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Dynamic Combinatorial Chemistry

~Never-Ending Quest toward High-Performance Chemical Discovery~

KT AR

Dynamic Combinatorial Approach

RN i RTR SR S

Classical Combinatorial ASﬁ;ooch
@w long is it pasD R b
vl ol 2
. Q

' ] ]

No maich ? Let's do next ... !

<Contents>

1. Infroduction 4. Analytical Advance
2. CASTING for drug discovery 5. Future Prospect
3. MOLDING for catalyst discovery




1. Introduction A

>> What is "Dynamic Combinatorial Chemistry (DCC)" 7?

Scheme 1-1.
# Library consists of reversible assembly
M, M, My M, Mg “ of starting elements under thermodynamic equilibrium.
# Addition of template amplifies the strongly-binding
ﬂ T component based on Le Chatelier’s principle.
. : O
M2 T * Mq Ms . Conceptually New Approach to Identfy
Host-Guest Interactions Directly
Table 1-1.
Dynamic / Virtual Library (DCL/VCL) Combinatorial Library (CL)
virtual, interchanging Library Set real, static
present in mixutre Presence present alone
just only mixing ~—Preparation . jpgividually synthesized
molecule / supramolecule Constituents molecule
covalent / non-covalent Bonding covalent
in situ selection <« Assay individual
HPLC-MS Analysis Fluorescence etc.

low-resolution high-resolution

== Unified synthesis-screening-amplification process is characteristic.

Figure 1-1. Two kinds of templating # CASTING : relatively small molecule is formed
e - ] to fit a large receptor template.
‘ (i.e. discovery of guest)
——> Application to Drug Lead Discovery
(by finding the strongest-binder with enzyme etc.)

# MOLDING : Larger, (supra)molecular assembly is formed

to encapsulate a small molecular template.
(i.e. discavery of host)

—— Application to Catalyst Discovery
_ B {by finding the strongest-binder with

transition-state analogues )
Table 1-2. Potentiallv usable interaction for DCC

ref) Lehn. J.-M.. et al. Narure Rev. Drug. Discov. 2001. 1. 26.



WZ. CASTING for drug discovery

Proc. Nail. Acad. Sci, USA 1997, 94.2106.

Virtual combinatorial librarics: Dynamic generation of molecular

and supramolecular diversity by self-assembly

IvaN Huc AND JEAN-MARIE LENN

Univessité Louis Pastews, Josritat Le Bel, 9 rur Blsia

>> Experiment:

Paseal, 618K Stiastous g. Framc

pH©6

phosphate buffer

DOCL formation

-Abstract-

Proof of Concept:

DCC

carbon

in situ selection

anhydrase |l
(CA D

approach for drug discovery.

commerciallya vailable
Zn' metalloenzyme

ic

,S_c_/zemf_z-_/ _____________________
5 c®
! /U\ + oy ﬁ/\
CAr H 3
. 1-3 a-d (exs.)

+ NaBH3;CN

to ‘freeze’ library

@
] HZN/\R
denaturation
removal Ar
of enzyme la-3d
(mixture)

reverse-phase

HPLC analysis

# Virtually 3x4 = 12 candidates were generated /77 situ.

# para-sulfonamide was known to be essential for

inhibition of CA Il.
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# Small-member library experiment also showed amplification of 3c.

# Addition of CA Il inhibitor (4-sulfamoylbenzoic acid benzylamine)

resulted in diminished amplification.

Figure 2-1.

i 0.810 I o0

050 0:5:0 0:5:0 S $ 0:5:0
N, N, Nky W Ny NHy
# la-1d, 2a-2d — no change
3a, 3d — decreased
3b — little change
3¢ — increased

=> family derived from 3 should interact with CA II.

Figure 2-3.
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Int. Ed. 2000. 39. 3823,

Target-Accelerated Con
and Discove
Effcciive A
Bacteria**

K: C. Nicolaou,* Robert Hughes, Suk Young Cho.
Nicolas Winssinger, Christian Smethurst,

ry of Highly Potent Antibiotics
gaiust Vancomycin-Resistant

nbinatorial Synthesis

Chem. Eur. J. 2001. 7, 3824, y
, 1
Synthesis and Biological Evaluation of Vafwomycin Dimers with Potent

Activity against Vancomycin. Resj cleri
Combinaiun Syathes slycm Resistant Bacteria: Target-Accelerated

K.C Nicolaou,*1

Harald Labiomie, Robert Hughes,!* Suk Young Cho,'™ Nicolas Winssinger,«!

ki, and Rainer Endermann®™

-Abstract-

Harald Labischinski, and Rainer Endermann -
DCC approach to optimize the linker length of vancomycin dimer.

>> Backg round and Conce pt: Figure 2-5. antibiotic mechanism of vancomycin

Figure 2-4.

"EE{ ﬁ»m .

(L~Lys)-D-Ala-D-Ala

:;),:: : Y{(\%{- - (vancomycin's target) ~— }
L AR L
"'Nlm ‘1" \{-»
vancomycin
# Vancomycin binds to the terminal
Lys-D-Ala-D-Ala fragment of growing
peptidoglycan biosynthetic precursor,
Scheme 2-2. and inhibits the cell wall growth and cross-linking.
> ) SR
Kg = 7x102 M"! Kg =108 M~ Kg=10M"
X X X X X X

# It is known that back-to-back dimerization of vancomycin strengthen

the hydrogen-bonding interaction with target.
Vancomycin bound to its target has a greater dimerization constant (ca. 104 M)

than vancomycin itself.

—> If linker length is proper, ligation should be conductable via stable dimer ?
More active vancomycin dimer is possibly discovered ?

>> Experiment:
Scheme 2-3.

Imkev
s 2! # Olefin metathesis or disulfide formation was selected

for reversible, bioorthogonal ligation reactions.

# Reaction was accelerated in the presence of target,
that suggested ligation occured preferably via bounded dimer.

— 2:X=SAc 34: X = CHaCH, ~——n
n=2,34728 n=12737
R = o-LeuNMe 0o ] R = H, f-Ala, -Asn
. NS /f'_‘;f,f‘_'ffﬁ‘;;e’”’“' # Some termini-modified vancomycin derivatives are also used
Q T °, - for DCC to compare the effect.
wo T,  derivalized
o
) Ugation by disutfide bond formation a) Ligation by olefin metathesis Scheme 2-4.
K=SAc) — T~ X=CHCHY
NaOH, aif0,), H,0 [(PCysLRUCHPRICL), C\oH sNMe,B1
HeO:CH,Cl, (>95:5). 23 °C
OH . .
"_g:m \‘Q ligation
o=t _ M= X7/n X=U/m XU/ ( o
o & amplified
o ”n " ™ analyzed by ESI-MS
.R
! i
0,
Ho' RH, NH,
o on [
b 5 Y.Y:=SS§ {m=23 4 8) 8: Y-Y = cisitrans CH~CH (m = 1, 2, 3. 7) <waffe——



>> Result: %

Figure 2-6.

Library member: 6 .

[ r o Figure 2-7.
-'mﬂrw"' (LeuNMe)C,, (LeuNMe)C3, (LeuNMe)Cy - g

: Ligation: metathesis

Target: Ac,-L-Lys-D-Ala-D-Ala

M

- target
> statistical mixture (1:2:3:2:1)

+ target
—> C,-C, and C,-C3 combination
was amplified.

# Both disulfide bond and olefins,
16 atom between the N atom on suger was optimum.

Figure 2-8. Frgure 2-9.
[ Library member: 3 Y ' 46 1 4 cg e
(LeuNMe)C,, (B-Ala)C, 1 l I
Ligation: metathesis o3
Target: Aco-L-Lys-D-Ala-D-Ala | ... .6 i
alwandiece
- target orp v
wde it ALl bl
— ([}-A|3)C2 homodimer ° RV v‘all IR -srumnuo:zf‘nn'ts‘i}r!!m

was major.
Library member: 36

(LeuNMe)C;, (LeuNMe)C,.
(B-Ala)C; (B-Ala)Cy,
+ target (Asn)Cy, (Asn)C4 (H)C, (H)Cy
_ Ligation: metathesis
= (LeuNMe)cz homodimer Target: Acy-L-Lys-D-Ala-D-Ala
was amplified.

—> (LeuNMe)C; homodimer [a]
> [b} > [c] > --- > [g] >> [h]-[j]

Table 2-1.
Thbfek Aulib-aeri-l,nivify(hﬂ(l:{lgm].")olxln:ud in dimers against srxios 3 mci;u.u# 48Na = MRSA (mun'rESISltant) .
"'=-"~]-°‘*"M‘"Y‘"*'““""”"""' Mu50 = VISA (Vancomycin intermediate resistant)
Rauk)C nd ain . .
Rank)Coneron Ss2see SpoToi 22000 ot e Muso™ wor L4001 = VRE (Vancomycin resistant)
racycline 113 ¢ [$0) >
ﬁxﬁvu 0.4 0 3.3 mz! /’l%l? s‘l),l > Ilsll: . . .
olefinic domers ~—~ # Newly diveloped vancomycin dimer has strongest
0. EN 11 il .
[b) -{LewNMeICr G- AlaIC, ft).?&k 0125 L % u ! : activity, even to VRE.
(<] &-{LewNMe)C,-(LeaNM:)C, <00 «<0m 1 | ] ] 4
[d] 6-£-Ala}C(8-AtaiC, i 05 4 2 2 ]
{#:{J;::M:)C‘:l:cm)c. ;15 [ s > 16 16 16 >16 >1:
- ' 425 1 028 4 - H 1 w1 11 H i
b mibotion v . g o 2 o o1 # Biological activity ofa} ] |s.alm<‘)st consistent with
At : i e e e i - the tendency of amplification (i.e. adequecy of tether).
] $-HICARIC, 8 2] 16 8 16 »16 216
dsutfide domers
5 1C =003 <00 l 1 & Fl 1
5. G, <03 <003 2 1 4 3 2
S{LewNMe)Cy-(LouNMe)C, o028 00 4 2 8 8 2

[a] Vancomycin-susceptible strains (S26250 and Sp670 ave Stvepiococcus prcumoniae steaius; 27266 and LMN2 ate Enteracoccus faccalis strauns: 4R is »
multitesistant Staphplococeis aureus strain (MRSAD. U] Vancomycin intermediste resistant strain (MUSD & s Seaphylotoceus surews strain).
{c] Yancomycin-sesistant strain (LA0OE is 2 Enderococcues faecium sirain).
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A 3. MOLDING for catalyst discovery

Angew. Chem. Imt. Ed 2003, 42. 1270.

Dynamic Combinatorial Libraries Yol =
] ) -Abstract-

Selection and Amplification of a Catalyst from a ifi i
Dynamic Combinatorial Library** Host molecule developed by DCC approach accelerated the specific reaction.

Barbara Brisig, Jeremy K. M. Sunders, and Sijbren Otto*

>> Background and Concept:

# Authors had already discovered disulfide-exchange MOLDING system.
Different host was amplified depending on the hydrophobic quarternary ammonium template.

Scheme 3-]. CO,H
CO,H HO,C COxH
+ ‘O ‘ ~SH 4 /@ Science 2002. 297, 590.
HSV@\/SH HS O HS SH ©
1 2 3 ] oo
I pH 8-9in H,0

' no template [ + template 4 g
A

N

»
|
w
J
8
s

— If ammonium template is stable transition-state analogues (TSA), catalyst can be developed ?

# Model reaction: Diels-Alder reaction of acrizinium bromide
Scheme 3-2.

# Authors speculated product 6 is similar to

@ i
X 2
(I:'Q + @ > % — NT N transition-state, so 6 was selected as stable TSA.
z N
Br -
4 s Br

>> Experiment and Result:

©
Scheme 3-3. COLH b Br

CO,H HO,C CO,H T, 6
: LT
+ O O SH 4+ ® analyzed by
HS SH Hs HS SH  pH 8.5, air, 3-5 days HPLC-Ms
2 3




Figure 3-1. %
) 1

A 0 figure3-2.
* no template ' X
20 ' X
_AAJJLA_M.,\ : :
° — ; 5 Z
B) 40 : ! :
. . CO.H 8 h
T » L addition of 6 & "¢ 7 HOLC -2 :
A 40 J (SR
°0 = ,f) ~ # Template amplified macrocycle 7 and 8.
ezzomm _;30 “© » 8 is obtained non-diastereoselectively.
Tabl.e 3-4.
7 8
K [M~'L 1.3x10° 6.4%10°
o ﬁfr([t’,',::',:,i e hoe # Binding tendency (K,) is
TAS® [lc]mol"] 54 =75 7 4 <6 ) )
C———=> 8 is inactive promoter ?
6 K M- 24x10° 3.9x10° 84>6 o
AG [k moi-) ~30.7 319 ... actually, it is.
E(.VA AHE flkj mol~} -253 -385
TAS® [kimol-] 49 ~6.6
Scheme 3-4.
macrocycle 7 or 8 ‘ O
i B
m @ (1.3 equiv.) ' 6 reaction was monitored
N .~ >
6/ borate buffer pH 9.0 O N by UV/Vis spectoroscopy
Br ® (4 has absorption at 396nm).
4 (exs )
Figure 3-3.
6 # 8 didn't act as promoter.

1 )
*1 / # 7 induced a modest acceleration effect.

# Reaction is pseudo-first order depending on [5].
—=> Probable mechanism is...

—
&

kotn 10787

‘ 5

L4

\,+——> L_, 89
7

} > > rds X
|
]

0+ —

00 0.5 10 15 20 25 3s
S}t —>

o

N —=

complete binding 7

# Authors didn't try to use substoichiometric ampunt of 7... (due to strong product inhibition)
But when 1 equivalent of 6 is added in reaction, still acceleration effect is observed.
———> possibility of catalyst turnover 7?

in 2005, authors also published out the same approach for development of acetal hydrolysis promoter.

Srheme 3-5. New. ). Chem 200529 1001.
Q. [@ "4 4is desi oni
QO v Sorso™ oo wo Q ., # 4 is designed as a cationic TS analogue.
= - OH
\©‘~o) NO, \Quo " # homotrimer of 6 is amplified in the presence of 4 in DCL.
1 2 3
COM # 2.1-fold acceleration of hydrolysis was observed
COH HoCy ; in the presence of homotrimer of 6 .

o HS RE
HS' SH  HS~ = 2 N— SH

TSA4 rac-6 7




4. Analytical Advance 4

At present, the most problematic point of DCC is, low-resolution in analysis.

In large-membered library, usually, many proper candidates should be generated.
HPLC separation and detection should become difficult due to insufficient amplification.

According to theoretical model, in a random population, mean binding constant can
only be increased to a limited degree (ca. 102 fold).

== Some experimental procedure are reported to overcome these analytical problems.

ChemBioChem 2001. 2. 438.
Dynamic Deconvolution of a Pre-Equilibrated
Dynamic Combinatorial Library
of Acetylcholinesterase Inhibitors

Taridaporn Bunyapaiboonsti,”! Otof Ramstrém ! Sophie Lohmann
Jean-Marie Lehn,"™ Ling Peng.®! and Maurice Goeldner®®

>> Experiment:

-Abstract-
Proof of concept: "Dynamic decanvolution”

Scheme 4-1.
o # Reversible acylhydrazone formation constructed DCL.
N. R
o R M o ANNSR L w0 ,
)‘N’NH” T H \pI: # This library was applied to search acetylcholine esterase
H ' (AChE) inhibitor.

-~

,1_,"/ pd AL
Figure 4-1.

- # X-Y' or X-Y"-X is generated in DCL.
i o o Ly QAR
hydrazides X et m‘iﬁ e “.’N\j\ﬁ " N&jkﬁ'w # X-Y"-X is designed to adapt two recognition

4 site, located at the bottom and at the mouse.

2 3
t.:'M.,rL_,rm uo\,tm @YH m/©in Flgfé’ 4-2.
o . .

monoaldehydes Y'

A 8 [+ [}
A ) H
dialdehydes Y~ Nj*r" AL, "YQY" "Y("jl"" "YOJ\
o ° o 9 o
€ F G H I

(linkers)

Figure 4-3.

# Individual assay proved 4-1-4 is the most potent binder.
Bis(ammaonium) structure is important for strong affinity.

IMOBIN%




>> "Dynamic Deconvolution” is... y
(1) Assay the whole mixture of DCL 1

H 4 NaOAc buffer
T+.+4+A+.. . +1 B aliquot is directly subjected to
rt, 1 week DCL AChE inhibition assay

(2) Assay the sub-DCL that lacks specific component
2+ +4+A 4+ 4] pH 4 NaOAc buffer generated aliquot is directly subjected to
(absence of 1) rt, 1 week sub-DCL AChE inhibition assay
T+3+. +4+A+.+1 _PH4NaOAc buffer (oenarated aliquot is directly subjected to

(absence of 2) rt, 1 week sub-DCL AChE inhibition assay

. H 4 NaOAc buffer
1 +.('e.1:)s4n+ Ao‘]'c'-l-)-"" H P ger;)ergtgf aliquot is directly subjected to
ence rt, 1 week Suo- AChE inhibition assay

(3) If specific removal resulted in decrease of activity, it should be important component.
In this case, assay is required 1 + 4 + 9 = 14 times (< 66 virtual constituents).

>> Result:
Figure 4-4.

# 1-component (X) removed Sub-DCLs were tested.

ot vrre mciwiy

> removal of 4 and | is crucial for library inhibition activity.

lBpnaclicRacnm. ,,aﬂ
.»-v.)4xocn¢r o

oy

Figure 4-5. sequencial dynamic deconvolution to determine "Next important”
b) Sub-DCL lacking X, H, I ¢} Sub-DCL lacking X, 4

N

a) Sub-DCL lacking X, |

Next importants are Next importants are

Next importants are
4and H Table 4-1 4and G 2, 3 and H, but not so crucial
Compound 2l 1Csg rea)
Q o
(;'\-.{;_“:—O—,“_}—’ & 1 230008
434
>ivvwv;'\ N . # Obtained best inhibitor 4-1-4 is more potent than
st other kinds of bis(ammonium) inhibitors,
\»’«vaM;’( . vs202s probably due to additional binding effect of linker region.
doderamehomives
C’!\/\/\N\AF
6 0 0 258414
1.10-bis(pyridmismopdocane .
o’.‘\va\M?
o 0 12 160213

11 2-Bestpyndinimpdodecsne




J. Am._Chem. Soc. 2002. 124. 5692. y
11

Amplification of Screening Sensitivity through Selective
Destruction: Theory and Screening of a Library of Carbonic
Anhydrase Inhibitors

-Abstract-

Incorporation of irreversible destruction step
makes the existence ratio more distincive.

Easier analysis of /n situ selection dynamic library
is probably possible.

Jeremy D. Cheeseman, Andrew D. Corbett, Ronghua Shu, Jonathan Croteau,
James L. Gleason,” and Romas J. Kazlauskas®

>> Concept and Theoretical Treatment:
Scheme 4-2. Assumed model

@ ) _“2_""'""_ DMO& (%‘:'7

Sarget - dnnidisor
ompéexss

# Unbound / weak inhibitor is preferencially destroyed.

# Bounded / strong inhibitor is remained.

Scheme 4-3. Theoretical model of 2-component selection

Kda k2a
TA T+A — P | In[(1-C)(2/(1+RNI
Kdg kag ) In[(1-C)R/(1 +R))]
T8 T+8 Q K
! where C =1 - ME}_T]_. (conversion)
(Arlo + [Brlo
. [A1] :
Figure 4-6. ’ R = ——L (ratio)
r 1 [Br]
12 K
10 | if koa = kyg, S = —dB (selectivity)
Kaa
fe [ S=40 10 ({A7], [By] is the total concentration of A and B)
6} 4

#1f S > 1 (A is more stronger inhibitor than B),

1 As the conversion (C) approaches 1, ratio (R) dramatically increased.

4
2
0

0 01 02 03 04 05 08 07 0.8 09 1 c——> Possibilty for easy analysis of similar binding DCLs.

Convutsloncc

>> Proof of Concept:

Figure 4-6.
# Dipeptide posessing para-sulfonamide moiety is chosen
as inhibitors.
Outer Chamber Inner Chamber All compounds have very similar binding constant.

Table 4-2.

e I
M‘A"J\g === w0
. ., L]

E(opz\ij\timnz an,cu(rco,u
'ow

—

et G } G e
~ L

iniibiior ! CA aomplex

# Inner : binding by carbonic anhydrase (CA)
Quter : non-selective destruction by Pronase

# Dialysis prevents diffusion of protein,
but small molecule {(<10kDa) can move between chambers.

e o Ty Lo

Jog
RN
i

Wi

o

3R?= 180 o0 MR =180
TeA CHgoh [ ARTxM TFA, CHC (] 4RI H ¢

a)R's8n — S

bR = H e

<) R'= fBu compound K My
Pheatl) 13416
E1QC-Phe,, (2) 12214
EtOC-Phe,,-Phe (49) 12402
E10C -Phe,.-Gly (4b) 25405
EOC-Phe,,-Leu (4¢) 44 107
E1OC-Phey-Pro (4d) 924416

- EtQC-Phe-Phe (5) *1000
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Figure 4-7.

>> Result:
Figure 4-7.
absence of Pronase
20 1) Qutslde Chumber 0 6) Inside Chrmber ‘
a
16 .‘] o
44
pepiael s o !
w8 » (M) s
4dc
4 4b 4
4z
0+ o LR
] 10 20 hl) 49 50 L] 10 n 30 l'l! £
Tirme ¢h) Tlewe thy

presence of Pronase

inside Chamber

0.28
02
.15
[dipeptide]

mdM 01

.08 4d 4 4a

00 s : 4b

0+ g ™
] 40 89 120 160 200
Thme ()

# Strong binder moved to inside (CA) chamber.

(binding: 4a > 4b > 4¢c > 4d >> 5)

but existence ratio is < 2 —=p difficuit to analysis directly.
(But because this is small set, concentration is

possible to be monitored by reverse-

phase HPLC analysis)

# after 120 h, weak-binding inhibitor
is completely destructed.

# after 200 h, 4a/4b =3.8 /1
(larger than K; ratio = 2.1/1.)
This result matched theoretical value well.

Angew. Chem. Int. Ed. 2004, 43. 2432.

Selective Binding

Psendodynamic Combinatorial Libraries:
A Receptor-Assisted Approach for Drug
Discovery**

Andrew D. Corbett, Jeremy D. Cheeseman,
Romas J. Kazlauskas.* and James L. Gleason*

Scheme 4-4.
o or.
L;uo COE! .

o L
u,u,,:,co_n s, Y o ot
t 3 :
.;] o e u r ‘R

N
1 X 2 SOH, 3% 3 SOMH,
2Xem axXzH
Sorws aR »CHPH R s H
LR MR aH
CRT = CHRCHCH), B2 H
AR'R = (M

-Abstract-

Expansion of previous concept to pseudo-reversible

combinatorial library

(pseudo-DCL).

Figure 4-8. library members

S0,
(( h,sogm«: I J SO, so  NH,
j J
i i
5 o s s "
\/ on H l. J o ac
€oc Y i » O ey e OH -
b emoc <l
s W B -
7y, o r
38 EI0.CPI-Phe,, 3. E10,CClPhe,, 3¢ E1O,Cleuhe,, 3 LI0,CPY mm
K=87pm K=56pm K=26wm K=ot

# Scheduled addition of Tantagel-suppoted activated ester
realized pseudo-dynamic combinatorial library.(= combination of irreversible synthesis and destruction)

Figure 4-9.

Sptesis Charmtror

|
- |
i

Figure 4-710. Result

# 3-compartment reaction vessel is designed.
(synthetic chamber is added to previous system)

# Fresh resin with activated ester is added in cycle of 16 h.
(8, 12h were also tested, but too short for this system)

060 |
0.50

oM 0.40
[ "oos |
| 030
] 020
13): e

# after 100h,
3d/3¢c = >100/1
(K; ratio= 2.3/1)




5. Future Prospect

>> Overview and Present Problems

Still at the stage of proof of concept (especially in MOLDING system).

Development of the concept and methodology to expand much larger library, is important.
Development of more bioorthogonal library that should be applicable to sensitive biomolecules.

Requirement of stoichiometric amount of template is inherently problematic.

>> Inductive concepts

DCC concept is very attractive: various new concept should be induced from these reports.

> Fragment-based drug discovery

the known
drugs more potent.

Scheme 5-1. Kg=1.1uM Sharpless. K. B. et al. Angew. Chem. Int. Ed. 2002. 4], 1053; J. Am. Chent. Soc. 2004, 126. 12809.
i
p/H*Ns in the presence { e
m of AChE : F
+ Kg= 77fM
Huisgen [3+2] : Vi
e i a
(IIJ ] ! "tethering” makes

Kd==|8nM AEhE

> Separated dosing of drug components
Scheme 5-2.

More specific
“T "™ More improved ADME 7
Multifunctional drug

ENZ_ AB-Enz

A+ B AB
inactive active

Active drug is generated in body
only when all components exist.

> Protein Manifacturing by Selective Reagent / Catalysis
Scheme 5-3.

e |

tether optimization by DCC

1) PAN=0O
2) reduce.
3)cutY




