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An expedient, chemoselective N-chloroacetylation of aminoalcohols under
metal-free bio-compatible conditions
B. S. Balaji and Neha Dalal

School of Biotechnology, Jawaharlal Nehru University, New Delhi, India

ABSTRACT
We are reporting for the first time, efficient, highly chemoselective N-chloroacetylation of amino
compounds (amino alcohols, amino acids) by chloroacetyl chloride, without compromising its
high reactivity, to give chloroacetamides in phosphate buffer within 20 min. We have
systematically studied the effects of buffers, metal salts and HCl scavengers to optimize the
reaction conditions. We have carried out intermolecular competitive reactions and shown that
anilines and aliphatic amines can be selectively N-chloroacylated in the presence of alcohols and
phenols. The acylated products are obtained in high yields and can be easily isolated without
chromatographic separation. This reaction represents the first example of a metal-free bio-
compatible synthesis under neutral conditions. This method is eco-friendly, easily scalable and
robust. We have further studied the intramolecular competitive reactions of aminoalcohols and
prepared various N-chloroacetamides in very good yields. Finally, this protocol was conveniently
extended to ceramides synthesis as well.
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1. Introduction

Amide bond (1, 2) is a fundamentally important linkage
that is present in natural (proteins) and synthetic com-
pounds (polymers). The difficulty in the controlled syn-
thesis of amides (3–5) and their applications in
different fields like polymers, engineering materials,
detergents and lubricants led to the development of
many synthetic methods (4, 6). The physio-chemical
properties of amides, their stability, 3-dimensional con-
formational structure and conversion to other active
groups has been extensively exploited by researchers
in various fields.

With simplicity and accuracy, nature carries out
myriad selective N-acylation reactions as post-transla-
tional modifications without affecting other functional
groups (alcohols, phenols, thiols, etc.) in histones, p53,
tubulins and other biomolecules. Many natural

products and bioactive compounds have N-acylated
units. What nature does with innate ease is difficult to
apply to synthesis, owing to the limited reaction reper-
toire at our disposal. Modification at a single amino acid
or site, without affecting other reactive sites, is a signifi-
cant and exciting challenge in terms of both chemo-
and regioselectivity. To replicate what nature does, we
need to design reaction conditions similar to biologi-
cally ambient conditions (that is, <37°C, pH 6–8, an
aqueous solvent), so as not to disrupt protein architec-
ture and/or function. Ideally, this process should
proceed with near total conversion to produce a
single product (7).

Sphingolipids (8, 9) belong to an important class of
lipids that are present in all membranes, especially in
the myelin sheath. Structurally, these compounds
consist of two major units, sphingoid bases (10)
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(sphingosine, an aliphatic amino alcohols unit) and a
fatty acid. Sphingolipids play vital roles in many cellular
functions (9, 11, 12) including, signal transmission and
cell recognition. A sphingolipid with an R group con-
sisting of a hydrogen atom only is a ceramide. Cera-
mides are of commercial and therapeutic utility (13).
Currently, ceramides, are primarily obtained via extrac-
tion and isolation from animal sources. The presence of
other similar compounds makes isolation of ceramides
very difficult. It would thus be desirable to find an
alternative, cost-effective, high-yield method for
obtaining these valuable products. Thus, chemical
synthesis methods may provide a suitable alternative
(14–18).

Many bioactive molecules contain functional groups
that differ very little in their size or electronic nature.
Therefore, it is difficult to modify one functional group
over the other (19, 20). In order to achieve protection
free synthesis (21), we wanted to develop selective func-
tionalization of amines in the presence of other groups,
especially alcohols (22, 23), which can be extended to
ceramides synthesis.

In the case of amino alcohols, N- versus O-acylation
can be controlled effectively by running the reaction
under either basic or acidic conditions, respectively
(24, 25). It has been shown that chemoselective N-acyla-
tion of amino alcohols can be carried out using catalytic
amounts of dibutyltin oxide (26). For hydroxy substituted
aromatic amines, it is possible to obtain selective O-acy-
lation (27). There is also a recent report mentioning selec-
tive amidation of acids and unprotected amino alcohols,
using EDC-HOBt-surfactant mediated coupling in water
(28). Some of the limitations of the reported procedures
include use of toxic materials (dibutyltin oxide), the need
to run the reaction under either acidic or basic conditions
or the reactions taking considerably longer time (more
than 15 h) for completion.

Chloroacetyl chloride (CAC) (29) plays multiple roles in
synthetic and biological chemistry as a bifunctional linker
(30), protecting group (31) for alcohols and amines, in
dendrimer synthesis (32–36), and as a glycosyl donor in
oligosaccharide synthesis (33, 35, 37, 38).

In our efforts to develop synthetic methodologies
focusing on bioconjugation reactions (39), we have
employed amide bond formation reactions (40, 41).
Although acylation using acetyl chloride or chloroacetyl
chloride seems to produce chemically similar reactions,
the synthetic utility and stability of the products
obtained differ vastly. Moreover, the reactivity and selec-
tivity profiles of chloroacetyl chloride are less explored
compared to acetyl chloride. We wanted to expand the
scope and utility of chloroacetyl chloride. The major chal-
lenge posed was to develop a method having high

selectivity without reducing the high reactivity of acid
chlorides.

To alleviate environmental pollution caused by using
toxic and volatile organic solvents, particularly chlori-
nated hydrocarbons, many synthetic processes are
turning to greener alternatives. The Innovative Medicines
Initiative (IMI)-CHEM21 solvent guide had identifiedwater
as the most preferred green solvent, with a safety, health
and environmental score of 1. To develop a method in
bio-compatible medium (aqueous media) to ceramide
derivatives, we were attracted by two principles (42) of
the green chemistry approaches, namely (i) amide for-
mation avoiding poor atom economy reagents, and (ii)
replacements for dipolar aprotic solvents. Furthermore,
reactions conducted in aqueous media minimize protec-
tion–deprotection sequences (21) that are commonly
associated with conventional methods.

We were surprised to see that there are only very few
reports utilizing near neutral conditions with water as the
solvent for chloroacetylation (43, 44) even though CAC is
used for functionalization of amines (45). One of the
methods utilizes a large excess of CAC (4 eq.), and the
reaction requires longer times (12–16 h) to complete
(43). An aqueous method developed recently for ranola-
zine (44) synthesis uses a stoichiometric amount of water
(5 eq.) for chloroacetylation using chloroacetic anhy-
dride. There are problems associated with acetylation
reactions in water (46). It is reported that CAC undergoes
very slow hydrolysis in water to the corresponding acid
(47–49). We presumed, if the chloroacetylation can be
effected faster than the hydrolysis, then it will be possible
to carry out the reaction in water.

2. Results and discussion

2.1. Optimization of chemoselective
N-chloroacetylation of aminobenzyl alcohol
(ABA) with chloroacetyl chloride (CAC)

In our effort to prepare various chloroacetamides using
CAC for use in bioconjugation reactions, we tried many
known procedures with different solvents (CH2Cl2,
MeCN, H2O, toluene, DMF, HOAc) and with different
bases (TEA, DIPEA, K2CO3, Na2CO3, NaHCO3). Maximum
yield and minimal workup of the corresponding chloroa-
cetamide derivatives varied depending on the amine.
Aniline required no base (AcOH/NaOAc), benzylamine
required an inorganic base (K2CO3/MeCN), whereas buty-
lamine, cyclohexylamine and dicyclohexylamine
required reverse addition (no base, 2 eq. amine, MeCN).
Most of these reactions required longer times (>3 h or
overnight) for completion as well.

To optimize chloroacetylation using CAC, we chose 2-
aminobenzyl alcohol (ABA) as a model substrate. Since
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ABA has both aniline and alcohol moieties in a single
substrate, we envisioned that it can also help us to
study selectivity (N- vs. O-chloroactylation).

In this chloroacetylation, HCl is the only by-product.
Keeping this in mind, as the first variation we focused
on screening different bases with CH2Cl2 as the solvent
under argon. Strong bases like DBU, DABCO (Table 1,
entries 1, 2), DMAP in DMF (Table 1, entry 3) or TEA in
MeCN (Table 1, entry 8) gave roughly a 1:1 mixture of
the anilide:disubstituted (both N- and O-chloroacety-
lated) products. Lutidine (Table 1, entry 5) gave the
maximum amount of the disubstituted product (3). Inter-
estingly, when no base was used, the dichloroacylated
product was obtained in maximum yield (85% by NMR).
On the contrary, TEA (Table1, entry 7) was the only base
which gave the maximum yield of the anilide (2) (83%
by NMR), followed by DBN (Table 1, entry 6). Although
TEA in CH2Cl2 gave the anilide as themajor product, chan-
ging the solvent to MeCN (Table 1, entry 8) gave 17% of
the ester (4) (O-chloroacylated product). Even a slow
addition of the base to the reaction medium did not sup-
press the disubstituted product formation.

2.1.1. To study the solvent effect for the
chemoselective N-chloroacetylation of ABA with
CAC
Because the organic solvent and base combination did
not give the anilide as the sole product, we planned to
change the solvent system to the aqueous medium.
We started studying the reactivity in aqueous buffers,
expecting that if successful, this method could be
directly applied to bioconjugation reactions under phys-
iological conditions. When the reaction was carried out in

water (Table 2, entry 1), the anilide was formed in only
40% yield, along with 8% of the ester.

It is known that slow hydrolysis of chloroacetyl chlor-
ide produces chloroacetic acid. However, under the reac-
tion conditions employed, we did not see any
appreciable hydrolysis. Therefore, we started exploring
the effect of buffers. Citrate, oxalate and carbonate
buffer (Table 2, entries 2–4) gave 2 as the major
product, along with 7–12% of the ester (4). These reac-
tions were completed within 20 min. The use of phos-
phate buffer (Table 2, entry 5) gave 77% of the anilide.
It is important to mention the two distinct advantages
with phosphate buffer: (i) the reaction was over within
20 min, and (ii) there was no ester formation. Although
the yield of anilide was still not high compared to car-
bonate buffer, there is room for improvement. Finally,
Tris and MES buffers (Table 2, entries 6, 7) gave around
80–83% of anilide, with 10–15% of esters.1

Although all these reactions were analyzed by NMR
for product distribution, the yield of the crude products
ranged from 55% to 65% only. Since no separate base
is used for neutralizing the HCl formed, theoretically
50% of the aniline will form an HCl salt, thereby limiting
the crude product to 50% isolated yield. To probe how
we were getting higher than 50% yield, we treated
ABA with 1 eq. of HCl to form the ABA•HCl salt. The salt
was then treated with CAC. To our surprise, we observed
that 10–15% of anilide was formed from the HCl salt. It is
reported that the HCl salt of aminoalcohols can be acy-
lated to give exclusively esters (50). However under the
current protocol with phosphate buffer, only the N-acyla-
tion took place, and we did not see any appreciable O-
acylation. Computational studies are currently underway

Table 1. Reaction of ABA with CAC: effect of bases in CH2Cl2.

No. Organic base Anilide, 2 (%)a Disubstituted, 3 (%)a

1 DBU 50 50
2 DABCO 47 53
3 DMAPb 55 45
4 DIPEA 35 65
5 Lutidine 25 75
6 DBN 67 33
7 TEA 83 17
8 TEAc 52 31
9 No base 15 85

Note: ABA – 100 mg (0.8 mmol), base – (1.6 mmol), CAC – (0.8 mmol), solvent – (500 μL).
aProduct distribution based on NMR integration.
bIn DMF;
cEster 17% in MeCN.
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to ascertain the role of phosphate ions in the current
chemoselective chloroacetylation reactions.

2.1.2. To study the effect of metal salts on the
chemoselective N-chloroacetylation of ABA with
CAC
To suppress the reactivity of alcohols completely, metal
coordination based on the HSAB principle was invoked.
The hydroxyl is a hard base, and aniline is a borderline
base. Hence attempts were made to use various hard
acids for selective coordination. As expected Fe+3

(Table 3, entry 1) gave the maximum amount of
anilide. However, use of Mg+2 (Table 3, entry 2),
another hard acid, was not effective. Hence it was
decided to try other metal salts. The use of soft or border-
line acids Cu+2, Ag+1, Cd+2, Zn+2 (Table 3, entries 3–6)
gave 75–85% of anilide. Mn+2 and Co+2 gave around

65% (Table 3, entries 7, 8) of anilide. The only exception
was K+1, which gave exclusively the disubstituted
product in MeCN (Table 3, entry10).

From these results, it became evident that metal-
hydroxyl coordination based on the HSAB principle
cannot be exploited effectively for specificity in the
present scenario.

2.1.3. To study the effect of HCl scavengers for the
chemoselective N-chloroacetylation of ABA with
CAC
We then wanted to study the effect of various phosphate
salts. When NaH2PO4 or Na2HPO4 was used, large
amounts of ABA remained unreacted (Table 4, entries
1, 2), 52% and 20%, respectively. Water with K3PO4 pro-
duced the anilide (88%) (Table 4, entry 3). The use of
milder bases like NH4OH, NaOAc and TEA gave

Table 2. Reaction of ABA with CAC: effect of buffers.

No Solvent Producta (2:3:4)

1 Water 40:52:8
2 Citrate 82:11:7
3 Oxalate 69:23:8
4 Carbonate 60:28:12
5 Phosphate 77:23:0
6 Tris 83:6:11
7 MES 80:5:15

Note: ABA – 100 mg (0.8 mmol), CAC – 90 mg (0.8 mmol), buffer 20 mmol, 500 μL.
aProduct distribution based on NMR.

Table 3. Reaction of ABA with CAC: effect of metal salts.

No. Metal salts Anilide, a2 (%) Disubstituted, a3 (%) Remarks

1 FeCl3 90 10 Hard
2 MgCl2 6H2O 45 55 Hard
3 CuSO4 83 17 Borderline
4 AgNO3 83 17 Soft
5 CdCl2 80 20 Soft
6 Zn (OAc)2 2H2O 75 25 Borderline
7 MnSO4 H2O 66 33
8 CoCl3 6H2O 62 38 Borderline
9 H3BO3 70 30
10 K2CO3 0 100b 2 eq. CAC

Note: ABA – 100 mg (0.8 mmol), metal salt – (0.8 mmol), CAC – (0.8 mmol), phosphate buffer 20 mmol, 500 μL.
aProduct distribution based on NMR integration.
b85% isolated yield.
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approximately 75% of anilides (Table 4, entries 4–6).
However, the isolated yield was still only around 60–
70%. Next, we wanted to find out the effect of neutral
HCl scavengers like limonene (Table 4, entry 7) and pro-
pylene oxide (Table 4, entry 9). Only propylene oxide
gave a higher yield (86%) of isolated anilide. Use of
Amberlyst21 (Table 4, entry 8) gave 84% anilide (80%
crude). Finally, use of pyridine (Table 4, entry 10) as the
HCl scavenger gave comparable results with propylene
oxide. Thus, we have developed a mild and clean pro-
cedure for chloroacetylation of amines which can be
used in neutral conditions (with propylene oxide) or
can also be used with 1 equiv. of the base (pyridine).

2.2. Study of chemoselective intermolecular
N-chloroacetylation of anilines in the presence of
alcohols/phenols

Further, we investigated the selectivity between anilines
and alcohols/phenols. The results are reported in Table 5.
We found out earlier that FeCl3 decreased the formation
of disubstituted product (Table 3, entry 1). Moreover,
FeCl3 completely suppressed the reactivity of benzyla-
mine. Hence, we decided to check its effect on benzyl
alcohol as well. Organic solvent or phosphate buffer
with or without FeCl3 was not selective towards N-chlor-
oacetylation (Table 5, entries 1–3). However, we
observed complete selectivity (Table 5, entry 4) when
phosphate buffer was used for the reaction. The use of
FeCl3 has little effect for selectivity in case of cinnamyl

alcohol (Table 5, entry 6). Once again complete selectiv-
ity (100:0, Table 5, entry 7) was observed when phos-
phate buffer was used. In the case of phenols (Table 5,
entries 8–11), complete selectivity was observed
towards N-chloroacetylation. The use of FeCl3 had little
or no effect on selectivity.

2.3. Study of chemoselective intermolecular N-
chloroacetylation of benzylamine in the presence
of alcohols/phenols

We then checked the selectivity between benzylamine
with alcohols/phenols. Table 6 describes the results. Use
of organic solvent or phosphate buffer with or without
FeCl3gavemixed results (Table 6, entries 1–3). Use of
FeCl3 reduced the reactivity of benzylamine. The use of
phosphate buffer with no additive gave very good selec-
tivity (Table 6, entry 4), which was increased further when
pyridinewas used as the additive (Table 6, entry 5). In con-
trast, the use of CH2Cl2withpyridine gave 1:1mixturewith
no selectivity (Table 6, entry 6). In the case of cinnamyl
alcohol, phosphate buffer gave the best results, com-
pared to the use of water or phosphate buffer with
FeCl3 (Table 6, entries 7–9). Similarly, excellent selectivity
was observed for reactions with phenols (Table 6, entries
10–12) or with furfuryl alcohol (Table 6, entry 13).

Thus, this protocol can be used for selective N-chlor-
oacetylation of benzylamines in the presence of alco-
hols or phenols. When butylamine was used in the
competitive reaction with benzyl alcohol in different

Table 4. Reaction of ABA with CAC: effect of scavengers.

No. Solvent Scavenger (equiv.) Product (2:3)a

1 Water NaH2PO4 (3) 83:17b

2 Water Na2HPO4 (3) 79:21c

3 Water K3PO4 (2) 88:12
4 Buffer NH4OH (2) 77:23
5 Buffer NaOAc (1) 74:22d

6 Buffer TEA (0.5) 73:15e

7 Buffer Limonene (1) 87:13
8 Buffer Amberlyst 21 84:6f

9 Buffer Propylene oxide (1) 93:7
10 Buffer Pyridine (1) 90:10

Note: ABA – 100 mg (0.8 mmol), CAC (0.8 mmol), phosphate buffer 20 mmol, 500 μL.
aProduct distribution based on NMR integration.
bUnreacted ABA 52%;
cUnreacted ABA 20%;
dEster 4%;
eEster 12%;
fEster 10%.
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solvents, different results were obtained (Table 6, entries
14–16). For the butylamine reaction, the addition of TEA
(1 eq.) increased the amide formation from 38% to 70%.
However, the most important result was the suppres-
sion of alcohol reactivity in phosphate buffer. Large
amount of benzyl alcohol remained unreacted (84%,
Table 6 entry 15) in phosphate buffer, versus 55%
unreacted alcohol in CH2Cl2 (Table 6 entry 16). Even
with hindered cyclic amines (Table 6, entries 17, 18),

good selectivity in amide formation was observed. In
these cases as well, a substantial amount (72–90%) of
alcohol did not react. Although the cause for this selec-
tivity is currently under investigation, we presume that
this observation can be attributed to the basic nature
of the aliphatic amines, which can abstract a proton
from benzyl alcohol to give the ester. Bulky

Table 5. Competitive reaction of aniline and alcohols/phenols.

No ArNH2 Alcohol/phenol Solvent Additive
Product

(Anilide:Ester)

1 Aniline Benzyl alcohol MeCN – 60:40
2 Aniline Benzyl alcohol MeCN FeCl3 70:30
3 Aniline Benzyl alcohol Water FeCl3 75:25
4 Aniline Benzyl alcohol Buffer – 98:2
5 Aniline Cinnamyl alcohol Water FeCl3 42:58
6 Aniline Cinnamyl alcohol Buffer – 100:0
7 Aniline m-Cresol Buffer – 100:0
8 Aniline m-Cresol Buffer FeCl3 100:0
9 Aniline p-Cresol Buffer – 100:0
10 Aniline p-Cresol Buffer FeCl3 100:0
11 Aniline Furfuryl alcohol Buffer FeCl3 90:10

Note: Substrate – 0.5 mmol each, CAC – 0.5 mmol, metal salt – 20 wt % of
substrates, buffer – phosphate buffer 20 mmol, 10 μL/1 mg of substrates.

aProduct distribution based on NMR integration.

Table 6. Competitive reaction of amines and alcohols/phenols.

No RNH2 Alcohol/phenol Solvent Additive
Product§

(Amide:Ester)

1 Benzylamine Benzyl alcohol MeCN – 37:36 (64)
2 Benzylamine Benzyl alcohol MeCN FeCl3 23:62 (38)
3 Benzylamine Benzyl alcohol Buffer FeCl3 0:41 (59)
4 Benzylamine Benzyl alcohol Buffer – 88:12
5 Benzylamine Benzyl alcohol Buffer Pyr. (1) 96:4
6 Benzylamine Benzyl alcohol CH2Cl2 Pyr. (1) 50:50
7 Benzylamine Cinnamyl alcohol Buffer FeCl3 10:10 (90)
8 Benzylamine Cinnamyl alcohol Water – 50:50
9 Benzylamine Cinnamyl alcohol Buffer – 98:2
10 Benzylamine m-Cresol Buffer – 100:0
11 Benzylamine m-Cresol Buffer FeCl3 100:0b

12 Benzylamine p-Cresol Buffer – 100:0
13 Benzylamine Furfuryl alcohol Buffer – 100:0
14 Butylamine Benzyl alcohol Buffer – 38:50 (50%)
15 Butylamine Benzyl alcohol Buffer TEA (1) 70:16 (84%)
16 Butylamine Benzyl alcohol CH2Cl2 TEA (1) 64:45 (55%)
17 Cyclohexylamine Benzyl alcohol Buffer – 62:28 (72%)
18 Dicyclohexylamine Benzyl alcohol Buffer – 90:10 (90%)
19 NH2CH2-C6H4-OH Buffer 100:0

Note: Substrate – 0.5 mmol each, CAC – 0.5 mmol, metal salt – 20 wt % of substrates, scavenger – 0.5 mmol, buffer – phosphate buffer 20 mmol, 10 μL/1 mg of
substrates.

aProduct distribution based on NMR integration.
bOnly 10% BnNH2 reacted; Number in the parenthesis denotes the amount of unreacted benzyl alcohol.

Table 7. Reaction of amino alcohols and amino acids with CAC.

No. Amino alcohol/amino acids Solvent
Product

(N:O-acylation)a

1 N-Phenylethanol amine Buffer 100:0 (74) (7a)
2 N-Phenylethanol amine K3PO4-THF Disubstituted
3 N-Benzylethanol amine Buffer 100:0 (68) (7b)
4 N-Benzylethanol amine K3PO4-THF Complex mixture
5 L-Leucinol Buffer 100:0 (68) (7c)
6 DL-Phenyl glycinol Buffer 100:0 (65) (7d)
7 S (+)-prolinol Buffer 100:0b (67) (7e)
8 4-amino butanol Buffer 100:0b (63) (7f)
9 1-Amino propan-2-ol Buffer 100:0 (78) (7 g)
10 Trans-4-Aminocyclohexanol Buffer 100:0 (61) (7 h)
11 2-Amino butanol Buffer 100:0b (80) (7i)
12 Beta-alanine Buffer 65 (7j)
13 4-aminobutyric acid Buffer 63 (7k)
14 6-amino hexanoicacid Buffer 68 (7 l)

Note: Substrate – 50 mg, CAC – 1.1 eq., scavenger – 2 eq. (K3PO4 in 2 and 4,
Propylene oxide in others), Phosphate buffer 20 mmol, 10 μL/1 mg of sub-
strate.

aProducts rearranged.
bValues in the parenthesis represents yield of the isolated product.
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dicyclohexylamine, being a hindered base, cannot
efficiently abstract the hydroxyl proton and gave the
least amount of ester (10%) compared to small and
linear butylamine (50%). Finally, a substrate having
both amine and phenol on the same aromatic ring
(Table 6, entry 19) was reacted to give the amide substi-
tuted product selectively, with no trace of the ester.

2.4. Study of chemoselective N-chloroacetylation
various amino derivatives

In this respect, we then attempted selective chloroacety-
lation of amino alcohols (Table 7). All of the amino alco-
hols (Table 7, entries 1, 3, 5–11) gave the corresponding
N-chloroacylated product exclusively. Use of K3PO4 was
not effective (Table 7, entries 2, 4). However, one of the
key observations came during the purification of prolinol,
4-aminobutanol, and 2-amino butanol products (Table 7,
entries 7, 8 and 11). It was observed that for the mono-
substituted product, the CH2 protons attached to the
OH have chemical shifts around 3.5–3.7 ppm (–CH2OH),
whereas the same CH2 protons (–CH2OCOCH2Cl) in O-
chloroacyl ester have chemical shifts around 4.2.
Although the crude NMR of aminobutanol and prolinol
products showed no chloroacetyl ester peak, these pro-
ducts rearranged to the disubstituted product during
column chromatography (silica gel) (Figure 1).

It is known that, under acidic conditions, N- to O-acyl
migration is possible for an amino alcohol (25). In order
to extend our methodology further, a few amino acids
(Table 7, entries 12–14) were subjected to the same reac-
tion conditions. All these amino acids were converted to
the corresponding chloroacetamides, albeit in good to
moderate yields. It was also observed that for α-amino
acids the N-chloroacylation reaction was very sluggish
(data not shown).

2.5. Study of chemoselective acylation of
aminoalcohols using fatty acid chlorides

When aminoalcohols were reacted with acyl chlorides
from lipophilic long chain fatty acids (Lauroyl, Plamitoyl
and Stearoyl) they were efficiently converted (isolated

Figure 1. Chloroacetyl products from aminoalcohols and
aminoacids.

Figure 2. Ceramide derivatives from aminoalcohols.
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yield 73–84%) to the corresponding amides. Table 1
depicts the compounds synthesized. 8a, 8b and 8c
were formed by the reaction of 1-amino-2-propanol
with Lauroyl, Palmitoyl and Stearoyl chlorides respect-
ively. 8d was formed by the reaction of 2-amino-1-
butanol with Stearoyl chloride (Figure 2).

In conclusion, we have shown for the first time that
chloroacetyl chloride can be effectively and efficiently
used for chloroacetylation of aminoalcohols and amino
acids under neutral, metal-free and green chemical con-
ditions. The generality of the reaction has been studied. It
was found that the reaction occurs within 20 min, and
the isolated yields are high in the presence of an HCl sca-
venger. Anilines and amines react selectively in the pres-
ence of alcohols and phenols using the current protocol,
in contrast to poor selectivity in organic solvents. The
selective N-chloroacetylation over O-chloroacetylation
has been exploited for the formation of N-chloroaceta-
mides using amino alcohols. This method was extended
to the formation of ceramides with various fatty acid
chlorides.

Note

1. Since the NMR experiments were done on 0.4 mmol
scale and due to its extremely low yield, the ester
could not be isolated in pure form. Various attempts to
run the reactions on large scale (10–15 mmol) consist-
ently produced the anilide and the disubstituted
product as the major component.
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