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Abstract 

Baylis Hillman (BH) reaction is important for C-C bond forming reactions in 

organic synthesis. Allyl alcohols can be synthesized readily by this reaction and these 

alcohols undergo nucleophilic rearrangement to provide wide range of useful 

synthons for organic and medicinal chemistry. We are interested in the development 

of new molecules based on BH reaction and we have initiated this project to explore 

novel functionalized allyl esters derived from BH reaction as potential anticancer 

agents. We synthesized several carboxylic acids derived analogs of bromomethyl 

phenyl acrylate obtained from BH reaction. The allyl ester was further dihydroxylated 

using OsO4. The synthesized molecules have been evaluated against several cancer 

cells including triple negative breast cancer cell line MDA-MB-231, and pancreatic 

cancer cell line MIAPaCa-2. These studies have indicated that several of the 

synthesized compounds show good cytotoxicity with EC50 values in the range of 

3-73μM. Interestingly, the removal of electrophilic double bond in both compounds 2 

and 4 reduced the biological activity.  

 
Introduction 

 The Baylis-Hillman (BH) reaction is an important C-C bond forming reaction in 

organic synthesis that provides functionalized allyl alcohols and amines in one step. 

The BH reaction has attracted a lot of attention in recent years owing to the simple 

reaction conditions and versatility of the structural synthons that can be readily 



obtained utilizing this reaction. The acetates of the product BH-alcohols undergo 

facile allylic rearrangement in predominantly SN2 fashion with a wide variety of 

nucleophiles including C, S, N, and O to afford tri-substituted a, b-unsaturated olefins 

stereoselectively.1–11 Several applications in medicinal chemistry have been reported 

based on BH reaction as a critical step. Our interest in the discovery of novel 

anticancer agents has prompted us to explore BH reaction as a pharmacological tool 

to discover new therapeutics for cancer treatment. 

 

Results 

 We then carried out cell proliferation inhibition studies of 5–11 against triple 

negative breast cancer MDA-MB-231 cells, metastatic murine breast cancer cell line 

4T1, and pancreatic cancer cell line MIAPaCa-2. These cancers are highly aggressive 

in nature with limited treatment options and poor patient survival. For these studies, 

we employed the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) cell viability assay. Cell cultures in 96-well plates were incubated with the 

compounds for 72 h, and MTT values expressed as percent of vehicle-only (control) 

wells. The IC50 value was calculated for each compound as the dose required to 

suppress the MTT signal to 50% of control values. In general, both electron donating 

and electron withdrawing carboxylic acid-derived a-carboxy allyl esters 5–11 

exhibited similar cell proliferation inhibition properties. We further evaluated the SAR 

of these a-carboxy allyl esters by taking benzoic acid as a representative example. 

Replacing the ester group and substituting with simple allyl group resulted in 



allylbenzoate 12 and it did not show any cell proliferation inhibition properties even 

up to 100 M concentration. The structures of compounds and reaction scheme are 

shown in Figure 1. 

 

Figure 1. Reaction Scheme for BH reaction and Structures of BH derivatives. 

As a demonstration of activity enhancing carboxycarbonyl allyl esters from 

BH-bromide 1, we have synthesized the prodrug 24 of the clinically important 

anticancer agent chlorambucil, which is used for chronic lymphatic leukemia, 

Hodgkin’s disease, and other types of lymphomas. Although chlorambucil exhibits 

good activity against leukemia and lymphoma, it does not exhibit strong potency 

against several solid tumor cell lines. For example, chlorambucil does not exhibit any 

significant cytotoxicity at 100 lM concentration against MDA-MB-231, MIAPaCa-2, 

and 4T1 cells. Carboxylic acid in chlorambucil was converted into its 

carboxycarbonyl allyl ester 24 by treatment with BH-bromide 1 under basic 

conditions (Scheme 1b). 24 exhibited enhanced cell proliferation inhibition with IC50 

values in the range from 49 to 83 lM against all three cell lines compared to its parent 



drug chlorambucil, which has no activity even at 100M

  

 

Conclusion 

 Baylis-Hillman reaction is useful in synthesizing prodrugs for cancer therapy, as 

the results shown before, these newly synthesized molecules have achieved higher 

potency in inhibiting the growth of multiple cancer cell lines. 

 However, more studies should be done on structural activity relationship (SAR) 

studies to understand the detailed mechanism of how these BH derivatives interfere 

with the functioning of cancerous cells and what other modification can we make in 

those derivatives. More in vivo studies should be done to illustrate the cytotoxicity 

and the uptake of these molecules by living organisms. The maximum dose tolerance 



studies should also be done to find out the maximum dosage that certain organism can 

survive, further will help us know what the optimal dosage for treatment is. 

 These are just small steps in developing new cancer therapy. Even to the point 

that these molecules can be put into clinical trials, there is a long way to go. The 

increase in potency is just the very basic for further development, however, how much 

tests that we need to do to make sure they have high potency and low toxicity remain 

unknown. The current cancer therapies that we have are not only expensive and 

painful, but also do nothing but extend the lifespan by couple months. Making drugs 

with anti-cancer activity is not hard, however, the tests that need to be done before it 

can be put into clinical trials are necessary and time-consuming. These works can be 

consider a small step towards ideal cancer treatment, but since now hundreds of 

groups are working on cancer-related studies, I’d say any progress counts. 
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