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SYNSUP, Synthetic Route Design System

Sumitomo Chemical Co., Ltd.
Organic Synthesis Research Laboratory

Tetsuhiko TAKABATAKE

We have developed SYNSUP and the supporting systems for users to access SYNSUP through both Intranets
and the Internet. We herein summarize the history and the current status of the SYNSUP service provided to

chemists in our company and also some group companies.

gooo

goooboooboooboboooooooobooo
uboboboooooooobooboooooDbOon
obOoboooooooOoobOOobobOOooOooDOon
ooobOO0o0ooooboobOoO0ooOooobObO0oOoOon
obOoboooooooOoobOOobobOOooOooDOon
obOoboooooooOooobOOobobOoOooOooDOon
obOoboooooooOooobOOobobOoOooOooDOon
obOoboooooooOooobOOobobOoOooOooDOon
obOoboooooooOooobOOobobOoOooOooDOon
obOoboooooooOooobOOobobOOooOooDOon
obOoboooooooOooobOOobobOOooOooDOon
obOoboooooooOooobOOobobOOooOooDOon
obOoboooooooOooobOOobobOOooOooDOon
coooboooooboocoboOooocobooooonn
obOoocOooooooOooobOoboboOooOooDbOon
obOoocOooooooOooobOoboboOooOooDbOon
obOoocOooooooOooobOoboboOooOooDbOon
obOoocOooooooOooobOoboboOooOooDbOon
obOoocOooooooOooobOoboboOooOooDbOon
obOoocOooooooOooobOoboboOooOooDbOon
cooooooood

gooobOoobooobobooobooooobooo
obOooOooooooOooobOoobOOooOooDOon

38

goooboboooooobbobooooooobooboo
gobboobooooobbbooooobbbbo
OooogSyYNSuUpOOOooooooooooooo
gobobbobooooobbbooooobbbDbo
gobobboobooooobbbooooobbbbo
ggobooobooon

0O0ooo0ooooooogb-»

19600 00 0000000000000 DOO0O0
0000000000 000O0ooUHHarvardd O E.
J. CoreyO Todd Wipke O 0000000 OCSSY OO
00000000000 OLHASAY 0000000
000000000000 000 transformO 0000
0000 retrosynthesisO D00 OO0 O0O0O00O00OO
000000000000 Torontod O Malcolm
BersohnO OO OOOOOOOOOOOOOOOOO
00 0Ashmeed EsackD D000 O00O0OOoooOd
ooooooo92o

19700 O O Ivar UgiO Johann Gasteiger( O O 0 O
ogooooooooooooooo CICLopsSOOnO
00®0000Gasteigerd 00 EROSO D OO0 YO
gooo00o00o0o0oOooboooooooooooo
Jo0oO0WipkeDOOODOODODOOoooOoooOOd
O0O0CASPOOODOOOODONO

oooo 20091



19800 0 0000000000000 Oo0DOOooO
0000000000000 O00000REACCS!Y
JooooDoooooooooglIsiIscooood
ogooad

19900 00000000000 0000O0OoOoao
dooooooobooooboobooboooo
O0O0O0O00AIPHOS®OOOOOODOOO

20000 0000000000000 ooDoOoOon
goooooooboooobooboobooonoo
00 0000ddROW2 Technologies, Inc.d0 Chem-
Spire!®, Simulated Biomolecular Systems Inc.O
ARChem Route DesignerM 0000000000

goobDOoDbO0000dSYNSuUP

coooooooooOOooboooOooboOoobooon
OSYNGENY 0D O000000000000000
OO0O0O0OREACCS, ISIsCOO0Ooooooooooo
oooood

SYNSUPO OO O0O0OOO19900 00 LHASACO O
coooobooooooboooooOooooooooo
ooOO0oz200000000000000000C0O
19980000000 0SYNCHEM® 00000000
O0o0ooooooSYNSUpOOoooooogooo
cbOooooooobOOoobOoobOoooboooboon
oooooooooooooooze0ooonooOoO
cboooooooooOoooboobOoobooobooon

oooooooooooocooooovwooooon
O0D0O000OBersohnOD OO OOO0O20070000
O00000O0O0OBersomOOOOOIODODOOOO
cooooooooooooooo

OO0O0Fig. 1000

1970 1975 1980 1985 1990 1995 2000 2005

Route Design  CAMEO

LHASA
ocss—LA | i

SEgcsrrrsronon-—rr+——es

Bersohn’s SVNSUP >

SYNCHEM RO

SYNSuPO OO

1. 0000

SYNSUPO O OOODDOOUOOFig. 2000000

0000000000000 0000000On

0000000000000 0000000On

SYNGEN prese 000000000000 0000o000o0ooo
S WODCA | N

AIPHOS P
ARChem Route Designer »

CYCLOPS ERO :' gooboboooobobbboooobbbboo

gooboboooobobbboooobbbboo
gooboboooobobbboooobbbboo
gooboboooobobbboooobbbboo
gooboboooobobbboooobbbboo
gooboboooobobbboooobbbboo
gooboboooobobbboooobobboboo
gooboboooobobbboooobobboboo

Reaction DB SYNLIB ———————————sset

REACCS ISIS Isentrig

CrossFire Beilstein »

CASREACT | >
SciFinder

PBGEEEM Transition of major computer aides for
organic synthesis

02N
5). 16 0 || Proposed Target | H2N
oooooooo.1e ®_Z< Route Molecule ©_4<0
000001800 0onooooooooon HeN Struciura Character
gooo0oOooooboooobobooooooooon

Availabili
Checkty Reaction Site
Recognition
Precursor _
Reaction Rule
Assignment

Reactivity, Selectivity
Varidation

Regioselectivity Rule

A/Recognizer

goooooooooooboooooobooooao
000000000 o0ooOoO0oo0ooOoOoooagEROS
019830 00000000 Bersohnd 000000 Availabl‘le)gt(;mpound

198400 0000000000000 000000O /
gooooooooooobooooooooooo /
000000 WODCAOODODDOOBersohnd OO
SYNSUPO SYNthesis SUmitomo Program 00 0 0 O
0000000 oooooo®¥ooooooooo
O000CAMEOYWOOOOpKaD ODODODODOOO
0000000000000 00000 CHIRON2OO

Reaction Rule

Leaving Group Data

Relative Rate Data
Condition Interference Data

BEEE lllustrative diagram of the search
mechanism of SYNSUP

oooo 2009-n 39



O00o00ob0Oo0OnSsSYNSUP

ooobOO0o0o0oooboobOOo0o0oOooobObOO0oOoOon
obOoooOooooooOooobOoocbOOooOoOoDOon
obOoooOooooooOooobOoocbOOooOoOoDOon
ooooooooon

2. 00000
ooooboooboooboboooooooobooo
OO0OFig. 300 OD0OO0OO0OOOOODOOOO
obOobooooooooobOobobOOooOooDOon
oobOooobooobOOooo0o0o0oo0ob0O0ddrecog-
nizer0 0000000 DOOODOOOOO0OOOOO
ooobOO0o0oooboobOo0ooooobOboO0oOoon
000000000000 0D00D0DO recognizerd OO
obOobooooooooobOobobOOooOooDOon

Reaction Scheme

1 33 7
o)

o o} 7 WA 3
':‘l‘é)l\)j\/ tOHNTSN, ——— /KQK/
Qg 5
46 23 HO™ 4,75
1

Reaction Rule

REACTION NUMBER 5632 formamidine cyclization
SUBNUMBERS 2262 136
NEXTSAME 0 NO PREVIOUS REACTION
CONDITIONS 20”  TEMP 2525
YIELD 67
TESTS 169% 5 5080 169 6 5080
OPTIONS 199181092
MAKEBOND 2 435
BREAKBOND 5335334341437
REACTANTFUNGP 104 144 5136 7 315
TITLE: A 4-hydroxypyrimidine from the condensation of a beta ketoester
and formamidine acetate with NaOMe in MeOH at room temp,
J. Heterocyclic Chem., 29,1369(1992),M. Butters,
Org. Lett., 7,3801(2005),J.C. Yoburn.
Two-step procedure: condensation of a beta ketoester and thioure,
followed by desulfurization by Ni/H2,
Org. Synth. Coll. Vol. iv 1963,638.
1) recognizer number
2) alkoxide
3) atom 5 must not be fused with aromatic ring
4) leaving group: 9 (unsaturated oxygen); 8 (methoxy)
5) aromatize the ring with atom 2

Recognizer

case 65: //phenolic OH, oxygen

case 282: //N-C=N, central carbon
makesb(mol,2262,// 4-hydroxypyrimidine
Li,1, //sb[L][1] =1
1,7, /Isb[L][7] =]
33,1,7,4, //sb[L][4] = NEAREST NBR OF ATOM 1 TO ATOM 7
113,4,6,1,0,0,2,2,/ATOM 4:ARYL C, 2 HETERONBR
3,4,7,2,  //sb[L][2] = COMMON NBR OF 4 AND 7
113,2,7,1,0,0,0,0,/ATOM 2:UNSAT'D N, NO HETERONBRS
57,2,2582, //RINGINDEX MUST BE 2582
13,4,1,2,6, //sb[L][6] = A THIRD NBR OF 4 NOT 1 OR 2
113,6,6,1,0,1,0,1,/ATOM 6:ARYL C.,0-1 H, 0-1 HETERONBR
7,6,4,5,  //sb[L][5]= OTHER RING NBR OF 6 BESIDES 4
113,5,6,1,0,1,1,1,/ATOM 5:ARYL C,0-1 H, 1 HETERONBR
3,5,7,3,  //sb[L][3] = COMMON NBR OF 5 AND 7
113,3,7,1,0,0,0,0,/ATOM 3:UNSAT'D N, NO HETERONBRS
0); //SUBSTRUCTURE END

BEEEN  An example of a reaction rule and the
recognizer for it
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1k-1s) = Classification of reactions for the reaction
rule

descriptions about the reaction

priority categories .
categories

1 specialr enantioselective or makes more than
1 skeletal bond

2 hbuilder diastereoselective or makes a skeletal
C-Hetero or Hetero-Hetero bond

3 cchuilder 1 makes a skeletal bond by losing at
most 1 leaving group

4 cchuilder 2 makes a skeletal bond by losing more
than 1 leaving group

5 ufgi makes a reactive group by functional

group interchange (e.g., from allyl
alcohol to allyl halide)
removeprotection removes a protecting group
7 changfun

functional group interchange, usually
trivial

8 removefun removes a functional group by being
replaced by H (e.g., deoxygenation of
a ketone)

9 degrade breaks off a carbon fragment (e.g.,

ozonolysis)

Reactions to introduce a protective group are classified as one of
the categories with priority 1 to 7.
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P Typical Execution Options for SYNSUP voooooooooooooobobobooobboo
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maximum number of steps acceptable

STEP LIMIT 0 a route 0000000000 CMBeditd Chemical Memory
CATALOG 1 : cataloged compound is treated as Bank editD 000000
available, CMBedit0 00O OO0OO0OOOODODDODO Molecule
2 :only cataloged compound is Editor0 0 0000000 DO O Synthesis Viewerd O
acceptable as the starting material, 000000000000 00000000000
3 :the starting material and all .
coreactants in a route have to both oooboooooooodboOFg 4000
be cataloged compound and satisfy JO0O0D0D0000000o0STEPLIMITO CATALOG
other options specified 0000000000000 00Fig. 5oooan
RING LIMIT number of rings acceptable in the 0000000000 AROSUBST LIMIT 00000
starting materia 000000001000000000000 Fig. 6
ATOM LIMIT number of atoms acceptable in the 9.
starting material Joddo40000000000000DDOOO00
FUNCTIONAL GROUP  number of functional groups acceptable
LIMIT in the starting material
AROSUBST LIMIT number of aromatic substituents
SYNSUPA T2
acceptable in the starting material : :
— - - BEATIL] | Rt vy | REREONRE | EOEHONE |
NO_LG_VARIATIONS  route variations with only the difference s S
of leaving groups to be rejected & EAEAMDEEH B A A 0a
STARTING MATERIAL  exact starting material to be used - EL— ;Z;ﬁ;iﬁ;iwm Fd : ;fiﬁjﬁf;ﬁﬁié;;?ﬁ;m
ASYMMETRIC ONLY  only enantio- or diastereo-selective [ T — - L R R
tions to b lied ~ ESER (eSS HERHOSME
reactions to be applie RS (LRSI srETE: [z o
INDUSTRIAL only industrially applicable reactions to -tEmcTEeEE srrmRTI: 73
7 SEia— bigL AL e z
be used I~ THETESEEOBEERTS e =
OMIT omit the use of specified reactions e r—— BATEETE: 2 3
© THSHOH wrw [ g
 ERMChirality 5 B LA e e =
SRR R e cERsi |
goooood ok | ande | RO | Seio |
A
1. 0000000000 PG CMBedit -Molecule editor-Option

1996000000000 SYNSUPOOOOODO0O settings dialog box

Oo0000ooPCOOUNXODOODOOOODODO
oooooOoooooobocoooboooOooooon

3G Synthesis Viewer:G:¥Documents and Settings¥ MMM ¥ Local Settines¥Temporary... [ |[E][X]
FrLE REE FnQl A-UEE U ROW ALTH

Hﬁﬂé[mllms j

wwica <[44 | L BB BD W

" —— Routes
%2 Molecule Editor-_[Untitled] (= [ -Goal THE INPUT FILE IS pyrimidinylamine
Ir{ME} WEE SO SYNSUPE D0 Aadl

NEEHé jum o~ Om [l e ] one

available

REE
wre

available

7 B rJl\ available 67/"" 2
h Route 1 a A | e e |
L H Yield = 92% H 5
E= 2 ) X
A O
0 il available e
o available il —
T n__hH, Mo oH lj/
g Route 2 | ﬁ/ raras Olj/ d F5343 o J
p Yield = 81% i R ey
| g O
i
»
COOH
available
available @
= available (')lj/'"* A
Poute 3 - R2268 I/\\o “T/"H 3RITIS J
Vield = 57% S * @ |

! % ®))
O

- Lrﬂ Ll s |>ILI

C¥Documents and Settines¥ul0800282¥ Local Settines¥Temporary Internet Files¥OLK140¥pyrimidinylamine.syn A

BGEE  CMBedit -Molecule editor BGEENEN  CMBedit -Synthesis viewer-Map view
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Mame: 2-Bminopyrimidine, 97%
GAS Mumber: 109-12-6

Supplier: Sigma-Aldrich {Aldrich)
Price: 05.40U50./500G

BAlLEC bk et o e AT

CMBedit —Synthesis viewer—Catalog info

THIS IS REACTIOM MUMBER 2715

& TYPIGAL YIELD IS 75%

2-Aminopyrimidine, 97%, CAS: 109-12-6

Is AVAILABLE FROM

Sigma-Aldrich (Aldrich?, 35.40U50/500G

Pherny| substituted benzene ring from a dibenzay| peroxide and
benzere, refluxing 40 hours. Yieldz are higher when the dibenzoyl
peroxide’s aromatic ring has an electron withdrawing substituent.
Ore. Synth. Call. Vol W 197351,

FRLE S At —-FIOE-F520

BGEEE  CMBedit -Synthesis viewer—Reaction info

2. e-mailD0OOO0OO

gooopCOOOOOOSYNSUPODODOOOOGO
Oo0oooosSyNSsupOOOQOoooooOoDOoOOOd
SYNSUPOOODOOOOOOODODDOOOOODOOO
0go0oooooooooFig.9MOoooooooo
goooooobouooooboboooooobooooo
gooooooboooooooooooooooo
gooooooooooooobooooooboooo
0000000000000 TORQUE2®OOOOO
ogooooodo

3. boooo

CMBeditD email 0 0 0000000000000
00000o0oo0o0oooooooooooo2o0

oooo 2009-n

goobDOoDbO0000dSYNSuUP

[User’s PC] User Interface
CMBedit

| Prepare Input | Browse Output

A
Send|Mail Receive|Mail

Encrypted in the case of
the Internet

Receive[Mail Send|Mail
Job Execution
System
Y prerun postrun
Input Torque Output

Data SYNSUP Data

[Linux Server]

BGETE SYNSUP Job execution system utilizing
e-mail for input/output data transfer
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BEEELN Execution example 1: allethrolone
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20 a new insulin-like growth factor 1 receptor inhibitor
(amine part)
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Reagents and conditions: i) EtOAc, DIPEA (1.05 equiv), 0 C to rt, 0.5 h; ii) MeCN, water, Oxone (2.5 equiv), 40 C to rt, 24;
iii) THF, N2Ha, 35%, rt; iv) THF, TFA, 5 C, 15 min; v) DCM, TFAA; vi) DCM, TrCl, TEA, rt, 4h; vii) MeOH, TEA, refluxed, 5h.

I Synthesis of a new insulin-like growth factor 1 receptor inhibitor (amine part) 27)
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