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SYNTHETIC COMMUNICATIONS, 21(14), 1465-1471 (1991) 

PHASE TRANSFER CATALYSIS YITHOUT SOLVEKT. 
ALKYLATION OF PHENOL AND DERIVATIVES. 

A. Loupy, J .  Sansouletal, E. Diez-Barra and J.R. Carrillob) 
a) Laboratoire des Reactions Selectives sur Supports, Univ. 

Paris-Sud. ICMO, CNRS UA 4 i 8 ,  91405 Orsay, France. 
b) Fac. Ciencias Quimicas. Univ. Castilla-La Mancha. 

13071 Ciudad Real, Spain. 

ABSTRACT: The alkylation of phenol, hydroquinone and p- 
aminophenol is performed by phase transfer catalysis without 
solvent. High yields of u.o-diphenoxyalkanes, hydroquinone 
dietliers and high selective mono 0-alkylation of p-aminophenol 
are obtained in very mild conditions. 

The alkylation of sodium o r  potassium phenoxide with alkyl 
halides (Williamson’s synthesis) is the best method to prepare 
alkylarylethersl. The use of a.w-dihaloalkanes does not gibe good 
resultsz.3 iyields:54-74%) which are even limited to 80% using 
l,?-dibromobutane and KOH/Aliquat in PTC without solvent1. Onlv 
treatment of polymer supported phenoside ions with 
dichloromethane gives diarylosymethanes in good vields4. 

‘The alkylation of hydroquinone 1 has been performed in several 
uays: i )  mixtures of mono-, di- and non alkylated products are 
obtained by heating 1 with alkyl halides in the presence of 
NaHCOg and triethanolamine in toluene5: i i l  by heating 1 with 
alkyl p-toluenesulfonate6 or bromidesi in alkaline media under 
nitrogen; iii) or by using polyethyleneglycol chlorides or 

tosylates to obtain host compoundss. 
In the other hand, p-alkoxyanilines 2 have considerable 

interest as starting material for the synthesis of compounds with 
specific properties. They are precursors of Schiff bases leading 
to numerous compounds possesing mesomorphic properties as nematic 
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X 

C1 
C 1  

Br 

B r  

Br 
Br 
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~~ 

3/4/KOH ratio t ( h J 

1/0.5/1 24 

1/0.5/1.5 24 
1 /O ,5/1,5 24 

1/0.5/1.5 24 

1/0.5/1.5 14 
1/0.5/1.5 7 

TABLE 1 
Preparation of n.w-diphenoxyalkanes 5 .  

TIQC) 

25 

25 

25 

80 

85 
85 

n - 
1 

Yieldl%Ja) 

20 

83 
90 

98 

92 
80 

5 

10 

. .  
3 4 

a )  isolated product. 

and/or smectic liquid crystalsY-13. They can also lead to 
derivatives of alkoxyphenyl carbamic acids with interesting 
anesthetic activity14 or to hydantoins possesing anticonvulsant 
activityl5. Compounds 2,  themselves present antipyretic action in 

anima1sl6 or, furthermore they are synergistic antio~idantsl~. 
Classical synthesis of these compounds involved indirect 

pathways: i I  alkylation of nitrophenol followed by reduction or 
hydrogenation of the nitro group18-20, i i )  previous protection of' 

the amino group, for instance by acetylation Iparacetamol), 

followed by alkylation of hydroxy group, and acidic or basic 
hydrolysis of the alkoxyacetanilides thus obta1nedz1. Yields are 
consequently limited and treatments rather tedious. 

A selective esterification of aminophenols was reportedZZ In a 
very specific case, but there isn't yet any method f'or the 

Selective selective etherificatlon of p-aminophenol. 
monoalkylation has been described by u s 1  In the case of ortho- 
catechol by an appropiate choice of the basic system in PTC 
conditions without solvent. 
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t(hl 

2 4  

2 4  

24  

2 4  

4 

4 
2 

12 

4 

4 
12 

1467 

6 
T l X )  

40 

40 

60 
60 

8 0  

80 

80 

60 

80 

80 

80 

TABLE 2 
Preparation of hydroquinone diethers 6, 

n-BuBr 

n-0ctBr 

1 
1/RX/KOH ratio 

1/3/2.5 

1/2.5/2.5 

1/3/2.5 

1/2.5/2.5 

1/2.5/2 

1/2.5/2.5 

1/2.5/2.5 

1 / 2 . 5 / 2 . 5  

1 / 2 / 2 . 5  

1 / 2 . 5 / 2 . 5  

1/2.5/2.5 

1/2.5/2.5 I 
a1 isolated product. 

24 I 60 

Y ield(X )a 

96 

73 

90 

76 

75 

99 

54 

92 

91 

55 
99 
86 

The alkvlation of phenol .j with Br(CH2lBr .I In=l.5,101 has 

been performed under PTC without solbent conditions using 

TBAB(3%l/hOH as baslc system. Selected results are summarized in 

table 1. 
It can be appreciated that i t  is possible to obtain U.W 

diphenot\alkanes 5 ln=l to n=10) in high yield 1 1 ) O - Y 8 % I .  These 

results constitute an appreclable enhacement in the obtent ion o t  

these products when compared to published ones4. 

The alkylation of hydroquinone has been performed in the same 

way (TBABIS%l/KOHl. Several factors have been considered to 

determinate the best condltions ln the formatlon of hydroqulnone 

diethers 5 .  Selected results are given In table 2 .  
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LOUPY ET AL. 

1/1/1 
1/1/1 
1 / 1 / 1  

1/2/1 

TABLE 3 
A l k y l a t i o n  of' p-arn inopheno l .  

2 
24 

15 

1 5  

7 
Aliquat(S%) 

2 a 9 

RX 

n-BuBr 

n-BuCl 

n -OctCl  

n-BuBr 

n-OctBr  

B a s e  

KOH 

KOH 

NaOH 

NaOH 

KOH 

KOH 

I O i 5  

1 / 1 / 1  

1 / 1 / 1  

1 24 
1/4/4 

a )  glc y i e l d s  w i t h  i n t e r n a l  s t a n d a r d :  

i n  b r a c k e t s .  

29/28/7 

15/47/30 

28/3/0 
59/32/0 

30/18/0 

70/12/0 

( 6 7  )/(11) 

72/25/0 

( 6 5  ) / ( 2 2 )  

5/25/50 
2 / 6 / 8 8  

( 8 2 )  

0/0/87 

( 8 1 )  

i s o l a t e d  y i e l d s  D
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A L K Y L i \ T I O N  O F  PHENOL AND D E R I V A T I V E S  1469 

Vith Me1 and EtI major amount o f  alkyl halide was used due to 

their hiqh volatility. 

Yields less than 15% have been obtained when reactions are 

carried out at room temperature, even after two days. 

This method provides several advantages when compared to the 

prev-ously r e ~ o r t e d ~ - ~ .  Obtained yields are excellents. No 

monoalkylated products have been detected. When 4 %  of TBAB, usual 
percentaje in this kind of reaction, was used yields decrease to 

50%.  When a 1 : l  hydroquinone:RX ratio is used hydroquinone 

diethers are obtained in a 4 0 % .  These results would be explained 

cons:derinq that the transfer to the organic phase is only 

poss;ble when both hydroxy groups are deprotonated. 

The main results on the alkylation of  p-aminophenol 1 are 

collt.cted in table 3 .  Reactions have been performed at 6 0 0 C .  

0-alkylated 2 ,  O,N-dialkylated L! and trialkylated 9 compounds can 

be obtained. 

From this results, it is obvious that we succeed in the 

obterition of highly selective mono 0-aikylation by an adequate 

choire of reactants: NaOH/Aliquat as base and R C l  as 

electrophile. These conditions are not the generallv best ones as 

KOH and RBr are always advocatedZ3 in such conditions. When 

applied here, they led to a mixture of  all three products 

w i t ho II t s e 1 ec t i v i t y . 
The trialkylated product can be obtained from p-aminophenol in 

very mild conditions and with good yields simply using 

KOH/hliquat and RBr and the appropiate ratio of reactants 

( 1 : 4 : 4 ) .  

l’he method proposed permits therefore the preparation of 

several p-alkoxyanllines, with rather long alkyl chain, in one 

step from aminophenol. Good yields and selectivities are observed 

without need for indirect pathways and avoidlng amine protection. 

EYPEPIMENTAL 

General procedures 

E’hen0.l a d  _hvdroquinone. The adequate amounts of phenol o r  

hvdroquinone, TBAB and base were mixed and stirred f o r  15 minutes 

at room temperature. The alkyl halide (see tables1 was then added 

and the mixture bas heated in an oil bath t o r  the required time 

at the indicate temperature. The crude mlrture was extracted with 
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1470 LOUPY ET AL. 

diethylether (50 mll. Filtration and evaporation of' the solvent 
afforded the pure products. Characterization have been made by 
IH - N M R .  sAin=11: 5.6 IS,ZHI, CHZ; 6 . 8 - 7 . 4  i m . 1 0 ~ 1 ,  a r o m .  5$(n=si: 
1.8-2.2 Im.tiH), OCH2(CHzI3; 3.8-4.1 It,4H), O C H 2 ;  6.8-7.4 
(m,lOHI, arom. &(n=10): 1.5-2.0 Im,lbHI, O C H Z I C H ~ I ~ ;  3.8-1.1 
It,4Hl, OCH2; 6.8-7.4 lm,lOHI, arom. aiMe1: 3 . 8  (s,tiHl, C H d ;  6 . 8  

(s,3Hl, arom. biEtI: 1.2-1.5 it,SHI, C H 3 ;  3.8-4.1 ( q , 4 H ) ,  C H Z ;  

6 . Y  ( s , 4 H 1 ,  arom. !&lBun): 1-1.8 lm,l4H), C H 2 C I I 2 C H 3 ;  3.8-4.1 

it,4HI. C H 2 0 ;  6.Y (s,4H), arom. tjdiOctn): 0 . 8 - 1 . 8  lm,30Hl, 

ICH216CH3; 3.8-4.1 it,4Hl, C H z O ;  6.Y ls,4Hl, arom. 

p:w_minopbe_nol. Finely ground commercial KOH (containing 

roughly 1 5 %  water] or NaOH is mixed with 5% mol Aliquat 336 and 
the adequate amount of p-aminophenol. After shaking f o r  5 minutes 
ilt room temperature, alkyl halide (see table) is added to the 
mixture which is consequently heated in an oil bath at 6OOC f o r  

the required time. Organic compounds are removed by addition of' 
50 m l  sethylene chloride and subsequent filtration 011 F l o r i s l  1 

lwhich retains mineral salts and the catalystl. They are analyzed 
by glc and characterized by ms-glc and IH-NMR atter isolation on 

s ~ l i c a  column (pentane-ether 10 to 3 0 % ) .  &$!(Bun): 0.8-1.9 lm,7H1, 
C H ~ C H Z C H ~ ; ;  3.35 12H1, NH2; 3.8 (t,2H), O C H 2 ;  6 . 5 - 6 . 8 5  i m , 4 H l ,  

arom. 2_b(OctnI: 0.75-2.0 lm.15Hl. (CH216CH3; 3.3 (ZHI, NH2; 3.85 
lt,2H), OCH2; 6 . 5 - 6 . 8 5  (m,4Hl, arom. S_alBunl: 0.8-l.Y Im,2lHl, 
ICH2CH2CH:<l3; 3.15 lt,4Hl, N ( C H z I 2 ;  3.85 it,2Hl, O C H 2 ;  6.5-6.Y 
(m,4HI, arom. QbiOctnl: 0 . 7 5 - 2 . 0  im,45Hl, I(CH21gCH3)3: 3 . 1 5  

lt.4H), NICHZIZ: 3.88 it,2H), OCH2: 6.55-6.9 lm,3H), arom. 
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