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Optimization of macrocyclic inhibitors of FXIa is described which focused on modifications to 

both the macrocyclic linker and the P1 group. Increases in potency were discovered through 

interactions with a key hydrophobic region near the S1 prime pocket by substitution of the 

macrocyclic linker with small alkyl groups. Both the position of substitution and the absolute 

stereochemistry of the alkyl groups on the macrocyclic linker which led to improved potency 

varied depending on the ring size of the macrocycle. Replacement of the chlorophenyltetrazole 

cinnamide P1 in these optimized macrocycles reduced the polar surface area and improved the 

oral bioavailability for the series, albeit at the cost of a decrease in potency.  ©2014 Elsevier 

Science Ltd. All rights reserved. 
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Novel oral anticoagulants (NOACs), such as the direct 

thrombin inhibitor (dabigatran) and direct Factor Xa 
inhibitors (rivaroxaban, apixaban, and edoxaban), are 

effective for the prevention and treatment of deep vein 
thrombosis (DVT) and pulmonary embolism, and stroke 

prevention in non-valvular atrial fibrillation.
1
 Rivaroxaban 

is also effective for the secondary prevention of acute 

coronary syndrome (ACS), however an increased risk of 
bleeding and intracranial hemorrhage was observed.

2,3
 Safer 

and more efficacious anticoagulants remains a medical need. 
 

Based on the lack of an overt bleeding phenotype for 
individuals with a genetic FXI deficiency (Hemophilia C), 

inhibition of the blood coagulation enzyme Factor XIa 
(FXIa), the activated form of the zymogen Factor XI (FXI), 

could provide an effective anticoagulant therapy with a safer 
bleeding profile.

4
  Individuals with severe FXI deficiency 

appear to be protected from certain cardiovascular events as 
they show reduced rates of both ischemic stroke and DVT.

5
  

Importantly, from a safety perspective, the majority of 
individuals with Hemophilia C display a minor bleeding 

tendency which is in contrast to the bleeding episodes 
observed with either a severe Factor VIII deficiency 

(Hemophilia A) or a severe Factor IX deficiency 
(Hemophilia B).

6
 

 

Several FXIa inhibitors, such as -ketothiazole 
peptidomimetic,

7
 4-carboxy-2-azetidinone,

8
 tetrahydro-

quinoline,
9
 and chloroimidazole derivatives,

10
 were shown 

to be effective in a variety of animal thrombosis models 

with minimal effects on bleeding time.  Moreover, we have 
shown that at equivalent antithrombotic doses, a 

tetrahydroquinoline FXIa inhibitor displayed less bleeding 
in a rabbit cuticle bleeding time model when compared to 

the direct thrombin inhibitor dabigatran.
9b

 These preclinical 
studies support targeting FXIa as a means to achieve greater 

protection from thrombosis without increasing the bleeding 
risk. 

 
Table 1.  12- and 13-membered macrocyclic FXIa inhibitors (the 

macrocyclic amide linker is highlighted in blue). 

 

Compd # 
n 

(ring size) 
Alkene 

FXIa Ki 

(nM)
12

 

aPTT 

EC1.5x 

(M)
13

 

1 0 (12) saturated 1.0 0.30 

 

2 

 

1 (13) 

 

saturated 

 

3.2 

 

1.2 

 

3 

 

1 (13) 

 

E-alkene 

 

0.16 

 

0.27 

  
We recently disclosed the discovery of a novel series of 12- 

and 13-membered macrocyclic FXIa inhibitors 1-3 (Table 
1).

11
 The macrocyclic amide linker, highlighted in blue, was 

critical for FXIa binding affinity.  The presence of the E-
alkene in the 13-membered amide-linker 3 reduced the 

conformational entropy and showed improved FXIa affinity 

compared to either the 12- or 13-membered saturated amide 

linkers 1 or 2. Importantly, these amide-linked macrocycles 
exhibited excellent in vitro anticoagulant activity as 

measured by an activated partial thromboplastin time 

(aPTT) clotting assay (EC1.5x = 0.27-1.2 M).
13

 However, 

this macrocyclic series suffered from poor oral 
bioavailability as illustrated below for compounds 1-3, most 

likely due to low permeability arising from high polar 
surface area (PSA = 169 Å

2
 for macrocycles 1-3).

14
 Our 

optimization strategy for the macrocyclic series was two-
fold. First, we wanted to probe the S1 prime pocket with 

modifications to the unexplored alkyl backbone portion of 
the macrocyclic linker with the goal of enhancing potency.  

Second, we sought to address the poor oral bioavailability 
for the series by improving the permeability via reduction of 

PSA. In this communication, we describe the discovery of 
alkyl-substituted macrocycles with improved FXIa affinity 

as well as our initial efforts to improve oral bioavailability 
for the series by replacing chlorophenyltetrazole cinnamide 

(P1) with a smaller, less polar group. 
 

X-ray crystallography of macrocycles 1 and 2 confirmed a 
key hydrogen bond, which had been suggested by molecular 

modeling, between the NH of the amide moiety in the 
macrocyclic linker and the carbonyl of Leu41 in FXIa 

resulting in a significant increase in FXIa affinity.
11,15

  The 

crystal structures also revealed that the alkyl backbone of 
the macrocyclic amide linker did not fully access the 

hydrophobic region, represented by the yellow surface in the 
S1 prime pocket (Figure 1).

16
  Owing to the fact that 

additional potency enhancements might be achievable by 
targeting this hydrophobic region, we explored alkyl 

substitutions on the linker in both the 12- and 13-membered 
macrocycles.     

 
Figure 1.  Overlay of X-ray structures of 1 (yellow) and 2 (cyan) in 

FXIa.  Yellow surfaces highlight key hydrophobic regions within the 

FXIa binding site as determined by SiteMap.
16

   

 
We initially explored methyl substitution at the -, -, and 

-positions in the 13-membered saturated linker (Table 2).  

Compound 2 and its corresponding chloroimidazole analog 
4 were included for comparison.  From our previously 

disclosed SAR, adding a chloro group to the 5 position of 
the imidazole generally provides a 5-fold increase in FXIa 

affinity and the chloroimidazole scaffold is a common 

structural motif in our more potent macrocyclic analogs.
11,17

 

Substitution at the -position relative to the amide resulted 

in a loss in FXIa affinity and aPTT activity for both 
diastereomers 5 and 6. The stereochemistry of a methyl 

group at the -position had a more dramatic effect on FXIa 



  

affinity. Whereas diastereomer (R)--Me 7 exhibited a 6- to 

7-fold loss in FXIa affinity, the corresponding diastereomer 

(S)--Me 8
18

 exhibited a 4.5-fold increase in FXIa affinity 

compared to the unsubstituted analog 2.  In spite of the 
improvement in FXIa affinity, the potency in the aPTT 

clotting assay was unchanged. The lack of change in the 
aPTT clotting assay is likely at least in part due to higher 

protein binding with the installation of the methyl group 
[human protein binding (%bound) for 2 is 96.2% and 8 is 

98.0%]. Incorporation of the (S)--Me group in 
chloroimidazole 9 resulted in an 8-fold improvement in 

FXIa affinity (FXIa Ki = 0.06 nM), however only a modest 
increase in aPTT activity was observed (compare 4 vs 9).  

Substitution at the -position led to a loss in FXIa affinity 
and aPTT activity for both diastereomers 10 and 11. In 

summary, a -methyl group improved FXIa affinity in the 
13-membered saturated linker. 
 

Table 2.  Substitutions on the 13-membered saturated macrocyclic 

linker  

                     

Compd # R X 

FXIa 

Ki 

(nM)
12

 

aPTT 

EC1.5x 

(M)
13

 

2 H H 3.2 1.2 

4 H Cl 0.47 0.92 

5
a
 

(diastereomer A) 
-Me H 6.5 5.3 

6
a
 

(diastereomer B) 
-Me H 31 32 

7
a
 (R)--Me

b
 H 21 27 

8
a
 (S)--Me

b
 H 0.69 1.1 

9 (S)--Me
b
 Cl  0.06 0.57 

10
a
 

(diastereomer A) 
-Me H 5.9 2.5 

11
a
 

(diastereomer B) 
-Me  H 18 12 

a
All diastereomers were separated.  The diastereomeric excess for 5 was 

91% de, 6 was ≥ 95% de, 10 was 79% de, and 11 was 89% de as 

determined by 
1
H NMR. The diastereomeric excess of 7 and 8 were ≥ 

99% de as determined by analytical chiral hplc. 
b
The absolute 

stereochemistry was assigned based on an X-ray co-crystal of 8 with 

FXIa (Figure 2A).   

 

Since a -methyl group improved FXIa affinity in the 13-
membered saturated linker, it was installed in the 13-

membered unsaturated linker (Table 3).  The unsubstituted 

amide linkers containing imidazole 3 and the 
chloroimidazole 12 were included for comparison.  In 

contrast to the 13-membered saturated linker, substitution at 

the -position on the unsaturated linker did not improve 

FXIa affinity. The (S)--Me 13 exhibited a 12-fold loss in 

FXIa affinity and the corresponding (R)--Me 14
19

 was 

equipotent to the unsubstituted linker 3 and only slightly 

less active than the saturated linker (S)--Me 9.  It should be 

noted that the configuration of the -stereocenter is the same 

for both (R)--Me 14 and (S)--Me 9. However the S 

designation changed to R based on the presence of the 
alkene in the macrocyclic linker which altered the 

prioritization in the Cahn-Ingold-Prelog system. 

Substitution at the -position was explored next. Whereas 

the -Me 15 (diastereomer A) showed a modest loss in both 
FXIa affinity and aPTT activity compared to 3, the 

corresponding -Me 16 (diastereomer B) led to a 16-fold 
loss in FXIa affinity and a 4-fold loss in activity in the aPTT 

clotting assay.  In summary, alkyl substitution on the 13-
membered unsaturated linker did not lead to an 

improvement in potency.  Since potency enhancements were 
not seen, the corresponding chloroimidazoles analogs of 14 

and 15 were not prepared. 
   
Table 3.  Substitutions on the 13-membered unsaturated macrocyclic 
linker  

                     

Compd # R X 

FXIa 

Ki 

(nM)
12

 

aPTT 

EC1.5x 

(M)
13

 

3 H H 0.16 0.27 

12 H Cl 0.03 0.28 

13
a
  (S)--Me

b
 H 2.0 0.98 

14
a
 (R)--Me

b
 H 0.13 0.38 

15
a 

 (diastereomer A) 
-Me H 0.33 0.67 

16
a 

 (diastereomer B) 
-Me H 2.7 1.2 

a
All diastereomers were separated following the ring-closing metathesis 

step.  The diastereomeric excess of all final compounds was ≥ 95% de 

as determined by 
1
H NMR. 

b
The absolute stereochemistry was assigned 

based on an X-ray co-crystal of 14 with FXIa.   

 
An X-ray crystal structure of compound 8 bound to human 
FXIa active site (2.1 Å resolution, Figure 2A) was obtained 

and revealed the absolute stereochemistry of the -methyl to 
be in the S-configuration.

18
   An overlay of compound 8 

with the X-ray structure of compound 2 is shown in Figure 
2B and highlights the interaction of the methyl group with 

the hydrophobic region (yellow surface) in the S1 prime 
pocket.  Interestingly, an overlay of compound 8 and 

compound 14 (Figure 2C) suggests that the -methyl in the 
unsaturated amide linker could still access the hydrophobic 

pocket. However this was not supported by the SAR 
described in Table 3 as 14 did not offer additional 

improvement in potency over 3.  

 



  
 

(A) 

 
(B) 

 
(C) 

Figure 2. (A) X-ray crystal structure of 13-membered saturated 

macrocycle compound 8 bound to Factor XIa with omit electron density 

contoured at 3 rmsd (gray mesh).  The red spheres depict water 

molecules and the dotted lines depict hydrogen bonds.  (B) Overlay of 

X-ray crystal structures of 8 (orange) and 2 (cyan) in Factor XIa. (C) 

Overlay of X-ray crystal structures of 8 (orange) and 14 (wheat) in 

Factor XIa.  Yellow surfaces highlight key hydrophobic regions within 

the FXIa binding site as determined by SiteMap.
16

    

 

Table 4.  Substitutions on the 12-membered saturated macrocyclic 

linker 

                     

Compd # R X 

FXIa 

Ki 

(nM)
12

 

aPTT 

EC1.5x 

(M)
13

 

1 H H 1.0 0.30 

17
a
 (R)--Me

b
 H 0.39 0.39 

18 (R)--Me
b
 Cl 0.07 1.2 

19 (S)--Me
b
 H 1.1 0.63 

20 (R)--Et
b
 H 0.18 0.52 

21 (S)--Et
b
 H 7.0 4.0 

22 (S)--iPr
c
 H 0.14 1.1 

23 (R)--iPr H 21 64 

24
d
 

 (diastereomer A) 
-Me  H 36 37 

25
e
 

 (diastereomer B) 
-Me H 35 31 

a
All diastereomers were separated.  The diastereomeric excess of all 

final compounds was >95% de as determined by 
1
H NMR. 

b
The 

absolute stereochemistry was assigned based on X-ray co-crystals with 

FXIa.  
c
The configuration of the -stereocenter is the same as for (R)-

-Me 17 and (R)--Et 20, however the R designation changed to S 

based on the iPr group which altered the prioritization in the Cahn-

Ingold-Prelog system. 
d
A 4:1 mixture of diastereomers. 

e
A 2.6:1 

mixture of diastereomers. 

 

   

Since potency enhancements were achieved with  
substitution on the 13-membered saturated linker, we next 

explored substitutions on the 12-membered saturated linker 

(Table 4). In contrast to the saturated 13-membered 

macrocycle, addition of a methyl group at the -position on 

the saturated 12-membered macrocycle resulted in over a 
30-fold loss in FXIa affinity (24 and 25 vs 1). However, 

when the methyl group was introduced at the -position, the 
(R)-isomer 17 improved FXIa affinity by 2-fold while the 

(S)-isomer 19 did not have a significant impact on FXIa 

affinity. Incorporation of the (R)--Me group in 

chloroimidazole 18 further improved FXIa Ki by 5-fold to 
70 pM, albeit with a 3-fold loss in potency in the aPTT 

clotting assay (compare 17 and 18). The 12-membered 

macrocycle (R)--Me 18 was equipotent to the 13-

membered macrocycle (S)--Me 9. Furthermore, as the size 

of the -alkyl groups increased from methyl (17) to ethyl 

(20) to isopropyl (22), the FXIa affinity also improved 
stepwise from 0.4 nM to 0.2 nM and 0.1 nM.  However, 

despite these potency enhancements with the larger alkyl 
group, a loss in aPTT clotting activity was observed.  

Overall,  substitution of small alkyl groups at the -position 
of the saturated amide linker improved FXIa affinity in the 

12-membered macrocycle. 

 

 
(A) 



  

 

(B) 
Figure 3. (A) X-ray crystal structure of 12-membered macrocycle 

compound 20 bound to Factor XIa with omit electron density contoured 

at 3 rmsd (gray mesh).  The red spheres depict water molecules, the 

dotted lines depict hydrogen bonds, and ethylene diol is an artifact of 

the flash-cooling procedure.    (B) Overlay of X-ray crystal structures of 

20 (purple) and 8 (orange) in Factor XIa. Yellow surfaces highlight key 

hydrophobic regions within the FXIa binding site as determined by 

SiteMap.
16

     



  

Table 5.  P1 modifications and rat PK for the 12- and 13-membered macrocycles 

 

Compd # 

n 

(ring size) 

 

alkene R 
FXIa Ki 

(nM)
12

 

aPTT EC1.5x 

(M)
13

 

Caco-2 

AB/BA 

(nm/s) 

PSA
a
 

(Å
2
) 

HLM
b
  

T1/2 (min) 

Rat 

PK   

F%
c
 

          12
d
 1 (13) E-alkene H 0.03 0.28 <15/58 169 58 0 

26 0 (12) saturated (R)--Me 10 2.0 <15/111 125 8 NT
e
 

27 1 (13) saturated (S)--Me 44 12 18/251 125 45 NT
e
 

28 1 (13) E-alkene (R)--Me 12 2.7 <15/189 125 35 16 

29 1 (13) E-alkene H 16 6.6 <15/200 125 17 41 
a
PSA = polar surface area.  

b
HLM = human liver microsome stability. 

 c
Compounds were dosed in rat in an N-in-1 format.

23
 Vehicle for both iv and po:  

70% PEG400; 20% water; 10% ethanol. 
d
Compound 12 contains the chlorophenyltetrazole cinnamide P1 and was included for comparison. 

e
NT = not 

tested.

An X-ray crystal structure of 20 bound to human FXIa 

active site (2.6 Å resolution, Figure 3A) was obtained and 

revealed the absolute stereochemistry of the -ethyl in the 

12-membered macrocycle to be the R-configuration (the 

absolute stereochemistry of the -methyl and -iPr were 

also confirmed by x-ray structures).
20

 Interestingly, the (R)-
stereochemistry is the opposite stereochemistry compared to 

the (S)--Me 8 in the saturated 13-membered macrocycle.  
An overlay of compound 20 and compound 8 is shown in 

Figure 3B and highlights the interaction of the alkyl groups 
with the hydrophobic region (yellow surface) in the S1 

prime pocket. Despite the differences in both the position of 

substitution and the stereochemistry, the (S)--Me 8 on the 

13-membered saturated amide linker and the (R)--Et 20 on  
the 12-membered saturated amide linker are able to access 

the same hydrophobic region near the S1 prime pocket. 
 

Multiple alkyl-substituted macrocycles, (S)--Me 9, (R)--

Me 14, and (R)--Me 18, were identified that exhibited 

exquisite FXIa affinity and were comparable to the 
unsubstituted 13-membered macrocycle 12. With potent 

macrocycles in hand, we next sought to address the poor 
oral bioavailability for the series which we attributed to low 

permeability arising from high polar surface area (PSA).
14

  
For example, unsubstituted 13-membered macrocycle 12 

exhibited poor Caco-2 permeability (A to B/B to A < 15/58 

nm/sec) and a high PSA (169 Å
2
), and was found to not 

have oral bioavailability in rat. Since the 

chlorophenyltetrazole cinnamide P1 was a major contributor 
to high PSA, new P1 groups with lower PSA values were 

desired. Previously we had shown that oral bioavailability 
could be achieved in our linear series of FXIa inhibitors 

with less polar benzamide P1 groups.
21

 As a result, the 
macrocycles from 18, 9, 14, and 12 were combined with 

2,6-difluoro-4-methyl benzamide (Table 5). Replacing 
chlorophenyltetrazole cinnamide in the 12-membered 

macrocycle 18 with benzamide gave 26, which resulted in a 
significant loss (>140-fold) in FXIa affinity but only a 

modest loss in potency in the aPTT clotting assay.  
Installation of benzamide in the 13-membered saturated 

macrocycle led to 27 with an even greater loss (>700-fold) 
in FXIa affinity. Interestingly, even though the 13-

membered macrocycle 9 and 12-membered macrocycle 18 
both containing the chlorophenyltetrazole cinnamide were  

comparable in FXIa affinity, when combined with the 

smaller benzamide, the 12-membered macrocycle was more 

potent (26 vs 27).  The 13-membered macrocycles 28 and 
29, possessing the E-alkene, were comparable to 26. The 

loss in potency with the smaller benzamide P1 can be 
explained by the fact that the phenyl moiety does not extend 

as deep into the S1 pocket and cannot engage key residues 
as was seen with the larger chlorophenyltetrazole P1.

22
 Even 

though replacement of the chlorophenyltetrazole cinnamide 
resulted in a significant loss in FXIa affinity, these analogs 

(26-29) have a  lower PSA as shown in Table 5.  
Permeability for this set of macrocycles was improved 

compared to 12 based on the Caco-2 B to A permeability; 
however the efflux ratio was very high.  Macrocyclic 

compounds 28 and 29 were evaluated in a rat 
pharmacokinetic model, using an N-in-one cassette dosing 

protocol
23

 (Table 5). Replacing the chlorophenyltetrazole 

with 2,6-difluoro-4-methyl benzamide resulted in 
compounds with low clearance, short half-life, and 

improved oral bioavailability (%F = 16 - 41). (Please see 
Supplementary Data for detailed pharmacokinetic data)  

 

The synthesis of the -methyl substituted 13-membered 

macrocycles are described in Scheme 1. For the 13-
membered macrocycles the key macrocyclization step 

utilized a ring-closing olefin metathesis (RCM) strategy.
24

 
Aniline 1a

11
 was coupled with 3-methylpent-4-eonic acid 

using T3P which gave amide 1b as a mixture of 
diastereomers.  Amide 1b was pretreated with p-TsOH to 

form the imidazolium ion and then cyclized via RCM using 
the 2

nd
 generation Grubbs II catalyst which gave the 13-

membered macrocycle 1c as a mixture of E and Z-alkene 
isomers as well as a mixture of (R)- and (S)-stereoisomers.

25
 

Hydrogenation of 1c over palladium on carbon, followed by 
deprotection with 4M HCl at elevated temperature afforded 

the corresponding amine as a mixture of diastereomers.  
Chlorophenyltetrazole cinnamide was installed by coupling 

amine with activated carboxylic ester 1i which gave, 
following separation of diastereomers by chiral preparatory 

hplc, (R)--Me 7 (not shown) and (S)--Me 8.  
Alternatively, the stereoisomers can be separated by reverse 

phase preparatory hplc following the RCM step which gave 
1d.  Hydrogenation of 1d over palladium on carbon, 

followed by chlorination of the imidazole with N-
chlorosuccinimide at elevated temperature provided 

chloroimidazole 1e.  Global deprotection as described above 



  

provided amine 1g, which was then coupled with the 

appropriately substituted carboxylic acids to give 9 and 27. 
Analogs 14 and 28 were prepared following the sequence 

described above. The - and -methyl substituted 13-
membered macrocycle analogs were prepared as described 

above by replacing 3-methylpent-4-eonic acid with 2-
methylpent-4-eonic acid and 4-methylpent-4-eonic acid, 

respectively. 
 

The synthesis of the -alkyl substituted 12-membered 
macrocycles is described in Scheme 2.  In contrast to the 13-

membered ring macrocycles described above, the 12-
membered macrocycles were prepared via a key 

macrolactamization step. Aniline 1a was protected as 
trifluoroacetamide 2a. Intermolecular metathesis of 2a with 

the benzyl ester of -substituted butenoic acids 2b using 2
nd

 

generation Grubbs II catalyst provided compounds 2c. 

Hydrogenation of 2c simultaneously reduced the double 
bond and deprotected the benzyl ester, which upon 

hydrolysis of the trifluoroacetamide gave acid anilines 2d. 
Macrolactamization of 2d under dilute coupling conditions 

with BOP and DMAP afforded the desired 12-membered 
macrocycles as a mixture of diastereomers which were 

separated by reverse phase preparatory hplc. Deprotection 
and installation of the P1 groups as described in Scheme 1 

provided analogs 17, 20, and 22. Analog 18 was obtained by 
chlorination of 17 and intermediate 2e was converted to 26 

following a similar sequence. The -methyl substituted 12-
membered amide-linked analogs were prepared as described 

above by replacing the benzyl ester of -substituted 
butenoic acids 2b with benzyl 3-methylbut-3-enoate. 

 

 
 

Scheme 1.  Reagents and conditions:  (a) 3-methylpent-4-enoic acid, T3P, Hunig’s base, EtOAc, -10 C to rt, 95%; (b) Second generation Grubbs II 

catalyst (40 mol%), pTsOH, DCM, reflux, 68%; (c) 10% Pd/C, H2, MeOH; (d) 4M HCl in dioxane, 50 C or 75 C, 55% over two steps; (e) 1i, Hunig’s 

base, DMF, 55%,  then chiral preparatory hplc to separate diastereomers; (f) reverse phase chromatography to separate diastereomers, 10%;  (g) 10% Pd/C, 

H2 (55 psi), EtOH, 78%; (h) NCS, ACN, CHCl3, 65 C, 35-55%; (i) 1j or 2,6-difluoro-4-methylbenzoic acid, EDC, HOBt, Hunig’s base or triethylamine, 

DMF, 32-44% over two steps. 

 
Scheme 2.  Reagents and conditions:  (a) 2,2,2-trifluoroacetic anhydride, triethylamine, EtOAc, 0 C 97%; (b) Second generation Grubbs II catalyst (40 

mol%), pTsOH, DCM, reflux or microwave 150 C, 18-49%; (c) 10% Pd/C, H2, MeOH, 69-100%; (d) LiOH, MeOH, 60 C, 74-100%; (e) BOP, DMAP, 



  

DIEA, DMF/DCM, then reverse phase HPLC separation of diastereomers, 15-35%; (f) 4M HCl in dioxane, 50 C, 100%; (g) 1i, Hunig’s base, DMF, 48-

73% or 2,6-difluoro-4-methylbenzoic acid, EDC, HOBt, Hunig’s base or triethylamine, DMF; (h) NCS, ACN, CHCl3, 65 C, 35-55%. 



  

In conclusion, the macrocyclic FXIa series described herein was 
optimized by modifying both the macrocyclic linker and the P1 

group.  SAR exploration of macrocyclic linker identified key 
alkyl substitutions which improved FXIa affinity by interacting 

with a hydrophobic region near the S1 prime pocket as 
demonstrated by ligand bound X-ray crystal structures.  Both the 

position of substitution and the absolute stereochemistry of the 
alkyl moiety on the macrocyclic linker varied with the size of the 

macrocyclic ring. The (S)--Me group was more potent in the 13-

membered saturated linker while the (R)--Me moiety was more 

potent in the 12-membered saturated linker. Replacement of the 
P1 group, chlorophenyltetrazole cinnamide, was a successful 

approach for reducing the PSA and improving the oral 

bioavailability for the macrocyclic series.  However, this P1 
modification came with a loss in potency. Further optimization of 

the P1 to improve FXIa potency and maintain the oral 
bioavailability will be reported in due course. 
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