
TetraMr,m Vol. 44. No. 20. pp. 6241 lo 6285, 1988 lzao-4020/88 53.00+.00 

Printi in Great Brilain. Rrgamon*plc 

TETRAHEDRON REPORT NUMBER 242 

SYNTHETICALLY USEFUL EXTRUSION REACTIONS OF ORGANIC 
SULFUR, SELENIUM AND TELLURIUM COMPOUNDS 

FRANK S. GUZIEC, JR.‘, and LYNN JAMES SANFILIPPO 
Department of Chemistry, New Mexico State University, 

Las Cruces, New Mexico, 86003, U.S.A. 

(Receiwd in USA 6 June 1988) 

CONTENTS 

1. Introduction ..................... 

2. Extrusions of Sulfur Oxides .... , ....... ..... 
2.1 Alkene Preparations: the Ramberg-Backlund and Related Reactions 
2.2 Alkyne Preparations. ................ 
2.3 Carbon-Carbon Single Bon&Formation and Cyclophane Synthesis. 
2.4 Synthetically Useful Cheletropic Extrusions of SO, ...... 
2.5 Extrusions of Sulfur Monoxide ............ 

3. Direct Extrusion of Elemental Sulfur, Selenium and Tellurium ..... 
3.1 Heterocyclic Synthesis ............... 
3.2 Thermal Sulfur Extrusion9 in Carbon-Carbon Single Bond Formation 

3.3 Photoextrusion of Elemental Sulfur and Selenium and Cyclophane . 
Synthesis ................... 

3.4 Thermal Extrusions of Selenium and Tellurium ....... 
3.5 Metal Promoted Extrusions ............. 
3.6 Multiple Bond Formation .............. 

4. Twofold Extrusion Reactions. ............... 
4.1 Sterically Hindered Alkenes via 1,3,41Thiaditiolines. ..... 
4.2 Reactions of Thiadiazoline S-Oxides and S,S-Dioxides. .... 
4.3 Sterically Hindered Alkenes via 1,3,4-Selenadiazolines .... 
4.4 Steric Limitations of Twofold Extrusion Reactions. ...... 
4.5 Other Synthetic Applications of Twofold Extrusions ...... 

5. Overview. ..................... 

. . . 

6241 

6243 
6243 
6245 
6245 
6249 
6252 
6252 
6252 
6254 

6259 
6261 
6262 
6262 
6270 
6273 
6276 
6279 
6281 

1. INTRODUCTION 

Extrusion reactions have until recently not been recognized as having wide application in 

organic synthesis. While the extrusion pro&s was often theoretically interesting, in many cases 

the required intermediates for such extrusions were not readily available. This significantly limited 

the preparative utility of these reactions. Recent advances in organosulfur, organoselenium and 

organotellurium chemistry have overcome many of these obstacles. Applying new methods novel 

substrates for extrusion reactions are much more readily available. The synthesis of a variety of 

complex molecules is now possible using extrusions. These reactions have proved to be especially 

useful in the preparation of extremely strained organic molecules previously unattainable when 

using standard synthetic procedures. This review will attempt to summarize recent applications of 

extrusion reactions of organic sulfur, selenium and tellurium compounds in organic synthesis, 

concentrating on non-traditional preparations of strained organic molecules. 

Extrusion reactions have been defined as reactions in which an atom or molecular fragment 

Y connected to two other atoms X and Z is lost from a molecule, leading to a product in which X is 

6241 
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directly bonded to 2.’ In general the substrate is a cyclic organic molecule, and the extruded 

fragment is a very stable inorganic species. The rsadton is most often induced thermally or 

photochemically. A number of classes of extrusion reactions have been excellently surveyed in a 

monograph by Stark and Duke.2 

-Y 
X-Y-Z - x-7 

Direct removal of such an extrudabfe group from acyclic systems, aithough not unknown, is 

less common because of the lowered likenhood of eventual bonding between the remaining atoms 

X and 2. Note that in general, in cases where acyclic products are formed - for example in the 

Ramberg-Sacklund and related reactfons - cycJic structures are, in fact, intermediates in the 

reaction. Cheletropic reactions involving formation of a conjugated K system via loss pf a stable 

fragment are sometlmes afso cfassed as extrusion reactions (Schenw 1)s 

Schema 1 
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A number of atoms or groups can be chosen for Y In extrusion reactfons. For related 

substrates with similar extrusion mechanisms, Stark and Duke empirically ranked the ease of 

extrusion of a number of inorganic species as follows: 

Paine and Warkentin subsequently confirmed these observations quantftatfvely based on 

thermodynamic consideratfons.4 

Despite these resufts sulfur species prove to be very amenable to extrusion. While the ease 

of extrusion of these species is &arty not so great as that reported for molecular nitrogen, the 

numerous methods available for the preparation of sulfur containing substrates make such 

molecules extremely useful precursors for extrusions. The selenium anafogues of such molecules 

until recently have been less-wideb studied than the corresponding sulfur compounds (and the 

tellurium compounds even less so). As expected selenium and tellurfum systems normally exhibit 
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closeiy reiated chemistry, however selenium or tellurium substitutton often requires milder 

conditions for the de&red extrusions. Higher yields and therefore greater synthetic appiicabiiity 

often are a result of such subtitdons. 

A wide variety of new syntheticaify useful extrusion reactions irtlitzing sulfur. selenium and 

tellurium - contafning molecules as substrates have been reported since the Btark and Duke 

review. We have iimlted our survey to those reactions that follow the previously described 

definitions for extrusion reactfons, and which also appear to have real synthetic utility. We do not 

attempt to discuss the complex extrusion chemistry of poiysuifides or poiyseientdes, nor will we 

cover reactions in which a’reactive intermediate obtained by an exttision Is trapped in a further 

intermoiecular reaction. The reactions are ciassifted based on the extruded groups. In addition we 

will indicate how those reactfons have been applied to functional group preparations. Pinatty we 

will give a detalied report on appikatkms of twofold extrusions in the synthesis of extremely 

sterlcaily hindered molecules. 

Probably the most synthetically useful suifur-based extrusion reaction is the Ramberg- 

Backiund reaction. This invoives the treatment of an a-hab sulfone with base to afford an oiefin. 

The mechanism of this reaction involves the formation of an eptsulfone intermediate followed by 

elimination of suifur dioxide (Schema 2). The standard procedure has been used in the 

preparation of a variety of strained o,iganic molecules, for example in the synthesis of the 

bicyciooctene 1 (Bchome 3),5 This reaction has been extensively reviewed 6J and some recent 

applications of these reactions have been coilected.e~Q 

Schomo 2 
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There are a number of interesting variants on the standard Ramberg-Backlund procedure. 

One such method has been utilized by B&hi for the synthesis of polyolefins from allylic alcohols.‘0 

Treatment of an allylic alcohol with suffide 2 affords sulfinate derivative 4 which can be converted to 

the corresponding sulfone 5 thermally or via catalysis. The dialtylic sulfoxylate 3 Is a probable 

intermediate in this reaction (Scheme 4). Treatment of the resutting sulfone with carbon 

tetrachloride - poWslum hydroxidell led to the desired Rambe@ackfund transformation affording 

the polyene. Viimin A has also been converted to @carotene using this reaction sequence. 

Scheme 4 

N-N, 

L/ 
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Treatment of cyclic sulfones with n-butyl lithium followed by addiilon of lithium aluminum 

hydride leads to a ring contraction with concomitant formation of a carbon-carbon double bond. 

This process may involve rearrangement to an intermediate sulflnate followed by reductive 

elimination affording the olefin. In non-hindered cases reduction to the sulfide is a competing side- 

reaction. This method has been utilized for the efficient synthesis of a variety of complex 

cyclobutene derivatives such as 6 (Schenw 5). 12-14 In a retated reactlon oxidation of sulfonyl 1,3- 

dianions with Cu(ll) salts also affords alkenes, presumably via a thiirane dioxide Intermediate.15 

Scheme 5 
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Other preparatfons of akenes via loss of sulfur dtodde are mported In 9acHon 4.2. 

The reaction of a, a-dihalo sulfones with excess base.affords lsdable thiine-1 ,ldloxides 7 

which can be thermally decomposed to the corresponding acetylenes (Sohefne 6).le In a related 

reaction a, adichlorobenzyl sulftdes can be converted to acetylenes upon treatment with base and 

tnphenylphosphine, again presumably via a thiirene intermediate.17*18 

Scheme 6 
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Thermal and photochemical extrusions of sulfur dioxide have proved to be very useful in a 

variety of carbon - carbon single bond forming reactions. The thqmal extrusion of suffur dioxide 

from the bicyclic sulfone 8, essentially under flash vacuum thermotysis condittons, provided a 

convenient route to biidooctane 9 (Sohome 7).5 Similarly pyrolysis of the thietane &S-dioxide 

10 led to efficient formation of the cydopropane mixture 11 and 12 (Scheme 8).l" 

z 
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9 
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The therm@ extrusion of bmzyiic substituted sulfur dioxide was initially developed byCava 

as a synthetic route to a variety of bentccycbbutene derivatives (Scheme 9).20 Flash vacuum 

thermoiysis of these derivatives provided a powerful method for the preparation of extremely 

strained benzocycfcbutenes such as 13 (Scheme 10). 21 This method subsequently found wide 

application in cycbphane and related syntheses.ss-24 

Scheme 9 

770° 
so2 - CP I 

67 % 

Scheme 10 

47 % 

Photoextrusion of &fur dioxide as a synthetically useful route to carbon-carbon single bonds 

was also pioneered by Cava and coworkers. ss Irradiation of sutfone 14 afforded the benzocyclo- 

butene 15 (Sohom 11). Under the attempted conditions required for thermal sulfur dioxide 

extrusion, the desired benrocycbbutene underwent further thermal reactions preventing its 

isolation. 

Scheme 11 
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Photoextrusion in many cases is mikfer than thermal extrusion and has found wide 

applicability in [2.2)cydophane synthesis (Soberne 12) 28-32 As expected, only dibenzylic sulfones 

undergo this reaction.32 Some recent applications of this reaction include the preparation 
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ScJleme 12 
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of [2.2] (2,7) anthracenophan 16 33 and the pieparation of a,key Intemwdiat’e in the synthesis of 

“kekulene.“= 

16 

Flash vacuum pyrolysis of the cyclic sulfone 17 and cyclic sulfinates 19 and 21 afforded 

excellent yields of the corresponding extrusion products 18, 20 and 22 (Scheme13).% 

Scheme 13 
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Photochemical extrusion of sulfur dioxide from a r_sultine 23 is also.a key step in the conversion of 

epoxides to cycbpropanes (Schema 14). 36 Only those saltines with an afyl group a to the ring 

oxygen undergo the desired extrusion. 

Schema 14 
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Sulfur dioxide extrusion via flash vacuum thermotysis was a key step in the preparation of 

metal-complexed cyclobutadiene 24 (Scheme 1 5).37 

Schema 15 
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Thermal and photochemical sulfur dioxlde extrusions have also been used in the prepara- 

tions of B-lactams (Schema 16) 38 and ako In the stereospecific conversion of P-thiacephems to 

penems (Scheme 17).39 
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Scheme 18 
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A number of excellent appkations for this reaction in synthesis have been reported, 

including the separation of the 9ds and trans isomers of the red bollworm moth pheromone. 

Sulfur dioxide adds only to the trans diene 27 which can then be separated and regenerated upon 

pyrolysis (Scheme 19).43 

Scheme 19 
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Alkylations of sutfolenes followed by the& .extrwM of ‘sulfur dioxide provided convenient 

routes to 1,3,5trienes (Scheme 20) u and polyenes (Scheme 21).& These extrusion reactions 

are report& to be promoted by lithium aluminum hydride.* 

8cheme 29 

Scheme 21 

1. LiN(SMe& 
* r--c - 

** Brm Lo_ 

/ A 

Sulfotene formation has alsg been used as.a met&xi for the protection of the ~4s diene :. . ’ .I 

potion of vitamin D derivatives. tt should be noted however that thermolysis of 28 afforded 29 in 

h&jh yield in apparent vi@ation of orbita! vmmetfy rules (w 22).47*48 B19cr( has 

summarized a variety,of retated cheletropic reactions.4g 
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Although synthetkalty useful extrusion reactions of sulfur dioxtde~arquite ccmmon, the 

direct loss of sutfur monoxide in an extrusion is much less common.@’ This is perhaps surprising in 

view of the previously mentioned extrudabilii scales for sulfur specks. One interesting synthetic 

application of sulfur monoxide extrusion involves the conversion of 1,2,6-thiadiazene S-oxides 30 

to pyrazoles 31 (Schema 23).s1 The procedure can also be carried out using sulfur dichloride, 

with sulfur extruston, however no extrusion of sulfur dioxide was noted upon themtotysis of the 

corresponding thiadiazene S-dioxides even under forcing conditions.52 

Scheme 23 
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The pyrolytk‘extrustons of ‘elemental sulfur from phenothiazlne 32, thianthrene 33 and cyclic 

disulfide 34 are some early examples of the pieparattve use of extrusion reactions (Schetne 24). 

The driving force for such reactions is the increase in the aromatk character of the product 

heterocycles.ssss Much of the earfy work in this area has been reviewed by Stark and Duke.5g 

Scheme 24 
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In many other direct sulfur extrusions episuifides have been postulated as intermediates. For 

example, 4,CAenzothiepin derivatives 35 rapidly extrude sulfur under mild conditions (Scheme 

25).‘3042 The dibenzothiepins also extrude sulfur affording the corresponding phenanthrenes, 

although at significantly higher teQw8turtIS. 83 The extrusion of sulfur from the thiazepin system 

has been studied in detail, and the res& were also consistent wfth an episulfide intermediate in 

this reaction.84 

Scheme 25 

Extnrston of sulfur from the 1,4.dithiin system UL has been extensively studied.(Schame 

26).= The reglochemicel preferences in this reaction have also been rcloently reportedBB This and 

related chemlsty’have also been adequately twtewed.fg A number of ctWr IntetWting applications 

of sulfur extrusionMfng contra&oh badirig to noW heterocycles have also been recently 

reported,s70W including, for example, that indicated in Scheme 27.a 

Scheme 26 
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A number of dever synthetic procedures have been devised in which in situ generated 

episutftdes are desulfurized generating carbon-carbon bonds. Eschenmoser has used sulfur 

extrusion from in situ generated episutfrdes in a number of parttcutarty useful transformations. 

Enolizable p-dtcarbonyl systems can be prepared in a two step alkytattva-extrusion prccedure. 

Treatment of the thbcarboxytata wlth an a-habketone affords a @k&o thbster 37. Treatment of 

this compound with a tertiary phosphine at elevated temperatures affcrds the corresponding P_ 

diketone in excellent yteW (Schame 28). 7a A similar reaction has been reported using the 

corresponding selenccarbcxylates.” 

Scheme 28 
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A related sulfur extrusion aUd be utilized for the preparation of secon&q vinybgous 

amides 38 (Scl~me 2g).72 This procedure was used by Eschenmoser as a key step in the 

synthesis of corrinp, inciuding the cobyrinic add potion of vitamin B,,.RJJ K.etamidlnes have been 

prepared using PI an&o&~ iWrusion.74 

Scheme 29 
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Another type of direct sulfur extrusion reaction has been applied in an ew SynMsis of 

corroles and related compounds. Grigg and coworkers recognized that a cksrotatory electrocyclic 

reaction of a cyclic sutfkie with (4n+2) 1c electrons ooukl be used in complex mcaabcycie formation 

(Scheme 30). 

Scheme 30 
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Photo&l8 of~aky@~tfider in the presence of a tertiary phosphine was shown by Corey and 

Bbck to lead to wUw,extrus&n ;and carbonuubon bond formation (m 33). The 

mechanism for this transformaUon invokes cleavage of a carbon sulfur bond and fwma$on af alkyl 

and thiyl rack& T@e latter are desuifurized wtth the phosphine and radical recombination affords 

the desired carbon-carbon borwA5 
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The method has proved to be quite useful in the preparatbn of cyclophane derivatives, 

especially in cases where oxidation to the wifone would be diffkult (Scheme 34).76 A great 

variety of related transformations have been reported.n~ 

Scheme 34 
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Thermal and photochemical extrudohs of seienlum from selenides have also been used in 

cydophane synthesis (Schema 35).81@ It is claimed that photodesebnation is the method of 

choice for extrusion based synthesis of cyclophanes. The metacycbphane 46 could be obtained in 

excellent yield using the photodeselenenation (Scheme 36).= Flash vacuum thermofysis 

afforded 49 in only 8% yield while Stevens rearrangement folbwed by Raney nickel treatment led 

to a 49% yield of the cycbphane.61 

Scheme 35 
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Scheme 36 

46 
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Photochemiccu extfuston of selenltim or sulfur from bis-Qanthryi seienide and also from the 

corresponding sulfide warded the interestlng iepidopterene 47.” 

47 

While benzylic sulfides are moderately stable thermally, benzylic selenides and tellurides 

upon thermolysis afford 1,2diaryiethanes with extrusion of selenium or teiiurlum.ss-es Similar 

extrusions have been noted for the corresponding diselenides and diiellurides.ss**e7 Thermal 

tellurium extrusion has been used in a convenient preparation of benzocycbbutenes 49 (Scheme 
-. 

37).88 

scheme 37 
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Thermal extrusion of elemental tellurium from the cyclic teiluride 49 has also been reported 

to yield the fluxionaliy mobile bicycfk diene 50 (&hbiw 36).a9The corresponding sulfide is 

stable at 200 “C. for 16 hrs. The selenium analogue upon prolonged h&ting decomposes to 

ethylbenzene and 0xyiene.w 



Extrusion reactions of organic S, Se and ‘lb compounds 6259 

49 50 

Coupling of albylic h@des via thermal tellurium extrusion from in situ generated tellurldes is 

reported to proceed in high yield (Scheme 39). Q1 The reaction appears to proceed via radical 

coupling. The corresponding selenides are reported to be stable under the required reaction 

conditions. Scheme 39 

/ dlOX8fWdkJX 

cx3” 
66% 

Another syntheticallyweful selenium and tellurium based extrusion reaction involves 

conversion of diary1 selenides and diaryI tellurides to the corresponding biaryls by their treatment 

with Raney nickel.02~03 The tellurium reaction is especially useful since the desired telluride 

intermediates can be generated in situ by reduction of the corresponding readily available 

tellurium halides (Scheme 40).Q4 

Scheme 40 
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Ftaney Nickel is reported to convert the spirothietanes such as 51 to the corresponding cyclo- 

propanes in moderate yield (Scheme 41).Q5 

Scheme 41 

Trost and coworkers reported that treatment of thietanonium salt 52.with n-butyl lithium leads 

to extrusion of a suffiie affording the cyclopropane ring stereospecifically (Scheme 42).% A 

related sulfide extrusion has been used to convert mintsulfide 53 and its isomer to a mixture of 54 

and tricyclic cyclobutane 55 stereoselectively (Scheme 43).e7 
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Desuffu&ation of episulfides provides a convenfent route to carbon-carbon doubfe bonds. A 

number of previou8ly des@bed synthetk methods utilized sulfur n~fe~hi~~ as a ioute to 

carbon-carbon single bond apron (see Schemea 2S,#)). In a number of other cases thio- 

carbonyl nucleophllkity has been utilized in carbon-carbon double bond formation. Thiocarbonyl 

groups can be easily alkytated using a-halocarbonyl compounds. lnt~~~lar episulfide 

fo~ation follows by sulfur extrusion provides a ~~enknt route to carbon-carbon double bond 

formation (Scheme 44jaa, (Scheme 4!QQQ, (Scheme 46) loo. A variety of similar transformations 

using alkylation-extrusion procedures have also been r~!ported,~~~-~~ including introduction of 

carbon subs~e~~ into nudeosid& using this method.iM 

Scheme 44 
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A variant of the Ramberg-Sacklund reactton Involves using a-halo sulfides 58 as 

intermediates. Treatment with base and trlphenylphosphine in refluxing tetrahydrofuran affords 

alkenes, presumably via a thiirane intermediate (Scheme 47).los 

Scheme 47 
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There are a great variety of methods for the preparation of olefins, however most of these 

methods fail in the attempted preparation of stertcally hindered carbon-carbon double bonds. The 

Wittig reaction is espedally Hmited in this respsct. While yields of disubstttuted oleflns via the Wittig 

reaction are quite acoeptable, yields of trfsubstkuted olefins are lower. Yields of tetrasubstituted 

olefins are very low or often go unreported. While elimination reactions often provide high yields of 

sterfcally hindered akenes, the highly substituted substrates for such eliminations are often difficult 

to prepare. A new strategy, that of twofold extrusion, was developed in order to prepare and 

investigate the properties of extremely hindered alkenes. 

The twofold extrusion reaction has been extensively utilized in the preparation of stertcally 

hindered olefins. This method was independently developed by Barton and Kellogg and involves 

preparation of species such as A. The rationale for the process Is the fact that lntemtolecular 

reactions are much more influenced by sterfc hindrance than intramolecular processes. 

Construction of a molecule such as A would keep steric interactions to a minimum in the 

intermolecular step. Consecutive extrusions of X and Y in subsequent reactions woukf lead to the 

introduction of the sterically strained double bond into S (Scheme 48). 
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An example of an early twofold extrusion process invo)ver the flashvacuum thermolysis of 

thietan-3-one-l~,.ldioxide 57 w&h ext&qeuJfur ,dbx~ cartxm monoxide at over 900 Oc to 

afford P-methyl @MemqdeJ. 1oe Shnilerly. the 1 $dithietan~l ,ldioxkfe derivative 58 

extrudes $uJfuf dioxide at SW OC to afford the correqondingMrane (&home 50),lo7 whii in 

theory could be des@furtzed to the corresponding alkene, for example by using a tertiary 

phosphine. 

Setjune 49 

Scheme 50 
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58 

Barton and coworkers initially investigated oxathiolan+ones 59 as potential substrates for 

the twofold extrusion ‘maction.108*10Q Aryl substituted oxathioianones could be easily prepared by 

the acid-catalyzed condensation of thiobenzilic acid with aldehydes and ketones. Pyrolysis of these 

compounds in the presence of a tertiary phoephtne led to extrusion of carbon dioxide followed by 

desulfurlzatlon affording the corresponding alkenes (Scheme $1). In the absence of tertiary 
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Scheme 51 
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phosphlne, thiiranes were dbtalned. The mectbn could be used to’prepare hfghly hindered 

alkenes, fairer’ aryl substkutlon was necescrary for efffdent ex&aWt of carbon dlctxlde. Pyrolysis 

of oxathiolanone 88 Wfthout afyl substitution fed onfy to decaiboxylatfve ellminatlorf (Scheme 52). 

Increased atyf WWtution on the oxathlolanone led to extrusbn of carbon dfoxfde at a lowered 

temperature, 

Scheme 52 

The 1,3,4-thiadiazoline system independentfy lnvestiied by SartonldesloO and 

Kelloggllo*lll proved to be particularly useful for the synthesis of a variety of sterfcalfy hindered 

alkenes. Treatment of cydohexanone wfth hydraxine hydrate and hydrogen sulfide followed by 

oxidation of the intermediate thiadiazolkfine 61 afforded the desired thladiazoline 62. Pyrolysis of 

this compound at 100 Oc afforded the thiirane. If the pyrolysis was carried outin the presence of a 

tertiary phosphine, biscyclohexylidene was obtained in high yield (Scheme 53).1w*110 

Scheme 53 

61 62 95 % 
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I heat 
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simiiar resub.urere obtained by Kelbgg aRd coworkers who also investigated the 

medhanism of tnt$ reaction. They S that tlte tbermolysls of thiadiazofinea tnvdvbd a 

stereospecific conrotatory ring cbsu@ of a - stabittzeU thiocarbonyt .ytids lntwmediate 65 

formed upon extrusion of molecular nitrogen (Schune 64). 111*112 The resulting thiiranes could be 

desulfurized to the corresponding olettns upon treatment with phenyl lithium. Udng this method 

both cis- and trans 1,2-&-reri-butylethylene could be readily prepared (&hm?w S!S).“’ A variety 

of other stehcally hindered alkenes could be prepared using this method Including compounds &I- 

67.113-117 

Scheme 54 

8 R2c4’ \CR - -/ ; 
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66 (ref. 114) 

67 (ref. lM3;117) 
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It should be noted that thermolysis of .relativeiy non-hindered thladiazolinea loads to bw 

yields of thifranas or obfbs. .For example, trl-substituted okfins 68 and 89 coubd be obtained from 

the correqxmding thiadbzolines in yields of only 10 aM 13% respectivety.~~8 

88 89 

Relathmly non-hindered 1,3,44hiadlazolines such as the Spiro-M-cycbhexyl derivative can 

be readily prepared by the direct addition of hydrogen sulfide to an azine. Oxidation of’the resulting 

thiadiazolidine using lead tetraaceWte or diethyl azodbarboxylate affords the desired thiadiazoline. 

With increased sterb hindrance the thiadiaxolkffne is unstable relative to hydrogen sulfide and 

azine. In cases such as the dl-tert-butyl derivatives addiion of hydrogen sulfide to the azine had to 

be carried out under pressure. The resulting extremely unstable thiadiazotfdlnes also had to he 

quickly oxidized to the more stable thiadiazolines.l10 

An alternative route for converting azines to the required thiadiiolines without the 

intermediacy of thiadiezolidlnes was subsequently devised by Kellogg and involved “oxidizing’ the 

azine with chlorine to the dbhbroazoalkane 70 prior to hydrogen sulfide addition. The desired 

thiadiazolines were obtained in 80-l 00% yield using this method (ScIleti S8).‘lB 

Scheme 58 

/ H2S 

An alternatfve route to the thiadiazoline ring system had long been known.120~121 Staudinger 

showed that addition of diphenyldiazomethane to thlobenzophen&e .ra#dly occurred at bw 

temperatures with nitrogen extwsipn affording tetraphenylthiirane~il (Schema n). He proposed 

a 1 ,P,&thiadiazoUne Intermediate for this reaction. QO The reactton of diazoalkanes with sulfur was 

also known to afford episulfides, presumably through thione and thiacliawane Intermediates.‘” 
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A number of other investigators indicated that the reactions of thiones with diazo compounds 

could lead to both 1,2,3- and 1,3,4-thiadlazoline intermediates.1”128 Thermolysis of these 

compounds afforded episulfides which could be desulfurized to the corresponding olefins using 

triphenylphosphine. They however failed to adapt this reqctk)n to the synthesis of extremely 

sterically hindered alkenes. 

Barton and coworkers subsequently investigated the cy&@ddition~.~f sterically hindered 

thiones with sterically hindered diazoalkanes. This reac@q provided a very facile method for the 

preparation of extremely stericalty hindered thiadiazolines which could be easily converted to the 

corresponding alkenes (Scheme 59). 12’ For example, treatment of thiocamphor 72 or thio- 

fenchone 74 with diphenyldlazomethane followed by addition of triphenylphosphine in refluxing 

Scheme 58 

O\ 
2 =s + 2 =-+N+ - 

d d 

heat 

-N2 I 

9 P R3P O\ A P 

dc=L 

* 

tetrahydrofuran afforded the Wresponding diphenylmethylene dorivativeq 73 amj 75 in excellent 

yield (Schema 59). 

Scheme 59 

S Ph 

+ 

Ph3P 
)C=NI - 

Ph THF 
reflux 

I 

72 73 

dx S -I% phsp 
+ )c-N2 -yy P 

PI’ 
reflux @ xll 

74 75 



6268 F. S. GUIEC, JR and L. J. SANFILIPPO 

This method of thladiazoline preparation can be especially useful because the stability of 

both the thiones and diazoalkanes increases with increasing steric hindrance.128~129 The diazo 

component in the reaction could also be generated in situ from the corresponding tosyl hydrazone 

or upon thermolysis of the phosphoranylidene hydrazone derivative. In the latter reaction, the 

phosphoranylidene hydrazone reagent also generates the required tertiary phosphine necessary 

for eplsulflde desulfurfzation.12g 

As previously described. in the reactions of moderatel) hindered thiones with diazomethane, 

mixtures of 1 ,bCthiadiazoltnes and the corresponding 1,2,3-isomers tiere bbtained.J24*1a0 The 

nature of the thiadiazofine intermediate Involved in the twofold extrusion reaction was determined to 

be the less hindered 1 ,S,Gthiadiazoline. Treatment of di-fert-butyl thione with diphenyldiazo- 

methane afforded the same thiad&llne as that obtained upon treatment of thlobenzophenone 

with di-tert-butyldiazomethane (Scheme so). This could onty be possible if the intermediate was 

in fact the symmetrical 1,3,dthiadtazoline 76.12’ 

Scheme 60 

Y 
x C-S 

Y 
C-N2 
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+ 
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\ 
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76 

The conversion of thiadiazoline to olefin proceeded without difficulty in most cases. Nitrogen 

and’sutfur extrusion vfa the’rmolysis of 76 fn the presence of triphenjrlphosphine afforded the 

extremely hindered 1 ,l di-rerlbutyl-2,2diphenylethylene 77 in good yield. The even more ’ 

hindered di-tert-butylmethylene camphane 78 could similarly be prepared from di-ter% 

butyldiazomethane and thiocamphor, however the more reactive hi-n-butylphosphine was 

necessary for desuifurfzation.127 

Y / Ph 

c=c 
\ 

Ph & x 
c 

x 
78 
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As expected phenyl substitution of the thiadiazoline ring greatly increases the ease with 

which nitrogen can be thermally extruded. The dlphenyl substituted thiadtaxoline 79 rapidly loses 

nitrogen in refluxing t~h~~~n to afford the desired episu_lfide. Hindered alkyl subtitled thia- 

diazoiines are significantly more the&ally stable than the aryl derivatives. For example the di-reti- 

butyl derivative 80 is themu@ stable up to its melting point,141 “Cfs4 

79 80 81 

There ate some significant steric limitations to the thiadiazoline method. The attempted 

synthesis of the extremely 9t8rically hindered tag-fe~lethylene 81 faked. No reaction 

between df-terf-butyl thione and di-ter&butyfdfazoMethane was observed even under forcing 

conditions of temperature or pressure. 12’ This suggests that either the desired thiadfazoline failed to 

form or that retrocyclization of the thiadiaxoline occured in preference to nitrogen exttuslon. 

ffetr~di~ion can be a major lim~n in thi~l~oline the~o~~s. In contrast to the previously 

mentioned successful pMpara$on of df-f@WbvtylMethyNn8 oamphane 81, when thidfenchone was 

treated with di-~~~~~~rn~ne and the mixture tieaied to reftuk in t~~U~~, the oMy 

identifiable product was di-f&butyl thione (Scberne 61). Apparently tatrocydfzatio~ of the 

inte~~iate thi~i~oline is favored over nkrogen extrusfon In this extremefy hindered case.t27 

Schema 81 

S+ Y 
x C=h +-= - 

6c -N2 + Y 
x c-s =z== 

NH 
N 

ckG s 
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Despite these lim~ations the reactions of st8rkWy hindered diazoafkanes with thkrnes have 

proved to be very useful in the synthesis of a variety of extremely sterfcaky hindered olefins, among 

them, compounds 82 - 87. 
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82 (ref. 132) 

84 (ref. 134) 

86 (ref. 135) 87 (ref. 135) 

Photolysis of the sterically !Mdered thia@azolines led to extrusion of sulfur with formation of 

the corresponding azins (Schomo 62). ‘oQ,‘~~ While this result would seem at first qtptising, it 

appears that the s@ur extrusion occurs because no symmetry allowed pathway for nttrogen 

extrusion existsin the cass of the thiadiazoline ring system.“O 

Scheme 62 
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The 1,3,+thladiazoline system could be oxiziisd to the corresponding S-oxide or S,S- 

dioxide derivatives 88 and 89, however pyrolysis of these materials fad to onty poor yields of the 

olefin.lw 

b 
88 89 
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obtained dimctfy (Scheme -66). ft shoufd be noted that the pmpcaed intonnediate thiadiazoline 

S,Sdloxtdes could not b8 observed in any of the cases where high ytefds of either the ‘episutfone 

and/or ofefins were obtafned.142-1u In hfndered awcyl subetftutedcases the reactfort affordsan-. 

isolable 1.3,4-tMdiazoffne S,!%Uoxlde, WMch upon slow warming extrudes suffur dioxide to afford 

the corresponding azine.‘” 

Scheme 65 

A@-NN+ S& - ArsC -CArs 

A number of attempts have been mads to apply the Staudinger-Pfenninger reaction to the 

synthesis of stericalfy hindered alkenes. Oxidation of a St&ally hindered hydraxone followed by 

treatment of the resulting dkuoalkane at low temperature with sulfur dioxide afforded an isomerfc 

mixture of thiadiazoline SSdloxides in modest yield. Presumabfy an in situ generated sulfene 90 

is an intermediate In this reaction. Pyrolysis of the thiadlazoline SS-dioxide mixture afforded the 

desired alkenes only in low yield (S&ems 66)‘” 

Scheme 66 

R iLN 
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C=N2 - 
‘/ 

-50” 
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/c\ 
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R’ = CH3CHs- I -N2 

The probabie reason for the lack of success in the thermal comrerslon of thi&+okne S,S- 

dioxides to oleflns Ilee writh orbltal svmmetw. The lnltlal thermal nitrogen evolution is a symmetry 

forbklden pror~ss.~~~ The desired ylide intermediate 91 has only 2 lr-electrons and would be ,. -. 

formed via a retm 2+2 cycloaddftion. In contrast, the 4 t thlocarbonyl ylkfe 92 cbtafnsd from 

thermolysis of a 1 .X4-thiadfazofine is formed via a symmetry afbwed mfm 4+2 cycbaddltion 

process. While it is hard to predict the symmetry properties of the yfids 99 obtalned.via nitrogen 

extrusion from the thiadlazoline S-oxides, the la& of success in sucn pyrolyses suggests that a 

symmetry forbidden process fs probabfy also required for such a transformation. 
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91 92 
‘. 

93 

The reactions of in S&J generated sulfenes have been utilized much more successWy in the 

synthesis of unhindered alkenes. Treatment of an al~lsu~onyi chlorkle with triethyiamine in the 

presence of a’ dfazcalkqne affords the corresponding episulfone 94. Thermal extrusion of sulfur 

dioxide then affcrds’the<esired al&e .li7. Seth reactior;s prdcee$in h@h yields @43leme 87). In 

no case was formation of an intermediate thiadlazoline S&dioxide obsenred. It is lkety that a 

dipclar intermediate is involved in this reaction. Similar di~t~.inte~~ates have been proposed 

both in the successful adder-Pfenninger reactions ~-1*1 as well as in the formation of an 

episuifoxide from the reaction of sulfine with diazomethane (see Scheme 64). 

-So, 

95°C 

lo extend the twofold extrusion prccedure of thiadiazofines to the preparation of even more 

sterically.~iqderec$,okfins, EMtan and.ca-worker8 attempted to prepare the corresponding selenium 

anaicguea ot thia#i@zolines. They dey.elcp@ the first method for the prepar@on of, ,qelqn?% 

selenium an@gues of ketones, an~J invegtlgated the. reactions of these compounda ,tii?. hindered 

diazoalkanes. t48~14Q 
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The selones reacted cleanly with diazoalkanes to afford 1,3,4-selenadiazolines. They 

proved to be significantly more reactive than the corresponding thiones in these cycloaddhions. For 

example, treatment of an equimolar mixture of di-teri-butyl selone 95 and di-rert-butyl thione with 

one equivalent of diphenyldiazomethane afforded only the 1 .bGselenadiazoline 96 (Scheme 

68). None of the corresponding thiadiazoline was observed.14Q 

scrlime 69 ” ’ 

c-s + .ph\ 
/C-N2 ~ 

Ph 
. 

96 

leq. ,’ leq. teq- 19. 

Another advantage of the selenadiazoline procedure was that lt allowed for the direct thermal 

extrusion of both nitrogen and selenium. Pyrotysis of the selenadiazottne in moderately hindered 

cases led to rapid nitrogen evolution, followed by direct extrusion of selenium from the presumed 

thermally unstable eplselenide intermediate 97, affording the desired hindered alkene (Scheme 

69). This eliminated the need for a phosphine-mediated removal of the thilrane sulfur as was 

necessary in the case of the thiadiazoiine reactions.14e 

Scheme 69 

A 1 

-N2 
I 

Use of the selen&fiazoline route allowed for the ready preparation of a variety of sterically 

hindered’atkenes, in our experfence, more convenientlythan the thiadiazoline procedure. The 

overall procedure was significantly improved with the advent of an improved ‘method for the 

preparation of the starting sebnes.‘= 
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In a number of appkatbns the mbrradlerolino prooedum pwed to be 8ucceasful in cases 

where the thladiazoline procedure failed. Pyrolysis of the 8ymmetrlcal his-tetramethykdane derived 

seienad&zoW 98 directty affords the desired 8twkaliy hindered akane 99 in Qooci yield 

(Schema 70). 12e*1s1 Krebs repotted that upon pyroiysls, the coney>onding MadiazoHne 100 

does not afford the +simcJ *lirane V?l, ljut instead yWts mainly return pfducts plus a 

thioether of structure 102.or 103 (Schenu, 71). 135 No corresponding selenoether was detected 

Scheme 70 

Scheme 71 

. . 
100 101 

c3t&CH2+J3 or @s-c”24j! 
102 103 

in the selenadiazollne pyrclyses. Aside from the prevbusly mentioned compounds. extremely 

stericalty hindered atkenes fO4-109 could be readily prepared using se~enadi~oline 

intermediates. 120*14*~15* 
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The sterfc iimitations of both the seienadiazoiine and thiad&o#ni based twofokj e’xfru~ioti’ 

reactions have been rep~tied.~~~~ Similar to the prevfousfy me%oned case of di-rerr-btityi 

thione, di-rerfbutyi sefone does not react with-di-te&utyidia&methane to afford either tetra-rert- 

butyiethyiene 81 or the corresponding ‘seienadiazoiine lib (Sk& 72)." 

Scheme 72 

Attempts to prepare di-ter?butyimethyiene fenchane 111 were also unsuccessful. Treatment 

of seienofenchone 112 with di-reRbutyfdiazomethane led only to formation of the less hindered 

symmetrical oiefin, bifenchyfidene 106. Presumably in this case the desired setenadiazoiine 113 

formed, however retrocyciitcition rather than nitrogen extrusion predominated. The resulting diazo- 

fenchane 114 reacted Hiith seienofenchone to afford the observed aikene lO~(Scheme 73).149 

Scheme 73 

Y 
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Addlion ofdl-rerr-butytdiazomethaneto the neet sterkatly hkxtered sefones such as 115 81 

-30 Oc afford@ cry+lhe di-rwMutytmethyl substituted seter@lazolines in good *Id. These 

compounds~re stable in crystalline form to .their metting poti but retrocydtzedrln a matter of 

hours at room temperature upon dissolving in common sofvents (Scheme 74). Pyrolysis of these 

materials led onfy to products derived from retrocyciizatlon.153 

Scheme 74 

Y -30° 

a-F x C=N2 _- 
A 

Treatment of the deep blue 2,2,6,6-tetramethyicwbhexane selone wlth the corresponding 

orange diazo compound at -30 ‘C led to complete decobrtzetion of the mixture and formation of a 

colorless crystalline material, presumably the desired selenadlazoline 116. Upon warming this 

material to room temperature or upon attempted dlssdutlon of this ritate@el in deutemchloroform at 

-30 ‘C, only the startlng selone and diazo compound could be detected. These obsefvations 

indicate the steric limits of selenadiazoline thermal stabillty.153 

116 

How can a thla- or selenadiaxoline decide whether to .extruds nitrogen or retmcydlre? At : 

first glance St&c lnteractfons are kept to a minimum until a thio_ or selenocarbonyl ytlds forms. 

Perhaps the best expl$uwtion comes from the work of Kellogg on thiadiaroline decomposition and 

the geometry of thldcarbonyl ylktes .llQ tn the transitlon state leading to.the,ylide.lntermediate. a sig 

nlfkant ge&etric chAe occurs stmultaneoudy wtth nitrogen extrusion. The regulr$ wncotatory 
:> 

lwiskq may lead to severe steric interactions, ralfring the energy necessary for nltrqgn, evotution 
,. 
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(Schema N). If the stark interactIons 8mg@at enough, this pathway is inhibited and 

retrocyclizatian pr&ominater. The increased tength of the carbon-selenium bond relatie to a 

carbon-sum bond may decrease these steric i~e~~~ allowing for greater success In mar+ 

setenadlazolne pyrolyses; 

Scheme 75 

x=s,se 

Even in cases where r~r~~~t~ons were not complete, extreme steric handing could 

change the course of the reaction. Kellogg had showed that the inttial nitrogen extrusion from the 

thl~i~olines was stereospecific. Since thllwne ~8~~~2~~8 are also stereospecific, the 

overall twofold extrusion reaction should be ster~ospedfic~~~ In contrast to these observations, 

Krebs noted that the pyroiyses of some sterkally hindered thiadiazolines led to mixtures of products 

with bss of ~ere~hern~~~ (!Scheme 78). 136 This loss of ~er~cherni~~ may be explained by a 

twisting of the thiocarbonyl ylid intermediate due to extreme steric hindrance.“2*1*s 

Scheme 78 

vatious ratios - same ratio 

In the extreme Case such 8 ~~~n~ wouid kiad to a singlet dimdkal l~e~~i~e. Consistent 

with this VI& is another observatid~ 6f Kreb~.‘~ Pyrolysis of the extremely sterically hindered 

thia~~~ne 117 leadi mainty to retrocyclkatlon, but thloether by-pro&c& 118 and 119 are also 

obtained. These mat&ials could arise from intramolecular radical abstraction -‘rkcombination 

reactions {Scheme 77). Similar diradicat species may account for the prodi& of the previously 

mentioned pyro~sls’of t~a~onne ‘101 (Scheme 71). While them. ark’% &or &or& of the 
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isolation and characterization of such radical,derived products,, it 1,s likely that such products do form 

in other sterically hindered thiadiazoline and selenadiazoline pyrolyses. In most cases such 

pyrolyses lead to complex mixtures of products even when the desired alkenes can be obtained. 

Sulfur and selenium-based twofold extrusion reactions have also proved to be extremely 

useful in the synthesis of other strained organic molecules. Schonberg reported that reaction of a 

thione with an aromatlc azkfe afforded imines in undetermined_yiekf.15 We subsequently 

compared the reactions of thiones and selones with azides, and found that this reaction is a 

convenient method for the preparation of a variety of extremely sterically hindered imines.ls5 The 

reaction presumably involves the formation of 2,5dihydrothiatriazole 120 (and its selenium 

analogue), which upon heating can consecutively extrude nitrogen and sulfur (or selenium) 

affording the corresponding N-phenylimines 121. As with the previously described reactions with 

diazoalkanes, selones proved to be more reactive than thiones. The selone reactions also allowed 

for easier isolation of pure hindered lmines in comparison with the thione reactions (Scheme 78). 

Scheme 78 
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The reactions of a number of thlone esters and diihioesters with diazoatkanes have eke 

been studied. The aromatic thioester 122upon reaction with diazomethane affords an intermediate 

thladiazollne which was thoroughly characterized as the 1,2,3derivatiue 123. This compound 

extrudes both nitrogen and sulfur upon heating yielding the enol ether (Scheme 79).‘? 

Scheme 79 
Me0 

f c=YN2 
C3H3 

ti 
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A 
C6HS- c -0Cti3 - 

122 
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Treatment of dithioester 124 with diazomethane afforded the episulfide 125 dire&y which could be 

thermally desulf&d to th’e enethioi ether 1‘26 (Scheme 8Oj. 

Scheme 80 
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The twofold extruskn reaction.also provided a route from the thioxo-azetidinone 127 to func- 

tionalized j3-lactams such as 128 (Scheme 8i). Related compounds have also been prepared 

using transition metal catalysis in this reaction (Scheme 82).ls7 

Scheme 81 
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Scheme 82 
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Finally, photolytk selenium extrusion horn symmetrfcal or unsymmetrkat selenadiazolines 

provides a convenient route to the correspcnding.azines (Scheme 8$155 

Scheme If3 

R 
hV \ 

R 

c =N-N-C/ \ 
R 

5. over& 

From the previous desufptkns, it ahcutd be clear that extrusion reacttons have proved to be 

rema&& versatile methcds for the synthesis of many stralned organic molecules. Why then are 

extrusion reactions not more commonly used in the synthesis of tees strained mokcufes? Fears 

about preparative state pyrolytic and photolytk reacttons necessary for some extrusions are not 

unfounded. There has been very littk worlc’tnvesttgattng the effects of ccmpkxfunctioaality on the 

course cf qtqAon reactions. It shc&d be noted that even In the case of the t@cughly studied 

twofold extruston reaction, attempts to prepare unhindered molecules such as 62cr.W worked 
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