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(57) Abstract: The disclosure provides compounds, compositions, and methods for promoting motor neuron survival, and for treat-
ing or preventing neurodegenerative disorders, such as spinal muscular atrophy (SMA) and amyotrophic lateral sclerosis (ALS). In
accordance with an embodiment of the present invention, a method of regulating survival of motor neuron (SMN) protein levels in a
cell is provided. The method includes contacting the cell with an effective amount of an agent which inhibits the level or activity of
Nedd8 activating enzyme (NAE) in the cell and an effective amount of an agent which increases the level of SM7N protein, thereby
regulating SMN protein levels in the cell.
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Box No. I1 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 requnrements to such an
extent that no meaningful international search can be carried out, specifically:

3, [:] 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. 111 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:

see Extra Sheet(s).

L. D As all required additional search [ees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D 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. K{ 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.:

1, 8-14, 21-26, 33-36, and 43-50 restricted to an agent selected to be {((15,25,4R)-4-(4-(((S)-2,3- dihydro-1H-inden-1-yl)
amino)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-hydroxycyclopentyl) methyl sulfamate (MLN4924).

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

D 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.

EI No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (Janixary 2015)
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Continued from Box No. Ill Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventi\_/e
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-50 are drawn to an agent which inhibits the level or activity of Nedd8 activating enzyme, and methods comprising the
same.

The first invention of Group 1+ is restricted to an agent which inhibits the level or activity of Nedd8 activating enzyme, and methods
comprising the same, wherein the agent is selected to be ((1S,2S,4R)-4-(4-({(S)-2,3-dihydro-1H-inden-1-yl)amino)-7H-pyrrolo[2,3-d}
pyrimidin-7-y1)-2-hydroxycyclopentyl) methyl sulfamate (MLN4924). It is believed that claims 1, 8-14, 21-26, 33-36, and 43-50 read on
this first named invention and thus these claims will be searched without fee to the extent that they read on the MLN4924.

Applicant is invited to elect additional agents with specified chemical structure to be searched in a specific combination by paying
additional fee for each set of election. An exemplary election would be an agent which inhibits the level or activity of Nedd8 activating
enzyme, and methods comprising the same, wherein the agent is selected to be Apicidin ([cyclo-L-(2-amino- 8-oxodecanoyl)-L-(N
-methoxy-tryptophan)-L-isoleucy!-D-pipecolinyll). Additional agents with specified chemical structure will be searched upon the payment
of additional fees. Applicants must specify the claims that read on any additional elected inventions, Applicants must further indicats, if
applicable, the claims which read o lhe first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the “+" group(s) will result in only the first claimed invention to be
searched/examined,

The inventions listed in Groups I+ 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:

The Groups I+ formulas do not share a significant structural element responsible for inhibiting the level or activity of Nedd8 activating
enzyme requiring the selection of alternatives for the agent, where “the agent which inhibits the level or activity of NAE is a compound of
formula (1): (See structure of claim 9 in the instant application) wherein: Ring A is a 6-membered nitrogen-containing heteroaryl ring,
optionally fused to a 5- or 6-membered aryl, heteroaryl, cycloaliphatic or heterocyclic ring, wherein either or both rings is optionally
substituted and one ring nitrogen atom is optionally oxidized or Ring A is selected from the group consisting of: (see structures in claim 9
of the instant application), W is CH2 , CHF, CH2, CH(R1), CH(R1), NH, N(R), O, S, or -NHC(O)-; R' is C1-4 aliphatic or C1-4
fluoroaliphatic; or R1 is a C2-4 alkylene chain that is attached to a ring position on Ring A to form a 5-, 6-, or 7- membered fused ring,
wherein the alkylene chain optionally is substituted with C1-4 aliphatic, C1-4 fluoroaliphatic, -O, -CN, or -C(O)N(R4)2; X is CH2, CHF,
CH2,NH, or O; Y is -O-, -S-, or -C(Rm){Rn)-; Ra is selected from the group consisting of hydrogen, fluoro, CN, N3, OR N(R4)2,
NR4CO2R6, -NR4C(O)RS5, -C(O)N(R4)2, -(O)RS, -C(O)N(R4)2, -OC(O)RS, -OCO2RE, or a C1-4 aliphatic or C1-4 fluoroaliphatic
optionally substituted with one or two substituents independently selected from the group consisting of -OR5x, -N(R4x)(R4y), -CO2R5x,
or -C(O)N(R4x)(R44y); or Ra and Rc together form a bond; Rb is selected from the group consisting of hydrogen, fluoro, C1-4 aliphatic,
and C1-4 fluoroaliphatic; Rc is selected from the group consisting of hydrogen, fluoro, CN, N3, OR5, N(R4)2, NR4CO2R86, -NR4C(O)RS,
-C(O)N(R4)2, -(O)RS, -C(Q)N(R4)2, -OC(O)RS5, -OCO2RS, or a C1-4 aliphatic or C1-4 fluoroaliphatic optionally substituted with one or
two substituents independently selected from the group consisting of -ORSx, -N(R4x)(R4y), -CO2R5x, or -C(O)N(R4x)(R44y); or Ra and
Rc together form a bond; Rd is selected from the group consisting of hydrogen, fluoro, C1-4 aliphatic, and C1-4 fluoroaliphatic; Re is
hydrogen, or C1-4 aliphatic; or Re, taken together with one Rf and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic
ring; or Re, taken together with Rm and the intervening carbon atoms, forms a fused cyclopropane ring, which is optionally substituted
with one or two substituents independently selected from fluoro or C1-4 aliphatic; Re' is hydrogen or C1-4 aliphatic; or Re', taken
together with Rm and the intervening carbon atorns, forms a fused cyclopropane ring, which is optionally substituted with one or two
substituents independently selected from fluoro or C1-4 aliphatic; each Rf is independently hydrogen, fluoro, C1-4 aliphatic, or C1-4
fluoroaliphatic; or two Rf taken together form =O; or two Rf, taken together with the carbon atom to which they are attached, form a 3- to
6-membered carbocyclic ring; or one Rf, taken together with Re and the intervening carbon atoms, forms a 3- to 6-membered spirocyclic
ring; Rm is hydrogen, fluoro, -N(R4)2 , or an optionally substituted C1-4 aliphatic group; or Rm and Rm together form =0 or =C(R5)2; or
Rm and Re, taken together with the intervening carbon atoms, form a fused cyclopropane ring, which is optionally substituted with one or
two substituents independently selected from fluoro or C1-4 aliphatic; or Rm and Re’, taken together with the intervening carbon atoms,
form a fused cyclopropane ring, which is optionally substituted with one or two substituents independently selected from fluoro or C1-4
aliphatic; Rn is hydrogen, fluoro, or an optionally substituted C1-4 aliphatic group; or Rm and Rn together form =O or =C(R5)2; each R4
independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocycly! group; or two R4 on the same nitrogen
atom, taken together with the nitrogen atom, form an optionally substituted 4 to 8-membered heterocyclyl ring having, in addition to the
nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S; R4x is hydrogen, C1-4 alkyl, C1-4 fluoroalkyl, or C6-10ar
(C1-4)alkyl, the aryl portion of which can be optionally substituted; R4y is hydrogen, C1-4 alkyl, C1-4 fluoroalkyl, C8-10ar(C1-4)alkyl, the
aryl portion of which can be optionally substituted, or an optionally substituted 5- or 6-membered aryl, heteroaryl, or heterocyclyl ring; or
R4x and R4y, taken together with the nitrogen atom to which they are attached, form an optionally substituted 4- to 8-membered
heterocyclyl ring having, in addition to the nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S; and each RS
independently is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group; each R5x independently is
hydrogen, C1-4 alkyl, C1-4 fluoroalkyl, or an optionally substituted C6-10aryl or C6-10ar(C1-4 )alkyl; each R6 independently is an
optionally substituted aliphatic, aryl, or heteroaryl group; Rg is hydrogen, halo, -NO2, -CN, -C(R5)=C(R5)2 , -C=C-R, -ORS5, -SR6, -S(0)
R6, -SO2RE , -SO2N{R4)2, -N(R4)2 , -NR4C(O)R5, -NR4C(O)N(R4)2, -N(R4)C=NR4)-N(R4)2, -N(R4)C(=NR4)-R6, -NR4CO2R6, -N
(R4)SO2R6, -N(R4)SO2N(R4)2, -O-C(O)RS5, -OCO2R6, -OC(O)N(R4)2, -C(O)RS5, -CO2RS5, -C(O)N(R4)2, -C{O)N{R4)-ORS, -C(O)N(R4)
C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(O)RS5, C(=NR4)-N(R4)2, -C(=NR4)-ORS, -N(R4)_-N(R ) 2, -N(R 4)-ORS, C(=NR 4)-N(R
4)-0ORS, -C(R6)=N-ORS, or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl; each Rh independentiy is hydrogen, halo,
-CN-, -OR5, -N(R4)2, -SR6, or an optionally substituted C1-4 aliphatic group; each Rjis hydrogen, -ORS, -SR6, -N(R)2, or an optionally
substituted aliphatic, aryl, or heteroaryl group; Rk is hydrogen, halo, -ORS , -SR6, -N(R4)+, or an optionally substituted C1-4 aliphatic
group; mis 1, 2, or 3; and pharmaceutically acceptable salts thereof’.

Form PCT/ISA/210 (extra sheet) (January 2015)
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The Groups I+ share the technical features of A method of regulating survival of motor neuron (SMN) protein levels in a cell, comprising
contacting the cell with an effective amount of an agent which inhibits the level or activity of Nedd8 activating enzyme (NAE) in the cell
and an effective amount of an agent which increases the level of SMN protein, thereby regulating SMN protein levels in the cell; method
of promoting cell survival in a subject in need thereof by regulating the overall levels of SMN protein in the subject, comprising
administering to a subject an agent which inhibits the level or activity of Nedd8 activating enzyme (NAE) in the subject's cells and an
effective amount of an agent which increases the level of SMN protein, thereby promoting cell survival in the subject; a method of
treating or preventing a neurodegenerative disorder in a subject in need thereof, comprising administering to the subject at least one
agent which inhibits the level or activity of Nedd8 activating enzyme (NAE) and an effective amount of an agent which increases the
level of SMN protein. However, these shared technical features do not represent a contribution over the prior art.

Specifically, WO 2013/188881 A1 to President and Fellows of Harvard College et al. discloses a method of regulating survival of motor
neuron (SMN) protein levels in a cell (The disclosure provides compounds, compositions, and methods for promoting motor neuron
survival,, Abstract), comprising contacting the cell with an effective amount of an agent which inhibits the level or activity of Nedd8
activating enzyme (NAE) in the cell and an effective amount of an agent which increases the level of SMN protein, thereby regulating
SMN protein levels in the cell (In some aspects, the disclosure provides a method of regulating survival of motor neuron (SMN) protein
levels in a cell, comprising contacting the cell with an effective amount of an agent which inhibits the level or activity of Nedd8 activating
enzyme (NAE) in the cell, thereby regulating SMN protein levels in the cell, Para. [0007]; any agent which increases the levels of SMN
protein, stabilizes levels of SMN protein, Para. [0027]); method of promoting cell survival in a subject in need thereof by regulating the
overall levels of SMN protein in the subject, comprising administering to a subject an agent which inhibits the level or activity of Nedd8
activating enzyme (NAE) in the subject's cells and an effective amount of an agent which increases the level of SMN protein, thereby
promoting cell survival in the subject (In some aspects, the disclosure provides a method of regulating survival of motor neuron (SMN)
protein levels in a cell, comprising contacting the cell with an effective amount of an agent which inhibits the level or activity of Nedd8
activating enzyme (NAE) in the cell, thereby regulating SMN protein levels in the cell, Para. [0007]); any agent which increases the levels
of SMN protein, stabilizes levels of SMN protein, Para. [0027]); a method of treating or preventing a neurodegenerative disorder in a
subject in need thereof, comprising administering to the subject at least one agent which inhibits the level or activity of Nedd8 activating
enzyme (NAE) and an effective amount of an agent which increases the level of SMN protein (Accordingly, in an aspect, provided herein
is a method of treating or preventing a disorder characterized by degradation of SMN protein in a subject in need thereof, comprising
administering to the subject an effective amount of at least one agent which regulates degradation of SMN protein in a subject...ln some
embodiments, the disorder characterized by degradation of SMN protein is a neurodegenerative disorder, Para. {0081]).

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features.

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