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Good points

1. Introduction

* Modification in Living cell 2
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Problematic points

1. Introduction

*Low functional group tolerance

£ o
N, G
E.-—-‘EE&H G
M-L,, H.0
4 HS
IHZ/LH & N
- Toxiclt‘?" e.g.) Fentan reaction
: ductanf®?
HOr + HO' Fe(ll 12
s(h (Cys-SH)
reductanf®
Fe(ll
HaOo a(ll) (CysS.SCys]
* Low water solubi |it‘5( J. A. malay et al, 1. Bacteriol. 2003, 185, 1942-1950

Pd{PPhu)s, Hoveyda-Grubbs 2™ cat. etc...

Ligand must be
" * protect active site

Q. FEMEVVTIHOIC, —RIIIZESLI=DKN?
A EE—RGHENEISNSGETIOIBHEIRALTOELD T, AANGRBERRSETHILVET,

Pd microsphere D KSR —RICL THEFHB (THIEWESIZT 57 TA—F A —BHEETIELELTLEID,
B—ROMETOAS5ETDHE EELLABVREEHEILTLEN., B2ICEMHEFMZA DD ITHLWNERWET,
NESLVERTAEOHIC.VAVEEDFTERDFEEHSHREDZHEERSL.
EFLEVWRIEERITDERSCILETEETN, ZO R RIEHEINMELGZS>TLEIDT
BMADNSUREMADIFEETIILZNVERNET,
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2-1. R-SH oxidation (1)-1

2. Redox

Cytotoxic [Ru] complex oxidize GSH to GSSG

R e e 4 3 Z ppm
;:-g"’::': ;2;'”&2 H NMRspe-ctranfE:ﬁHafterlncuhanmli?‘trwlth-dfnr
HE=H 6 F=H fo} 30 minand (b} 24 h
Hosme psiel GSSG (mM)
Comples* AZTBE Asa® Erwet W ® ]
Taen casali FE-0 040, —1.90 ot 8
4 ga-cl Atan 2t o3 ‘1 Py
Azpy-Nitoy e ] 7] —1.28 I
2Ll 4058 AW -032, 077 il P e -
Y L &5 ~0.26, .72 PP
AapyOH == BN nl?
3 ~100 {>100) SO {00 023, -84 0
&is-Lh 30 100 51 (=100 —D.18, 857 o 10 _— 20
Ay >190 =10 =1.31 s SCEY Catalytic addation of GSH {10 mM) to GS5G by
{42780 gvarianand A549 lung mncer cell lines) 4 (100 pM; blue) or § (100 pM; red) for 24 h, 37°C

b
R 1. 5adler et af. Proc. Natl. Acod Sci. U5A 2008, 105, 11628-11633




2-1. R-SH oxidation (1)-2
2. Redox
&
] i2 : , .
= B i |Ru] increases cell ROS leve
=4 - [5]
F ’ /—’—f k
m 2 i1
g
8 & —
E o
op?
3
g
§ £ 1 Au-A [ [[n*-bip§Rulen)ClPFs)
B 5 Au-B  ([in-thajRulen)ClIPF)
w Canfrod
=
o 2 i} 4 5 B Time [ h
Incubaticn of AS49 cancer cells with Ru complex (25 pM) 100
- &0
)
&
g &0
e
=
v 40
) w
Thiol cancels [Ru] cytotoxicity © -
After 24 h exposure to ruthenivm compounds,
Lighter : 56 h recovery for A549 lung cancer cells 0
Darker : same but pretreated to increase intracellular thiol level “} {2} {"” {5] Ei'iplaﬁn
{retreated 5 m M N-Ac-Cys for 2 h) i5 M) (5 M) {1 M) (5 M) 5 M)
B ) Sadler et of. Proc. Notl. Acod Sci. USA 2008, 105, 11628-11633

/

Q. RuldH202Z2 Y C&THifaEHERLTS?

AZDIEITMA, MEPDGSHEHET H_LTLHREADEIEEZ EITTOET . FIDRF/MSE,




2-1. R-SH oxidation (1)-3

2. Redox

Ru-X is replaced to Ru-5G

(a) Ru-l {b) Ru-Cl
Ru-5G
Rl I Proposed catalytic cycle
- After 1 h R . e
M= S incubation 316 K 'L —[ % —|
| Ruel % s
/Ru\ R —_— x‘iu 5
Au-5G | Ru-Cl M, M=H N Nl‘mﬁ
1 I I
i Initial H S8
Chromabogram
| Ru-cl
Ru-l |H'¢'{:IJ| -~ - - GEH
| | | Ha0 % _I GESG
| ¥
TR LD T MR e b e
' m m
tima fmin fime fmin b N//N \_\“ @l
] |
PG relyss Criml
Reaction of G5H (5 mM ) with & [Ru-1} {2}

and corresponding chiorido complex [50 M) [Ru-Cl) [B)
{10mM phosphate buffer(pH 7 8}, 5% Hz0, 5% MeOH|

After 1 hincubation at 37°C, 5 adduct ks major peak
and peaks of starting materal have disappeared.

o -

*Xis initially I, which is displaced G5 during the early stage
**-Catalyzed Decomposition of H202
1. C. Hansen, . Chem. Educ, 1996, 73, 728-732

izl

R 1. 5adler et af. Proc. Natl. Acod Sci. U5A 2008, 105, 11628-11633




- Q. Entry 5T PhSH and PhCH2CH2SHOTESLVDTE?
Q. 1< 2E R TAllocHREE T BRIIEIZ 55 2 N T B E B DTk
A FERSTLIRU, PASHE R DT SR ERATLE. o S AT DL PhsHASETHIEL TREMIZfEHA,
\ P hCH2CH2SHIE KBRS TS ERLVET,
/

-1. R-SH oxidation (2)-1

2. Redox

Allylcarbamate cleavage by Ru(cod) complex

==

—=—Ru
Q{)f e Table : Catalytic cleavage/of allylcarbamate 2a to p-methylaniline with
= [Cp*Ru{cad)Cl).™

EE \ ICL".H”I'\;G:I:'GII :-l “10 f”ul%] R? EI‘I'L!}' Tl'll-ﬂl / S'DJ'IH:I'I[ Iﬁl'lrr". T ?H.'.ld
M0 y = y
R Y " PhSH (5 aquiv) RiVH | 1 PhSH MeOH/H,0 air  RT 89%
0 MeOH | HAO (95:5) 95:5
2 02m) RT, ovarnight 3 (33:5)
2 PhsH heliH air RT 93 %
H H ] PhsH MeOH/H.O argon RT  96%
e 0 M. .0, [ B
o ot
: ol 9 4 no thiol MeOH/H,0 air  RT 0%
2a 6650 2b85%
e, (95:5)
H 5 PhSH and MeOH/H,O air RT 93%
N, O P s :
— -g-' e, Pho N S PhCH,CH,SH (95:5)
O 3
0 g8 S b PhCH,CH,SH E;i:—lfH:{J air RT 34%
7 PhCH.CH,SH MeOH/H,0 air 37°C 67%
yield determined by GC-MS (95:5)

*Presence of excess thiol, no negative influence observed
yield determined by GC-M5
Obtain as byproduct Ph5-5Ph

E. Meggers et ol Angew. Chem., Int. Ed. 2006, 45, 5645-5648




A ENLEZALNET,

BIL&SIZAVNIBEDED-SHABIESNh TWSa[EEEEHUE T A
BEGSHDREXFIV/INIED-SHIZEARTEMN 2L,

BN DADNILEFBITRATOTRSHEMEVDD TEIYIZKWMET TY,

Q. D EHIL TldascorbateE N EFZETHIIFE-THEDLHo=H. TNHAETL TS ENSZEIE?
SEIEEL-DIISHAETRIEL TEIESDLEVSEEITT. T U LEITHh MY EH A,

2. Redox

2-1. R-SH D}uuanun},q—z

Reaction occurred in cell extrdct, Hela cell and E. coli

sl Huzo
c,'”I" o [Rul, RSH

o e =)
-’J % 2.5h, 37T
Erdey | 1 2 3
v | ¢ [ ¢ [
Call Efrmect + GEH | = .

Q. Alloc (YPZNIZHEL-#EE&) >~ TERAIZH S?
A. BEHYFEEA,

Fluorescence imaging of Hela cells

I:[I'HY.-’..”|'U.2I[Imr]’llUmJLl;LE'I'IEﬁIJ-ﬂ.[tl.lhdII_J.ESH [;5 I‘I'IH:I.FIHTU a? EI'Id h:m-e-lmumtaj -h‘ limwmhmrmmn’wﬁhmwmhpm
Entry 3: Same asentry 2, but with [Cp* Rufcod jCI) (100 M) buffer, then treated witl/| Cp*RulcodjC] (20 st} and Ph3H 1500 fiih)
Entry 4: Same asentry 2, but with [Cp* Rufcod Ci] (100 myiMb and PRSH (3.5 mit) a) right after thisady

*¥ields determined by fluorescence intensity bj after 15 min

cj=f): preincubatgd with & (100 e M) for 30 minand at same time with
iﬂﬁj [Cp*Rufcod)Ql], NaCl{ 300 mbd) i membrane carbdoyanine dye DIC18(5). After washing with PBS buffer,
cells were tregted with [Cp* RufcodiCl) (40mM) and PhSH [ 100 silhd)

20 mM phosphate buffer [pH 7.8) i ?
. )  right gfter this addition
3hrt dj=f} after the indicated times.

Histone H2B-Lys27(N-allocllys in E. coli Mo cytotoxicity observed (na figure]
P G. Schultz et ol Chemn. Commun., 2010, 46, 5506-5508 E/Megge W Chem., Int. Ed. 2006, 45, 5645-5648

V

Q. MsFxEETS?

A CORBRTESRETIE., MERNICMEZVO N TS EEHEN22L5TT,




B2 %88

Q. Pyrenel I REME AR ELLD?

ftb D eI REFI A BELLL F=-RuSB IR (T H D ?

A fRaSEHICELTIERAHYFEE A,
BEoARMFUZRLIEERNPAERANRZ TS,
CDERDENAMEZESTIHUFDERNLE

Q. D FIEERFN M EGLLF=RusE KT H D ?
A. Photo cross linking CfE> T \f=Ru(bipy)shiH B ERBVET,
ﬂﬁ(_liblologlcal conditionCRIELTAHIAHYFEEH A TLT =,

2-1.'R-SH oxidation (3)-1
2. Redox
Pﬂctoact:x-'ata}ﬂcata-yst 2(0.1 mM) - =
& DMS0:1 m M phosphate
buffer (pH 7.25) = 1:1 iy
z -
- --Fu
b L .“CI 5 (0.5 mM) 375G, 10 min, hv (A 2330 nm) :
\ (non-flusrescent) 6 (uonescent)
enlry ant of cat {mod H) thinl wield L
thermal catalyst (1} photoactivated catalyst (2) 1 Gl ME 05 =0l
pravious work this study 2 iy e 1.2 £ 03
i 1] ME 11£1
F B} Cys 14 +1
2 with b (5 miny or 1 {ne light) 5 10 PhSH 914 4
R? i 10 mol% ! f 1] ME + PhsH 9+ 3
'.. = - BT i
M g PhSH (5 equiv) F:"z p-mercaptoethanol (ME), PhSH, and cysteine [Cys) were all 5 mM
R2 OMEC RT. air R Yields determined by flucrescence intensity
Ja-d ] 4a-d (thodamine 110: Asx 488 Aam, kem 520 nm)
H 130
M o) o
YO o 4
o 4 o a0 ,_ff"'fd_d.‘_d_&- 1
3a 61% (86%) 3b 83% (85%) 3 o f'/ :
Ph = / Reaction dynamics
H O N. O s ) ; frwum;“rpm 2 (0.1 mhd),5 (0.5 mbdj, B-ME (5 mb), PhSH
P T, Fh | o rhodaming 110 ation .1 mh), 5 mb), mbd),
Phi N = N b il (5 i), DMSO/H20 (1/1), hv (A 2330 nm)
Q Q l{ Yields determined by fluorescence intensity
3¢ 70% (94%)* ad 81% (87%) o J" [pyrene, e 219 nm, dem 390 nm;
9 30 80 89 1 150 1@ rhodamine 110, hex 48 nm; Aem 520 nm)
TR {5} 11
E. Meggers et of. Organometaliics, 2012, 31, 5968-5970




2-1. R-SH oxidation (3)-2

2. Redox

Inside Hela cells

N § HoN N
Gt:‘l‘; f‘j 2 hwv h
J o L P E;n

5 (non-flucrescent) 6 (fluorascent)

A
after wash
i

[Ru], PhSH

[Rul, v 10 min

Figure 2, Confocal fluoresence imaging of [Cp¥Rul pyrene [PF,
imduced wncaging of the bisalicarbamate-protected rhodaming 110
(5) inside Hela cells, Hela cells were imcubated with caged
thoadamine 5 (E00 phi} for 25 s and then wished with PBS bulfer,
(A} aier the washing step; (B) after the addition of ratheniom
comples 2 (20 pM) and a 10 min incubation time; () after the
addition of mthenium complex 2 {20 gM) and thiophenol (1 mM}
and a 10 min incubation time without photolysis: (1) motheniom
Lmltpllu 3 {EU ,t.'M] addled and P-!wl‘.ul}':ud for L0k mun with 4 2330
nm; (E) rothenium complex 2 (20 pM] and thiophenel (1 mbl}
added and photolysed for 5 min with 4 =330 nmg {F) rutheniom

complex 2 {20 M) and thisphenol (1 ma) added and phatobyzed for RV RN, w5 tnin IRUL{ERSH, agdp min
10 min with 4 2330 nm.

12
E Meggers et af. Organometaliics, 2012, 31, 59685970




2-1. R-SH oxidation (4)

2. Redox

Ar-Ns reduction by FeTPP and R-SH

A Ph
T
N II,-'H}"(_
=n El ==
pees
4 }YJ\VE
h

~
Fi
#
M
P

;1 FRTRFIC {1 mal%] Hi

] Hn-”““-h;ﬁ" |5 mnuiv) @
CHLCILMaCH G55, 30 °C, ar :

=

10 R=0 28BS (TERMY
1k R = WO, 2h: 7E%
1o R = £Hy 2o BN
1d; B = OCH; 2d: 93%,

B o
e .
(e H/\LﬁTn .
(=]

L.
o
[P TPPYCH 1 malbs) R'= Wy (1)

EH
5 equiv) I:I': R'= KM (e, MS-2T75)

HU'HV

Schemae 1. [FeTPPIC Foatalyzed reduction of aramanc azides to amdnes with
thicis. &) Reduction of simple aomatic azkdes B (Fe{TRPIC catahe e for
mation of the anticancer dneg candidate M5-275. [a] Only 0% mol# [Fe-
TTPPHCE usesd in el reaition

28/ %

Figure 1. Comparison of different metalloporphyrins for the catalythke reduc-
tion of aromatic azides with thiols. Shown are isolated yields of 2 8 TPPPy:
5,001 5, 20-tetraiN-methyl-3-pyridyliporphine, TPPCL 51001 5, 20-tetrato-dli-
chlorophenyl]-21H.23H-parphine, TPPE: 510,15, 20-tetraphenyl-Z 14, 23H-por-
phine modified with ethwlere glyvcol chains, TPRF: 510,15, 20-1etralpenta-
fluorophenyl)-21H,23H-porphine, PE: 2,.3.7.812,13,17,15-0c iaethyl-21H.234-
porphine, TPROMe: 5,10,1 5 20-tetrald-methoxyphenyli-21H,2 3H-porphine,
Reaction conditions: azide 1a (1 w), fi-mercaptosthanal (5 equivl, and metal-
lopomphiyrin (1 miol %) were reacted in CH,ClL,/MeQH (95:5) tor 30 min at
30°C, See the Supparing Infarmation for more details.
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Q. SEREDKAEIERICLTLVAELY?

A.CDEIEIIIEAENAEZES T, ETIILRTIEIDMSO:H20=1:1D REEIT>TLET,
CNEHRICESESICITAHAERIIIFEAEF > TOEEAN, BELTEFTLWAOMNTHLRIGIEZEILTULVETD,
RILTL) D BERENIZEB T T OMETAN, SEESIZH-->TKBEDR EARDOONDERNET,

[
2-1. R-SH oxidation (4)

2. Redox
Reductant scope Ar-Nz2 were reduced in cell
My o, ot M T B e, ‘_'::flﬂ-r: 8 .
CrO L |
"5".';-[’ ¥ [FelTPFCI) - e
! o | | R
¥ e REH - I
o | o | f| - L
o Ry | ~
L] 4 wi /
ponfhEEsscan Aunnesosnt | P,
|
Table-1. Influance of biarelevant: reaction conditions on tha catalytic re- | f.f
duction of thodamine bisaside 3 by [FeTpeic) ™ i i ol iuiy
s . P
. —
IFeTPRC [mol %) Thigi Ascorbate [mw] Yield [H1"
| - 02400 Figure 1. [FelTPPIC Hnduced reduction of bisazide 3 1o fluoescent rhoda-
2 res i I"' s mine 110 inside HeLa cells. #) Superimpased phase contrast and cantacal
¢ d '::'r" :r i Ii = Nuorescence Images. Hela calls wene pre-ncisbated with bisazide 3
= f: Lys '? T A 5 f 1100 ) loe 25 min, veashed with PBS, and subsequenty tréated with [Fe
% : i.'_-,-:.., Sqlrml 18 i Ju [TPFRICH] (10 pwa). See the Supporting Information for more details. B) Cuanti-
% L3 PIIST‘_I' T Il:l._ o lied tline-dependent indresse of ludrsicence enission within e cellular
6 5 Cys {5 ma| = e oytosol of Hela cells upon [Fe{TPFICI] additon (@) and the cornesponding
s | =5 =
7 Gt 45 v i i time-sependant Alesrescance in the absence of catakst (0] The dmage anal
[a] Brazide 3 (05 mml was reated with the indicated amounts of [Fe w5 was perfarmed on reglons of interess (RXis) for sighe indvidual Hela
ARPICT In DS hosphate bffer (1:), 30 mu. ol 7250 at 37°C Far Th calls with the software Imagel. The fluorescence evalution was analyzed for
Ehi el e ;
fb] Standard devisticons from three independent experiments. [c] Beaction A TN AL S 'Ih: .,II.'|r.'| for me fdr"l!‘t'r “'-?'C.""-".'_wm(' ﬁm'd.mr
perlormed in DMEM inutead of phosphate buffer. [d] In the abssnce of alr' '?’:rm"e_'"'_al =quation with the exponent being the rate censtant |z o
i n 3 1 4
[FeTPRIEN] the yield |5 ony 1% Lhe intensity increase

Fluorescence were observed in vivo, due to reductive metabolism of Ar-Ns

Figure 3. Activation of bisazide 3 in vivo. A} Adult C elegans nematode in-
cubated with bisaride 3 (25 pal in M9 buffer with 1% DM30 for 20 min,
betare being pelleted, washed with M8 buffer I mLl, concentrated to

100 pl by decanting, placed on a slide, and treated with one drop of 10%
azide, followed by Rusrescence imaging. B) 2.5-day-old transparent zebrafish
embryos incubated with bisazide 3 (100 psm) for 20 min fellowsd by fluomes-
CETCE imaging.
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2-2. Reduction by HCOzH (1)
2. Redox
Reductive alkylation by [Ir-H] and HCOz 2
ém -
0 ) L
B0 80 mbd Farfler
ﬂ.ﬂpj\ pH T4, 2237 °C
un.;muu;
qa X =1 X Table 1. Roduolve Allkylation of Prooins Using 42 and 1h=
t:f'ﬁ' B X = DWle fm] T Unmed
o 1b was best 255 G0 why gl @M PR 6B 1P saRR S0
(12 afford small amaunt of 2a, 1 JaflResn 20 22 6 g T3 [T]
1c gave no product(data notshown ) 2 Hilmady W 37 i1} BE 25 1% 2
3 dadlogeA;  § 37 @ 34 TR )
4 JadiBexl 2 37 I 0 i ¢
a 26 M e : Jafla 2 22 15 Qg’-_‘-" M ir-*i“;
Lyomre 4 TR o AN P B & Ih{lBBaa M 22 1 k2 b R 13
Za {1 85 e e s T (00l I T M AT 7 2 it
B M{Inesaan 20 37 8 IF 0 [l ik
o c AR T Fefmas) 200 37 5 41 i It o
10 II0D.A0 20 37 70 2 [ 1T ] (1]
# Additoral oomitions: | omdd 4. 75 ed HOORN. 50 ik XLHPC,,
- | Y 74 §E-22 T Pastia cubetioetes Peoodie 3 imeclivom o 350,
i ww e wao .mﬂmm A (3¢ @ I myosloben (3a7. nivmeclease & 1301
#""r N y . - atd ety 5 SIS M Pandier disteilotions were deternbined Toal
Flgure 1. Mo of lyweyrae vy seduciio sy b, Tk the ESL SIS amabvaes, © & glae sy sll ameoants of +3 {5750 il 6 3%
rravihon cursitions sommedeed iRl o Sl of sigleed poedes
s J6L ob Canteed espeadorian. kaekieg emalm Facliod 0 saesion
Specw sy ane pxomuvesd e g lndier oinonsed
ESI-OEF mmlyas. 15
M. B. Francis et ol L Am. Chem. Soc. 2005, 127, 13490-13491
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2-2. Reduction by HCOzH (1)

2. Redox

Aldehyde substrate scope

Table 2. Modificaton of Lysczyme (3a) By Reductive Alkylation®

Alderiyoe'Hatons Unmnoel (%) +1 %) +3 %) +3{W wd{%)
db  CreGreHD 72 28 1] 0 1
LHG
de &1 a3 h o o
O
a IJ', | j 0 6 A 3 5
o
ds {C‘I}Dﬂ‘c L 3 8 L o
3
I LCHD
a bl}kﬁ:[ 1+ Fr 3 ¢ o
WOy
44 ,,nl 100 ] ] o ]
e
dh Tgfa Th dn il i 1]
:\I:‘ CHO
4 ar@ £l 52 15 a [

? Conditons: 100 b hysozyme. | mb] 4b—i, 20 40 1h 23 ;M sodiom
formate. S0 mM K. HPOy, pH 740 22 5C_ 33 b, Product distobutions were

detemmnued indng ESI-MS analyss,

a 1.1 o DRAP
> CHoCh, 1H : . ?L
T i = gt Py
n 7. PEG Précipgation n
5 MW = 2000 37 convesion 4
e ™
20uk 1o
il 1 il
o = | 1 7 3
25 mM HOOMa L= o ﬂ Profein P
) i FHPO, Bl & 41': z s
TAITC 18k g =
i 59% overall conversion B =

Figure 2, Comugation of PEG w lysoryme usng a simople two-siep
procedure. (a) Commercially avalable PEG aleohols can be oxidized 1o
afford aldehvdes before conjugation to protems via redunstive alloylation
(b) SDS—PAGE analysis of 6 shows the formation of singly and doubly
alioviated conjugares, Control reactions nm in the absence of catalst (kane
2) or aldehyde (lane 3) afforded no conjugares. MW Indder: 25, 20, and
15 KD (from top). Lysozyme MW = 143 kDo
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2-2. Reduction by HCOzH (2)-0

2. Redox

Precedents

- i
HED, R TG Megibay) ™" NADHPIH o
__;\J)Lmh
1 '.u,,_r;-
Moo £0
" ".-'-R'h\ 'Im

co, H=h"C Me Doy NADIRI" Gy n

+ hydride feerration

E. Steckhan et ol J. Chemn. Soc., Chem. Commun. 1988, 1150-1151 /
R : 2
" H=C—artd N Eb R il
:;F_—‘” E L “oit, LHK H..
y ni i
== OO :
=F - C21BlVE BRI I
:@ l.J'l' % .'DH‘ z 3+ coordinatonk ingiic eflec
. H 48 B
& &0 3 P
- N
3 " § o J
E] 1 I’%;.-NM
)X Hyl 1. A-dibsweio prosdoet g

3 hydricle transferinsertion
P

+ _| -
< =0 ﬁ: : A R. H. Fish et ol Angew. Chem. Int. Ed. 1990, 38, 1429-1432
e, " j"'uﬁ ﬂ f. H. Fish et al. inorg. Chern. 2001, 40, 6705-6716
S |- b

A 2 *Ir, Ru complex also reduce NAD” to NAD catalytically 17
Y. Watanabe et ol Orgonometallics, 2002, 21, 2964-2969 P. Stepnicka et al. Eur L Inomg. Chem. 2007, 4736-4742




2-2. Reduction by HCOzH (2)-1

2. Redox

?_ |Ru] complex reduces NAD

[Fu] eal, (0.5 eg), HOOS (12.5.80)

-
D0, pD 72,370 d=’
T ¥ = 08532 + 0,138
AF = 09892 h
24 &
% ~ h -
104
£
05 B.
L
na : 1 ] il - | L} | Balad L | L] 1 =1 ’ L L | | Bl =1 e L |
0. 140 20 an g T &b Y] 4.8 B ppm
tima thi
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2-2. Reduction by HCO:H (2)-2

2. Redox

Ligand effects

Turnover frequency (h1)

H o HH @

N np, [FRulcat (0.5eq), HCOy (25 eq) NH,
p > |

N D0, pD 7.2, 37°C N

R R

1:NAD":HCO2'=1:2:25
161

1.4 4 .
124 -——

104 /
0 4

o6{¥
0|

nzl

I:I.Cli
oo 02

B

Turnover frequency (h™)

o8 10 IjE 14 16 1.8
[MaHCO,] (M)

04 086

0.85
Hy |u""“|:|
NH
0.16
l-:h.-/R|u‘"“*1:|
NH
¢
0.18
R
H™" |u“'“‘c|
MH
R 0.05
ol o

AS549 {lung cancer cellsjwere tolerant to 2.5 mM HCO2
(highest concentration in this test, data not shown)

B L. Sadler et al. £ Bigl. inorg. Chem. 2006, 11, 483-488




2-3. Reduction by NADH (1)-

Hz Formation
{mol equiv per maol of NADH)

2. Redox
[Ru-H] {also [ir-H]) reduces pyruvate
. = bmb |
7 ] I
N1
N ""-..{: |Nf -““‘:H;
. g 5 [Rujcat. (1eq) 5
HACH (1 eal
M Y s g
Hi 0 D G-0. 1
I# CO ,@’L M under air, 37°C HF H
& pgym Cp* Pyruvate Laciat
o il o ®  Ru-Hydride
ﬁhlllt\, o Furrrl toy drid & complex . 15 min -
10 g ‘ 15 min
@ C -u} 30 min
phen bpm = H' S
30 min
| & 1.“5 min -—-——Lw

1440 min 45 min
| = R o o L

H'  Ru-Lactate 1440 min
“$GT 'LJ i _J x 2440 mi
2440 mi min
%ﬁm; \“_-_J' T T - T T T ™ : T - I_l —

Hu o i a9 37 1.5 1.4 1.2 1.0 -7 -8 ppm

)

06

04 Ih]cal. |68 moi%
WG 5 mi phosphaie buffer (g7 3)
oz W it
d i
0
0 500 1000 1500

Timelmin B 1 Sadler et al., Angew. Chem. int. Ed, 2012, 51, 3897 -3900
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A.CCTCEIALEETOMRX T, SBARER LB &S, 1 atm, R2FRFEK T T
BARLEDKREMA-EKRORBMIEISTVET,
FhEAFRDE SEALEI TOTIENLLFHEWNET TT,

/
2-3. Reduction by NADH (1)-2/

Proposed mechanism of hydride migration

A @H —|1. @R i - |
e =ik

N Moy —MN = -
{n')_‘iu.i" ,,’_'ﬁ}' 1.4 BIADH E":',_.’_" "
BN
|
Ring slippage |
nfton® i
E
e R
1 Y
'f.‘|_-] E:HP N ';nL.F g
Ru—H N H %_,
G e b E
- 3] AT ._.‘..-IFT;_QEW
@' W
Fleure SK Proposed wechmesm for fasfer of bydide fom L4=NADH o (4) "

i conplexes L. 3, and 4. and (8) 1™ complex (7)
ﬁ. s d: a
T

. ’, Ring slippags

A D. Selmeczy et ol Organometallics 1991, 10, 1577-1586. P ). Sadler et al., Angew. Chem. Int. Ed, 2012, 51, 3897 -3900




Q. ZZOE—IHTA—RETEDIETTHILIZHEOTNSHDHON, BHEDEBRBNEET EHSHEDM, Eob?
A. BELSTHILARETY,

(Offi. 2{EDIr, RUDBEIEIZHMSIELND T M) BT ALK E/LD T,

quinoneNEHIL TWWTHEZDE—IDEFZIEFTREIHABWNIT TY,

/

2-3. Reduction by NADH (2)-1 / B Fidine

[Ir-H] reduces guinonesto...?
(ézj
i, + MADH -
I3 _—l_n- & '-"l
=
T Gh -
f ,‘._ H % a0
¢ E- H' é E- I' é gﬁ% r v II "

Scheme 1. One- and two-electron reduction of & guinone (e.g. berzo- ﬁ
quinone} leading to semiquinone and hydroquinone, respectively.

Lul
CH; HiC Hy
Ha Hy

menadong duraguinans
(viramin Ks)

—!2+ R —I..

Ir -!-'
E‘N -::u-u2 E E' ™
H‘

2 R=Me
IfA= 4 F=Ph

P 1. Sadler et al., Angew. Chem. int. Ed. 2013, 52, 4154-4197




Q. BEIITIEFES?
# 53 Hhydroquinonel 2> TENATERY Dquinone&E RIEL TULND ELVS AT EEME E?

A FOHRERBLHYETN. TN TIERDRASAFTRUIRNEFETDRIEANZALEEDZEITHZERBNVET,
IRILF— B’Jl»nb‘ﬁ%’éf'&égtl HYEF L. semiquinone kY TRILF—DE L hydroquinoneZH T (FN THEWLEH—ELAEWNERSDT),
HOMRIBLTWDIBEFETDLDELRT2OFRFZLEEEBAHBH LD T, ATREHAELERNET,

2-3. Reduction by NADH (2)-2

2. Redox

[Ir-H] reduces guinones to semiguinone radical

ST
" H™

stable 20 h~ 1 NADH reduces 2 quinone

menadione (VKz)

Rl R? [If} cat. . MARH R* Malar ratio durcgquinone
R+ R Entry  1: MADH: VK, Muolar ratio
1 3 Entry  1: NADH: Duro
yield 93% 1: .6 5 1: 30: B0
i [menadione) 1: 30 & 1 15 40
i 1; BOD;

SrH I_I|f||1.,:~—- ,,mﬂ l“i -

1
wolly ol
lh— =l
| TON o
e - 5.8 -
00 W O MEG LOEG s
H : '\-"’"I'L'-i q.c'é:ﬁu. )
mi“”fn;, o Besd mma O rmo El"ltl“f 1 2 3 4
b S g s 5 oslrsrl g Reducion of menadione (V€ entries 1-4)snd duroquinone
MADH (05 rowa) cotalyzed by comples T oo 3 (160 jina) in phosphate [Duro, entries 5 and 8) by NADH catalyzed by complex 1 (80 pwm).

bufer {pH 7.2, %h), b) Simulated &~ EFR spectrum with hyperfine

{nupl:ng constants, ©) Durosemiquinone radcal amaon -|D":| g,q-.-'m:'au!r]

by reduction of duraguinone (F msa| by BMADH (1 mw) catalzed by ]
compien Y or 3 (330 ust) im phosphate buffer (pH 3.2, 1005). d) Simu- =

Iibeid [ ED tpeetum wibh hoy mesfine emimplinng constarm B ). Sadler et al., Angew. Cherm. int. Ed, 2013, 52, 4194-4197




2-3. Reduction by NADH (2)-3

2. Redox

Proposed raction mechanism

a) One electron transfer X 2 (proposed) b) Two electron transfer

Q‘r D168 _ﬁ;:l ﬁ:l -ﬂ:r

Y
ﬁxfﬁ{?&‘ . }Sv/

""I.‘.‘I!""'I'II!

XX /YY is each potential-energy/free-energy difference (koal® mol®)
by DFT calculation

F ). Sadler et al., Angew. Chemn. Int. Ed. 2013, 52, 4194-4197
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3-0. History

3. Pd
) ~ Yokovama er al.
Mizorogi- protem
buffer (pH 3.3)
Heck Tield: 2%
Yokoyama ez al. Lin er al. Chen et al
; protem protein protem
Sonogashira buffer (pH 8.3) buffer (pH 8.0}, nside E coli buffer (pH 7.6)
Yiedd: 25% Tield: ~ 00 Yield: ~95%
2005 2006 20089 dI}h 2012 1013
Davis et al Bradley er al Davis et al. Dravis et al
% rotein Small molecule protein tide
Suzuki er (pH 8.0) Inside Hela cell on E.coli surface b {(pH 8.0)
Yield: =95% field: — Yield; — Tield: =48%
Franeis ef al
.. tem
Tsuji-Trost Bﬁgf 8.5)

Yield: 50-65%




3-1. Mizorogi-Heck reaction

.
o £)2 {1 mM
;! TPETS (2 mM) A t

16 M DMED [12% whel
5°C. S0h, w/oOz
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?‘] K23 peaprticden o fhve Startimg rdlerisl (a)
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Figure &, The HPLC chromatoegram for LysC peptides of al the crude meac
tion product and b thase of intact wild-type Rii-His, with ultravinket UV
detection at 213 nm. The K3 peptice {17-42) of the biotinglated product
{BF32-fas-His) and that of the dehalogenated prod ot EF32-Aas-His) wees
eluted a5 an cverapped peak Bt 77.9 min.

5. Yokovama et al. ChemBioCherm 2006, 7, 134-139




Q. 6°Co THRFIREITELE?
COHIDNHXTIEIRLEEMNSCTRIGSETET 13,
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3-2. Sonogashlrfa coupling (1) -
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3-2. Sonogashira coupling (2)-1
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3-2. Sonogashira coupling (2)-2

[stirred at 37°C, 1 h before adding)
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8 DMSO |01 mib], 37,4 b [Figure b, right} 1 n@—u 1M 30 midn T
al &l 5 ¥ 2
HPG-Ub overexpressing £ col e —— - i.@r’] e iz a1 180 min
- il [
1 rcontrol{w/o Pdcomplex) . L iy
2:add1aand Pd ! ks 13 Q—« 4m 180 min P
3 ; add preactivated 1a and Pd ”_"'..,.,_...,. ‘bl SLC-MS yield
a

0. Lin et al. 7. Am. Chem. Soc. 2011, 133, 15316-15319




3-2. Sonogashira coupling (3)-1

Ligand-free, Pd(NOs)2 shows best conversion

Q. EHEPA(NO3 2N —BLWERE S5 X /-2

A EEZSFERFEFTEIERLTHEREA,
NIERBYDEZLGDTE A,
KAEDENEDANWMREFHLTLNSD T,
(Pd(NO3)2, Na2PdClalX /KA F=H Pd(OAC)2 . PAC2IEKIZIAITAELY)
B TOVEVWEDIEETSINTHIRFREAKEL,
LMEPOOMNREIZLMNTELLY,
H—ITBFTOBED FPAD WAL F - SATES.,
TELFEERKE—HDOPI=A, LREREDEICEST
RIGHERKEGESIDTIHELNERNET,

Lo

Pd source | 100 pM)
w Or w'o Ligand (300 ph)
sodium ascorbate {1 mM) b,

& 8
L= ﬂlrﬂf"ﬂ"‘b“} ¥

GFPaligne |10 pbd)

25°C, 1h
P FLE 5 | 16040 |

[ g

‘ AR
_mo‘]“fl“on. ; |u|n'L‘-5‘l“amh u..u‘J‘I‘v'-""‘mr;fl
L1 L2 L3
5
PPhE0 Maly Hin'fkm, nuil:rm
[ LS L&

-
(=]
=

Labeling Yield
=aa & 3

2 mM phosphate buffer (pH 7.5}

-

1 L1"  Pd(OAc)
2 L2  Pd{OAc);
3 L3"  Pd{OAc)
4 Pd(OAE); 11
5 Na,PdCl, / 90
-] PdCl; 25
7 — PdiNO3), 95
8 L4  Na,PdCl, 82
L4 Pd(QAck: 64
Pda(dba)y 57
L5 Pd(OAck, <5
LG Pd{DAR): =<5

Palladium loading/iuM
[Pd{nNOziz)

FR. Chenet af. & Am. Chem. Soc. 2013, 135, 7330-7338

bmalculated from sample ﬂuresigce on505-PAGE

Q. LigandFELDIFE . ED KSIZPA(0)H HES?

A [FoEFYEIThMUEEAD,
BEXKPFTETRNSDIBEFETHAZEFR LT
PA(O) DRI F (VT RE2—) DBABRIZEDDTIHELTLELID,

Q. Zh5DPd sourcelFEBFSELDHED?

A THETA. DMYEEA,
KBMEDHAPARELT, BBAFRBEEKDTITLEMES (X
FAMELAHIEFZENET,




3-2. Sonogashira coupling (3)-2

3. Pd

Pd zource (100 pM}
sodium ascorbate (1 mM)
1 % PBS butfer [pH 7.6}
pi-Phe-Fluor 526|100 ph) 'r‘jcl:.lh
+ < or
GFP-alkyne {10 M) e il Cub0s (100 pM)
- BTTAA (500 pM)
= sodium ascorbate (5 mM)
LR
g h 1% PBS buffer [pH 7.5)
\ $i-Fluar 525 {100 1) 25C, 1h
Pd vs Cu

Reaction dynamics Protein deactivation

“IE‘-..-D];.#\-".FIIU r 525

yheldi-45%

Acute toxicity
at

e
4 " ) P,
= - f.r"'i —F :E W 8 e
% a0 f i Er. ” 3'”
= &0 f- — CufBTTAA (100 phy E e
E 40 ! PdiNG), {100 M| :E 4B =] -
[ ] =
" Ew 0t a3
| 1] L]
0 20 40 BC B0 100 120 LR ?_I’f'. R Ly W A0 B0 B0 10 120 140 0 180 20
Timemin Imafmin Timedmin
*Same reaction condition as above *GFP (10 ph) + *Rd{ NO=zjz (200 pM} or Cull) (200 pM)
Pd{M Oz} { 100 ph ) or Cull) (200 ph) incubate 35°C, 1h 32

P R. Chenet o, L Am. Chem. Soc. 2013, 135, 7330-7338




3-3. Suzuki coupling (1)

3. Pd

K
P, + ’@
(=], 19 =L
0.2 W phoaphate-HC OoH buher
Ar¥. - PhBIOHE = A—h
372 opan air
Eniry AT Pd Leading  Conditions Coupting Froduat Vil ()
e e FT
3 o ! |
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CET T e e i e
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3 ,T: = 1% STMD Ak =y ]
Bk ” o0 [ 1 =2 R ==
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e D fegee ¥ B

BEL-1564r (1]

R-BIOH): o R—BFin
AT 7, pH &0 phosphats

i |

byl

."E }-..‘Qll:wnﬂ:mr
L] ds

Endry

R-B{OH]; / R-BPin Tima Cnvarsion

@' BIOH); A0 min 5 G5

P = ‘@ BrOHI, S0 min » 5%
F—@—nrmu, il iy
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F N S T
o
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3-3. Suzuki coupling (2)

Cell-surface labeling (E. coli}

- - ¥ g, =
- { gl
‘\., "\ gy | T "
‘\\% Y ;
iy W0 AR -
a0 - 40
control p-I-Phe mutant » L 38

b

45

b)

HoB 8

&
(%) a5 pareqe anig uwdkiy

T
(=]

Flugrescen e observed
— Suzuki-Miyaura Labeled Celis |
— Trypan Blue Labeled Cells

L]

Suzuki-Miyaura Labeled Cells (%)

cwaddBRERS

o 530 1600 1500 a0
Conceniration of Palladium {uM})
34
B. G. Davis et gl L Am. Chem. S5oc. 2012, 134, B00-803




3-3. Suzuki coupling (3)-1 5P

\@Eiﬂrlh
1 (sam chart)

IS Dhow iy

.7{?“% I:mﬁbq{\i \@;

PaiL 0 i),

34010 mM) TH {01 mbd P, 08 ag 1)

DMG L3 TG (La) 4016 mb}

295% (0.3 MM Fa’, 1009 1)
DI BT Alp-|-E WNTANST 7a% 1.0 kA P, 20 1)

B u

J@ 5 (i 10 mAd) ; :
(- F)VNTANST }—
. *B5% (1. 0.mM Pd®, 10eq 1)

VNTAMNST sequence :
[117 kA + 10 Comprehensive carcinoma homing peptide

35
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3-3. Suzuki coupling (3)-2 389

18F« « «PET tracer, t12=109 min
/ <1 h total reaction time is desired for PET

(a) Ba(OH)y, B
HEF, K00y, | PdidgpfiCl BiGH) -
K222 DMF o= KA, DME0 e 2 :
\‘f"'““‘l 145'=c i 8PC o plPhez Sy '
20 min |_:-='=:r]7 20 min |;"\"—.|'| (;\ } _".:_%j i
RCY 15 - 44% REY 28 - 30% 4 {1 40 i) L RCY 33 %
12 [ROP=9%5%]

{RCF=85%) (RCP=&5%)
|

b b d i
(&) 3 ("1 A~ e - =-.._J€f‘“_
LB e (RCP>05%) i
S04 mbi) S, Pl 0 L\::/J\q,f'h
13 RCY48%

o i o
: pH B, 3790, . . - "'*'bq. ( s
| gL i Q’?’ J"' i (RC P53

5[ 10 i) 'IF\_f

A Pie1Se = v
Fﬁf = /\Lﬁ‘*‘ W08 - /\l';,
: g T I T e

el 2 3
- 3 i - )
4 240,20 mbd) T [1%‘;3&!%&
Br.pGwhole body PET imaging

sl . ZhB crudeDEERDRIGIEA TS ?

A ZEIFEDHE HPLCTHE-FFHELTWET,
BELSHZE, PETTESRE T FBHNE &L
ERENBBET IRENAH LD TREIFETHEMTEEMESNTLET,
EFERBALTOSHZRDIToNGEN =D TET M, CAGRCOEM TE-TES,
http://www.jfe-steel.co.jp/archives/nkk_giho/177/pdf/177 _21.pdf




3-3. Suzuki coupling (4)-1 5P

Pd? microsphere synthesis

a 4 7
= £ | G’HY_\/JI\G u +
¥ Mty L PaORcl uu; M TR

--------------- f— - --|_'-|u||:|.h|7 — ﬁﬂ.uﬂ-l;)

Tikwena, B0°C ElN, ory [k L i
; L Hy L] Hﬁ;h TEiFrine

Y
i | 18% MHzNH;
| mMeCH

S s e .
5 'lﬂf“ 1 20% pperidne k
] : .’,1 1,) n—'D'f'E ﬁ:ﬁm T:nr;.r;

Powder XRD patterns
d 2000

|

[

M
"""Iu ‘ St (1) | Pd® microsphere
- I'hn"\...._.._.-.--w--"."-.._._., @ | pd° powder

e i (3) | Matked micmephere

bl fau.)
g 8 8

o - e o
35 40 45 50 55 €0 5 70 75 80
26 {deg)

TEM of Pd” nanoparticle
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Q. HEINITHBEEERSELV

A PADBHADLENDTEELLGVRIEAHIZ OGN TNANLIEERNET,
BIZIE, BNV EICFL— T AHIEBREDSBEENFPID R YN ESE T ETEILLELMNIT TY,

/

3-3. Suzuki coupling’(4)-2

3. Pd

Mon-fuarsscant

Pd microspheres are taken ifito cells (22 h, 75%~)
P, bt
: Oﬂ o J F Mitechondrialred) merged
Mo Rlscrcascunt ;TR - et Synthesized compound S{green )
[/ - i
Lipopiic 2 d
b
- FIF, = 430 {540 am
— i
) iy =
ol J__ ==
> ¢ o
A Noneducmszent
- .I'
/ i il Allow: Pd microsphere
[not kcalized within mitechond ra)
Q
F 3 3 Q. g 1
= Al W -
5 T_, '-r_.‘_ O ‘:@/ﬂ- ::"|:.l1'L || r .
it Y by e e
-2 o | Ll -
'" - % \.__ e
= E
EE_ = 4981 581 nm
1
Cyloplasnm

M. Bradley et ol. Nat. Chermn. 2011, 3, 241-243




3-4. Tsuji-Trost Reaction 3.Pd

Also see MrSuzukis Literature Seminar (2013)
X

(,
40 pM Pd(OAch

480 WM TPPTS
0.9 M phosphate buffer (pH 8.5-9.0) |

H rt, 45 min
ges > -
= = [T
LAY O

Y146, Y171 1mM
in chymotrypsinogen A 50-65% Iib'y' HPLC)

Mainly Y171-alkylated product

25570

(most accessible) 28287
g +1 M
ﬁ 26013
[*2M
5NY146 | secondaly accessible| Mass (m/'z)
H= Chymotrypsinogen A
'E NEL Lys-MHz, Cys-SH and other residue were intact 34

Rtvpdg it Dy M. B. Francis et al. £. Am. Chem. Soc. 2006, 128, 1080-1081
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4-1. Photo Cross Linking-1
g 4. Others
(1) Metal complet-mediated reaction
~ T ks
(111 L= § i
i 1 bR w ,,,t; :?
H‘{:\-:‘n \‘T\ 2 HigE=a ll:f‘“n“;;ri ar {rﬁ, ‘;‘
T s Wopod i Ej 2] R r’_\}—:a.m
Gly-Gly-Hia—kE R bipy)s* Pt porphyrin
| I
Y Ruy Wisible light iradiation
. . N i Y auidizing agent or electron accepior
MMPF : [Eﬁﬂj‘ L lI|I Pd[l”:l,l |AF'S. Cﬂ{'l']llr'lH;;Jns_ﬂp'T
- T '
Tur, Trp or Cys radicals on peptides or proteins APS ammonium persulfate
Cross-linking reactions with Tyr, Trp. Cys, disulfide bridge HNH 25208}
(i) Radical generation on Tyr residues at\orthg pasitions
: RU"“”’F‘Y"J-"k A Ruillliibpyl ™ « 50,2 + 50,
452 nm
lH __ Fuiily 0 n .*' oH
¢ r». by . ”
o H ey T..ull.r! erizatian i "" "
L)—0LJ ) —*I JJ [ — [
o Rl e “"“u—-"
|\-.‘ NG \\_
Proten | “Protein | F o= 1 F'| ot | Pirolein 2 “Protsn | F‘uh.—n
Tiiisaes eedicnl F' olsr 2
irvkaren o st

Q. Photo cross linkingl&# >/ NV TG HH B {E F D SEBA A — AR AY?
AIMZEER->TLBEWSZEICEALTHE->TLAHXHS?

AT —REMIZEHLNTLSHITY,
1LDEYDHIESEFAEBELTOWEEAN., HHOTERBETIILBWLERLET,
BIZIE. MEERALTWSHEFIVNNINHISHRIVMKET
ZTORFERDITTHUBEHITESIEMBENDO—FIZRYET M ?




4-1. Photo Cross Linking-2

Q. Photo Cross Linked-Abl& Tt X DIEEFFR-H>TLNDED M ?
HLESTLOWNABNDTHNIXINZRETH2EBKK?

A. BOTLBENESIHhHLIMYERA,
AbDWNAWALIEE D T HIIREEICH Y BFRFPTIE
FThoDREYHAEFEETHEFBESHICLTLNDR/IED T,
CNEBBTIERIEIZIFHASMNCLIZENSZETLESD,

M, TOBEEZFR>TULVELNADEREDHEN RO TINS) 2D%E
WELTHEZDHMARFHFEYVLELDOTIEHRLMAERWNET,

hv
@ 7%% (kDa) 1 2 3 4
T e 354 —
200 -
| + APS 365 -
hiork:ulucrll"_l Parm:l.ucluln:UI- Lorge oligramsers (L 215 = J— .
b 14,4 =
){ % Lietfi) Ry P - —_—
-4
bﬁ 2 ?A——,_/:—/—-'/:":ﬁf 35 =
{-m = 1w Cross-linking - A =
5 nm I:.-o_:_-:"'r_,..-o-'-""ﬂ- A[H(!I ﬁl‘.H-:
Pml-.sl':h'i!l.”h Fibnls I§!-I
{kDa)
OH  OH o oM 6.3 —
ot Foulblpy}® (50 ph), APS (1 uhd) e 554 —
-
0.5 m phosphate buffer [pH 7.4}
1 4 I, i, < lser AH AR ih5 —
AR Cross-Linked AP y
(Freshly olated, low MW) 215 —
144 —
¥4 X 6
{08 ; [
2 3 15 —
3 hwf | \ B 39 40 41 42 43
= [4H IIu,I|I | [number of AR sequence)
1k i i \“
pi1] = 2] A0 Time. min

4 5
0. B. Teplow et ol Proc. Natl Acod. Sci. U5A 2003, 100, 330-335




Q. TamoxifenlI MY ;R A THAEHolefinf A ES P> TERMLTS?

A. OMe
O  4MeOPhLi O
;H30+
OEt —— 3

4-2. OH" generator " -
& ENX

TamoxifenZFARNED N B->f=DT.
HBREROBREE->THEIEIFBIALEL, #LUIRS AR DrefSHE

i

Fe + i » —
@"' Fe i :
X & A - H
Ferrocene Ret, xhandinn) (Z)-Fc TAM-OH (E)-Fc TAM.OH

=0H (active metabalite)

estrogen receptor antagonist
lanti-breast cancer)

antitumor compound

oestradiol 100 -

(Z) TAM-0OH 107 6.4
{Z)-Fc TAM-OH 40 3.4
(E)-Fc TAM-OH 12 4_9\

Tlaouen et al Chem. Commun. 1996, 955-95

More active derivatives are reported

=V

Q. (2)-Fc TAM-OHMDTamoxifenBI&EL TDEMHIIESZE L TLVS?

A. Tamoxifen&B L2 A T DA AAEFH DIEE IXIZH & Dbinding affinity TE A NS EBLVET, ind DN’: ciamage
PRFYR AV BETTOE(CERLI-CET, Z0OEH DINEY AN ELEST e
A se=TamoxifenEBIC/EA#F TOMMAERITELTLVET, h drciiags s nok psoci fed

TNEH-OTI7zOECDEMBRREEMERLTILTLDSD T, ICsolFtamoxifendk WIEL > TLVET, m?;-l;ur 248, 2447-2452 43

Q. HUMEA~DEIREITHETLNS?

A HMWYFEHA, EEHEZAV-ERIIITOTLERA,
70tV EFERENICERTHERSID T, ZOEREAHEETLEINEINERRNB=5HIZ,
TamoxifenMA—4 Y EL TWSZRAEZHF-LEOHREICHLTOERLREIREFEERANVET,




Q. il (ZWZDHEY DRENThEbufferP ITTENT T RIFLTS?

A IR DRIXPTIEEEZITLEE A,
BufferD BRI DESENZYIEOT LETEEREANMNTLIEAHYET,
ZhbibufferéE A AMEHOLLNTT,

QNEOZELLERDENOIZMINDER(E?

/
4-3. Olefin metathesis (1)-1 —
A B TENEYON LW EAN TRV EL A BAERAR TV ER A, -
Bn2N-&BnO-D HLLERIZH DD T, N0)757b\_L{7l<E’]L,:EAJ'C'C&FH%\{&L\&%E’Cﬁihiﬂ'o . T o

bo2oh g LA :
32°C, epon air H e (@) FDOX_D "

Lmtry Alkeng

_?i

I'”“'L Ester chelates to [Ru] center BN GENH
(M=Ru}
= Sy i 56

A, Furstner et al. .. Am. Chemn. Soc. 1997, 119, 9130-9136 - BocHN ™ ~Cil;¥n {74 brsmj

g
- - S (95 brm)

Ralrnoen cict { r | o o [T =1 L=
Chalcogen assisted Cross-Metathesis — —

M G T - [ &

1 | ACHN G0N

R;_r{_ H;"_J n=1(&) 7 o 0

Remome | x w1 ;

[Bu]—CH; X=OH. 5R Sy, ) o ¢

'm
1

lﬂfla—Sﬂ n:'ﬂ %) 1] 58 = 15

o 5_ [Hul = w=2¢11) 18 19 v
K n=3(13}

i 12 g it

Q. E3 LT DAMEAKIC *]‘L,’C Efﬁxﬂfﬁsé;tliiﬂbhfb\f—IiT'C AREICA) OFI)TAERELELN,
DFHLLDMENELINERMONTWT, ChEERRAITBEG LI &SR ?
HFEM-REMHOENLDOTY . FIREEIHYFEE A,

0<S<SebLV O RIGHEDZEERDIT-D
A. CIEHDEY . fhiEIIHoveyda Grubbs 20 ELNSEREND At Rt T, RUEHE
COHRMXTEEZEOLNATE—ILLTWSEEELTUTD2OAHBYET,

1) OBEAL I T4 T LTWADFBRREA TN ZM D 161RRE FETHEIRL TS, SeAEY KL VERILREEZ R CEEBALMNITLI=CE
) EDOREHEDEZFALTRAWT, 2V VB EWNSERMAT HRUATKSABHHEEITHL THIOR AL REWMERTAI=CE
JARA S ZBENMEVELNESI T, A EFCTES K, EBE T ALV ADHRICEEZEVNTTE—LLTVRRENHYFES,

JACSIZH =R S22 DF B AL TIRIEWLWAS HTOIANAFTEDLEE A DN =N D?

ARZFHEDEVSTHERBE)VFTIL, COREHFYFHEINTOEDHIFTTIHGENLRALES,




4-3. Olefin metathesis (1)-2

4. Others

rE'.E-' 158 -
|-|,3“‘""w* é 0Ny Ay e
G pasky 1
4‘0 0min__ Wi
SBL-S156C (16) RT, 30 rnr1n SBL-1568ac (17)
Orne-pot, >95% conversion
Adilfpey  Tenp. Pl Ceawernon
Emiry Asene (md} E EmAEL o
1 e g News| | BT - i
hirec el
Z 2 (W) {100) KT I® 2008
{ el
k. 2 (G (160) BT - B
1
: (V5 TR
? % doy VT B
e
s %ah: ?ﬁp 3T &l
BATI 3
g merEhdoms *"fﬂ’ 7¢I 55
25(75%) e
’i
i - PP
26 56)

(SBL-5156XXX have no Cys-5H)

Masﬂ':'!‘l-'-au
g,ﬂu-

"*‘3—@1
!.EI.

RS A0PmM) eSS

m‘ﬁﬂipﬁsﬂ >
'EEII,HTMJF‘L 122 =

* Minor MS signal of 1+17 ---strong chelation?

by LC-MS

Mg Clz2 disrupts nonpreductive chelation of Ru + protein
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4-3. Olefin metathesis (2)-1 4. Others

Entry Alkene (mbd} Conditions Prowd. Conv_ (%)
[
I 41180 KT.2h Ja £l
2 RT.2h s 28
SR twm

3T, A mins 3a =55

3 "33%‘-'% T 3k 0

bk
|
4 & ! TR 3 i
il oy,
Allyl alcohal, glycosides and OEG  GlcNAc derived allyl sulfide 7 (8
O
HO. o -Gg ] "’k%“*"ﬂ AL M 3
oH HD-ER:QLISR-“%
HOx MHAC B i
RO ﬂﬁ Less reactfve part ner
oH Allyl etherof ammanium sall and GlohAS “reross-metathesis
_ [entry 1~7)
Hlaﬂ o] ol ME;HP’IA\"""D-"“'-’%
H&
o OH
L Hﬂgégi,g w4
HO —OH NHAZ
O Lo} Uﬂ More reactive partner H
Hiany! ghucoante =»rgff-metathesizs H B
S : (et 1) metathesls)
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Mﬁ"\M ||I_iﬁl__--i B
E Ehmﬁidl! ik 5
OH Allyl amine denvatives ' f
Hﬁaﬂf\ s . Much less reactive partner - :
i = AcHN. . Gl Megh, = < no reaction :
entry &9, 1114 _H H H

B.G. I'Ja'u'isefal.r Am. Chem. Soc. IDID, E‘Z 15305—15311




4-3. Olefin metathesis (2)-2

4. Others

Entry Alkene (mh}y Conditions  Prod. Cony, (%) Conw.
3 hindered)

Less hindered olefin | TFQ RT, 3 mins 198 »95 | sas

s |
e R B S o
y, F R 2 TC AL 19 598 g
i B : itm'ﬂl - 61771
oH & BT e B0
AL, e i e 3 b ErRaa e 19¢ =L5 an
Ti7Z)

4 7°C. L0 19d
8(77)

H HO. o f O,
5 RT,2
- Eh @77 ] 19
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o

EE#::: TH iﬂ_.__l"""llnn... ]

......
Hi

=05
=
o "E'v;g%'“-"“*“" RT 30umms  I%T oses | 285
2
it

i i iy HETHHET

i 4 3 s -ﬂ h;

e

B. G. Davis et gl f. Am. Chem. Soc. 2010, 132, 1680516811
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4-3. Olefin metathesis (2)-3

4. Others
Entry Alkene (mh) Comafiions P, lfﬂnv.i‘i-'l': c?S-T.
5-3Se 1 T‘L:':;* RT.[Smins 25 =95 505
= ra AT, 30
B S 4 [ ) Mo, o a i
ﬁﬁ.‘-% w 2 ey 3T, 1A 1Eh =05 05
3 ] ﬂ 1 OH
=1 2 Wigly (150 ) P
- e uﬁ COMER gH 8 BT 389, . H":l;'ﬁ:‘a
P "Bt in buiter 3 0., FMC1h 2% =05 >05
24 00015 mild] 7(74)
aH
4 ":}i-%""ﬂ A7 0k 28d 45 a5
BT
5 m“”{ﬁw RT,Ih 25 =95 +95
g
0 m -Cr- Bl BT, W miens 250 295 =05
S5vsSe il (25}
i By gl T
Bocki 1 [ reol%) BN
0m, %= 8 0% 'BuCH In KD, -ﬁxv&.llli
1im, X = Ba 26h 2" (M XuB TN
Self-metothess
“ ]
Elul-ll'(n:u.
Hae, X =8 , ot obesed
mnr.ﬂﬂ:::::::: i i
-— Cross-metathesis * 2o ! L1 T 1
:ﬁ,x-l Eﬂ'i‘ Ll l'l'lf:}m | &5 m 37 P Whmins - 25 ai i
i X = 5a BuCH T i § piy i TEFHT
MoCh, ¥h, 2% Fipa e EEE R o iz Eaadima FEHE
BocHi ] 16174 i :\57 i & 1 i a

L X= 6, 48K
R X Be, BE% B. G. Davis et ol J. Am. Chem. Soc. 2010, 132, 1680516811




Q AANERICBRELELGCDORISEZERISES T HA)IMNIHEHD?

A FEMNZIHIFMDHYT) T HEEERT,
Ho TV TRFLRLERBEZF>TLVADT,
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4-3. Olefin metathesis (2)-4 / —
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4-3. Olefin metathesis (3)

4. Others

Water soluble Metathesis catalysts
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4-4, Rh carbenoid 4. Others

Also see MrSuzuki's Literature Seminar (2013)

CH
My 05mM Rho{OACk b " po.R
OMe t - M i
A ki 80% H,0 /
0 H MD:.R Eh
5 [ ]

204 Ethylene glycol
340 miA 490 mi BT 17 h

51% (56=1:14)

a R = (CHCH20)3CH3
plelie D
100 i e (A, Tryptophan
Hud ication
75 midl HONK -HECL
i) Products e il
2% Eltryleme ghyool B mciil RV ey
ThatRAT
Myoglobin (100 phg) (2150 sameat 10 UM)
c
150E] 1rme R ]
[LHE, i {+1 o) [l o] -
= = et o s R
E ¥ s ey
J 17 E Subtilisin Carlsberg {100 1)
1#2 )
- b i S— I'-'\.gu.rt 2 Mudificsnog of subeilisin r'dl_|:]‘-=|:ll with phestmm pagbenmids,
woen 19000 18000 18000 1000 Tinod oD 1D Condiions. 100 whd poorein, 10 mdd 3, 100 o b RhsOAche and 75 iadd
M iz} ) H— HONEHC L S0 in 800 wiser 20 ethykene glvcol o, 7 b Folkowing
Figure 1, Modification of ryaglobng with merallocarbenes. (a) 4 100 M removal of the wnall molecales wia gel filwaton, the sample wa acalyzed
stburion of larse beant wryogkobio was exposcd 3 sl RlaiOsck for 7 i MALDI-TOF M5, Onbv e stoghy modified provsis was obssrved,
la. The mwo trypophem residues are shown m green (b Followimg, rewin'sl 16 would be expectad by e shiple Wwipteplin fesidng | deow i presiil.
al the sonnll issdecules v el Dlacion. the smimple was snlyzed by ESLL in the shsemce of Rha0iac e noreactom aocumed wnder aberwise idemhical
A5 Bl sy asd doshly modified paotem prodacts were wlenti fied o comudinioes
the minss peconstnucton. () [n the nbagioe cl:l"}th-:i-l"l.-\_..:_l,_ no ||pc|:ﬁ.u'h wepE
ohitmmerl momler otherariss 1denhical combioes, (di ABRer digestiom with I i |
trypsim MShES annbysis of the doubly modilied pepiide fragment confimmed lhese have no Cys selective: 51
medification of caly the myprophinn resichies, All assigeed species agree ta ) =
: Pkl ke i e M. B. Francis et al, L Am. Chem. Soc. 2004, 126, 10256-10257

within 0.1% of the expected mass valnes




Contents

1. Introduction
2. Redox catalyst
3. Pd catalyst

4. Others

5. Summary




5. Summary
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