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CHAPTER 

Alkylating Agents 

.? -"A 	 1114 \r;; 	 (./A. 111 (E, /;.\a-d 	011 r r,-; 

Stanton L. Gerson, Ahna D. Bulgar, Lachelle D. Weeks, and Bruce A. Chabner 

The alkylating agents arc antitumor drugs that act through the cova-

lent binding of alkyl groups to cellular molecules. This binding is 
mediated by reactive intermediates formed from a more parent 
alkylating compound. Historically, the alkylating agents have played 

an important role in the development of cancer chemotherapy. 
The nitrogen mustards mechlorethamine (HN„ "nitrogen mus-
tard") and tris(f3-chloroethyl)amine (HN 3) were the first nonhor-

monal agents to show significant antitumor activity in humans.''' 
The clinical trials of nitrogen mustards in patients with lymphomas 
evolved from the observation that lymphoid atrophy, in addition 

to lung and mucous membrane irritation, was produced by sulfur 

mustard during World War I. Antitumor evaluation' showed that the 
related but less reactive nitrogen mustards, the bischloroethylam-

ines (Fig. 14A-1), were less toxic and caused regression of lymphoid 
tumors in mice. The first clinical studies produced dramatic tumor 

regressions in some patients with lymphoma, and the antitumor 
effects were confirmed by an organized multi-institution study.1 '2  
This demonstration of efficacy encouraged further efforts to find 

chemical agents with antitumor activity, leading to the wide vari-

ety of antitumor agents in use today. Nonclassical alkylating agents 

include methylating agents such as procarbazine and temozolomide 

and are discussed later in this chapter. Alkylating agents, despite the 

CI — CH2CH2  

S 
CI — CH2CH2  

A 
Bischloroethylsulfide (sulfur mustard). 

CI — CH2CH2 

N — R 
CI — 

B 

Bischloroethylamine (nitrogen mustard general 
structure). —R = —CH3  in mechlorethamine.—R = —CH2CH2CI 

in tris((3-chloroethyl)amine. 

I (;111(1,  '',11.3:2-'"'j 	Structures of bischloroethylsulfide and bischloroethylam- 
ina A. Bischloroethylsulfide (sulfur mustard). B. Bischloroethylamine (nitrogen mus-
tard general structure). 

enthusiastic development of targeted agents, continue to occupy a 

central position in cancer chemotherapy, both in conventional com-

bination regimens and in high-dose protocols with hematopoietic 
cell transplantation (PICT). Because of their linear dose-response 

relationship in cell culture experiments,'' these drugs have become 

primary tools used in FICT for a variety of diseases. Better appreci-

ation of resistance mechanisms and development of targeting agents 

to block these resistance pathways promise to improve the efficacy 

of alkylating agents. 

Alkylating Reactions 

An alkylation reaction can occur by two mechanisms: SN 1 and SN 2. 
In SN  I reactions, the rate-limiting step is the formation of a carbo-
nium ion that can react rapidly with a nucleophile. This reaction 
follows first-order kinetics with a rate that depends solely on the 
concentration of the alkylating agent. In contrast, SN2 reactions 
follow second-order kinetics and depend on the concentrations of 

both the alkylating agent and the nucleophile. Such reactions involve 
a transition-state entity formed by both reactants that decomposes 
to form the alkylated cellular constituent. Agents such as chloroeth-
ylnitrosoureas, through a SN  1-type of mechanism, can form cova-
lent adducts with oxygen and nitrogen atoms in DNA. Compounds 
with SN2 predominant mechanisms, such as busulfan, tend to react 
more slowly, with little alkylation of oxygen sites. Because alky-

lating agents are designed to produce reactive intermediates, the 
parent compounds typically have short elimination half-lives of less 
than 5 hours. 

As a class, the alkylating agents share a common target (DNA) 

and are cytotoxic, mutagenic, and carcinogenic.The activity of most 
alkylating agents is enhanced by radiation, hyperthermia, nitroimi-
dazoles, glutathione depletion, and inhibition of DNA repair. They 

differ greatly, however, in their toxicity profiles and antitumor 

activity. These differences arc undoubtedly the result of differences 
in pharmacokinctic features, lipid solubility, ability to penetrate the 
central nervous system (CNS), membrane transport properties, 

detoxification reactions, and specific enzymatic reactions capable 
of repairing alkylation sites on DNA.' -7  Application of techniques 
such as magnetic resonance imaging and mass spectrometry to the 
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