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ABSTRACT: We report a highly primary alcohol-selective aroylation reaction using N-aroylcarbazoles (NAroCs). The aroylation 

proceeded smoothly in the presence of DBU, which most likely works as a general base catalyst in the reaction system. The synthetic 

utility was displayed in the primary alcohol-selective aroylation of complex drug molecules and natural products to their prodrugs. Stoichi-

ometrically generated carbazole, the starting material of NAroCs could be easily recovered. We also established safer multigram and 

multidecagram scale preparation methods of NAroCs, which are easy-to-handle bench-stable reagents.

Derivatization of biologically active natural products or 

drug molecules into their prodrugs has been one of the most re-

liable strategies in medicinal chemistry for drug discovery1,2. 

Prodrugs often find some improved drug performance or prop-

erty, such as bioavailability, cell-permeability, target selectivity, 

lower side effects, chemical stability, and/or in vivo half-life. 

Due to the benefits, a vast number of prodrugs have been devel-

oped for clinical applications. Their occupation of all approved 

drugs over the past decade reaches approximately 10% today2. 

Even the advanced drug treatments inevitably encounter sys-

tematic side effects of steroids3 and cancer chemotherapy4. Syn-

thetic chemists could tackle this long-standing challenge by 

supplying some underexplored prodrugs, which might have 

lower side effects 5. 

Alcohols are among the most common functionalities in 

pharmaceuticals, and typically converted into carboxylic esters 

for prodrug development. A large number of alcohol-derived 

carboxylic esters have been applied to clinical practice as pro-

drugs. Their vast majority consist of aliphatic or α,β-unsatu-

rated carboxylic acids, as exemplified by the esters of chloram-

phenicol and hydrocortisone (Figure 1A).6 Aromatic carboxylic 

esters, i.e. aroylates possess the potential to be promising alter-

natives to existing ester-type prodrugs. Their benzene rings 

would stabilize the neighboring ester carbonyl groups by reso-

nance7 and offer opportunity for structural modification on the 

rings, suggesting the possibility that aroylate-type prodrugs 

could have greater chemical stability8 and appropriate ste-

ric/electronic property9, which may lead to lower side effects. 

Despite these attractive aspects, they still remain extremely rare 

even in investigation stage10.   

We reason that this is attributed to the lack of practical se-

lective O-aroylation reactions applicable to highly functional-

ized molecules. For example, primary alcohol selective aroy-

lation reactions using enzymes11-14often proceed with extremely 

high selectivity and functional group tolerance, while they 

mostly require some expensive enzyme and also the process to 

identify the optimal enzyme for each substrate. To avoid such 

substrate specificity issue, complementary non-enzymatic ap-

proaches indicating primary alcohol-selectivity have been de-

veloped (Figure 1B). The high selectivities were enabled by 

bulky nucleophilic catalysts15-16, very low temperature17-20, tin 

acetal21-22, weak Lewis acids23-25, a weak inorganic base26, or 

 

Figure 1. (A) Selected examples of carboxylic ester-type pro-

drugs. (B) Existing non-enzymatic primary alcohol-selective 

benzoylation reactions. 

 

taylor-made reagents27-29. However, these methods require (i) 

microwave irradiation and/or reflux condition15,26, (ii) a base-

free condition which generates hydrogen chloride in-situ25, (iii) 

sodium hydride which generates alkoxide species and a stoichi-

ometric amount of hydrogen gas27, (iv) a potentially-explosive 

HOBt ester28, (v) toxic metals15,21-24, (vi) low temperature17-20 

which causes difficulty when scaling up or (vii) one or more 

equivalent of a condensation reagent or benzoic anhydride 

which forms benzoic acid as the stoichiometric waste16,27,29. The 

industrial application of these benzoylation reactions would be 

limited by such drawbacks on functional group tolerance, atom 

economy, safety and scalability. 

We envisioned that a primary alcohol-selective aroylation 

free from these disadvantages could be achieved by applying N-

aryolcarbazole (NAroC) as the aroylating reagent. It was previ-

ously speculated that N-benzoylcarbazle (NBzC) is twisted in 

solution so that the carbazole ring lies in a plane perpendicular 

at of the benzoyl group based on its NMR data (Figure 2A)30. It 

is suggested that the both reaction faces of NAroC would be 

equally shielded by the carbazole C1 and C8 protons to suppress 

reactions of bulkier nucleophiles (Figure 2B). We previously 



 

 

Figure 2. (A) Twisted structure of NBzC in solution. (B) Our 

reaction design. (C) Highly primary nucleophile-selective ben-

zoylation and aroylations. 

 

demonstrated that NBzC enables such selective reaction in an 

N-benzoylation system where other coexisting nucleophiles in-

cluding alcohols remained intact (Figure 2C left bottom)31. 

Overcoming this low reactivity of alcohols would result in 

the aimed reaction. In this paper, we describe a reagent con-

trolled highly primary alcohol-selective aroylation reaction us-

ing NAroC under a mild base-catalyzed condition. (Figure 2C 

right bottom). This protocol enables to supply underexplored 

prodrugs bearing a wide range of functionality and aroyl groups. 

Stoichiometrically forming carbazole could be easily recovered, 

and a safer multidegagram preparation of NAroCs was also es-

tablished. A general base catalyzed mechanism was proposed 

based on the experimental observations. 

We initiated this study by identifying the suitable additive 

for the planned benzoylation using 1-octanol 1a and NBzC 2a 

(Table 1, entries 1–15). First, we examined a stoichiometric 

amount of Brønsted acids with various pKa values and Lewis 

acids, which are known as excellent additives in existing acyla-

tion systems (entries 1–6).7b Although only highly acidic sul-

fonic acids and FeCl3 could furnish octyl benzoate 3aa, the 

yields were unsatisfactory due to the low conversion of the 

starting materials (17–40% yields, entries 3–5). Next we 

screened basic additives with a variety of basicities and/or nu-

cleophilicities (entries 7–14). Among them only DBU with 

stronger basicity efficiently accelerated the aimed reaction to 

give 3aa quantitaly (entry 14). When the amount of DBU was 

reduced to 0.30 equivalent, the yield of 3aa remained quantita-

tive with the reaction time extended to 24 h (entry 15). With this 

promising additive in hand, we confirmed the reactivity of bulk-

ier secondary and tertiary alcohols (2-octanol 1b and t-BuOH 

1c) with DBU. As we envisioned, none or just subtle amounts 

of their benzoates (3ba and 3ca) were detected in their 1H NMR 

spectra (entries 16–17). 

Having identified DBU as an appropriate alcohol activator, 

we examined the substrate scope of primary alcohols with or 

without other functionalities including secondary and/or tertiary 

hydroxy groups (Scheme 1). First, a variety of mono alcohols 

(1d–1h) were evaluated, and they gave the corresponding ben-

zoates (3da–3ea) in high yields (80–100%). Next we surveyed 

the primary alcohol-selective reactions of complex drug mole-

cules having secondary hydroxy groups. When using 

Table 1. Additive Screening of Benzoylation Reaction with 

NBzC 2aa 

 
aConditions: ROH (0.50 mmol, 1.0 eq.), NBzC (0.75 mmol, 1.5 

eq.), additive (0.50 mmol, 1.0 eq.), solvent (0.5M), 24 h, Yields 

determined by H NMR using internal standard. bA catalytic 

amount (0.3 eq) of DBU was used. 

 
pureulomutilin 1i, a peptidyl transferase inhibitor,32 the primary 

hydroxy moiety was specifically benzoylated to yield a new 

benzoate-type prodrug 3ia quantitatively even in the presence 

of enolizable aliphatic ester and ketone, which might cause side 

reactions under basic conditions. Further functional group com-

patibility was confirmed by the reactions of steroidal drugs such 

as corticosterone 1j, triamcinolone acetonide 1k, and 

budesonide 1l, dexamethasone 1ma, and, 6α-methylpredoniso-

lone 1n.  The corresponding benzoate-type prodrugs (3ka–3na) 

were obtained in moderate to high yields (54–99%) without sig-

nificant side reactions, despite the presence of acid- and/or 

base-labile functional groups, such as acetal, enone, 2-fluoroal-

cohol,33 and/or 1,3-diol monoester.7b The utility of this primary 

alcohol-selective reaction was also demonstrated by using 

drugs or its precursor having other types of nucleophiles. Losar-

tan (3o), an angiotensin II receptor blocker gave the correspond-

ing prodrug 3oa in 99% yield chemoselectively over tetrazole.34 

A precursor of ticagrelor (3o), which has a secondary amine, 

afforded benzoate 3pa in 55% yield without any amide detected 

on the crude 1H NMR. An antispasmodic, choleretic, and chol-

ekinetic, alibendol 3q delivered prodrug 3qa in 85% yield 

chemospecifically in the presence of relatively hindered phenol 

and amide. 
Having proven that the reaction is highly functional-

group-tolerant as well as primary alcohol-selective, we next fo-

cused on establishing a new practical way to prepare a variety 

of NAroCs (2a–2g) including NBzC (Scheme 2). Although the 

preparation of highly elctron-deficient NAroC 3mc requires the 

conventional NaH-using condition,35 a safer alternative way for 

NAroCs was established by a Schotten-Baumann-like condition 



 

Scheme 1.  Primary Alcohol-Selective Benzoylation of 

Monols and Complex Drug Molecules 

 

aIsolated yields. See SI for reaction conditions. Isolated yield 

was shown. bYields determined by crude 1H NMR using inter-

nal standard. cMeCN was used instead of THF. dCarbazole was 

also quantitatively obtained. e 2.0 eq. of DBU was used. 

with a phase-transfer catalyst. Minimizing side reactions, this 

protocol enabled multigram and multidecagram preparation of 

NAroCs (up to 24.0 g) after recrystallization (or hexane wash) 

of crude solids without the need for chromatography. It turned 

out that all these NAroCs 2a-2g were easy-to-handle bench-sta-

ble solids. NAroCs 2b–2g were applied to aroylate dexame-

thasone 3m to provide a wide range of electronically differenti-

ated prodrugs (3mb–3mg) as sole regioisomers in moderate to 

high yields (59–99%). 

    To gather insight into the role of DBU, we apply DBU to the 

Williamson reaction system, which generally gives the corre-

sponding benzyl ether in high yield when alkoxide is involved.36 

After stirring a solution of 1a, DBU, and benzyl bromide (1:1:1 

mol ratio) in THF (0.5M) at 25 °C for 24 h, even trace amount 

of the corresponding ether was not detected on the crude 1H 

NMR, suggesting that DBU would not deprotonate 1a in the 

reaction system. This would be rationalized by the huge pKa 

Scheme 2. Multigram and Multidecagram Scale Prepara-

tion of NAroC 2a-ga 

 
aReaction condition: carbazole (10-100 mmol), number (15-150 

mmol), BnEt3NCl (1.0-10 mmol), KOH (20-200 mmol), THF 

(20 mL), 12 h. Yields of isolated products. bNaH was used in-

stead of BnEt3NCl and KOH.  

Scheme 3. Primary Alcohol-Selective Aroylation of Dexa-

methasone 3maa  

 

aReaction conditions: dexamethasone (0.10 mmol), NBC (0.15 

mmol), DBU (0.010-0.030 mmol), THF (0.20 ml), 24 h, iso-

lated yields. 

 

gap between protonated DBU and alcohol in aprotic solvent (e.g. 

pKa in DMSO = 13.9 and ca. 30 respectively), which could not 

stabilize the generating alkoxide by hydrogen bonding. To gain 

further information on whether DBU reacts with NAroC, we 

next prepared a solution of DBU and 2a (1:1 mol ratio) in THF-

d8 (0.05M). On the 1H NMR spectrum after 24 h, we did not 

observe any possible species except for DBU and 2a, such as 

N-benzoylamidine or N-benzoylamidinium,37 indicating that 

DBU would not act as a nucleophilic catalyst38 to NAroCs. 

Based on all these observations, we propose the following 

catalytic cycle (Scheme 4). First, DBU and alcohol 1 makes a 

hydrogen bonding complex A. When the following addition re-

action of A to NAroC 2 takes place, DBU acts as a general 

base39 catalyst rather than a specific base or nucleophilic cata-

lyst. The resulting tetrahedral intermediate B eliminates carba-

zolate and the following protonation delivers benzoate 3 and 

carbazole 4 along with the regeneration of DBU catalyst. 

 

Scheme 4. Possible Reaction Mechanism 

 

 



 

In conclusion, we have developed a highly primary alcohol-se-

lective aroylation enabled by NAroC. DBU was the optimal al-

cohol activator most likely as a general base. The mild condi-

tion enables to supply underexplored prodrugs bearing a wide 

range of functionality and aroyl groups. Carbazole, the stoichi-

ometric byproduct could be easily recovered, and a safer mul-

tidegagram preparation of NAroCs was also established. Since 

alcohol is one the most common moieties in complex drug mol-

ecules, we believe that the present aroylation method would ac-

celerate drug discovery. Extension of this method to other acyl-

ation systems are currently underway. 
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