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Abstract 

The synthe~ls and applications of sulpholenzi are dlrcussed. 

Key wards : Substmnzd aulpholenes. synthetxc applicatmns 

Conjugated dienes are versatile building blocks in the synthesis of organic natural products, 
especially as a component of the Diels-Alder reaction in the synthesis of 6-membered cyclic 
compounds. In addition, conjugated dienes are often encountered in the insect sex 
pheromones and other natural products as well. Recently, a number of ncw methods for the 
stereoselective synthesis of conjugated dienes have been developed utilising either organometallic 
species1 or the thermal ring opening of cyclobutenes2 and sulpholenes3. 

The Cr.5- or Cza- dihydrothiopheue-I, l-oxide (3- or 2-sulpholene, respectively) serves as 
masked 1,3-hutadienes. since the interconversion between 2-sulpholenes (I), 3-sulpholenes 
(2) and the corresponding buladienes requires only mild reaction conditions. The reaction of 
1.3-hutadienes with liquid sulphur dioxide at room temperature normally gives 3-sulpholene 
in good yield. The thermal extrusion of SO2 from 3-sulpholenc takes place at 100--120-C to 
afford the corresponding dienes (Scheme 1) .  Most importantly, these SO2 addition and 
extrusion reactions are stereospecific via a concerted suprafacial disrotatory process. Thus, 
the thermal extrusion from cis-2, 5-disubslituted-3-sulpholene (3) leads ro trans-trans-1.3,- 
hutadiene (4) whereas the trans-isomer of sulpholene (5) leads to ris-trans-isomer of diene 
(6). For 3-sulpholcnes hearing lunctional groups which are sensitive to heat the stereoselective 
removal of SO? from them can be achieved by treatment with either LiAlHs at room 
temperaturc4 or ultrasonically dispersed potassium at 0°C in the prescnce of a proton sourcc5 . 

Thus, the general stability of 3-sulpholenes in acidic and neutral conditions, the ease of 
removal of SOzand the stereospecificity of the extrusion reaction make them excellent 
Precllrsors lo the corresponding 1,3-butadienes. 

The intent of this paper is to cover recent work in the area of synthetic utility of 
sulpholenes and their applications in the total synthesis of natural products. 
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I Base 

A, - SO, 

RT + SO2 

6 

The desired substituted sulpholenes can be obtained through the synthesis of 2,5- 
dihydrothiophenes followed by oxidation with m-chloroperbenzoic acid (mcpba) or any other 
reagent. Alternatively, the alkylations of sulpholenes or bromo-sulpholenes leads to the 
desired substituted derivatives. 

Synthetic approaches of 2,3- and 25-dihydrothiophenes have been reviewed in 19826. 
Therefore. only salient features of prominent routes are discussed below (Scheme 2). 

The thiophenes having electron-withdrawing group at Cz position (7) undergo clean Birch 
reduction to the corresponding dihydro derivatives (8). An alternate Strategy involving the addition 
of a-mercaptyl-carhonyl compound (9) to a vinyl phosphonium salt (10) followed by an 
intramolecular Wittig reaction leads to the consmction of 2,5-dihydrothiophene skeleton (11). Using 
similar strategy involving Michael-Aldol reactions between the compound 9 and cq P-unsaturated 
carbonyl compound (12, EWG=COOEt, COCH? or CN) leads to dihydrothiophene (13). 
Alternatively, low-valent titanium-induced intramolecular reductive carbony 1 coupling reaction of 
di-$-carbony 1-sulphide (14) has been successfully employed in the synthesis of highly substimted 
25-dihydrothiophene ( 1 .  The inmmolecularreaction of sulphide 16 obtained from N-acetylcysteine 
has been employed in the synthesis of 3-acetylamino-2,s-dihydrothiophene (17). 

The dihydrothiophenes 8, 11, 13, 15 and 17 have been oxidized with mcpba to the 
corresponding 3-sulfolenes which on subsequent thermolysis yield the respective dienes. 

2. Alkylations of 3-sulpholenes: Substitution at Ct  and C5 positions 

The CZ and Cs positions of 3-sulpholenes are activated by the electron-withdrawing sulphone 
functionality and hence 3,4-double bond are good sites for deprotonation and carbanion 
formation which on treatment with electrophile yield substituted sulpholenes. The controlled 
regioselective alkylations of Ca-unsymmetrically substituted sulpholenes can be achieved 
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depending on the nature of the substituent present at C3 position to yield either 2-substituted 
(18) or 5-substituted (19) derivatives (Scheme 3)'jJ. 

The problem in the manipulation of 3-sulpholenes is their tendency to undergo ring 
opening on treatment with basic reagents at - -20" (Scheme 41%. This problem of anionic 
cycloreversion can be circumvented by placing strong electrophile (alkyl iodide or bromide) 
in the reaction mixture during the generation of sulpholeny 1 anion with BuLi, LDA or 
LiHMDS at < -78'C because in this condition the ring opening reactions of 3-sulpholene 
anions are slower than their substitution reactions with electrophiles. The snlpholeny 1 anion 
generated with BuLi remains stable at least for 15 minutes at -1OS0C. However, the use of 
heterogeneous base system, namely, NaH/DMF at-1O"C has also been employed for alkylation 



SUJATA V BHAT 

base = 6°C. LDA 
or LiHMDS 

of 3-aulpholenes" which yielded 2-alkyl-3-sulpholene (20),aloiig wilh 2-alkyl-2-aulpholene (21). 

The deprotonatio~ilalkylation reactions of 2.3-henzothiophenc-S,S-d~oxide (22) can be achieved 
more comfortably in the presence of NaH, KH or BuLi at -78'C or higher temperature 
(Scheme 5). In this case, the potential anionic cyclorcversion of the a-anion is circumvented 
since the aroniaticity of the benzene ring would he destroyed. The alkyl derivatives (23) are 
excellent precursors to substiluted orlhoquinodimelhanes (24)'O. Alternate method of avoiding 
anionic cycloreversion of the 3-sulpholene-a-anion is to  protect the C3,4- double bond before 
the deprotonationialkylation stage. Thus, alkylation of 4,4-dioxa-4-th1a-tricyclo [5.2. 1.0'.61- 
8-decene (25)" is straight forward to obtain stereospecific alkyl derivative (26) by the attack 
of electrophile from exoface which on vacuum pyrolysis under fairly severe conditions 
(-6WC) releases SO,, cyclopentadiene and the desired acycl~c dicne (27). The extrusion of 
SO? followed by Cope rearrange~nent o i  five-membered ring sulphones fused to cyclobutane 
ring can be achicved to yield 1,5-dienes12. Thus, the epoxide (29) on tliermolysis gives 1,5- 
diem (30). 

The deprotonation/alkylation reaction of 3-sulpholene can be extended to hydroxyalkylation 
by treating the anion with a ketone or aldehyde. The intermediate alcohols (31) of these 
reactions can be further dehydrated and themolyzed to give substituted 1,3,5-hexatrienes (32, 
Scheme 6Y3. The conjugated carbonyl adds to sulpholene anion in 1,4 fashion to give y-carbouyl 
derivatives. 
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 SCHEME^. 

The reactions of sulpholene anion with acy 1 chloride" ,methyl silyl chloride". tributyltin- 
chloride1', etc., have been achieved to obtain the corresponding substituted sulpholenzs 33, 
34, 35, respectively (Scheme 6). Further, coupling of sulpholene 35 with vinyliodide in thc 
presence of Pd (PPh& gives 2-vmy 1 -sulpholene which on facile thermolysis yields rhe conjugated 
triene 36. Using similar approach vinylallenes (38) can be prepared from sulpholene 3716. 

3. Other substitutions of sulpholenes 

An alternate method for achieving regioselective hydroxyalkylatio~~ of sulpholenes involves 
allylzincation in the presence of ultrasound with 4-bromo-2-sulpholene (39, Scheme 7) .  
Complementary regiocontrol appears possible by changing the metal used to rnagnesiunr. 
Thus, 4-hydroxy-alkyl-2-sulpholene (40) and isomeric 2-hydroxy-alky 1-3-sulpholene (41) 
have been synthesised". 

3-Bromosulpholene undergoes nucleophilic displacement at C3, on lreatment with various 
sulphur18, nitrogen and carbon n ~ c l e o ~ h i l e s ' ~ ,  allowing facilc access to 3-substituted 
compounds 42,43. 

The addition of phenylsulphenyl chloride to 3-sulpholene yields 3-chloro-4-phenylthiosulpho- 
lane (44) which upon treatment with EtjN gives the subsrituted 3-sulpholenc (45)20n-6. These 
derivatives undergo Friedel-Crafts acylation to give 3-phcny 1-thio-4-acyl-1-3-sulpholene 
(46)". The addition of p-octyl-phenylsulpheny 1 chloride followed by further manipulations 
afford sulpholene having surfactant side chain which has been used for the study of 
micellar Diels-Alder reaction2'. Alternatively, the treatments of 3-sulpholene with 
phenylselenyl chloride followed by NEt3 give 3-phenyl-seleny 1-3-s~lpholene~~.  



3-Nitro-3-sulfolene (18) i s  obtained from 3-sulpholene by treatment with Nz04'3. The 
direct coupling of 3-sulpholene with iodoarenes takes place readily in the presence of 
palladium catalyst" leading to 3-aryl-3-sulpholene (49, Scheme 8). 

Allylic bromination of 3-methyl-3-sulpholene with NBS proceeds smoothly to afford 3- 
bromomethyl-3-sulpholene (5O)'"hich on nucleophilic displacement of bromine glves 
substituted derivatives 512b (Scheme 9). 
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In addition to nucleophilic substitution the bromornethylated sulpholene (50) can also be 
converted into an organozinc species by treatment with ZniAg which reacts with nitriles to 
give mainly 3-acyl-4-methyl-3-sulpholenes 52". 



4. Application of substituted sulphulenes in the synthesis of natural products 

Ths substitution reactionc of 3-sulpholene benzo-3-sulpholene (22) and tricyclosulpholznc 
(25) have been extensively used for the synthes~s of natural products. 

A number oC insecr pheromones28 and some o ihe~  natural products containing substituted 
13diene filncdonalities such as red bollworm moth pheromone (53), codling moth pheromone 
(541, light-brown apple moth pheronrone (55) precursor of hypotensive lriarenc WS-1228A 
66) ,  insecticidal pellitorine (57). pipercide (58). bean beetle pheromone (59) have been 
synthesked ria deprotonationlalkylation of sulpholene 22 in 4-5 steps (Schemes 10, 11). The 
more efficient synthesis of the pheromones 53.54 and cabbage webworm pheromone 60 
have been achieved through nil-ect deprotonation alkylation reactions of 3-sulpholeoe". Similar 
strategy of alkylation of 3-methy I-3-sulpholene leads to the synthesis of natural products 8- 
ocimene (61). a-Pamesene (62)'O, a-sinensal (63, n=2)", E-tagetone (64)". 
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The exomethylene sulpholene (65) reacts with nucleophile at Ca allowing the synthesis of 
ipsenol (66) (Scheme 12)". Allylzincation of 4-bromo-2-sulpholene (39) provides an efficient 
route to a-myrcene (~57)~'. 

Alternatively, SO2 extrusion reactions of sulpholenes provide dienes having further 
applications in inter- and intra-molecular (IMDA) Diels-Alder reactions. Several decalin 
systems of bioactive natural products (70)33.34 such as blood-pressure lowering forskolin, 
insecticidal neem compounds, antifeedant warburganal and antibacterial isozonarol, etc., have 
been synthesised through regioselective alkylation of 3-methyl-3-sulpholene followed by 
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SCHEME 9 

Diels~~4lder reaction with 2-fonny 1-4.4-dimethyl-cyclohenadienone (68) with properly substituled 
3-methy I-3-sulpholenes (69) (Scheme 13). 

Using strategy of sulpholeue alkylation followed by IMDA the sesquiterpenes of 
eudesmane family3j.'" such as ~elina-4,7 (I 1)-dime (71), a-selinene (72) and a-eudesmol(73), 
and alkaloids elaeokanine A (74)36,3' and lupinine (75)'5 along with epilupinine (76) have been 
synthesiscd (Schemes 14.15). This suategy has also been utilized in the syuthes~s of 
aspidospermine (77)39. Starting from m-cyano-benzo-sulpholene (78) the synthesis of estsadiol 
(79) has been achieved4". 

An elegant synthcsis of quassinoida4" i, achieved through the condensation of 2-(3- 
methyl-3-sulpholen-2-y 1)-acetaldehyde(80) with carvone. Further alkylation followed by 
IMDA of the corresponding triene yields tricyclic derivative (81) which has been further 
elaborated to tetracyclic quassinoid skeleton (82) (Scheme 16). This strategy has also been 
employed in the synthesis of decalin system (83)41b. 

5. Bi- and tricyclic sulpholenes 

Several bicyclic skeletons with fused sulpholenes have been synthesised (Schemes 17. 18). 
From 3,4-bis bromomethyl-3-sulpholene (84) the tricyclic sulpholene 8542, bicyclic pyrrole 
W3' and bicyclic thiophene 8743b derivatives have been synthesised. Low band-gap- 
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conducting polymers have been obtamed hy thermolysis of alkylldene derivative (88) of thiophene 
87. The reaction of 3-chloro-4-bromo-2-sulpholene (89) with p-acetoxy-thio-acetaldehyde 
followed by cyclizatlon a t h r d s  the isomeric thiophene (90)'" The 2+2 cycloaddition of 3- 
sulpholene with maleimide yields t r~cycl ic  derivative 91n5, whereas the 2+3 cycloaddition 
of diazomethane to 3-phenylsuphonyl-3-sulpholene, followed by elimination in basic 
condition affords the pyrazole derivative 9Z4. The tetrahydrofurano-sulpholene (93) has been 
obtained from 4-hydroxy-2-sulpholene through radical-mediated condensation with ethyl- 
vinyl-ether7. An elegant synthesis of pyrimidine-sulpholene (95) has been achieved from 
3-oho-3-carboethoxy-tetrahydrothiopllene (94yt8. 

The diaik!.lations of 3-alkyl-3-sulpholene w ~ t h  a-w-dihalo-alkanes afford blcyclic sulpholenes 
96, 97. 98'". Similarly, using 0-dibromornethylbenzene for  alkylation, the tricyclic 
skeleton 99 is obtained. The hicyclic sulpholenes 100 and 101 are obtained through Diels- 
Alder reaction of 3-alkoxy-2-suipholene with Danishefsky diene3%d acid-catalysed cyclisation 
of sulpholene derived from ocimene. respectively. The sulpholene 101 on pyrolysis affords 
pyronzne (102)". 

6. Conclusions 

Substituted 3- and 2-sulpholmes can be obtained through either ox~dation of dihydrothiophenes 
or reactions of preformed sulpholenes. By properly controlling the reaction conditions 
sulpholenes can be regioselectively deprotonated and substituted with electrophiles. Thus, 
alkyl-, aralkyl-, hydroxy-alkyl-, trimethylsilyl-, tributylstannyl-substituted sulpholenes are 
obtained. Sulpholenes are stable in Heck-arylation, Fridel-Crafts acylation and acid-catalysed 
cycl~sation conditions. The pheuylthiu- and phenylseleno derivatives of sulpholenes are 
obtained by treatment, respectively, with phenylsulphenyl chloride or  phenylselenyl chloride 
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R = OMe, -SPh, Ph, -Ph[OMe2. 2', S) 

0 
-CH20Me, - c H ~ c H < ~ ) ,  -cH~- c <O>, 

I c--- 
Me Me 
! 

-CH2 - C -CH = CH2 
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SCHEME 17. 

followed by base. The nucleophilic dispkenlent of 4-bromo-2-sulpholenes or 3-bromomethyl- 
3-sulpholcnes affords a wide variety of stable precursors of substituted dienes. 

The tacile stereospecific S02extrusiou from sulpholenes assures very high purity of the 
geometrical isomers of thc 1,3-dienes which have further application in the Diels-Alder 
reaction. This strategy has heen used in the synthesis of a variety of natural products and -. 

hetero- and carhocyclic dienes. 

Acknowledgement 

The author thanks Mr T. Subramanian for assistance in literature search. 



SUJATA V BHAT 

SPh 



SYNTHESIS AND APPLICATIONS OF SULPHOLENES 

References 

b. PosNaR, G.H. 

c. JABRI, N., ALEXAKIS, A 
AND NORMANT, J. F. 

d. Rousc~ ,  W. R., MORIATY, K. I. 
AND BROWN, B B. 

e. NEGESHI, E., LEW, G 
AND YOSHIDA, T 1. 

2. TROST, B. M., VLADUCHICK, W. C. 
AND BRIDJES. A. J. 

3 a. Cnou, T.-S. AND TSO, H.-H. 

b. SIMPKINL. N.S. 

4. GAONI. Y. 

5. C ~ o u ,  T. S .  AND You, M. L. 

6 .  BLENDERMAN, W. G. AND JOULLIE, M. M. 

7. TAO. Y.-T., LIU C.-L., 
LEE, S.-3. AND CHOU, S. S.-P. 

b. NAF, F., D e c o R z a ~ ~ ,  R. 
AND EscsEn, S. D. 

c. KRUG, R. C.,  RIGNEY, I. A. 
AND TICHELAAR, G. R. 

d. BUROBR, J. I . ,  CKEN, T. B. R. A,, 
DE WAARD, E. R. AND HUISMAN, H. 0 

e. GAONI, V 

9. CHOU, T.-S., Tso, H.-H. 
AND C H A N ~  L:J. 

10.a. BLOCK, R. AND ABECASSIS, J.  

b. BLOCK R., BENECOU, C. 
AND GUIBE-JAMPET, E. 

11. AITKEN, R. A,, CADODAN, J. I. G., 
GOSNEY, L, HAMILL, B. 1. AND 

MCLAUGHLIN, L. M. 

12. CADOGAN, I. I. G., BOCHAN, C. MI. 
GOSNEY, I., HAMILL, B. I. AND 

M c L a u o ~ r i ~ ,  L. M. 

New applrcations of urganomezallic reagent in organic 
synthesis (0. Seyferth, ed.), 1976, pp. 219-230, Elsevier. 

Org. React., 1975, 22, 253-398. 

Tetrahedron Lett., 1981, 22, 959-962. 

Tetrahedron Lett., 1990, 31, 65094512. 

J .  Chcm. Soc., Chem Conmun., 1973, 847-875 

3. Am Chem. Suc., 1980, 102, 3548-3554 

Org Preporonons Procedures Int , 1989, 21, 257-296. 

Sulphones in organtc synrhesrs, 1993, pp. 308-318, 
Pergamon Press. 

Terrnhedron Len., 1977, 947-950. 

J. Org Chem., 1987, 52, 2224-2226. 

Heterocycles, 1982, 19, 111-147. 

J Org Chem., 1986, 51,4718-4720. 

Ausr. 1. Chem.. 1981, 34, 1017-1026 

Tetrahedron Len., 1982, 23, 5043-5046. 

J .  Org. Chem., 1962, 27, 1305-1309. 

Tetmhedron Lett ,  1977. 4521-4524. 

J. Chem. Sac., Perkin Tram. 1,  1985, 515-519 

Tetrahedron Letl., 1982, 3277-3280. 

Tmhedron  Len, 1985, 1301-1304. 

J. Chem. Soc., Chem. Commun. 1982, 11641165. 

J .  Chem. Soc., Chem. Comrnun, 1982, 325-326. 

13. YAMADA, S., SULUKI, H., 
NAITO. H., NOMOTO, T. AND 

TAKAYAMA, H. 

J .  Chem. Soc., Chem. Commun., 1987, 332-333. 



274 SUJATA V. BH.41 

14. CHO', T.-S.,?so, H.-H., 
TAO, Y. T. AND LIP, L. C 

15. TAKAYMA, H. AW SUZLKI, T. 

16. BLOCK, R., H~ssoh ,  D. .AND 
MANDARD, X. 

17. Tso, H. -H., Cxou, T.-S. 
AND HUNO. S.C. 

18, Cwv,  S.-S.P., Sua, D.-J. 
.<a  WEH, S.4. 

19. CHOU. T.4. .  HL.NO, S. C 
m o  Tso, H.-H. 

20.a. G u ~ o a n ~ ~ h N ,  K. D. AND 

H o ~ r ~ a h a ,  P. 

b. HOPKIN, P. B. AXD FUCHI. P. L. 

c. Pnor~ac ,  P. J. AND HOPKINI, P. B. 

d. Cwou, S.-S. P .  L~ou. S. Y., 
Ts.ii, C Y A'*D WAIG, A I. 

e. CHOU, S.-S. P. AND TSAI, C. Y. 

21.a. JAEOER, D. A. AND WARO, J. 

b. JAEOER, D A. AND WANG, J. 

22 L~mra ,  C. L. AND VERBICKY, JR J. W. 

23 B ~ ~ ~ s r o v r r s ~ A u A ,  V. M. 
SPERARSKII, E. M. AND PEREKALIN, V. V. 

24. H.+RRINOTON. P. J. AND DIFIORE, K. A. 

25. BCTLER, G. B. ASD OTTESBRLTB, R. M. 

26. S C ~ ~ E s s r u c ~ n ,  R. H. AND SCHULTZ, I. A. 

27. Rouss~ati, G. avo Dvoul~ .  J. 

28.a. BLOCK, R., Ae~cass~s ,  J. 
AND HASSAN, D. 

b. Blocx, R. AND ABECASSIS, J. 

c. BLOCK, R. AND ABECASSIS, J. 

d. BLOCK R. AND 

H~ssiur-GoNz4ias, D. 

29. YAMADA, S., OHSAWA, H., 
SIZUKI, T. MI) TAKAYAMA, H. 

30. C ~ o o ,  T.-S., Tso, H. H. 
AVD CHENG, L. 1. 

31. DBBAI,S.R.,GXE,V.K. 
LVD BHAT, S.V. 

32. NOMOTO, T. AND TAKAYAM*, H. 

33. DesAi, S.R., GORE. VX.. 
MAYELVAO.WAN. T., PADMAKUMAR, R. 
AND BHAT, S.V. 

J Org Chem . 1987.52, 244-246. 

J .  Chem. Soc . Chem Conzmun , 1988, 1044-1045. 

Teiioiredron L e u ,  1983, 24, 46914694 

J Chem. Soc . Chem Commun., 1987, 1552-1553. 

Synth Commun , 1989, 19, 1593-1602. 

J.  01-g Chem., 1987, 52, 3394-3399. 

Angew Chrm Int Edrn Engl , 1966, 5, 668. 

J:  Org. Chem., 1978, 43, 1208-1217. 

J Org. Chem , 1985, 50, 141-143. 

J Org Chem , 1987, 52, 44684471. 

J Org. Chem., 1988, 53, 5305-5308. 

Terrahedron Lett ,  1992, 6415-6418. 

.I. Org. Chem, 1993, 58, 6745. 

Tetrahedron L e n .  1985, 26, 1395-1398. 

Zh O q .  Khtm., 1979,15, 185-195 (Russ.); Chem. 
Abstr., 1979, 90, 203792r. 

Tetrahedron Len., 1987, 495498. 

Tenahedron Len., 1967, 48734874. 

J Org. Chem., 1983, 48, 407408. 

Teirnhedron, 1983, 39, 2307-2310. 

Can. J .  Chem.. 1984,62, 2019-2024. 

Tetrahedron Len., 1983, 1247-1250 

Synih. Commun., 1985, 15, 959-963. 

Tetrahedron, 1986, 42, 4975. 

J.  Org. Chem . 1986, 51,493L4940. 

3. Chem. Soe,., Chem. corn mu,^., 1984, 1323-1324 

Synih. Commun., 1990, 20, 523-533. 

I. Chem. Soc.. Chem. Cummun., 1989, 295-297. 

Tenahedron, 1992, 48, 481-490. 



SYKTHESIS AND APPLICATIONS OF SULPHOLENES 

14 Goae, V.K.. DEYAI, S.R. 
Maii-~vni;maN. T.. P A D ~ ~ A K U M X R .  R., 
H ~ D I M ~ N I .  5.5 m" BHAT,  S.V. 

35. L ~ E ,  S.-J AND CIIOU, T 

36 SCIIMI~TIIENNER. H.F. AND 

W ~ i ~ n a n .  S.M. 

37. MAR TI^, S.F., DFSAI, S.R., 
PIIILIIPS, G.W. nlin Mil Ltn, A.C. 

38 I\ 'o~oro, 7'. AND T A K ~ Y A M A ,  H. 

39 a. MARTCN, S P. ino Tu. C.Y. 

b. M n n i m S . F ,  TU. C.Y.. 
KIMURA, M. AND SIMONSEN, S. IT. 

40.a. N l c o ~ z o u ,  K.C., B\RIYETTE, W. E. 
*NO MA, P. 

b. OPPOL~ER, W. A N D  ROBBKTS, D. A 

c. Owo~.?m. W. 

4i.a. SHING, T K - M ,  a ~ o  TANG, Y. 

b. CKAIC,  D., PISCH~R,  D. A,, KEMAL, O , 
M ~ K I I I ,  A., PLESSN~R, T.. SLAIYIN, A. M Z. 
A N D  WILLIAMS, D. I .  

42. T~SHH'IEV, G.A., KRIVCIIIKOVA, L Y. 
AND NAS>RO\'. 1.M. 

43.2. ANDO, K., KANKAKE, M., 
SUZOKI,  T. AND T~KAYAMA, H. 

b. HANACK, M., SCHMIO. U., ECHINCLR. S 

Ttlcaew. F AND H i k n ~ n ,  1. 

44. Ctiou, T:S. u o  Tsar, C -Y. 

45. S c t ~ r ~ u s ~ n ,  G. A., 
Aoou-Gx.me~.%, M. A. AND LIN, C. 

46. CH~LONER,  L. M., CREW, 4. P. A., 
STORR, R.C AND YE, I AND, M .  

47. C ~ o o ,  T.-S.. Cirn~c.  R.-C. 
AND TSAI, C -Y. 

48. TOML A.C., O'NEILLP.M., 
STORR, R.C AND C ~ v ~ l . s i n o ,  J.A.S. 

49. Ceo~., S.S.-P., SUNG, C.C . 
4 N D  SUN. D. 3. 

50. M a n n ~ ,  S.F. AND DANIEL, D. 

51. DUcnts~t,  J.P. 

.I Chem Soi . Cibem Cornniuii . 1988, 1188-1 189. 

J. O q  Chem , 1980, 45, 3372-3373. 

.l Am Chem So( , 1980, 102, 3294-3296. 

Heierocyciei, 1985, 23, 2911 

J Olfi Chen~ , 1981, 46, 3763-3767 

J Org Chem , 1982, 47, 3634-3643. 

Heiv. Chim Arlo. 1980, 63, 1703-1705. 

Hcirrocy<ies, 1980, 14, 1615-1630. 

.l Chem. Sor . Chum Cornrnun . 1992, 341-342 

Tetr-uhrdron, 1991, 47, 3095-3128. 

Chern. Ahsrr. 1992,117, 233756a 

.I. Chem S o c ,  Chem Cornrnun , 1992, 1100-1102. 

J Chenr So', Chem Cvrnm~in , 1991, 1287-1288. 

US 5053, 508, 01 Dct. 1993,: Chem Abm., 1992, 116, 
41479". 

Bull, inst. Chem Acod Sin., 1992, 39, 1-5, Chmz 
Ab~tr., 1993. 118, 233914%. 

Synlert, 1993, 347. 

J .  C h m  Chem. Snc (Taipei), 1992, 39, 313-338; 
C h ~ m .  Ahsn-. 1992, 117, 21229411. 

Termhedim Lett, 1993, 4281. 

Eur. Pat. Appl. Ep. 446, 116, Chem. Abstr , 1991, 
115, 232561e. 


