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Asymmetric Catalysis Upon Helically Chiral Loratadine Analogs 
Unveils Enantiomer-Dependent Antihistamine Activity 
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ABSTRACT: Analogs of the conformationally dynamic Claritin® (loratadine) and Clarinex® (desloratadine) scaffolds have been en-
antio- and chemoselectively N-oxidized using an aspartic acid containing peptide catalyst to afford stable, helically chiral products in 
up to >99:1 er. The conformational dynamics and enantiomeric stability of the N-oxide products have been investigated experimen-
tally and computationally with the aid of crystallographic data. Furthermore, biological assays show that rigidifying the core structure 
of loratadine and related analogs through N-oxidation affects antihistamine activity in an enantiomer-dependent fashion. Computa-
tional docking studies illustrate the observed activity differences. 

Introduction 
Since its discovery in the 1980s, Claritin® (loratadine, 1a) has 

been effective, invaluable, and ubiquitous as an antihistamine. 
While initially used to treat allergies,1 loratadine (1a) and re-
lated analogs (2–3; Figure 1a) have exhibited additional biolog-
ical activity against cancer,2 melanogenesis,3 biofilms,4 antibi-
otic resistance,4 as well as mood and metabolic disorders.5 This 
diverse biological activity may be linked to the intriguing con-
formational topology of 1a. For example, loratadine (1a) and 
desloratadine (2), an even more potent antihistamine,6 are con-
formationally dynamic, interconverting rapidly at room tem-
perature between enantiomeric, helically chiral forms.  

More generally, conformationally dynamic drugs and drug 
candidates that exhibit enantiomeric, interconverting ground 
states are a topic of intense current interest, most commonly in 
consideration of various forms of atropisomerism.7 While the 
conformational dynamics in the loratadine scaffold have at-
tracted some attention,8 the differential biological activity of 
small molecules exhibiting helical chirality, devoid of any point-
chiral element or an axis of chirality, has received much less at-
tention.  Accordingly, the molecular basis of conformation-
specific binding of loratadine-like enantiomers is not well 
understood.   

In a study related to lonafarnib (3), Morgan et al. noted that 
bromination of the arene (green bromine, Figure 1b) gave rise 
to the chiral, racemic product (±)-4.8c Using a lipase, a kinetic 
resolution (KR) of racemic 4 was performed to afford enanti-
oenriched (+)-5, which was then elaborated synthetically into 
3, a compound whose stereochemistry stems primarily from its 
point-chirality. In related scaffolds, we sought an alternative, 
more efficient strategy for establishing and studying this 

relatively unique form of helical chirality through asymmetric 
catalysis. Recently, we reported the enantioselective N-oxida-
tion of substituted (bis)pyridines using an aspartic acid embed-
ded peptide catalyst (Figure 1c).9 We anticipated that this 
method could be applied to the synthesis of a loratadine analog 
(6a) exhibiting helical chirality induced via pyridine N-oxida-
tion (Figure 1d). Notably, loratadine N-oxide (6a) itself was 
described as a metabolite of loratadine10 and has been synthe-
sized as a platform to access derivatives of 1a.11 However, to the 
best of our knowledge, 6a has not been synthesized enantiose-
lectively, nor have the structural and medicinal properties of the 
individual enantiomers (+)-6a and (–)-6a been studied. 

Our approach relies on the dynamic kinetic resolution 
(DKR) of loratadine analogs (1a) to afford an enantiomerically 
enriched N-oxide product (6a) in a single step, an advance from 
the existing strategy to access helically chiral loratadine analogs 
that relies on non-selective bromination followed by KR of the 
racemic bromoarene (Figure 1d).2a, 8c Herein, we extend upon 
the first report of a catalytic, asymmetric synthesis of pyridine 
N-oxide derivatives employing aspartic acid containing pep-
tides.9 Of particular note, our previous study included a singular 
example of this type of transformation on a loratadine-like skel-
eton, albeit with a substrate lacking biologically validated sub-
stituents. In this report, we demonstrate for the first time (a) 
the synthesis of 13 optically enriched (up to >99:1 er) 
loratadine N-oxide analogs using an even more enantioselective 
peptide catalyst than previously disclosed, (b) enhanced 
physical organic analysis of the determinants of 
enantioselectivity, (c) experimental and computational studies 
of the conformational dynamics and enantiomeric stability of 
the N-oxidized compounds, (d) a first-of-its-kind biological 
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evaluation of the isolated loratadine N-oxide enantiomers (+)-
6a and (–)-6a, revealing differential antihistamine activity, and 
(e) docking studies with the human histamine receptor that 
support and illuminate our experimental observations. 

 
Results and Discussion 

Synthetic Chemistry. One challenge to developing a 
method for selective N-oxidation of loratadine (1a) is compet-
itive oxidation pathways, as two sites for electrophilic oxidation 
are present, leading to either N-oxidation of the pyridine (6a) 
or epoxidation (7a) of the neighboring olefin (Figure 1d). Pre-
viously, we have identified peptides with sequence dependent 
reactivity that can selectively catalyze either alkene epoxidation 
or Baeyer–Villiger (BV) oxidation in substrates containing 
both an olefin and ketone.12 However, unlike our previous 

system, in which the catalysts were designed to distinguish be-
tween a nucleophilic olefin and electrophilic ketone, our cur-
rent regime (Figure 1d) requires differentiation between func-
tional groups of the same reactivity profile (nucleophilic), a de-
cidedly more difficult undertaking. With this in mind, we began 
to explore aspartic acid containing catalysts for the enantio- and 
chemoselective N-oxidation of loratadine (1a, Scheme 1). After 
evaluating a variety of canonical b-turn inducing sequences,13 
tetrapeptides P2 and P3 were identified as promising catalysts 
for the enantioselective N-oxidation of 1a (Scheme 1).  

Selectivity in many catalytic reactions may be improved by 
installing complementary functional groups to direct noncova-
lent interactions between the catalyst and substrate.14 To deter-
mine whether incorporation of an additional hydrogen bond 
(H-bond) donor in the starting material would improve selec-
tivity, we continued our optimization with N-phenylurea sub-
strate 1b (Table 1), which is easily prepared from desloratadine 
(2) in a single step (see Supporting Information for details). 
We began by performing a series of control reactions (entries 
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Figure 1. (a) Structures of loratadine and related analogs. (b) En-
zymatic kinetic resolution (KR) of (±)-4 toward lonafarnib (3). 
(c) Peptide catalyzed N-oxidation of bis(pyridines). (d) Peptide-
catalyzed DKR of loratadine to afford helically chiral 6a.  
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Table 1. Reaction optimization. 

N
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N
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30% aq. H2O2 
(1.5 equiv)

DIC (1.0 equiv)

Peptide (10 mol%)
CDCl3 (0.2 M)

RT, 15 h

1b (–)-6b

+
N

N

Cl

O

7b

N
H

O

Entry Peptide Conv. [%][a] 6b/7b[a] er, 6b

1

2

3

4[c]

5

6

7

8[d]

9[d]

10[d,e]

11[d,f]

12[d]

–– (m-CPBA)[b]

––

Boc-Asp-OMe

Boc-Asp-OMe

Boc-DAsp-DPro-Acpc-Phe-OMe (P2)

69

0

52

0

3.9:1 ––

–– ––

3.3:1 46:54

–– ––

86 1.5:1 83:17

Boc-Asp-DPro-Acpc-Phe-OMe (P3) 67 5.1:1 61:39

Boc-DPhg-DAsp-DPro-Acpc-Phe-OMe (P1) 88 1.3:1 76:24

Boc-DAsp-DPro-Acpc-Phe-OMe (P2) 83 1.7:1 87:13

Ts-DAsp-DPro-Acpc-Phe-OMe (P4) 85 1.3:1 89:11

Boc-Asp(αMe)Pro-Acpc-DPhe-OMe (P5) 92 1.3:1 7:93

Boc-Asp(αMe)Pro-Acpc-DPhe-OMe (P5) 79 1.2:1 7:93

1.1:1 7:93Ts-Asp(αMe)Pro-Acpc-DPhe-OMe (P6) 84

[a] All reactions were conducted in duplicate on a 0.03 mmol scale. Conversion of 1b to 6b + 7b and 6b/7b 
ratios were determined using 1H NMR (CDCl3). [b] m-CPBA (1.0 equiv) was used instead of H2O2 and DIC. 
[c] DIC was excluded. [d] Reaction performed at 4 °C. [e] The same results were obtained using CHCl3 and 
CDCl3. [f] Conducted in CHCl3 using 1.0 equiv H2O2.
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1–4, Table 1). Using 1 equiv of m-CPBA, 69% conversion to 
oxidized products (–)-6b and 7b was obtained, favoring N-oxi-
dation over epoxidation in a 3.9:1 ratio (entry 1). When 30% 
aqueous hydrogen peroxide (H2O2) was used as the oxidant 
with DIC, no reaction was observed, demonstrating the critical 
role of the Asp residue for catalysis (entry 2; see also Figure 1d). 
Addition of catalytic Boc-Asp-OMe afforded 52% conversion, 
favoring the N-oxide in a 3.3:1 ratio with detectable enantiose-
lectivity (46:54 er; entry 3). Reactivity was ablated when DIC 
was excluded, reinforcing the importance of this reagent for cat-
alyst activation (entry 4).  

We then returned to assess the activity of tetrapeptides P2 
and P3 with 1b. Enantioselectivity improved with P2 to 83:17 
er, yet with diminished chemoselectivity (1.5:1 (–)-6b:7b) as 
compared to the Asp-monomer or m-CPBA (compare entry 5 
to entries 1 and 3, respectively). Conversely, P3, bearing L- in-
stead of D-Asp, was less enantioselective (61:39 er), but signifi-
cantly favored N-oxidation over epoxidation in a 5.1:1 ratio 
(entry 6). Having achieved excellent chemoselectivity with P3, 
we sought to improve the enantioselectivity of the N-oxidized 
material. In our previously reported N-oxidation of bis(pyri-
dines) (Figure 1c),9 P1 was identified as the lead catalyst; how-
ever, P2 proved to be superior in both chemo- and enantiose-
lectivity with 1b (entry 5 vs. 7). Lowering the temperature to 4 
°C with P2 was found to be optimal for balancing conversion 
(83%) with enantio- (87:13 er) and chemoselectivity (1.7:1 ra-
tio; entry 8). We then examined the N-terminal protecting 
group of the peptide and found that incorporation of an elec-
tron withdrawing tosyl group (P4) provided 85% conversion 
and further enhanced enantioinduction (89:11 er) with a 1.3:1 
ratio of 6b/7b (entry 9). Additionally, P5 containing a methyl 
group at the a-position of the proline residue (a-Me(Pro)) was 
synthesized, as it was hypothesized to block one face of the pep-
tide catalyst, curbing unselective substrate-catalyst binding. In-
deed, P5 achieved 92% conversion to a 1.3:1 ratio of 6b/7b 
with 7:93 er of 6b (entry 10). In an attempt to improve the 
chemoselectivity, only 1 equiv of H2O2 was used, however this 
resulted in reduced conversion with no perturbation to the 
product ratio (entry 11). Combining the beneficial structural 
features of P4 and P5, P6 features both the N-tosyl protecting 
group and a-Me(Pro) residue. Yet, this hybrid catalyst resulted 
in diminished conversion and chemoselectivity relative to P5 
(entry 12), thus P5 was used as our lead catalyst to examine the 
scope and generality of this interesting transformation (Scheme 
2).  

Using P5 under our optimized reaction conditions, oxidation 
of loratadine (1a) resulted in 74% conversion and 2.1:1 
chemoselectivity with modest enantioselectivity of 6a (64:35 
er). Modulating the electronic nature of the phenyl urea moi-
ety, both electron donating (1c) and withdrawing (1d–i) sub-
stituents were well tolerated in the reaction, affording N-oxides 
in up to 96:4 er. Interestingly, the more electron-withdrawing 
the substituent on the arene, the higher the conversion and en-
antioselectivity acheived, yet with diminished chemoselectiv-
ity. Substrates 1f–h resulted in full consumption of the starting 
material, however, bis-oxidized compound 4 (containing both 

an N-oxide and epoxide) was also detected in minor quantities 
(<15%).  

Scheme 2. Substrate scope. All reactions were conducted in 
duplicate on a 0.05 mmol scale. Conversion (consumption of 
1) and ratios of 6/7 were determined using 1H NMR 
(CDCl3). Isolated yields of products are reported. Absolute 
configuration of N-oxides was determined by analogy to the 
single-crystal X-ray diffraction of 6e.9 Crystal structure of 8h 
shown at bottom with solvent molecules removed for clarity. 
[a] Bis-oxidized material was detected in <15% by 1H NMR. 
[b] 8h was isolated when reaction was conducted on a 0.2 
mmol scale. [c] 7i was not observed. 
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Notably, 3,5-bistrifluoromethylphenylurea substrate 1h af-
forded N-oxide 6h in >99:1 er, but modestly overturned the in-
herent chemoselectivity, slightly favoring the epoxide 7h 
(63:37 er) in a 1:1.1 ratio of 6h/7h. Using P4, 69:31 er was 
achieved for 7h (see Supporting Information). Although not 
the goal of the present study, this result is interesting in that it 
represents the first example of an asymmetric preparation of a 
tetrasubstituted loratadine epoxide derivative with appreciable 
enantioselectivity.15 When performing the reaction with 1h on 
a 0.2 mmol scale, we were able to isolate 8h in 13% yield. This 
material was then used to obtain a crystal structure, showing the 
addition of both oxygen atoms to the same face of the molecule 
(Scheme 2, bottom). This may indicate that the substrate inter-
acts with the peptide specifically to direct the delivery of oxygen 
atoms preferentially to one face of the molecule.  

Of all the substrates tested in this reaction, pentafluoro-
phenylurea analog 1i was one of the most unique. While the en-
antioselectivity achieved (94:6 er) with 1i was comparable to 
phenyl urea substrate 1b (93:7 er), 1i also exhibits complete 
chemoselectivity for N-oxidation, affording 6i as the sole oxida-
tion product in 44% yield.  

 We then examined analogs that deviated from the N-phenyl-
urea motif. When replacing phenyl with tert-butyl (1j), the re-
action proceeded with 74% conversion to a 1.1:1 ratio of 6j/7j 
with moderate enantioselectivity (82:18 er). Replacing the urea 
with either a carbamate (1a, 1k) or amide (1l–m) resulted in 
lower enantioselectivity, but higher chemoselectivity. For ex-
ample, 6k was formed in a 2.3:1 ratio with 65:35 er, whereas the 
amide substrate 1l produced a 1.8:1 ratio favoring 6l in 71:29 
er. We were curious about the performance of 1m, as this analog 
resembles lonafarnib (3). However, 1m was comparable to 1l, 
giving a 2.0:1 ratio of 6m/7m with 74:26 er of 6m.  

Mechanistic Studies. When comparing 2b (urea), 2k (car-
bamate), and 2l (amide), we noted that as enantioselectivity in-
creases for these substrates, chemoselectivity decreases. To bet-
ter understand the role of the distal, putative directing substitu-
ent (green sphere, Scheme 2), we focused on substrates 1b–g, 
which modulate the electronic nature of the N-phenylurea. P2 
was selected for this study since no bis-oxidized product (8) 
was detected when using this catalyst. The production of 8 may 
stem from a secondary kinetic resolution of 6 in which the mi-
nor enantiomer is preferentially funneled to 8, thus artificially 
enhancing enantioselectivity of 6 and skewing the interpreta-
tion of any correlation. Plotting the enantioselectivity (DDG‡) 
of 6b–g versus the corresponding Hammett spara values,16 a 
clear linear correlation (ρ = +0.59, R2 = 0.997; Figure 2) was 
observed. As the p-substituent becomes more electron-with-
drawing, the enantioselectivity increases. It is possible that the 
peptide backbone of the catalyst engages in a H-bond with the 
urea N–H of the substrate, positioning the activated aspartic 
peracid to deliver the oxygen atom to the pyridine with high lev-
els of enantioinduction. This same binding interaction may also 
lead to increased epoxide formation (and also promotes the for-
mation of the bis-oxidized product 8), as the olefin and pyridine 
are in close spatial proximity (vide infra). Although the urea is 

quite removed from the site of oxidation, the conformation of 
the substrate presumably facilitates this interaction with the 
catalyst leading to high enantioselectivity. Consistent with this 
notion, enantioselectivity decreases significantly with sub-
strates that lack the urea motif (1a, 1k–m, Scheme 2).  

Conformational Dynamics. To gain more insight into the 
influencing structural features on our observed 
enantioselectivity, we then turned our attention to the struc-
tural dynamics of the N-oxidized products (6). As noted previ-
ously, loratadine in its ground state is chiral but not configura-
tionally stable. Three main types of conformational mobility are 
easy to identify within the molecule: (a) ring-flipping of the cy-
cloheptane, (b) chair-flipping of the piperidine ring, and (c) he-
lix interconversion as substituents pass above and below the al-
kene (Figure 3a).This third motion is akin to the structural dy-
namics of overcrowded alkene-based molecular motors devel-
oped by Feringa and co-workers.17 Aspects of the flexibility of 
loratadine derivatives were identified in the late 1990s,8a–c but 
barriers for all types of conformational interconversion or enan-
tiomerization of helically chiral analogs, such as 4 and 5 (Figure 
1b), were not reported in these early studies. Moreover, in 
reports of compounds 4 and (+)-5, Morgan et al. recognized 
that conformational enantiomers exist, but did not delineate 
the complex conformational landscape associated with the 
stereoisomerism.8c Accordingly, we sought to understand and 
characterize (a) the modes of the conformational dynamics 
exhibited by these helically chiral compounds, (b) possible 
pathways for enantiomerization, and (c) their respective 
stereochemical stabilities.  

Informing our study, the crystal structure of 6e exhibits four 
conformers of the major N-oxide enantiomer, variably occu-
pied in the crystallographic model (Figure 3a).9 DFT calcula-
tions were performed to determine the relative energies of each 
conformer and the barriers for interconversion (Figure 3b). 
Ground state optimization was performed on the four conform-
ers observed crystallographically using truncated N-oxide (–)-

y = 0.5851x + 1.2416
R² = 0.9973
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Figure 2. Hammett plot of enantioselectivity of 6b–g (DDG‡) vs. 
spara.   
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9 for computational ease. Conformations 9a and 9d were 
slightly lower in energy than 9b and 9c likely due to the pre-
ferred equatorial orientation of the N-methylpiperidine. The 
barrier for piperidine ring-flipping was calculated to be 8.6 
kcal/mol on average, depending on the cycloheptane confor-
mation (Figure 3b). Cycloheptane ring-flipping was even more 
facile, with a barrier of 2.3 kcal/mol. Therefore, all four con-
formers should be easily accessible at room temperature for an-
alogs of 1 and 6, indicating that cycloheptane and piperidine 
ring flipping are not solely responsible for the observed, inde-
pendently isolable and stable enantiomers.  

In contrast, the barrier to enantiomerization was found to be 
significantly higher (be DG‡

100 °C = 28.5 kcal/mol) as deter-
mined via high temperature (100 °C) racemization studies of 
6h (Figure 3c; see Supporting Information for details). This 
measurement supports that these helically chiral compounds 
are indeed stable at ambient temperatures for prolonged peri-
ods. Moreover, to test enantiomeric stability under more bio-
logically relevant conditions, 6h was heated at physiological 

temperature (37 °C) for 15 h without detectible changes in en-
antioselectivity.  

Although barriers for enantiomerization of related helically 
chiral compounds 4 and 5 were not determined, Morgan et al. 
report that heating (–)-4 at 210 °C in diglyme also resulted in 
racemization, in analogy to our findings.8c Thus, incorporation 
of a substituent b to the olefin, either through N-oxidation or 
bromination, leads to stable, helically chiral compounds, pre-
sumably due to the hindrance associated with the helix-inter-
converting peri-interaction18 engendered as the N–O bond 
passes the alkene substituents.  However, that is also possible 
that alternative mechanisms for racemization of 6 operate, 
including a pathway involving the intermediacy of 10, the 
product of a formal electrocyclic ring closure (Figure 3b).19 Yet, 
such a pathway would be less plausibe for aryl bromides 4 and 
5. Nevertheless, we note that there is the potential for multiple 
mechanisms to operative, especially given that some 
decomposition of 6h was observed during the prolonged 
heating required to determine the experimental 
enantiomerization barrier. 

Antihistamine Activity. We then sought to assess how rigid-
ifying the structure of loratadine through N-oxidation would af-
fect its biological activity. Loratadine (1a) and desloratadine 
(2) are excellent functional antagonists of the human histamine 
H1 receptor (H1R),1, 6, 20 a member of the G-protein-coupled-re-
ceptor (GPCR) family. Therefore, we selected this as our bio-
logical target. We elected to use 1h and 6h as representatives of 
our substrate scope, as this peptide-catalyzed method provided 
direct access to enantiopure material (>99:1 er) of (+)-6h. Us-
ing P4 under otherwise identical reaction conditions, (–)-6h 
was obtained in 98:2 er (see Supporting Information). HeLa 
cells were incubated with samples of conformationally labile 
compounds—loratadine (1a), 1h, and desloratadine (2)—as 
well as each enantiomer of the structurally rigidified N-oxides 
6a and 6h. The antagonist activity of these loratadine analogs 
was monitored by a change in intracellular calcium. When his-
tamine binds H1R, intracellular calcium increases; however, in 
the presence of antagonists like loratadine, the calcium increase 
is suppressed. Changes in the intracellular calcium concentra-
tion were measured with a fluorometric imaging plate reader 
(FLIPR) by excitation of calcium-sensitive fluorescent dye.  

The relative peak fluorescence is plotted against the concen-
tration (nM) of each compound, and the average IC50 (nM) 
values (see Supporting Information for details) are shown in 
Figure 4. It is known that desloratadine (2; Figure 4, entry 1) is 
a more potent antagonist than loratadine (entry 2);6 however, 
we were unsure how a change from a carbamate to urea tail 
would affect activity. We were pleased to find that 1h provided 
comparable antagonist activity to loratadine (1a; entries 2 vs. 
3). With respect to loratadine N-oxidize (6a), both enantio-
mers were relatively inactive in our study, yet (–)-6a showed 
greater activity than (+)-6a (entries 4 vs. 5). This contrast was 
exaggerated with 6h, as (–)-6h showed significant antagonist 
activity compared to (+)-6h (entries 4–7). Since the impact of 
rigidification is unique to each isomeric series, it is certainly 

Figure 3. (a) Crystal structure of 6e9 depicting conformational 
mobility of the cycloheptane (teal) and piperidine rings (purple). 
Hydrogens are omitted for clarity. (b) Computed ground state 
conformations and barriers to conformerization of (–)-9a calcu-
lated at the B3LYP/6-311++G(2d,3p) level. Energy values are re-
ported in kcal/mol with ground state energies indicated in paren-
thesis. (c) Experimental barrier to enantiomerization at 100 °C 
and enantiomeric stability at 37 °C.  
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possible that conformational dynamics contribute differentially 
as the independent stereoisomers interact with the target. That 
said, while it is not definitively known why 6h performs better 
than 6a in this assay, the conformation of these N-oxides unam-
biguously affects the antihistamine activity, with a preference to 
bind the orientation adopted by the (–)-enantiomer.  

Docking Studies. Although a crystal structure depicting the 
binding orientation of loratadine or desloratadine with H1R has 
not been obtained, Shimamura et al. were able to show the crys-
tal structure of H1R complexed with doxepin, a first-generation 
antagonist.21 Docking studies with H1R and antagonists, includ-
ing loratadine and desloratadine, have been performed.22 Using 
these conformationally flexible ligands, the preferred binding 
models depict loratadine in an orientation analogous to (–)-6a. 
To better understand the differential activity of our new 
comounds, we performed docking studies with (+)- and (–)-6a 
and 6h with H1R. The four major conformations (analogous to 
9a–d in Figure 3) of each enantiomer of 6a and 6h were 
constructed and then prepared with LigPrep.23 Using Glide SP24 
with ring sampling disabled to maintain the initial 
conformations, the ligands were docked with H1R in place of 
doxepin in the mainly hydrophobic binding pocket (see 
Supporting Information for details). The optimal scoring pose 
for each enantiomer of 6a and 6h is shown in Figure 5, which 
highlights several H-bonds between the ligands and protein.  

Among the docking poses, the orientation of the ligand’s 
carbonyl exhibited the greatest degree of variability, with the 
most flexibility exhibited by 6a, likely due to its smaller tail. In 
some instances, such as with the top pose of (–)-6a, this 
carbonyl projects toward Lys-179, likely forming a H-bond with 
the ammonium of this residue. Contact with this residue has 

been shown to be important for the selectivity of second-
generation antihistamines.21, 22 Alternatively, in the top docking 
poses with (+)-6a and (–)-6h, the carbonyl orients in the 
opposite direction towards Tyr-458.  

There are several other differences between the docking 
poses of  6a and 6h with H1R. Since the piperidine sp2-nitrogen 
is neutral at physiologial pH, only 6h, containing a urea moiety, 
is capable of H-bonding with the carboxylate of Asp-107. 
Interactions with Asp-107 has been reported to be essential for 
binding with H1R.21, 25 Moreover, in contrast to 6a, the aryl urea 
moiety in 6h enables this ligand to extend further into the 
hydrophobic binding pocket. A cation–p interaction is possible 
between the aryl-tail of 6h and Lys-179, another key residue for 
antihistamine selectivity with H1R.21, 22 The increased network 
of noncovalent interactions between 6h and H1R may 
rationalize not only the difference in Glide SP score of each 
ligand (~0.5 to ~1.1 kcal/mol; Figure 5) favoring 6h, but also 
the enhanced antihistamine activity observed for 6h as 
compared to 6a. 

Although our docking studies indicate that both (+)- and (–
)-configurations of 6a and 6h can fit in this binding pocket, 
there are notable differences between the manner in which each 
enantiomer interacts with the surrounding residues. For 
example, a H-bond between the oxygen of the pyridine N-oxide 
and the hydroxyl group of Tyr-431 is only possible when the 
ligand is in the (–)-configuration. In the (+)-configuration, a 
possibly weaker halogen bond between the chlorine of the 
ligand and the carbonyl oxygen of Lys-191 is observed. 
Additionally, 6a and 6h are further stabilized in this binding 
pocket by several hydrophobic interactions, as has been seen in 
docking studies with loratadine as well.22 Both ligands can 
engage in T-shaped p–p interactions with Trp-428, a highly 
conserved key residue in GPCR activation, and Phe-432.20 For 
the (–)-enantiomer, these interaction are with the aryl chloride 
ring of the ligand; in the (+)-configuration, the pyridine N-
oxide ring participates in this NCI. The stereoelectronic 
differences between the aryl groups of the ligand impacts the 
strength of these p–p interactions, and, in turn, influences 
which enantiomer of 6a and 6h preferentially binds with H1R. 
It is important to note that the Glide SP scores of each 
enantiomer are not markedly different (~0.1 to ~0.5 kcal/mol; 
Figure 5); however, these docking poses provide a tool to 
speculate about the observed enantiomer-dependent 
antihistamine activity, which are more pronounced in the 
experimental assays (Figure 4).  
 
Conclusion 

In conclusion, we have developed a strategy to chemo- and 
enantioselectively synthesize analogs of loratadine N-oxide us-
ing Asp-containing peptide catalysts. With our best cases, lo-
ratadine N-oxide analog 6h was produced in >99:1 er, and 1i 
demonstrated complete chemoselectivity for N-oxidize 6i. 
These helically chiral products are configurationally stable un-
der physiological conditions, with a barrier of enantiomeriza-
tion of DG‡

100 °C = 28.5 kcal/mol. Loratadine analogs with a urea 

Figure 4. Peak fluorescence representing intracellular calcium 
concentration vs. concentration of loratadine analogs (top) and 
average IC50 values of each analog (bottom). 
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moiety displayed equivalent antihistamine activity to carba-
mate-bearing loratadine, which was supported by our docking 
studies. Moreover, we have illuminated the role of conforma-
tional dynamics on the biological activity of loratadine and de-
sloratadine. Given the preference for H1R to interact with the 
(–)-enantiomer of the loratadine N-oxide analogs, it is quite 
possible that flexible loratadine (1a) and desloratadine (2) 
adopt a conformation akin to (–)-6 when bound to this target, 
as supported by docking studies. We hope that these enantioen-
riched loratadine N-oxide products may be valuable for identi-
fying new or improved active pharmaceutical ingredients, or as 
tools to study the binding of loratadine and related analogs to 
their various biological targets.  
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