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Abrtrrct: Lithio-imidasolim rrltr 10, gonoratod in-situ from 
Y,Y-dimmthylimidaroliu ultr 9. readily undergo sulfonylation vith rulfur 
dioxide. rulfinoa. Y-rulfinylaainor, and thiirmo. Tha rorulting zvittorionic 
spacior 4 fragmnt tharully to yield tha corrorponding imidzaoliclm thiono 
5 vith the hyporvalont thrAwmA&wAd thiAhAtorocyclic intoradiAtor 3 
connecting 4 and 5 on the rorction l urfAcA. 

l?m non-1inoAr chrlotropic frAgmntAtion of thora rAlAtivAly Atrblo hypw- 
vAlont AulfurAnAA AppAArA to by gonArA1 for thir clAAA of caapoundr (3 or 4). 
And the mrporimmtA1 rrrultA ArA in Accord with theorotiul coruidorAtionA. 

Introduction and Bad~round 

Throa-mmborod thiahotorocyclor are A v~ll-knom cl~rr of ccupoundr 
l-3 

AI Are rho hypor- 

vAlont Aulfurms. ‘+ Both clrrror h~vo bmn utmrively Atudiod and their structural 

fmturor, chmimy, and reaction mchanirmr Ar. “.ll-establish.d.1-6 

Uhilo the vholo ApActrum of thrn-mrprbomd CCS ring syrtrPI (e.g. the sulfur atao At 

difforont oxidation statas) is knovn to date. only one of oath of the CorrAAponding CNS And 

YHS ring Ayrttmr (1.0.. thiuiridim dioxide’ And thiAdiuiridim dioXidAAg rArpectivoly) 

hrvA bem ryntheritrd, charactwirod and their chemistry rtudiod thur far. ls2 On the other 

hand. thiAdiOXirAnA0, thiAo%iranm and thi~ouriridirnr having tha structure ropraAAntAd by 

l ithAr 1 or 2 Are AA yet l 1uAivA although their uirtonca AA intom*diAtAA 

(A.g. 1 A6’lo, 2 bl’ll 1 along the ruction coordifuto of AO(Y chaic~l truuforu- 

tionr h~a bon prop0AAd.l 

1 

o. X-Y-O; b. X-CRR,Y-0; c. X-NR,Y-0 

Sbcmtly. tha htOdiACy of dithiirmu. tha sulfur uulogAA of IA (i.a. 1. X-Y-S) 

hu boaa advocatod12 md conA&rd13. 

i@WVAlAW tht- rd thiahotorocyclo~ of typo 3 not only are not lmwn to 

&to, but wan their poaribla intormdimzy hu baon only vary mcontly invoked. lo 

. 
C~‘I AAbbAticAl (1987-1988) At tlm Univorrity of BritiAh Colti, DopArtmnt of ChAalAtTy, 

Vmcouvor, British Columbia, CA~A& 
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3 (24 or P) (ii) 

Within tha fr amwork of our purruit of than aa yet elusive throwmaborod thiahotorocycler. 

va rmrched for an appropriate reaction l quonco along th roaction coordinate of vhich a) 

l tabilirod hypwvalant l pocioa of typo 3 right bo formd xmder rolativoly mild condi- 

tions: b) the frqpontation of 3 vi11 lud to the isolation of characteriubla producta 

frca which the intwmdiay of 3 could ba confidently informi; and c) the mode of 

fraguntaticm of thm intormdiator 3 vi11 provib may inright into tha unifoatation 

(and gonarality)of the principloa of conrorvation of orbital symmetry 
14 

in hyporvalont, this 

throo&rod ring ryrtms. 

Ho rea~onod’O that an energetically lorlying unoccupied molecular orbital (LUHO) of the 

n-tm attached to sulfur vi11 l tabiliro A tricoordinato hyporvalont sulfurma bonding array 

3, provided tha latter ir potentially capable of baing fornd frm m appropriate pro- 

curaor. Purrhermore. the unique gastric and l 1octronic corutraints of such ayrtau should 

l vontwlly. under mild theranolytic condition,. inducm a cbelatropic-type frqmentation of 

the throa-momborod ring with tha concoQitant formation of tba corrrrponding thionor and 

unsqturatod ryrtw (i.0. 5 and 6 rerpoctivoly) l illwtratod bolov: 

The Acwo l xpoctod roverno In*11 cycloaddition ruction15 in vhich tha hyparvalont 

thrndred thiahotorocyclo 3 ir doatroyad ia of special intorest in that the pao- 

mtric factora roquira it to taka plaza in l disrotatory. or auprafacial manner. *’ &NO- 

quontly, thir fragmentation wt occur by tha non-lima cholotropic path (the cyclic trmsi- 

tion mtato contains 4 !KIoI) riailar to the non-linear cholotropic utruaion of sulfur dioxide 

from thiirrano dioxidor which is l r-try-•llovad [OZ. l ~2.1 ruction. 

Since. in principal, threodrti -card-rw hotorocyclu conotituto partr of poton- 

tial rnrrpy surfacer vhich ~180 capriro acyclic qocios 
16 

(i-a. 3’111 in tha caao of 3 ), 

the intormdiacy of the hyporvalmt thr- red M If a* wll its relative onorgy 

content hwo l cae baring on tha quartion of vhich one of tb structural iroarrr (I.@. 

3ii or 3’iii) constitutes the daopwt onargy minim. 



Chektrops fragmcnration 

Ihe highly ructive sulfeneel’ and the knovn thioume diozide~‘~ era roproronted by of 

xriii (2-C; X-Y-0). vhrroer the irolable atablo trielkylti-sulfur dioxide caaplexer 

n,8-S$19 are roproaentti by 3’6 iv (2-W; X-Y-0). T?xe acyclic structural iranera of 

thiaoxiranos @ (Z-C; I(-CRR; Y-0) and 3c (Z-C; X-M; YIO) are unluxwn tcday. 

A cc&ination of three ujor l rpecta of intorort md concom are the focur of the 

study promntod heroin: 

a. Three wabered thibtarocyclos. particularly tbiadioriranea. thiaoxiranoa and thia- 

oxariridinoa and their the meal atability (u l roPrticity l5 d stability in 

thrmdrod rinp thiaheterocycleal). 

b. Hypex-valont sulfur incorproated vithin l tricoordirmto wrvalent threodred 

ring l ulfurano borlding array. 

c. -lotropic extrusion of thionea frca hypervalont threo-mmmbered thi4hotorocyclea. 

Uo proaont l vidonco that indeed hypervalont thrw-nmb ored rhg l yatema of type 3 are 

involved in the transformation 4 - 5 + b reproaonted Above, end tlmt the non- 

linear cholotropic fragmentation path of 3 to 5 l 6 appeara to ba 

pattom in the therrpolyais of those and closely-related ayatm. 

vi11 be dircuasod in terms of 

the expected formation of the hypervalent l pociu 3 from 

dynamic atability; 

A general 

Our l porimmtal reaulta 

4 and their thomo- 

the l tabiliring l ffoct of the adjacent l nwgetically LlMO of the n-type ayatea on 

the hypervaleat rulfur l a vell aa on the ncde of frmntation of the thraa+mborod 

rins eulfurane 3; 

th predicted and the actually observed final products dorived from the fragmenta- 

tion of 3; end 

the plaurible mrchism by vhich th observed transformationa can be accounted for 

and the nature of the rpecier involved. 

Xeaultr and Dircwrion 

Strrtewyr It VAT l hovn that peraulfoxidea 7 vhich reault irorp tha action of ringlet 

oxygm on sulfidea 20 
or hydrogen peroxide on trialknxymAfurener9 c4n be ulthtoly converted 

(in the absence of oxidizable ruBentr) into the l ulfone 8 possibly via the hypervalent 

thiadioxir4ne &.10’21 

R,+ - 

R Os-o-o - 
Aleo it ha been reported, that dleainocyclopropeni~ 22 

lithieted followd by l lectrcphilic aubrtitutim of the 

Similarly lithietioa of iJdazoli= ulta 9 hculd 

mm! dibydrcdirtepini~23 l alt8 uy be 

Uthiated rite.” 

load t0 1ithiOCArbAdm iON 

10 which would rudily u&era0 SE reactiocu rith l lectrophilee of type 11 (i.e. 

sulfur dioxide, l ulfinre. Y-•ulfinyladnu, and evm. prohhly. thiiranea. the sulfur rewing 

l a the l lectropNlic rite to afford 4. We upectod that tha generated zvittorion rpeciea 

4~c ehould eventually rurrengo to sive the hypervalent three-red ring interaadi- 

etea 3~c since the latter uould be rtabiliaod by the ~agetiully lou-lying. unoccupid 
mleculer orbital (LUl90) of the m-type of the iaiduolicpl electron acceptor mysta adjacent 

7415 
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to the hypwvrlsnt sulfur. Thsrsul 

by both the unique 8trbility of the 

tion. 

cholotropic dothionylation of 3 should bs fscilitated 

thione k and tbs irreversibility of thie frqnenta- 

The ultimte rwult vould then be reversal of the trm8fonution 7 - 8 vith the 

intorwdi8cy of 38-c on 

imid8roliw ion8 10 

8ain.8. 

Ib* germrd rchaw 

0. Art-m 
b. An-CF3S03 
c. An-1 
d. h-8FI 
e. An-Cl04 

the rrrction 8urf8co connbcting 4 and 5. if the lithiatod 

would be tre8tod vith 8ulfur dioxide. 
10 ailfines, md N-rulfinyl- 

3 

a. X-O 
b. X-CR 
c, X-NR 

Lithio-Mduolim Belts 10 uul tbmir SB tuctial with ruL ol~lu: The very 

hygro8copic 8t8rting imidiuolium 88ltc 98-d wore proprrod, in practically qumtitrtivr 

yields by the traa.mont of I-nthyliPibuole with an equimlrr mount of th8 l lkylating sgent 

(C$Br, CHjOS02CFj, Cl$I. (Cl$),,O+B?, raspectivelyl, and 9t by the uchimge of the 

bromide urion of 98 vith the pwchlor8to anion of radium perchlorato in mthylene chloride 

8olution8 (se* axpwimsnt41 rsction). 

Lithistion of the imidszoliwa salts 9 v&s l mily achieved vithin a fev minutes by 

troatmont of their rtirrod susmnrionr in 8protic 8olvont8 (umthylene chloride, totrahydro- 

fursn, or diothyl sthsr) vith l quimlar mcunts of n-butyllithium at -78.C under inert 

l tmosph8ra. The fornrtion of rho lithiatad species. to vhich we urignod the structure 

depicted in 10, ~88 widont fran both the clsar hampmwus solution8 obteimd jwt after 

the completion of the 8dditirm of the ba8m. and the fmt quenching of 10 vith veti 

l loctrophilw to yield 2-rubatituted imidatolium 88lt8. It 8hould b8 noted that except for 

th+ triflate imidm.olium 88lt 9b. vhich i8 roluble in ethylene chloride and THF. sll the 

othor8 (i.e. 9a,c-e) 8ro in8olublo in 8protic l olvmt8. SignificuItly’, the 8olution8 of 

ths rorulting orgamxnt8llic rpecios 10, ruined hcageneoue on alloving ths reaction 

tqraturr to ruch up to about -40% llaithar rurpenrion of 9a in diethyl l thar nor of 

9s in TUP afforded clr8r hcmogemou8 solutions after being treated vith n-Bufi won undsr 

high dilution conditions. lb888 obrorvationa c88t8d 8a8 doubt conc8ming tha ~8 of l thw 

&8 l l olv8nt or imi&tolittl porchlorato ult in the final atop of the dsrignsd l chems. 

Quenching of tin honogumous solution of lithiocarbenitm ion 10 vith D2Q. CH,I!r ad 

Ph2PCl rosultod in an imnedfete l ppeerenco of turbidity snd l fforded tha 2-deuterrted (qum- 

titstivsly), I-rthylsted, ud 2-phosphinsted imiduolixm salts I%-c rorpctivoly l s 

8hown bolw. Rocovorrd 8tart8d pltwial* 9 vwo the c&p other product8 in thorn 

1ithiuuJts rmction8. 

The abow rosult8 8ot tha *tape for the crucisl p8rt of the drrignod rcheas. In follov- 

ing the uy protocol, the treatment of the lithiated spa&es 10 vith ths olectrophilic 

sulfur dioxide aa ~11 ss vith it8 C- and W-•nsloguss (i.e. rulfinrr and N-rulfinyluninss 
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I 

Qa-e -$+ 10a-e Ed -78-cr.t.t rf: (8-E 
IAn- 
12 

b=W o. E-D; An=Br or OTf 

Eb=CHaBr b. E=CH;I; An==Br 

Ec=PbPCI c. E=PPh2; An=Cl 

rqaoctively) should load smoothly to 4a-c which, in turn. era axpectad to give k 

via tha intomdiacy of the hypervalont thr~waaaborod rinp l ulfuranes Ia-c (see abow). 

(*I~latfuooftlwlit.hi oarbairn iaa 10: Diminocyloproponium 
22 and dihydro- 

l ropinium 23 salts ( 13 and IS rospectivoly) are l loctronically similar to the iaida- 

rolium salts 9. It his boon postulated that an oniurp ion 14b is formod as an inter- 

aodiate in l n&or of raactions2’ and that a similar onium-anion spocios (i.0. 16 1 is 

formd in the vinmidium ryrtom 

frca the N-methylbonzthiarolir 

15 2s 
‘*lt:26 

In addition, l rhort-lived carbane was produced 

14a 14b 

Thrroforo. both 1Oa and lob as wall as the carbons 1Oc rhould be conridored as 

posriblo structuroa of the lithiated imid~rolium l pocioa 10 in the aprotic solvent rolu- 

tions: 

lob 

Clearly. under our reaction conditions. no “fin” oniw-anion rpocios of typo lob ir 

prosont since its forution would bo l ccapaniod by precipitation of the corresponding rolar 

l quivalentr of LUn (0.g. An - Dr. OTf. I. etc.1 which are insoluble in the rolvmt ndia- 

rthylona chloride or totrahdrofuran (LiUTf, howwr, ir soluble in IHP) . Since the l uspon- 
siona of the imid~~olicrm ulna 2 turn& into clear hmgonoous solutions on lithiation. w 

mst concluda that in our case tba litMated Liduolitm spacios are xx* likaly to ba 

l&. This ir in accord vith umlofoum lithiated rpocies U.O. 14~) sqgostd l m th . 
22.27 actual intorndiatms in similar roactims porformod on tha diaminocycloprop8ni~ 8yatr 

and in contraat to the “irea” oniw-anion 16 proposrd2’in ttm dihydrodiampinitm urios 

lb turbidity imodiatoly dovalopod vithin the clur cold haogoneoua wlutianr of 
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101 folloving the addition of tha l loctrophiloa ir l rorult of the insolubility of both 

the 2-wbmtituted productr (1.a. l2a-c) aa veil em the roloased LiAn mltr in the orgenic 

l olvent~. In the ceao of the trifleto Qb in THP. tha dovolopod turbidity h due solely 

to the product. since LiOTf is soluble in IHP. Similer protonations 
22 , l lkycyletions 

22 
end 

phorphinetions2’, under cvrablo roection conditions, ~avo similar rorultr. lhir rupporta 

the validity of the proporod structuroa 101 and 14a for the lithiocerbeniw ion 

rpecior . A contributioo of a carbona structure (l&l ia highly unlikely since on 

thooroticel grounds this vould roquiro l conriderablo 101s of reaonence stability end on 

experiment&l grounds thir vould roquiro the obtaining of the corroaponding totreminoethyleno 
dimer 26.28 
-* No dimera (0.0. 24 1 could be dotoctod in our hands in the troetment of 

l ltr 9 vith BuLi under l verioty of rorction conditiona. 

malent thr _rmd eulfurmne md their frmfatim: The roaultr of the exper- 

lments in vhich the lithieted reltr 10 var. trortad vith sulfur dioxide 
10 , sulfiner. and 

N-sulfinylaminor era a-ritod in Teble 1. 

TAblo 1. Yiolda of Imid~rolo Ihiono (1~) in Sulfonyletion of Lithiatrd 
W.N-dimethylimideuli~ Seltr lJe.b. 

Entry Starting Sulfonylrting Agent Solvent Reaction Yield of Other Product. 
Selt Tim Je (XI Isolated (or 

(hour*) identified) 

110 

210 

310 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

sulfur dioxide 

rulfur dioxide 

sulfur diaxida 

(C2H5) 20 

CH2Cl or 
-A 

CH2Cl or 
lH3 

CH2Cl2 

CH2C12 

THP 

THP 

TRY 

P N-rulfinyl eniline(‘)(g) lIQ 

91 lhiirene a2C12 

eb Ihiiruu llIr 

20 36.8 

>12 trace 

>12 0 

5 33.7 

20 40.5 

18 26.2 

96 60.9 

19 treco 

15 21.1 

24 24.9 

100 2.3 

18 7.0 

20 2.4 

At no tiw did tJn reaction drturo bocaw bcmogonoous in this entry.lO 
Sulfim 
Yiolb: )&18.8X: E-16.61 (bared on tbo fluoramthiono-S-oxmido wed). 
Yields: J&34X; u-431 (bared on the fluorenethiono-S-oxide wed). 
N-rulfinylaine 
Pere-toluoneaulfonemido 
Anilinethionyl chloride 
The hydrolyzed starting l ulfonylrting agoma. 



Chektropk fragmentation 7419 

significantly, in each of the runs associated vith the transformations 4a-c - Sa, the 

recovered starting imidaaoli~ ult 9 coQDl$mented almet to quantitative yield (based on 

9) the yields of the thioru 5a. lho origin of tbo otbor productr obtainod and idan- 

tifiad ir th l lectrophilic counterpart. 

SCP-It0 calculations revealed that rho lovest enorgy rod0 of decaposition of specioe of 

type 4 ia dissociation into the ainglot carbeno-sulfur dioxide caplu lying only a fev 

kcal above the bound rulfur diaxida.” Consoquontly, the equilibrium of 10 and 11 

(sulfur dioxide or Nlfine, or Y-Nlfinylaminol vith 4 accounts for the isolation of 

subrtantial amonnts of the starting Mdaaoliupl salts 9 aftor the wrk-up at the and of 

the long-th duration l ulfonylation-thionation reactions (0.0. 10 - 5a). 

The fact that thione 5a and the recovered starting imidatoliw salt 9 appear to 

be the only products originated in 9 in the transfowtion 9 - 10 - 4 - [31 

- 5 strongly suggo8ts that: 

a) the yioZd of SA is actually tbo ultirvts conversion percontape of both 9 and 

3 to 3a under the roection conditions employed; 

b) the hyporvalont threodzud tAfahotorocyclo 3 fa in&d the intodiato connect- 

ing 4 and 3 on the reaction surfeco; 

cl the atebiIirinp l ffecc of the I.UMO 02 the irfdarolium n-•yetr on the adjacent incfpimt 

hyprvalont sulfur is considereble enough to facilitate the roarrangoront of 4 CO 

3; 

d) once Zonwd. the three-&red ring sulfurene 3 haa a life-tir sufficient 

(before collrpsfnp back to rho highly resonance-stabilized rcyclic svittorionic isocrr 

4) for undergoing A chelotropic frapntrtion loading to Sr; and 

8) the thermslly-alloved cholotropic frapmtetioa of 3 to give 5~ ia energoticelly 

the moat favored one l veilable to this intormediete in its g-d #tat.. 

We do not h~vo ~a yet any direct evidence about rho relative “steady stat.” concontra- 

tions of 4 and 3 (e.g. -_[41 4 [31 -_) vithin the overall set of equilibria 

proailing in the multistop transfomtion of 9 to Sa. Wo did establish, hovevor. 

that the kinetics of the fragmentation of specior of type 4 (o.g. 4 d: R-liX2. 

t-c. X-Y-0: and k: R-n-Butyl. 2-C. X-Y-01 is of the first ardor vith cacppositos of 

kl-1.0x10 
-410 

(in CD3CN; 45.C) and k1-1.2x10-4(in DHSO-d6; BS’C) for 4 d and 4 l 

rospactively. rnas0 r.Nlta indicate that the hypervalent thr -red thiaheterocycloe 

3 enjoy considorablo them c atability vhich can be accounted for in tmma of the b 

arcaticity l5 largely confined to roleculor vith thr -red ringr including three- 

&red ring hetorocycles (0.0. thiranea. oxiranos, uiridines). Indwd. the latter 

resdle cyclopropane in exhibiting unaxp+cted stability ccubined vith unusual chnical 

behaviour. l5 

Inrpoction of Tab10 1 rwulr throw iqortant rrpactr l rmci~tod with the described 

truuforntions: they are highly solvent-dependent (antries 1,21. Tlmy are tWepen&nt 

(ontrios 4.5; 6.7; 9,101. In the caao of the Nlfine 17, an additional product (i.0. 

191 is being formd, on top of tha thiona Sa. and thm axpoctod product 16 vhich 

result AS a conaoquenco of the cholotropically extruded thione. Ala0 some rocovored starting 

imidaaolim ult 9(a,bl is obtdd. 
lho rurkablm solvent affect king mat prarounced in the CAS. of the sulfur dioxide AS 

the sulfonylating agent lo, can be rationalized (speculatively AI yat) in twu of stabilised. 

solvated orgmo-lithirn rpaciea in other. coqarod vith the cqtitivo rmction of tha lith- 

ium roagmt with the l olvont in rthplene chlorideH and the acid-bare typa lU?:S02 cc&a 

in tetrahedrofuran. This observed aolvmt-dependency could be qctad. W. rinca 

rtronp l olvont l ffocts in l lectrophilic reactions ” and. particularly, the sensitivity of 
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many roactiofu of l olfur dioxib to the rolvont urad is wll-docmmtod. 32 both tim- 
dopondoncy and tha ult’a anion-typo dopondoncy of tha pioldr of thiona k cm ba 

accounted for in tonan of the cycliution (4 - 3) and fragwntation (3 - 5 + 

6) r&tam and the rolativo rolubility of both malta 9 and 10 in tha solvont wdia 

rorpactivolp. 

I 

cf: 1. BUU 

@Hi - PI - 
I&u)- *. 

9a.b 
/p 

S 

17 + (90) 

As ve previously rqxxtod!O. thiouroa dioxidea (i.0. 4 : It-NR2; Z-C. X-Y-0) and 

phomphino rulfido-S-dioxides (i.e. 4: R-Aryl & N-•lkyl: Z-P! X=YW yield on themoly- 

ris the corrorpondinp ureas and thiourear and tha phorphina oxidea and phorphinm rulfidor 

respectively. The intmmodiacy of l throo-mmmbered l ultitn 20 YU proposrd 10 
to account 

for tha formation of both ureas 2l~ ad phoaphino oxidor 2lb in these transformations. 

R_. /‘\ 
4 - (R&,2-s,);--, (RR+0 + S=X 

R 
20 21 

a. R-NH2 or NHR; Z=C; X-O 
b. R=Aryi or N(~lkyl)~; (R)-N(~lkyl)~; Z-P 

Atulogour Spiro thrao-mmborod riw intormodiatos in the cam of tha rulfonylatad L&IA- 

zolilllp l pociw, (0.X. IDA-c) are highly unlikely. Indood, nithor 2-imid~zolona 23 

(as A rorult of the axtruoioa of 8-I fro 222) xmr tha totrmaino l thyluw 24 (t.ha 

axpoctrd product in cam of th cholotropic fragmntation of 22) could be Qtoctod in tha 

sulfonylatioru of 10 vith sulfur diaxido. 8ulfin 17. or Y-rulfinylaainmr. 

I I 
24 a. x-o 

b. X- a 

c. X-N-1 -8 

Ua mst conclude, tharoforo. that tha origin of birfluormylidora (lob) is clearly 

not 22b. lbim mam that 19 va8 form& l ithor frm tha unroactad 8ulfino 17 or 

fra the l ulfuruu 3b (or frcm both). 
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The fact that thiirano toe, like rulfur dioxide and itr C- and N- ~n~loguor react vith 

lithiatod iaidazolium l ltr to civo thiorm Sa (albeit in -11 yielda) under th mm 
reaction conditions, is strong support for the roqumco 10 - 4 - 3 - 5 depic- 

ted &OVA. l?m hyporvalont thiirmo 36. formed directly by the nucloophilic attack on 

the lithiocarknium ion 10 on thm sulfur atom of the thiirmo. fr&nta cholotropically 

to yield tha obawved thione 5a and l thylmm. 

I 

lOa,b + Sge &&_ 5a+ CH,=CH, 
G 
I 
3d 

In this roaction. l a in the cholotropic loar of carbon monoxide form cyclopropanonor 
33 and 

the cholotropic fragwntationa of 3a-c, storoochmical informtion on the axtru~ion 

procerr is lacking. Novovrr. for the rolatod rworm procoar. the l toroo8pocific combination 

of singlet carbanea with olofinr to give cyclopropmas, sadeqwical c&lculation yield 

roaultr in concordance vith the analysis of non-linear cholotropic procorr. 
34 

Intorratingly. thm reaction of the phony1 iaothiocyanato vith lob afforded the 

botaino 25 (analogous to 4~) under the mama reaction conditions (8~ experimental 

rection) vhich led to the thiono Sa in all the othrr roactionr stdied. 

I I 
L’S 

lob + PhNCS - +C<N_Ph;=f: 
c c 

@+‘:i_Ph 

I I 

25 25i 

The cycljution of 25 to its intomating - as yet unknom - throw mamborod ring 

iaomr 25i, may provide A system l uitablo, in principle. for cholotropic frrgimntation 

uulogoua to that of the hyporvalont throo-mamborad thiahotorocycloa 3. Apparently, tha 

mild conditiona applied (-78’ - r.t.1 are not rufficiont for overcoming tha onorgy barrier to 

a cholrtropic fragmontatien vhich vould rerult in obtaining the high-morgy spocioa dirtolium 

wthylide md thimitroao bonzono u the primary productr. 

At the thmroticaL~locul~r orbital low1 (tlINDO/3 vith g-try-energy optimization) 

the orbital corrorpondoncm for tb fragmmt&tion of l ringlot hyporvalont rubrtitutod tNa- 

dhxirum 1~ to dioxygen and thiono 0 - 5 l 6; X-Y-0) ir doacribod bblov 

(Pig. 1) .I0 

Along thir framntation rmction coordimto A singlot-triplot crorrinp occura. Indood. 

an mxtorml heavy atom offact vam found in tbm thomlysia of both n-butylthiowa dioxidm 

and dimethylmino diphwqlphorphim rulf idtS-dicxide. lo 

In taking ~11 thm uporimntal l vidonco and thoorotiul conridoratiorm into account, thm 

folloving genorrl mochaniam ir l ggostod for t.ha thormolytic cholotropic framtation of 

imidazoli~ rulfimtos 4a-c. tN0ur.a diaridu. phosphinr mlfido-S-dioxidor. md M&to- 

lirnrhypomalmt thiirmoa (3d). 

Tho key role of hyporvalmt throw-rod ring l ulfurams in the transformation 3 - 

- 5 in ayparmt. 
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n* 
n P- X 

Y 

?Qura 1: Orbital corrorpondonco 

dioxygon . 

for the fragmentation of a hypervalont thiadioxirano to 

for (a>@$ 

J- 
(+=S 

5 

3ii 

and (c) 

Y 
+El 

X 

(a) Z-C; 

(b) Z-C; 

(c) Z-P; 

RR- 6 ; x-o or 
I 

R-NHR; X-Y-0 

R-aryl or N(alkyl)2; 

- 

for (b) and (c) 

(R$z-o + s-x 
21 

CR, or NR; Y-O 

(R)-N(alkyi)p ; X-Y-O 

l’ha airtmco of hypenmlmnt thr -rod thiaheterocycloa aa intorrdiatw on the 

reaction surface connecting l pecioa of typa 4 vith thionw 5 hm beon l stabliahed. 

When qpropriataly substitutsd (a m-typa IAM adjacent to suflur), those intermediator onjoy 
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suff icmt tJm rmdynadc stability fb-•rasatic ?) vhich onabler thaa to fragmsnt choletropi- 

tally to afford tba cormspan% thicmos (or phosphilr sulfLL*). MS ti of fragmnta- 

tion, appears to be a gwral pettorn in Qm themiysl of ths isolgous C- and P- (my k 

N- too) sprcios of typo 3. 

?xperimental daction 

Goneral procedure for ths p-ration of N.N-dimthyli*idaaoli~a salts pa-d. 

Iho l lkylatio9 l pmt 1i.e. Clt3Br. CH3OSO2CP3. Q131 and fC113)30+BP,-) (0.1-l ml1 VA* 

added dropwise into a cooled solution (icm bath or cold vatorl of l-msthylinidasolr (8.12 - 

81.2 p, 0.1 - 1 m01) in Prthylm chloride (20 - 40 all. lbo mixture vss allomd to stir at 

room tasrperaturm over a period of 112 - 2 hr after the cmplotion of the addition. Iha 

product vaa isolated l ithar via filtration or aftor tba rmoval ot tha rthyloru chloride 

undor reduced prosauro. The yields of ths very hyproscopic, colorloss iaidasoli~ salts thua 

obtained ato l ssmtially qusntitative. 

NJ-diasthyliafdaaolicrp brarfdo (9~1. X.p, (specially driodf, 104-10VC. IRKHCl3f: 

2960(a), 1574(r). 1173(v.a.), 620(a) m-1; ’ H NNR MSO-d61 6 9.29 (broad s. 1H. arm.). 7.86 

(d, 2H. arus.1, 3.92 (a, 6H. CH3). 

Y.Y-dimothyliaidasolirtrP triflato Qbl. l’?w crud. salt obtain& after the rsmval of rho 

rsothylmo chloride VII purified by dissolving it in a chloroform-other duturo (3:l v/v). 

cooling the solution in an l cotonm-dry icr bath and decanting the solvmt from the colorless 

precipitate. after rep-sating this procedure for throw tins, tb precipitate vas taken up in 

methylone chloride, dried fh@O,t, filtered, snd the solvent rorsoved to obtain 28.96 p 

(94.1X. 0.125 noI scold of gb. tI.p. 34-35.5-C. IR (neat): 3160. 3120frl. 1576(m), 

126S(v.~.l. 1222. 1160(s). 1029(v.s.l, 751(~1. 630(v.s.l cm-l; +I NKR KDC131: b 8.68 

fbr.s, 1H, arom.). 7.39 (d. 211. aran.), 3.86 IS. 6H. CH31. This triflate salt is readily 

soluble in aothylone chloride and IHP. 

NJ-diaothyldiatoliws iodida (#l. Iho quality of rho crude salt obtained on a 1 mol 

scale via tha Ronoral procoduto doscribed l bovo vas l atiafactory for the aubsaqumt atepa. 

NJ-dimthyliaiidasoliws tetraberate (edt. 7th ccopwnd is a colorloss oil at rotas 

temperacur*. Sewral stteapts to crystallite it fsiled. lH NKR (D20f: 6 8.65 fbr.8, 1H, 

srom.). 7.49 Cd, 2H, srca.). 3.96 (s. 6H, CH3). 

YJ-dimsthylisidasolium parchlorata C@l. This salt vaa proparad by stirring s auapan- 

sion of P,Y-dimsthyliaidaaoliu bra&de (2~1 (8.22 p, 46.4 sol) and aodiu perchlorate (7.69 

R, 62.7 moll in mthylone chloride (200 all for 24 hrs. Filtration of the roactim mixture, 

follovrd by removal of the l olvurt under roduced prosauro l tfordod the wry hyproacopic 

porchlorato 9a as a pale yellov oil (5.50 p. 60.3%). vhich has very lov solubility in 

mothylwsa chloride, THF and other aprotic l olvonts. III fnoatl: 3172. 313S(al. 1582(1f, 

1180. 1100 (v.s.1, 843, 755 (ml, 618 (V.I.) ua-‘; +I R?fR (DtiSO-d61: 6 6.09 (br.s. lH, 

arm.), 7.63 (d. 211, arcm.1. 3.94 (s, 6H, Cii31. Anal. talc. for C5H9ClY204: C. 30.55; 8. 

4.61; X, 14.25; Cl, 18.03. Found: C. 30.33; H, 4.66; Cl. 17.99, 

1,2,3-Triasthy1i&lasolirra bra&do. Using tha procedure dmaerib& st th outset of thia 

l ction, tJm titled cuspound vas obtained in l sswtially quantitative yield by the troatamt 

of 1.2-dimothylimidaaolo vith asthyl bromide. 1H MfR (D20): b 7.38 (8. 2H. arm.). 3.81 (8. 

6X, Y-CH31, 2.64 (s, 3H, CH31. 

Y-mthylbmsothiasoli~ brddo. This salt could bo prrparsd fra bonzothiarolo and 

rthyl bromide by tha sams procoduro that vas uaod for obtaining ths midatoli\n salts 

9a-d . !l%o @old. hovwbr. vaa wry poor (atcut SW. The coqawd vas puriiied by 

cryatalliaation from a larpo amunt of rthyhno chlorids. IR fnujol): 1587. 1522, 1440, 
1407. 1129, 887. 718 as-‘: ‘H NHR (CMU-d6): 6 10.54 (a. lh. hotrarea.1, 0.36 b. 213. 
arm.), 7.91 (ID, ZH, aron.1. 4.37 (a. 3H, CH3). 
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W&l m far t&m lithiAtia, 4 l 1Actrophilic 8&8titutiaB OF irlll.Hlill AAltm 

Into A cooled (-7gW AtirrAd AuApauion of the imid~zoli~ malt 9 (5 mol) in acmption- 

Ally dried rthyl~n~ chloride or totrahedrofurur (35 ml) under An argon AtmoAphoro, n-butyl- 

lithium (5.5 ml: 1.6 Ii Aolution in h~x~no) VAB AddAd dropviA over A period of five to 

IAVon aimlto~. The Aurpuuion turmd int:, A clAAr solution of 10 Aftor About ton 

Ifmtorfraa, the atArt of tha Addition of the lithim bAaA. T?m homogAnwuA Aolution vu 

Atirmd for An AdditionAl 10 to 10 minutes beforo Adding th l loctrophilA or quuxhAr vhilo 

mintAining the raAction teqerAture At -?8’C during the Addition period and for An Addi- 

tiotul hour AftorvArds. TEA raAction taperatura vu then Allowd to roAch rooa tqrAturo 

grAduAlly. FiltrAtion of ~JH reaction rlxturA AffordAd thy 2-AubAtitutAd iaiduolirrm AAltA 

12 which mro fur&m purified roquirod. 

l_o-B.~~llMduoli~ ults (12~). The deutorAud brccridr and trif 1Ato 

12~ vero obtAined in l raentiAl1y quAntitAtivo yield by the quenching of wlutiocu of 

10 A.b in awth~lau chloride And totrtirofuru, vith D20. BithAr jrut filtrAtion or 

UltrAtion followd by the ramovd of the solvent afforded tha crud. dAutArAtAd ultA 

UA. TEA NiB AmtrA of thA producta rwulAd only the tuo Arautic protolu at b 7.86 

And 7.39 pp for the broaido And triflAto AAltA roApActivoly. AA Axpetmd. the broad paka 

of the 2-protona at b 9.29 and 8.60 nrputivoly voro miming. 

hirtbyl3midA&liu tide (lzb). Imid~zoliua bromide K&I (1.631 g. 9.2 naol) 

VAA trAAtAd tith n-BuLi (7.4 ml of 1.6 II rolution in bxa~) in dry wthplAno chloride 

(70 ml) under Argon Atrrorphwe AA dorcribed Abova. Forty-five minutes later, gAreoun methyl 

branide vAs bubbled into the reAction mixture over A pried of 20 minutor. Folloving Addi- 

tioful Atirring About 1 l/2 hourA At rota trmperAtur0, the colorlAAa prAcipitAto of 12b 

VAA filtorod frm thy ruction tituro. IhA crudA prOduCt VIA COntAMinAted vith thA 

unrmctad (Or rOCOVbrAd) AtArting rAlt 9a end ContAinAd AubAtAntiAl Amounta of the 

Aolvont . Two conAocutivA triturAtionr/utrActiona of the crude 12b sopmated it frcm the 

chloroforPinAolublo unrAActAd AAlt 9~ And the inorgAnic lithium AAlt. The yield of purA 

m VAA A6.6X. ItA ApACtrOICOpiC dAtA VAT0 idAnticA1 t0 thO#O Of An AUthmfiC mmple. 

If Aulfur dioxide vaa bubbled into A hmugonwuA Aolution of 101 in #thylAno chlor- 

ido follwAd by the bubbling of gAAAouA methyl branido, than no trAco of the trinthylM&- 

rolim brcrmi& (12b) could by dAtoctwl Aftor thA wurl vork up. Only the AtArting AAlt 

9A vu rocovwod. 

2~l~,~~li~idAxoli~ chlmidr (UC). ShiA AAlt VAA prApArAd 

VIA thy proculuro doacribod l bovA wing tetrahydrofuran AA Aolvmt. 
35 

Gmmral proa&ro for wm ructial of litMo_idduo lim Balls 10 with dfinu. 

m-sulfinylRbn8, d thihaw. 

The lithio-ralts wore propmod in dtu by the procoduro dercribed ~bovo in wthylmo 

chloride or lXF (20 - SO al). Mtor ~llovinp the hmogmwuA Aolutionr to rtir for an Addi- 

tiC+Ul tAn dIlUt.A At -78.C. On AquiVAhnt 0 i thA Aulfonylrting l lectrophilA (i.A. l ulfinA, 

Ii-AulfinylAminA, And thiirAnA1, in 5 - 15 mL of the Aolvont ur~d. vAA AddAd dropvim over A 

period of 10 - 20 drmtos. The stirring of the roAction 4xture VAA orintAizud At -7PC. for 

an Additional hour. And thmn the reAction t_rAturo VAS ~1loww.l to rAAch rocm twporatura. 

Stirring of tha roAction lixturo at rooa tqrature VAI continued over pAriodA of 5 - 100 

hOUSA (AH TAblo 1). 

Etaaov~l of the AolvAnt undAr rAducAd prossure VAA folluwd by AxtrAction of the residue 

with ethyl atha, drying, filtorh# ud raeowl of the other to Afford the thiono k 

topothor with the other roaction productr. Iha yield of k VAA detorrinAd by aAnA of 

hQtR integrAtion of the crub product. The pure thionA could be obtAinod by colum chrololto- 

graphy on Ailic~ go1 vith wthylono chloride AA the l luAnt. 
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(The unrmctod rtarting fddnzolirrr mlta could k rocovotod). 

m0 apcific dmilr 02 l ad! 0m-y (typa of rtartina ult urod. l olvmt l rbd rmction 

time) aa ml1 AI the yiolb md products obtdnod are piva in Table 1. 

Pluoroanothion-S-d&, di-+-butylthion-S-oh md W-sulfinyl-p- toluam~lfonrPib 

vere prepared according to rthnda doscrikmd in tha literature. Y-mlfinyl aniline and 

thiirmo are cor#rcially wailabla. 

nn ructioo of Ii -burn salt 10 with phmyl iaothiocymuta. 

nn iaolatim of btAilb8 25. Into the ~onmow rolution of lob prepmod aa 

already dercribod frar 9b (0.565 1. 2.295 mol) and n-BuLi (1.70 ml of 1.6 n solution in 

hoxane) in THP (30 ml), vaa ad&d. dropvim, om l quivalont of phony1 isothiocyuuta over l 

period of 30 min. at -70.C. Ihr rrction mixture vm l llcumd to rnch room tmporatura and 

stirring was continued for l additional 1 l/2 hourr. Filtration of the rmction mixture 

gave yollov solid (0.134 g. 30X) the IR and lBfR spectra of vhich uoro coruistant vith that of 

botaine 25 . IR (CHCl ): 32962(r). 1598. 1583(r). 1494(&j, 1447(n). 969(a). 647. 617(m) 

am-l; ‘ii NHR (CDC13): 6 7.54-7.00 (1. SH, mm.). 6.el (8. W. l rcm.1. 3.88 (B. 6H. CR 1. 

No optimization of the rebction COILditiON - in order to improw rho yioldr of 25 - 

bs beon attempted. 
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