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On the macrocyclic drugs
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Abstract: Small molecular drugs with large ring structure have recently attracted the attention in medicinal
chemistry, the reason is their advantages in improving pharmacological activity and selectivity, and in satisfying
drug-like properties. The macrocyclic structure takes into account both the microscopic structure for binding to
targets and the macroscopic properties required by the pharmacokinetics. Although macrocyclic drugs historically
originated from natural products, in recent years, they have been successfully designed, expanded the chemical
space of traditional small molecules, and, to some extent, broken through the well-known the Role of Five in drug
innovation. In addition, macrocyclic molecules also pave the path for developing drugs for non-druggability targets
and for interfering with protein-protein interaction. This article focuses on the molecular design of macrocyclic
drugs with some successful examples, concisely discusses structural optimization of a few macrocyclic natural

drugs, and briefly describes stapled peptides in medicinal chemistry.
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Figure 1  Co-crystal structure of crizotinib with ALK wt (gray)
overlaid with L1196M mutant (cyan) and the G1269 residue from
L1196M apo structure
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Figure 2 Evolutional scheme of crizotinib to macromolecule larlatinib through typical compounds

Figure 3 ALK cocrystal of 1c (cyan) overlaid with 1d (green)
showing the triazole, amide, and G-loop conformations
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Figure 4 a. Compound le-ALK-bound structure (green) and 1le-TrkB (purple) with selectivity residues highlighted. PDB atom names

for the terminal atoms are shown on Tyr635 (OH, CZ, CE). b. Ligands from ALK cocrystal structures aligned with TrkB, demonstrating the

potential for clash between ligand and Tyr635 [1e (CH,, green), c-Pr (yellow), 2 (CN, cyan)]. Distances shown are between the 32 methyl

carbon (shown as a ball) and TrkB Tyr635
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Figure 5 X-ray structure of ligand 3 bound to the ATP pocket of
the EGFRLSSSR/WQOM
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Figure 6 X-ray structure of compound 3b
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Figure 7 Two-dimensional representation of the most prevalent
conformations of 3b in complex with EGFR85R T79M
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Figure 8 X-ray structure of compound 3c in complex with EG-

FRLBSR T790M
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Figure 10 X-ray crystal structure of acyclic phenyl imidazole 5
in factor Xla. The red spheres depict water molecules, and the dot-
ted lines depict hydrogen bonds. The red arrows depict the poten-
tial for macrocyclization between the P1 prime and P2 prime
groups
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Figure 9 The evolutional scheme of macromolecule BI-4020 (4) from open-chain molecule 3
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Figure 12 X-ray crystal structure of 13-membered unsaturated
amide linked macrocycle 6 bound to factor Xla
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Figure 11 a. Overlay of X-ray crystal structures of acyclic phenyl imidazole 5 (yellow) and 13-membered macrocycle (cyan) in factor Xla.

b. Overlay of X-ray crystal structures of acyclic phenyl imidazole 5 (yellow) and 13-membered macrocycle (cyan) in factor Xla looking into

the S2 prime pocket. The increased dihedral angle in macrocycle pulled the macrocyclic linker out of the S1 prime pocket
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Figure 13  Proposed mechanism of covalent amidine-bond formation between 9 nitrile and lysine 146. The general base (lysine 146)

involved in substrate proteolysis functions instead as a nucleophile to attack the nitrile warhead

Figure 14 a. Crystal structure of the protease domain of LepB, with 9 represented as sticks covalently bound to lysinel46. b. Overlay of
LepB-G0775 and LepB-arylomycin A2 (PDB ID: 1T7D). Comparison of 9 (coloured yellow) and 8 (coloured pink). The catalytic Lys146
is covalently bound to the nitrile warhead, while the serine 91 nucleophile remains unbound. For simplicity, the LepB protein has been

removed from each co-structure
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Figure 15 The evolutional scheme of macromolecule simeprevir (11) from hexapeptide (10)
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comycin) & [k 5 68— R BEAH A I K FRE S 3T
285 W o 1 R, KR B S A B A R BE T A Lys-D-
Ala-D-Ala F 1 5 AU BE 45 O 1O 2%, BR300 1) Bt 1
Zj. NIRRT B AR 25 34T 45 M 124, 2009 4F
() 45 7 13 B (16, telavancin) Al 2014 42 ik ik 193k B2 5

A (17, dalbavacin) LA f B R] 75 & (18, oritavancin) 7%
B U R E A, HRER BRI ASEARBEEE-EK
v B, 1 5N T 24 B P BB A ST

PUE T 25 B JE 25 4% (19, anidulafungin) J2 fig 36
K254, T 2006 4F F 17, & A7 1E C A = ORI PR
Jik o B JE 55 4 R WRER 1 3R (echinocandin) FI SO,
21 JLIRY Ay 22 JL IR,
22 $TEIRK 304 HT, WFAKEM A RH L RET
Ak Sk AL A IR R 804 (peptidomimetics), B %5 4 ¥ % &
[ (49 JE 7 25 7% (non-druggability) A1 & F1- 25 [ 40 H4E
F (PP1) BIER NN R, BA B JUR A4, 2% 0 AR 9 245 751 25 1 R
J&, BB Ik 2K 25 L2 R AU, H b AT [
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Jik (stapled peptide) st 23T 20 =K K B 1 G H A .

PP 2 4t i ik A% A0 AR 3R B RE 1) 55 228044, PPI 2 1E
BRJEHEN KA S, BIRGE A I (hot spots)
Z U, ARATS R R AR B E W S EAETA A, N T
25T PPN MEFEAR K, Ak 7> T S AA K
ZEEE T, WA T PPIFE RS .

R PPIRCH WL IRy o W, 24 B 1) oo R A2 X0
EUAR AT 2 R o R e ME T, 45 - BEE - 195 N A B 1
B ke 1A N 5 DA S B TR SR 7 2 42 T A MR e ) R B
A, XM RARAVEET [ B, HEan 4T [ £T 6 BRAVE bl . A &
FEET [ o W e JIK AN S RT A2 ] 52 30 A 0 1 I A 42
e B R oot B g AR e P, T B TR SR A (am-
phipathic) 7>+ Re 4% 77 1% 41 B, (545 4 2 £ T [ kA
R 5 1 2 kA PP T L AT HEON A0 R Y R FEAE .
BEAN, MG FRRAE 43 B, T T K 5 5 58 KA ], e v Al
T IEFEREBEGE SRS 7> TR Z M RAFAE,
FEAR T 5 BB B 1 45 & 25 RS 1 1 5T R 2 I RE B
(R %), DRI S M s 08 - BB K R B — N IR e 5
A 3.6 NI IR, A T AE R — T b RET [ %
B, BRI+ +T AR FTE K, BB aE BA
IRERE R FE R I Lys AspCys LA K AE RAR G R 2
[) P 42 Bk 1) R A B R St 45 S T [l k. SE 2
PR A AEAUNET [ 1 I AN B 1) B PR o 57 T A 2 422 U A
R B, G E IAG 7 SO, AR IDE T B3, N FH f %2 (1)
S AIRETTERRES . F LA B At 7 2 A
TE PR, 1B 16 A2 7 A [R)ET B 2 F g bz 2 29 1200

Schafmeister A Verdine &z - F & il 1 75 7575 7€
AL E (a2 i AN E) ERE AR a- T B -0-Jf 2
FEHER, A AL E AT — D a-H B -o-f 0 2
HER (W NMERER RN UAR), FEeE%SS
AR A P A0 R A AR TR S L, T B i~ i+ Bk 25 [ o

(5 XU R A . 17 R ERIPIRER. #%
T3 VA B 22 IR AT R A 10 1, T HLA
WELNE P 435 ) B M AR R v

H T a-F 5-o-If 5 H 2R 2 F10 1, 96 1E
o-WRTE b A7 AE R T o) i, IR X 0 43 P 45 R R,
17 W1 Ry, S(LL) 4= T [ Bk, 27 A AN 3 £1] C i
(07 T, T R AT R 5 T AN IR A R KB, S i+ 7 A
[R5 3 45 MR IR, KBNS, IR & MR 1. &k
BT W] IR A AE o-BR T “ 0 R 57, N T a- R TE R A4 B
MEE . KIS T L2 B 2 AR,

N TR T I K 9 R R S M, TR EET T
Wit RO R A AR, 5 TP A DTS E
7 @O BT RERES I S Ak, B G, i+4) 5 G, i+
7) [k R, T L BEE B AT 4 A B DL AT
B, @ WA R M A, o F 4888 (R, R)-
(R, 9)~(S, S) #1 (S, R), X T SAR  #T i i ; @ &2
IR/ (BRI FE DR/, (3K 5 XU R 7 B, RUEE 1)
E/Z#REE . XL R AT A AN FE WA S, 5 TR
A A, SAR N AR AL . B it T A Monte Carlo
BUAY B0 A S T SR 2 A Al B 200,

Bernal % @4 7t F Tl MDM2-p53 & A - & H #H
HAEH, A BT p53140e a- MR HE F B 1 12 4T [ B, ¥ it
R FEAT [ R A7 B BT 5 MDM2 45 & 07 25, 183K 5 4R
i, i+7, Z 5 ST, AR 8 AN K A T AR E
o- MR HER R, b Ak & W 20 5 AT K FE AT T K
5, 5 MDM2 25 & 1) o- W8 e #4 5 5 85%, & M Ky =
55 nmol-L, T AT [ 4k 136 PER G R 11%, 3 PE R
T HRAN, T ET A A i i o A i ) e
71o BRI T RER p53 FIMEF, i A T AEH o

55— AN 3 N IR PR B 9T B 4T [ K 2 ALRN-6924
(21), H #r fE M B, /& p53-MDM2 F1 p53-MDMX

Figure 16 Diagram of macrocyclisation chemistries for forming side-chain crosslinks.

Figure 17 Diagram for making all-hydrocarbon stapled peptides
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(14 X L 0 ) 59, 3 ek e B A s RIS M 2 I, 5
i, i+7 R RLAT [ i B . % MDM2 F1 MDMX 45 &
K, %> %79 0.9 #16.8 nmol-Lt. 1 T FH T 7 MDM2 %}
P53 14t &, (et T i 40 B I I 1o,
3 4B

A HLA BRI 3E 25 15 DR IR A 244 F kA2 C-C
BRI, RRORIN S, R R E A .
SEMIAE o TR AL S R T R B
IR 285 ) 8 T R IR B AL B R SE R G ALK, M
FERE T 259 ) 1 () 37 S8, I R TT 24 22 D A A AT
TPl A - A A EAEH 29 K 74250, 4T [
FEAE N 53 28R IR 4, BRI VF 22 H R 1n) 8 1w 155 i
e, 3E A v T BT AT [ BT, B T AR R AR
B R I AR A, JUFLAEAE F T 40 i X+ A
e SRNEA-EAMEERY D EEEN A,
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