
C H A P T E R  II

E X P E R I M E N T A L

2.1 G e n e ra l

All chem ica ls  w ere  p u rch a se d  from Aldrich C hem ical C o m pan y  and  w ere 
u sed  w ithout any  fu rther purification ex cep t ethanol, which w as  purified by refluxing 
over m ag nesiu m  ethoxide followed by fractional distillation . 1 6  Melting poin ts w ere 
dete rm ined  using a M el-Tem p 1001 melting point a p p a ra tu s . NMR sp e c tra  w ere 
reco rded  on a  Bruker FT-NMR (400 and 100 MHz for 1H and  13c  -N M R  
respectively) with CDCI3  a s  internal s tan d a rd s . Infrared sp e c tra  w ere  reco rd ed  on a 
Perkin E lm er FT sp ec tro p h o to m ete r using b o u n ce  D i/ZnSe p late. Ultraviolet 
absorp tion  sp e c tra  w ere  ob ta ined  using a  Hitachi บ-2000  sp e c tro p h o to m e te r and  
d a ta  collected  using LabCalc™  softw are. G as  liquid ch ro m ato g rap h y  (GLC) 
a n a ly s e s  w ere  perform ed on GC1, a  PE-8500 FID instrum en t eq u ip p ed  with a  30m  
X 0.25m m  i.d. fu sed  silica colum n co a ted  with 0.25(1 S up elw ax  10 b o n d ed  p h a se , 
an d /o r on G C2, a Perkin E lm er A utosystem  (9000) equ ip p ed  with 15m  x 0.53m m  
50%  phenyl silicone p h a s e  capillary colum n. M ass sp e c tra  w ere  reco rd ed  on 
H ew lett P ack ard  5970B  m a ss  se lec tiv e  d e tec to r in terfaced  to  a  H ew lett P ack ard  
588 capillary g a s  chrom atograph . P ho tochem ical reac tio n s w ere  carried  out with
3.0 ml of 1.5 X 10 "2 M so lu tions of the  app ro p ria te  pyrazo le  in acetonitrile  or 
m ethanol in a  q uartz  tu b e  1 cm  X 12 cm after rem oval of air with N2 purging for a  
minim um of 10 min. A H anovia m ed iu m -p ressu re  Hg lam p w as  u se d  for photolysis.

2 .2  P re p a ra t io n  o f s ta r t in g  m a te r ia ls  a n d  p r o d u c ts  fo r  p h o to re a c t io n  
s tu d y in g .

2.2.1 P re p a ra t io n  o f 4 -e th o x y -1 ,1 ,1 -tr if lu o ro -3 -b u te n -2 -o n e  [38],8

Ethyl vinyl e th e r (10.5  ml, 7 .92  g, 110 mmol) in ab so lu te  pyridine (8.5 ml, 7.9 
g, 100 mmol) w as  ad d e d  dropw ise ( 6  drops/m in) to trifluoroacetic an h y drid e  (14.5
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เทL, 2 1 . 0  g, 1 0 0  mmol) while th e  tem p era tu re  w as m ain ta ined  a t - 1 0  ° c  to 0  ° c  
until precipitation of th e  pyridinium salt com m enced . T he resulting solution w as 
stirred a t rt for 16 hours. T he precip itate  w as filtered, and  w ash e d  with Et20  (75 
ทาL). T he  di e th y le the r w as  com bined  with the original diethyl e th e r  filtrate and 
ev ap o ra ted  slowly (bath  tem p e ra tu re  max. 30 ° c , 40  Torr), and  th e  oily resid ue  
taken  up in CH 2 CI2 (30 ทา!-). T he  solution w as ex trac ted  with 0.1 N HCI (3x75 ทาน 
until th e  a q u e o u s  p h a se  rem ained  colorless), then  with H20  (25 ทา!-), and  dried 
(N a2 S 0 4). T he  so lven t w as  ev ap o ra ted  at 15 Torr for 3-5 h (bath  tem p e ra tu re  max. 
30 °C): yield 15.1 g (90 mmol, 90% ) of 4 -e thoxy-1 ,1 ,1-trifluoro-3-buten-2-one [38]; 
IR; 1709, 1587, 1475, 1448, 1382, 1359, 1313, 1276, 1263, 1194, 1135, 1065, 
1053, 1017 c m '1; 1H NMR (CDCI3 ) 6  1.31 (t, 3H, J = 7 Hz), 4 .0 4  (q, 2H, J = 7 Hz), 
5 .79  (d, 1 H, J = 12 Hz), 7 .83  (d, 1H, J = 12 Hz); 13c  NMR (CDCI3 ) 8  14.7, 69.4 ,
98.3, 116.8 (J = 291 Hz), 168.5, 180.4 (J = 35 Hz).

2 .2 .2  P re p a ra t io n  o f  1 -m e th y i-3 -(tr if lu o ro m e th y l)p y ra z o le  [39] a n d  4 ,5- 
d ih y d ro -1 -m e th y l-5 -( tr if lu o ro m e th y l)-1 H -p y raz o le  [40]9 0

M ethylhydrazine [41] (1 .50 g, 33.0  mmol) w as  a d d e d  d ropw ise  to  a  stirred 
solution of 4-ethoxy-1 ,1 ,1-trifluoro-3-buten-2-one [38] (4 .12 g, 2 4 .5  mmol) in 
ab so lu te  e th ano l (16 mL) a t room  tem pera tu re . T he resulting solu tion  w a s  stirred 
and  refluxed for 2 hours and  th en  diluted with d ich lo ro m eth an e  (20 mL). T he 
solution w as  ex trac ted  with w ate r (5x5 mL). T he a q u e o u s  p h a s e  w as  sa tu ra te d  with 
sodium  chloride and  ex trac ted  with d ich lo rom ethane (3X15 mL). T h e  com bined  
o rgan ic  p h a s e  w as  dried (sodium  su lfate) and co n cen tra ted  by distillation through a 
V igreux colum n. T he  re sid u e  (3.2 g) w as co n n ec ted  to a  vacuum  line and  pum ped  
dow n to 0 .1-1 .0  Torr [9], T he effluent from th e  flask contain ing th e  re s id u e  w as 
p a s s e d  through a  g la ss  trap  su b m erg ed  in a  dry ic e -ace to n e  bath . A fter 3 h ou rs the  
trap  con ta in ed  1-m ethyl-3-(trifluorom ethyl)pyrazole [39] a s  an  oil (1 .9  g, 12.7  mmol, 
52% ); IR: 1527, 1498, 1380, 1318, 1245, 1169, 1116, 1071, 1042, 1005 c m '1; 1 H- 
NMR (CDCI3 ): 8 3 .86  (ร, 3H), 6 .58(d , 1H, J = 2.0 Hz), 7 .3 2  (br. ร, 1H); 1 3 C-NMR 
(CDCI3 ): 5 39.8, 104.9, 121.7 (q, J = 267 Hz), 131.8, 142.7  (q, J = 37 .9  Hz); ms:
m /z 150 (M+); UV: Xmax 2 1 5  (ธ = 3 2 6 7  M~1 c n T 1). T he non-volatile re s id u e  (1.07 
g) w as  crystallized from d ich lo rom ethane to give 4 ,5-dihydro-1 -m ethyl-5-
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(trifluorom ethyl)-l H-pyrazol-5-ol [40] a s  white crystals (739 mg, 4 .4  mmol, 18%) 
m.p. 69-70  ° c , lit [9], mp 75-76 °C; IR; br. 3100, 3082, 1600, 1454, 1419, 1377, 
1330, 1291, 1218, 1189, 1148, 1087, 1037, 1005 cirT1; 1 H-NMR (CDCI3) Ô 2 .95  (ร, 
3H), 2 .89  (dt, 1 H, J = 18.8, 1.3 Hz), 3 .20  (dd, 1H, J = 0.8, 18.8 Hz), 6 .6 7  (ร, 1H); 
1 3 C-NMR (CDCI3 ) Ô 34.5, 45.0 , 92 .0  (q, J = 31.4  Hz), 124.0 (q, J = 283  Hz), 139.1; 
m s (70 °C): m /z 168 (M+); m s (100 °C): m /z 150 (M+).

2 .2 .3  P re p a ra t io n  o f 1 -m e th y l-5 -(tr if lu o ro m e th y l)p y ra z o le  [42 ].11

C o n cen tra ted  hydrochloric acid ( 6  d rops) w as ad d ed  to a  stirred solution of
4,5-dihydro-1-m ethyl-5-(trifluorom ethyl)-1H -pyrazol-5-ol [40] (1 .03  g, 6.1 mmol) in 
d ich lo ro m eth an e  (30 mL) at room  tem pera tu re . After stirring for 30 m inutes 
sa tu ra te d  a q u e o u s  sodium  b ica rb o n a te  (25 mL) w as ad d ed . T he  o rg an ic  layer w as 
s e p a ra te d , dried (sodium  su lfate) and  co n cen tra ted  by distillation. T h e  re s id u e  (823 
mg) w a s  c o n n ec ted  to a  vacuum  line and  pum ped  dow n to  0 .1 -1 .0  Torr. The 
effluent from th e  flask containing th e  resid ue  w as p a s se d  through  a  g la s s  trap 
su b m erg e d  in a  dry ice -ace to n e  bath. After 30 m inutes th e  trap  con ta in ed  1-m ethyl- 
5-(trifluorom ethyl)pyrazole [42] a s  an  oil (732 mg, 4 .9  mmol, 80% ): IR; 1552, 1488, 
1412, 1393, 1346, 1295, 1199, 1259, 1156, 1117, 1087 cm '1; 1 H-NMR (CDCI3 ) ร
3.91 (ร, 3H), 6 .52  (d, 1H, ป = 1.2 Hz), 7 .39  (br. ร, 1H); 1 3 C-NMR (CDCI3 ) ô 38.8, 
107.9, 120.6  (q, J = 268 Hz), 132.2 (q, J  = 39 Hz), 138.5; m s: m /z 150 (M+); UV: X  

max 2 2 0  (8  = 5 3 0 0  M ' W 1).

2 .2 .4  P re p a ra t io n  o f  1 -m e th y l-4 -(tr if lu o ro m e th y l)p y ra z o le  [4 3 ].12

M ethylhydrazine [41] (65 mg, 1.4 mmol) w as  ad d e d  d ropw ise  to a  stirred 
solution of 1 ,1 ,5 ,5-te tram ethyl-1 ,5-diaza-3-(trifluorom ethyl)-1 ,3-pentadienium  
h ex a flu o ro p h o sp h a te  [44] (340 mg, 1.0 mmol) in acetronitrile (2 mL) a t room 
tem p e ra tu re . T he resulting solution w as stirred a t room tem p e ra tu re  u n d e r argon  
a tm o sp h e re  for 1 hour and  then  glacial acetic  acid  (180 mg, 3 .0  mmol) w as  ad d ed . 
T he  solution w as  stirred a t 70 ° c  for 1 hour, and  th en  diluted with d ich lo ro m ethan e  
(20 mL). T h e  solution w as ex trac ted  with w ate r (20 mL). T he  a q u e o u s  p h a s e  w as 
ex trac ted  with d ich lo rom ethane (2X20 mL), and  th e  com bined  d ich lo ro m ethan e
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ex trac ts  w ere  w ash ed  with a q u e o u s  sodium  b icarb on ate  ( 1 0  ทาL) and  sa tu ra ted  
sodium  chloride (10 ทาL). T he com bined  o rganic  p h a se  w as dried (sodium  sulfate) 
and  co n cen tra ted  by distillation through a vigreux colum n. T he re s id u e  (3.2 g) w as 
c o n n ec ted  to  a  vacuum  line and pum ped  down to 0.1 -1.0 Torr [9], T h e  effluent from 
th e  flask contain ing th e  resid ue  w as p a s se d  through a  g la ss  trap  su b m erg e d  in a 
dry ic e -a c e to n e  bath. After 30 m inutes th e  trap  con ta in ed  1-m ethyl-4- 
(trifluorom ethyl)pyrazole a s  an oil (42 mg, 0 .3  mmol, 30% ) IR; 1576, 1397, 1232, 
1200, 1116 c m '1; 1 H-NMR (CDCI3): Ô 3.87 (ร, 3H), 7 .58  (ร, 1H), 7.61 (ร, 1H); 1 3 C- 
NMR (CDCI3 ): Ô 37.5, 111.8 (q, ป = 38 Hz), 120.7 (q, J = 266 Hz), 127.4, 135.1; ms:
m /z 150 (M+); UV: ^ max 2 1 0  ( 8  = 2 6 0 5  M~1 c n T 1).

2 .2 .5  4 -D e u te r io -1 -m e th y l-3 -(tr if lu o ro m e th y l)p y raz o le  [39 -4d i]
s y n t h e s i s .3

1-m ethyl-3-(trifluorom ethyl)pyrazole [39] (0.42 g, 0 .8  mmol) w as  d isso lved  in 
D2 S O 4 (4 .6 ml, 70 %), p ro tected  from a tm ospheric  m oisture, and  m ain ta ined  a t 70 
° c  for 12 d ay s . T he solution w as neutralized  (sodium  b icarb on a te ) an d  ex trac ted  
with d ich lo ro m ethane. T he resulting solution w as dried (sodium  su lfa te) and  
c o n cen tra ted  by distillation through a vigreux colum n. T he flask  con ta in ed  4- 
D euterio-1-m ethyl-3-(trifluorom ethyl)pyrazole [39-4di] ( 6 8  mg, 0 .5  mmol, 16%); 
1 H-NMR (CDCI3 ): 8  3 .89  (ร, 3H), 7 .34  (ร, 1H); m s: m /z 151 (M+).

2 .2 .6  P re p a ra t io n  o f tr if lu o ro m e th y l s u b s ti tu te d -1 -m e th y lim id a z o le s  
[45 -47].13

Trifluorom ethyl iodide w as  bubbled  into a  solution of 1-m ethylim idazole [2] 
(3.6 mL, 3 .7  g, 45  mmol) in m ethanol (9 ทา!-), con tained  in a  q u artz  tu b e  se a le d  with 
a  ru b ber sep tu m  until the  w eight of tube  had  inc reased  by 1.7 g (9 mm ol of C F 3 I). 
T he resulting solution w as irradiated at 254 nm using two 8  w att low p re s su re  Hg 
lam ps for 47  hours and  then  sa tu ra ted  a q u e o u s  sodium  b ica rb o n a te  (10 mL) w as 
ad d ed . T he  o rgan ic  layer w as se p a ra te d , dried (sodium  su lfate) and  co n cen tra ted  
by distillation through a vigreux colum n. T he precip ita te  (844 mg) w as  filtered, and  
w ash e d  with CH 2 CI2 (10 mL). T he solution w as co n cen tra ted  by distillation through
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a vigreux colum n. T he  re sid u e  (3.36 g) w as purified by flash  ch ro m ato g rap h y  on 
siliga gel (30 g, 30 cm , 1.2 cm). T he colum n w as e lu ted  with 10%  e th y la c e ta te  in 
h ex a n e  and  collecting with 15 ทาL fractions w ere collected. TLC an a ly s is  show ed  
tha t tu b e s  (17-25) h av e  only o n e  spo t app earin g  at th e  s a m e  rf on th e  TLC plate, 
and  tu b e s  (33-42) h av e  an o th e r sp o t with the  sa m e  of e a c h  o ther. Fraction 1 (17- 
25) w as  co n cen tra ted  by distillation through a  vigreux colum n (7 c.m .), giving 1- 
ทาethyl-2-(trifluorom ethyl)im idazole [45] (129 mg, 0 .9  mmol, 10% ) ; 1 H-NMR 
(CDCIs): ร 3 .72 (ร, 3H), 6 .9 1 (ร, 1H), 6 .99  (ร, 1H); IR; 1560, 1500, 1454, 1421, 
1289, 1270, 1185, 1121, 1094, 1042 cm '1; 1 3 C-NMR (CDCI3 ): ô 32 .7 , 118.1 (q, J =
269 Hz), 123.8, 127.3, 134.7 (q, ป = 39 Hz); ms: m /z 150 (M+); UV: ^ max 2 2 1  ( s  =
4 2 0 0  M"1 c m '1), and  fraction 2  w as  co n n ec ted  to a vacuum  line and  pum ped  dow n 
to 0 .1 -1 .0  Torn. T he  effluent from the  flask containing th e  re s id u e  w as  p a s s e d  
through a  g la ss  trap  su b m erg ed  in a  dry ice -ace to n e  bath . A fter 1 hour th e  trap  
con ta ined  1-m ethyl-5-(trifluorom ethyl)im idazole [46] (m ajor) a s  a  w hite solid and  1- 
นาethyl-4-(trifluorom ethyl)im idazole [47] (minor). T he m ixture w as  k ep t in free z e r 
until precipitation occurred . T he precip itate  w as th en  co llected  by filtration and  
w ash ed  with very cold h e x a n e s  (1 ทาL), giving 1-m ethyl-5-(trifluorom ethyl)im idazole 
[46] (164 mg, 1.1 mmol, 12%) a s  white solid; IR; 1569, 1504, 1483, 1411, 1404, 
1365, 1312, 1254, 1232, 1158, 1107, 1085, 1060 cm '1; 1 H-NMR (CDCI3 ): 6  3 .70  (ร, 
3H), 7 .36  (ร, 1 H), 7 .46  (ร, 1H); 1 3 C-NMR (CDCI3 ): ô 32 .6 , 121.2 (q, J = 266  Hz),
122.1 (q, J  = 40 Hz), 131.7, 141.6; ms: m /z 150 (M+); UV: I max 2 0 0  (ธ = 5 1 2 0  
M “1 c r r f 1). T he  non-volatile fraction w as 1-m ethyl-4-(trifluorom ethyl)im idazole [47] 
(19 mg, 0.1 mmol, 2% ) a s  an  oil; IR; 1575, 1505, 1477, 1426, 1401, 1364, 1339, 
1314, 1218, 1151, 1111, 1096, 1062, 1049 c m '1; 1 H-NMR (CDCI3 ) ô 3 .67  (ร, 3H), 
7 .16  (ร, 1 H), 7 .40  (ร, 1H); 1 3 C-NMR (CDCI3 ): ô 34.1, 120.4, 121.9  (q, J = 267  Hz),
123.1 (q, J  = 39 Hz), 139.6; m s: m /z 150 (M+); UV: X max 2 0 3  (e  =  6 0 8 0  M '1 c m '1).

2.3 Ir ra d ia tio n  a n d  a n a ly s is  p ro c e d u r e s

To m onitor th e  photolysis of 1-m ethyl-3-(trifluorom ethyl)pyrazole [39], 1- 
ทาethyl-4-(trifluorom ethyl)pyrazole [43], 1-m ethyl-5-(trifluorom ethyl)pyrazole [42], or
4-deuterio-1-m ethyl-3-(trifluorom ethyl)pyrazole [39-4d-i], a  so lu tion  of the
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appropriate 1-methyl-3-(trifluoromethyl)pyrazole [39], 1-methyl-4-(trifluoromethyl) 
pyrazole [43], 1-methy!-5-(trifluoromethyl)pyrazole [42], or 4-deuterio-1-methyl-3- 
(trifluoromethyl)pyrazole [39-4(1!] (3.0 ทาL, 1.5 X 10~2 M) in acetonitrile or methanol 
were placed in a quartz tube (diameter = 7 mm and length = 12 cm), sealed with a 
rubber septum, and purged with nitrogen for 5 minutes prior to irradiation. The 
quart tubes were suspended in an ambient temperature water bath adjacent to a 
water-cooled quartz immersion well containing a 450 พ  medium-pressure Hg lamp. 
During irradiations, 1 pL and/or 0.2 pL of the solution was drawn off periodically to 
follow the reaction using GC1 (Perkin Elmer Autosystem (9000) equipped with 15m 
X 0.53mm 50% phenyl silicone phase capillary column using temperature program ( 
40 °c for 25 minutes, 100 °c for 10 minutes, and 140 °c for 5 minutes with 
temperature changing rate of 20 °c per minute)) and/or GC2 (PE-8500 FID 
instrument equipped with a 30m X 0.25mm i.d. fused silica column coated with
0.25p Supelwax 10 bonded phase using temperature program (35 °c for 5 minutes, 
40 °c for 7 minutes, 60 °c for 15 minutes, 100 °c for 10 minutes, and 140 °c for 
13 minutes with temperature changing rate of 20 °c per minute)), respectively. The 
reaction mixture after each irradiation time was also analysed by u v  absorption 
spectroscopy (after 1:30 dilution for 1-methyl-3-(trifluoromethyl)pyrazole and 1- 
ทาethyl-4-(trifluoromethyl)pyrazole or 1:75 for 1-methyl-5-(trifluoromethyl)pyrazole. 
The retention time of photoproducts were compared with the retention time of 
authentic compounds. GC co-injection was also used to confirm the identity of the 
photoproducts. The identity of the photoproducts were further confirmed by 
injecting 0.25 pi of the photolysate in the GC-MS instrument and comparing the 
mass spectra of the photoproducts from the photolysate to the mass spectra of the 
authentic synthesized photoproducts. เท addition, the photoproducts were further 
confirmed by IR and 1H-NMR analysis after solvent evaporation. The chemical 
shifts of photoproducts were compared to the chemical shifts of authentic 
compounds.
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