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1. Introduction.

In our previous review [2], we described the synthesis of
pyrazoles reported by us and some other research groups
in 1981-1989. Continuously, this review summarizes the
pyrazole syntheses provided by us and several other
research groups in 1989-1998. Some research introduced
in this review relates to patents or experiments to develop
potent pyrazoles as well as studies on a new or efficient
method for the synthesis of potential pyrazoles aiming at
agrochemicals and/or drugs.

2. Synthesis of Pyrazoles.
2-1. Pyrazoles from f3-Alkoxyvinyl Trichloromethyl Ketones.

The reaction of B-alkoxyvinyl trichloromethyl ketones
with hydrazine hydrochloride (1.2 equivalents) in ethanol
gave ethyl pyrazolecarboxylates 1 in good yields
(Scheme 1) (5 compounds, 70-90%) [3]. The advantages
of this method are an improved one-pot procedure, ready
access to the precursors, high yields, and relatively short
reaction times under mild conditions.

The 3(5)-alkoxycarbonylpyrazoles are important inter-
mediates in the preparation of agrochemicals, microbi-
cides, herbicides [3,4], plant growth regulators, and plant
protectants [3,5].
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2-2. Pyrazoles from Diethyl Ethoxymethylenemalonate.

The reaction of diethyl ethoxymethylenemalonate with
various hydrazines afforded the 5-hydroxypyrazole-4-car-
boxylates 2 (Scheme 2), whose 5-hydroxy tautomeric form
was supported by the nmr spectral data in deuterio-
chloroform or deuteriodimethyl sulfoxide solution [6].
From the comparison of the chemical shifts shown in
Chart 1, a hydrogen bond between the Cs-hydroxyl group
and Cy-ester C=0 group was suggested in a deuteriochlo-
roform solution of compound 2a.
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sium iodide afforded the 4-chloro 6a,b, 4-bromo 7a,b, and
4-iodo 8a,b derivatives, respectively (Scheme 3) [7]. The
Cy4-carbon chemical shifts of the 4-iodo derivatives 8a,b
were considerably shielded [8 26.6 ppm (8a), § 27.6 ppm
(8b)] in comparison with other derivatives [6 70.3 ppm
(5a), § 70.8 ppm (5b); 8 78.3 ppm (6a), 4 79.1 ppm (6b); &
62.4 ppm (7a), d 63.2 ppm (7b)].

2-4. Pyrazoles from Ethyl Ethoxymethylenecyanoacetate.

The ester group of the tetrahydroquinoxaline 9 was
hardly converted into the carboxamides 10 in an ordinary
reaction with aliphatic and aromatic amines. However, the
carboxamides 10 were elaborated from compound 9 via
compounds 11 and 12, as follows. The reaction of com-
pound 9 with a 10-fold molar amount of hydrazine hydrate
gave the hydrazide 11, whose reaction with ethyl ethoxy-
methylenecyanoacetate afforded the 1-acylpyrazole 12
(Scheme 4) [8,9]. The reaction of compound 12 with
aniline derivatives provided the carboxamides 10, wherein
the pyrazole moiety was a good leaving group.
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2-3. Pyrazoles from Dimethyl Dithiomalonate.

The reaction of dimethyl dithiomalonate with methyl-
hydrazine or benzylhydrazine gave 1-methylpyrazole Sa or
1-benzylpyrazole 5b, whose reaction with N-chloro-
succinimide/benzoyl peroxide, bromine, and iodine/potas-

2-5. Pyrazoles from Acetylenedicarboxylates.

The reaction of the quinoxaline N-oxide 13 with acetylene-
dicarboxylates gave the pyridazino[3,4-b]lquinoxalines 14
and 2-(pyrazol-4-yl)quinoxaline N-oxides 15 (Scheme 5)
[10]. The reaction of compounds 15 with phosphoryl
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chloride/N,N-dimethylformamide resulted in deoxygenation
to provide compounds 16. Concerning the tautomeric struc-
ture of the pyrazole moiety, compounds 15 and 16 were sup-
ported to exist as the 5-hydroxy form, but not as the 5-oxo
form, from the nmr spectral data. The mechanism for the for-
mation of compounds 18 is shown in Scheme 6.
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The reaction of the 5-unsubstituted pyrazoles 18 with
lithium diisopropylamide or r-butyllithium gave the
5-lithio intermediate 19, whose reaction with sulfur dioxide
afforded the lithium pyrazole-5-sulfinates 20 (Scheme 7)
[12]. Subsequent reaction of the lithium sulfinates 20
with N-chlorosuccinimide followed by ammonolysis
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2-6. Pyrazole-5-sulfonamides from Cs-Unsubstituted
Pyrazoles.

Pyrazosulfron-ethyl 17 (Chart 2) (developed and patented
by Nissan Chemical Industries, Ltd.) is a potent and selec-
tive herbicide for paddy weeds without phytotoxicity to the
rice plant [11]. In order to improve a method for the synthe-
sis of pyrazosulfron-ethyl 17, a new route to pyrazole-5-sul-
fonamides 22 was devised as follows.
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provided the pyrazole-5-sulfonamides 22 via the sulfonyl
chlorides 21.

2-7. 1-Fluoromethylpyrazoles and 1-Fluoromethylpyrazole-
S-sulfonamides.

In continuation of the above works, further research was
carried out to prepare the 1-difluoromethylpyrazole 24,
1-trifluoromethylpyrazole 26, 1-fluoromethyl-, 1-difluo-
romethyl-, and 1-trifluoromethylpyrazole-5-sulfonamides
28a-c leading to the synthesis of the fluorinated pyrazosul-
fron-ethyl analogues 29a-c in the expectation of improve-
ment of biological activity.

The reaction of the pyrazole-4-carboxylate 23 with
difluorocarbene gave the 1-difluoromethylpyrazole-4-car-
boxylate 24, while the reaction of compound 23 with
dibromodifluoromethane/sodium hydride afforded the
1-bromodifluoromethylpyrazole-4-carboxylate 25 whose
reaction with poly(hydrogen fluoride)pyridine/mercuric
oxide provided the 1-trifluoromethylpyrazole-4-carboxyl-
ate 26 (Scheme 8) [13].

The 1-monofluoromethyl 27, 1-difluoromethyl 24, and
1-trifluoromethyl 26 derivatives were converted into the
I-monofluoromethyl-, 1-difluoromethyl-, and 1-trifluoro-
methyl-5-sulfamoylpyrazole-4-carboxylates 28a-c,
respectively (Scheme 9) [13], by the procedure shown in
Scheme 7. Compounds 28a-c were converted into the
monofluoromethyl, difluoromethyl, and trifluoromethyl
analogues 29a-c of pyrazosulfron-ethyl.

2-8. 1-(4-Fluorophenyl)pyrazoles.

The pyrazole-3-carboxylic acid 31 was synthesized from
the acetophenone 30 by 4 steps (Scheme 10) [14]. The
reaction of compound 31 with phosphorus pentachloride
and then ammonia gave the pyrazole-3-carboxamide 32,
whose reaction with methanesulfonyl chloride/pyridine
afforded 1-(4-fluorophenyl)-5-[4-(methylsulfonyl)-
phenyl]pyrazole-3-carbonitrile 33 (developed by Fujisawa
Pharmaceutical Co., Ltd.), which is an antiinflammatory
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agent with fewer side effect than existing nonsteroidal
antiinflammatory drugs.

2-9. Pyrazoles by Ring Transformation.

The reaction of the 1,2,4-oxadiazolylmethylenediox-
olanes 34a-d with 2-hydroxyethylhydrazine gave the

Scheme 10
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4-(1,2,4-oxadiazol-5-yl)pyrazoles 35a-d, respectively
(Scheme 11) [15].

The reaction of the S-azidoisoxazole 36 with methoxyl-
amine hydrochloride, O-benzylhydroxylamine hydrochlo-
ride, and hydroxylamine hydrochloride in pyridine
afforded the 5-azidoisoxazole-4-carbaldehyde O-methyl-
oxime 37a, O-(phenylmethyl) oxime 37b, and oxime 37c,
respectively (Scheme 12) [16]. Reflux of compound 37¢
(R = H) resulted in ring transformation to provide the
1-hydroxypyrazole-4-carbonitrile 2-oxide 38, whose
reduction with sodium hydrosulfite or zinc/acetic acid
gave the deoxygenated pyrazole 39 or 40, respectively. On
the other hand, the thermolysis of compound 37a (R =
CH,) afforded the pyrazolo[4,3-dlisoxazole 41a, while the
thermolysis of compound 37b (R = CH,C¢Hs) provided
the pyrazolo[4,3-d]isoxazole 41b and pyrazole 40.

Moreover, the thermolysis of the hydrazone 42 gave the
pyrazolo[4,3-dlisoxazole 43 and pyrazole 2-oxide 44
(Scheme 13) [16]. The reduction of compound 44 with
zinc/acetic acid afforded the deoxygenated pyrazole 45.
Concerning the reaction mechanism, the nitrene 46 or
open-chain species 47 was speculated to be an intermedi-
ate from isoxazole to the pyrazolo[4,3-d]isoxazole or to
the pyrazole 2-oxide (Chart 3) [16].
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Heating of the dichloropyridazine 48 in sodium hydride/-
N,N-dimethylformamide effected ring transformation to
give the 5-(quinoxalin-2-yl)pyrazole 49 (Scheme 14) [17].

The reaction of the 5-hydroxyimino-4-oxothiophene-3-
carboxylates 50a-c with methylhydrazine, phenylhydrazine,
and t-butylhydrazine gave the 3-(N-hydroxyaminothio-
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Scheme 13
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hydroxyaminothiocarbonyl)-1H-pyrazole-4-carboxylates
52b,c¢ (Scheme 15) [18]. The detailed reaction mechanisms
are shown in the original paper.

2-10. Modification of Pyrazoles in Side Chain.

The reaction of the 1-aryl-1H-pyrazole-4-methanols 53a-j
with hydrobromic acid/acetic acid and then with potassium
cyanide gave the l-aryl-1H-pyrazole-4-acetonitriles 54 and
5-substituted 4-methyl-1-phenyl-1H-pyrazole-3-carbonitriles
55 (Scheme 16) [19]. When the substituent R is H or #-butyl
group, only the 4-acetonitrile 54 or 3-carbonitrile 55 is
obtained, respectively. When the substituent R is other groups
shown in Scheme 16, mixtures of the 4-acetonitrile 54 and
3-carbonitrile 55 are found to be produced from the nmr spec-
tral data. Compounds 54a,b,fh-j and 55c-i were isolated, and
the 1-aryl-1H-pyrazole-4-acetic acids 56a,b,i,j and 1-phenyl-
1H-pyrazole-3-carboxylic acid 57 were obtained by alkaline
hydrolysis. The original paper [19] exhibits the species 58 as
an intermediate to the 3-carbonitriles 55.
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Compounds 56a,b.i,j exhibited appreciable analgesic
properties, and compound 57 showed a statistically signif-
icant antiinflammatory activity.

The reaction of the S-aminopyrazoles 59 with thiophosgene
provided the S-isothiocyanatopyrazoles 60, whose reaction
with methylhydrazine or phenylhydrazine gave the 2-substi-
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tuted 4-(pyrazol-5-yl)thiosemicarbazides 61 (Scheme 17)
[20]. The reaction of compounds 61 with formic acid/acetic
anhydride or triethyl orthoacetate/acetic anhydride afforded
the 4-(pyrazol-5-yl)-1,2,4-triazole-3-thiones 62.

Compounds 62 have been synthesized as lead molecules
to be explored as potential herbicides, and biological tests
of compounds 62 are in progress, according to the original
paper [20].

3. Synthesis of Condensed Pyrazoles.
3-1. Bicyclic Condensed Pyrazoles.
3-1-1. Pyrazolo{1,5-a]pyrimidin-7-ones.

The reaction of the furo[2,3-b]quinoxaline hydrochlo-
ride 63 with some 5-aminopyrazole derivatives in pyri-
dine/1-butanol resulted in ring transformation to give the
6-(quinoxalin-2-yl1)-4,7-dihydropyrazolo[1,5-a]pyrimidin-
7-ones 64 (Scheme 18) [21,22]. Compounds 64 were
found to occur as the 4,7-dihydro-7-oxo form 65, but not
as the 1,7-dihydro-7-oxo form 66 or 7-hydroxy form 67
(Chart 4), which was supported by the NOE spectral data
between the N,-H and Cs-H protons [NOE (2.3-5.5%)
measured in deuteriodimethyl sulfoxide].

Pyrazolo[1,5-a]pyrimidines 70a-f were synthesized from
the interest in physiological and biological activities [23,24].

The reaction of 5-amino-3-arylpyrazoles 68a-f with
methoxymethylene derivative of Meldrum's acid gave the
5-pyrazolylaminomethylene derivatives of Meldrum's acid
69a-f, whose reflux in nitrobenzene to afford the pyrazolo-
[1,5-a]pyrimidin-7-ones 70a-f, respectively (Scheme 19)
[23]. The selected proton and carbon chemical shifts for
compounds 70a-f are shown in Table, and the detailed proton

Scheme 18
R
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2 N N
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N O H
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Chemical Shift (3 ppm) for Compounds 70a-f
C3;-H Cs-H Ce-H
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G Cs Cs
96.2-96.7 143.4-148.3 86.4-88.3

and carbon signals for compounds 69 and 70a-f are shown in
the original paper [23].
3-1-2. Pyrazolo[5,1-b]thiazoles.

The reaction of the 3-aminorhodanines 71 with ethyl
2-bromo-3,3-diethoxypropionate gave the 2,3-dihydropyra-

zolo[5,1-c]thiazoles 72 via a tandem condensation-sulfur
extrusion (Scheme 20) [25].
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This convenient synthesis was found in continuation of a
study to prepare the rhodanine derivatives having some bio-
logical activity such as antimicrobial [25, 26], antiinflam-
matory [25, 27], or antihyperglycemic activity [25, 28].

3-1-3. Pyrazolo[1,5-a][1,3]diazepines.

Several pyrazolo[1,5-a]pyrimidines have been known to
be active on the central nervous system (CNS) [29]. Some
pyrazolodiazepines were synthesized herein to evaluate
the biological activity in comparison with the above pyra-
zolo[1,5-a]pyrimidines with CNS activity.

The 5-ethylaminopyrazole 74 was synthesized by the
acetylation and then reduction of the S-aminopyrazole 73
(Scheme 21) [30]. The reaction of compound 74 with suc-
cinic, maleic, cyclohexanedicarboxylic, and cyclohexene-
dicarboxylic anhydrides in the presence of 1,3-dicyclo-
hexylcarbodiimide gave the bicyclic and tricyclic
pyrazolo[1,5-a][1,3]diazepines 75-78, respectively.

Compounds 75-77 were tested according to the Irwing
technique, but none of them showed any particular sympto-
matology.

3-1-4. Pyrazolo[3,4-d]pyrimidines.

The reaction of the 3-methoxypyrazoles 79a,b with
chlorotrimethylsilane/sodium iodide in acetonitrile gave
the 3-oxopyrazoles 80a,b (Scheme 22) [31]. The reaction
of compound 80b with formamide gave the pyrazolo-
[3,4-d]pyrimidine-3,4-dione 81, which was also obtained
by treatment of the 3-methoxypyrazolo[3,4-d]pyrimidin-4-
one 82 with chlorotrimethylsilane/sodium iodide. The
reaction of the 3-methoxypyrazolo[3,4-d]pyrimidine 83 or
3-methoxy-1-(B-D-ribofuranosyl)pyrazolo[3,4-d]-
pyrimidin-4-one 85 with chlorotrimethylsilane/sodium
iodide afforded the pyrazolo[3,4-d]pyrimidin-3-one 84 or
1-(B-D-ribofuranosyl)pyrazolo[3,4-d]pyrimidine-3,4-
dione 86, respectively (Schemes 23, 24) [31].

Compounds 81 and 84 and deacetylated derivatives of
compounds 85 and 86 were tested in vitro for antiviral activity
against several virus strains including rhinovirus, influenza,
and adenovirus, but no antiviral activity was exhibited.
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2s COOC2H5
C2H50 )\ O
H% N
in Toluene -~ R
S’(i\/ CaH500C Sﬁgﬁ\( —
-2 C2H5OH R -H
N O
/N\ O v \N
N N — R
C,Hs00C S s = C,H;00C S L
R 72 (5 Compounds)

R = CgH,OCH;, C¢Hs, C¢H4NO,, 5-Br-2-Thienyl, CH;

R'=H, CH;
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Scheme 21
[(CGHS 1. Acetylation [<C6H5 CZHS\N 0O
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| C2H5 N
H o}
73 74 78
© :(/)/:O o{}ol \%Ezo
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N N N
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Scheme 25
o} o0
Scheme 22 Nes \\Si/Nﬁz NH,NH,*H,0 o iqj[\\si/NHz HNO,
iz_\(ocm (CH3)3SiCl liz_(o HJC_N\ICOOR in C;H;OH FTN= o
Nal .
NS " HN" S Mg 87 88
*l{ PI{ o0
79aR=CN 80aR=CN Oy P N
79;:;11=c01~m2 80:R=CONH2 N \\S\/NHZ _ Reflux H C_N/\NIS\N/H
H3C_N\;E in Toluene ? == /&
HCONH;l CON; Tf o)
H
- O OCHs  ch,)sici o o 89 90
\Nk)JIgN Nal H\N)%
N ‘ - N—H
N E k\N | N 3-1-5. Pyrazolo[4,3-¢][1,2,4]thiadiazine.
H
82 81 The sulfamoylpyrazole-4-carboxylate 87 was converted
into the hydrazide 88 and then the azide 89, whose reflux in
toluene provided the 1,1,3-trioxo-2H,4H-pyrazolo[4,3-¢]-
[1,2,4]thiadiazine 90 (Scheme 25) [32].
Scheme 23 3-2. Tricyclic Condensed Pyrazoles.
NH2 OCH; ) sicn N2 o 3-2-1. Pyrazolo[5',1':3,4][1,2,4]triazino[6,5-f1[1,3,4]-
N7 S Nal thiadiazepines.
/ —-
SN fl“ kN N The reaction of the pyrazolo[5,1-c][1,2,4]triazine 91 or
H ;l{ 92 with thiosemicarbazide hydrochloride gave the 2,5-
83 84 diaminopyrazolo[5',1':3,4]{1,2,4]triazino[6,5-f1{1,3,4]thia-
diazepine-8-carboxylate hydrochloride 93 or 2-amino-5-
oxopyrazolo[5',1':3,4][1,2,4]triazino[6,5-f][1,3,4]-
thiadiazepine-8-carboxylate hydrochloride 94, respec-
tively (Scheme 26) [33]. Hydrolysis of compound 93 or 94
Scheme 24 in hydrochloric acid/acetic acid (1:20) or (1:1) afforded
u @ OcHs " T compound 94 or 2-amino-5-oxopyrazolo[5',1':3,4][1,2,4]-
\N)ji\&rq (CH3)sSiCl \N%N—H triazino[6,5-f][1,3,4]thiadiazepine-8-carboxylic acid
HN SN Nal HZNJ\\N N hydrochloride 95, respectively.
H{CO . {0 o 3-2-2. Pyrazolo[3,4-b]quinoxalines.
0 0 The reaction of the 3-hydrazonomethylquinoxaline 96
Hcq0  O—J~CHs HCqrO  O—CH;  with hydrazine hydrate gave the pyrazolo[3,4-b]quinoxa-
0 o} S Y line 97, which was converted into the hydrazone deriva-
85 86 tives 98a-c (Scheme 27) [34].




Mar-Apr 1999

Synthesis of Pyrazoles and Condensed Pyrazoles

329

Scheme 26
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Compound 97 showed a relatively high antibacterial activity,
wherein the MIC value was 25 pg/ml against Bacillus

0
H\N N
HCICH,COOH N/ | =N WHCl
-
a:n h Nchooczﬂs
\

licheniformis and Cellulomonas sp., while compounds 98a-¢
did not exhibit any antibacterial activity against the above
bacteria. ‘

3-2-3. Pyrazolo[5,1-c][1,2,4]benzotriazine 5-Oxides.

The cyclization of the 1-(2-nitrophenyl)-5-aminopyrazoles
99 in sodium hydroxide solution gave the pyrazolo[5,1-c]-
[1,2,4]benzotriazine 5-oxides 100 (Scheme 28) [35]. When
compound 100a (R =R'=H, R"=NO,) or 100b (R = COOH,
R' = H, R" = NO,) was refluxed in 40% sodium hydroxide
solution, the 5(3)-(2-hydroxy-5-nitrophenyl-ONN-
azoxy)pyrazole 101a or 101b was obtained respectively.

The original paper describes that a biological investiga-
tion of compounds 100 is now in progress to evaluate the
affinity for benzodiazepine (BDZ) receptor and the in vivo
CNS activity.

3-2-4. Pyrazolo[3,4-d][1,2,4]triazolo[ 1,5-a]pyrimidin-4-ones.

From the pharmaceutical interest [36], pyrazolotria-
zolopyrimidin-4-ones were synthesized as shown below.

The reaction of the 5-aminopyrazoles 102a,b with thio-
phosgene and then p-bromoaniline gave the N-pyrazolyl-N'-
arylthioureas 103a,b, whose reaction with hydrazine
hydrate afforded the pyrazolo[3,4-d]pyrimidin-4-ones
104a,b (Scheme 29) [37]. The reaction of compounds
104a,b with triethyl orthoformate/p-toluenesulfonic acid
provided the 1-methyl-1H- and 1-ethyl-1H-pyrazolo[3,4-d]-
[1,2,4]triazolo[1,5-a]pyrimidin-4-ones 105a,b.

The 2-methyl-2H- and 2-ethyl-2H-pyrazolo[3,4-d][1,2,4]-
triazolo[1,5-a]pyrimidin-4-ones 109a,b were also obtained
in a similar manner from the 3-aminopyrazoles 106a,b via
compounds 107a,b and 108a,b (Scheme 30) [37].

3-2-5. Pyrazolo[3,4-c}[2,1]benzothiazepines.

Pyrazolobenzothiazepines were synthesized in order to
develop pharmacologically active compounds with a new
ring system.
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Scheme 29
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The reaction of the 3-aminopyrazole 106a with nitrous
acid and then sulfur dioxide and cupric chloride in acetic
acid gave the 3-chlorosulfonylpyrazole 111 via the diazo-
nium salt 110 (Scheme 31) [38]. The reaction of compound
111 with N-methylaniline afforded the 3-sulfamoylpyra-
zole 112, whose hydrolysis provided the 3-sulfamoyl-
pyrazole-4-carboxylic acid 113. The reaction of compound
113 with polyphosphoric acid gave the 2H-pyrazolo-
[3,4-c][2,1]benzothiazepine 10,10-dioxide 114, which was
also obtained by the Friedel-Crafts reaction.

The 1H-pyrazolo[3,4-c][2,1]benzothiazepine 10,10-
dioxide 116 was obtained by the same method from
5-aminopyrazole 115 (Scheme 32) [38].

The reaction of compound 116 with alkyl sulfate or alkyl
halide in aqueous sodium hydroxide (Method 1) gave the
2-alkyl-2H-isomers 114, 117, 118 and 1-alkyl-1H-isomers
120, 121, 122 (Scheme 33) [39], wherein the yields of the
2-alkyl-2H-isomers were better than those of the 1-alkyl-1H-
isomers. Under phase-transfer conditions (Method 2) (aque-
ous sodium hydroxide/ammonium salt/toluene), the 1-ethyl,
1-benzyl, and 1-phenethyl derivatives were not obtained, but
only the 1-methyl derivative was produced. Method 2
provided all the 2-alkyl derivatives 114, 117, 118, 119.

The structure of the 2-alkyl-2H-isomers was differen-
tiated from that of the l-alkyl-1H-isomers by the nmr
spectral data (Chart 5). Namely, the NOE was observed
between the C3-H and the methylene protons in compound
117, while the methylene protons of the Ny-ethyl group

Scheme 31
+
New - NH2 HNO N=N cI-
COOC,H;5 = COOC,Hs S0, in
CH;COOH
106a 110
Q. 0O Oy /P KCHs
SsZ . CeHsNHCH; Ne o5& 1N KOH
/N\ ~Cl —_— . N —
HyC—N, Hy,C-N
= NCo0C;H =
2a COOC,Hs
111 112
\//0 CH
\S// CH;3 Polyphosphoric Acid N \S\N/ &
;o=
e the IR
COOH socn,  AICh 0
114
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Scheme 32 Zanatta, Synthesis, 1491 (1995).
o [4] H. Moser, B. Boehner, and W. Forey, European Patent
H 5 Steps [a] M Ny _cny Appl. EP 268554; Chem. Abstr., 110, 23879 (1988); T. Ishii, H.
N -NH, - NN Shimotori, Y. Tanaka, and K. Ishikawa, Japan Kokai Tokkyo Koho
N\\I — N% JP 01168675; Chem. Abstr., 112, 35854 (1989); 1. Okada, K.
COOCHs Yoshida, and M. Sekine, Japan Kokai Tokkyo Koho JP 02292263;
6 Steps [a] = Chem. Abstr., 114, 185497 (1990).
s _ 116 (5] E. Sohn, R. Handle, H. Mildenberger, H. Buerstell, K.
[a] See steps in Scheme 31. Bauer, and H. Bieringer, German Patent 3633840; Chem. Abstr., 110,
8202 (1988).
Scbeme 33
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5 430 Deshieldi
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e s 80 ~H
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were deshielded by the sulfone moiety in compound 121.
Moreover, the C3-H proton of compound 118 was shielded
by the benzene ring, while the methylene protons of com-
pound 122 were deshielded by the sulfone moiety.
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