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AMndaod yielda of ace@- and diacctyidurcnc, acetyl- and diityl-isodurcne, and zLcctyh_ can be 
obtaid by Friaid-Crafta acylations. Prodwts uisiq from methyl-miption prior to acetyiation arc also fond. 
A chh of the formath of dketylpnhitem2 is sbwn to be incorrect. 

The Frkdcl-craft!3 acetylations of the tetramethyl- 
benxenes have been studied several t&s, dureue (Ia),‘” 
isodurene (IIa),” and prehnitene @Ia),” 8ivin8 8ood 
yields (7WXS) of the expected mono-ketones, (Ib, IIb, 
and mb), respectively. with an excess of reagents 
diketonee (Ic and IIC) are formed.’ Formation of 
diacetylprehnitene (IIIC) was also reported.’ when 
durene was acetylated usin an excess of ahuninium 
chloride,2 a product of methyl-rearrangement, 
diacetyhsodurene (UC), was reported as a by-product. In 
the acetylation of prehnitene uuder strenuous conditions 
substantial formation of diacetyldunXe (Ic) was recor- 
ded.’ In view of these anomalous reactions, the problems 
of steric crowding associated with the formation of hexa- 
substituted benxeues, known acy1-reananpements~2$6 
nmthy~ment.9~.‘” and 
propottionationS5a.w3 

IB&hyMiS- 

in systems of this type, it was 
decided to reinvestigate the Frkdel-Crafts acetylations of 
these hydrocarbons. 
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The rmlt8 from Friedel-Crafts mo- of 
the tetramethy1benxenes are given in Table 1. The Per- 
tier addition procedure, which avoids direct contact be. 
tween the catalyst, aluminium chloride, and the substrate 
was mainly used. Analyses of mixunes was achieved by 
the use of 8lc. High yields of monoketones were 
obtained in each reaction, in particular when two moles 
of the preformed acetyl chloride/aluminium chloride 
complex was used. In nest acylations trace amounts of 
other products were formed. In one tea&ion (no. 4) of 
dureue ca 25% of tbc isomer prehniteae was present. In 
soother acylation (uo. S), of isodureue, the product mix- 
turecontainedca2%eachofdureneandprehniteue,as 
well as small amounts of the correspomlisg ketones, (Ib 

and IIIb). Analogously, in most of the acetylations of 
prehniteue ca -96 of dureue were formed, to@her 
with small amounts of acetyldurene (Ib) and acetyl. 
isodurene (IIb). 

In an attempt to explain the formation of these by- 
products the isomeric tetramethylbenxenes were treated 
in l&Iichloroethane solution with the molecular com- 
plex of acetoplumoue/aluminium chloride for an exten- 
ded duration. In this way it was hoped to simulate 
conditions under which rearraaeements could occur in 
the substrates when treated with acetyl chloride/alu- 
minium chloride. Alternative conditions, such as treat- 
ment with solid, uacomplexed catalyst would have been 
too harsh; and treatment with aluminium chloride in 
nitromethane sohrtion would have involved a very 
different system in which the many basic solvent mole- 
cules would compete for the Lewis acid. The results of 
these stability tests are given in Tabk 2. U&r the 
conditions used slow conversion (no. 17) is seen to occur 
of durene into prehnitene, and, rather more rapidly (no. 
18), of isodurene into durene. IXuene and prehnitet~ 
have been reported to be converted into isodurene, in 
anhydrous hydrogen Ruoride (with or without addition of 
BS or NbF,); the two reactions were said to occur at 
practically the same rate.’ Applying MO. theory to the 
study of methyl transfer in polymethylbenxenes, it was 
conch&d that these acid.catalysed rearrangements take 
place intramolecularly by successive 1.2~shifts.” The 
formation of by-products as given in Table 1 can. we 
believe, best be explained in terms of some w 
ment of the hydrocarbons accompanying the faster 
acetylation reactions. 

Acylations were also conducted with a view to obtaiu- 
ing good yields of diketones (Table 3). Diacetyldureue 
(Ic) and diacetylisodurene (UC) are formed in >!Xl% 
yields from the correspondin hydroca&ons, if an excess 
of acylatipg reagent (cf Ref. 4), and especially if an 
excess of catalyst over the acylatin8 reagent is 
employed (nos 20.23). The presence of excess of (solid) 
aluminium chloride, however, permits the mcumion of 
rearrangement reactions. It is evident from the high 
yields of diketones (Ic and IIc) obtaimMe that the 
second acetylation stage proceeds at a much fasta rate 
thandothevarious rearrapeements. The fepo&d’ for- 
mation of a high yield of acetyldume (lb) accoapmyiq 
thediacetylationofisodureuecoulduotbeco&med.It 
wasfoundhere(no.23)that’Yoreip$ketonesamountto 
no more than 1.3% of the total reaction product. 
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Table 2. The actioo of ahminim chloridc/ace~opbenonc on durcnc. isodure and pr&nitcac in l&S- 
cldom&aw3olutionatwfo?15hr’ 

BeMtlon lfydmwbon Prodwlt~ ($)2 

DO. (Ia) (I=) (I--) 

17 (Ia) 89.4 10.6 

ia m4 35.8 64.2 

49 (l-m 01.4' 

' Yolarlatios of ~ooubon: aluEiniuBohlorl&: hoetophonom - 1:l:l. 

mok-ity D 0.6% 2 w mm*, wssityl.w,pn~tl@b*mum uxl 

ho-tl&bemelr uufm absent 3 A.c~wrd (19$&) 1u fox-mod. 

but not idontlfird. 

Tabk 3. Formation of diketows in the Ficdd-Crafta acdyhthn of the tcbamcnthylbcazena in carboo di~Iphi& 
suspension 

Ea~cticn *o. w=Jc=b- Cotitions' Prcduots ($) 

(Ih) (IIS) (XI.%) (Ib) (IIb) (ffIb) (IO) (no) 

2C (Ia) A 0.1 1.6 9e.J2 
21 a3 69.6 2.9 27.5 

22 ma) c 97.8 2.2 

23 
3 

0.9 2.9 0.1 3.6 1.2 0.1 Yl.22 

u, m4 0.6 0.3 0.3 90.6 5.4 2.0 

25 B 0.1 0.1 81.0 11.6 7.2 

26 F 0.3 93.2 lb.9 1.6 

27 c 70.6 20.3 a.9 

’ A: Psrrier oonditions, molar ration of substnrta:AcCl:AlCl3 = 1:4.3:6.8, mokrl4g of subatrsta = 0.25& 50'c/lh; 

B: Bouveault oonditiono, nolar ratios = 1:1.9:3.5. molzwity of aubatrate D I.%, 25'C/lh, then 50°C/3h; C: Porrier 

co!xlitiana, molar ratios = 1:2:2, aolruity of substr&s = 0.75& 25'c/lh; D: Bourerult oorditio~, 9 ratios of 

substnak:Ao20:AlC1 
3 
= 1:2.3:6, nolnrlty oP substrate = l.ON, 50°C/2h; E: As for D, but with m0l.w ~tioa .1:6:6; 

F: Perrisr qonditlans, in l,2-diohlorcethw1r solution, molar rntiot of substrata:AcCl:AlCl = l:lO:lO, molulty of 

substrate I O.& 50°C/40h; G: As for F, but aitii molar ratios = 1:40:40, 5C0/48h, then 2;'c/72h 2 

noxwlly7tw$ ' Pethcd of Rof 2. Beportod y%slds: 5696 of (Ib) and 14$ of (IO) 

IsoWed ylisld 

4 Reported yirldr (Ref 1): 

53% of (Ib) and % of (I-IO) 5 Rsportad yialds (Rsf 1): 46 of (Ib) and 83 of 'diawtylprehxitem' (IIIo). 

It had been reported that treatment of prctmitene (ma) 
with an excess of acetic anhydride and aluminium 
chloride resulted in the formation of a 4096 yield of 
acetyldurene and an 846 yield of a diketone (with ac- 
ceptable C, H analyses), m.p. 113”, called “diacetyl- 
prelulitelE”. Ihe evidence advanced for its StNcture was 
very slender; on tbc basis of our results (nos Bl-27) the 
diketone isolated’ was probably impure diityldurene 
(Ic). In the presence of an excess (up to 40X) of reagents, 
in carbon disulphide or l&dichloroethanc media_ the 
main product was the monoketone (ma). Thcxc was no 
evidence of the formation of a new diketone, but the 
isomers (Ic) and (IIc) were indeed formed, up to a total 
of ca 3096. Tbc ratios of diketones (Ic)/(IIc) were 
reasonably constant, 1.6-1.9 in carbon disulphide, or 
2.3-x1 in l&licllloroethanc. 

The non-formation of diitylprelmitene (IIIc) is not, 
perhaps Wrprisii The formatioIl of the diketones (Ic 
andIIc)ir&atesthattbercisnoi&rcntdif6cultyin 
oMainiq hexasubstitutcd bcnzcnes by the Frialel- 
Crafts reaction. The introduction of a 6rst acetyl-group, 
asin(IborIIb),doeJwtcausemajordeactivationoftbe 
nucleus, as can be saq e.g. from our data (nos 4 and 
23), where diketones are alrauly beii formed even 

thoughtlnstartingbydroca&onsarestillavailablcaml 
competing for the acylating reagent (cf acetylation of 
mcsitykne~. The probable reason is that two ortho-Me 
groups induce a rotation of the acctyl-group to a m 
orthogonal position,” and deactivation by conjugative 
interaction ( -Ml is severely curtailed. 

The reactivity in Fried&Crafts acetylation of prcb 
nitene was found to be about the same as that of 
isodurenc? In acetylprehniteae @Ia) the reactivity of 
the free position wilJ be substantially reduced, since 
there is a single methyl-group or& to the acetyl group, 
which will rotate away from the aromatic plane by no 
morethancaW,‘6andwhichwilloffcrmorehindrance 
to attack by an a&y1 reagent than would two flank@ 
methyl groups. 

Since previously the ketones formed were often of 
unstatal purity tbeii physical constants are here recor- 
dcdinsomedctail. 

-AL 
f&em/. Tempsarcio’C.Mm.parcuncanctedIRspectra 

wcfereconbd,nnkmotbawise~fordiscrinKBr.PMR 
and”C-NMRapcctmwcrcohinai.unkadbawise~, 
foradutiominCDCl,.Gkandyscawatcodwted *@for 
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mwotcctyhtion piducts, a cdumo 2mx6mm of 3% O.V. 17 
on@-8Omeshdktcdte’~,xidwas&?dalKl&nisedwitb 
DMCS. at ISO@, (ii) for dkcetyktion prod&s. a column 2m x 
6 mm of 5% O.V. i7 on &I-100~mesh &mite “c”. acid wosbsd 
addanisafwitbDMCS.atl&P.adfiir7acohmmlmx 
0~25,WCOTwith0.V:17~,atiSbD,allusissN2~ 
cankrgasandelkmeionisa&m&tectar. 

Jf*alfIons. comalad 122~4.tetladbylbenzene (86% 
by gk) was convwted into its picrate, m.p. 868p (lit.” m.p. 
92959; IR 1175 (OH), 1370 (N4) ad 1540 cm-’ (N4). 
w from the picrate gave 12J#&amethylben 
(> 99.4%), b-p. M-5’ at 1.5 mm Hg, rd’ 1.5240 (lit” b.p. %S 
at 2SunnHg, hrn 1SzoZ); IR (tam) 810 (C-C) ad MOcm-’ 
(C-H); PMR d zso (s, l- and 4-C&), 2.96 (a, z and 3.0, and 
7.15 (s, 5. and a&; ‘wwlt (CQ) d 19.0 (CIf~,l31.0 (3. aal 
6-Q, 1329 (1.. 2., 4. and 5-C) ppm. 

i25,5-Tetram&y~l% pure) gave a piapte, m-p. % 
91’: IR 1166 (OH). 1343 M(X) ad 153Ocm-’ MM. It ltlve 
1&-tMam&yli&ene~(>~), bp. 35-3SJ” at 0.7m&, 
rD” 15131 (lit” b-p. 104.p at 30 mmHg, bg 15130); IR (5lm) 
MO (C-C) and 1494 cm-’ (C-H); PMR d 1.99 (I, 2X&), 2.05 (s. 
5-C&). 2.10 (s, I- and 3-C&), 6.72 (I, 4. ad 6-y); “C-NMR 
(Cm d 14.7 (2<Iid. 2Q.4 (l- ad WH,). 21.0 (S<H,), 128.8 (4. 
and 6-Q 131.4 (2-Q, 134.2 (5a, 135.8 (l-ad 3-Q ppm. Anatbw 
specimen was o&aid from 2,4,6&imetbylbeddcl1yde,~ b.p. 
l3O-1320atl8mmHg,nD~l.SS4O(lit.ssb.p.ll8-12l’atl6mmHg) 
by ductio# (yield 92%). The hydnxdoa bad b.p. 35-36” at 
0.7mm~rD’sl.Sl~,shawedasisskpePLbyslc(>99596)snd 
wUi’blltiUll(IR)WitbtbeabowpfO&t. 

CommackUy “p+’ 1,2.4Mtmmetb~Iben (96% pure by 
ewwas=walb=dnpertedlY@tGH)toOive~(> 
99.7%). m-p. 795800 (tit.= m-p. 79.29: IR 870 (C-C) and 
1465 cm-’ (C-H): PMR d 210 (I, C&) ad 6.88 (I, 3. and b@. 

(i)Gmem&Thecc4npowrswefebrougbttog&erint& 
cboseo solvent in the nsd way, with lid addition of the 
hydKwbon(Perfkrprodure)oroftbeacyicamponeat 
(Bowslllllt_). 

(iii Acetyl&n of 1,2,3,4_tdramdhy#enzew (method of Rd. 
1; no. 24).-Ahuui&m chloride (29.6~) was s&fed to a stirred 
suspeltGo0 of 12JA-twnetbylbenzeoe (S.Og) in carbon 6 
&bide (371~0 at 20”. followed by drodse addition durbm 
15 &I of~AcG-(8.7g). iae mix&e-was &II gently boikd to; 
2br,tbellcoolcd+andpcuralintoke-water.woYkiugupinthe 
ususlwayadark-brownliquid(7g)wasobtained,wbicb 
&posiiasolid(22p)onstand&Crydkdonfromctber 
&dEd (i) l&dkc&i-~Jw* (0.13 e), aP. 
and mixed m.o.l77-lw. identkal GR PMR) with an adentic 
SPIXIUW id (I.9 ’ u-dk&~i,45,atetramtbylbenzene 
(0.5Og). m-p. and mixed m.p. 12tP. irkatid (11(, PMR) with an 
autbadkspecimen. 

P&d pmpdtv of kuom. 2,3,4J-Tetrametb- 
pbemme bad b.p. -50 at OS- (tit.’ b.p. 1221w at 
8mmH&.Asampk,aftaprepdiwgkwas>99.7%pue,ad 
bad roQ 1.5320. JR (ti) 16% cm-’ (Cd) (lit.” 1694 cm-‘). Bulk 
pprieatioa was achkval by ~~KZ&XI of tbc picrate, m-p. 
lls-lls~ IR 116s (OH), 1338 @I&), lsul @JO& and 164Ocm-’ 
(c=o). followed by ddktion ( > 99.7% plm); PMR d 213 (s, 
3. ami 4-C&), 2.20 0.X&), 2.25 (s. 2-C&), 2.43 6, COCIM, 
7.11(4 afocwg); (rqKwtal’2 PMR d 209,2.23,2.35,245, and 
7.23); “C-NMR 8 18.0 m& 184 (4-CH,). 19.0 (2CH3.22.8 
(5.0.32.2 (Cm1). 129.3 (Ic). 134.8 (4-Q. 1355 (5-C). 139.0 
w&lgwQ;40.7 (lc)* 206.1 (clo) tv= 

ykcddwwpwmwibytbelitartme 
~‘hdb.p.l021010It35~,andwrs~.~pmeby 
@c. It gave a picrate. m-p. 122-l=, IR 1150 (OH), 1340 (NC&), 
1551 @Q) and 1662cm-’ (Cd); the recovered ketone (99.7% 

pad bed b.p. 845-855’ at O.lmdfg, b= 1.5262 (lit.’ b.p. 
13~137’ at 16-l: IR ffdm) 17031~~ f&G) Ilit” 
1695 cm-‘); PMR 6 25 & 3. a&i&), 215 (s, Z&),X21 
(s, 6-C&), 2.39 (s, CGC&. 6.81 (s. 5-m (lR” PMR 8 208,213, 
220, 230, 6.78); “C-NMR 6 (CC&) 15.9 (ma. 17.9 (4.0. 
19.8 (2<H,), 21.6 (6-CH,). 33.3 (Cq!H,), 130.0 (3-Q. 131.0 (4-Q. 
131.6 (2-Q. 134.0 (SC). 137.5 (6-Q. 1429 (19.2tE.4 (cd) ppm. 

2fJ,bTetradhylecetopbe~ne formal crystds, m-p. 6p 
69-F (lit.’ m.p. 739; IR 1692 cm-’ (Cd); PMR d 209 (s, 3. and 
X&). 2.28 (s. 2. and ‘X&A 2.47 (1. CWM 6.86 6. W; 
“C-NMR cl (CCI,) 15.6 (2. ad KH,), 19.4 (3. ad 5-CH,). 32.2 
(CWH,), 127.3 (2. ad 6-Q 131.2 (4-Q, 133.8 (3. and S-Q, 143.6 
(10 m.4 (w) Ppm. 

1,3-Dd.tyi.2.4,$6&trametbyl~ bad m.p. 119-119-S’ 
(lit.’ m.p. 119.n; lR 16%cm-’ (Cd); PMR 8 2.19 (I, S-C&), 
229 (a, 2., 4. ad 6-C&)=, 263 (‘I, cGC&). 

l,4-Dkcdyl.23J~t!lylbenzcne bad In-p. in-177P 
(lit.’ m-p. 1%178sq; IR 1699cm-’ (tx); PMR b 208 (s. 
ar0m-Q~ ad 2.42 (I, cGC&) (lit-l5 PMR 210 and 244); 
“C!-NMR d 16.0 (CH,), 32.6 (CG&), 1285 (2.. 3.. S--, ad 6-Q. 
143.4 (1. ad W), 208-s (c;o) ppm. 

mactlonojsolmtuiolwlnlwrchloidrontktdmmeth~- 
baufncs.Usingaliquotsfromstaodadsoh&nsprepadin 
l_ solution, pdmitem (0.168p) was added !‘.w 
toasolutknofacetop~(0.1SOg)andanbydrousahunmmm 
cbkr& (0.1670) in the solvent (Mad), ad the N 
mixhReresdtillgkeptat2lPfor15hr.W~upduIemixt0e 
aodpfepadmoft&pfoductforglcanalysiswascankdautiu 
tbc usual way. For the otbw tetramdynw.uKa ths suw 
moLri~(o.6u)EE)ot~ts~employed,butthescrkot 
tbercac&svaial,withiutberao#o.fJ-125mIllLd. 
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