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Crystalline Dipeptides Useful in the Synthesis of Elamipretide

RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Patent Application
No. 62/651,430, filed April 2, 2018.
BACKGROUND OF THE INVENTION

[0001] Elamipretide (MTP-131) is a mitochondria-targeting peptide compound with
therapeutic potential for treating diseases associated with mitochondrial dysfunction.
Elamipretide contains four-amino acid residues and has been synthesized according to typical
linear and convergent solution phase peptide synthesis methods. The synthetic routes to
generate elamipretide that have been used to date require the preparation of various
differentially protected peptides, such that certain protecting groups are selectively removed
in order to subject the deprotected compound to peptide coupling, while other protecting
groups remain to prevent unwanted side reactions. Even with protecting groups such coupling
reactions and related steps generate impurities. Thus, there exists a need to develop new
methods to purify elamipretide that allow the purification after coupling reactions.
Crystallization of the desired reaction products are one method of achieving the necessary
purification.

SUMMARY OF THE INVENTION

[0002] Disclosed are crystalline forms of L-Lys(Boc)-Phe-NHz and Boc-D-Arg-DMT,
wherein DMT is an abbreviation for dimethyltyrosine, which are intermediates in the
synthesis of elamipretide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1 is the XRPD pattern of crystalline L-Lys(Boc)-Phe-NHo.
[0004] Figure 2 is the XRPD pattern crystalline Boc-D-Arg-DMT.
DETAILED DESCRIPTION OF THE INVENTION

[0005] Elamipretide has been shown fo have various therapeutic effects 1o diseases related
to mitochondrial dysfunction. Previous synthetic routes to elamipretide presented challenges
with respect to seale~-up due to reliance on chromatographic separations to enrich levels of

desired intermediates. Herein are disclosed erystalline forms of L-Lys(Boc)-Phe-NHz and
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Boc-D-Arg-DMT, which can be used as purified intermediates in the synthesis of
elamipretide.

[0006] One aspect of the present invention relates to crystalline forms of Compound (I):

@

which compound is also known as L-Lys(Boc)-Phe-NHa.

[0007] A crystalline form of Compound (I) can be used in the synthesis of elamipretide.

[0008] In certain embodiments, a polymorph of the crystalline form is characterized by
powder X-ray diffraction (XRD). 6 represents the diffraction angle, measured in degrees. In
certain embodiments, the diffractometer used in XRD measures the diffraction angle as two
times the diffraction angle 6. Thus, in certain embodiments, the diffraction patterns described
herein refer to X-ray intensity measured against angle 26.

[0009] In certain embodiments, a crystalline form of Compound (I) is not solvated (e.g., the
crystal lattice does not comprise molecules of a solvent). In certain alternative embodiments, a
crystalline form of Compound () is solvated. In some cases, the solvent is water.

[0010] In one aspect, the invention features a crystalline form of Compound (I) which has
characteristic peaks in the powder X-ray diffraction (XRPD) pattern as shown in Figure 1.

[0011] In another aspect, the invention features a crystalline form of Compound (I) which
has characteristic peaks in the powder X-ray diffraction (XRPD) pattern at values of two theta
(° 26) as shown in Table 1.

[0012] In another aspect, the invention features a crystalline form of Compound (I) which
has characteristic peaks in the powder X-ray diffraction (XRPD) pattern at values of two theta
(° 20) of: 4.7,6.2, 124, 15.8, 16.5, 18.0, 18.2, 18.8, and 19.8.

[0013] In another aspect, the invention features a crystalline form of Compound (I) which
has characteristic peaks in the powder X-ray diffraction (XRPD) pattern at values of two theta
(°20)of: 4.7,6.2, 113, 12.4, 13.3, 15.0, 15.8, 16.5, 17.0, 17.7, 18.0, 18.2, 18.8, 19.8, 22.0,
and 22.8.
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[0014] The relative intensity, as well as the two theta value, of each peak in Table 1, as
well as in Figure 1, may change or shift under certain conditions, although the crystalline
form is the same. One of ordinary skill in the art should be able to determine readily whether
a given crystalline form is the same crystalline form as described in Table 1, as well as in
Figure 1, by comparing their XRPD data.

[0015] One aspect of the present invention relates to a crystalline form of Compound (II):

H2N\T,NH

HN

OH
ey
which compound is also known as Boc-D-Arg-DMT, and may also be drawn in the form of
a zwitterion.

[0016] A crystalline form of Compound (II) can be used in the synthesis of elamipretide.

[0017] In certain embodiments, a polymorph of the crystalline form is characterized by
powder X-ray diffraction (XRD). 6 represents the diffraction angle, measured in degrees. In
certain embodiments, the diffractometer used in XRD measures the diffraction angle as two
times the diffraction angle 6. Thus, in certain embodiments, the diffraction patterns described
herein refer to X-ray intensity measured against angle 26.

[0018] In certain embodiments, a crystalline form of Compound (II) is not solvated (e.g., the
crystal lattice does not comprise molecules of a solvent). In certain alternative embodiments, a
crystalline form of Compound (II) is solvated. In some cases, the solvent is water.

[0019] In one aspect, the invention features a crystalline form of Compound (IT) which has
characteristic peaks in the powder X-ray diffraction (XRPD) pattern as shown in Figure 2.

[0020] In another aspect, the invention features a crystalline form of Compound (IT) which
has characteristic peaks in the powder X-ray diffraction (XRPD) pattern at values of two theta
(° 26) as shown in Table 2.

[0021] In another aspect, the invention features a crystalline form of Compound (IT) which
has characteristic peaks in the powder X-ray diffraction (XRPD) pattern at values of two theta
(°20)of : 9.3, 12.1, 16.6, 17.6, 18.0, 18.8, and 19.4.

-3-



WO 2019/195080 PCT/US2019/024617

[0022] In another aspect, the invention features a crystalline form of Compound (IT) which
has characteristic peaks in the powder X-ray diffraction (XRPD) pattern at values of two theta
(°20)of : 9.3,12.1, 13.7, 16.3, 16.6, 17.6, 18.0, 18.8, 19.4, 21.3, 23.0, 24.2, and 25.1.

[0023] The relative intensity, as well as the two theta value, of each peak in Table 2, as
well as in Figure 2, may change or shift under certain conditions, although the crystalline
form is the same. One of ordinary skill in the art should be able to determine readily whether
a given crystalline form is the same crystalline form as described in Table 1, as well as in
Figure 1, by comparing their XRPD data.

EXAMPLES

Materials and methods

AR HRENE Ceners! Mah

Pasent

Ssmple Name

Filz Name 3

S Type: Coupled TwoThaia Thets

Sea Mode CrininE

Sinrt

End

Step Ske

Time per Step
Bide

frerd

Ganevaior by
Gemeveior m&

P30 Cenmng
Eretacior St Opaning
Primary Sodkay sl
Beondary Soliar sy
Sawnpde sotetion speed
Civergencs SH
Antiscatter Sht

S Mode

Example 1. L-Lys(Boc)-Phe-NH?2 (Compound I)

o FExemplary synthetic route

Boc
~ Boc Boc
~
o NH NH “SNH
HCI
NS
H NH,
H + - o
\@ OH H\/lcj)\ H\i
PhH,COOCHN PhH,COOCHN v “NH, HoN " NH,
(e] e} = o 5
1 2
3 \Q 1 \Q
Chemical Formula: CoH;;CIN,O  Chemical Formula: C;gH,gN,Oq¢ Chemical Formula: C,gH3gN,O¢ Chemical Formula: C,yH3,N,O,
Molecular Weight: 200.666 Molecular Weight: 380.4410 Molecular Weight: 526.6340 Molecular Weight: 392.5000
Phe-NH,-HCl Chz-Lys(Boe) Chz-Lys(Boc)-Phe-NH2 Lys(Boc)-Phe-NH2
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Synthesis of Compound 3
BR
Name Amount (g) | Volume (mL) (;nﬁl) 11\2/[(;)11:::; Moles D;:;Ey ngfe kg/kg
(kg)
Phe-NH2 HC1 950.00 950.00 200.67 1.00 4.734 - 7.030
Cbz-Lys(Boc)-OH 1891.11 1891.11 380.44 1.05 4971 - 13.990 1.99
HOBt-H,0O 797 .48 797 .48 153.14 1.10 5.208 - 5.900 0.84
Dlme?gl\lﬁe:)a““de 3736.49 3987.71 87.12 - - 0937 | 27650 | 3.93
N-Methylmorpholine
(IS\IH\/H\/I? 957.72 1041.00 101.15 2.00 9.468 0.920 7.080 1.01
EDCI 95291 95291 191.70 1.05 4971 - 7.050 1.00
ﬁ?gl‘g‘l"é%%l 750.50 951.20 46.07 - - 0.789 | 5550 | 0.79
Acetonitrile (ACN) 11202.70 14252.80 84.93 - - 0.786 82.900 | 11.79
Acetonitrile (ACN) 11202.70 14252.80 85.93 - - 0.786 82.900 | 11.79
Operation Charge Units
Inert the reactor with nitrogen.
1 | Charge Compound 1 to reactor. 950.00 g
2 | Charge Compound 2 to reactor. 1891.11 g
3 | Charge HOBt-H2O to reactor. 797.48 g
4 | Charge DMACc to reactor. 3736.49 g
5 | Adjust solution to target 22 °C (19 to 25 °C) with agitation.
6 | Agitate for 10-15 min at 22 °C (19 to 25 °C).
7 | Slowly charge NMM to reactor with moderate agitation. 957.72 g
8 | Adjust solution to target 7 °C (4 to 10 °C) with agitation.
9 | Slowly charge EDCI to reactor with vigorous agitation. 952.91 g
10 | Adjust solution to target 7 °C (4 to 10 °C) with vigorous agitation.
11 | Charge EtOH to reactor with vigorous agitation. 750.50 g
12 | Adjust solution to target 22 °C (19 to 25 °C) with vigorous agitation.
13 | Agitate vigorously for>1 hat 22 °C (19 to 25 °C).
IPC for Reaction Completion (< 1.0% Phe-NH2 remaining) 0.169% a/a
CRYSTALLIZATION
15 | Charge ACN to the reactor with vigorous agitation. 11202.70 g
16 | Agitate vigorously for >5 hat 22 °C (19 to 25 °C).
17 | Verify crystallization successful.
18 | Filter the reaction to isolate the product (SCC-175).
19 | Wash the product cake with ACN and combine with mother liquor. 11202.70 g
20 | Dry the product with agitation and nitrogen bleed for at least 17 h.

Synthesis of Compound 1
Mola BR
Volume MW r Densit unit | kg/k
Name Amt (mL) (g/mol) Equi o/mL Charg s
(‘17 y e Amt g
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Compound 3 2000.00 2000.00 526.63 1.00 15.700 kg
Vlv(:g’ PACEO% w1 540,00 200.00 106.42 i%’ - 3.140 | kg | 020
ﬁﬁy}ﬁo&zféelt{h)yl 14191.08 | 17918.03 32.04 - 0.792 “340 kg | 7.10
ﬁﬁy}ﬁo&zféelt{h)yl 7000.00 | 883838 32.04 - 0.792 | 54950 | kg | 3.50
Water 7000.00 7000.00 18.02 1.000 54.950 kg 3.50
Water 8000.00 8000.00 18.02 1.000 62.800 kg 4.00
gﬁﬁiﬁvmr (1:9) 8000.00 | 7896.00 0.987 | 62.800 | kg | 4.00
Vvvvaatzré;l?eﬁ;?ﬂ 9000.00 |  9000.00 18.02 1.000 | NA NA
Anhydrous Methyl
ﬁgggﬁfgfﬁ;&” 792.00 1000.00 33.04 - 0792 | NA NA
up)
Operation Charge Units
REACTION (30 L Hydrogenator Main Reactor)
Inert the hydrogenation reactor with nitrogen.
1 | Charge Pd/C (10%, 50% w/w water, 20A597) to reactor. 200.00 g
2 | Charge Compound 3 to reactor. 2000.00 g
3 | Charge MeOH to the reactor. 14191.08 g
4 | Adjust solution to target 22 °C (19 to 25 °C) with agitation.
Inert the hydrogenation reactor with nitrogen.
5 | Pressurize the reactor with hydrogen (20-25 psi).
6 | Agitate for>6 hat 22 °C (19 to 25 °C) and 20-25 psi hydrogen.
Note: Maintain the pressure at 20-25 psi hydrogen.
7 | De-pressurize the reactor and inert with nitrogen at 22 °C (19 to 25 °C).
IPC for Reaction Completion (<0.5% SCC-175 remaining) 0'2/93%
9 | Filter the reaction to remove catalyst.
10 | Rinse the filter cake with MeOH and combine with filtrate. 7000.00 g
DISTILLATION (30L ChemGlass Jacketed Main Reactor)
11 | Distill the reaction at <45 °C (100-200 Torr vacuum) to target.
Note: Distillation target = 1.5-2.5 mL/g SCC-175 charge. 5000.00 mL
PRECIPITATION (30L ChemGlass Jacketed Main Reactor)
ISOLATION (12L Allen Glass Filter w/30 micron ChemGlass teflon frit)
12 | Charge water to reactor with moderate agitation at 40 °C over 30-60 min. 7000.00 g
13 | Agitate the reaction at at 40 °C until crystallization observed.
14 | Verify crystallization successful.
15 | Charge water to reactor with moderate agitation at 40 °C over 30-60 min. 8000.00 | g
16 | Adjust the reaction to 22 °C (20 to 25 °C) over 30-60 min.
17 | Filter the reaction to isolate the product (SCC-169).
18 | Wash the product cake with MeOH-water (1:9). 8000.00 | g
19 | Dry the product with agitation and nitrogen bleed for at least 17 h.
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o Microscopy of Compound I Product Slurry:

o Preliminary Single-Solvent Solubility of Compound I:

o
2

R
R R

Solvent Solubility (mg/mL)*
EtOH (SDAG-7) 154.8
THF 84.5
iPrOAc 5.1
MeOAc 18.2
Water 4.1

ASolubility was determined by HPLC (response curve).

PCT/US2019/024617

e Preliminary Precipitation Studies (MeOH/Water) of Compound I:

Precipitation Studies

Experiment MeOH / Water Al(\if(:ll:n Precip (Y/N) Con(c::]lf/rg?;tmn S(z:lgl/l::ll;g
14 1:3 Normal Y 10 7.0
24 1:5 Normal Y 10 5.0
34 1:9 Normal Y 10 3.6
44 1:19 Normal Y 10 2.7
58 1:3 Reverse N 80 -
+ 2 parts water 1.5 Normal Y 120 ND

AExperiments were conducted on 500 mg scale where the initial solution in MeOH (via 2447-41) was
concentrated to a residue followed by charging MeOH/water at 25 °C.

BExperiment was conducted on 40 mg scale where the initial solution in MeOH (via 2447-41) was charged
directly to water. An additional charge of water was required to enable precipitation.
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e [n Process Precipitation Results (MeOH/Water) of Compound I:

Precipitation Results
. Concentration Solubility
Experiment MeOH / Water (mL/g) (mg/mL) Total Losses
2447-414 1:9 13 2.5 5.7%
2447-474 1:5 10 42 6.2%
Example 2. Boc-D-Arg-DMT-OH
HCI HCI
HCl HaN NH HaN NH
0 HN__NH \( Y
HCI
-|2N\)I\ HN HN

s OBn HN j\ 1

I8 : .
+ : : \)j\ — s P
2 _OH HN/\"/ Y ;
HN = =
| Boc O
oH Boc ©O
6 7
CgHy,CINO, C1Hy3CIN,Oy Cy9H4,CINSOg CapH;6CINS Oy
335.8280 310.7790 592.1340 502.0090

DBMT-OBn HCl Boe-D-Arg HCH Bee-D-Arg-DMT-OBn - HCH Boc-D-Arg-DMT - HCI

I

o Manufacturing Process to Produce Compound 8

Operation

Charge DMT-OBn HCI (1 eq) and Boc-D-Arg-OH HCI (1.05 ¢q) to the reactor.

Charge HOBt (0.1 eq) and DCM (8.5 L/kg of DMT-OBn HCI) to the reactor.

Adjust temperature to about 22+3°C and charge NMM (2.0 eq) to the reactor

Adjust temperature to about 15°C and agitate.

Charge EtOH (1.5 L/kg of DMT-OBn HCI) to the reactor

1
2
3
4 Adjust temperature to about 15+3°C and charge EDCI (1.05 eq) to the reactor.
5
5
7

Agitate for a minimum of 5 hours at 15+3°C

Sample for in-process control reaction completion test, if reaction is not complete, charge additional

8 EDCI, stir for a minimum of 1 hour and repeat the in-process control test until criterion for
completion is met.

9 Charge 15% EtOH in DCM.

10 Charge 1M HCI.

11 Adjust temperature to ambient and agitate.

12 Stop agitation and separate layers

13 Wash organic layer successively with brine, 1 M HCI, brine and then brine again

14 Reduce volume via vacuum distillation

15 Adjust temperature to ambient

16 Charge EtOH and reduce volume via vacuum distillation

17 Sample for in-process control DCM content test, Repeat EtOH addition and volume reduction by

vacuum distillation until the in-process control limit for DCM is met

18 Adjust temperature to ambient

19 Sample the product for in-process control test for SCC-192 purity and content

-8-
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Manufacturing Process to Produce the HCI salt of Compound 11

Step | Operation

1 Charge the cthanol solution of Boc-D-Arg-DMT-OBn HCI (SCC-192)
2 Charge 10% Pd/C, 50% wet (w/w) (20 wt. %)

3 Charge EtOH (7L/kg of SCC-192)

4 Agitate and begin hydrogenation around ambient temperature

5 Step 2B In-Process Control 1: Test for reaction completion

5 Filter suspension through filter aid and wash filter cake three times with EtOH
7 Reduce volume via vacuum distillation

8 Adjust temperature to ambient

9 Charge THF and reduce volume via vacuum distillation

10 Adjust temperature to ambient

11 Charge THF and reduce volume via vacuum distillation

12 Adjust temperature to ambient

13 Charge THF and reduce volume via vacuum distillation

14 Step 2B In-Process Control 2: Test for EtOH content

15 Charge iPrOAc and agitate at ambient temperature

16 Filter and wash solids three times with iPrOAc

17 Dry the product under vacuum and nitrogen

18 Sample the product for in-process control test for purity

19 Step 2B In-Process Control 3: Test for Purity

Preparation of the Zwitterionic Form of Compound I]

HCI

HZN\(

NH

Boc o éoc (@]
C22H36C 1N506 OH C22H3 5N50(, OH
502.0090 465.5510
Boc-D-Arg-DMT - HCI Boc-D-Arg(H")-DMT-O"

The crude HCI salt is suspended in CH3OH/H2O (1/1, v/v)
The suspension is heated to 45~50°C.

After the clear solution is formed, an aqueous solution of Na2COs (1.2 eq.) is added.

During the addition, the solid begins to precipitate.

The suspension is stirred for 1 h at 45°C, and then cooled to 15°C and stirred for an

additional hour.
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5. The solid is isolated by filtration and dried to provide Compound II with high purity
(99.4 area %) by HPLC. The calculated w/w assay correcting for residual solvents, water
content and residue on ignition for this demonstration run was 98.7%.

Formation of zwitterionic compound led to high purity material that was stable, easily
handled, and highly crystalline.

-10 -
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INCORPORATION BY REFERENCE

All U.S. patents and U.S. and PCT published patent applications mentioned in the

description above are incorporated by reference herein in their entirety.
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EQUIVALENTS

Having now fully described the present invention in some detail by way of
illustration and examples for the purposes of clarity of understanding, it will be obvious to
one of ordinary skill in the art that the same can be performed by modifying or changing the
invention within a range of conditions, formulations and other parameters without affecting
the scope of the invention or any specific embodiment thereof, and that such modifications

or changes are intended to be encompassed within the scope of the appended claims.
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We claim:
1. A crystalline form of Compound (1),

Boc.

@,

wherein said crystalline form has characteristic peaks in its XRPD pattern at values

of two theta as described in Table 1.

2. A crystalline form of Compound (1),

Boc.

NH
. 0

HoN 7" NH,
@,

wherein said crystalline form has characteristic peaks in its XRPD pattern at values

of two theta as described in Figure 1.

3. A crystalline form of Compound (1),

Boc<
O°~NH
g o
H,N <" NH,
D,
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wherein said crystalline form has characteristic peaks in its XRPD pattern at values
of two theta theta (° 20) of: 4.7, 6.2, 12.4, 15.8, 16.5, 18.0, 18.2, 18.8, and 19.8.

The crystalline form of claim 3, wherein said crystalline form has characteristic peaks

4.
in its XRPD pattern at values of two theta (° 26) of: 4.7,6.2, 11.3,12.4, 13.3, 15.0, 15.8,

16.5,17.0, 17.7, 18.0, 18.2, 18.8, 19.8, 22.0, and 22.8.

A crystalline form of Compound (II),

HZNYNH

HNL
> 0

OH
(1D,

wherein said crystalline form has characteristic peaks in its XRPD pattern at values

of two theta as described in Table 2.

A crystalline form of Compound (II),
HoN YNH

HNL
> 0

OH

(D),

wherein said crystalline form has characteristic peaks in its XRPD pattern at values

of two theta as described in Figure 2.
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A crystalline form of Compound (II),

HZN\T,NH

HN

W

OH

D,
wherein said crystalline form has characteristic peaks in its XRPD pattern at values

of two theta theta (° 20) of: 9.3, 12.1, 16.6, 17.6, 18.0, 18.8, and 19.4.
8. The crystalline form of claim 7, wherein said crystalline form has characteristic peaks
in its XRPD pattern at values of two theta (° 26) of: 9.3, 12.1, 13.7, 16.3, 16.6, 17.6, 18.0,

18.8,19.4, 21.3,23.0, 24.2, and 25.1.
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FIG. 1
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FIG. 2
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 19/24617

A. CLASSIFICATION OF SUBJECT MATTER

CPC - CO7K 5/06086; CO7K 5/0812; CO7K 5/1019

IPC(8) - CO7K 5/068; CO7K 5/087; CO7K 5/11 (2019.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A WO 2017/156403 A1 (Stealth Biotherapeutics) 14 September 2017 (14.09.2017) entire 1-8
document especially para [0039], claims 1-47

A WO 2018/034901 A1 (Stealth Biotherapeutics) 22 February 2018 (22.02.2018) entire document | 1-8
especially page 19, in 1-4

A US 2017/0152289 A1 (Flamma SpA) 01 June 2017 (01.06.2017) entire document especially 1-8
para {0041]

E/A US 2019/0202861 A1 (Stealth Biotherapeutics) 04 July 2019 (04.07.2019) entire document 1-8

P/A WO 2018/187400 A1 (Stealth Biotherapeutics) 11 October 2018 (11.10.2018) entire document | 1-8

l:] Further documents are listed in the continuation of Box C.

l:' See patent family annex.

. Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

e

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying tﬁe invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

15 July 2019

Date of mailing of the international search report

02AUG 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 19/24617

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

---please see supplemental box ---

1. @ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. E] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

IZ No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Box Il: lack of unity

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: Claims 1-4 directed towards a crystalline form of Compound (l).

Group II: Claims 5-8 directed towards a crystalline form of Compound (Il)

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group | requires a compound of formula (1), not required by group Il.

Group Il requires a crystalline form of Compound (I1), not required by group |.

Shared Technical Features:

Groups I-Il share the technical feature of dipeptide portion of formula | and Il.

However, this shared technical feature do not provide a contribution over the prior art, as being anticipated by WO 2018/034901 A1 to
Stealth biotherapeutics (hereinafter 'Stealth') which taches dipeptide portion of formula | and Il (see page 13, scheme 1, product formula)

As the technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups. Groups I-Il therefore lack unity under PCT Rule 13 because they do not share a same or
corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (January 2015)
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