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ABSTRACT: The Intramolecular selectivity in a variety of slde-chrln halogenatlons of alkyl- 

aromatics has been determined In ACOH by measuring the lromaric dlstrlbution in the reactions 

of 4-t-butyl- and 4-chloro-1,2-dlmethylbenzene (A and 2, respectively) wlth: Br2/)w, CAN/Br*, 

CAN=cerlm(IV) umonlun nltrata, cobrlt(III) rcetrte/6r-, S208=/6r-, N-btomosucclninide (in CC14), 

C12/)w, CAN/Cl-, cobdlt(III) acetate/Cl-. In the brmination reactions selectivity is lndependcnt 

of the reaction condltlons, thus suggesting that In all btomlnating systems Br* lt the actual 

reacting species. Very surprisingly, with i ds the substrate, C12/hw is a mr* selctlve system 

than 8r2/hr . With 1 the two systems diSpldy similar Selectivity. It hdS been suggested that in 

A&H the transltlon state for photochlorindtlon has an electron transfer character which Incteasts 

ds the substrate becomes mre electron rich. The idea of a ‘udrfdble” transition stdte for the 

photoch1orlndtlon ln AcOH is supported by datd of relrtlve reactlvlty of substituted toluenes 

indicating that the effect on the rate Increases as the substltutant becornss IM)re electron donor. 

AcOH Wst have dn essential role in thls respect since ln Ccl4 sltuatlon returns to be "normal' 

with ChlOrindtlon less selective than brominatlon. Selectivity of CAN/Cl- is very sinllar to that 

of C12/hw. ntrtreas significant differences are observed nlth cobd1t(III) rcetate/Cl-. Probably 

Cl' and d cobdit(III) chloride corrrplex are the reactlnp species in CAN/Cl- and cobblt(III) 
acetate/Cl-, respectively. 

The halogenatlon of alkdnes dnd of the slde-chain of alkylatotnatic compounds ls certsinly 

one of the most lnportant reactions in organic chemistry and, therefore, lt has been the 

subject of intensive lnvestigdtlons ever since. The free tddfcdl nature of the process has been 

recognized long ago,1 even though, ln sPecla1 cases (electron rich polysubstjtuted methyl- 

dromat!cs), an electrophilic nuclerr proc8ss ledding to side-chdin hd1OQendted products cdn 

tdka plrcbt. 

In spite of the continuous research there dre still unsettled problems which exptcially 

concern the exact nature of the h81ogtndting species in the photochlorlnation 
3 

and in those 

halogenatlons where the dctual reactant is formed in the one electron oxlddtlon of hdlidd ions 

by metal conplexes4. 

In the latter processes the main question is whether the active spsclts Is: (a) the halogen 

atom X' formed (eo. 1) by the reaction of the mtdl casrplex Mn*Yn (Y = ligand of the metal) w!th 

the halide X-; (b) d new ccnnp1ex where one or more hdllde ions have replaced & corresponding 

Hn*Yn * x * + M(n-l)+y + x’ 
n (1) 

nunbtr of Y ligands (eq. 2) or (c) the dnion radical X2' forms0 in the reaction of'X- wlth 1'. 

me 
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Hn*Y + vx- - M”+Y 
n (n-pjXp + py (2) 

In case (b) an additional problem arfscs: 1s the new complex rracting by an electron transfer 

or a hydrogen atom transfer mechanism? 

East of the mechanlstlc fnfonatlon on the halogenatlon of ~thylar~atics have colle so 

far from studies of Intermolecular and Intramrleculn selcctlvlty, the latter exclusively 

concerning the relative reactlvltfes of 10-,20-,30-hydrogen atms5. Oata of Intcmlecular 

sclectlvity have been the most signlflcant, allonlng the Hamtt 9 values to be dctemlned, 

nhlch hrs provlded US with a good fnslght on the transItion state structure of the process. 

In our previous work on the side-chain oxldatlon of alkylbsnrenes we have found that 

useful mchanistic information can also be provided by the study of the relative reactlvityof 

non l qufvaltnt methyl groups bonded to the same aromatlc moiety6. There Intramolecular 

selsctlvlty studies have been successful, particularly in the distinctlon between hydrogen 

atom transfer and electron transfer mcchanfsms. 

It has therefore been conrldered worthwhile to extend this approach also to I variety of 

stdr-chain halogenation reactions of methylbenzenms, with the aim of obtalnlng additional 

Informatfon on the nature of the reactrng species and the reaction mchanfyn, whtch might 

contrlbute to 9ive an answer to somu of the questions posed above. 

In this Paper we report on the study of the inttanolccular srlectlvtty In the side-chain 

have been obtained for the reactions of CAN and cobalt(ll1) acetate In the absence of haTldelons, 

rnd for the bromlnation by N-bromosuccinimide(HBS) in Ccl4 and by sodium pcroxydlsulfate in 

the presence of bromlde ions in AcW. In the case of the photochemical chlorination in AcOH the 

relative rcactlvltles of SW@ substituted toluenes have also been determined, 

RESULTS 

The brcxnination and chlorination reactions of 1 and 2 (cq. 3, X = Cl, Br) have been 
= ; 

investigated In AcOH pt 60°. 

g (Z = Cl) 
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The bteminrtions promoted either by CAN or cobalt(ll1) l catate In the presence of btornlde 

ions (oxidant: 6r-: substrate = 2:l:l) turned out to be a very efficient ~rocafs, leading to 

65-90% of side-chain brminated Products in 1-3 h'. The higher yields art observed nlth A and 

the reaction rate was much greater than that observed when the SUM oxidants bre used In the 

absence of brmide lons. In the latter cast the products were benryl acetates with cobalt(II1) 

acetate and a mixture of btnzyl acetates and bcnzyl nitrates with CAN.' 

It is remarkable that the reactivity of CAN/Et* and cobalt(Ilf) acetate/Br* in AcOH is 

significantly higher than that exhibited by the note c-n brcnninrtlng system, NBS in CC14 In 

the presence of azobisisobutyronitrile (AIBN), which, at 60°, with 1, afforded only 50% of 
= 

side-chain brcmninattd products after 20 h. 
= - 10 

With S208 /Br , bromides were used in catalytic amounts . In this case, as expected, 

btnzyl acetates were obtained, 

In the reaction of 1 and 2 with CAN in the presence of chloride ions (CAN:Cl-: substrate 

2:l:l) the rate was greaterthan that observed in the absence of ChlOtidt ions. However, Only 

with A substantial amounts (overall yield: 80%) of side-chain substituted products (a mixture 

of bsnryl chloride, btnzyl nitrate and btnzyl acetate in a 2.8:1.0:1.8 ratio) were obtained. 

= 

With 2 benzyl derivatives accounted for one third of the reaction product, the main ptOC8SS being 
= 

ring chlorination. The use of Cl- in excess with respect to CAN led to a very cm~ltx mjxturs 

of products. 

In the reaction of cobalt(III) acetate, in the presence of chloride ions an excess of Cl- 

with respect to the oxidant, Cl : cobalt(IiI) acetate = lO:l, appeared necessary In order to 

obtain an efficient side-chain chlorination, Wfth 1, the yield in benzyl chlorides was 85% after 

3 h. With Cl*: cobalt(II1) acetate l:l, the reaction was much slower and the major 

products nere benryl acetates. 

Photochemical bromination and chlorination of 1 and i were carried out by using an irmistsion 
= 

high pressure mercury lamp. In both cases, the halogen: substrate mlat ratlo war 1:2 and the 

concentration of the substrate was 0.08H. As expected, btnzyl halides were the major products, 

together nith small amounts of btnzyl acetates (certainly coming frcxs acttolysis of the 

farmers) and ring halogenated products. 

The distribution of the tnO isomcric btnzyl derivatives j and 4 under the reaction conditions 
: 

described above was determined by GLC analysis. Since in several cases the formation of benzyl 

halides was accompanied by that of other benzyl derivatives (see above) the crude reaction 

product was reacted with AcONa in AcOH (for ccqound 1) and with Ag20 in ti20 (for compound 2) 
= 

to convert all benryl derivatives into the corresponding benzyl acetates and benzyl alcohols, 

resptctively,wtiich were quantitatively determlned by GLC. The dlfferent procedure was made 

necessary by the difficulty experienced in the GLC separation of the isomerfc btnzyl acetates 

coming from 2, 
= 

For c~arison purposes the isomeric distribution has also been dtttrmlntd in the 

photochemical chlotinatton in CCl4, in the reactions with HBS in Ccl,, and with CAN and 
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cobalt(lIS) acetate, in AcOH, In the absence of hrlIdc font. All results are reported in Table 1. 

Table I: Ratlo of Isorwric Products (3:4) in a Variety of Benzylic Halogenations of 
== 

4-Z-1,2-01rwthylbenrrnes at 60° (es. 3) 

3:4a 
== 

Halogenrting System solvent z= CW3)3 2 = Cl 

1. CAN/Bf b 
2, Co(OAc)3/8r-b 

3. Br2/hy 

4. N8SC 

5. Na2S208/Bf 
d 

6. C12/hu 

7, C12/hv 

8. CAN/Cl- ’ 
-a 

9. CO(OAC)~/CI 

10. CANf 

11. CO(OAC)~~ AcOH 

AcOti 

AcOH 

AcOH 

ccl4 

AcOH 

AcOH 

ccl4 

AcOH 

AcOH 

AcOH 

1.8 

1.8 

1.6 

1.6 

1.6 

3.6 

1.2 

4.2 

2.5 

6.0 

2.6 

2.6 

2.7 

3.0 

3.1 

3.3 

2.0 

3.2 

2.4 

13.0 

2.4 

(a) Molar ratfo. Average error f 18%; (b) oxidant: halide molar tatlo 2:l; (c) in the presence 

of AIBN; (d) at 115 OC; (a) oxidant: chloride molar ratjo 1:10; (f) reactions In the 

absence of hrlidss crrrled outfor comparison purposes.For the products see text. 

In the case of photochemical chlorination data of intramolecular selectivity have also been 

complemented by relative reactivity values for a number of substituted toluenes by using the 

competitive technique.The results are in Table 2. 

Table 2: Relative Reactivities In the Photochlor!nation of Substituted Toluenes in Acetic Acid 

at 60 OC 

Substrate Relative Rtactlvltya 

e-Xylene 

Toluene 

e-Chlorotolusne 

-Chlorotoluene 

4.14 

1 

0.70 

0*48 

(a) Datrrmlnod by the competit1vetschn4que (triplicate experlmnts) Average wror * 5%. 
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DISCUSSIDN 

Brotnlnatlon Reactlons. Data of Table 1 Indicate that CAN Is a much mire 

selectlvs reactant In the absence than In the presence of brcmlde Ions(rntrlcs land1 ‘0) 1 

tha dlffermca bring particularly remarkable nlth z. Certainly, different rmacting 

species 

of Br-. 

Is IWO 

are tnvolved, which probably react by a different mechanism. In the absence 

CAN is the rfftctlve reactant and previous study has shorm that this sprcIes 
11 

lvrd In an electron transfer machrnlsm . The strong effect of substltuents 

on the Intramlrcular selectivlty has rlrsady been noted and ascribed to the 

operation of this mechan!w6. 

tn the presence of Br- the attacking species is mostly probably the branlne atom 

fomd In the reaction betwern CAN and Br-. This suggestion Is Supported by the 

observrtlon that, with both 1 and 2, the intramolecular srlect!vity exhlblted by the 

CAN/Br- system (entry 1) is very slmllar to that found in the COrrespOnd!ng 

photochurical and NBS-promoted brm!natlons (entrlas 3 and 4, raspectlvely) which 

are lbona fide" l xyDples of reactlons Induced by btmina l toas5. 
It seems therefore possible to exclude that the rracting spec!es 1s Bri or a 

cerlum(IV) brorfda c~lex Mere Br- has replaced one or mre nlttatc ljgands (eo 2, 

X = 8r, Y = M13). It is however pOSSible that this complex forms slnca the 

oxldatlon of Br- by CAN night take place by an inner sphere rmchanlsrn In vfeu of the 

slgnlficantly larger E" valur for the Br?Br- couple than for the Ce*V/Ce 
III 

12 
couple . Moreover, such a comolsx mruld allow us to suggest that benryl bromides 

form by an oxldatlve ligand transfer of bromide ions from this cmplrx to a benzylradtcal, 

in line with the observation that benryl bromides are the nearly exclusive 

reactlon prOdUCtS in AcW. The complete nechrnlstlc scher*h might be the following 

(eqs 4-7). 

Cel”OMl 
2 

+ Br* * > Ce*"Br l ON0 - 
2 (4) 

Cc*"& > Ce"' + Br' (5) 

Br’ + ArCH 
3 > AtCH' + HBr 

2 (6) 

ArCH' + Ce*"Br >ArCH2Br + Ce 
111 

2 
(7) 

With cobalt (III) acstats/Br- the selectivity, with both 1 and E, 1s very 

similar to that observed with CAWBr- rnd the other bromlnatlng systems. Br' should 

therefore be the active species in the reaction or-ted by cobrlt(lf1) acetate 
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In tha Drasancs of Br-. Probably a cobrlt(II1) bromide complex is flrrt fomed 

also in this case for the sarae reasons discussed above for the CAN/Br- system. 

It can be observed that cobrlt(III) l cetate/Br- exhibits a selectivity which 

is not fwch dlffatent front that observed for the reaction of cobalt(lII) acetate 

alone (entries 2 and 11). This Is due to the fact that probably cobalt(II1) 

acetate reacts by a H-ator transfer mechanism 
6.15 

, so as Br’ does. 

Finally, the selectivity drtr (entry 5) support the suggestion, based on 

rneasurwnts of lnte~lccular selectlvlty 
IO , that Br' is involved in the 

side-chain brmination DrornOt@d by S208= in the presence of Br-. 

In view of prevlous observations indicating that Br' is the l ctlvs rractant 

also in the Hn(OAc)S/Br- system 
I6 

, it seems possible to conclude that this 

outcow Jeew to be a general behavior of the side-chain reactions DrOKlted by 

one electron oxidants and Br-. 

Chlorination Reactions. A first observation is that photochemlcal chlorination 

of 1 in AcOH is a significantly mars selectlve reaction than the corresponding 

Dhotochemlcrl brominatlon (Table 1, entries 3 and 6). Control experiments havt 

shwn that no side-chrln reaction takes place in the dark. With g the situation 

is slightly different since chlorination and broaihrtion exhibit similar 

selectivity. Both rssults.however, are surprising sincr brotnination is expected 

17 
to be a ewe selectlvr rcactlon than chlorination . 

Very interestingly, nhen the solvent Is changed fron AcOH to Ccl4 situation 

returns to be "norwal" : ulth both substrates chlorination is ltu selective 

than brofnination. 

This latter flnding, together with the previously noted different 

behaviors of 1 and 2, indicates that selact!vity of Dhotochlorination in AcOH 

can significantly be altered by the combined effects of solvent and substrate 

structure. 

It is unlikely that this phenomenon is due to the uell known Capability 
I8 

of armtic systew to complex Cl' giving a wre selective chlorinating species , 

since a very saall concentration of the aromatic substratt (0.08 M) has been 

used in our l xgerirmnts. Hors reasonably, an explanation may be found by a an 

extension of the current analysis of the polar effects in the free rrd!cal 

side-chain reactions of alkylarmatics 
5 . 



Intrunokular wkcuviry 10 taalo~tions 

According to this analysis, the l lectronlc effact of substltuentr on the 
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rrrctlon rate depends on the contrlbutton of the polar rttuctute fi to the 

trrnrttlon stata. 

ArCt$+H x-w ArcH*: H *x 

2 P 

Thus, to sxplaln that Bt' is gtnarrlly more selectlvs than Cl', it has been 

suggested that the contrlbutlon of 2 to the transition state fs lest fwortrnt 

when X Is Cl than tien It As Bt. This because chlorlnat1on is a IM)M 

exothermic roactlon than brornlnatlon and tharrfore 4t should possess a transition state 

nith a smaller degree of C-H bond breaking, and conscpurntly, with less 

positive charge drnrlty at the benzyllc carbon. 

Ws feel however that in addition to that of structutes 2 and 6, the 

analysis should also consldet the contribution to the transltlon state of the 

electron ttansfer structurr !, where the electron Is transferred frorr the 

= 
aromrtic systea to x. As 7 aoes not inuolvo any nuclear motfon, its contribution 

= 

might be awe illrportant in chlorlnatlon than in brmination slnce.ss already 

noted, the former rerctlon exhibits a transition state where C-H bond rupture has 

occurred to a very small extent, and moreover Cl' is a significantly sttonper 
.19 

oxidant than Br . In most cases, the contribution of l to the transitlon state 

of the chlorlnrtion rcactlon is not high since this rractlon Is generally 

less sensltlve to elsctronlc effects than broaination where, Instead, the 

structure 5 plays a significant role, as already mntIon@d. , 

However, changes in the substrate and solvent structure could significantly 

modify the situation. Thus, with a substrate as electron rich as 1 rnd a solvsnt 

like AcOH, capable of strong interrctions,vlr H-bonding, with Cl-,thc contribution 

of z to the trrnsltion state might becom so important as to make photochlorlnation 

more salectlve than photobrorination. Wth 2, which is less electron rich than 

4, the contrlbutlon of 7 should certrlnly be smaller and accordtngly chlorinrt4on md = 

brdnatlon display similar selectivity. The role of ; is probably negllglble 



In Ccl, (very scarce interaction of the solvent with Cl*) so that In this case 

rcb find the "nonn~l~ result that brminrtion is more selectlvr than chlorination. 

If these rerronlngs we correct, the trrnsitlon strte for the photochlorlnrtion 

of rlkylarwatlcs would be "variable", the actual structurr depending on the 

lon+zrt+on potential of ArCt$ and the strength of the +nterrct+ons of the solvent 

with Cl- (which also modify the oxidizlng power of the Cl'/Cl- couple), both these 

factors influenc+ng the contribution of 2 to thr transItion state itself. 

Interestingly, SW support to th+s suggestion is found In the relrtlve 

rerct+vlty values for the photochlorlnrtion in AcOH of substituted toluenrs, 
+ 

reported In Tablr 2. No corrrlrtlon exists between these data and the u or 0 

values of the Nbstituent (Fig. l), in contrast to what observed In Ccl4 or 

other solventsZO, but the affect on the rate becomes greater the more electron 

donor 1s the subst+tuent, in line with the previous hypothests. 

0 - l H 

. &I 
-0.2 - 

@m-cl 

1 I I I 
-0.2 0 0.2 0.4 0 

Figure. logarithms of the relative reactlvitics 
of photochlo$+nation of X substituted tolueneo 

(kx/kH) vs op and am values of the substituents 

In Principle, 1 mechanistic changeover, fttm a hydrogen ato* transfer to an 

electron transfer machaniw, should be possible as the ionization potential 

of the substrate becws progress+vely lower. With the drtr l vailabla, we cannot 

say whether this po+nt h&r been reached in the case under study. On the other 

hand, the use ofsubstratesmore electron rich than lpresentrthe problem of the 

coqmting electrophilic processas, including those leading to rldr-chain substituted 

products. 
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In the rerction prwted by CA& and Cl- in AcOH inttnolaculrr selectivity 

is similar to that obrrrvrd In the photochemlcrl chlorination (c-are ontties 

6 and 8). The urll difference observed nlth b can be due to the incursion, 

in !he CM/Cl- system, of a dlroct reaction of CAR (which accordingly rxhlblts 

a higher sel~tlvity, ontry 10). In line with this obsetvrtion w have found 

substantial uoonts of benzyl nltrrtss in the reaction product (see above). 

The nchrnlsa could be very similar to that proposed In eqs 4-7 for the 

side-chain btorinatlon; oxldrtion of Cl- Is more difficult than that of Br- 

and tharefote an Inner sphere wchrnism of oxldrtion Is very probable also 

in this case. 

Mot@ corrpllcrtrd is the intrtpratatlon of the selectivity datr concerning tb 

Co( OAC) 3/cl- system. 

Co(OAc) 3, the selecti 

In the react! on wbe re Cl- Is In strong excess with rerpsct to 

vity is slgni ly different than that observed in the 

Photochemical chlorination (compare entries 6 

Nearly certainly Cl' is not involved in these 

and 91, nlth both 1 and $. 

reactions and this conclusfon 

1s ln agreement with that reached by Heibr et al. who studfed the intermolecular 

selectivity of the same reaction 
25 

. These authors have also suggested that a 

cobalt(II1) chloride coslrplex is the actual reacting spacirs and that an one electron 

trrnsfet mechrnlsm is opetrtlng. &mover we feel that the latter hypothrs!s is 

unllkely as the Intramolecular selectivity is low and is ptrctlcrlly unaffected 

by the nature of the substituent. In 

trrnsfrt rrrrchrnism seems more H-a tm 

view of our pravlous 

probable. 

observations 
6 

, a 

It h&s also to be noted that the intr&moleculrr selectivity of the 

CO(OAC)~/C~- system is very similar to that observed nlth CO(OAC)~ alone 

(c-art entries 9 and 11). whereas the two systms appear to exhibit quite 

different intemoleculrr salactivity 
25 . At present we have no 

to axplain thls dlscreprncy. 

reasonable hypother+s 

EXPERIMENTAL SECTION 

1 
H tW were taken in the FT rmode at 80.13Wt on a Bruker YP8OSY spectrcuwtar 

GLC analyses mre Performed on a VARIAN Vista do00 gas chumrtogrrph connected nith 
a HP 3390 A integrator using a 50n fused silica CPSil 19 CR capillary colurrm. GC-HS 
analyses were Performed on rHP 5890 gas titogrrph equipped with a 12m x 0,2rm 
sillcr capillary colurm coated with methyl silicone pm, and coupled with a HP 5970 MSD. 

Materials. Ceric mn1ue nltrrte (NH4)2Ce(t+03)6 (Flukr. 99% Pure) was dried at 
a5 OC for Ih. Sodiun bromide (Fluka, 99% pure) was dried at 100 OC under vacuum. 
Sol;rtlons of cobaltic acetate In acetic acid were Prepared by oxidatfon of cobslt(I1) 
l cetata with ozone26. The conversion of Co(ll) into Co(fI1) was detemineo by 
iodwtric titration to be 99 2 1%. Acetic acid (ErbaRP, 99.8% Pure) was thoroughly 
purged with pure argon before use. N-Br~succinla!de (Erba, 99%) and 2,2'-rzoblrlsobutyro- 
nitrile wete tacrystalllzed frm hot-water and 50% H20-EtOH,respectively.folurnr(Erba R,P). 



u-chlorotoluene (Erbr, 99% purr), m-chlorotolucne (Erba, 9B pure), p-tiylene 

(Erba. 99% Pure), 4-chloro-l,Z-d(~thylbenz~ne (Aldrich, 98% pure).lithlum 

chloride (Fluka, Purlss) were cormsrclal samples and were used as received. 

I-t-&tyl-1,2_di~thylbsnrana was synthrtized according to a ljterature mathod27. 

Reaction products. Authentic spectnens tire prepared as follows. 

2-Methyl-5-t-butylbenzyl_alcohol (8 _.-- 
reagent of Z-bromo-4-tibutyltolu& I 

was prepared by the reaction of the Griqnard 

* with formaldehyde. Mass spectrum (70 eV). 

m/z (relative intensity) 178 (231, 163 (loo), 105 (36). 91 (27). 77 (20) 'ti f8# 

(COC13)&7.20-7.05 (m, 3H). 4.71 (s, ZH), 2.35 (I, W), 1.63 (s, lH), 1.33 (s, 9H). 
2+othyl-4-t-butylbrnzyl alcohol (2) was Isolated by sll!ca gel collunn 

chrmtography (light potrolew ether and ethyl l crtatr In a 6:l ratlo) fror the 
mixture of fi and 9 obtalntd by oxidation of I with CAH followed by H2S04/H20 

hydrolysis. Mass &trum (70 eV), m/r (relaiive Intensity) 178 (23). I63 (100). 

105 (W), 91 (30). 77 (20). 'H w (COCl3)d 7.4-7-l (m, ?H), 4.69 (s, 2H), 

2.39 (s, 3H), 1.63 (s, lH), 1.33 (s, 9H). 
for the synthesis of 2-Methyl-S-chlorobentyl alcohol (jp) 2-brcnno-4-nltrotolucne2g 

was reduced to 3-brm-4-methylan!l!ne (11) by Sn/tiCl according to a general 

procedure30. 11 was converted to the corresponding diazonlum salt which was 

subjected to tie Sandmeyer reaction to glvo 2-brm-4-Chlorotoluene (12), The 

Grlgnard reagent of L2 was then reacted wlth formaldehyde to form Ai. Mass 

SWCtrM (70 eV), m/z-(rrlativc intensity) 156 (24). 138 (loo), 91 (55), 

77 (59). 
'Ii MM (COC7,) d: 7.4-7.0 (m, 3H), 4.67 (s, 2H), 2.33 (s, 3.H). 1.91 (s, Ill). 
2 Methyl-4-tilorobcnzyl alcohol (4:) was obtained from the reaction of CAN with 

1. The crude product was hydrollsed (H2S04/H20 5% v/v) and elutcd on a silica gel 

colUll,as In the case of P,to give 11. Mass spectra (70 rV) R/Z (relative intensity) 

156 (41), 138 (671, 91 (100). 77 (95). 'H MI (COC13M: 7.4-7.1 (m, 3H), 4.63 (s, ZH), 

2.31 (s, 3H), 2.18 (s, 1H). 
In all the reactions performed in the present work, the varfous benryl drr!vatlwss 

(acetates, nltrates.bromldes and chlorides) Were idtntlfled by converting them into 

the corresponding benryl alcohols which were compared (GLC and CC-MS analyses] with 

the authentjc smplcs. 

Oxidation reactlons: general procedure. 

The reactions were all conducted at 60 *C under argon atmosphere and m#gnetical 

stirrlng, 

OxIdatlon with CAN. The aromatic hydrocarbon (2.5 ml) and CAN (5.0 ~1) 

were added to 60 mL of Acetic acid. The red orange colour of the mixture faded after 

2h with 1 but it was still present after 26h (when the reaction was quenched) with 

2 as the-substrate. The reaction mixture was cooled, poured into water and elctracttd 

for sevrrrl tls%s (light petroleum ether]. The organic extract was washed nlth water 

and with a saturated aqueous solution of NaHC03 and dried over anhydrous Na2SOa. 

GLC and CC-MS analyses indicated that the reaction product was a mixture of benzyl 

acetates and benzyl nitrates. 

Oxidation with cobalt[IIi) acetate. The l rmatlc 

added to 25 ml of a 0.2n solution of cobaltlc acetate 

tanpcrature, the reaction mlxtura was worked up and a 

acetates were the only products present. 

Halogenatlon with CAN and Br- or Cl-. The substi 

CAN (5.0 ml) and NaBr (2.5 mo?) or LiCl (2.5 rmol) 

(10 mL). When the red orange colour faded the mixture 

usual. GLC and GC-MS analyses showed that In the reac 

and 2 benryl bromjdes were the only products formed. 

CAN/cl- a mixture of bonryl chlorides. banzyl nitrrtr 

obtrlned, while wlth 3 benzyl derlvatlves were only 1 

the main rerction belnJ ring chlorination. 

substrate (2.5 ml) was 
. After being cooled to ram 

nalysed as above. Benryl 

tuted o-xylem (2.5 ml). 

were mfxed in acetic acid 

was cooled and worked up as 

tion of CAN/&-- with both 1 

From the reaction of 1 witi 

s and bonryl acetates'nas 

/3 of the rerctlon products, 
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Halogenation with cobalt(II1) acetate and 6r'ot Cl*. A mixture of the 

aromrtlc hydrocarbon and the halide 1:l molar ratlo in the case of llaer and 1:lO 

in thr case of LlCl) were added to a 0.294 solution of cobalt(III) acetate 

(substrate to oxidant ratio, 1:2). The taactfon l (xturos wore worked up analyzed 

as boforr l d the products sham to benzyl brorlder and bmntyl chlotfdas, rospact 
Urainatlon with N-brmtuccfnimidr (N6Sl. The aromatic hydrocarbon (2.5 m 

was reacted w!th nBS (0,6 ml) In anhydrous CCIq(2rL).Tna reaction was stopped 

after 2Ol~ in thr case of 1 and after 30h with 2. Work up was as p~cviously 

.ivoly. 

11) 

photochunlcal halogenations. A solution of the arcmtlc hydrocarbon (8 ~1) 

in 80 nL of acetic acid, was irradiated with a 125 u high pressure mrcury 1~ whose 

emission was filtered through Pyrex. During l-3 h, 20 ml of a 0.294 solution of 

Cl2 or 5 mC of a 0.W solution of Br2 in acetic acid was added front a dropping 

funnell. The reaction mixture was cooled rnd worked up as usual. GLC analysis 

showed that benzyl halides mre the only products present. 

Determination of isoraerlc distributions. The crude materials coming ftom 

oxidation or halogenation of 1 were added to 20 mL of a 3 M solution of CH+XNHa 

in acetic acid andreflux~ov&night. Before cooling *the mlxture was diluted with 

30 mL of acetic acid and worked up as usual. GC-HSanalyses fndicated the cmlete 

conversion of the nlxture of benryl halides or nltrates into the corresponding 

acetateswhlchwere analysed by GLC. The rractlon mixture of the benzyl halides of 

2 was reacted with 10 nL of H20, 1 RL of diethylendioxide and a few WJ of Ag20 

Under reflux (reaction time was 6 and 12h for the bromides and chlorides, 

respectively). The mixture was cooled, extracted with light petroleum ether and 

dried over anhydrous Ha2SOq. GC-MS analyses confirmed cmletc conversion of benryl 

halides into the benryl-alcohols which were analyred by UPC. 

The mixture of the benzyl nltrates and acetates coming from oxidation of 2 

with CAN was refluxed overnight in H2SO@420 5% v/v in order to obtain a quantitative 

conversion into the corraspondlng alcohols which mre analysed as above. 

Canpetitlve photochlorinatlons. A mixture of toluene and rubstltuted toluene 

(whose ratio ranged from 1~1 to 1:3 dependIn on the relative reactivity) was irradiatedthe 

as above and a 0.2H solution of Cl2 In acetic acid was added from a dropping funnel1 

(the moles of Cl2 added never exceeded 10% of those of the substrate). After 

cooling an internal standard (cyclododecans) was added, the reaction mixture was 

worked up as usual and the product analysed by GLC. 

The rolatlve reactivity was directly obtained by the ratio of the gas 

chrmtographlc areas of the products, relative to that of the internal standard, 

l ndcorrectedfor the initial concentrations of the reactants. All reactions mrc 

run in triplicate. 
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