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Condensation of 2-hydroxyacetophenones with trichloroaeetonitrile 
as a route to 2-trichloromethylchromones and 4-hydroxycoumarins 

~: Ya. Sosnovskikh, * V. A. Kutsenko, and L & Ovsyannikov 

A. M. Gorky Urals State Lbuversity, 
51 prosp. Lenma, 02008_7 Ekatermburg, Russian Federation. 

Fax: +7 (343 2) 61 507g. E-math vvacheslav.sosnovskikh@usu.ru 

Condensation of 2-hydroxyacetophenones with [richloroacetonitrile in the presence of N- 
methylanilinomagnesium bromide affords hydroxyary'l [}-amino-l~-trichloromethylvinyl ke- 
tones, which are converted into 2-trichloromethylchromones upon treatment with concen- 
trated HCI. rite restllting compounds react with alcoholic solutions of NH-, or KOH to form 
3-amino- I-( 2-hydrowaryl)-4,4,4-trichlorobut-2-en- f -ones and 4-hydroxycoumarins, respec- 
ti,~elv. 

Key ~ords: 2-hydroxyacetophenones, trichloroacetonitrile, 3-amino-1-(2-hydroxya~'l)- 
4.4,4-trichlorobut-2-en-l-ones. 2-trichloromethylchromones, 4-hydroxycoumarins. 

Previously, ! we have described condensat ion of 
2-hydroxyacetophenone with trichloroacctonitrile in the 
presence of PhN(EttMgBr, which proceeded through 
formation of 3-amino-l- t2-hydroxyphenyl)-4,4.4- t r i -  
chtorobut-2-en- l -one (la) to yield 2-trichloromethyl- 
chromone ~'2a). 2-Trichloromethylbenzo[h]chromone. z 
2-trichloromethylbenzo[t]chromone. 2 and 5,7-dimethyl- 
2-trichloromethylctaromone 3 were synthesized analo- 
gously. The reactions of 2-methylchromone and 7-hy- 
droxy-2-methylchromone with thionyl chloride in boil- 
ing benzene afforded chmmone 2a and 7-chloro-2- 
tr ichloromethylchromone, respectively. These com- 
pounds gave 4-hydroxycoumarin (3ai and 7-chloro-4- 
hydroxycoumarin, respectively, in low yields upon treat- 
ment with alcoholic alkali. 4 Recently, we have demon- 
straled that 2-trichloromethylchromones reacted with 
ethylene- and trimethylenediamines in alcoholic solu- 
tions at room temperature to form 2-(2-hydroxy- 
aroylmethylene) imidazol id ines  s and 2- (2-hydroxy-  
aroylmethylene)hexahydropyrimidines. 6 Owing to the 
high reactivity of 2-trichloromethylchromones, which is 
manifested in the ia.cl that both the opening of the 
pyrone ring and the replacement of the trichloromethyl 
group proceed readily under the action of diainines, 
these compounds can be considered as synthetic equiva- 
lents of difficultly accessible trichloropropynyl ketones 
and as very attractive initial reagents tot preparing par- 
tially hydrogenated hcterocycles. 

Other data on the synthesis and properties of 
2-trichloromethylchromones are lacking in the litera- 
ture. Apparently, this is associated with the fact that 
trichloroacelic esters unde~o halolbrm-type cleavage 
under conditions of Claisen condensation with the use 
of sodium alkoxides to form chloroform 7 and dichloro- 
carbene. S This fact was confirmed by the results of the 

study, 9 which demonstrated that condensation of me- 
thyl dichlorofluoroacetate with acetophenone in the 
presence of MeONa gave the target product in low yield 
due to the formation of chlorofluorocarbene, as well as 
by the fact that ethyl t r ichloroaceta te  undergoes 
haloform-type cleavage even under the action of sec- 
onda~'  amines. I~ In this connect ion,  condensation of 
2-hydroxyacetophenone with trichloroacetonitrile t in- 
stead of alkyl trichloroacetates is a v e ~  promising pro- 
cedure for the synthesis of chromones containing tile 
labile trichloromcthyl substituent at position 2. 

in the present work, we extended this procedure to 
substituted 2-hydroxyacetophenones with the aim of 
synthesizing 2-trichlorometh,vlchromones 2a- -e  and stud- 
ied their reactions with alcoholic solutions of NH 3 and 
KOH. 

Condensation of 2-hydroxyacetophenone and 4- and 
5-substituted 2-hydroxyacelophenones with trichloro- 
acetonitrile in the presence of PhN(Me)MgBr I afforded 
aminoenones l a - - e  in 33--55% yields. These amino-  
enones exist as Z isomers stabilized via two intramolecu- 
lar O i H . . . O  and N--H.. .O hydrogen bonds, z Treat- 
ment of compounds la - -e  (compounds Ib - -e  were pre- 
pared for the first time) with concentrated HCI at room 
temperature for I day gave ehromones 2 a - - e  in 77--9672, 
yields. 

It should be noted that condensat ion of 2-hydroxy- 
acetophenones in the conditions under  study was suc- 
cessfully perlbrmed only with activated nitriles (CCI3CN 
or RFCN). Therefore, the above-described procedure for 
the synthesis of 2-trichloromethylchromones is also ap- 
plicable to 2-polyfluoroalkylchromones I but it is not 
suitable for the preparation of 2-alkylchromones and 
flavones because ahphatic nitriles do not enter into this 
react ion and benzonitr i le  reacts with 2-hydroxy-  
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R = H (la--3a); 5-Me ( lb) ,  6-Me (2b. 3b) 5-CI ( lc). 
6-CI (2c, 3c): 5-Me�9 ( ld), 6-MeO (2d 3d); 
4-MeO (le), 7-MeO (2e 3e) 

a c e t o p h e n o n e  to [brm 3 - a m i n o -  I - ( 2 - h y d r o x y p h e n y l ) - 3 -  
p h e n y l - 2 - p r o p e n - I - o n e  (4)  in low yield ( T a b l e  I) .  

It is k n o w n  11-13 t ha t  2 - m e t h y l c h r o m o n e s  a re  c l e a v e d  
u n d e r  the a c t i o n  o f  a m i n e s  to  fo rm l S - a m i n o v i n y l  ke -  
t ones  c o n t a i n i n g  t he  2 - h y d r o x y a r y l  s u b s t i t u c n t  a t  t he  
ca rbony l  g roup .  P rev ious ly ,  14 we have f o u n d  t h a t  t h e  
s t r u c t u r e s  o f  t h e  p r o d u c t s  o f  t h e  r e a c t i o n s  o f  2- 
t r i f l u o r o m e t h y l c h r o m o n e s  w i th  a m m o n i a  a n d  p r i m a w  
a m i n e s  are g o v e r n e d  by t he  s te r ic  factor .  T h u s ,  i f  t h e  
c h r o m o n e  s y s t e m  c o n t a i n s  a s u b s t i t u e n t  at  p o s i t i o n  5, 
the  r eac t ion  is t e r m i n a t e d  at  the  stage o f  n u c l e o p h i l i c  
a d d i t i o n  at the  C ( 2 )  a t o m .  w h e r e a s  if such  s u b s t i t u e n t  is 
a b s e n t ,  the r e a c t i o n  p r o c e e d s  fu r t he r  and  is a c c o m p a -  
n ied  by the  o p e n i n g  o f  t he  p y n m e  r ing to  f o r m  the  
c o r r e s p o n d i n g  [ 3 - a m i n o v i n y l  ke tones .  

We found  tha t  2 - t r i c h l o r o m e t h y l c h r o m o n e s  2 a - - e ,  
like 2 - t r i f l u o r o m e t h y l c h r o m o n e s ,  w h i c h  d o  n o t  c o n t a i n  

Table 1. Physicochemical characterist ics of aminoenones  i a - - e  and 4 

Corn- ~ield M.p. /"C Molecular Found (%) 
pound (%1 formtda Calculated 

C H N 

iH N M R  IR, 
(CDCI  3, 6, . / /Hz) v / c m  -~ 

la  36 88--g9 Ci, I-I~C13NO _, 44z.,() ~:.')_66 2=1(--) 
.aS,.., 4 2 8 I  -,. ,' 4.9q 

lb 49 150--151 CI i H u)CI~NO2 44.80 3.60 451 
44.85 3.42 4.76 

Ic 48 I 5 ~ - 1 5 7  Cj,)H,CI4NO_, 38.00 210  .~.50 
3~.13 "> ~ . ._4 4.45 

ld 55 123--124 CI~H u}ChNO 3 42.39 3.15 4.22 
42.54 3.25 4.51 

le  33 107--108 Ct j HIoCI3NO 3 42.83 3.2(t 4 3 4  
" g  ~2~ 4.~.~4 .. _ 4.51 

4 8 101--102 CIsHI~NO 2 75.04 5.47 563  
75.30 5.48 5.85 

6.66 (s. 1 H. = C H ) :  6 .80-7 .0( /  (m, 3400, 329(I, 
2 H, H(5), H(31): 7.42 (td, [ H, 1620, 1580. 
H(4), J,, ~ 8.6, Jm = 1.5): 7.73 (dd. 1530 
I H.  H ( 6 ) ,  Jo = 8 .6 ,  J,,, = 1.5):  
7.9 (br.s. 2 H, NH2)); 
12.74 (s, I H, OH)  

2.31 (s. 3 t t ,  Me): 6.64 (s, I H, 3360, 3180, 
=CH);  6 8 6  (d, I H, HI3), Jo = 8.5): 1025, 1590, 
7.23 (dd, I H, FI(41, J,, = 8.5, 1525 
J,, = 2,1); 7.48 (d, 1 H. H(61. 
J,, = 2.1): 7.8 (br.s. 2 H, NH,) :  
12.53 (s. I H, OH/  

6.56 is, I H. = C H ) ;  6.92 (d. I It, 3360. 3180. 
H(31. Jo ~ 8.9): 7.36 (dd, I H, 1620, 1575, 
H(4), ./o -~ 8.9, Jr,', = 2.6): 1530 
7.66 (d, 1 H, H(61, Jm = 2.6), 
7.9 (br.s. 2 H. NHz): 
12,66 is, I H, OH)  

3.80 (s, 3 H, MeO); 6.60 is, H. 3360, 3190, 
-~CH); 6.90 (d. I H, H(3), d o = 8.5): 1625. 1590, 
7.07 (dd, I H. H(41, J.~ = 8.5, 1530 
d,, = 2.8): 7.20 (d, I H. H(6), 
./,~ = 2.8): 7.9 (br.s, 2 H, NH2): 
12.241S, I H. OH) 

3.82(s,  3 H. MOO!: 6.55 (s, I H, 3500. 3290, 
=CH):  6.42 (d, I H. HI3L,I , ,  = 2.51:1615, 1580, 
6.43 (dd. I H, H(51, Jo = 9.6, 1520 
Jr,, = 2.5); 7.64 (d, 1 l-l, H(61, 
J~, = 9.6); 7.7 (br.s, 2 H, NH_,I: 
13.25 (s, I H, OH) 

56  (br.s, I H, NH):  6.12 (s, I H, 3430. 3210, 
-=-CH); 6.73--6.97 (m. 2 H. 1615, 1580. 
CI4 arom.);  7.23--7.83 (m, 7 H, 1530 
CH atom.) ;  10.1 (br.s, I H. NH...O); 
13.46 (s. I H, OH)  



480 Rus.s.Chem. BotL. Vol. 49. ,Vo. 3. March. 2000 Sosnovskikh er at. 

a st tbsti tuent at position 5. I'~ reacted with an alcoholic  
solut ion o f  ammonia  at room temperature with the 
open ing  o f  the pyrone ring to form aminoenones  l a - - e .  
In this case.  the replacement  o f  the CC13 croup,  which 
was observed  in the react ions  with ethylcne -s and 
t r ime lhy lened iamines .  6 did not occur.  

The  react ions of  c h r o m o n e s  2a - - e  with a methanol ic  
solut ion o f  KOH upon refluxing fi)r 0.5 h proceeded 
different ly.  In these cases. 4 -hydroxycoumar ins  3a - -e ,  
which have been described previously, Is-17 were ob- 
ta ined in 45- -74% yields. As ment ioned above, the 
t r a n s f o r m a t i o n s  of  c h r o m o n e  2a :and 7 - c h l o r o - 2 -  
t r i c h l o r o m e t h y l c h r o m o n e  into the corresponding 4-hy-  
d r o x y c o u m a r m s  have been descr ibed for the l]rst t ime in 
Ref. 4. but the procedure  for the synthesis v, as not 
repor ted  and coumar in  3a was isolated in low yield. The 
react ion mechan ism suggested by the authors does not 
take into  account  the ability o f  the CCI 3 group to be 
replaced under  file act ion o f  nucleophiles  and is based 
on the assumption that the t r ichloromethyt  group ini- 
tiall.v undergoes  hydrolysis to form the carboxyl group. 
The  au thors  believed a that the subsequent opening of  
the pyrone  ring of  ch romone-2 -ca rboxy l i c  acid affords 
a .T-d ioxo  acid. whose decarbonvla t ion  gives 15-oxo acid. 
The la t ter  tmdergoes cycl iza t ion to coumarin 3 a  Since 
no ev idence  for this mcchani,am was reported in Ref. 4 
and taking into account  the lact that we did not obser~'e 
the fo rma t ion  of  a -hyd roxycoumar in s  upon treatment  of  
c h r o m o n e - 2 - c a r b o x y l i c  acid with an alcoholic  solution 
o f  K O H  {only the initial acid was isolated), it is believed 
that the preparat ion of  coumar ins  3 a - - e  from chromones  
2 a - - e  is accompanied  by the replacement  of  the CCI ;  
group by the hydroxy group wi thout  destruction of  ttae 

pyrone ring. As a result, 2 -hydroxychromones  are formed.  
The most stable tautomer ic  form o f  the latter are 4 - h y d r -  
oxycoumarins 3a- -e ,  which are widely' used in p r o d u c -  
tion of drugs, owing to thei r  biological  properties.  

l 'he most impoctant p rocedures  /'or the p repara t ion  
of  compounds 3a- -e  involve condensat ion  o f  2 -hydr -  
oxyacetophenones with diethyl  carbonate as well as o f  
phenols with matonic acid. 16 Compared  to the lat ter  
procedure, the above-descr ibed  approach to the syn the -  
sis of 4-hydroxycoumarins  is unlikely to be o f  pract ical  
use. However. this approach  is o f  interest f rom the 
viewpoint of  the chemica l  propert ies  of  2 - t r i ch lo ro -  
methylchromones,  in which the t r ichlromethyl  subs t i tu-  
ent is replaced by the hydroxy group rather than under -  
going hydrolysis to form the carboxyl group,  as was 
observed in the case o f  ret 'luxing o f  2 - t r i ch lo rome thy l -4 -  
quinolones with a 10% aqueous  solution of  N a O H  ove r  
a short period, resulting in 4-hydroxyquina ld ic  acids  
{'kynurenJc acids). 18 

The structures of  the result ing aminoenones  l a - - e  
and 2- t r ich loromethylchromorms 2a - - e  ;accord well with 
the results of  ~H N M R  and IR spectroscopy (Tables  I 
and 2). The IR spectra o f  coumar in s  3b- -e  have a band 
of  the (,-pyrone C = O  group at 1695--1715 cm -1, while  
the IR spectrum of  c o u m a r i n  3a shows v ( O H )  and 
v(C=O)  bands at 3380 and 1650 c m l  respect ively .  
which indicales that the la t ter  c o m p o u n d  exists as 
2-hydroxychromone in the crystal l ine state. An a n a l o -  
gous conclusion has been made  previously. 19 

To st ,mmarize,  c o n d e n s a t i o n  o f  2 - h y d r o x y a c e t o -  
phenones with t r ich loroace toni t r i l e  is a simple and c o n -  
venient procedure for the synthesis  o f  2 - t r i c h l o r o -  
methylchromones.  The reac t ions  o f  the latter with a m -  

Table 2. Phvsicoshemical sharacterisdcs off 2-trichloromethylchromones 2a--e 

Corn-  Yield M.p. / : 'C Molecular F_ound (%) 
pound (%1 formula Calculated 

C H 

~H NMR (CDCI 3, ,~, Y/'Hz7 IR, v/cm -1 

2a 95 1t8--119" C~0H,CI3c) 2 45.,32 1.90 
45.58 1.91 

2b 96 149-- 150 Cll HTCI~O: ~_Z :}.~2 2.64 
47.61 2.54 

2c 77 136--137 CIoH4CI402 4049 1,3~ 
40.31 1.35 

2d 95 99-100  Ct)tl7CI30~ 45.01 2.38 
45.01 2.40 

2e 84 t59--160 CtaHzCI303 44.98 2.~3 
45.01 2.40 

7.00 (s, I H. =CH); 7.31--7.88 (m, 3 H. 
CH arom.); 8.18 (dd. I H, H(5). 
J,, = 8.0, J,~ = 1.67 

2.48 Is. 3 H. Me): 6.99 (s, I H, =CH):  
7.46 (d. 1 H. H~'8). J~ = 8.7); 
7.58 !dd. I H, H{7), d,, = g.7, Y,n = 1.97: 
7.98 {d, I H. Hi5), d,,, = 1.9) 

702 ~s, I H. =CH): 7..55 (d. I H, H{S), 
l,, = 8.97:772 edd. 1 H, H(7), Je, = 8.9. 
J,n = 2.4), ~.14 ~'d. I H. H(5). Jr,, = 2.41 

3.91 (s. 3 H. MeO): 7,00 (s. I H, =CH): 
7.33 (dd, I H. H(7). d,, = g.2. dm= 2.8k 
7.54 (d. I H, 1-1(8~,. a,, = 9 2), 
7.55 (d. I H. H(5), J,,, = 2.8) 

3.93 (s. 3 H, MeO): 6_94 (s, I H, =CH), 
6.96 ~'d. I H. H(S). J,,, = 2.2); 
7.01 (dd. I H, H(6)..I, = 8.8, Jm = 2_2): 
8.08 (d, I H, H(57../,, = 8 .8 )  

3060. 1655, 
1635. 1610. 
1580 

3080. 1660, 
1620 

3100, 1655. 
1605. 1575 

1660. 1620. 
1590 

1650, 1630, 
1605, 1570 

"L iL  dala4: rn.p. ttS ~C. 
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m o n i a  result  in t h e  o p e n i n g  o f  the p y r o n e  ring,  and  the  
r eac t ions  w i th  p o t a s s i u m  hydrox ide  lead to the  r ep l ace -  
m e n t  o f  the  CCI_; g r o u p  to form 4 - h y d r o x y c o u m g  rins. 

Experimenla!  

The IR spectra were measured on an IKS-29 instrument in 
Nujol mulls, l-he tH N M R  spectra ',;ere recorded on a Tcsla 
BS-567A mstrt, ment  operating at 100 MHz and on a Braker 
WM-250 mstrumen! in CI3C1~ and DMSO-d~, with MeaSi as 
the internal slal'Idard. 

The yields, the melting points, rite data of  elemental 
analysis, and the results of  IR and ~1-t NMR spectroscopy of 
ammoenones  l a - - e  :rod 4 and of 2-trichloromethylchron~ones 
2a--e are gi,,en in Tables I and 2, respectively. C h m m o n e  2- 
carboxylic acid was prepared accordi0g to a kllown proce- 
dure 20 

3 -Amino-4 ,4 ,4 - t r i ch lo ro -  i - (2-hydroxylJhenyl)hut-2-en- I - 
one ( la) .  A solution of A-mcthylaniline (6.4 g, 0.06 reel, 
6.5 mL) in e ther  ( I0 ink) was added dropwise with stirring aud 
cooling wJtll ice water to a solution of ethylnlagnesium bro- 
mide. which was prepared from magnesium {I.5 g, 0.062 reel) 
and bromoeflmne (7.6 g, 0,07 reel. 5.2 mE,), in anhydrous 
e ther  (40 mE).  An e thereal  solut ion o f  a mixlure of  
2-h,~droxyacetophenone f4 I g. 0.03 reel, 3.6 mL) and trichlo- 
roacetonitrile (4.3 g. 0.03 reel, 3.0 mL) was added drop'#,ise ~o 
the resuhing G r i g n a r d - C o l o n g e  reagent for 15 rain. The reac- 
tion mixture was stirred at ~21) "C for 3 h and then decomposed 
with a saturated aqueous  solution of  NH4CI. The e~hereal iayer 
was washed with water  and dried with Na2S(.) 4 The solvent was 
distilled off and cry,statline product la was filtered olt" and 
recustallized from ethanol.  Aminoenones l b - - e  and 4 were 
prepared analogously. 

2-Triehloromethylehromone (2a).  C o n c e n t r a t e d  HCI 
i I!) mL) was added to aminoenone la (I.0 g) and the reaction 
mixture was kept at -20 -:CIor [ day. Cwstals of  chromone  2a 
were Iqltered off  and recrystaltized from ethanol.  Chrolnone~; 
2b--e were prepared analogously. 

4 -Hydroxycoumar in  (3a).  A solution of  chronmne  2a 
(0,2 g, 0.78 mmol'l in methanol (5 ink) was added to a solution 
of KOH (0.2 g, 3.6 retool) in methanol 15 mL). The reaction 
mixture was refluxed Ibr 0.5 h and then neutraliz,,ed with a 5% 
t-[CI solution. The crystals that precipitated were filtered off 
and recrystallized from ethanol: the yield was 80 mg 165%), 
m.p 211--212 ~ {lit. datalS: m.p. 2i0--211 ~ IR, v/era-I :  
.3380 (OH)" 1650 {C=O}: 1620. 1605, 1560, 1530 sh. (C=C.  
arom.L IH N M R  {D..'vlSO-d6). ,3:5.60 ~s. I H. =CH},  7.30-- 
7.37 (m. 2 H. H~7), H ( S t )  7.00--7.67 (m. I H, Hi6)); 7 . 8 0 -  
784 bn,  I H, H(5)): 12.38 (br.s. I H. OHL 4-Hydroxy- 
coumarins 3b - - e  were prepared analogously. 

4- t lydrnxy-6-methyleoumar in  (3b). The yield was 7t%,  
m.p. 258--260 ~C (methanol)  ( l i t  dataff': 261--264 'C'I. IR. 
' , / cm-  : t695. ( C = O )  1635,. 1610. 1575. 1510.(C= C, atom.). 
IH NMR (CDCI.~). & 2.40 is, 3 tl, M e )  5.76 (s, I H. =CH):  
7,18 (d, 1 H, H(8), .I, = 8.5 Hz): 733 (dd, I H, Hi7). J,, = 
8.5 Hz. J , , ,= 0,9 HzY 765 (d. I H. H(5), Jm = 0.9 I'tzj: 11.38 
(br.s, I H, OH).  

6-Chloro-a-hydroxyeoumarin (3c). The yield was 45%. 
rap.  267--269 ~ (tit. datal~ 266--268 ~ IR, v / e r a l :  1715 
( C = O )  1665 w. 1615, 1565 (C=C.  arom.}.  ~H NMP, 
(DMSO-d~,), i;: 5 .59(s ,  I H. =CH):  7.32 {d, I H. H(8). Jo = 

86  Hz}: 7.56 (dd, t H, H,,7), Jo = 8.6 Hz, J,r, = 2.5 Hz); 7.74 
~d, I H, H(5), Y,,, = 2.5 I..Iz}: 12.43 ~br.s, I H, OHL 

4-Hydroxy-6-methoxycoumarin (3d). Yhe yield was 74%, 
m.p. 268--270 ~ ~lit. datal6:271--272 'C). IR, v /era- I :  1700 
(C=O);  1660 w, 1620. 1590, 1.560, 1515 w (C=C, arom.). 
IH NMR (DMSO-d~,), 6:3.82 Is. 3 H, MeO): 5.59 is, I 1-t, 
=CH);  7.12 (dd, I H, Hr J,, = 8.8 Hz. g..,, = 32  Hz), 7.21 
(d, 1 H, H~,,R), Jr, = 8,8 Hz}: 7.21 (d. t H, H~5~, J= = 3,2 Hz), 
12.22 (b r s ,  I H. OHL 

4-Hydroxy-7-methoxyeoumarin (3e). The yield was 54%, 
rap.  248 - 2 5 0  :C (aqueous ethanol) lilt. datatT: 249-  253 ':C: 
lit. dalai6: 258--26t.) "C). IR, v / cm- I :  1695 ~,C=Oi. 1660, 1615. 
1560. 1515 (C=C,  arom.). 'H NMR (DMSO-d~ and CCIa), 
6:3 8518, 3 H, ,'vice',: 5.41 (s, I H, =CH) :  ~.7~--6.90 (m, 2 H. 
H(6L H(8}): 7.68 (d. 1 H. H(5). J,, = 9.4 Hz,~: the signal lot 
OH was not observed. 

Th is  w o r k  was f inanc ia l ly  s u p p o r t e d  by the  Rt ,ss ian  
F o u n d a t i o n  for Basic R e s e a r c h  (P ro j ec t  Nos.  9 6 - 0 3 -  
33373 a n d  99 -03 -32960) .  
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