SUPPLEMENTARY INFORMATION

doi:10.1038/nature25978

AB Test 1 — 3N-MCTS vs Literature Routes

AB Test Literature:
mol_132: Tan, Haibo et al; Org. Biomol. Chem., 39, 9977-9983; 2015
mol_329: Jun 18, 2016; CA 2915356; A1

mol_341: Antimicrobial Agents and Chemotherapy, 2015, vol. 59, # 2 p.
1110-1118

mol_538: Faming Zhuanli Shenging; 49pp.; Patent 2016; CODEN:CNXXEV
mol_608: Fujiyasu, Jiro et al; From PCT Int. Appl., 2014142219, 18 Sep 2014
mol_706: Wu, Jing-Jing et al; Tetrahedron Letters, 58(10), 923-925; 2017
mol_716: Burnett, Duane A. et al; PCT Int. Appl., 2015066371, 07 May 2015
mol_752: Mueller, Anne et al, Chem. Eur. J, 21(39), 13723-13731; 2015

mol_841: Feb 11, 2016; WO 2016022460; A1

WWW.NATURE.COM/NATURE | 1



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

0 0 I
ovo\
+ + + + I~ ——
o N— O
OH o o No—
0

overview: building blocks to target. molecule: 132 id: -237358936

z

N
Il

0. 0
0 O N' SN
+ o, ——>
BN PN C.

AN
000

Y

step 7

OO Ao~
+ O~ —> Z
C /@/\/

X
step 6
OH
)\/\/\ I
i OH Q/\AM\OH
~o N S0 No
step 5
OH [e]
Qo e
\o/\O \0/\0
step 4

WWW.NATURE.COM/NATURE | 2



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

1 Literature

overview: building blocks to target. molecule: 132 id: 639504273

' N/
\ + HO\/\/\Er e >< \o/\/\/sr
& \

step 7

O\/O\ O\/O\
—
HO. N

step 6

WWW.NATURE.COM/NATURE | 3



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

2 MCTS

\4 / y/“yo
\r"‘\r 4 % NI
\‘gc’l(. . + Vlk\‘: + NH/N + N —_— \)/
0)7

J
0
\N ,\/

H

overview: building blocks to target. molecule: 329 id: 625053426

N

step 6

/\N 0 OiN N\
Nldj N 4?:;_0 — @A | )N
4 @ 8

step 5
0 b
OJJ\N Nﬁ '?,
- A
N
[¢] let N\/N
step 4

ob
zT

/:z

\ 7/
2 )

WWW.NATURE.COM/NATURE | 4



RESEARCH

doi:10.1038/nature25978

SUPPLEMENTARY INFORMATION

2 Literature

N
I
C

Y

. O

Br
N=C + Ny + N. N R — N
o Y
NZ A
k\N N/N
overview: building blocks to target. molecule: 329 id: -1877502770
N7 SN
o= g |
Nl)ﬁ/m + N — » MO
o] N (o]
W b
O\F
step 6
NZ N NP
N ! S !
HO > &)

o —
NYO
O\F ’E I \N
N N

step 3
T
Y “
N
e + HCI
NZ A
|
N/l \N k\N ”
I /
N
step 2
I
C
oSG T o A
0. - :?’
NF A
J\CQ\A R | NIN
Qe
step 1

WWW.NATURE.COM/NATURE | 5



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

3 MCTS

NH C N—O
o]

N
HN N.
o A
\ o
) b . HJN\/\O X o . OY\ ‘ &«NVN/\/NO
§ >—CEN

overview: building blocks to target. molecule: 341 id: 1603272692

0 o
\, \
> NH,
C=N
N—OH

step 6
\ O o} _(-‘&
o] N=
;: NH, o+ OY\” — \OJb_/(\N/O
N—OH
step 5
\ o}
o C o)
H,N AN N=—
\/\O N OJb/&{ —> b\(N O
N
{ \7)/\”/\/'\‘
N —
step 4
\ 0
o]
Lo 6%
( ° N\ NO
. o ’\q T\N/\/
N —
(T ~L0 )
step 3
\ 2 HO o
S &”\ ~J
}‘,7)/\’\‘/\/ o h—z/\N
() (o)
step 2
Ho g HN N P
N
N
HN: B /\/NO N O
O SV e
8]
step 1

WWW.NATURE.COM/NATURE | 6



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

3 Literature

/-‘\J( ““\/\N o g
x% TS S SO

O Ay

NH

overview: building blocks to target. molecule: 341 id: 71241898

(o}

o] ///Cj N\»
[N NJ( >< + HO. E— N Q/
T b
o

o O
—r N N
Do Y
step 3
0, N//\N 0
0 //\\ 7//\_/
Xy~ ° : O
Y N/ \Y\/\/N
\NY\E/\/N l N
N—0O

step 1

WWW.NATURE.COM/NATURE | 7



doi:10.1038/nature25978

4 MCTS

oo L Y
|N/ ; +i;/\\\/(i+(\NJI\N: N/ﬁ+\0 \/<\OO—> N/l
T U OYCD

(AT B SUPPLEMENTARY INFORMATION

N

overview: building blocks to target. molecule: 538 id: -1850443112

|
C N .
N>—i‘\\< © o N/>—i\‘\

step 4

WWW.NATURE.COM/NATURE | 8



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

4 Literature

H
o X
| Cl. N. ( H I\/)J /N |/ /
T Y AN e e
/=O+ /l \\ * N +[j+\o)j><§o—> N
4 Sy N ol 0 N
()

overview: building blocks to target. molecule: 538 id: -1444915711

-

0
! o=
Cl Br. N N
I+ Z | \ —> z |
=0
x Y
N N oy

-
o

step 4

WWW.NATURE.COM/NATURE | 9



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

5MCTS

| ke
O XD Oy Y R O(SCQ

overview: building blocks to target. molecule: 608 id: 2071152428
L
o
o
~° Br >
éi)\o/\Q \ﬂ/\
L@
step 6
LO OH
) [8)
—
0 O/\©
step 5
OH [¢]
o) (
—>
O/\@ 0/\@

step 4

WWW.NATURE.COM/NATURE | 10



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

5 Literature

. Y

overview: building blocks to target. molecule: 608 id: -573421843

step 6
/O OH
—_—
)
OH 'OH
step 5

step 4
OH //O %J
0% ? N éw —>©/O\N
% : ~OH
step 3

WWW.NATURE.COM/NATURE | 11



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

6 MCTS

Ao

overview: building blocks to target. molecule: 706 id: 514525792

Q
0
\Ao+\)l\/—>\)‘\/\(
X
0

step 6

o 0
\)k/\( > \)K/Y\OH
o

step 5

Ve ai Ve ot

step 4

00 ¢ HO —

step 1

WWW.NATURE.COM/NATURE | 12



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

6 Literature

overview: building blocks to target. molecule: 706 id: -993391720

; X oY —
_ﬁ,m\ o 0

step 1

WWW.NATURE.COM/NATURE | 13



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

7 MCTS

o

NH | < N; ;
; (o}
o) o o
Br OH O ~ _ Br Ve /
+ + + + NSEC—Cu + N\, —> Na N
N °x ) ' O—
/O [N
0

overview: building blocks to target. molecule: 716 id: 838806631

N R A oH
Br. OH ~
+ —_—
ES
Br

step 8

ROV EIRG PP
A — Hj@
0 E,
step 7
A B
A oH \©\/N]©
\@/nj@ + NNy, —> o
| (

Br

step 6

e, 00
ST

B [

step 5

[;/Loj [;/Loj
N N
N=C—Cu +  Br —> C
1
N
i i

step 4

0 )
o,

| [

step 3
o} O—y
] o
0% " O PN N - HJND
) ‘ oO/\K/O
i |
step 2
\
O—y o)
! L%< ‘ <
Q- A T
o+ . E— Na Y
Y~ IO u
G
step 1

WWW.NATURE.COM/NATURE | 14



doi:10.1038/nature25978

(AT B SUPPLEMENTARY INFORMATION

7 Literature S

o A 0.__0
o ~ a °. a —o N
+ + NH, + ot —_— N N
N | : o cl 4 o
O H

(¢

-

N
[0}
\
overview: building blocks to target. molecule: 716 id: -1861302227

0__0 0 N,

o) 0
|
step 7
0 0
guLO Nj
(I) © Ho )
step 6

HO'

step 4
| /O
o}
+ NH, —_— N
N.
step 3

WWW.NATURE.COM/NATURE | 15



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

8 MCTS

0 HO.

o L
on \( o o AP
o LI - vy
/©/N\\N + )J\ N, \o>§<o\ — > N \©\ o 0
(o]
0 o— o
HO Oﬁ/o O—

overview: building blocks to target. molecule: 752 id: -879018011

o o

OH

H
+ \/\B > /@/N\\N
HO

step 4

L
HO'

HO NP P HO
—0,

o @(\v@ T Q.. e
HO O

WWW.NATURE.COM/NATURE | 16



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

8 Literature

YO o/go HO NP
[¢) 0. ~ NH, 0. N /©/
/©*‘ I T*N"“o)\(o*\j\/*\ /©/ — I /©/§N
HO 07 Yo o o~ o "o 0 0

a’ «a OYO - oH

overview: building blocks to target. molecule: 752 id: -1778621489
. o\/\
O + \)ﬁ,(OH + /©/ ‘ —> N§N/©/
HO 4 X0 /©/
HO
step 4

OJ\O OY

o s
NS + W O\ﬂ/ —> N )
o ~%@%%4w©?

[0)
o
/&o

(e}

(o]
N
step 3

A e
o e} HO. 0.
. j)/ /@/V\
o] HO N,
AT T "0
/©/ HO 0
X0 o OH

A

step 2
HO SN HO SN
HO N ~ 0 N /©/
A o
N0 N0
HO 0 Jo 0
OH - OH
step 1

WWW.NATURE.COM/NATURE | 17



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

9 MCTS

OH o
) -
m -7 +  NF + I \oo 5 ):Q\w
A0 By T X
)
overview: building blocks to target. molecule: 841 id: 1619056472

OH o
>
.0 .0
N’ N’
| |
¢} 0

step 6

0 \»O\ 0
cl N N
¥ B H
20 HN .0
n]: X 7.,
o 0

step 5

NH,
N 0
0,
N
H —
.0 NH
NP
! N
o /

step 4

step 3
NH,
. NH, 0 /O/
SEESetnbeUoe
O/ A SNy
/N
step 2

step 1

WWW.NATURE.COM/NATURE | 18



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

9 Literature

_ > O
overview: building blocks to target. molecule: 841 id: -155621046

/ NH,
HA N N/
- NN o
+ OH + N‘\ + /\— e
(o] N"/N
\

step 6

o m
O%N-’Qij + >(;0 — \\'i‘ \
| ﬁ A o P \F
0 ( O/

step 5

step 1

WWW.NATURE.COM/NATURE | 19



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

AB Test 2 — 3N-MCTS vs Heuristic BFS

WWW.NATURE.COM/NATURE | 20



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

1 MCTS

H
on N7 o N Y
- +/ + ‘Y\ + j—» k
HO V | N o 0 (\N N
AN H \Y N\)ﬁ/
X

overview: building blocks to target. molecule: 15 id: -1642287589

HN/H
H
RV N ﬁ/K/N
- Br
Xy *ﬁijﬁ
N
H

o}

2//\
[¢)
step 4
(l)H
H,N. N,
HO/W+ w — NF
Nz |
B H_‘NAN
step 3
N7
NF - I _
A o
HN \N
step 2

HN
< YO“Q &
N
| + E—
C )\N/ RN (\N S
-

O=
I/
o

step 1

WWW.NATURE.COM/NATURE | 21



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

1 Heuristic BFS

DD @

overview: building blocks to target. molecule: 15 id: -393970331

LDy —

step 4
NN
| N
P + N\ —> |
N | I N/
step 3
'NH
§ N (\
N j | A
/L % ' — =
1 N N
step 2

WWW.NATURE.COM/NATURE | 22



doi:10.1038/nature25978

(AT B SUPPLEMENTARY INFORMATION

2 MCTS

Br. N Br 0\ o =
=
+ | + E+O:C:O+><\NH:+ , =7 > N
. . A o 0 OH 0 \O
.

overview: building blocks to target. molecule: 291 id: -595446896

N Br
N Br z
‘YA '
N I o HO =
Br
o]
step 6
N. Br
z
N /N Br
g
| HO X
* Ho X HO
Br
0
r
step 5
N Br Br
z
N7
HO X |
HO' — Z
Br
Br O
step 4
Br Br,
OH
N7
X
| = + 0=C=0 ——>» °
Br =N
X o]
step 3
o]
Br, N
OH . X
on " | 0
NH, X 0 =
OH _N
o}
Br
step 2

HN /72<
0
Padh
Br’

WWW.NATURE.COM/NATURE | 23



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

2 Heuristic BFS

N —_
=z OH WL L A N
B L\J/\ * XOH\ o \/\/\OH \ /
T

OH 1 /%
)
>L_/ Y

overview: building blocks to target. molecule: 291 id: 1651736554

N, o
=z
/@/\ - * WOH —— z
Br X \N
OH

step 4
o]
1 —
\ z
N 0
N OH

OH N

step 3

2

WWW.NATURE.COM/NATURE | 24



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

3 MCTS

oo )\[\F ) f
N7 " 0
o 0Ty = o
S O S
Br
@

overview: building blocks to target. molecule: 591 id: -1458307292

HN
+ NH; 4 NS=C—5H ——>
)
Br: N

Br

step 6

step 4
5 N%@\(]/
E—
o 4 /C[ >
Br N
jos
Br N
step 3
/l\ 0 o W0
N7 -
N(\ ° /\\ A~ —_— N N\J h
o T =
Br
step 2

step 1

WWW.NATURE.COM/NATURE | 25



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

3 Heuristic BFS

0
WA
0=,

overview: building blocks to target. molecule: 591 id: 1329500428

NI, —— \/n\/\l

step 9

OH

Co—n

step 8

H |
SN T \/\ﬁ/\/

step 7

\/\”/\/I — \/\/n\/\l

step 6

'zT

WWW.NATURE.COM/NATURE | 26



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

4 MCTS

HO
al 0
HO,
0e Moo o Py
N= /N N N/-K
|l N/
NY / 0

Cl

overview: building blocks to target. molecule: 616 id: 308054153

0L KL
o] OH

step 4

step 2

WWW.NATURE.COM/NATURE | 27



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

4 Heuristic BFS

N OH o)\>\<N\
A (j/ o N
‘( + — > N |
1\ 7 HO \ N/j\
NY / _
( =

< 1(0 QU

step 1

WWW.NATURE.COM/NATURE | 28



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

5 MCTS

\J
Q
0 ) o OH " b Y
N [} N_ _O. NG
e e, RV BECTE S 5@ Lot
Y HN NH >Lo H HO” o
/‘O
0

N 0. N
A YK
o H
HAN e HO X0 Y N N___o

u 0
step 3
[}
5 0 NH
== e HN
NH 0
HN. o} —
o~ - NNH 3 .
° NH, o \\
N 0
H
step 2
0,
N/
\ /

WWW.NATURE.COM/NATURE | 29



5 Heuristic BFS

doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

overview: building blocks to target. molecule: 765 id: -23963229

oA — AN
step 10

H 0.
N, —_ <IN
oo SNy

step 9

NH,
HO,
r C , \/b
O/NH
/

step 7

HO!
HO, |
40¢ ~R_R N —
0 N S

step 6

step 5
NH, NH,
HO, HN,
R
o
step 4
O O~
N 7
+ HA. —
N
o
step 3
NH, N=Q
P A |
N\ ) . 7’)\)\
HO. o
step 2
o /0
\

y o
o
M@ T A
N . NP N °
§ . - > I
)l 9

step 1

WWW.NATURE.COM/NATURE | 30



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

6 MCTS

o]
J /N/\/",'/\:’

O Q<
Py (O T A

O

overview: building blocks to target. molecule: 833 id: -1806975545

WWW.NATURE.COM/NATURE | 31



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

6 Heuristic BFS ~
%c\\N Q and N/\/N\/’
LN

I o
. \O . /\N@ N )J\ s N
— HN C\\

overview: building blocks to target. molecule: 833 id: -1715572566

step 2
7 N N\/‘
Q%O AN — Q% 4
A~ @
step 1

WWW.NATURE.COM/NATURE | 32



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

7 MCTS

O
on \Q/ i V=
- H
Ho” + + HD~0H + HNQ\& + =0 + NIJj — N\ N A
NH, c /kN/ U \Q/

overview: building blocks to target. molecule: 845 id: -1912623546

O iy KL

step 4

A L =
HO” W * Br@ \N/kt, — \Nf\Nj/N
— =

step 3

YUY %D\@Quﬁi

step 2
HO
ﬁij
HNQ\OH + =0 + K\JN\ /@\ — ) \\N P N
D jeae
step 1

WWW.NATURE.COM/NATURE | 33



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

7 Heuristic BFS

O
_ = N =
+HNQ\0H+H@\+ )N\/j+\/‘> NN N {
i Ny Z \r

overview: building blocks to target. molecule: 845 id: -1608629638

NH
HN©\+\/—>V/§/)

step 5
N HO.
/ N
O O
N
step 4

NF
)\ | — N4lj
HNT SN ~

WWW.NATURE.COM/NATURE | 34



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

8 MCTS

N,
AN

OH
9 |

Sy
we z
”OJWJ( NOH + N=C—K + — ™ W
o 7@(
N
H

overview: building blocks to target. molecule: 850 id: -1045950342

N

step 4
o
) #
N, %\/ + N=C—K ——> "
0 =
|
step 3

N
|
HN
'NH 7
N o] NH,
| |

OH

step 2
L
@ ;
HN, b= 4 % >
HO
o] NH,
OH
step 1

WWW.NATURE.COM/NATURE | 35



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

8 Heuristic BFS

) N
' Z N
NH |
+ —_—
0 '
- OH
H
N
H

WWW.NATURE.COM/NATURE | 36



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

9 MCTS

N
(P

N N A
\(/_\N‘ + + + /©/\,1 — 0‘(
R OSEEIN 5
(D/\}?U

overview: building blocks to target. molecule: 944 id: -789174339

WWW.NATURE.COM/NATURE | 37



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

9 Heuristic BFS

L

e QY
e
0L

overview: building blocks to target. molecule: 944 id: 1295328237

N N 2
AN N N
\(/ NH»Y\C\\O—> \(/\N/K/(
_[ N
N N=/ H

step 4

, <
DA — 2

step 3
I\ —
ot

step 2
-
o 4@
+ iy
'\D/ @)/\0 a\\'/
o

step 1

oy

WWW.NATURE.COM/NATURE | 38



doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

10 MCTS

O

%

overview: building blocks to target. molecule: 945 id: -1366079493

c N NH,
D
AN~ —_— N |
/k\
Cl ( N

step 6

0,
° HN—NH
We
//o

step 5

HN —N
HN/

step 1

WWW.NATURE.COM/NATURE | 39




doi:10.1038/nature25978 N30 SUPPLEMENTARY INFORMATION

10 Heuristic
BFS

%

NN
ﬁ Nt

overview: building blocks to target. molecule: 945 id: -354976033

NH, NH,
Q0 LD
N A
step 5
N NH,
8 i NZ
NF + 07 — > |
| PN
> N N
I N
step 4
/N\NH
_ N NA A (N
—0 N—NH
step 3

N—ni
step 2
%
) .
Gy i

step 1

WWW.NATURE.COM/NATURE | 40






