
HETEROCYCLES, Vol 26, No. 4, 1987 

CHLOROSULFONYL ISOCYANATE A NOVEL REAGENT FOR THE SYNTHESIS 

O F  HETEROCYCLES 

Ahrned Kamal and Ralhad 0. Sattur 

Medicinal Chemistry & ~ a t u r a l  Products Division 

Regional Research Laboratory 

Hyderabad 500 007, lndra 

Abstract - Chlarosulfonyl isocyanate, a navel reagent employed towards the  

syntherm of heterocycles and related compounds, finds extensive use. An effort 

has been made in this review to  catalogue and update i ts  appl!cat~onr for 

the synthesis of nitrogen, oxygen and sulphur containing rlng systems. 
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Chlarosulfonyl isocyanate (CSI), the most reactive ,socyanate discovered by Craf 30 years ago, finds 

extenrlve use in the synthesis of various heterocyclic ring systems. Its chemistry and synthetic reactions 

have k e n  the subject of many r e v ~ e w s l - ~ .  In vlew of its versatile nature and high degree of reactwlty 

it war cons~dered of mterest to  broaden the scope of i ts  urefulnesr m the rynther~r of heterocycles 

and also t o  update i ts  applications in this rewew. 

Reactmns of CSI cited in hterature have k e n  broadly clasrlfied based mainly on the site of initial 

attack, i.e., type I generaliyinvolvlng the initial attack a t  the carbon of the rsocyanate molety, while 

t y p  I1 deals with cyclaaddltmns (2+2) across the isocyanate C=N bond and whereas type 111 involves 

nucleophilic a d d ~ t ~ o n s  a t  the sulfonyl group 

Though CSI has enabled numerous types of synthetic transformations which is evident from the rich 

chemistry of this reagent covermg the literature through 1968, its usefulness in the synthesis 
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of a variety of heterocyclic compounds and often novel systems is of immense importance. Thus, the 

p-esent review desc r l k r  the applicatlonr of CSI for simple, small heterocycles to large, fused and 

unusual heterocycles. 

2. p* 

2.1 2-Azetid'imes: 2-Azetidmoner 3 are p-oduced by the (2+2) cycloaddition of chlarosulfonyl isocyanate 

t o  a variety of unsaturated linkages4-'. Cycloaddition reactions of CSI w t h  different types of aleflns 

have been studled thoroughly8-". Although for the formation of p-lactam,a two-step mechanism, has 

k e n  proposed, a concerted cycloaddition can also take place. There are ~ i t a t l o n s ~ ' ~  of evidence 

for both the mechanisms. 

k k '  

k 8' 
R k  - C-R 

Examples illustrating the degree of usefulness of chlororulfonyl isocyanate for the synthesis of a variety 

of 2-aletidinones t-e12-22 are as followr. 

SCHEME I 

CSI - 
NaHCO, 



SCHEME I (~ontd . )  

CSI 
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SCHEME I (~ontd.)  

CSI - 
H2O @J 

CS I/- s o t  - 
NaOH 

CSI - 
NaHCO, 0 jSc1 

16 - 



Reaction of CSI with conjugated or nonsonjugated diener also leads t o  N-chlorosulfonyl- 8-lactams 

10,23 which on hydrolysis give 2-azetldmoner . 

2.2 U-Acyloxy-Z-azetidinans: The reaction of CSI with heterosubstituted olefins such as vmyl acetates 

leads t o  4-acyloxy-2-aretid~nones~~ upon hydrolysis. 

The 2-azetidinones obtained by the  reaction of CSI with a variety of olefmr like vinyl esters present 

ideal buildmg blocks for the total synthesis of pnlcillin, cephalosporin and oxacephem class of anti- 

b i o t i c ~ ~ ~ - ~ ~ .  The general reaction scheme I1 ir @\en below wherethe cycliration of the  2-azetidinones 

usually mvolvea  Wltt lg-typ of reaction via the intermediate 20. 

21 
X = CH2,S.O 

SCHEME II 

dR 0 yR' 
OH 

I 
dR yR' PPh, 

20 
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3. 

The reaction of CSI with acetylenes such as I-diethylamino-I-propyne a t  low temperatures  leads t o  

31 o x e t e - t y p  system g . 

4. Diazetidinone-irnine 

Reaction of CSI with dicyclohexylcarbodi~mide giver diazetidinone-mme 2332. In thm reactron the  

mode of a d d i t m  plays an important role, i.e., only t h e  addition of CSI to  dlcyclohexylcarbodiimide 

will lead t o  diazetidinane. 

5. LacfOne 
33 The reaction of CSI with diphenylmethylenecyclo~opane afforded r ing-opned iminolactone ZT, . 

The proposed mechanism involves the  In~ t ia l  formation o f  p-lactam, whlch could then open to  dipolar 

intermediate 2, followed by ring o p n l n g  of t h e  cyclopropylcarbinyl cation and closure through oxygen. 



6. O ~ z o l o n e s  

The facile reactron of CSI w ~ t h  the hydroxy group of 2-hydroxy ketones leads t o  0-carbarnoyl ketones 26. 

These carbarnates on heating to 175-250'C undergo ring closure which results in the  formation of 

34 omzolones 2 . 

7. 3-0-2-isothiazolidine-1.1-diodder 

CSI reacts  wtth olefinr under free radlcal conditmns t o  yield 2-chloroalkanesulfanyl irocyanater. h t e -  

restingly, an excess of olefln changes the  course of reaction and 3-oxo-2-(2-chloroalkyl)-i10thiazolidine- 

1,ldioxides g3> are obtamed m good yields. 

Radica l  
CH, = CH, CSI - initiator 

8. 5-0m-~~-tr i- l ine 

2 .  Reactran of CSI with dkazoacet~c esters leads t o  an ester of I-chlorosulfonyl-5-0x0- A -trrazoline- 

I 4-carboxylic acid 29 . 

0 e 
ROOC-CH-N=N CSI - ROOCHC- N 

6.1 
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9. 2 . 3 - D i h y b 3 C d W l e s  

The reaction of CSI with 1,3-dlarylnrtrrlimine gives exclusively 2-chlororulfonylirnino-3.5-diphenyl- 

2,3-dihydro-1,3,4-oxad~azoIe 1036 via addition of the L,3-dipole nitrilirnine t o  the C=O function of 

CSI. 

CI 
I Et,N 

Ar- C=N- NH-Ar [Ar-&N-N-Ar ' 1 

?s 
10.8enzirnidazole-Zane 

Reaction of CSI with 2-nmoaniline followed by hydrolysis leads to a urea derivative which on reductive 

37 cyclization yields benzimidazol-Z-one 21 . 

NHCONH, 

NO2 H 

11. Benzoisothia2Ole-1.1-dioxide 

CSI reacts  with "on-enolizable ketones such as tenraphenone to give a cyclized poduct  , Le., benzo- 

~rothiazole-1,l-dioxide z38 via a N-chlorosulfonylazomefhine mterrnediate. 



12. Tetrazdones 

Reactm of CSI with alkylazider at ambient temperature gives alkylchlorosulfonyl tetrazolones which 

39 on hydrolysis afford stable alkyltetrazolones 12 . 

CSI w 

13. 2-&ridone 

40 Addltmn of CSI with dimethylphenylethylynamine has k e n  reported to  yield 2-pyridone 2 , 

14. 1,4-CycI~adducts 

Though CSI reacts with conjugated 1,)-d~enes to  form N-chlorosulfonyl-8 -lactams, these can be 

41 thermally rearranged to f i rm 1,4-cyclo-adductr 2 . 
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The reaction of CSI with cyclohexa-l,3-dime yields N-chlororulfonyl-@-lactam which opens t o  a dipolar 

42 intermediate and provides access to 1,4-add~tlon products, 36 and 37 . 

15. 1,30xazin-Z-mes 

CSI reacts with a,@-unraturat?d ketones t o  yield 3,4-dihydro-1,3-oxazin-Z-anes. Hydrolysis produces the 

43 unsubstmted compounds 2 . 

16. 1,3-Oxazine-2.44ioner 

Reaction of CSI with enolizable ketones by an electrophilrc attack on the 2-methylenic carbon atom 

provides unstable N-chlororulfonyl-0-ketocarboxamides. There, on reactmn with excess of CSI followed 

by hydrolyris, yield 3,4-dihydro-2H-1,3-oxaz~m-2,4-dioner 24"45. Further, 1,3-oxazme-2,4-dmm can 

be easlly converted t o  5,bdisubrtituted uracllr U044. 



1 2  
R 3 R = A l k y l .  Ar 

17. 

Recently rt has been reported that  the reaction of CSI with various 2-dialkylaminortyrener glves 

6-rubrtmted dihydrouracils 346, i.e., by mvalvrng two equivalents of CSI. 

The formation of uracilr has k e n  explained on the  basis of a distinct 1,4-dipolar intermediate with 

opposing charger being stabilized by the dialkylamino group a t  the positive end of the  sulfonyl chloride 

and by the  carbonyl moiety a t  the negative end. 
. . ~ ~~ 
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1 8  2(1H~-Ouhazolinones 

The reaction of CSI with 2-aminoacetophenone5/benzophenones leads t o  Z(1H)-quinazalinones z4' in 

good yrelds. This is a convenient alternate route of synthesis for 2(1H)-quinazolinoner. 

+? 
R = Me,  Ar  ; R' = Me , Ar 

CSI reacts with methyl anthranilates t o  give urethanes upon hydrolyrls which are cyclized in presence 

48 of a base t o  afford 2.4-quinazolinediones 43 . 

19. 1,3-Benzoxazh-2anes 

Reaction of CSI with 2-hydroxybenzaldehydes and 2-hydroxyacetophenanes gives 1,3-benzaxazin-2-ones 

~ 4 ' ~  whereas CSI reacts with 2-hydraxybenrophenones to yield 0-carbamoyl compounds, and these - 
are also cyclized in presence of a base t o  %. 



Reactmn of  CSI with 2-hydroxybenzoates gives 0-carbamoyloxyknzoater  f i50 which are cyclized 

48 in presence of a base to  1,3-benzoxazme-2,4-diones 6 . 

g 0 
R = CH, ,C6H, 

h a recent  report CSI has k e n  fur ther  employed fpr  t h e  synthesis o f  1,3-knzoxazine-2,4-diones by 

another route5'. Sahcylic acid c h l o r ~ d e  is reacted with CSI, cycllzed by the  addition of base and 

hydrolyzed to  afford 1,3-knzoxazine-2,4-dione as shown below. 

20. &3,FTriarine-dioner 

The react ionrof  CSI (2 moles) with compoundr having carbon-nltrogen double bonds give t rmzine-dime 

systems. Thus, CSI reacts with azornethmes t o  produce 1,3,5-trlazine-diones z39 m t h e  following 

way. 

R' 
I 

R' 

RCH= NR' 
CSI - CQS 

R : R' : Ar 0 0 
47 

52 CSI also reac t s  wkth amidines t o  give ammo-substituted triazine-dmnes ,8 , 

C,H5 -N=CH-N 
/R CSI 
\ R - 

0 
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Whrle addmon of dialkylcarbodiimrde t o  two moles of CSI affords triazmedioneimine E ~ ~ ,  m thrr case 

the  mode of a d d r t i q  i.e., the addition of carbodiimide t o  two moles of CSl,only leads t o  the  formatlo" 

of triazinedione system. 

It is evident from the above reactions that  CSI povides a convenient route to hexahydrotr'azine-2,4- 

dmnes. 

21. 1.2.4 -&nmthiadiazinones 

The reactmn of CSI with aniline derlvat~ver under Friedel-Crafts conditions leads to 2H-1,2,4-benzothia- 

53 dlarln-3-one-1,l-dioxides 50 . 

Antkhyprtensrve drug, dmzoxide 3 can be prepared starting from 4-chlaraan~line employrng CSI under 

the  Friedel-Crafts conditions as illustrated above and later heating with acetic acid. Thus CSI offers 

an alternative method of synther~s far this pharmaceutically important heterocyclic campound. 

Conc.HCI 
H OAc 

H 



22. 1,2,Mmthiazine-Z.Z4oxides 

The reaction of CSI with many acetylenic compounds glver 1,2,3-0xathiazine-2,2-dioxides~~. The ratlo 

i 2 between the two Lsomerr 12 and 2 depnds on the nature of R and R substituents. 

CSI reacts with enolizabie ketones via a-methylenic carbon atom to produce N-chlorosuifanyl- 8 - 

ketocarboxam~des z44,54. Excess of CSI in  ether solvent acts as a Lewis acid in promoting the cycli- 

z a t m  of 3 to 1,2,3-oxathiazin-4(3H)-one-2,Z-dioxide compounds & probably through- N-sulfonyiamine 

45 rnterrnedrate 51 . 

- [ P I  R 
Ar-C-CH-C-N=SO~. O E ~ ,  1 

R : Alkyl 
CSI also adds to the methyiene group of t-butyi actoacetate to glve N-chiororulfonyl adduct which 

upan thermolysis yields N-chlorosulfonylacetoacetamide 57 along with carbon dioxide and isobutylene. 

Then successive cyciodehalogenation giver an access to oxathiazinonedioxide 5855. 
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23. 1,2,3-Benzomthiazine-2,240Xi&s 

Though CSI a t  room temperature reacts with phenolic cornpunds a t  carbon atom of i ts  Isocyanate 

function, at elevated temperature CSI reacts a t  the sulfur atom of the chlarosulfonyl group. Thus, 

the reactronr of CSI with 2-hydroxybenzaldehyde, 2-hydroxyacetophenones or 2-hydroxybenzophenones 

56 a t  higher temperatures (100-105°C) undergo cycloadditran t o  yield 1,2,3-benzoxath'azine-2,2-d~oxtdes 2 . 

02 >foo0C . CSI - 
Similarly, reaction of CSI with 2-hydraxybenzoater a t  higher temperatures (100-108°C) glves 2-sulfa- 

moyloxybenzoates whrch are cyclized in presence of a base to  1,2,3-knzoxathrazine-2,2-di0~1de- 

48 ones 61 . 



20. 1,2 ,4 ,6Thiatriazine-L, l4 i~Xide-h~ 

lsothioureas react wlth CSI to afford substituted 1,2,4,6-thiatr~azine-I,]-dioxide-Fones d7. 

1. CSI 

~.QC,H,)~C,H,N* o 
H 

a 

The reactionof CSI with 5-aminotetrazole and subsequent treatment with ethyldiisopropylamine gives 

the thiafriazine azide5'. Treatment of this with water converted rt to  the urea derivative in w h ~ h  

the tetrazole system was reconstituted. Thus, CSI povldes an alternative synthesis for 5-tetrarolyl- 

ureas too. 

25. 2-Azepill~ne 

59 Addltlon of CSI to  trans-2-phenyl~ropropenylcyclopropane yields N-chlorosulfonyl-2-azepinone 2 , 
the formation of which has been rationalized on the basis of the different rtabilizationr available 

to  the d p l a r  intermedmtes. 

Cds 

CH. '3% 
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26. 1,2,4,7-Thiatriazepin- W2tOdne-1.1-dioxides and 21 ,3 ,~hth ia t r iazep inn4(5~+nee2 ,24 iodd~ 

The reaction of 1,Z-dlamine wlth CSI gives Y,I,6,7-tetrahydro-l,2,4,7-thiatr~a~epin-32H-one-l,-doxide 

while CSI reacts with 0-phenylenediamine to afford 1,3-dihydro-2,1,3,5-benzothiatriazeprn-4(5H)-one- 

2,2-dioxide @. 

27. 1.Z.3,5(3H)8enzolgthiadiazepine-2,24ioddee4(5H)-es 

Addltmn of CSI to  2-aminophenols a t  higher temperature affords (3H)-1,2,3,5-benzoxathiadlazepine- 

Z,Z-droxlde-4(5H)-aner a new class of seven-membered heterocycles. 

28. 1,1,2,~3H)-Benzodioxafhiazepine-2,24iodde-4+nes 

The reactlomof CSI with catechols produce a novel family of seven-membered heterocycles 1,5,2,3(3H)- 

61 benzodloxathiazepine-2,2-dioxide-4-ones 67 . 

OCONH 

OH OH 



29. 

Treatment of 1,4-cyclohexad1ene with CSI results in the formation of 8-lactam which on 0-methylation 

62 
followed by monobromination and finally dehydrohalogenation y~eldr  2-methoxy-1-azocine . Thus 

this route employing CSI offers a direct and novel synthesis of azocine system. 

1. CSI M~ ,o*  BF,- o - -  ~ . P ~ S H / P Y  

CH, 

t -BuOK 

- OCH, THF 
OCH, 

Br 

58 

30. Miscellaneous firred heteraycles 

30.1 Triazolotriazolone: Azines may be considered as bis-mils whlch are versatile partners in 

cycloadditron reactions. The two ammethine groups may react wrth dipalarophiles in 'criss-cross' additronr. 

At ambient temperature with CSI 'criss-cross' adductr are obtamed in high yields. The reaction of 

32 CSl,for mrtance,with benzaldehyde azine gives d~phenyltriarolotr~azolone 69 . 
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30.2 Thiazolopwirnidine CSI reacts with penams such as methyl 6 - 0  -phthalimidcpenicilIinate to 

63 give a thrazolo[3,2-clpyrimidine 70 derivative by rlng expansion. 

CSI - 
C02CH3 H 2 0  

0 
70 

30.3 Fuwd 1 . & 4 . & T h i a t r i ~ l . I 4 o x i d e s :  Reaction of 2-amlnopyridine with CSf poduces the N- 

chlorosulfonyl intermediate which cyclrzer on the addition of a base ta afford a fused 1,2,4,dthiatriazme- 

64 I,]-dioxide system fi . Such systems have also been obtained by the reaction ?f CSI wlth 2-amino- 

pyrazine and 2-aminathiamlme. 

1. CSI 
2. base 

In case of 2-aminothmzollne i t  has been established that CSI attacked the ring nitrogen preferentially 

to give product 1257. 

1. CSI - 
2. base 

0 

72 



30.4 Thiatriazinobenzirnidazale: Addrtion of CSI to  2-ammobenzimldazole leads to 2H[I,2,4,6]-thla- 

65 triarino[2,3-a]benzimidazol-3(4H)-one-l,l-dd 2 . 

30.1. Thiahizinoquinaoline: Reaction of CSI wlth 2-amino-4-arylquinazul~ne yields 6-ary1[1,2,4,6> 

rh~atriazino[2,3-a~~inazoline-3(ZH)-one-l,l-dioxide z 6 * .  

30.6 Azabullvalene: It has teen demonstrated by Paquette that the reactmn of CSI with bullvalene 

66 emerges as a practical route of synthesis for methoxyazabullvalene 2 . 

CSI 0 xzir Qo H - QocH3 
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31. Novel (unusual) heterocycles 

Some bicyclic hydrocarbons undergo formal cycloadditlon reactions with CSI a t  the strained, carbon- 

carbon single bonds onaccount of r h e ~ r  high degree of The products formed are often novel 

heterocycles and may be difficult t o  prepare by any other method. Some e ~ a m ~ l e s ~ ~ ' ~ ~  are illustrated 

below. 

6 CSI - 

CSI + - 
D 

32. Conclusion 

It Is seen from the  foregoing pager that  CSI has truly been a reactive, broad based reagent for the 

synthesu of a varlety of novel heterocycles. In additlo", i t  affords an alternate and convenient method 

of synthesis for a number of known heterocyclic systems. It is hoped that  CSI will further open up 

new vistas in heterocyclic synthesis. 



REFERENCES 

R. Graf, Angew. Chem., Int. Ed. Engl., 1968, 1, 172. 

3.K. Rarmurren and A. Hassner, Chem. Rev., 1976,-& 389. 

W.A. Szabo, Aldrichimica Acta, 1977, 8 23. 

H. Ulrich, "Cycloaddition Reactmnr of Heterocumulenes", Academic Press, Inc., New Yark, 

N.Y., 1967, pp. 135-141. 

K. Clauss, L~ebigs Ann. Chem., 1969, 3 110. 

H. Bertmn, Pure Appl. Chem., 1971, z, 611. 

N.S. Isaacr, Chem. Soc. Rev., 1976, 5 181. 

R. Graf, Liebias Ann. Chem., 1963, m, 111. 

E.1. Moriconl, "Mechanisms of Reactions of Sulfur Compounds", Vol. 3, lntra-Science Research 

Foundation, Sanata Monica, Calif., 1968, p. 131. 

E.I. Moriconi and W.C. Meyer, 3. Org. Chem., 1971, z, 2281. 

R.B. Woodward and R. Hoffmann, Angew. Chem., Int. Ed. Engl., 1969, 4 781. 

K.Clauss, Tetrahedron Lett., 1974, 1271. 

T.J. Barton and R.J. Rogido, Tetrahedron Lett., 1972, 3901. 

T.I. Barton and R.J. Rogido, Chem. Commun., 1972, 878. 

D.H. Ane, H. lwaharhi andi3.F. Shellhamer, Tetrahedron Lett., 1973, 3719. 

L.A. Paquette, T. Kakihana, J.F. Hanren and J.C. Philips, I. Am. Chem. Soc., 1971, a 
152. 

A. de 5. Comes and A.M. Figuireda, Org. Prep. Proced. Int., 1973, 5 13. 

E.J. Moriconi and P.H. Mazzoch!, 3. Org. Chem., 1966, 2, 1372. 

J.R. Malpass and N.3. Tweddle, Chem. Commun., 1972, 1255. 

G.T. Furst, M.A. Wachsman, I. Pieron,, J.G. White and E.J. Moriconi, Tetrahedron, 1973, 

a 1675. 

TSasaki, 5. Eguchi and H. Yamada, 3. Org. Chem., 1973, a 679. 

T. Sarakr, 5. Eguchi and Y. Hirako, Tetrahedron, 1976, 437. 

A.J.G. Baxter and K.H. Dickmson, Chem. Commun., 1979, 236. 

K. Claurr, D. Grimm and G. Prosrel, Llebigs Ann. Chem., 1974, 539. 

P.H. Bentley and G. Brooks, Tetrahedron Lett., 1979, 2, 1889. 

G.Gorteli, M. Lang and K. Prasat, J.Am. Chem. Soc., 1979, & 6296. 

G. Gortelr, H. Pfaendler and R.B. Woodward, J. Am. Chem. Soc., 1980, 2039. 

P. Lombardi, G.  Franceschi and R. Arcamone, Tetrahedron Lett., 1979.2, 3777. 

S. Oida and A. Yoshida, J. Antibiat., 1980, a 107. 

K. Hirai, J. Synth. Ora. Chem. Japan, 1980, & 2. 



HETEROCYCLES, Vol 26, No. 4, 1987 

E.J. Moriconi and Y. Shlmakawa, 3. Org. Chem., 1972,G 196. 

H. Suschitrky, E.R. Walrond and R. Hil l , 3. Chem. Soc., Perkin Trans. 1, 1977, 47. 

T.W. Doyle and T.T. Conway, Tetrahedron Lett., 1969, 1889. 

H. Hofmann, R. Wagner and I. Uhl, Chem. Ber., 1 9 7 1 , x  2134. 

Hoechst, A.G., German Patent, 1,230,016 (8 Dec. 1966); c . 6 7 ,  65095s. 

D.N. Dhar and R. Ragunathan, Synthesis, 1982, 1095. 

Hoechrt, A.G., German Patent, 2,855,884 (10 lu l .  1980);-, 94, 15413b. 

K. Clauss, Lleblgr Ann. Chem., 1974, 561. 

H. Surchitzky and E.R. Walrond, J. Chem. Sac., Chem. Commun., 1973, & 570. 

. . 
K. Hirai  and H. Matsuda, Sankyo 1972, & 108. 

K. CJausr and N.J. Tweddle, Liebigs Ann. Chem., 1969,111, 122. . .- 

I.R. Malparr and N.I. Tweddle, I. Chem. Soc.. Chem. Commun., 1972, 1246. 

D.N. Dhar, Indian J. Chem., 1976, 477. 

J.K. Rasmusren and A. Harmer, J. Am. Chern. Soc., 1975, 1451. 

F. Hollywood, H. Susch~tzky and R. Hull, 1982, 662. 

A. Kamal, K.R. Rao and P.B. Sattur, Synth. Commun., 1980, @ 799. 

A. Kamal, Ph.D. Therir, Alrgarh Muslim University, Ahgarh, 1982. 

A. Kamal and P.B.Sattur, Synth. Commun., 1982, & 1J7. 

A. Kamal, P.B. Sattur and G. Thyagarajan, Indian Patent Appl. 178/De1/82 (1982); European 

Patent Appl. 833011745 (1983). 

D.N. Dhar and A.K. Bag, Indian J. Chem., 1982, 366. 

T. Wagner-Tauregg, Synthesis, 1980, Q 785. 

Y. Grand, J.G. Atkinson and I. Rokach, 1979, 1043. 

K. Clauss, H.J. Friedrich and H. Iensen, Liebigs Ann. Chem., 1974, 561. 

Hoechrt, A.G., German Patent 2,327,804 (2 Jan. 1975)2,82, 171097. 

A. Kamal and P.B.Sattur, Svnrheris, 1981, 272. 

S. Karady, Heterocycles, 1979, & 1199. 

G.K. Denny and E.J. cragae, J. Org. Chem., 1980, 1662. 

D.1. Parto and A.F.T. Chen, Tetrahedron Lett., 1973, 713. 

E. Otto, W. Durkheimer and R. Murchweek, German Patent, 2,409,355. 

M. Hedayatullah and J.F. Brault, Phosphorus and Sulfur, 1981, & 255. 

L.A. Paquett and T. Kakihana, I. Am. Chem. Soc, 1968, 90, 3897. 

M.M. Campbell, R.G. Harcus and K.H. Nelson, 1978, 817. 



64. S. Karady, Heterocycles, 1979, z, 8815. 

65. A. Kamal and P.B. Sat tur ,  Unpubllrhed results from this  laboratory, 1982. 

66. L.A. Paquet te ,  5. Kirsche?er and J.R. Malpass, 1. Am. Chem. Soc., 1970, s, 4330. 

67. L.A. Paquet te ,  G.R. Krow and T.J. Barton, in "Organic Photochemical Synthesis", Vol. I ,  

John Wiley & Sons, Inc., New York, N.Y., 1971, pp. 67-69. 

68. L.A. Paquet te ,  G.R. Allen, Jr., and M.J. Broadhurrt, J.  Am. Chem. Soc., 1971, 2, 4503. 

69. W.E. Volr, L.A. Paquet te ,  R.J.Rogido and T.J. Barton, Chem. Ind. (London!, 1974, 771. 

R e c e i v e d ,  23rd May, 1986 


