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1. Introduction

The fert-butyl group is often employed in the field of synthetic organic chemistry. It has found wide use as
a protecting and/or blocking grot
reports.”* Thus, the fert-butyl group was used as a useful positional protecting group for the selective preparation
of 2-substituted phenolic compounds such as halophenols,"” 2,2 -dihydroxyphenols®, alkylphenols* and

hydroxydiarylmethanes.’ In addition, the fert-butyl group was used as the C-terminal protecting group in the

synthesis of peptides,*'* and to block the alcoholic hydroxyl groups of the main hydroxyl-L-amino acids.'*'* The
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but conveniently cleaved by acids. The fert-butyl group was also used successfully to protect the ami
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The introduction of the fert-butyl group can be achieved either via direct ferz-butylation of a substrate or

chemical modifi
odifi

by the nitration of tri-fert-butuilbenzene, but not by the fert-butylation of nitrobenzene. “~ However, 2,4,6-tri-

tert-butylphenol was easily obtained by fert-butylation of phenols.” Recently, much attention has been paid to
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or carbon-suifur bonds, will be mentioned only briefly.

Due to the wide range of functionalities that can be prepared through ferr-butylation-de-terz-butylation

reaction sequence, this review is classified according to the catalyst used for the deprotection. It is worth noti

that some of the material for this review appears as patents. However, the review covers all the related literature

including the patents; but the experimental details for the patented material is limited.

2. Lewis Acid Catalyzed De-ieri-butylaiion
Lewis acids have been widely used to remove the fert-butyl group from aromatic substrates. The reaction
1 o P ao bae i e gl o b mmt nn ne anmnambnr fae tha Aatantind (o0f Wbl
needs an aromatic compouna such as benzene or toluene to act as an aCCCPIOI 101 Ui GCLlaincq ieri-ouiys

substituent. This approach has been used for the synthesis of a variety of aromatic compounds.***** Among the

different Lewis acid catalysts, aluminum chloride (AICli) was found to be the catalyst of choice for its

2-one 2 with toluene in the presence of AlCh-CH;NO, . Compoun

the corresponding 4-halocyclohexadiene derivatives 1 with alcohols, Scheme 1
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partial de-zert-butylphenols to afford the corresponding 4-alkoxy-2,6-di-fert-butylphenols 6 in good vyields,

Scheme 3 2

Scheme 3
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or B-picoline.” The reaction gave better yields in the presence of ethylene glycol. Thus, treatment of 1 with

pyridine gave product 7 among other phenolic products, Scheme 4.

Scheme 4
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Substituted phenols, dihydroxybiphenyls and oligo[hydroxy-1,3-phenyleneJmethylenes® were
nrepared using de-ferf-butvlation as a kev sten. Treatment of 3.2 5.5 ~tetra-fers-butvl-2 2 -dihvdroxvhinhenyl
P i =) ~ VL yaGniy Qo By Svvp. AVRLLLIVIIY VL J,J 5oy TLWLLATIL/ SSUULY IR 4, L ULLY UL UAYVIPLICILYL ©

and 5,5-di-tert-butyl-2-2 -dihydroxybiphenyl 9 with AICL in benzene gave 2,2 -dihydroxybiphenyl 10, Schemes5.
AICl3-CH3NO; in benzene converted 8 to 9 through partial de-fert-butylation, Scheme .

Scheme 5
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AlCl; in toluene has effectively catalyzed the de-tert-butylation of oligo[hydroxy-1,3-

phenylene]methylenes 11 to the corresponding products 12, Scheme 6.*

Scheme 6

C(CHy), C(CH),  C(CHy),

Yo

t hag heen ren S
t has been report

AICl; afforded 2,3,6-trichiorotoluene in high yieid (97%). Similariy, 1,2,3-trisubstituted benzenes 14 were

d 2 hi
prepared by Lewis acid catalyzed de-ferr-butylation of the corresponding zeri-butyl derivatives 13 with biphenyl
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tert-Butyldiphenylmethanes and ethanes 15 underwent de-ferz-butylation when catalyzed by AICl; in benzene to

give substituted diphenylmethanes 16, Scheme 8 **

oL 11141 N jiviii v

Scheme 8
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Tashiro and coworkers established a convenient route for the synthesis of 10,11-dihydro-5H-

dibenzo[a,d]cycloheptane 17 in which de-fert-butylation was achieved with AICI; as the catalyst, Scheme 9.*

Scheme 9
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The ketone 20 was prepared by titanium tetrachloride catalyzed Fries rearrangement of 6-fert-butylaryl

ester 18 to give product 19, followed by the use of AICl; to induce the cleavage of the zerr-butyl group, Scheme

104
| VN
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Scheme 10
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Recently, Lewis and Morgan reported a facile method for de-fert-butylation of phenols under mild

reaction conditions. The method utilized AICh in dichloromethane without using a fert-butyl acceptor. Thus,
treatment of phenol 21 with AICl;/CH:Cl, gave phenol 22 as the sole product, Scheme 11. 4

[ C
C(CH.). 65%
AT

21 22

47

o

With carefui choice of reaction conditions, it was possible to achieve selective orifo-de-feri-butylation.

Thus, phenol 24 was prepared in reasonably good yield from 2,4,6-tri-fert-butylphenol 23, Scheme 12. The

Scheme 12
§ §
CHYC 2 ) 1 equiv. AICL, CHCL, AN
K\YJ 0-5C . 05h ! K)
C(CH), % C(CHg)s
23 24

method was found to be quite general and gave better yields under milder reaction conditions than the use of

trifluoroacetic acid.*®* Similar results were obtained in the de-fert-butylation of alkyl quinol ethers.

TN 4a bt latinm  1a
pJo-ieri-vulyiauvn U

compound 25 using benzene as a tert-butyl acceptor, Scheme 13.
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AICl; catalyzed de-fert-butylation was effectively used in a simple recycling process for the preparation

The macrocyclic compounds, calixarenes, were synthesized via base-induced condensation of para-

£n
~Ou

£
S

was mostly carried out using AlCl;-catalyzed retro-Friedel Crafts reactions.

Metal Oxide Catalyzed De-fert-butylation

3.

equilibrium may retard complete removal. It has been established that gas-phase de-fers-butylation is more

butylbenzenes, p-halogenated fert-butylbenzenes and p-alkylated-fert-butylanisole were efficiently carried out

(94

efficient and practical than the transalkylation in the liquid phase. Silica-alumina was found to be an effective
over commercially obtained silica-alumina catalyst.”** Most of the substzers-butylbenzenes decomposed to the

Similarly alkylbenzenes, including fert-butylbenzenes, were readily dealkylated by passing over Cu-Chromite in

HY type zeolite were studied as catalysts in the liquid phase decomposition of ferz-butyl derivatives of benzenes;

naphthalene product increased with increasing temperature.”!

o- And B-fert-butylnaphthalenes were pyrolyzed in a flow reaction over Al;O3-SiO; catalyst at 330-490°.

the presence of oxygen.*** Ni/Al,03/Cr,0s was used to dealkylate alkyl adamantanes at high temperatures. The
of acid strength on selectivity in the decomposition of p-fert-butylcumene and fert-butylbromobenzene, after
poisoning of the alumina-silica and zeolites catalysts by pyridine, was investigated.” The poisoned catalyst was

a comparison was made in the vapour phase.”* The decomposition coefficients in the liquid phase were 10 to 100
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times as large as in the vapour phase in the de-fert-butylation of rert-butylbenzenes. The activaton energies for

the action of the phenolic derivatives were nearly the same as that for the vapour phase de-fert-butylation.

In a recent report, a new process of gaseous-phase dealkyiation of alkylphenols by heterogeneous
ataly51s (NiSO4/ALO3) through a tubular reactor has been described. As a model, the de- tert-butylation

g de- rert-butylated product in 98% conversion

Mineral acids had been employed extensively as catalysts to remove the ferz-butyl substituent from ferz-
butylated phenols. Several examples of such phenols with varying degrees of substitution have been reported.”®”
Some aromatic diethers gave simiiar reactions regarding de-feri-butylation compared to hydroquinone and
pyrocatechol monoethers in which the aromatic hydrogen atoms are hindered towards electrophilic substitution
by fert-butyl groups. Such ethers were eventually transformed to the corresponding para-benzoquinones and

~£
Ol

PR Rt By - s=slal o -

alcohols with catalytic nitrous acid. This method is being notable for its mild conditions, which makes i

=%

potential value for compounds with the appropriate substitution pattern.”®

2,4, 2,6 and 3,4-di-fert-butylphenols, as a mixture, were heated at 200-240 °C with H,SO, catalyst and

afforded predominantly p-tert-butyl-phenol, which in turm at higher temperatures gave mainly phenol.”’

—~ O

The relative degrees of de-feri-butylation at 190°C for 4-ferz-butyiphenols, p-fert-octylphenol, 2-pheyl-2-
(4-hydroxyphenyl)propane and 2,2-bis(4-hydroxyphenyl)propane have been checked and gave 3.7%, 80.6%,

42.9% and 72.0% respectively. ® The mutual in nversions of o-and p-fert-butylphenols have been studied at

T e sl tboa bl a0l L oaa Y o
Uund wiat e rates o1 e totai Conversion

different temperatures with H,SO, being used as the catalyst. It

was f
and de-tert-butylation of the para-isomer were 30 and 10 times greater than for the ortho-isomer.”

Sulphuric acid was used in the de-feri-butylation of some mono- and di-/eri-butylated aromatic esters and

-t

acids to afford 4-hydroxyphenyl propionic acids which are expected to be of potential use as intermediates for

prospective drugs and antioxidants. Scheme 14.%

Scheme 14
Rl
\
HO B CH,CH,CO R’ sto“ >, A
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Treatment of 3,6-di-fert-butyl-o-benzoquinone with sulphuric acid in a variety of solvents, such as ether,

mathannl havana sarhnn tatrashlaride and hanzana affardad nartial and camnlota da_fors haitolatinn nendiicte AF

imCuiansl, nCXalll, Lalvin WO aviuUNue afii JCILZCHC aliOIGCa paltiidi allG COMPiCie Gl-i€7-ouiyialion proqucts o1
. . . 8 .. . .

pyrocatechol in high yields.*' Similar results were obtained upon de-fert-butylation of 2-methyl-4,6-di-tert-

butylresorcinol *

Phosphoric acid had been used as an effective catalyst for the de-tert-butylation of alkylated phenol.s®
Recent work confirmed its widespread utility. Thus, 3,3,5,5 -tetra- tert-butyldiphenoquinone 27 was reduced to

tha ~orreanon dina dihvdravyhinhangl
i€ COoresponaing a u U 1

compound, without being isolated, was reacted with 4-dialkylaminopyridine in the presence of phosphoric acid at

280-320°C and gave 4,4 -dihydroxybiphenyl 29, Scheme 15 *

Scheme 15
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27 28
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R', R = alkyl

2,4,-Di-fert-butyl-6-(2',3 4 -trialkylpiperidine)phenol 30 was de-fert-butylated and gave ortho-

trialkylatedpiperidinophenols, 31, Scheme 16.%°

Scheme 16
(CH),C,  PH R /()H R
7N N L 8% HPO, /=N N/_\ o
\_/ '\ / © 210-220C . N\_ ¥/ ./
A T\
(CH,),C R’ 33-95% R

30 31

R,R;, Rz = Me, H, Me; H, H, H; Me, H, H; H, Me, H



yst, Scneme
Scheme 17
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The de-fert-butylation of compounds 34, and 36 gave the products 35, Scheme 18.%
Scheme 18
/C(CH3)3
CH,),C —
CALNES ., -
N&\N)\:_(:U 85% H,PO, NN~ N—on
\,’::-I C(CH3)3 A g \—_"_/
95%
34 35
C(CHy),

Sulfonic acids have attracted attention as catalysts for de-tert-butylation.®® Thus, trifluoromethane-
ffectively catalyzed the de-fert-butylation 9-fert-butyl-7-dimethylamino-6-

deoxytetracycline, 37 to afford product 38 in a convernient yield. The reaction was a part of a regioselective

synthesis of minocycline, Scheme 19.%
Scheme 19
1~|1(CH3)2 N(CP13)2 II(C'Hz)z T\(CHs)z

AR cerson AN
P ll l\ U\ anisole K\ /IK A /)\ )\
(CH),C Y hd \(’\n/ TCONH, 6o )

OH O 63% H

37 38
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Perfluoronated resinsulfonic acids (Nafion type) were successfully used to catalyze the de-ters-butylation

Scheme 20
H, H, H,
(CH,), C(CH,),
- l ___.._.—_..._L.Naﬁon - H - | -+ = | PaVial & Y
V toluene \) k IR %
' 96° | g
OH & OH
39 40
C(CH,), CH(CH,),
— — . __ __
HO U/ \ / OH Na 11(') & »HO—(, , . ,—OH
\_< \__< ethylbenzene N A AN/
C(CH,); C(CHy), 96%
41 42
Para-tert-butylphenol was also de-ferr-butylated in a 96% yield. This subject had been comprehensively
reviewed.*

ect of fluoroantimonic acid in the de-fert-butylation was well established by Olah and
coworkers.”! Thus, several deactivated or sterically crowded feri-butylated benzenes 43 were treated with SbFs-
HF-SO,CIF at -30°C. All substrates, without exception, produced tert-butylation and the de-ferz-butylated

product 44 Scheme 21.°' The same results were obtained by using HF-TaFs as the catalyst.”

Scheme 21
= SbF, - HF- SO,CIF = .
A7 30 C ALY
Ry Rx
INA
43 44

D =F - 4. F o s N 2. C"ONIL - n NO 2. COLCH - 2 COH o m notfert-hntuyl.? S.di_tori_ huivl_A_nitro.
nx L5, U=0, =0, [J-INLLD, JII=ANSLINLRD, [77INNIZ, PPONGNIINAA LY, IV ZE L Uy 315, 0 ETUULY LT, 0, I T T U UL y IS I ue,
3,5-di-tert-butyl-4-bromo-2,4,5-and 3,4,5-tri-fert-butyl.
5. Miscellaneous Catalysts for De-tert-butylation

Varying types of heteropolyacids, such as HsPW12040 and HsSiM012040, were used to detach the ferz-
butyl substituent from butylated phenols.”**® Both heteropolyacids, HsPW 004 and HsSiW,,04 catalyzed the
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selective removal of one fert-butyl group from di-fert-butyl-4-alkylphenol 45 to give product 46.”> Upon
modification of the heterono varid cnmnlate de_terf_hitvlatinn had heen achieved tn otve nradiict 47 Scheme 272
JUMLINVQLUIAIRR R LI 1AW \.ll.l\ll! awise V\Jlllyl\dl\i MV RwT 8 Vut]lublvll AAGE Vwwil BViiiw Y W VW alvv l.ll VU WE W7 g VIIWILIY dvd
Scheme 22
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|HPW. O.. HPMo.O 70% side product
3 Y1 10740, T35 M0y
l SiW.. Q.. rroms. N
“‘4“‘ V1240 ) H4D]lvl 12U40

n MNYTY 70L 1100M
K= LIt (8070), 110 U

AN
g) = CyHs (77.6%), 118°C
R

70/
0

= CH,CH,CO,CH;(85.2%), 100°C

s 11 iha mmtaler i tha mracenre fhicarhanate and/or ovl Alleals maatala and/as allrali ansth
aciivated clay as the catalyst in tn€ preésence Or 01Carbonaic ana/or Oxi 1Kail iTielais andas/or awkan carul

metals. The mixture of the isomeric forms was treated with activated clay and potassium carbonate at 190-240°C

onns nrras Lot

b o b Qabaia
versus ~ 50% and ~ $7% withoui the carbonate, Scheme 23.

Scheme 23
OH ot S "
2 | + ~ | activated clay and (\” N ~ |
Tinnvlhiminnda g
) N ultdliovuiialc SN )
S Noew), Y S Nceny, NS
C(CH)),
AN 3/3
48 49 48

The cation exchanger of the KU-1 type was effectively used to partially de-ters-butylate 2,6-di-fert-butyl-
4-methylphenol, 50, to give 2-fert-butyl-4-methylphenol, 51 a known antioxidant, Scheme 24.'®
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Scheme 24

H H H
(CH3)3C\41/C(CHS)3 XIT.1 j\/C(CH3)3 /j\

| [
Y 403 - 423 °K X X

CH, 20-5.0h CH, CH,

y
4

S0 51

Modification of the catalyst KU-2 by the addition of lithium sulfate or potassium perchlorate had

efficiently raised the catalytic activity with its selectivity being also tremendously improved.'*"1%

De-tert-butylation of fert-butylated alkylphenols was accomplished in many cases by just heating the

substances at relatively high temperatures without utilizing any catalyst.'**"'"! 2- ters-Butyl alkylphenols 53 were
tert-butyl alkyl-phenols, 52, at 290-300°C for 12-24h, Scheme

TECT eTUM Qany 1TV

l290 300 (‘

(?H

N\ C(CHy),
l

N

R

53

Similar treatment was also applied to 4-sec-, 4-tert- and 2,4-di-sec-butylphenols and gave phenol as the

ct in 96-99% vields.'"” 4 A -Dihydroxydiphenyl, 55, was prepared by the de -tert-butylation of 4,4 -bls( 2,6-

pi’Od '\.« i 7 /6 YiCiGSs. VAyeapaaaly

-

100

scheme 26.7

U'I

di-tert-butylphenol, 54, in nitrogen atmosphere at 330°,
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Scheme 26
N
> HO OH
N/ under N, 3.5 h N_7 \_7%
:
C(CHY), {97% conversion)
54 55

rearranged to the dienone, 56 which on de-fert-butylation using HBr/acetic acid as catalyst yielded morphenol,

57. The corresponding 9,10-dihydroquinone crystallized as its oxepine valence isomer Scheme 27.'*

AR RERS, dw f

CH),C

¢ N={ N _n AOH | ¢ = D
_ > ={_ >={(
(CH),C 0 OH

(CH,),C o’/ o
C(CH),

v

HBr, AcOH -
: L6

3.6% NL” DN

6. Conciuding Remariks
From the literature cited in this review, it has been well established that the utility 1¢ tert-butyl moiety
can be attributed to its ability to protecting some selected positions in aromatic compounds. This has been
extended to oxidative coupling of hindered phenols leading to quinol ethers, which on deprotection afforded
diphenyl ethers. An aromatic fert-butyl substituent can be conveniently introduced and easily abstracted from

— . A dn o

it temperature, Orairs

aromatic substrates even sometimes at ambie

mild reaction conditions.

It is also important to note that the products obtained from fers-butylation and de- ferz-butylation
processes are of much practical use as antioxidant additives in food, plastics, fuel, greases,oils and several other
widespread applications. These products can also form intermediates in the synthesis of biologically important

molecules.
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