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tetrahydrofuran (THF) and higher catalyst loadings (100 mol%) promote propargylation, while toluene 

and lower catalyst loadings (7 mol%) promote allenylation. It can be argued that THF and 

dimethylformamide (DMF) as primary reaction solvents predominantly favored propargylated products 

rac-47a-g, while the use of toluene as a carrier solvent for propargyl bromide (80 wt% in toluene) affords 

the allenyl minor product. 

 

Fig. 2.1. Regioselectivity of Barbier-type propargylations for propargyl and allenyl alcohols (GCMS 
analysis). Crude reaction mixture of rac-47b (15,24, 15.32 min) and the corresponding allenic analogue 
rac-52b (15.57 min).  
 

In addition to competing allenylation, spontaneous intramolecular ring closure is a possible cause 

to reduced reaction yields of Barbier-adducts.41 Slightly acidic conditions enhance the reactivity of the 

unprotected hydroxyl group to attack the proposed intermediate 59 (5-endo-dig pathway), subsequently 

forming 1,4 disubstituted dihydrofurans (Scheme 2.4). From the continuing interest of these compounds 

to generate cyclic pharmaceutical intermediates, this method is frequently utilized to promote 

spontaneous cyclization. Regarding the above-mentioned Babier-type reaction, the identity of these 
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products 53 are suspected impurities in crude reaction mixtures (GC analysis). Further product 

characterization (NMR) was not attempted to place primary focus on effectively separating the racemic 

products rac-47a-g for consecutive reactions.  

Scheme 2.4. Possible cause of reduced yields in Barbier-type propargylations via spontaneous 
intramolecular ring closure.41  

In summary, the reported Barbier-type strategy favored the regioselectivity of propargylic 

alcohols over the allenic alcohols. The isolation process was ordinarily difficult and afforded the desired 

products (3-98%) with residual contamination of the allenic by-product. Borowiecki and Dranka2 reported 

high selectivity of homopropargyl alcohols by SnCl2-mediated coupling of propargylic halides in aqueous 

media (sat. NH4Cl). However, we did not optimize reaction conditions any further as it was not our 

primary goal. 
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Fig 2.2. Crude propargyl alcohol rac-47a with contamination of the allenic byproduct (H1NMR). NMR 
solvent: CDCL3.  
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2.2 Synthesis of β-keto alkynes (1-para-substituted-phenylbut-3-yn-1-ones) 

2.2.1 Oxidation of racemic alkynols via 2-iodoxybenzoic acid (IBX) 

In accordance with our planned strategy, the requisite β-keto alkynes were synthesized in 

preparation for subsequent enzymatic reactions. Attractive methodologies mediated by iodine-based 

reagents (Fig 2.3) have been thoroughly studied in literature for the conversions of alcohols to aldehydes 

or ketones [(Dess-Martin Periodinane (DMP), o-iodoxybenzoic acid (IBX), and acetoxyiodosylbenzoic 

acid (Ac-IBX)].42 Hence, the desired alkynones 48a, 48g were obtained from the corresponding alcohols 

(rac-47a, 47g) by IBX-catalyzed oxidation using 3 equiv of IBX in the respective solvent. The 

representative results are summarized in Table 2.2.  

Table 2.2 
Oxidation of racemic alcohols rac-47a-b, e-g via 2-iodooxybenzoic acid (IBX) 
 

 
 

[a] 39.0+% (stabilized with Benzoic Acid + Isophthalic Acid). [b] Ethyl Acetate [c] Isolated yield after 
column chromatography. [d] Not determined due to low conversion rate. [e] Desired product was not 
synthesized. [f]  The attempted procedure was reported by More and Finney.43 

To efficiently optimize reaction conditions, the corresponding alcohols rac-47a-b (synthesized 

with inexpensive starting materials 50a-b) served as experimental controls. Primary reaction attempts 

Trial Product Solvent T (℃) t(H) Yieldc[%] 
1 rac-47a EtOAcb 80 15 N.D.d 

2  EtOAcb 80 15 0e 

3 rac-47b EtOAcb 80 15 0e 

4 rac-47f Acetone RT 7 40 

5 rac-47a Acetone RT 7 0e 

6 rac-47g Acetone RT 2 N.D.d 

7 rac-47a Acetone 55 7 27 

8 rac-47e Acetone 55 7 0e 

3 equiv. IBXa 

solvent Δ 
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utilized ethyl acetate as a reaction solvent and refluxed in an oil bath at 80 ℃. Although IBX is notably 

insoluble in most organic solvents, literature analysis confirms increased solubility rates at elevated 

temperatures to permit clean oxidations.43 All reactions were performed without any precautions to 

exclude air or moisture from the reaction mixture.  

Fig. 2.3. Chemical relationships between pentavalent hypervalent iodine reagents.42 

The primary oxidation of rac-47a (Trial 1) afforded the desired product 48a with low conversion 

(<10%) as in the reaction in Table 2.2.  Aiming to optimize conversion rates, the reaction was reattempted 

(Trial 2, Table 2.2), but the primary results were nonreproducible. GC analysis of the crude reaction 

mixture revealed a surplus of benzoic acid (IBX stabilizer) as the primary component. When repeated 

with rac-47b (Trial 3, Table 2.2), GC analysis of the oxidation reaction confirmed the alike presence of 

benzoic acid and comparatively, afforded the possible desired product 48b in low quantity (no presence of 

starting material). Similar retention times (7.53 min, 7.57 min) and mass-spectra (MS) between benzoic 
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acid (GC-MS fragments: 77, 105, 122) and the ketone product 48a (GCMS fragments: 77, 105, 144) 

presume the co-elution of both components, thus masking possible product formation, and rationalize the 

differences observed between both products 48a-b on the spectra.   

Fig. 2.4. [a] Superimposed spectra of known ketone product 48a and benzoic acid precipitate (GCMS 
analysis). [b] Mass-spectra of the identified ketone product as a standard for comparison (7.53 min). [c] 
Mass-spectra of crude oxidation product. Major product presents as benzoic acid (7.57 min). Both 
analyses were conducted with the same method on GCMS.  

In consideration of the premeditated acid-base extraction protocol, the crude organic residues 

48a-b were treated with three additional Sodium Bicarbonate washes (sat. NaHCO") to aid in the removal 

of the acid. By retention time characterization, GC analysis confirmed the removal of benzoic acid with 

sat. NaHCO" (Fig 2.5). However, the resulting spectra presented retention times that invalidate the 

synthesis of both ketone products 48a-b. As observed in Fig 2.5, the anticipated retention time of 

48a (7.53 min) did not identify to the observed products (7.92, 11.56, 12.61, 12.94 min). Comparatively, 

Retention Time (min) 

7.53 7.57 
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the presumed ketone 48b presented  (8.43 min) alongside benzoic acid (7.51 min). The corresponding 

spectra displayed a new product peak (8.66 min) alongside 48b in decreased quantity. 

In contrast to the reported procedure, these results warranted the improvement of reaction 

conditions. Adjacent oxidations of rac-47a-b yielded alike results under paralleled parameters. Literature 

reports variations of solvent stability to IBX when different solvents are used, consequently affecting the 

solubility (or lack) of IBX-derived byproducts (IBA).43 Therefore, subsequent IBX trials employed 

acetone as the reaction solvent to promote more facile reaction conditions.  

Due to the depleted stocks of the specified experimental controls (rac-47a-b), the respective 

alcohol rac-47f (non-terminal acetylene) was oxidized with IBX (3 equiv) in acetone at room temperature 

(Trial 3, Table 2.2). During this reaction, the starting material rac-47f was totally converted into the 

corresponding ketone 48f without the coprecipitation of benzoic acid (!!). For reaction reproducibility, the 

procedure was reattempted to oxidize rac-47a (Trial 4, Table 2.2) under alike reaction conditions. 

Disappointingly, paralleled results confirmed the existence of the benzoic acid in the crude reaction 

mixture. 
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Fig. 2.5. Sodium bicarbonate washes (3) on crude oxidation products 48a-b to remove excess benzoic 
acid (GCMS). [a] Precipitation of benzoic acid (7.52 min) in the crude oxidation product a. [b] Crude 
residue post-wash reveals a different major product (11.56 min). [c] Precipitation of benzoic acid (7.51 
min) in the crude oxidation product 48b. Presumed product presents at 8.43 min. [d] Crude residue post-
wash reveals a different major product (8.6 min). All analyses were conducted under the same GCMS 
method.  
 

a) 

b) 

c) 

d) 

 

 

7.52 

7.97 

11.56 

7.51 

8.43 

8.60 

12.61 12.94 

                           Retention Time (min) 
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rac-#a 

 The potential cofounding variables between ketone syntheses prompted the investigation of 

whether electrophilic directing groups (electron-donating, electron-withdrawing) affect oxidation success 

rates. Among three distinctive analogues (rac-47a-b, 47f), the success of the IBX-mediated oxidation was 

exclusive to the internal propargyl moiety 48f.  To identify reaction covariates, we oxidized rac-47g (Trial 

5, Table 2.2), a secondary internal functionality without substituent groups on the aromatic ring. The 

results were intended to deduce reasoning behind the synthetic success of 48f; from the aromatic directing 

group (p-OCH") or the internal alkyne characteristic.  

The IBX-oxidation of rac-47g proceeded in acetone at room temperature as a micro-scale reaction 

(only small amount isolated from the allenic byproduct). GC analysis of the crude residue revealed 

product formation in low conversion (10%) without the acidic impurity. Taking into consideration 

whether internal analogues were more applicable reagents, the low conversion rate was inconclusive to 

diagnose reaction efficiency. 

Scheme 2.5. Oxidation conversion rates from electrophilic aromatic directing groups. All racemic 
products rac-47a, 47f-g were oxidized with IBX (3 equiv.) in acetone at room temperature. Reaction times 
vary between products (reference Table 2.2). 
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Upon discovery of a procedural error for reaction temperature, the oxidation of rac-47a was 

reattempted once more (Trial 6, Table 2.2), heat-refluxed in acetone at 55	℃. The simple adjustment 

afforded the desired product in moderate conversion (59%) without benzoic acid (!!!). The resultant 

product was purified via SiO! column chromatography to give a translucent, viscous residue. Soon after 

purification, the foregone colorless oil transformed into a dark red and non-cohesive mixture. 

Examination of the corresponding GCMS spectra (Fig 2.6) revealed a different molecular ion peak m/z 

(162) than prior to (144), inferring the compound transformed into an unknown product.

Fig. 2.6. Proposed chemical transformation of 48a post-oxidation via IBX. [a] Gas-chromatogram (GC) 
primary oxidation product. [b] Mass-spectra (7.57 retention time) of primary oxidation product. [c] Gas-
chromatogram (GC) of ketone product post-degradation. [d] Mass-spectra (8.22 retention time) of ketone 
product post-degradation.  

The observed 𝐻#NMR (Fig 2.7) confirms the existence of a mixed terminal allenic/propargyl 

ketone with the integration of an unspecified singlet near 2.53 ppm, corresponding to the approximate 

protons (2.47). Considering the 𝐻#NMR of rac-47a (alcohol precursor), post-factum analysis conveys the 

a) 

b) 

c) 

d)
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facile isomerization of terminal propargyl ketones to their corresponding allenones via SiO! column 

chromatography.44 

 

Fig. 2.7. H1 NMR of the transformed ketone product 48a with contamination of the allenic by-product. 
NMR solvent: Chloroform-d (CDCL3).  
 

As a last recourse, the final analysis oxidized rac-47e (Trial 8, Table 2.2) to comparably 

investigate the effects of electron-withdrawing directing groups (EWG) on reaction rates. Under reflux in 

acetone at 55	℃, the oxidant converted the corresponding alcohol rac-47e (p-NO!) into an undesired and 
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undetermined product. Product characterization was not investigated further as it was not relevant to the 

study. At the minimum, our results exhibit more desirable reaction rates for aromatic systems with higher 

oxidation potentials 48f (EDG) versus those with lower oxidation potentials 48e (EWG). These results 

directly correspond to published literature42. 

Table 2.3 
The effects of different oxidation potentials (aromatic directing groups) on oxidation reaction rates. 

Entry Starting 
Material T (℃) t (h) Product 

Conversion 

1 RT 7 

98% 

2 55 7 

59% 

3 RT 2 

10% 

4 55 7 

0% 

In addition to the synthetic struggles discussed, IBX is a relatively harsh oxidant on terminal 

propargyl moieties45. As observed in Scheme 2.6, paralleled reaction trials (conducted by a secondary 

colleague) to oxidize rac-47a-b afforded aromatic b-diketones as reaction by-products (overoxidation 
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product was characterized via H1 NMR). These results afforded the desired ketones (poor conversion) but 

were inseparable from additional impurities (undetermined) via SiO! column chromatography.  

Scheme 2.6. Characterized products associated with IBX-mediated oxidations of compounds bearing 
terminal propargyl moieties 48a-b.  

The factors responsible for inconsistent results directly correlate to the concentration of IBX as a 

heterogeneous oxidant42. Published literature validates the impact IBX concentrations have on the 

oxidation of aromatic systems. Low concentration levels promote the competitive reduction of IBX to 

IBA (Scheme 2.7), while high concentration levels evoke substrate (IBX) insolubility. The course of the 

reaction was plagued by an opaque, white precipitate, mainly composed of IBA (insoluble in EtOAc, 

soluble in acetone). IBA frequently functions to pull IBX out of solution and trap in a secondary complex 

binding network; drastically affecting reaction rates in result.   


