone
4w 3}oll potassium carbonate & methyl iodide S A}
folo] 04% 582 AT & Adek
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I 27 E3teh dale] DMF4-ristelx 4 2
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o] "F(282 MHz), 'H(300 MHz) & "C(75 MHz)-
NMR spectra= Brucker AC-300 NMR Spectrometer
5 Agslsieh

'H NMR#} °C NMR2) 7|5 22 & TMSS A[4-
slglon], UF NMR®] 7]15%4 2 CFCLE A48}
sk FT-IR Spectrax= Mattson Cyguns 100 In-
strumentZ AF4-8191 3 &= CCLE AHE-8leit).
GC-MS+= VG TRIO-I Spectrometerg 70 evoll 4] =
Ha3eh.

Ethyl-4-fluoro-5-phenylpyrrole-2-carboxylate(3)
o gtM. 29% ste]o} =& 0.38 ml(6.50 mmol)
o} & 1 mlE 50 ml 5= viet Sepase) shebgict.
o] -8-ol-g- 5°CE Wz}t ethyl 4,4-difluoro-2-iodo-
4-benzoylbutyrate 0.50 g(1.30 mmol)-g- H#H 3] 7}s}
At 147 ¥ 1k-$- E3H-5-8 methylene chloride 10
mlE FE3c} o] FEHEL 22 AL T mag-
nesium sulfate 2 4=#-2 A| A s}aL o33k & 7ho} =
el AFEE As Lo)(ethylacetate : n-hex-
ane, 1:3)F AHg-3to] Aejyh-AR Felsto] H=4
o] 110°Cel 3% 026 g(62%)2 itk “F-NMR
(DMSO-d,, CDCly) 8-159.25(s, 1F); 'H-NMR
(DMSO-ds, CDCL) § 9.84(s, broad, 1H), 7.59(d, J=
7.51 Hz, 2H), 7.29(;, J=7.57 Hz, 2H), 7.18(t, 1=7.37
Hz, 1H), 6.59(d, J=2.80 Hz, 1H), 4.20(¢, J=7.28 Hz,
2H), 1.23(;, J=7.13 Hz, 3H); “C-NMR (DMSO-ds,
CDCly) 6161.43(d, J1=3.59 Hz), 148.74(d, T=246.81
Hz), 129.13(d, J=4.86 Hz), 128.77(s), 127.49(s), 125.25
(d, 1=4.54 Hz), 120.93(d, ]=19.14 Hz), 117.86(d, J=
7.27 Hz), 103.34(d, J=15.55 Hz), 60.84(s), 14.30(s);
FT-IR 2959, 1653, 1635cm GC-MS(relative in-
tensity) 233(M"), 187.

4-Fluoro-5-phenylpyrrole-2-carboxamided). 50
ml % vt Ze} A0 ethyl 4,4-difluoro-2-iodo-4-
benzoylbutyrate 1.99 g(5.00 mmol)3} ¢}®1jo} &
A 4.4 ml(75.00 mmol)E 7}3} 1 244] 7} HES-A) 7] &
A4 AHEE o5k n-hexane 2 2 Ao Fowd,
=530l 195-196°Colx 3 vAl 4= 0.79¢g
(78%) 2tk “F-NMR(DMSO-d;, CDCly) 8-160.28
(s, 1F); 'H-NMR(DMSO-ds, CDCL) § 11.20(s),
7.74(d, J=8.00 Hz, 2H) 7.38(d, J=7.60 Hz, 2H), 7.22
(d, 1=7.40 Hz, 1H), 6.71(d, J=2.20 Hz, 1H), 3.46(s,
2H); PC-NMR(DMSO-d,, CDCl;) 160.94(d, J=3.10
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Hz), 147.31(d, J=274.80 Hz), 128.55(d, J=4.80 Hz),
127.33(s), 125.37(s), 123.77(d, 1=4.90 Hz), 120.66(d,
J=6.20 Hz), 117.01(d, J=18.30 Hz), 99.15(d, 1=15.90
Hz); FT-IR 3718, 1674, 1625, 1471 cm '; GC-MS
204(M", 100), 205(13.09), 187(78.04), 158(74.32),
133(49.32).
3-Bromo-4-fluoro-5-phenyl-2-carboxamide(5a).
50 ml AbP Za2}~Fel  4-fluoro-5-phenylpyrrole-2-
carboxamide 0.20 g(1.00 mmol)yg 7}3}x A A=
DMF 10 mlel] N-bromosuccinimide 0.45 g(2.00
mmoly$ 5] 4% A3 7}a 3, o] feig Al
EolA] HHgA7) T TLOR 298] sleld e
o] g3 AL o AL 2T o3t o A
7 733}o] (ethyl acetate?} n-hexane) =i=Ho| 207-
208°Colx 314 A2 5a 0.26 g(93%)S PAit);
®F-NMR(DMSO-d;,, CDCly) 8-161.39(s); 'H-NMR
(DMSO-ds, CDCly) 9.09(s, 1H), 7.75(d, J=7.90 Hz,
2H), 7.41(t, J=7.60 Hz, 2H), 7.28(t, J=7.90 Hz, 1H),
3.27(s, -NH,); "C-NMR(DMSO-ds, CDCL,) § 159.33
(d, 1=2.40 Hz), 144.70(d, J=244.70 Hz), 127.32(d, J=
4.90 Hz), 127.20(s), 126.00(s), 124.10(d, 1=4.90 Hz),
117.70(d, J=1.90 Hz), 116.90(d, J=16.50 Hz), 85.70
(d, 1=17.70 Hz); FT-IR 3473, 3271. 2900, 1669, 1400
m~'; GC-MS(relative intensity) 282(M, 38.51), 283
(4.98), 284(37.16), 285(4.88), 265(30.51), 266(6.4é),
266(6.42), 267(37.50), 268(5.22), 158(100).
3-Iodo-4-fluoro-5-phenylpyrrole-2-carboxamide
(b). 50ml A7 Fepazd
pyrrole-2-carboxamide 0.20 g(1.00 mmol)}g ¥ 3. 3
A DMF 10 mlell 0.45 g(2.00 mmol)2] N-iodosuc-
cinimide %4l S0 A3 74 F, o] fAg
Al geld 2447F WSAR. AT F AH 3
AE AAAse] HeHo] 204206°Co] 7 A W
A<l 5b5 0.25 g(91%) A}, F-NMR(DMSO-dg,
CDCls) 8-154.99(s, 1F); "H-NMR(DMSO-ds, CDCL3)
11.74(s), 7.73(d, J=7.70 Hz, 2H), 7.42(t, J=7.70 Hz,
2H), 7.28(t, J=7.40 Hz, 1H), 3.47(s, -NH,); “C-
NMR: 159.29(d, J=1.90 Hz), 148.05(d, J=242.30 Hz),
127.23(d, J=4.90 Hz), 127.40(s), 125.63(s), 120.02(d,
J=3.70 Hz), 123.70(d, J=4.30 Hz), 116.59(d, J=18.90
Hz), 54.15(d, J=21.30 Hz); FT-IR: 3286, 2941, 1682,
1662, 1466 cm ' GC-MS(relative intensity) 330(M",

4-fluoro-5-phenyl-
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49.93), 331(5.74), 313(49.92), 158(100), 132(16.20).
4-Fluoro-1-methyl-5-phenylpyrrole-2-carbox-
amide(6). A 7taE FIHAIFIHA S0 ml A F
2}~ =20 A% DMF 10 ml¢} 4-fluoro-1-methyl-5-
phenyl-pyrrole—2-carboxamide 0.10 g(0.43 mmol)s- 7}
gk 3 NaH 0.01 g(0.43 mmol)-Z 7}l 1417F &<k
AeolA] WeAZh o] FAE 0°CE WAY
CH;I 0.028 ml(0.45 mmol)S- 7}&tar 5417 <t
S Ak b EEC] E 20mlE W AL ES
043}6}9&4. BAAEE Aejghd Rog Helsled
(ethyl acetate: n-hexane 1:1) 214} 4|3l 63 0.098
2(92%)33 41 t}; “F-NMR(DMSO-ds, CDCl3) 8-161.04
(s, 1F); "H-NMR(DMSO-ds, CDCl;) 8 7.39-7.54(m,
SH), 6.74(s, 1H), 3.86(s, 3H), 2.58(s, NH,); "C-
NMR(DMSO-d,, CDCly) & 173.48(s), 157.50(d, J=
240.39 Hz), 140.44(s), 139.26(s), 139.18(s), 138.66
(s), 133.67(d, J=18.16 Hz), 132.54(d, J=4.13 Hz),
109.85(d, J=15.54 Hz), 44.11(s); FT-IR 3601, 3576,
3408, 1667 cm '; GC-MS(relative intensity) 218(M”,
100), 219(9.29), 200(45.77), 172(60.56).
3-Bromo-1-methyl-5-phenylpyrrole-2-carbox-
amide(7a). 50 ml S wiel Zebazed AAH
DMF 10 ml¢} 4-fluoro-1-methyl-5-phenylpyrrole-2-
carboxamide 0.5 g(2.30 mmol)-% 7}3}7 A A% DMF
10 mlel] N-bromosuccinimide 0.81 g(4.06 mmol)& =
o £91& AA3) Tfaeh o] W EYEL 2447
Fob whe-A17) 1 35HE Sas) 2w o A3t
of 2] o AAskgich HEgo] 173-174°ColaL 3
A Al 7aE 0.61 g01%)2dck; “F-NMR
(DMSO-ds,, CDCly) 8-160.51(s, 1F); "H-NMR
(DMSO-ds, CDCl3) 8 7.47(m, 2H), 7.32(m, 3H), 3.59
(s, 3H), 3.36(s, 2H); "C-NMR(DMSO-ds, CDCL;) &
162.09(s), 148.39(d, J=237.34 Hz), 129.49(s), 128.79
(s), 128.34(s), 127.07(d, J=3.58 Hz), 127.53(d, 1=3.62
Hz), 120.26(d, 1=21.03 Hz), 84.98(d, J=21.08 Hz),
24.85(s); FT-IR 3466, 1609, 1184, 1006, 783 cm o
GC-MS(relative intensity) 296(M*, 100), 297(27.94),
298(27.94), 299(8.92), 300(0.54), 280(49.26), 252
(21.88).
4-Fluoro-1-methyl-3-iodo-5-phenylpyrrole-2-
50 ml F wi=h Eehazel] A
A DMF 10 ml¢} 4-fluoro-1-methyl-5-phenylpyrr-

° ri ot

carboxamide(7b).

ole-2-carboxamide 0.33 g(1.50 mmol)y& 7}3}52 A A
%l DMF 10 mldll N-iodosuccinimide 0.67 g(3.00
mmol)g =<l §--& 413 73k} o] S A
ol 4] 24417k vEGAI 7)1 Tast 22 wbH o2 A2
sto] #2] 2 AAstch H=3e] 218-219°Col
A Al 3RS ThE 046 g@8%)A Uk
NMR(DMSO-d;, CDCl3) 8-160.22(s, 1F); 'H-NMR
(DMSO-d, CDCLy) 8 7.44(m, SH), 3.63(s, 3H), 3.32
(s, -NH,); "C-NMR(DMSO-ds, CDCl3) 8 161.96(s),
148.33(d, J=238.70 Hz), 129.34(s), 128.57(s), 128.13
(), 127.46(d, J=3.70 Hz), 120.43(d, J=19.50 Hz),
53.08(d, J=20.10 Hz), 34.26(s); FT-IR 3536, 3497,
3423, 3279, 1664, 1540 cm '; GC-MS(relative in-
tensity) 344(M’, 100), 345(14.43), 326(37.73), 298
(9.43), 259(25.68), 172(62.27).
Ethyl-4-fluoro-1-methyl-5-phenylpyrrole-2-car-
boxylate®). 50 ml £ ®}et Zlol acctone
10 ml¢} ethyl 4-fluoro-5-phenylpyrrole-2-carboxylate
0.20 g(0.86 mmol)a} K,CO; 0.12 g(0.86 mmol)&
o 1417} Fak ALgolA} WhgA AT o] W ETE
< 0°C® W7+sla CHal 0.054 mli(0.87 mmol)y& 7}
3+ & 0°CllA 244 7F HH2A) 7] 3, B 20 miE 9
3~ methylene chloride 10 ml2 F&3 3= 7% 34t
Z2310] 88 0.20 g(94%) A 3ic}; F-NMR(DMSO-
dg, CDCLy) 8-165.53(s); 'H-NMR: 7.25-7.40(m, SH),
6.65(s, 1H), 4.11(g, J=7.12 Hz, 2H), 3.75(s, 3H), 1.25
(t, 1=7.13 Hz, 3H); "C-NMR(DMSO-ds, CDCl;) 3
162.02(s), 147.53(d, J=241.66 Hz), 125.32(d, J=21.97
Hz), 118.58(d, 1=6.27 Hz), 103.41(d, J=14.86 Hz),
59.95(s), 34.12(s), 14.39(s), (129.79, 128.53, 128.25,
128.08; C4Hs.); FT-IR 3026, 1607, 1581 cm 1 GC-
MS(relative intensity) 247(M", 53.15), 248(7.87),
219(35.49), 202(35.31), 175(52.45), 133(100).

o] Qi 1996 = WA 7] 23}bs}t 84 1]
(BSRI-96-3431) 2 Asgo ww|(1997)2] U+ |4
o 2jgk Ao oo FHAlEHUT}

o g g &
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