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AbstmcL: The synthetic utility of th_e generation and study of the reactions of alkoxy radicals generated by 
the photo-induc& homolydc dissof%tion of alkyl4-nitrobenxenes is demonstrated. The efficknt 
formation of mmotely substituted alcohol derivative and the addition of the alkoxy radical to a remotely 
situated c=c is illustrated. 

Recent studies in the author’s Momtories have focused on the photo-Muted, homolytic dissociation of r- 

alkyl and r-homoallyl4-nitrobenzenesulfenates (1) with the priuuuy emphasis focusing on the reactions of the 

aikyl and substituted ally1 radicals, formed by the P_scission of the initially formed alkoxy radkals. with the 4- 

nirmphenylthiyl radical [eq (1)l.t The initially studied systems wtrc chosen such as to favor the @c&ion of 

the alkoxy radical2 and to preclude intramolecular hydrogen-atom abstmcdon and the addition of the alkoxy 

radical center to a remote site of unsaturation. In the present communication we wish to present the results of 

a pmliminary study on the use of the photo-induced. homolytic dissociation of alkyl4-nitrobenzenesulfenates 

to generate and study the reactions of alkoxy radicals. 

hv 
R-0-S-Ar --) R--b &Ar 

1 Ar = 4-QNC,H,- , L IT-S-Ar (1) 

c=o+ R’- 
/ 

prior methods employed to generate alkoxy radicals include the photo- and thay-induced homolytic 

dissociation of dialkyl peroxides, alkyl hypochlorites.3~ the photo-induced d euxqosition of nitrite e-5 

the AIBN-initiated rtactiolls of uibutylstannane with N-alkoxypyridine-2+hiones,~ and by the Gng opening of 

~;y-epoxyalkyl radicakl The above mentioned procedures proved not to be applicabk for the generation of 

the substituted ally1 radicals (by the j3-scission of substituted r-honxadlyloxy radicals) mui& ti the study of 

the regkselcct.ivity of the reactions of substituted ally1 radicals. Attempts to pq~~ the hypocbsitcs of the 

substituted r-homoauyl alcohols resulted in ekctrophilic atta& on the c!=C.ta The highly ekctnaphilic 

conditionsnq~forthe~nofthenitrite~~also~l~~useofthatmttLad Theuseof 

the N-alkoxypyridine-2-t protocol did not appear to be universally feasible, while the ring op@iug of 

@,y-epoxyalkyl radicals was not applicable. These complications ate not encountered in the preparation of 

alkyd dnitizenesulftnates containing remote unsaturadon in the alkyl group-lb Furthermore, pfi-, sec- 
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and?-alIcy 4-m ‘~cnatcsarccasilyprepareddramthccorrespondingalcoholandrcni~ 

sulfer~yl chloride, and can be readily purified by chmmatography on silica gel.1 

The dons of the alkoxy radicals of interest are the inusmokcular hydrogen-atom transfer leading to 

remotefuactionalizption.andaddhiontoaremoteraysmm. Inmun&cuk x-atomuansf&rrlS6onsin 

akoxy radicals have been observed to occuronly via six-centered transition StluaumS 4;IcB q&? ppefacnce 

for &H-atom abstraction has been athibuted to a more favorable entropy of activation, while e-H-atom 

absaaction is enthalpically favored.9 In the addition to a Gp-C=C, formation of a five-manbe& ring. 

teuahydrofuran derivative is favored over six-memkend ti& tetnahydmpjrall formation.~J0 In contra% 

addition to an e&G=cpmduces both six- and seven-UWmbued ring pmducts.11 

The reafztions qolted herein have heen canied out in henzen& solution (-10-3 M) and were monitored 

by’HNMRs_ y, or in regular benzene for larger-scale reaction&~2 The sohltioLl of the alkyl4 

nitrobenzenesulfenates were irradkd with 350 nm wavelength light using a Rayonet Photochemical 

Chamber ES&U, model PRP-100, at -35 “C. The ‘H NMR spectra of the product solutions indicated the 

clean formation of only the products shown in the following maction equations. The products were nadily 

isolated using chromatographic techniques in 60-755 yield. 

The phoWiucal, homolytic dissociation of z-heptyl dnitrobenzenesulfenate (2)13 results ia the 

formation of 5 as the only detectable product; its f&nation being illuStmted in eq (2). The Sm Of the 

product is indicated by the presence of a high-field methyl doublet indicating that H-atom abstraction has 

occur& as shown.l3 Of intemst here is to note that the rate of intramolecular H-atom absfmcdon to form the 

~~~radicai4isfasterthanthatof&scissionof3. Inthccaseof2thealkoxycarbonatomis 

fcrtirvy which favors @zMon, but the alky1 radical that would be formed on ~scission is a prhaty alkyl 

radical which disfavars &scission.3 

p 
hv 

7’3 

CH,CH,CH&Hy_F-0-SAr - CH&H&H&H+l + &fir 

2 CHa 3 CHa 
(2) 

+ 

A”s 0% v 
CH3-CH-CwH+-OH - CH3-kH-CH&H&dH + &/v 

CH:, AH, 
5 4 

The photo-induced wtion of the sulfenate 6 14 cleanlyprodllces thelemotely substitutSdpmduct 

9 in 62% isolated yield [eq (3)]. The 1H NMR spectrum of the product shows four high-field methyl singlets, 

and three high-field sets and one low-field gtt of AB doublets l?qmSentiIlg the four sets of diastereo@c 
muhylene protons which is consitteat only with a product having the stmctuxe shown as 9.14915 There is no 

iadicationfa.thsfamptioaobanyproduct~daivedfrom~sci~~oftheetLmryndical7. Again, 

~the~ndicalistsrdary,,theradicalfamsdonBscissionwouldbeaprimaryalkylrsdical 

which disfavczs ~scission.3 
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The photo-induced, hoxnolytic dissociation of4-pent-l-enyl4-nitrobenzenesuEenate (1O)‘~rcsults in the 

fannrtionof~yU(by*HNMR)whicbwslsisolatedin75%yitld~~ graplly on silica gel [eq 

(411. Thestrucanr:af~prodPctisdefinitively~~bythefH~spectramofdreprodusnw~~ 

shows the presence of an A-XY spin system for the CH-CH2-Sk portion of the molecule.16 

~~~~~OU~~~S ~~~ iAdicate that the p~~~~ hoolo1ytic 

dissociation of alkyl4-niuenates is a very cf%icient and selective method for the jpmation of 

aikoxy radicals, and for the study of their chemistry. Further studies are under way to extend these 
investigations to 0th~ systems having remotely situated C.=C, tic, and C=C=C! functions. 
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21. scefasc. 

12. Rwasn~to~benatneas~~for~~~dcscritred~in~Eo~void 

iiermo~cc~ hydmgc31 atom absmcdm by the &my radicals (sac ref 1). 

13. ‘HN’MRaf2: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

=9.08 Hz, 2Hh 8.20 (d,J=9.08Hzb I%!. NMRof2z S(CXm$22.9,2s.o, 26.4,40.7,86,6,119.9, 

123.7,144.5,154.2. HR-FAB-MS; c&d for (C1$QgNO$ + IT+) 270.116, fvund 270.115. iH NMR of 

5: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

J = 9.02 Hz, 2 IQ. l-7(3 NMR of 3: (CDCl$ S 20~9,29.3,29.4,30.9,40.6,420~ 70.6, 124.0, 127,6,145.0, 

147.1. HR-w: caicdfbrc~gz$KkJS 269,109,faund269.101;. 
14. 1HIUMRof8: 8(~~)0.~9(~6~i.OS(6,~=13.80Hz1~,1.17(df-15.90Hz,2K),1.20(s, 

9H), 1.35(dt,J= 13.80,1.8OHz, ZH), LSO(dt,J= 15.90,1.8OHz,2H),7.3O(&J=9,Q8~2~ 

8.20 (6 J= 8.09 Hz, 1 H). I%I NMRof8: S (CDCl3) 28.5,31.4,34.3,36.1,50.6,51.7,72.3, 119.9, 

123.7.144.5, 194.2. HR-EIMS; no pmnt ion, fragment ion calm-l fwC.l$#1gO+ 155.144, found lSS.143. 

1HNMRof9; 8(CDQ3)0.93(~,3~,1.05Is,3H),1.12(d,J~1,4.10~,1H),1.20(d,Joanaot~ 

dctemecd due to overlap tie one of the mEthy shglets, 1 H), 1.22 (s, 3 H), 1.24 (s, 3 n), 1.25 (a, f 

~t~~~duetoparitlroneof~~ylsin~~~ 1H), 1.55{dt,J= 14.40,2.1. Hz, 1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~df~11.40Wz;tH~,7.~(id,J=9.30Hz,2~,8.10(d,I=9~~X)ZHH). *3cNMRaf9: B(CDCl3) 

28.2,3X& 32.2 34.1,35.4,3&z, 426,47.8,50.4,72.2,I23.8,126e2,144.6, 149.3. HR-FAB-MS: cakd 

for (CI~H~~NCI$ + H+) 324.163, found 324.163. 

15. The Corlf~tim illuStmtcd for 9 is mt intended t0 imply that it is the only, or the majm, ~nfotmatioo 

of 9 existing h solution, but is cmphyed for ease in follwving the course of the reaction. 

16. IH NMR of lo: 6 KDCI~~ Is80 @a, 2 I-& X&O (tn. 2 H), 3+90 (tt J = 6JO Hz, 2 H-), 5.00 (m, 2 EIx 5.80 

@dt.J= 16.31,10.2& I_oOHz, 1 H),?~f&Jf=9,05I-fi.2~8.20(&~~9~Hz,2~. 13CIaintd 
18: ii (WC& 29.3,29& 78.6,78& 115+4+ 1f9.7,124.& 137.I,i44.9,151.5. IiR-FAB-MS: c&d for 

Ct lHisNQ# + Hf) 24o.W, formd 24OB69e IH NMR of w: 8 (CDC!l~) 1.70 (m, 1 El& 1.95 (tn, 2 Hj, 

2.10 (m, 1 Hh 3.19 (dd, J = ~3.10,3;.86 Hz, I. H), 3.23 (dd, f = 13JO,403 HZ, 1 H), 3.78 (a 1 H), 3.Q 
(m lH).7,aO(d,J~8.%~2H),&.15(d,J=8,%Hz,2w), 1*NMRuf13: 825.8,313,37.2,65.5, 

77.0,123-g, 126.3,145,0,147.4. HR-FAB-MS: c&d for (C~IH~~NC.I# + H+) 24Q.069, found 240.069. 


