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Abstract  

 

SELECTIVE REDUCTION OF AROMATIC ESTERS USING IN-SITU-GENERATED LiBH4 

Theodore Alexander Strayer, M.S. 

Western Carolina University (September 2020) 

Director: Dr. Carmen Huffman 

 

Functional group interconversion is an essential strategy in synthetic organic chemistry with 

some functional groups being more difficult to. The ester functional group is relatively difficult 

to reduce when compared to aldehydes and ketones.  Typically, esters can be reduced to the 

corresponding primary alcohol using a strong hydride reducing agent like lithium aluminum 

hydride.  Sodium borohydride, a related but weaker hydride reducing agent, is not usually used 

to reduce esters to alcohols because the reaction is too slow to be practical.  Lithium 

borohydride, however, is lies between lithium aluminum and sodium borohydride in terms of 

reactivity and can be effectively be employed to selectively reduce esters.  Aromatic esters are a 

bit more difficult to reduce than aliphatic esters due to the enhanced stability provided by the 

aromatic ring.  However, lithium borohydride can be used to reduce aromatic esters as well.  In 

previous work done in the lab, attempted reduction of an aromatic diester using lithium 

borohydride resulted in the selective reduction on only one of the ester groups.  

The goal of this research project is to examine the generality and scope of this selective 

mono-reduction of a variety of aromatic diesters using in situ generated lithium borohydride 

under a variety of reaction conditions. The aromatic esters examined include the three isomeric 

dimethyl esters containing a benzene ring, along with the trimethyl ester containing a benzene 
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ring.  Additionally, a variety of other reaction conditions were evaluated.  Each of the products 

formed in these reactions were fully characterized by 1H and 13C NMR, FT-IR, and GC/MS. Both 

the meta and para isomers of the aromatic diester were effectively mono-reduced but the ortho 

isomer appeared to not undergo reduction at all.  The results for the lithium borohydride 

reduction of the aromatic triesters, were more ambiguous.   
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Chapter One: Introduction  

1.1 Ben Hart’s Thesis 

In previous work in the Kwochka lab done by MS student Ben Hart on the preparation of a 

specific class of amide-based rotaxanes1, a trifunctional aromatic core was needed to carry out 

the synthesis of a specific type of rotaxane (Scheme1).  

 
 Hart’s target rotaxane 1 Rotaxane precursor 2 

 

 
 

 Methyl ester/1o alcohol/phenol 3 meta dimethyl ester starting material 4 
 

Scheme 1: Retrosynthesis of Hart Rotaxane from aromatic dimethyl ester. 
 
 
 

The synthesis of Hart’s target rotaxane2 was planned based on an unexpected result of a 

reduction reaction. The attempted reduction of an aromatic dimethyl ester to the corresponding 

diol using LiBH4, however, proved to be only partially successful (Scheme 2).  Rather than 

reducing both methyl ester groups to primary alcohols, as was expected, only one of the two 

esters was reduced to the alcohol while the other ester remained unaffected, thereby forming a 

hydroxy methyl benzoic acid derivative.   
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 Expected product dimethyl ester unexpected product 
 5 4 3 
 

Scheme 2: Selective mono-reduction of an aromatic dimethyl ester to an aromatic hydroxy methyl/methyl ester. 

 

 

 

We then became interested in exploring the scope of this apparently selective hydride reduction 

reaction on four aromatic-ester systems: Dimethyl phthalate (ortho), Dimethyl isophthalate 

(meta), Dimethyl terephthalate (para), and Trimethyl mesic acid ester (all meta relationships). 

What immediately follows is a brief survey of hydride reducing agents and their synthetic 

applications with carbonyl-containing compounds followed by examples of various isomers of 

the hydroxy methyl benzoic acid derivatives that are commercially interesting, along with their 

established methods of preparation. 

1.2 Reduction Chemistry 

In organic chemistry, reduction of a compound is performed by using a reducing agent. Some 

reducing agents are stronger than others meaning that they can reduce functional groups like 

carbonyls and esters to primary alcohols. Whereas weak reducing agents can reduce those types 

of functional groups to aldehydes and then subsequently reduced to a primary alcohol in a two-

step process3.  A weaker reducing agent is useful when trying to selectively one type of 

carbonyl-containing functional group in the presence of another. Typically, an ester is reduced to 

an alcohol using certain strong reducing agents, like LiAlH4, whereas reduction of that ester with 

NaBH4 would be sluggish if it occurred at all. This is where a moderate reducing agent like 
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LiBH4 comes into use, with it being strong enough to reduce an ester to a primary alcohol but 

selective enough to just reduce one specific ester on a compound with multiple esters.  What 

follows is a brief survey of a few common hydride reducing agents that react with carbonyl-

containing compounds. 

In organic chemistry, a reduction is a transformation where electrons are gained. Where 

reductions cause a compound to decrease in oxidation number by gaining electrons from the 

reducing agent. The word reduction relates to the action of making something smaller. When an 

organic compound is reduced, a double bonded oxygen that is present in a ketone and aldehyde, 

can be reduced to a primary alcohol.4 Strong reducing agents are fast but generally not selective, 

which means that multiple types of functional groups can be reduced. Whereas the weaker 

reducing agents can be more selective. While others are weaker and are unable to reduce some 

functional groups.  

Carbonyls are organic compounds that contain C=O bond and are found in functional groups like 

ketones, aldehydes, and esters. Carbonyl-containing compounds are usually polar molecules 

because of the C=O bond and are electron withdrawing group since they attract electron density 

to the electron-deficient carbon. The C=O double bond consists of both a σ bond and one π bond 

and are shorter than C=C bonds. In addition, the C=O is more reactive with hydride reducing 

agents than C=C because of the C=O electronegativity of the oxygen atom.4 

Lithium aluminum hydride (LiAlH4) is probably the strongest hydride reducing agent and, as 

such, it lacks selectivity and tends to react with any electrophilic functional group present in the 

molecule.3 . Under the right conditions, it can quickly reduce esters, acids, amides, ketones, 

nitriles, and aldehydes to an alcohol.5 
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Diisobutylaluminum hydride (DIBAL-H) is another nucleophilic hydride donor and is most 

known for its ability to partially reduce lactones and esters to aldehydes.3 By controlling the low 

temperature of the reaction, partial reduction can be achieved.  It can also fully reduce aldehydes 

and ketones to alcohols. A milder reducing agent is the Lewis acid borane (BH3), which is an 

electrophilic compound because of its vacant p orbital on boron. Reduction with this agent 

causes an intermolecular hydride transfer in a Lewis acid-base complex of both compounds in 

the reaction.3 

Sodium borohydride (NaBH4) is a milder reducing agent compared to LiAlH4, can react quickly 

with ketones and aldehydes to form primary or secondary alcohols.3 When NaBH4 is used in the 

presence of methanol in THF, however, it can also reduce esters to primary alcohols. using 

longer reaction time times. Basic aqueous solutions of NaBH4 are stable, but in solutions of 

ethanol or methanol, the NaBH4 rapidly decomposes to borates.5  

Between the powerful reducing agent LiAlH4 and the less reactive NaBH4 is the strong yet more 

selective reducing agent lithium borohydride (LiBH4), which can reduce esters, lactones, and 

epoxides to primary alcohols. LiBH4 can be purchased but can also be easily generated in-situ 

with NaBH4 and LiCl in THF.5  In our work, we have observed that this in-situ generated LiBH4 

is a selective reducing agent for certain types of esters. 

Aromatic diesters are available as the ortho, meta, and para isomers. Unlike aliphatic di- or tri-

esters, aromatic systems are affected by both the electronic interactions through the aromatic ring 

and the way the rigidity of the aromatic ring influences the steric interactions. 
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1.3 Examples of preparation of various isomers of hydroxymethyl benzoic 
acid derivatives 
 
Based on the careful selection of reagents and reaction conditions, many different compounds 

can be produced from the same starting material. In reduction reactions of carbonyl-containing 

compounds, for example, the selectivity of that reaction is based upon the nature of both the 

reducing agent and the electronic and steric nature of the carbonyl.4 There are several examples 

of various isomers of hydroxy methyl benzoic derivatives with actual and potential commercial 

uses. What follows is a brief example of the use of a di-ester in a derivative of hydrocortisone. 

Along with this example are examples of the reduction of di-esters as they are in specific 

orientations, i.e. para, meta, ortho, and tri. The selectivity of these di or tri-ester reduction 

reactions is based upon the electronic properties of a substrate and reagents, and steric 

influences.4 

1.3a Dimethyl Terephthalate derivatives (para isomers) 

Hydrocortisone is an anti-inflammatory drug that can be used to reduce skin inflammation. 

NCX-1022 is a NO-releasing derivative of hydrocortisone that has been tested on mice to reduce 

inflamed cells. The nitric oxide (NO) group in this specific derivative can be beneficial in 

decreasing inflammation inside the body and could be why this derivative is more effective than 

hydrocortisone.6 The synthesis of NCX-1022 involves the preparation of para hydroxy methyl 

benzoic acid derivative shown in red in Figure 1, but the researchers in this study purchased 

NCX-1022 from NicOx in France. 
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6 

Figure 1: NCX 1022, a derivative of hydrocortisone. 

 

 

 

In another example, methyl para-hydroxy methyl benzoate 8 was needed to form poly para-

methylene benzoate which is used to create a low molecular weight poly (p-

methylenebenzoate).7 This particular preparation of methyl p-hydroxy methyl benzoate in 

Scheme 3, consisted of reducing monomethyl-terephthalate 7 with a combination of sodium 

borohydride and boron trifluoride etherate in solution with THF and stirred for two hours at 20°C 

to form the desired product 8 in 98% yield. While this method quantitatively reduces the 

carboxylic acid in 7 to a primary alcohol in 8, first monomethyl-terephthalate 7 was purchased.    

 

 7 8 

Scheme 3: Reduction of mono methyl-terephthalate 7 with sodium borohydride to form 8. 
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Yet another strategy to form methyl para-hydroxy methyl benzoate 8 involves the selective 

reduction of the aldehyde group of methyl 3-formylbenzoate 9 under mild hydrogenation 

conditions and high functional group tolerance (Scheme 4). This chemical can be purchased 

online for about $50 per gram. Methyl 3-formylbenzoate 9 is reduced with 5 mol% of either 

[(iPrPONOP)Fe(CO)(H)(CH3CN)](OTf)], catalyst 2, or [(iPrPONOP)Fe(CO)-(H)Br], catalyst 3, 

at room temperature for 24 hours and with 4 bar H2 gas. The product 8 was isolated in 95% 

yield.8 The drawback to the approach in Scheme 4 is that the starting material 9 is expensive 

and, once again, the process in going from methyl ester to hydroxy methyl requires two steps. 

 

 9 8 

Scheme 4: Selective reduction of methyl 3-formylbenzoate 9 with either catalyst 2 or 3 with HCOONa and MeOH under H2 gas. 

 

 

1.3b Dimethyl Isophthalate derivatives (meta isomers) 

The meta isomer for these aromatic dimethyl esters (dimethyl isophthalate) can be selectively 

reduced in two steps using a variety of methods.  In the first method shown in Scheme 5, 

dimethyl isophthalate 10 is saponified by stirring in sodium hydroxide and methanol for 16 

hours. Once the carboxylic acid 11 is formed, the reduction is carried out using a combination of 

sodium borohydride and boron trifluoride diethyl etherate with THF at 0°C to room temperature 

for an additional two hours. Although the two combined reactions provide 12 in an 85% yield, is 

a long reaction to reduce one ester to an alcohol and is used to make a carboxylic acid. The 
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product methyl 3-(hydroxy methyl) benzoate can be used in making anti-inflammatory drugs 

such as hydrocortisone. This is added to an inhibitors, nicotinamide N-methyltransferase, active 

site to be used as a therapeutic target.9 

 

 10 11 12 

Scheme 5: Reduction of dimethyl isophthalate 10 via two-step process with sodium hydroxide and sodium borohydride. 

 

 

 

In scheme 6, the meta diester 10 ultimately is reduced to 12 in Scheme 7. As in Scheme 5, the 

two reaction sequence involves the saponification of an ester to a carboxylic acid 11 followed by 

reduction to alcohol 12.  This time however, the first step uses NaOH, MeOH, and acetone at 

room temperature for over 24 hours to fully form 11. In the second step, the reduction uses 

BH3/SMe2 and THF at 0°C to room temperature for 5 hours to form a primary alcohol 12 in 29% 

yield.10  

 

 10 11 12 

Scheme 6: Reduction of an ester 10 to a carboxylic acid 11 with NaOH, MeOH, which is then reduced to primary alcohol 12. 
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In scheme 7, the reduction of the carboxylic acid 11 (purchased for $25/gram) with BH3 to an 

alcohol followed by treatment with TIPS-OTf, provided the silyl protected alcohol in 82% yield. 

 

11 13 

Scheme 7: Monomethyl isophthalate 11 is reduced with BH3-THF to form 12. 

 

 

 

In scheme 8, the same reduction was done but the protecting group was not added to the alcohol 

and produced a yield of 91%. High yields should be expected since BH3 isn't strong enough to 

reduce an ester. The starting material appears to be purchased ahead of time.11 The use of BH3 

allows for the selective reduction of the carboxylic acid in the presence of the ester in compound 

11 to form 12. 

 

 11 12 

Scheme 8: Reduction of the carboxylic acid 11 with BH3-THF to form 12. 
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1.3c Dimethyl Phthalate derivatives (ortho isomers) 

The ortho isomers of these hydroxy methyl benzoic acid derivatives have also been prepared 

through various pathways.  For example, in Scheme 9 the acid chloride 14 is reduced in 15 

minutes to alcohol 15 with sodium borohydride, polyethylene glycol, potassium carbonate, and 

dichloromethane.  

 

 14 15 16 17 18 

Scheme 9: Methyl Phthaloyl Chloride reduced by sodium borohydride, potassium carbonate, polyethylene glycol. 

 

 

 

This reaction produced decent yields with simple and selective reduction.12 One significant 

drawback of this method is that the synthesis begins with the ester/acid chloride 14 then reduced 

the with NaBH4 and PEG to an alcohol. The percent yield was not recorded for this reaction 

andthere are multiple products from this reaction making it an inefficient way to prepare the 

ortho isomer of methyl hydroxy methyl benzoate. 
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1.3d Trimethyl 1, 3, 5, Benzenetricarboxylate 

Trimesic acid was used sulfuric acid and methanol to form trimethyl 1, 3, 5, 

benzenetricarboxylate 19. This was reduced using sodium hydroxide (1M) and methanol are 

used in solution at room temperature for 18 hours reduce one of the esters to a carboxylic acid 20 

(75%). This compound is then further reduced using borane dimethyl sulfide with THF at room 

temperature for 24 hours to dimethyl 5-(hydroxymethyl)isophthalate 21 (87%).13 

 

 19 20 21 

Scheme 10: Two step reduction of trimethyl 1, 3, 5, benzenetricarboxylate to form dimethyl 5-(hydroxymethyl)isophthalate. 

 

 

 

While the methods described above for the preparation of methyl hydroxy methyl benzoate 

derivatives described above  have reasonible yields, they do have their drawbacks. Typically, 

these methods are the amount of time some of the reactions take, whether it’s a 7 or 24 hour 

reaction, two-step reduction reactions, and expensive starting materials. With meta having better 

results than ortho, para is thought of the easiest of the three to reduce because of how far away 

the esters are from each other on the aromatic ring. Our work on the selective reduction of 

aromatic diesters to hydroxymethyl methyl benzoates consists of using in-situ generated LiBH4 

with THF and methanol for 3 hours at room temperature. We believe that our one step method is 
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a more process reliable and quicker process for selectively reducing a single ester on a di and tri 

methyl esters than the reductions above. 
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Chapter Two: Results and Discussion 

2.1 Brief Synopsis 

The reduction of a methyl ester is generally performed in two steps. First, the ester is either 

saponified to a carboxylic acid or reduced to an aldehyde, both of which can then be reduced to a 

methyl alcohol. The conversion of a methyl ester to a methyl alcohol typically involves two or 

more steps, can take up to 16 hours to complete, and often requires purification of the reaction 

products. In this study, we offer an alternative path (Scheme 12) for the selective conversion of 

aromatic dimethyl esters 22 to methyl (hydroxymethyl) benzoates 23 in one step in high yield 

with minimal purification.  This selective one-step reduction is done using in-situ generated 

LiBH4 in a reaction vessel open to the atmosphere.   

 

 22 23 

Scheme 12: General di-methyl ester reduction reaction. 

 

Below in Scheme 13, the reaction mechanism of the reduction of an ester with LiBH4 to a 

primary alcohol.  

 

Scheme 13: General di-methyl ester reduction reaction. 
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2.2 Table of Products 

Table 1 below displays the reduction products of the three aromatic dimethyl esters and one 

aromatic trimethyl ester studied in this research project, along with their isolated yields. In our 

study of these reactions, we examined variables such as the ratios of LiCl to NaBH4, reaction 

times, whether the reaction was run under inert conditions or open to the atmosphere, and 

reaction temperatures. 

Table 1: Table of products and their isolated yields. 

Aromatic Dimethyl Ester Percent Yield (%) 
 

 
12 

Methyl 3-(Hydroxy-Methyl) Benzoate  

86 (isolated) 

 

 
15 

Methyl 2-(Hydroxy-Methyl) Benzoate 

Trace amounts of product 

 

 
8 

Methyl 4-(Hydroxy-Methyl) Benzoate 

 
 
 
 

81 (isolated) 

 

 
21 

1,3-Dimethyl 5-(Hydroxy-Methyl) 
Isophthalate 

 
 

Majority Product with trace amounts di-
reduced product and starting material 

6:1:1 

OO
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OO
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OO
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OH

OO
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2.3 Dimethyl Esters 

Most of this project focused on three different aromatic dimethyl esters and selectively reduce 

one of those ester functional groups to a primary alcohol using in-situ generated LiBH4. The 

related and more commonly used borohydride reducing agent, NaBH4, is not strong enough to 

reduce esters unless the reaction is allowed to proceed for many hours.1 However, if LiCl is 

added to the reaction mixture, the more powerful LiBH4 reducing agent is produced and allows 

for the possibility of selective reduction and a faster reaction. The general procedure for this 

reduction reaction involves combining NaBH4 and LiCl, to generate the LiBH4, (amounts based 

on preferred equivalence) in a round bottom flask with THF and methanol dropwise with the di-

ester of interest. The reaction runs for 3 hours and then is stopped using a few mL of a 10% citric 

acid solution, then the THF and methanol removed in vacuo. The aqueous reaction mixture was 

then extracted four times using 15 mL of dichloromethane (DCM). The four DCM fractions were 

then extracted once with 20 mL of brine solution. Sodium sulfate was then added to the organic 

layer solution that was extracted from these washes and then gravity filtered into a clean round 

bottom flask and rotovapped to evaporate off the DCM. 
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2.4 Dimethyl Terephthalate (Para) 

 

 24 8 

Scheme 14: Reduction of dimethyl terephthalate. 

 

 

Dimethyl Terephthalate 24, a para aromatic diester, had the best success when being selectively 

reduced to Methyl p-(hydroxymethyl)benzoate 8. In Figure 2, based on the comparison from the 

starting material spectrum and the product spectrum, no starting material showed up in the  

 

Figure 2: Product NMR of the reduction of Dimethyl Terephthalate. 
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product and the CH2 peak at 4.75 ppm (HD’) show that there is a reduced ester. With an 81% 

yield and no amount of starting material in the spectrum below, there was no need for 

purification, the product isolated from the reaction. 

2.5 Dimethyl Isophthalate (Meta) 

 

 10 12 

Scheme 15: Reduction of dimethyl phthalate. 

 

 

Dimethyl isophthalate 10, meta aromatic esters, had more success to be selectively reduced than 

dimethyl phthalate 25. This is because the esters are further apart from each other allowing 

LiBH4 to come in and reduce one of them. While this reaction produced a lower yield than the 

dimethyl phthalate 25 reduction, the spectrum below in Figure 3 shows that there is starting 

material but there is also product. The peak at 4.751 ppm corresponds to the reduced ester which 

is now CH2-OH showing that there is a good amount of reduced material in the product. 
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Figure 3: Product NMR of the reduction of Dimethyl Isophthalate. 

 

 

2.6 Dimethyl Phthalate (Ortho) 

 

 25 15 

Scheme 16: Reduction of dimethyl phthalate. 

 

 

Dimethyl phthalate 25, an ortho aromatic dimethyl ester, is thought of as being difficult to 

selectively reduce because the esters are on adjacent carbons. The proximity of these esters 

means that there when one ester is being reduced, the other ester cannot act as an electron 

withdrawing group. There were trace amounts of product 15 in Figure 4 with majority of starting 
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material in the product spectrum. What we did see was a possibility that after selective reduction 

did occur, a lactone was formed from the intermolecular reaction between the primary alcohol 

and adjacent ester. There is an IR peak at 1765 cm-1 and a MS peak at 86 m/z, along with a 

lactone peak at 5.335ppm in the product NMR that are common peaks of a five-membered 

lactone.  

 

Figure 4: Product NMR of Dimethyl Phthalate reduction. 

2.7 Trimethyl 1, 3, 5, Benzenetricarboxylate 

 

 19 21 

Scheme 17: Reduction of trimethyl 1, 3, 5, benzenetricarboxylate. 
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Trimethyl 1, 3, 5, benzenetricarboxylate 19, tri-methyl ester, was a relatively different reaction 

than the other three. With three methyl esters, selective reduction seemed to be difficult but not 

impossible. In the figure below, Figure 5 along with the mono reduction, there seems to be a di-

reduction as well. This trend can be seen in the meta reaction, where even though there was a 

selective reduction, there was still starting material found which could be a result of each ester 

being two carbons away from one another. With an overall percent yield of 71%, the majority of 

the product being the mono reduced ester. Figure 6 shown below is one of the trimethyl 1, 3, 5, 

benzenetricarboxylate reactions that turned orange after the addition of methanol and THF in 

solution. The color change is important to note because the other reductions, including some of 

the trimethyl reductions, were cloudy white while this reaction suddenly changed color at the 

start of the reaction and went back to a white color once the reaction was quenched.   

 

Figure 5: Product NMR of the reduction of Trimethyl 1, 3, 5 Benzenetricarboxylate where mono reduced is the major product. 
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Figure 6: The reaction of trimethyl 1, 3, 5 benzenetricarboxylate turning orange. 

 

2.8 Discussion 

The reduction method that I am using to selectively reduce one ester of an aromatic diester is a 

better and more useful method than the ones provided above. With the strength of LiBH4, an 

ester can be reduced to a primary alcohol in a one-step reaction and with the selectivity that it 

has, it can reduce one specific ester to a primary alcohol on a compound with more than one 

ester. Other reducing agents are not known to be able to have the same strength and selectivity to 

do this. With the amount of time that it takes most reductions to occur, which has shown to be 

usually more than six hours, the method being using takes only three hours for the reaction and 

about an additional hour for the workup. The aromatic diesters that I am reducing to mono 

methyl hydroxy groups are used in specific drug manufacturing and in creation of polymers. An 

additional electron withdrawing group (EWG) makes an ester more electron deficient and more 

reactive. The reactivity of one ester group is affected by the addition of another EWG. It is 

expected that the better EWG, the more complete the reduction of one ester, so resonance plays a 

role in the selectivity of the reduction. The reductions of dimethyl terephthalate and dimethyl 
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isophthalate, both were selectively reduced using the LiBH4 made in situ with THF while the 

reduction of dimethyl phthalate was not successful with majority of the product being starting 

material. This could be because of the steric interactions that play a role in the distance the 

methyl esters are from one another. In the reduction of dimethyl phthalate to methyl 2-(hydroxy-

methyl) benzoate, one ester being only one carbon away from the other could be causing this 

steric interaction, not allowing the selective reduction of one ester. 
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Chapter Three: Conclusion  

In an attempt to develop a highly selective reduction reaction with sodium borohydride and 

lithium chloride were used in-situ to create lithium borohydride. Lithium borohydride has the 

strength to reduce esters, but also the selectivity to reduce a single ester on a multi-ester 

compound. When the esters are on adjacent carbons, such as the ortho orientation, selective 

reduction was minimal. What we did see was a possibility that after selective reduction did 

occur, a lactone was formed from the intermolecular reaction between the primary alcohol and 

adjacent ester. With the meta and para esters, selective reduction occurred more often because of 

the spacing between the substituents. Para, more specifically, is the successfully reduced of the 

three isomers since these esters are three carbons away from each other and with that space in 

between, we hypothesize that it’s easier for selective reduction. With the three meta ester 

compound, trimethyl 1, 3, 5, benzenetricarboxylate, selective reduction of one ester was the main 

product while there was starting martial left over along with small amounts from two of the 

esters being reduced this could be because of the possibility of intermolecular forces or steric 

interactions between the esters in the compound during the time of reduction. 
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Chapter Four: Experimental 

4.1 General Experimental 

All reactions were performed in 100 mL round bottom flasks (RBF) using magnetic stirring at low 

speeds, unless otherwise noted. Nitrogen flushed 99% lithium chloride (LiCl) was purchased from 

ACROS and 98% sodium borohydride (NaBH4) was purchased from STREM Chemicals; both 

chemicals were stored in a low humidity drying chamber. Anhydrous 99.85% tetrahydrofuran 

(THF) was purchased in 25 mL one-use bottles from ACROS. Methanol, dichloromethane, and 

anhydrous sodium sulfate were purchased from Fisher Scientific. The methyl esters used in these 

reactions were purchased from Fisher Scientific.  None of the reagents used needed further 

purification. 

1H NMR spectra were measured using a JEOL Eclipse 300+ at 300 MHz spectrometer and are 

reported in ppm (multiplicity, integration, and coupling constants in Hz), where TMS appears at 

0.00 ppm and CDCl3 appears at 7.26 ppm. 13C-NMR spectra were measured using (JEOL Eclipse 

300+ at 75 MHz) are reported in ppm as well, where CDCl3 appears at 77.16 ppm. GC/MS spectra 

were acquired using an Agilent Technologies-7890A GC/MS System.  FT-IR (Perkin Elmer-

Spectrum One) spectra are reported in cm-1. 

4.2 Reduction Procedure 

For each reduction reaction, the conjugated di- or tri-ester is combined with LiCl and NaBH4 in 

an appropriate ratio (typically 10 eq NaBH4: 15 eq LiCl respectively) in a 100 mL RBF.  Next 

THF (25 mL) is added, then10 mL of methanol is added dropwise via a constant addition funnel 

and stirred at room temperature for three hours. After the reaction was complete, enough 10% 

citric acid was added to bring the solution to a pH of ~4 to quench the reaction. The solution was 
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rotovapped to remove the volatile solvents and the remaining aqueous suspension extracted four 

times with 20 mL of dichloromethane.  The dichloromethane portions were combined and then 

extracted once with 20 mL of brine. Anhydrous sodium sulfate was then added to the organic 

fraction to remove excess water. The solution is decanted into a clean RBF to be rotovapped and 

vacuum pumped. Typically, the reduced product does not require purification.  

4.3 Specific Reaction Conditions 

Dimethyl Isophthalate reduced to Methyl m-(hydroxymethyl)benzoate 

 

 10 12 

Dimethyl isophthalate 10 (0.199g, 1 eq, 1.025 mmol), LiCl (0.499g, 11.78 eq, 11.78 mmol) and 

NaBH4 (0.301g, 7.94eq, 7.94 mmol) were combined using the reduction procedure and produced 

methyl 3-hydroxymethylbenzoate 12 as a yellow oil in 86% yield. Literature 1H spectral data can 

be found in the following academic article.14 1H NMR (300 MHz, CDCl3, TMS) δ8.66 (s, 1H), 

8.00 (s, 1H), 7.94 (d, 1H, J=7.71 Hz), 7.53 (t, 1H, J=12.9 Hz), 7.40 (t, 1H, J=15.41 Hz), 4.71 (s, 

2H), 3.92 (s, 3H), 3.88 (s, 3H). 13C NMR (300MHz, CDCl3, TMS) δ131.5, 128.9, 128.7, 128.0, 

77.5, 77.10, 76.68, 64.89, 52.26. MS (GC): m/z (%): 166 [M+], 135, 107. FT-IR (cm-1): O-H 

stretch (3420.11), C-H stretch (3002.97, 2952.92, 2875.93), C=O stretch (1716.8). 
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Dimethyl Terephthalate reduced to Methyl p-(hydroxymethyl)benzoate 

 

 24 8 

Dimethyl terephthalate (0.200g, 1eq, 1.029 mmol), LiCl (0.636g, 15 eq, 15.00 mmol) and NaBH4 

(0.378g, 10 eq, 10.00 mmol) were combined using the reduction procedure. This reaction 

resulted in a reduction, yellow oil with 81 % yield. Literature 1H spectral data for this compound 

can be found on the SDBS database site at.15 1H NMR (300MHz, CDCl3, TMS) δ8.08 (s, 1H), 

8.00 (d, 1H, J=7.96 Hz), 7.41 (d, 1H, J=7.96 Hz), 5.28 (s, 2H), 4.75 (s, 3H), 3.90 (s, 3H). 13C 

NMR δ167.1, 146.2, 129.9, 129.3, 126.5, 77.6, 77.1, 76.7, 64.7, 52.2. MS (GC): m/z (%): 166 

[M+], 135, 107. FT-IR (cm-1): O-H stretch (3419.58), C-H stretch (3000.92, 2953.38), C=O 

stretch (1705.93). 

Dimethyl Phthalate reduced to Methyl o-(hydroxymethyl)benzoate 

 

 25 15 

Dimethyl phthalate (0.200g, 1eq, 1.03 mmol), LiCl (0.635g, 14.98 eq, 14.98 mmol) and NaBH4 

(0.378g, 9.978 eq, 9.98 mmol) were combined using the Reduction Procedure. This reaction did 

result in a reduction, but with mostly starting material still in with the product with an 86% yield. 

15 eq LiCl
10 eq NaBH4

25 mL THF
10 mL MeOH
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Literature 1H spectral data for this compound can be found in the following academic article.16 1H 

NMR (300 MHz, CDCl3, TMS) δ7.93 (s, 1H), 7.77 (sextet, 1H, J=9.08 Hz), 7.55 (sextet, 1H, 

J=8.81 Hz), 7.47 (s, 1H), 7.33 (sextet, 1H, J=22.01 Hz), 4.74 (s, 2H), 3.90 (s, 1H). 13C NMR 

δ168.2, 132.0, 131.2, 129.0, 77.5, 77.1, 76.7, 52.8. MS (GC): m/z (%): 163.2 [M+], 133, 107. FT-

IR (cm-1): O-H stretch (3449.35), C-H stretch (3003.15, 2953.97), C=O stretch (1723.04). 

Trimethyl 1, 3, 5, Benzenetricarboxylate reduced to Dimethyl 5-

(hydroxymethyl)isophthalate 

 

 19 21 

The reduction procedure was used with dimethyl 5-(hydroxymethyl) isophthalate (0.200g, 1 eq, 

0.796 mmol), LiCl (0.636g, 15 eq, 14.99 mmol) and NaBH4 (0.377g, 10 eq, 9.96 mmol). Spectra 

of dimethyl 5-(hydroxymethyl) isophthalate indicated impurities and required further 

purification. Dimethyl 5-(hydroxymethyl) isophthalate was purified though column 

chromatography (3% Methylene Chloride/ MeOH) and isolate in 35% yield. Literature 1H 

spectral data can be found in the following academic article.4 1H NMR (300MHz, CDCl3, TMS) 

δ8.85 (s, 1H), 8.59 (s, 1H), 8.22 (s, 1H), 7.94 (s, 1H), 7.59 (s, 1H), 4.80 (s, 2H), 4.75 (s, 2H), 

3.97 (s, 3H), 3.94 (s,3H), 3.91 (s, 3H).  13C NMR δ166.3, 132.1, 130.9, 129.9, 77.5, 77.1, 76.7, 

64.3, 52.5. MS (GC): m/z (%): 253 [M+], 224, 193, 77. FT-IR (cm-1): O-H stretch (3285.18), C-

H stretch (2955.41), C=O stretch (1719.59). 
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Spectra Data of all Compounds including: 

• 1H-NMR  

• 13C-NMR  

• FT-IR  

• GC/MS 
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1H-NMR Spectra 

 

 

Figure 7: Reference 1H NMR of dimethyl isophthalate. 
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Figure 8: Reference 1H NMR of dimethyl phthalate. 
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Figure 9: Reference 1H NMR of terephthalate. 
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Figure 10: Reference 1H NMR of trimethyl 1, 3, 5, benzenetricarboxylate. 
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Figure 11: 1H NMR of the reduction of dimethyl isophthalate.1 
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Figure 12:  1H NMR of the reduction of dimethyl phthalate.3 
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Figure 13: 1H NMR of the reduction of dimethyl terephthalate.2 
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Figure 14: 1H NMR of the reduction of trimethyl 1, 3, 5, benzenetricarboxylate.4 
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13C-NMR Spectra 

 

Figure 15: Reference 13C NMR of dimethyl isophthalate. 
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Figure 16: Reference 13C NMR of dimethyl phthalate. 
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Figure 17: Reference 13C NMR of dimethyl terephthalate. 
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Figure 18: Reference 13C NMR of trimethyl 1, 3, 5, benzenetricarboxylate. 
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Figure 19: 13C NMR of the reduction of dimethyl isophthalate.1 
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Figure 20: 13C NMR of the reduction of dimethyl phthalate. 
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Figure 21: 13C NMR of the reduction of dimethyl terephthalate.5 
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Figure 22: 13C NMR of the reduction of trimethyl 1, 3, 5, benzenetricarboxylate.4 
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FT-IR Spectra 

 

Figure 23: IR of dimethyl isophthalate. 
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Figure 24: IR of dimethyl phthalate. 
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Figure 25: IR of dimethyl terephthalate. 
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Figure 16: IR of trimethyl 1, 3, 5, benzenetricarboxylate. 
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Figure 27: IR of the reduction of dimethyl isophthalate. 
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Figure 28: IR of the reduction of dimethyl phthalate. 
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Figure 29: IR of the reduction of dimethyl terephthalate.6 
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Figure 30: IR of the reduction of trimethyl 1, 3, 5, benzenetricarboxylate. 
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GC/MS Spectra 
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Figure 31: Mass Spectrum of methyl 3-(hydroxy-methyl) benzoate. 
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Figure 32: Mass spectrum of methyl 2-(hydroxy-methyl) benzoate. 
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Figure 33: Mass spectrum of 4-carbomethoxybenzyl alcohol. 
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Figure 34: Mass spectrum of dimethyl 5-(hydroxy-methyl) isophthalate. 
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Table of Reactions 

Table of all of the reactions performed with their equivalences in LiCl and NaBH4 and percent 

yields 

Ortho 
Reaction # LiCl NaBH4 % Yield 

1 15 10 71.9 
2 15 10 86.1 
3 15 10 40 
4 15 10 72 
5 15 10 69.8 
6 15 10 69 

Meta 
Reaction # LiCl NaBH4 % Yield 

1 12 8 54 
2 12 8 48.1 
3 11.8 7.9 39.5 
4 11.8 7.9 68.7 
5 18 12 18 
6 18 12 6.5 
7 18 12 0.1 
8 11.8 8 55.1 
9 11.8 7.9 85.7 

10 11.8 7.9 79.1 
11 11.8 7.9 74 
12 15 10 76.7 
13 15 10 65.9 

Para 
Reaction # LiCl NaBH4 % Yield 

1 15 10 77.9 
2 15 10 84.1 
3 15 10 88.3 
4 15 10 81.2 
5 15 10 81.1 
6 15 10 78.3 
7 15 10 79.6 
8 15 10 81.3 
9 15 10 87.8 
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10 15 10 80.2 
11 15 10 70.4 
12 15 10 81.1 
13 15 10 67.5 
14 15 10 76.9 
15 15 10 90 
16 15 10 86.6 
17 15 10 130.7 
18 15 10 104 
19 15 9.9 95.7 
20 15 10 96.1 

Trimethyl 1, 3, 5, benzenetricarboxylate 
Reaction # LiCl NaBH4 % Yield 

1 15 10 60 
2 15 10 71.1 
3 15 10 60.5 
4 15 10 58 
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