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Overcoming steric effects in the coupling reaction of
alkyloxycarbonyloxymethyl (AOCOM) halides with phenols:

an efficient synthesis of AOCOM phenolic prodrugs
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Abstract—Steric hindrance is a key factor in the coupling reaction of AOCOM halides with phenols. Sterically unhindered alkoxy
groups favor the formation of acylated phenol. Under phase-transfer conditions, alkylated phenol is favored regardless of steric
hindrance.
� 2006 Elsevier Ltd. All rights reserved.
Alkyloxycarbonyloxymethyl (AOCOM) prodrugs are
members of a class of ‘soft alkyl’1 derivatives of active
drugs that are often used to overcome bioavailability
problems related to stability and solubility.2 Given the
prevalence of the phenolic functional group in biological
and pharmaceutical compounds, there are surprisingly
few examples in the literature of AOCOM prodrugs of
phenol. Although the synthesis of some AOCOM ethers
of phenol has been reported in the patent literature,3–5

we are aware of only one report of this technique being
applied to a phenol for the purpose of prodrug derivati-
zation.6 In that study, Seki et al. note that 4-ethoxy-
carbonyloxymethylacetanilide was obtained in a 20%
yield from the coupling of 4-hydroxyacetanilide with
ethoxycarbonyloxymethyl iodide following a reaction
time of seven days. In an effort to improve the yield
and ascertain the reaction parameters by which this
reaction is governed, we have synthesized a series of
AOCOM derivatives of 4-hydroxyacetanilide, a model
phenol, by Seki’s method6 and by a more efficient meth-
od involving phase-transfer catalysis (PTC). Although
the synthesis of AOCOM ethers of phenol via PTC is
unprecedented, others7–9 have shown that PTC forma-
tion of phenolic ethers is applicable to a broad range
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of phenols and alkylating agents.10 Sloan and Koch11

briefly mention in their report that the reaction of pival-
yloxymethyl chloride with phenol gave only acylated
product under PTC conditions. However, Wolff and
Hoffman9 have successfully coupled 5-bromo-2(5H)-
furanones with phenols under PTC conditions. Thus it
was of interest to determine whether PTC could improve
the yield of 3 in the present case. We have compared our
results to those obtained from the coupling reaction of
ACOM halides with phenols—an analogous system
whose reaction parameters are known11,12 (Scheme 1).

In the present investigation, 4-hydroxyacetanilide
(APAP) was chosen as a model phenol in order to make
a direct comparison between this work and the work of
Seki et al.6 As shown in Scheme 2, AOCOM iodides may
be obtained from the corresponding chlorides via halo-
gen exchange in acetone. A subsequent reaction with
phenols under standard conditions (acetonitrile or ace-
tone as the solvent, K2CO3 as the base)6,11 or in a bipha-
sic system in the presence of tetrabutylammonium
hydrogen sulfate (Scheme 2) gave mixtures of 3 and 4.

Although the data presented in Table 1 is not exhaus-
tive, it suggests that the trends observed in the reactions
of ACOM halides with phenols11,12 are operative in the
analogous reactions of AOCOM halides. For example,
under the standard conditions, if X is a poor leaving
group, 4 is favored, but as the nucleofugicity of X
increases, the product distribution shifts toward 3
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Scheme 1. Generalized reaction of AOCOM halides (R = Oalkyl) and ACOM halides (R = alkyl) 1 with phenols 2.
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b: R = OC2H5  (92%)
c: R = OC3H7  (93%)
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e:  R = OC10H21 (90%)        
f:  R = Oi-Pr    (85%)
g: R = Ot-Bu   (59%)

a: R = OCH3   (86%)
b: R = OC2H5  (90%)
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f:  R = Oi-Pr    (92%)
g: R = Ot-Bu   (87%)
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f:  R = Oi-Pr, Y = H 
g: R = Ot-Bu, Y = H
h: R = OCH3 , (phenol = 2c) 
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f:  R = Oi-Pr, Y = H 
g: R = Ot-Bu, Y = H
h: R = OCH3 , (phenol = 2c) 

Scheme 2. Reaction of AOCOM iodides with phenols under phase-transfer conditions.
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(compare entries 1 and 2 with 4). In addition, for X = I,
alkylated phenol 3 becomes the major product when the
alkoxy chain length extends beyond OCH3.

The ratio 4/3 for R = OCH3 drops by 70% when the
reaction is carried out under phase-transfer conditions
instead of the standard protocol (entry 3 vs entry 6). Un-
der these conditions, there is an incremental increase in
percentage of 3 with increasing steric hindrance (as mea-
sured by Charton’s steric parameters13) in R (entries 6–
8), but beyond propyloxy, the percentage of 3 remains
fairly constant for the straight chain derivatives studied.
However, the product distribution shifts entirely toward
3 on going to more bulky R groups (entries 11–12). The
percentage of 3 may also be increased for sterically
unhindered R if the phenol is sufficiently hindered (entry
6 vs entry 13). This particular result (entry 13) is not
without precedent since others12,14 have observed a sim-
ilar trend in the reactions of ACOM halides with phe-
nols. Aside from its effect on product distribution, the
advantages of the phase-transfer reaction include short-
er reaction times (one day) and a higher overall yield15

compared to the standard protocol (i.e., the method
used by Seki et al.).6

As noted by previous investigators,11,12 ACOM halides
react with phenols under the standard conditions to give
mainly 3 (where R = alkyl) as long as X is a good leav-
ing group (PBr). The relatively high ratio 4/3 in the
AOCOM series compared to the ACOM series both
using standard conditions (compare entries 3–5 with en-
tries 14 and 15) was unanticipated, since the carbonyl of
a carbonate is usually less reactive than the carbonyl of
the corresponding ester.16 Thus one might expect less
acylation when R is alkyloxy (as in AOCOM) than when
it is alkyl (as in ACOM).17 On the other hand, the anal-
ysis of the steric parameters for both series (ACOM and
AOCOM) suggests that differences in 4/3 between the
series are related to the differences in the steric hindrance
of R based on Charton’s steric parameters (compare



Table 1. Product distribution of the reaction of RCO2CH2X 1 with phenols 2 under various reaction conditions

Entry R X Phenol Solvent Base Distributiona (%) mb

3 4

1 OC2H5 [MeNC4H8]+ 2a Acetonitrile MeNC4H8 0 100 (28)c 0.48d

2e OC2H5 Cl 2a Acetonitrile K2CO3 3 58
3 OCH3 I 2a Acetonitrile K2CO3 36 64 0.36d

4 OC2H5 I 2a Acetone K2CO3 57 (17)c 43 (13)c

5 OC4H9 I 2a Acetone K2CO3 58 42 0.58d

6f OCH3 I 2a Cl2CH2/H2O K2CO3 66 (18)c 34 (6)c

7f OC2H5 I 2a Cl2CH2/H2O K2CO3 74 (50)c 26 (13)c

8f OC3H7 I 2a Cl2CH2/H2O K2CO3 84 (43)c 16 (6)c 0.56d

9f OC8H17 I 2a Cl2CH2/H2O K2CO3 82 (45)c 18 (3)c 0.61d

10f OC10H21 I 2a Cl2CH2/H2O K2CO3 78 (41)c 22 (6)c 0.56g

11f O-i-Pr I 2b Cl2CH2/H2O K2CO3 100 0 0.75d

12f O-t-Bu I 2b Cl2CH2/H2O K2CO3 100 0 1.22d

13f OCH3 I 2c Cl2CH2/H2O K2CO3 90 (33)c 10 (0)c

14h CH3 I 2b Acetonitrile K2CO3 63 37 0.52i

15h C3H7 I 2a Acetonitrile K2CO3 73 24 0.68i

a Determined from the 1H NMR spectrum of the crude reaction mixture.
b Charton’s steric parameter for R.
c Isolated yield of analytically pure compound.
d Ref. 13.
e Product mixture also contains approx. 39% unidentified material.
f Reaction mixture includes 1 equiv tetrabutylammonium hydrogen sulfate.
g Estimated from the relationship m = 0.406nb + 0.108nc + 0.059nd � 0.00839 in Charton, M. J. Org. Chem. 1978, 43, 3995–4001.
h Ref. 12.
i Ref. 18.
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entries 3–5 to entries 14 and 15).13,18 A plot m versus the
ratio of 4/3 observed under PTC (entries 6–11) is shown
in Figure 1.

At present, it is unclear why the product distribution
shifts toward 3 under PTC. However, the results are
most likely related to the nature of the ion-pair gener-
ated under these conditions. Previously, Ouyang et al.
found that 4/3 (where R = alkyl) decreased when
K2CO3 was replaced with Cs2CO3 in the reactions of
ACOM iodides with phenols.14 In both cases, the
change in cation (K+! Bu4N+ in this work and
K+! Cs+ in the work of Ouyang) results in a phenolate
anion that is less associated with its counterion and
hence more reactive.19,20 Thus the observed decrease in
4/3 may be due to a faster reaction at the alkyl halide
y = -1.2955x + 0.9766

R2 = 0.9608

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.3 0.4 0.5 0.6 0.7 0.8

Steric Parameter

A
cy

/A
lk

Figure 1. Plot of Charton’s steric parameter m for R versus the ratio of
acylated/alkylated product (4/3) resulting from the reactions of 2 with
AOCOM iodides (entries 6–11 in Table 1, ) under phase-transfer
conditions.
(to give 3) than at the carbonyl (to give 4). The increased
yield and decreased reaction time under PTC may also
be due to the increased reactivity of the phenolate anion
as well.

In conclusion, the data presented here suggests that ste-
ric hindrance plays a greater role in the coupling reac-
tions of AOCOM halides with phenols than in the
analogous reactions of ACOM halides. However, this
problem may be circumvented through the use of
phase-transfer catalysis. Under these conditions, the
influence of steric hindrance (as characterized by Char-
ton’s steric parameters) is minimized, reaction time is
reduced, and overall yields are increased.
Supplementary data

Supplementary data associated with this article includ-
ing experimental procedures and compound character-
ization can be found, in the online version, at
doi:10.1016/j.tetlet.2006.10.160.
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