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O-DIPHENYLMETHYLATION OF ALCOHOLS AND CARBOXYLIC ACIDS
USING DIPHENYLMETHYL DIPHENYL PHOSPHATE AS ALKYLATING AGENT

Miltiadis Kolovos and Cleanthis Froussios

Department of Chemistry, University of Athens
13A Navarinou St, 10680 Athens, Greece

Summary : Diphenylmethyl diphenyl phosphate reacts quickly under mild condit-
ions with various alcohols and carboxylic acids towards diphenyl-
methyl ethers and esters respectively while hydroxyacids can be
selectively alkylated at the alcohol site.

The diphenylmethyl ethers and esters of many alcohols and acids
respectively are useful synthetic derivatives due to the easy removal
(acidolytic or hydrogenolytic) of the diphenylmethyl moiety and several meth-
ods for their preparation have been described in the literature1. The alkyl-
ating properties of alkyl phosphates at elevated temperature and/or under
strong acid catalysis are well known2 and they have been made use of for the
preparation of O-diphenylmethyl derivativesB.

In our search for an effective yet mild diphenylmethylating reagent
we prepared and examined the properties of diphenylmethyl diphenyl phosphate
PhZCHOPO(OPh)z.

Reaction of diphenylchloromethane with a dichloromethane suspension
of silver diphenyl phosphate in the dark affords, after filtration and
evaporation of the solvent, the expected phosphoric triester as a white
crystalline mass, in very good yield and sufficiently pure to be used as such.

4

This reactive™ phosphate can be recrystallized from n—CeH14 as fine needles

m.p. 74~75°C. It can also be prepared very conveniently by dropwise addition

3909



3910

Table.

Diphenylmethylethers and esters prepared from alcohols, acids and hydroxyacids by the

action of diphenylmethyl diphenyl phosphate in dichloromethane or acetonitrile solution.

Brtry

10.

11.

12.

13.

14.

15.

a:

Compound used
min
PhCH,OH 20%
Ph,,CHOH 408
b
(L)-CHB('JHCO2CH2Ph 40
OH
a
2-NHCHCO,CH 30
CH,0H
Z~-NHCHCO.,CH 402
23
ol CHOH
3
PhCOH 402
a
CF500,H 1
PhCONHCH,,CO,H 1802

Lp*cozﬁ 90°

|
7

Z-NHGHCO,H 30°

CH,CHOH

Z-NHCHCO A 30P
CHL,OH

Z-NHCHOO,H.DCHA  360°
H,OH

(L)~CH,CHCO, . DCHA 360°
OH

2-NHCHCOH 108
CH,,0H

2-NHGHCO Ton

CH,CHOH

%
82
95

81

88

80

86
76

92

90

62

67

56

51

90

88

Time Yield®  Product

m.p. °C, [e(]tp

found (reported)

PhCH,,0Dpm 49-50 (50) 12

Ph,CHODpn 105-107 (107)12
(L)- CHjCHOO,CHPh .13

Dpm
Z-NHCHCO,0H 86-87 (86-87)°
23 o 28 o
cHyo0pn (o7 +2.05° C2 AcoEt (pd5° +2.1° C2 AEY)

Z-NHGHOO,CH 75-76 (75-76)3¢

K, CHODpm (2 36.1° o1 Bt (BES -35° 01 AcORR)
PhCO,Dpr 85-86 (87-88) 14

CF ;00,Dpm 0il??

PhCONHCH2002DPm 121-123

? COszm
pA
Z-NHCHCO2H

i
CH,CHODpm

Z—NH?HCOZH
CHszm

Z-NHCHCO..H
i 2

CH20me

(L)-CH CHCO,H

3
ODpm

Z—NH?HCOZme

CH20me

Z~NHGH002me

CHBéHOme

(122-123)1¢
95-96 (96-97) 18
(3% -55.6° c2 e, (pd -54.9° R GHL)
CHA salt®: 182-183
[JZ4s.07° @ aym
DCHA salt: 158-159  (158-160)3C
[e022419.3° 2 g
DCHA salt: 159-160 (158-160)°
‘3(]%3+19.25° 2 GLH)

9% (93-94)7%
102° -119.1° 62 acmt 2% -118.2° 2 scmt)

117-118 (117-118)3¢

[«]2° -5.35° c2 oxon, (428 -5.38° c2 CHC1,)
86-87 (87-88)°

(% -9.1° c1 cuer, (@5 -8.9° ¢t cuo1y)

in dichloromethane; b: in acetonitrile; c: yields refer to isolated products;

d: a small amount of trifluoroacetic acid was added to the reaction mixture (approximately

1pl/ml); e: satisfactory analysis was obtained for entry 10 product.
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of a petroleum ether 40 -60° solution of diphenyldiazomethane5 in a dichloro-
methane solution of anhydrous diphenylphosphoric acid (m.p. 51 ~52°C) until
the colour of the diazo compound persists, followed by evaporation of solvents
and decantation of the crystalline residue from petroleum ether. The 1H NMR
spectrum (CDClB) shows the aromatic proton signals as an unresolved multiplet

and a 1H doublet6 Jp—H = 7 Hz at g 6.15 for >CH-0-P.

We have found that this phosphoric ester quicklyr7

reacts in equival-
ent amounts with various alcohols (Table, entries 1-5) and carboxylic acids
(Table, entries 6-9), in an inert organic solvent8 at room temperature, in
the absence of any added3 strong acid as catalyst, producing the corresponding
O-alkylated products (Figure 1).

Under those conditions alcohols seemed to react faster than carbox-
ylic acids (see Table) and subsequently some &~ and #-hydroxyacids could be
selectively alkylated at the alcohol hydroxyl and the corresponding diphenyl-

methyl ethersg’10

isolated in reasonable yields thus allowing for their
convenient one-step synthesis (Table, entries 10-11). Employed on the DCHA
salts of hydroxyacids (Table, entries 12-13) the reaction still affords the
ether-acids, although at a considerably slower rate.

The reaction most likely involves nucleophilic attack of a hydroxyl
or carboxyl group on the diphenylmethyl cation generated from the phosphate

under proton catalysis11 (Figure 1), and optically active compounds are

converted to optically pure O-alkylated derivatives.

g i X !
(PhO)ZP—OCHPh2 —— [CHPh2 } + (PhO)2P—OH
diphenylmethyl

diphenyl phosphate ROH RCOzH ngzH
ROCHPh, RCO,CHPh,, nggghz
ether ester ether-acid

Figure 1
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We found that small quantities of strong acids (like p-toluene-

sulfonic or trifluorocacetic) greatly enhance the rate of the reaction with

both alcohols and acids, while with hydroxyacids selective etherification is

no longer observed and the etherified-esterified product is obtained instead

(Table, entries 14-15).
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