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I lntroduct~on 

A pervdnve method for the fomint1on ot new bond\ I\ to redct dn election I 1ch redgcnt (nucleoph1le) w1lh J 

substrate (electrophlle) contduung dn electronegative dtom or group (lenving group) Fonndtlon of the new 

nucleoph1le-substrate bond by electron pair donation from the nucleophlle to the substrate 1s made possible by 

bre,tk,tge of the substtdte-fedving group bond In order to conserve vnlence octets, the lenvlng group retdIn\ the 

electron patr formerly shared with the substrate Figure 1 shows the process in cdrtoon fd\hiOn 

Frgure 1 

Nu:-ZL? 

I 
N”-z + .x 

I 
SUBSTRATE SUBSTRA I’E 

Thus proces\ of substttuuon of one group for dnother I\ attrdctive cynthetndlly \ince 

there dTe many possible vu-tdtrons on the theme A wide range of election donot\ LIII be used ,+s nucleoph1le\, 
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1110 R V HOFFMAN 

different elements (Z=C, N, S, P, SI, Se, Sn among others) can serve as the electrophthc center m the substrate, 

nnd many leavmg groups (X= halide, sulfonate, phosphate among others) can be employed 

One rnvanant feature of the process, regdrdless of the nucleophrle or the elecuophdtc element Z, IS that the 

ledvmg group is converted from a covalently bonded atom or group to an dmon (for uncharged substrdtes) In 

order to accept negattve charge readily, the leaving atom or group must be stable as an amon, and thus must be 

able to stabrhze negahve charge erther by electronegahvity and/or resonance Hahdes and sulfonate esters are 

commonly used as leavmg groups for thus reason 

A covalently attached leavmg group imparts the same oxrdatlon level to the electrophrhc dtom Z ds does ,r 

hydroxyl group, thus tt 15 not surpnsmg thdt hydroxyl substttuted substrates are nnportdnt stnmng mdtendls for 

the prepdratton of substrdtec wtth leavmg group5 dttdched (Fig 2, pdth a) A conceptudliy dtlferent dpprodch for 

Lnt,tchtng leavmg group5 to substrates IS to oxtdrze the substrdte with an oxidant thdt dehvers the lenvmg group 

duectly to the future electrophlhc atom 2 (Fig 2, path b) 

Frgure 2 

Z-OH Z?X 

I 
w-1 

I 
tx+1 

:z 
I 

SUBSTRATE p‘ith ‘t SUBSTRATE pdth b SUBSTRATE 

Both path a dnd path h cdn be u5ed to dtt&h h.tlogen te‘tvmg group5 Sutton,ue Ie,tvmg groups on the 

other hdnd, dre better leGjvmg group5 thm h,rttde\, but ‘ire nomMy nmoduced by convertmg the hydroxyl group 

to ‘t sulfonate group wnh a 5ulfonyldttng agent (pnth d) 1 In ?ome instances the sulfonylatton of hydroxyl groups 

1% problemattc since the sulfonate products are redcttve compounds that may not survtve the condtnons of thetr 

form&ton Unttl recently there were no methods nvdrldble for the oxtddttve mtroductton of \ulton,ite group5 mto 

5ubstrdte molecules Were such methods avarlnble, subsmutton chemistry ucmg excellent sulfonue ledvmg groups 

could be extended to mctude new 5ob5tr6ttes, ,tnd thu5 new synthettc methodologte5 could result 

Convdel.won of Fqprre 2 \ugge\t\ th,n ‘I 5ynthetlc equtvalent of RSOzO+ could recut wuh m electron p,ur 

of the \ub\tr.ue .md thu5 oxld,ntvely dttdch ‘I 5ultondte leavtng group to the \ttbstr,tte Sultonyl peroxtdes, 

R9020002SR. I, re,tcttng ‘tr, p5eudoh‘tlogen electrophrles would provide the de5ued 5ynthettc equivalent 

I I Arenetulfonyl Percmde~ UT Elemxphde~ Sultonyl peroxIde\, I, are denvattve5 ot hydrogen 

SO,-R 
O-O’ 

R-Sb2 

I 
2 ‘3 X=H 

b X=p-NO2 
L X=m-NO2 
d X= o NO1 
e X= m-CFs 
I X= 3,5-(CF3)2 
a X=p-Br 
II x=p-Cl 
I X=p-CH7 
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peroxide in which the O-O bond IS flanked by sulfonyl groups While sulfonyl peroxides wth both dlky12 and aryl 

groups3 attached to sulfur have been reported, the largest group of compounds are those with aromatic groups 

attached to sulfur, I e bts-(arenesulfonyl) peroxtdes, 2 Bls-(arenesulfonyl) peroxides with a vmety of aryl 

substltuents have been prepared 4 

The electrophlbc properties of sulfonyl peroxides 2b, 2c, and 2e have been convmcmgly demonstrated m 

their reactions with aromattc compounds Extensive studies of aromanc substnutlon by arenesulfonyl peroxide\ 

cdmed out by Dannley and coworkers - 5 10 showed that arenesulfonyl peroxides give aromahc subsututlon by an 

electrophlhc mechanism Electron donanon from the aromatic substrate to the peroxlde yields a Wheland 

Intermediate and thence product by proton loss (Eqn 1) A wide vdrlety of mechdnlstiL tool\, summarized 

elsewhere,3 were used to Lonfirm the meLharu\m Others hdve supported the electrophlhc mechamsm of aromntlc 

\ubstmmon ‘1 

ArSO$I 

ArSO*O 
r ArSO, 

A few \cattercd reports mdlcate thdt drene\ulfonyl peroxldee yield dddmon products with olefins These 

were ongmally thought to be the result of free rddlcdl dddltlon redcuons 12 However, renrrangcd products from 

the reaction of arenesulfonyl peroxldes with norbomene suggested that electrophlhc. dddmon to the double bond, 

followed by Wagner-Meerwem rearrangement In the intermediate norbornyl cdtton, wds a more likely explananon 

(Eqn 2) 13 

Based on these results It appeared that sulfonyl peroxIdes had potential for use as syntheuc equivalents of 

RSO@+ and thus provide a method for oxldatlvely mtmducmg arenesulfondte leaving groups Into molecules A 

program of rcqearch mto the redCtlons of sulfonyl peroxIde\ with electron donor\ WdF mmatcd to dl%cover If such 

dn dpprodch wn\ fed\lble, dnd to mvealgnte new Lheml\try thdt might result from this approach The renCtlon% of 

2b with olefim6 x-\y\tem\ dnd with amme\ h,ive received the mdJor ‘tttenuon thus tdr 

+ (ArS020)2 - 

~~Ars@&~ 

+ 

-H+ 

I 2 Arenewlfmyl Peroxdes as Reagents Most \tudle\ have employed p-nltrobenzene$ulfonyl peroxlde, 

pNBSP, 2b, although In \ome Ld%e% m-(tnfluoromethyl)benzene\ulfonyl peroxide, mTFBSP, 2e, has been used 

wnh equally good results Both dre easily prepared by the conden\&on of the dpproprlate nrenesulfonyl Lhlonde 

dnd hydrogen peroxide under alkaline condttions 5.6 The preparation cdn be Ldmed out on d 20g Fcdle wIthout 

dlffculty so that large amounts are readily available 

AF synthetic reagent\, 2b dnd 2e dre very easy to hdndle dnd \dfe to u\e The dtt&hment ot \ultonyl 

group\ to the end\ of the O-O bond mLred\e\ the themlal \tdblhty of 2b dnd 2e by InduLtlve dndhr re\ondnce 
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withdrawal of electrons from the peroxide bond, thus decreasmg electron-electron repulsron The thermal stabtlrty 

IS further enhanced by the electron wlthdrawmg subshtuents attached to the aromatic nng For example tb and 

2e are sohds that can be recrystallized to high punty (>95%), stored for long penods m the freezer (-2O’C) 

wIthout loss of punty, and handled m the laboratory usmg normal laboratory procedures and precdunons These 

compounds have relahvely high meltmg pomts ( 2b, 128’C, 2e, 82’C), although melting 1s accompamed by 

exothermlc decomposlaon The low active oxygen content of these compounds (~5%) precludes violent 

decomposihon Vigorous reaction occurs with neat or very concentrated soluaons of good electron donors such ris 

ammes, olefms, and alkoxides, but sulfonyl peroxides are relatively stable m the presence of oxygen, water, 

dLlds, and a vdnety of common solvents such as acetone, ethyl acetate, dlchloromethdne, dnd acetommIe For 

example, the half hfe for decomposition of 2b m ethyl acetate solution (0 1 M) at room temperature IF = 2 1 hour\ 

Most reactIons of Interest are more rapid, so that c.ompetitlve decomposmon of the peroxIde 19 not u\udlly a 

slgmficant side reacnon 

Compound 2b 1s also very convement operationally It can be analyzed by lodomemc tnranon, both as a 

measure of punty and to momtor the extent of reacaon The p-mtrobenzenesulfonate (nosylate) group also has a 

dlstmct AA’BB’ pmr sIgna that mdlcates If the group IS ionic or covalent If the higher field doublet of the 

AA’BB’ sIgna falls below 8 0 ppm, the nosylate group IS covalently attached, whereas If It occurs dbove 8 0 

ppm, then the nosylate amon 1s present Furthermore the nosylate products dre often sohds that can be 

recrystalhzed easily In contrast 2e IS much more soluble in most solvents than 2b, and the 3- 

(tnfluoromethyl)benzenesulfonate (m-TFBs) products are usually oils 

2 Addhon of Sulfonyl Peroxides to Simple K-Systems 

2 1 Simple Olejins Inmal expenments with simple olefins demonstrated qtnckly that 2b was dlstmctly 

different than many other pseudohalogen electroptules It was antlclpated that electroptuhc dddmon to the x-bond 

of olefins would give an j3-sulfonyloxy carbocaaon that rmght be bndged Elther d three-membered nng (3) or 

five-membered nng (4) mtermechate, produced by InteractIon of the lone pdlrs on the \ulfonyloxy oxygen or on 

the sulfonyl oxygen\ with the nelghbonng cnrboLat]on could be envIsIoned (Eqn 3) In the event, dddmon of 2b 

to UT- and runny-salbene Fhowed thdt neIghborIng group mter&tlon between the \ulfonyloxy group and the 

Larbaatlonic center did not occur t4 Indeed, addition of 2b to \Imple olefin\ gdve complex product rnlxture\ 

remmlscent of product n-nxtures obtamed from the chazotlzatlon of arnmes t5 

Ns 

R,_R2 + 

.&R: Or 

- products (3) 

3 

Thus the strong mductive electron wlthdrdwing property of the nosylate groupI renders the first-folmed 

Larbocdtlon very unadble and prone to rdpld dnd complex redrrangements dnd ehmlnditlon$, even In the pre\enle 

of nucleoptuhc solvents I7 In this respect arenesulfonyl peroxides are qmte chfferent thdn hdiogens dnd many 

pfeudohalogens, which yield stabdlzed carbocanons due to bndgmg mteractions Arenesulfonyl peroxIdes are 

thus not useful reagents for electroptuhc attachment of arenesulfonyloxy groups to smlple olefins This 
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conver\lon, however, can be accomplished readdy by the reaction of olefins with Koser’s reagent 

[hydroxy(togyloxy)mdodobenzene]1*-20 or its vanants 21-23 

2 2 En01 Denvatrves In order to make olefin addmon by arenesulfonyl peroxides a useful redcnon, the 

olefin must contdm structural features that can statnhze the mtermedlate cdrbocatlon and reduce multIpIe pathways 

to product Enol ethers appeared to be excellent can&dates Since the electron nch double bond should react 

rdpidly with the peroxide electrophde, and Since the lone pairs on oxygen could stdbdlze the mtermechdte C&ion d\ 

an oxomum Ion These predicnons were tested by the reaction of 3,4-chhydro-2H-pyran (DHP) with 2b in the 

prerence of akohols Generally hlg;l yields of 2-alkoxy-3-(((p-nitrobenzene)sulfonyl)oxy)-tetrdhydropyrdns, 5, 

were obtnmed (Eqn 4) 24 These results suggest that resonance StabdizdtiOn of the lntermedldte oxoruum ion 

Lnuse\ it to hdve a sufficiently long hfenme In solution to be cdptured nu&ophihcdliy by the alLoh solvent The 

stereochemIstry of the ad&non product5 waq found to depend on the $teric bulk of the cdptunng dlcohol, wtuch IS 

con\l\tent with a lack of bndgmg tn the mtermechdte oxotuum ion 

ONs 

R=H, 85%, R=Me, 85%, 
R=Et, 77%, R=CH,CF,, 15% 
R=i-Pr, 80%, R=AL, 91% 
R=t-Bu, 91% 

These results demonrtrdte thdt one wdy to dLhieve efficient oxiddtlve dttdchment ot the nosyloxy group to 

olefins IS to stablhze the mtermedldte cx-nosyloxy carbocdtion by lone pdlrs on substltuent\ dttdched to the double 

bond, n$ deplcted m Agure 3 This strategy was found to be successful for vmyl acetdtes,25 tnmethyl ~11~1 enol 

ether\,26 ,uid enamnie\,26 which ‘~11 react smoothly with 2b by electrophlhL dddmon dnd ultmidtely yield a- 

no\yloxy ketones 

Figure 3 

ONs + -0Ns Nu: 
_ products 

VInyI &etateq re,Lct with 2b in ethyl dcetdte with methdnol present to give high yields of 2-(((p- 

mtrobenzene)sulfonyI)oxy) ketones 6 (Eqn 5) 25 A variety of Jkyl dnd dryI ketones gdve umformly good results 

with 2b (,lnd al\o 2e) lntere<tmgly, meth,ulot ,ltt,ak\ dnd remove\ the ‘cLetyl group 111 the oxonunii 1011 

IntermedIate, rather thdn undergomg ad&non to J ketdl product 
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AC0 R2 MeOH - 

)_( 

EtOAc, 0” 
+ 2b _ ONs - 

RI R3 MeOH 

ONs + MeOAc 

ONr 

Sly1 enol ethers also undergo analogous electrophthc addmod dectlylntton (Eqn 6) 26 The use ot 

methdnol to scavenge the trnnethylstlyl group gdVe. both de\tlylaton to 6 by ‘IttaLk on ,thr,on, ‘tnd ,rddmon to 

carbon to gave an a-nosyloxy mmethylalyloxy methoxy ,tcetal These proce\se\ ,tre competettve \o th,u a mtxture 

of products wds obtamed The two processes were made equtvalent by the use of water ds the capturmg 

nucleophtle dnd thus high ytelds of 6 could be obtained Regtospecrfrcally prepared tnmethylstlyl enol ethers gave 

regtospectfic conversron to the a-nosyloxy ketone 27 

Me+0 R2 
- X 

EtOAc, 0” 
+ 2b - ONs + ONs (6) 

RI R3 MeOH 

6 

6 (69-95%) + Me3SrOH 

Enammes, which have a lone pau of electrons on d nitrogen sub\tnuent of the double bond, also redct 

reddrty wtth 2b Morphohne ennmrnes of ,t serve\ of ketone5 mcludmg cychc dnd ~ILL~LIIL, Jtph,mc .uld dromdtt( 

ketones were tredted wnh 2b tn ethyl &et.ne ~ont,imrng 2% meth.rnol dt -78OC ,rnd good yreld\ (S?-gg%) of (Y- 

no\yloxy ketones 6 were obt,uned ,tfter workup (Eqn 7) 26 B,t\ed on the low temper,uure requued .md experience 

wtth the redctton of 2b with ,tmrne\ (\ee below), electrophrlrL ,rtt,rtk by 2b prob,rbly occur\ tir\t on nrtrogen, 

followed by a 1,3-rearrangement of the no\yloxy functron to the a-po\mon ot m~nuum 10117 The role ot 

methanol IS to convert the m~uuum ran to the more stable ammo ether 8 prror to hydrolyses to product 

H,O+ 
ON\ - 

8 6 (52-8X%) 

(7) 
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Smce vinyl acetates, sdyl enol ethers, and enammes are all denvanves of ketones, they are complementary 

substrates for the preparation of a-nosyloxy ketones from ketones (The use of 2e gives comparable yields of a- 

(mTFBs) ketones 25) a-Sulfonyloxy ketones cdn be prepared by several other routes In pnnctple the 

condensation of 2-hydroxy ketones with sulfonyl thlondes could be used to introduce the sulfonyloxy group, 

however this route to a-sulfonyloxy ketones 15 much more problemdtlL In many Laye? the a-sulfonyloxy ketone 

1s unstable to the basic condmons reqmred for It% formation This problem Ldn be circumvented by fint prepdnng 

an a-sulfinyloxy ester, which IS then oxidized to the sulfonyloxy ester 28-30 In contrast a-tnflyloxy ketones cdn 

be prepared directly from a-hydroxy ketones by condensation with tnfhc anhydnde 31.32 The lngh sulfonylatmg 

reactivity of tnfhc anhydnde requires only non-nuLleophdic, relatively wedk bdses ds proton scdvengers, thuc the 

a-tnflyloxy ketone IS stdble to the redctton condrtlom The required a-hydroxy ketones Ldn be prepared from the 

cdrbonyl compound by d vnrlety of oxiddtlve method\ 33 

Ketone5 cdn dlso be oxlddtlvely converted to a-tosyloxy ketoneT34 dnd a-mesyloxy ketone935 with 

[hydroxy(tosyloxy)lodo]benzene (Koser’s redgent) dnd its mesyloxy dnaiog, respectively An ddvdntdge of these 

reagents, over sulfonyl peroxides, IS that they react directly with ketones with very small enol contents Another 

mteresting feature of hypervalent lodIne reagents IS that although they dehver a-sulfonyloxy ketones, the attackmg 

electrophile IS electron deficient iodine The sulfonyloxy group is introduced by displdcement In an intermedidte 

lodomum ion (Eqn 8) 36 

Reglospeclficny tn unsymmemc ketones c.dn only be dchteved by reglospeclfic prepardnon of 4yl enol 

etherc and redctlon with Ko\er’s reagent, which yteld\ lsomericdlly pure a-to\yloxy ketone\ 3’ The oxlddttve 

prepdrdtion of a-triflyloxy ketone\ Ldn 6140 be ,iLhreved from 51iyi enol ether\ ,md d trlfldte dndlog of Koser’\ 

redgent generdted 11~ MU from todosobenzene dnd tnmethylsllyl trlfldte ‘H 

Redctlon of ketene s~lyl ncetnl denv&ttlves of e\ter\ wnh \ulfonyl peroxides provides dn andlogous route to 

2+ulfonyloxy ester\ RedLtron of 2b with d \enes of ketene sdyl &etdi\ 9sk gdve 2-nosyloxy ester5 lOa-k 

generally In high yields (Eqn 9) 39 The be\t procedure I\ to use I 5 equtvnlent\ of \odun-n methoxide suspended 

In the redctlon mixture, which serves to neutrdhze the arenesulfomL dud produced dnd thereby protect\ the rdther 

aLId- sensitive ketene silyl acetal At the sdme time it provides a source of methanol to dccomphsh de\ilyldtion 

Even very dlid-ldblle Lompounds xuch dq t-butyl ketene dcetal 9c gives d high yteld of IOc by thlr procedure, 

whered\ only a very low yield wd? obtained in the presence of Just meth,lnol 

There ‘ire \everdl nltern,ne praedure5 for the prep,tr,ttlon of a+ulfonyloxy e\ter\ The conden\,ttlon of 2- 

hydroxy e\ter\ with sulfonyl chlorides to yield 2-\ulfonyloxy e\ters work\ well Thu\ 2me\yloxy, 2-to\yloxy, 

dnd 2-trlflyloxy e\ter$ h,tve ,111 been prep‘tred routinely in the hter,lture by this route 2x,31 40-4* While tt h‘ts been 

reported that e\ter\ dre unre,lctive tow,lrd\ Ko\er’\ re,tgent md it\ derivdtive\, 34 ketene 4yl ncetalc of ester\ rem 

reddlly with hypervdlent mhne redgent\ to provide good yield\ of the 2-niee\yloxy dnd 2-tosyloxy eaten 3’ 
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RI OTMS 
- h-t + 2b 

R2 OR3 

Pa-k 

+ MeOTMS (9) 

lOa-k 

RI R2 R, % RI R2 R, % 

a H Me Me 88 g H H l-Pr 68 

b H Me Et 79 h Me Me Me 67 

c H Me t-Bu 82 I -CH,h- Me 69 

d H Et Et 84 J H -(CH2)3- 73 

e H Et I-Bu 67 k H -W2)2- 61 

f H C,H, Me 79 

In terms of Figure 3, a hydroxyl group IS the simplest oxygen contaming functional group thdt can be 

attached to a double bond m order to stablhze a carbocatlon produced by electrophlhc addltton Thus if 

arenesulfonyl peroxIdes were to add to the enol form of carbonyl compounds, then the need to prepare stable enol 

denvanves of carbonyl compounds would be mmgated The vahdlty of such an approach was confumed when d 

mixture of deoxybenzom and 2b In dlchloromethane was treated with boron tnfluonde etherate and Ftlrred at room 

temperature A good yield of a-nosyloxy ketone 11 was obtdmed (Eqn 10) 26 Under the sdme condmons d 

variety of other simple ketones falled to give products Evidently the equlhbruum concentrdtlon of the enol IF too 

low In simple ketones to react effecnvely with 2b 

HO 
BF3 

- Ph 
t7 Ph - Ph 

11 (89%) 

For carbonyl compounds to undergo dlreLt redcnon with arenesulfonyl peroxldes effectively, they must 

have high enol contents For example, P-keto esters and P-dlketones contam a relatively high proportton of the 

enol tdutomer at eqmltbnum that typrcally ranges from S-95% dependmg on the structure and the solvent 43.44 A 

senes of P-ketoesters Ita- and @dIketone 13 reacted smoothly with 2b to give 2-nosyloxy-3-ketoesters 14a-1 

and ff-nosyloxy-fl-dlketone 15 m high yields (Table 1) 45 Where acid-sensmve functional groups are present, ds 

m 12e, suspension of one eqmvalent of anhydrous potassium carbonate In the reaction mixture to neutrahze the 

sulfomc acid by-product gave Improved results Dlethyl malonate, which contams a low concentration of Its enol 

tautomer,43,44 faded to gave product with 2b 

It IF reasonable to assume that other ketones havmg substltuenn at the a-posmon which promote the 

formatlon of enols would alqo be appropmtte substrates for direct redctlon with tienesulfonyl peroxldes Recently, 

P-keto dmldes hdve been found to react efficiently wuh 2b to give the expeLted 2-no\yloxy produc.ts (Eqn 12) 46 

R,/[j/eN(Et)2 2b 
EtOAL, 0’ 

RI= Me, Ph, I-Pr, n-Pr 

NEtI2 
6Ns 
16 (60-80%) 

(12) 
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Table I Yields of 2-((p-NltrobenzenesuIfonyl)oxy) 3-Ketoesters from the Redcnon of P-Ketoesters and pNBSP 

2b 

OR, - CH,CI,, 0°C OR3 

R2 

Entry Substrate 

12a-1 14a-1 

Prod m p (“C) Yield(%)d 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

12a, Rl=CH3, R2=H, R3=CH3 14a 86-88 62-65 

12b, R 1 =CH3, R2=H, R3=Et 14b 84-86 56-57 

12c, R1 =I-Pr, R2=H, R3=Et 14c 70-72 61-67 

12d, Rl=CH3, R2=H, R3=CH2CH2OCH3 14d 67-69 51-67 

12e, Rl=CH3, R2=H, R3= t-Bu 14e 83-85 46-51 

12f, RI= CtjH5, R2=H, R3=Et 14f 106-108 62-65 

12g, Rl=4-N02C6Hs, R2=H, R3=Et 14g 101-103 70-89 

12h, R]=CH3, R2=CH3. R3=Et 14h M-58 43-57 

121, RI, R2 = (CH2)3, R3= Et 141 84-86 46-51 

13, 2,4-pentdnedlone (R l=CH3, R2=H, OR3=CH3) 15 83-85 67-72 

,I RecrystAzed yields of ,mnlytlLally pure products Range\ dre results from \everdl tr& 

(11) 

Only oxldatlve method\ cdn be used to &cess 2-sulfonyloxy- 1,3-d~rbonyl Lompound5 Hypervdlent 

&me re,rgent\ CM Ao be used to oxlchze P-diketones and P-keto esters to the correspondmg 2-drenesulfonyloxy 

derlvdtlve$ Ko\er’s reagent produceg 2-tosyloxy products, 34 dnd [hydroxy(mesyloxy)todo]benzene gtves 2- 

me\yloxy dertvatlve$ 35,47 

2 3 I-Sll~lox~-I-Alkr,x?l Dwm The f,lctle renctlon of 2b with enol clerlvntlves dl%o suggested thdt a 

study of conjugated enol denvatlves would be useful Electroph~hc ad&Ion to I-tnmethylalyloxy-l-dlkoxy 

chenes418 usmg a vanety of electroptules has been reported to occur at both the a- and y-poatlons, and the 

observed regmchenustry IS dependent on the electrophde and the stenc bulk of the subsmuents on the &ene 49 

Oxygen electrophtles are reported to give more a-attack, but only d few exnmples hdve been \tudled 50 

The regloselectivlty of the addmon of 2b to 1-tnmethylsllyloxy-I-dlkoxy dlene\ 17 wns found to depend 

of the Substltutlon pattern in the dlene (Table 2) 51 If there dre no sub\ntuent\ other th,m hydrogen dt C-2 dnd C-4 

d\ In 17a b c h I then the m,IJor product I\ 1X from dttdLk dt the a-positIon (Entree\ l-3,8,9) Sub\tltuent5 dt ,,, 9, 

C-3, 17c,h, do not Ater thl\ preterence (Enme\ 3,8) Sub\tltuent\ other th,m hydrogen nt enher C-2 or C-4, 

17e,f,g (Entrles 5, 6, 7) or J bulky ,Ilkoxy group, 17d (Entry 4) give only y-product 19 It w&v, observed thdt 

a-nddmon products 18 could be thermally redrrdnged to y-l\omers 19, thu4 att,lLk dt the a-poWon 15 fdvored 

kmetAly while the ‘y-product 19 thermodynamxally more suble Smce the uxilvldudl reglolsomer$ dre separable 

chromdtographlcally, pure samples can be prepared and camed on in subsequent redcnorx The ease of redOIon 

dnd high yieldq bode well for electropMlL ad&non of 2b to other eleUron rich chene system5 
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Table 2 Products from the RedCtion of 1-Tnmethylsdyloxy-1-Alkoxy-1,3-Dlenes with 2b in Ethyl Acetdte at -78’ 

III the Presence of LZmc Chlonde 

R‘I~$ 2b E0AcS-;80 R+&$,,, + ‘d,$$R, (13) 

R2 ZnCl2 R, ONs 
17a-i 18 1; 

Entry Substratea Yield(%)b Ratto 18 19 

17a, RI=Me 

17b, Rl=Et 

17c, Rl=Et, R3=Me 

17d, Rl=t-Bu, R3=Me 

17e, Rl=Me, R4=Me 

17f, RI=Me, R4=Et 

17g, Rl=Me, R2=Me 

17h, Rl=Et, Rj=Ph 

171, RI=Me, OSl(t-Bu)Me2 

75 82 18 

73 (100) 77 23 

7gc 64 36 

(100) 0 100 

68 0 loo 

43 0 100 

71 0 100 

x0 100 0 

XI 72 28 

‘t Only 4ubqtltuent4 other th,cn hydrogen ,Lre noted b I\oLlted yields of ptue prodtIlt\ Yield\ In p,trenthese\ ,tre 

Lrude yields for redctlonq where the Lrude product% were of high punty by pm c Re,lctlon carried out 111 the 

presence of NaOCH3 (1 eq ) 

3 Reactions of a-Nosyloxy Csrbonyl Compounds 

3 1 a-Nosyloxy Kerone~ The u\e of 2b d\ dll eqtuvdlent ot d p-N02CgHqS020+ electrophlle allows the 

nosyloxy leaving group to be oxld,jtlvely dttaLhed to cd&on in enol denv,itlve\ quite gener,~lly The \truLturdl 

fe‘ttures of a-nosyloxy ketones nre qlrnilar to those ot a-halo ketones In th,u both h,tve le,lvmg groups ‘tttdched 

next to the ketone funchon It wd+ therefore expected that the chemlcdl beh,tvlor should be ~m~d,~r Sever,d report\ 

m the hterdture bolstered this expeLt,itlon The u\e of a-me\yloxy ,tnd a-to\yloxy ketone\ as ptectu\o~\ tor the 

production of a-keto c,irbocatlons by ~olvolys~s wd\ dn e.uIy unpetu\ for their prep,u,mon 52,53 RrpLaement ot 

the a-sulfonyloxy group with nuLleophlle\ wds the WbJeLt of \c,lttered report\,31,53,c5 ,md it wd\ qzge\ted th,lt 

wft ntlcleophlle\ were superror for thr\ purpose 5il The use ot a-to\yloxy Letone\ ,I\ \ub\tr,lte\ tor the F,Iv~I& 

redrrdngement wds nl\o reported s6,57 

Sy\tem,ltlc exdmuidtlon ot the cheml\tr y ot a-\ultonyloxy ketone\ h,ld not been undert,lkrn however. 

mostly due to the dlftlcultle\ 111 prep,inn, 1’ them by conden\.nlon method\ .Illuded to e,lrher On the other h,lnd the 

$ucce\\ of oxiddtive dtt<tLhment of a-nosyldte group\ by 2b provide\ ‘I Lonvenient \ourLe ot the\e compound\ \o 

that their chem\try could be exmmed in gedter detail In Lontrst to a-hAo ketone\ whtch LIP he ,Itt.lLked ,n \I\ 

different po~mons by nuLleophiledbaFes,58 only two dlrtmct redLtlon proce\\eg h,lve been Identltied tor a- 

no\yloxy ketone\ m the presence of nuLleophiles/ b,l\e\ 
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One reaction process IS nucleophthc addmon to the carbonyl group followed by mtramolecular delivery of 

‘3 nuLleophrle to the 2-posmon When a-nosyloxy ketones dre treated with porasswm L&on&e In methanol, 

hydroxy ketals 20 are Isolated m high yleld5 These products can be converted to a-hydroxy ketones 21 by actdlc 

hydrolysis (Eqn 14) 59 Wh:le the the process deplcted m Equdnon 14 IS known to occur In a-halo ketone9, It IS 

often d mmor pathway. A dlstmct feature of a-nosyloxy ketones IS that the very gocd electron wthdrdwmg power 

of the nosyloxy group in 6 actxvates the carbonyl group towards nucleophlhc dddmon, makmg It the dommant 

pdthway 

MeOH 
R’ 

R 
H,O+ 

OH 

l %+ 
R 

OMe H R H 

(14) 

20 21 

Amme nucleophlles dl\o add to the cdrbonyl group of 6, however, In the tetfah&dm# 

mten-nedl‘tte 22, either the hydroxy group or the ,unmo group could function as the &&oleculdr nucleophde As 

expelted, the mtrogen dl\pl,tLe\ no\yLite nt the two po\mon preferentldlly to pti:e a-Bmmo ketones 23 In high 

yield\ (Eqn 15) 59 

NR2 

O% 
R 

R H 

(13 

23 i 

While the product% from reactIon of methoxlde with a-nosyloxy I& tone3 rule out d dnzct dl\pldLement of 

no\ytdte (no a-methoxy ketones; are detected In the product\), ammo ketbne 2) could m\ult from d umple 

di\pl&ement of the nosyldte by the dmme Support for the pdthwdy ,ho#n ~1 ~uatmn 15 WdS obtamed from 

‘lddltlons of 2h to ennmmes RedLtlon of morphohne endmtne 24 with &&o!bwed by dddmon of sodium 

methoxtde led to ammo ketone 2.5 Methoxtde nddmon to the nnnuum I il IY pr@duced by ‘tddmon of 2b yteld\ d 

tetrdhedrdl mtermedl.tte 26, ,u~tlogou\ to 22, which proLeecl\ to produ~i by ~tirdmolecul.~r dl\pLicement of 

no\yldte (Eqn 16) 59 

The a-nosyloxy group onhestrdtes nucleophlhc addloon to the,ca&nyl group ds a mdJor reactlon 

pdthwdy of a-nosyloxy ketones This preference is very useful ds a sel,@%ve way to incorporate nucleophlles dt 

the a-posmon of ketone\ / I 

c , 

P 
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24 

A second major effect of an a-nosyloxy group is to increase the dcldity of the a-proton (probably by abc 

l-2 pKa units) Reactlon with non-nucleophlhc bases gives a-proton removal In the case of a-nosyloxy ketone 

the nosyloxy enolate 27 undergoes rapld ipso substltutlon to deliver mtrophenyl Aohols 28, which dre 

presumably formed by sulfur dloxlde extrusion from a four-membered nng Melsenheu-ner mtermedlate (Eqn 

17) 59 

-so, - 

(17) 

27 

The two processes by which a-nosyloxy ketones react In the presence of nucleophlles/bd\es, namely 

cdrbonyl ddditlon by nucleophlles dnd enolate formanon with non-nucleophlhc bdse\, dre also observed for a- 

tnflyloxy ketones In the presenceof sodmm methoxlde, a-tnflyloxy ketones @ve a-hydroxy ketdls 6s In 

Equation 14, 52@ and the enolate formed m the presence of non-nucleophlhc bases undergoes reductive 

ehmmatlon to diketones (IPSO subsltutlon IS not possible In tnfldtes) 32.61 In this respect a-nosyloxy ketones nn 

a-trlflyloxy ketones exhlblt comparable chemlcdl behdvlor towdrds nucleophlles and bdses- nucleophlles ddd to 

the carbonyl cdrbon and bases remove the a-proton 

In Lontrd\t a-niesyloxy ketones dnd a-to\yloxy ketones do not renct by cdrbonyl dddmon- redrrangement 

with nucleophlle@ nor do they give the a+ulfonyloxy enolnte dnd reductive ehmmntlon to dicdrbonyl 

compound\ 61 Instead, most reportsof these compounds descnbe only direct dlsplaLement of the sulfonyloxy 

group by nucleophlles, particularly tift nucleophlles such as thiols, sulfides, and phosphmes 54962 More work IS 

certdmly needed to confirm these dlfizrences and understand them, but at present there seems to be d dlstmLt 
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difference In behavior between a-mflyloxy and a-nosyloxy ketones on the one hand, and a-tosyloxy and a- 

me$yloxy ketones on the other If these differences were understood, It rmght be. possible to install d pdrucular a- 

\ulfonyloxy group m order to select one reacuon pathway over another, and thus select the type of product whlLh 

I\ produced Such choices dre not possible m a-halo ketones 

3 2 2-Nosyloxy Etters If the Tedctlon\ of a-nosyloxy ketones with nucleophde\ could be extrdpolated 

to a-no%yloxy esters, then the eqter function could also be used to deliver nucleophlles Lleanly to the a-posmon 

In fact It has been shown that a vanety of nucleophlles displace the nosylate group of 2-nosyloxy esters, 10, 

effectively to give a-substituted esters At present a duect nucleophihc displacement mechanism of substltutlon 

expldms rhe results satlsfactonly Except for some very recent findings, evidence for the carbonyl addlnon- 

rearrangement mechanism has not been forthcommg 

For example, treatment of 2-nosyloxy esters with godmm ethoxlde in ethdnol gives only a-proton removal 

,md lp\o SubStltutlon analogous to those m Equ,mon 17 LOW bd?lC nucleophlles, however, reachly displace 

no\yldte glvmg d variety of 2-subsututed ester\ Sodium &et&e in DMF gives a-&etoxy esters 29 in good yields 

(Eqn 18) 63 Ammes and amme derlvatlvec give a-ammo esters (Eqn 19) 63.64 The u\e ot 0-benzyl 

hydroxylamme and t-butyl carbazate gives N-hydroxy dnd N-dmino dmmo dC]d eaten 32 dnd 33, respectively, 

thug provldmg an efficient route to these unusual ammo acids directly from esters m three steps 64 

R o”~;;s - 
1 

R3z;;4 
3 

,,kR;R4 
N 

‘R3 
31 (R,,R,= H, dlkyl) >90% 
32 (R,=H, R4=OBn) 7O-80% 
33 (R,=H, R,=NHBoc) 60-W% 

(19) 

Only r,tcemlc product\ L,W be produced by thl\ method E~~.tntlomerl~,tlly pure 7-no\yloxy eaten were 

prepSIred from enantiomerlwlly pure 2-hydroxy ester\ by conden\,mon with p-mtrobenzene\ulfonyl Lhlonde 

Reaction with ammes gives high yields of N-subsmuted ,unmo eFters of completely inverted contigurdnon, but 

redctlon with hydroxylamme or hydrazlde nucleophlle$ gives ee’s = 70-858 (Eqn 20) * The lower 

0 
R 

ti 

R,-NH-R4 0 
R 

OCH, 
I 

CH,CN 
4 

ON\ i 
OCH, (20) 

Ri’ R4 

31 (R3,R4= H, dlkyl) ee >9.5% 
32 (R,=H, R4=OBn) ee 70-W% 
33 (R,=H, R,=NHBoc) ee 70-800/c 



1122 R. V. HOPFMAN 

nucleophthctty of hydroxylammes and hydraudes requues a higher reactton temperature, at whrch etther the 

startmg nosylate or the subsmuted product IS parttdlly racemized Optically active 2-tritlyloxy esters, prepdred by d 

\rmllar sequence, are much more reactive towards nucleophtles and provide a better match m redctivtty wtth 

hydroxylamme dnd hydrdzide nucleophtles They dre converted to N-hydroxy dnd N-ammo dmmo esters in high 

yield\ nnd htgh opttcal punttes @tfi5 

As IS dgam evident, 2-nosyloxy and 2-tnflyloxy esters exhtbtt smular chenuc,tl properttes, notwithstnndmg 

the stgmticantly greater reacttvtty of the tnflates, which have been reported to react quue cleanly with a variety of 

nucleophlles 3*94tY429@j, 67 R ates of drsplacement are much higher for mflyloxy esters than for nosyloxy esters,64 

which parallels leavmg group abtlmes, but both leaving groups can be used effectively for subsmuttons at the 2- 

poattons of esters It has been reported that a-mesyloxy esters and a-tosyloxy esters are unsuttable substrates for 

such d1spldcementS,4’~42 once agam tllustratmg the dtchotomy between mflates-nosyldte\ and tosylates-mesyldtes 

attnched next to carbonyl groups 

The synthettc advdntage of sulfonyl peroxides in this regard is thdt they dllow oxiddtive attachment of a 

no\yLtte group to the a-po\mon of ketone\ and e\ter 5 ,tnd thus provide ,tcces\ to subsequent tr,ul\tormat1ons th,tt 

dre aelecuve and versattle The trtflnte dnalog of Ko\er’\ re,tgent, which could be u\ed tor ,ut,rchtng the tntlne 

group oxldanvely, IS an important synthetic complement which needs to be developed Tut ther 

3 3 3-Kero-2-No~yloxy Esters 2-Nosyloxy-3-ketoesters 14 represent d hybrrd between a-nosyloxy 

ketones and 2-nosyloxy esters The high, dtfferenmued functtondl group den\uy 111 these compound\ m,tke\ them 

urtrlgumg synthettc lntermedtdte~ for the prep,u,mon of other 1,2,‘Gtrtfunctlon,~ltzed compound\ 111 a \electlve 

fd\hron lndicdtions dre th,u \ucti I\ the c&e 

Tredtment of 14 with tnethyl,mune give\ r,tprd reducttve elnnm,uton of p-rlItlobttnzene~t1lf!n,~te ,md 

formdtton of tricdrbonyl compounds 34 (Eqn 21) 68 The trtc,trbonyl product\ could not be t$ol,tted III high yields 

due to their known instdbility towdrds tsoldtlon, 65) but they were trdpped as theu qtunox,tlme denvatlves m high 

yield\ Chloro nosylate 36 underwent double ehmmatton to vtnyl tncarbonyl 37, whtch w&is converted 1~ wu to 

pyrrole 38 wtth benzylanune (Eqn 22) This route to trtcarbonyl compounds IS also observed for 2-11osyloxy-P- 

diketones dnd 2-nosyloxy-3-ketoamtdes, 46 dnd 13 a SunpIe dnd ‘tttr,tctlve ,tltemtttve method for theu 

prep‘trdtton The interest In, and use of, trlcarbonyt compound\ h,t$ rt\en drdmrulcdlly recently due to theu 

occurrence In the powerful Imm~lno~uppres\dnt FK-SO6 ‘md reLited ,uutbrotrcs,70 .uld their ImportdnCe ,I\ 

\ynthetlc mtermedidte\, demonstrated by W,isenn.ln 71 

Replacement of the no\yl,lte In 2-no\ylouy-3-ketoe:\tel\ by nuLleophlle~ I\ hn~trd by the t&t that the 2- 

pmton 15 quue acidic and IS removed If the nucleophlle I\ ‘it .III b,l\lc A\ ,I result \ub\tlttltlon for no\yldte her not 

been accomphshed 

14a Rt=CHs, R2=Me 
14b R,=CH,, R,=Et 
14c R,=CH(CH,),, R,= Et 
14f R,= Ph. R,=Et 
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ONs 

cl+f-Bu z &Ot-Bu ’ C6H,CH2;H2 KC0 t_Bu (22) 

0 0 2 s102 v 2 

36 37 
B” 
38 (68%) 

The ketone functton of 2-nosyloxy-3-ketoesters can be reduced to the alcohol group m good yields by 

\everdl redgents (Eqn 23) 63 Two &astereomenc 3-hydroxy-2-nosyloxy esters 39-syn dnd 39-anti can be 

produced Prehmmary results suggest that two factors control the dtastereoselectlon of the reduction, which 

ranges from fau to excellent The first IS the size of Rt and the second IS the ldenttty of the metal ion of the 

reductant 

Substrate 

IQ R2 
Me Me 

Ph Et 

I-Pr Et 

I-Pr t-Bu 

NaBHa (an arm) L-Selecmde (\yn-anrl) 

24 76 57 43 

100 0 100 0 

93 7 100 0 

1 oo 0 100 0 

Two transItton state models of the Felkm-Anh type Lan be drawn for 14 (Ag 4) ‘* Conformatton A IS of 

lower energy than B due to dec,reased stenc mterdLttons between the eyter group and Rt Furthermore structure A 

can have a metal Ion chelated to the ester and ketone cdrbonyl groups When RI IS small (methyl or n-dlkyl) dnd 

sodium borohydrlde I$ the reductant, there IS no Flgnlficdnt Lheldtlon, A dnd B are stmllar m energy, and a 

mixture of 39-\yn and 39-anti 15 produced In ‘i rrttlo of = 2 1 fnvormg 39-anrl When RI IS larger (phenyl or 

Iropropyl), B I\ muLh higher In energy dnd 39-ryn I\ produced ‘I\ the m,iJor product ( de = 90%) The u\e of L- 

Selectnde a$ the reduLtdnt further \t,lbllhze\ A by Lheldtlon ,uld more \yn i\omel I\ produced For inst.uiCe when 

small RI group\ dre pre\ent, the prodtiLt rdtlo Lh,lnge\ from 1 2 \y/z anti (NnBH4) to 1 4 I ( L-SelectrIde) For 

large Rt group\, FterlL dnd Lheldtion effect\ relnforLe e,lch other to the extent thdt 39-\yn I\ the only sonier 

deteLted 

Figure 4 

ON5 4 39-\yn ON5 - 39-antr 
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3 4 3-Hydroxy-2-Nosyloxy Esters More work IS needed to refine the model nnd to obtam better 

Ftereocontrol of the reduction of 2-nosyloxy-3-ketoesters since the hydroxy nosylate products are mterestmg 

Intermediates m their own nght For example they can be converted to epoxy esters 40-,yn dnd 40-antr in good 

yields (Eqn 24) 63 Startmg with 39-syn, isomer 40-syn, the product with stereochemistry expected from dlreLt 

closure of 39-syn 1s favored by 3 1 (= 25% lsomenzatlon) The nosylate group of 39-syn can be replaced by 

dzlde to yield hydroxy andes 41-arm and 41-syn as a 3 1 mixture (Eqn 24) 63 Again about 25% lsomenzatlon 

IS found While both processes are stereoselective ( de= 50%), the point at which lsomenzahon occurs IS not yet 

known, but it must be detexmmed if stereospecificity IS to be achieved 

’ R,pltr OR2 

y /hco2;; .]A=-,,, R 

60-80% Rl 2 2 

40-syn 40-antr 
ONs 

39-syn 

R,wOR2 R,pOR, 

N3 N3 

41-antf 41-ryn 

(24) 

These results show that 3-keto-2-nosyloxy esters are excmng Intermediates for the synthesis of 1,2,3- 

tnfunctlondl molecules, smce chemistry at both the 2- and 3-posmons can, wlthm some hmns, be cdrned out 

independently and selectively These louts require further definition, but a multitude of other products are 

potentially accessible from these intermediates 

4 Oxrdation of Ammes with Arenesulfonyl Peroxides 

Sulfonyl peroxides oxidize electron donor functrons other than x-systems For exdmple, In the dndly=,ls of 

sulfonyl peroxldes by lodometnc htratIOn, a key step IS the oxldduon of mdtde to Iodine, which presumdbly 

oLLur\ by the nucleophlhc attdck of mdlde on the peroxide bond 73 In another study the oxlddtlon of 

trlphenylphosphme to trrphenylpho~phme oxide by 2c wd\ shown to result from nucleophih~ attdck by the 

phosphme on the peroxlde oxygens 74 

The correspondmg redction between dmmes dnd arenesulfonyl peroxides 15 of great interest, since It would 

provide ,I direct synthesis of N-(drenesulfonyl)oxy dmmes 42 (Eqn 25) These compounds, becduqe of the 

excellent leavmg dbihty of the arenesulfonate group, could undergo lonlzatlon of the N-O bond and yield an 

electron deficient mtrogen nltermedlate (mtremum ion), which IS of gredt synthetic and mechamsoc interest 75 

+ NHR,R,e R,R2kH-OSO,Ar +ArS03 - 
R,R,NH 

RtR2N-O$Ar (25) 

42 

+ R,R2NH2+ ArS03- 
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Approaches to mtrenwm ions have largely relied on N-chlorarnmes as substrates because of then ease of 

preparation 75 Unfortunately chlorammes charactensncally exhibit many mechanisnc vandtrons m their chernicd] 

rencnon\ As Illustrated m Figure 5, four different modes of N-Cl bond cleavage have been identified, two free 

rddiLd] dnd two ionic pathwdys 76 Of these four, only path d gwes a mtremum ion Furthermore the pathway 

actually followed IS very sensitive to the reaction condmons It IS not surpnsmg that mechamsnc Interpretanon of 

\olvoly\~s results on the bas19 of chloramme precursors has engendered many hvely chqcussions ln the 

hterdture 77 

Figure 5 

I I 
-N. + cl -N + Cl+ 

A 

\ 

D 
pdth rl 

I 
/ pdth c 

-N-Cl . . 

I 
-y+ + Cl’ --N+ + Cl’ 

H 

One w,~y to favor the productlon of eleLrron deficient nitrogen 1s to mcredse the leaving ability of the group 

,Itt,iLhed to nitrogen and thu\ lowenng the ‘!Ctlvdtlon bamer to path d and fdvonng It dt the expense of other 

mode\ of redCtlon Severd] group\ reported &tempts to put tosyloxy lenving group\ on the nitrogen of dlky] 

.munes by conden\.ltlon of the Lorrespondlng hydroxylamine with tosyl chloride (Eqn 26) 78-82 This. Lorreqponds 

to the “norni~ll” method of ,IttaLhmg sulfonyloxy groups to substrdtes (Rg 2, path d) by culfonylation of d 

hydroxyl group In some cases the N-tosyloxy compounds were l$o]dted and used as nmmatmg agents,7’-83 but 

In most caFes the compounds are unstable, and only products of decomposmon are obtamed N-Ary] hydroxdmlc 

dLld$ have been converted to their mesyldte 85 and sulfate86 denvdnve\, whlLh dre much more stdbie dnd were 

u\ed ds solvoly\~s sub\tr,nes N-A@ hydroxyl,unmes JISO foml st,ible N-sulbre denvL~uve\,87 which were al\o 

u\ed ‘I\ \olvoly\~s \ub\tr,ne\ 

Yt T\CI 9 
R,-N-OH _ R,-N-OTT (26) 

B,i\e 

Smce N-unsubsntuted cultonyloxy nmlnes ‘ire well known,88 It 15 clear that pldctng one or more dlky] 

substltuent9 on the nitrogen of N-sulfonyloxy ammes decreases their stablhty markedly As d result little 

systematic study of the chemistry of these compounds was posqlble, dnd their use AF progerutors of nltremum Ions 

wdF IunIted until recently 

We envlrloned th,lt 4fonyl peroxide\ might provide ‘I new route to N-arene\ultonyloxy dmlnes by the 

chemistry shown In Equ,ition 25 This route h.t\ \ome ,Idv,lnuge\ over Condens,nlon \tr,rtegles prevlou\ly 

employed qlnce amineq, dnd not hydroxylnmlnes, ‘ire the reqnred precursors, bdse 15 not reqwred In the redction, 

,Ind the begt drenesulfonyloxy leavmg groups, particul,uly nosylate, could be attached to nitrogen 
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It was found, m fact, that arenesulfonyl peroxides 2b and 2e react readily with ammes at low temperatures 

to give N-nosyloxy ammes and N-(mfluoromethyl)benzenesulfonyloxy armnes 42, respectively (Eqn 27) 89 

The amme peroxIde adducts 42 are rather unstable materials whose rate of decomposmon depends on the R-group 

dttdched to mtrogen Adduct 42a IS relatively stable and can be stored for months at -20°C and handled at room 

temperature for short penods without noticeable decomposmon On the other hand 42~ begms to degrade after 

several hours at -2O’C In solution, all of these adducts undergo decomposmon with tin = l-20 h and are 

especially sensmve to base This behavior explains why condensatton methods for the synthesis of N-sulfonyloxy 

dmmes often fdils to deliver products, since bdses are required to cdtalyze the condensanon 

(ArSO20)2 
H 

2 R-NH, - 
EtOAc, -78” 

R-A-OSO,Ar + RNHs+ ArS03- 

2-4 hr 
42 

Ar= p-N02C6H, Ar= 3-CF,C,H, 

a R=CH, (96%) d R= t=Bu (90%) 
b R= t-Bu (87%) e R= C,H,CH, (83%) 
c R= 3-C&H&H2 (63%) 

5 Reactwns of N-Alkyl-N-Arenesulfonyloxy Amnes 

Becduee sulfonyl peroxldes are very effeLtlve for the oxlddtlve dttachment of ,uene~lfonyloxy le,ivmg 

groups to arnmes, the chemistry of N-sulfonyloxy ammes LouId be studied m detdll The mstablhty of these 

compounds poses some problems in theu lsol,ttlon In many cases they were prepared, LhdrdCtenzed 

speLtroscoptcally, and allowed to react wnhout lsol‘ttlon Thlc protocol I\ not only much ed91er expenment,~lly, It 

ako avoldc decomposrtlon which cdn occur during I\olatlon 

Three mqor praes\es mqht be expeLted to occur from IO~IL ted~tlon\ ot 42 As shown 111 Flgure 6, b,l\e 

promoted ehmmation (pdth d), lonlzatlon to d nmenlum eon (path b), dnd nucleophlhc dlrpkement on mtrogen 

(p&h c) all have analogy tn the reactions of cdrbon atoms substituted with leaving group\ Studies ot N- 

sulfonyloxy ammes 42 mdlcate that both ehmmatlon (path d) dnd lonlz,ttlon (p,uh b) oLLur re,lddy under 

dppropnate condltlons 

Figure 6 
R’ 
I 

R,CH-N-OSO,Ar 
. . 

/ 

42 

B 

pdth d A p<ith b 

R’ 

R2C=N’ 
P 

I 
R’ 

R&H-N-Nu 

R&H-N/+ 
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5 I Ehm~~aaon Treatment of N-sulfonyloxy ammes, which contam a-hydrogem, with bases gives 

smooth ehmmatlon to an lmme (path a) 5’0.91 Only nuld amme baseg are required Ehmmanon followed by 

hydrolysis results m overall oxldahve deammatlon (Eqn 28) The yields of oxldanve deammatlon obtained are 

comparable and often supe.rlor to those of other methods 92 The results show, however, that a major stumbling 

block m oxldatlve deammatlon by any method IS the mherent mstablhty of the first-formed umne product pnor to 

hydroly$ls 

2b 
R,R,CH-NHR,---r 

:B 
ONs - R,R,C=NR, H,o+ R,R,C=O (28) 

+ R,NH, 

The oxldaaon-ehmmatlon sequence can also be apphed effecnvely to amme denvatlves such a$ hydrazmes 

which yield dzo-compounds 93 A vanety of mono and dlsubstltuted hydrdzmes and hydrdzides gave 60-85% 

yields of compounds denved from the azo product 

Bdse-promoted ehmlnatlon$ in N-drenesulfonyloxy amine\ dre slmkir to bse-promoted, olefin formmg 

ehmmatlon\ In dll-carbon systems in thdt they dre cowerted, E2-type redLtlon\ 90 A detailed picture of the 

trdn\mon state for Imine-forming ehmmdtlom hds been drawn which \hows thdt while LonLerted, the transition 

\tnte IS very El-hke94-97 with slgnlfLmt electron deficiency developed on the nitrogen ntom 

5 2 fomzatlon-Rearrangement In the dbsence of bdse, or in substrates where no a-hydrogens dTe 

dvdlldble for ehmmauon, N-arenesulfonyloxy ammes 42 undergo ionization coupled with skeletal rearrangement 

(Fig 6, pdth b) This praess was first observed In mtyl ammes, 98 but was smn found to be a general reaction of 

42 in the dbgence of bdse (Eqn 29) 9’),100 Skeletdl redrrdngement 15 conLerted with lo\\ of ledvmg group Thus 

free nltrenium Ion5 dre not renction mtermedldte? 77 Of Fynthetlc lmportdnce 15 the faLt that d new carbon nitrogen 

bond IS formed by a rearrangement proce\? th‘tt utlhzes nn amme ns the \tdrtmg mntendl Other well known 

cdtlonic, cdrbon-to-nitrogen rearrdngements, such ds the Beckmdnn rearrangement and the Schmidt 

redrrdngement, dlso give new carbon-mtrogen bonds, but they requu-e Lnrbonyl compounds a\ stdrtmg 

mdtenals 101 

RI RI 
, :;)=N’R3 

R2 NH2 t R, (ArS02?)2 --I- 
RI 

N H-0S02Ar - t- _N 

R, R3 
R, ‘R2 

(29) 

When disamildr groups are dttdched to the migrdtlon orlgm, sverd1 iH)meriL imine produUS Ldn be 

obtamed Three factors dre unportnnt 111 determmmg the product mixture a the Inherent migratory dptltudes of the 

groups on the a-cdrbon, b electrons effect\ dt the migrdtion origin, ,md c 4tereoelectronlL effects re\ultmg from 

the requirement thdt the migrdtmg group be dntiperiplnnnr to the ledving group 101 Under\tdndmg the5e f&tors 
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allowed control of the reactIon outcome by selectlon of dppropnate rearrangement precursors so that only d smgle 

product IS obtamed 

The rearrangement IS parttcularly sulted to cychc ammes which undergo msertlon of nitrogen mto the nng 

to yield nng-expanded lmmes A method was developed for the synthesis of azacychc products from suitable 

cychc amme substrates (Eqn 30) 102 A variety of nng sizes can be produced by this process 

r 
N 

- (C 2)n I 
&- RI 

(30) 

n= 2,3,4 

The ablhty to produce and then study N-arenesulfonyloxy amtnes has provided a great deal of mslght into 

the stabthty and propemes of this httle known group of compounds Once their reacttons had been surveyed, tt 

was clear why earher attempts to prepare them by condensation methods had failed It wd5 dlso clear under whdt 

circumstances condensation methods could be effective for the generdtton dnd rearrangement of N- 

arenesulfonyloxy ammes Thus the reaction of tertiary, ~ychc hydroxylammes with p-nltrobenzenesulfonyl 

chlonde gave good yields of nng expanded products (Eqn 31) 102 

R NHOH 

p-NBSCl, Et3N 

-30” 

(31) 

R = -CH2C6H, (85%) 
R = -C,Hg (53%) 

5 3 Addwon to Oxonuun lonr Despite numerous attempts, the dlspldcement of the drenesulfonate group 

by nucleophlles m 42 (Fig 6, path c) has not been achieved 103 It IS unhkely thdt N-sulfonyloxy ammes with 

cubstttuents other than hydrogen on the nitrogen atom can be developed as electrophthc. dmmdtmg agents 

Nevertheless, some new synthetic uses of N-sulfonyloxy amtnes were found in the effort to dcc.ompll\h 

nucleophthc substltutlon on nitrogen 

Due to the sensmvtty of N-drenesulfonyloxy ammes to bases, which promote ehmmatlon, only non-bnstr. 

nucleophlles were considered Enol ethers were likely cnndiddtes since they dre good, non-bdsll electron donors 

Reactlon of dlhydropyran (DHP) with methyldmme nosyldte 42a gdve lmldnte sdlt 43 In qudntltdttve yield by pmr 

(Eqn 32) 1~ While 43 wns dlfflcult to hydrolyze cleanly, d mixture of hydrolyst\ product\ could be lsoldted In 

>69% yield 

8 
I + CH3NH-ONs - 

Q 
. .H (32) 

42a 
N,+ -0Ns 

43 
CH3 

The reaction was shown to be general for a series of N-substituted N-nosyloxy nmmes Reduction of the 

crude product gave two ammo alcohol product5 44 and 45 (Eqn 33) 104 The redLtton ycenarto which best 
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aLcounts for the\e products IF one tn which the N-sulfonyloxy amme adds as a nucleophlle to an oxornum Ion 

formed from by proton&on of DHP to produce d new N-sulfonoxy dmme denvatlve 46 (Fig 7) Intermediate 46 

undergoes lomzntlon-rearrdngement either by hydride migrdtion (pdth a) to lmldate 47 dnd thus 44, or by nng 

expanaon (pdth b) to 48 and thus 45 Normally ring expansion (alkyl mlgrahon) would not compete with hydride 

mlgratton because of the dfference m nugratory aptitudes of these two groups Stabdlzatlon of the nugratlon 

ongm by the oxygen substltuent IS sufficient to mask this difference to a large extent Another effect of oxygen 

?tablhzatlon of the mlgrahon ongm IS that no hydnde nugratlon from the R-group 1s observed 

1 RNH-ONs, 42 
‘LNH 

k 
+ Hor/-yH3 (33) 

42a R=Me 44a 29% 45a 3% 
b R=Et 44b 32% 45b 13% 
c R=n-Pr 44c 35% 45c 12% 
d R=n-Bu 44d 36% 45d 12% 

Figure 7 

4x 

A nio\t important feature IF that N-sulfonoxy ammes function effectively d? nucleophlles tow,uds oxomum 

10115 to produce new N-sulfonyloxy amme rearrangement bubstrdtes Oxomum lone plodtILed by other method5 

should behave smularly The simplest oxomum Ions are those formed by protondtlon of cdrbonyl compounds 

(aldehydes dnd ketones) It was found accordmgly that treatment of d senes of cychc ketone\ with N-nosyloxy 

methylamme, 42a, gave nng expanded N-methyl lactamc 49 In good to excellent yield\ ((So-95%) by 

rearrangement of the c,irbmol,mune mtemledlate 50 (Eqn 34) ‘05 A v,mety of nng \Lze\ were used (n=1,2,3) 

with good \ucce\j, .md fair reglo\electlvny \v,I\ observed when \ub\tltuent\ were pre\ent ‘it the 2-po\mon of the 

+OH 

K 

0 
,CH3 

+ :NH - 

(CH;), ‘ONs 
(34) 

42a 
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Tdble 3 The Reactlon of Cychc Ketones with N-(p-Nmobenzenesulfonyloxy) Methylamme, 42a, In Chloroform 

dt 25°C 

Entry Ketone ProdlLt Yield(%) 
I Cyclobutanone N-methylpyrrohdmone 96 

2 2-Methylcyclopentanone N,6-d~methylp~penchnone 82 

3 Cyclohexanone N-methylcaprolactam 73 

4 2-Methylcyclohexanone N,7-dimethylcaprolactdm N,3-dlmethyk.dpro~d~tdm 84 (4 1) 

5 3-Methylcyclohexanone N,6-dmiethylcaprolactam N,4-d~methylcnprol.lct,~m 62 (1 1) 

6 4-t-Butykyclohexdnone S-t-butyl-N-methylcdprol,lct,cm 68 

7 & 0 

100 (3 2) 

8 Cycioheptanone N-methylazncyc~ooctanone 12 

%mng ketone (Table 3) In general the more ~ub~tltuted c&on nngr‘ited with ‘14 I or greater preterence (Entnef 

2,4), slrnlldr to the mlgrntory preference of second&q over pnmq L,trbons m open ch,un systems 100 

Stem, fedtures that slow the form,nlon of the tetrdhedral mtermedl.tte 50 (or reduce It\ eqtuhbnum 

concentration) decrease the yield s~gnlfiLnntly (Entry 8) as competmve decompo\mon ot the N-qulfonyloxy amule 

takes over On the other hand ring strdln both speed\ the ddditlon ,uld drive\ the re,trr,mgement slgnlficdntly 

(Entnes 1.7) 

Ttus transformanon of ketones to ldctdms IS remmlscent of the P-Lictdm \ynthe\l\ ot W,tsennan wnhout 

the need for stdble carblnolamme mtermedlate\, l(fi ,uld dn~logous to B,u ton’\ procedtue wtthout the need for the 

prepnrdtion of nltrone mtermedl,tte\ lo7 It i\ d \Imple, one \tep trdn~tormdtlon 

The rn\t‘tblhty of N-no\yloxy miner wnh N-Akyl \ub\tnuent\ dlfterent th.ln methyl ICL~~IIC~ high 

reL+Ltlvlty In the ketone so th,it ,tdciltlon-le,ll~.~ngenlent I\ t.lster th,un decompo\ltlon 01 the N-no\ylo\y ,tmule 

Cyc.lobut.tnone I\ well tuned tor thl\ purpose ,Ind re,lLt\ with N-no\yloxy ,II~II~Z~ gewl.wd 1,~ MU tram ~t~nme~ 

2 R-NH, + pNBSP - R-NH-ON? _ (35) 
+ 

R-NH,+ N50‘ R=methyl (92%) 
=2,2-dmietho\yethyl (77%) 
=Alyl (67%) 
=plopJlgyl(x6%) 
=n-butyl (I(X)% ) 
=benzyl (X69) 
=I-propyl (2 I % ) 
=cyclohexyl (I 8%) 



Arenesulfonyloxy groups 1131 

nnd pNBSP High yields of N-substituted pyrrohdmones are obtamed (Eiqn 35) lo5 Branched cham ammes, 

however, add too slowly for good results 

Ketals can also serve as a source of oxomum Ions which cannot revert to the ketone readily Thus they add 

42a effectively, even for large nng sizes RedtTdngement proceeds well to give lmldate salts which dre dealkyldted 

to N-methyl lactams A one pot procedure was developed to convert cychc ketones to N-methyl lactam$ In good 

yields using this sequence (Eqn 36) 108 

CH3 

(36) 

n=4, 76% 
n=S, 90% 
n=6, 48% 
n=7, 58% 
n=l 1, 63% 

6 Summary 

The oxldatlve attachment of sulfonoxy leaving groups to the cr-cdrbon of enol derlvdtives dnd to the 

nitrogen of dmmes through the use of arene\ulfonyl peroxldes hds made dvdlldble severdl cldsses of compounds 

heretofore difficult to prepare and thus httle known The good leavmg ablhty of the no\yloxy group, most 

commonly employed, enforces lomc modes of reactIon In these compound\ dnd permits the formdtlon of new 

bond\ to the Fubstrdte by Feverdl nucleophdlc proce\ees lncludmg both dlrpldcements and redrrdngements As n 

result of this two electron oxldatlve prae\\, namely electrophlhc dttdchment of the drene\ulfondte followed by It\ 

105s ds dn dmon, we have developed new synthetlL dpproaches to several classec of Lompounds Mdny other 

trdnsformdtlon\ can be envinoned for these materldl\, but these remdln to be pldced into prdctlce 
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