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A seggential ligation reaction via strained-ring cleavage triggered by
Staudinger reaction

Kohyama, AKi

3,400,000

Herein, we developed a novel method to ?enerate highly active species,
o-quinodimethanes (0QMs) at room temperature. The reaction involves ring cleavage of the
intermediate after a stable substrate was converted to a reactive molecule at room temperature.
The 0QMs are so highly reactive that they act as “ glue” to bind with partner molecules. Thus, we
also developed a novel ligation reaction via OQMs at room temperature.

Staudinger



B X C—19,. F-19—1. z—19 (Gtm@m)

1. WFIERGE S DO 5=

QD) Ry ruedT U BT AREERE (")
EEICEAMENEREHT LY Y7 a7 7 (BCB) 13X, B E I mEHc k> TR L

FEFICSUSMEDE N 0-F / VA X (OQM) %49 %, BCB ORUGEIE, /\///I/u%?ﬁ@%
(R) IZX-»TK&ELEALRY, R NEAIGEOEES, K0 IKE CEREZENE X 2HMIC
L2L, OQM ZF/ESHHITIE, MBS E Wo I LWSRERLETH 572,

a)&)/&ﬁmkﬁﬁéﬁ%%ﬁ,ﬁ%k%?btﬁ%

BREHDLEENDEOISHET, ITE, MBANOBEMER R THEICRIGTS “2 U v I K
W ELTT I AN, AT =B TOEHAENREINSOH D, 2004 FITHEINT-TV Y
nF s Fr 7Y MuaE @ Huisgen BRLISZ T LD L LT, kkx R2bEW DERE S % H
HAL7=27 Vv 7 ROSHBERE SN, AHESEH SN TE 7=, LML, @FE OIMLFRISTHRS &
FENREOLNTEY, D TEMFEREDZHEEICHIIGATWD STz, 20X )7k
B, BFEEFRLIFHREXNTOZ Y v 7 KISORERRD LN TWD B2 BT,

WMHFZE=ETlX, BCB &3l & L@ M2 LTV, £< O BCBLEMEHEA L TX
oo TO T CTHEST, BEHLHENTREZ [BCB—>OQM| OFUGA, 7V v 7 RUSICIERT
EHDTIE W EE 2=, [BCB—OQM ] ([ZiTmEshth Sk 2 18 L+ 5D T, BCB % “=
B EREM 2MBELETH7 Y 7 KISMIFIRAT 5120, BR80T OQM &84 S35
7272 HiEE RO AVERH T,

2. WMHEOHM

e HMIE, BCB OWMEREATRIAX—ZFHLIHH Y Vv 7 KIGERETHZ L TH
o FTIEH LV OQM HAEZRE L, ThEGHBOEE LT 52 LT, MAMEOE WK
GBI TE D LB 2T,

3. Mo Hik
1) BELRMHETBCB 25 OQM 2 RAESEIH LWKIROMES (X1)
7V o 7 ROGTIE, REORIGENET E D56, AR 17 EOIMY 2 &0 RIGSERIC
ngh&w ZDT, WK TIIAEER T, ﬁﬁﬁ%%mztﬁ@&%@mmkﬁm¢5%
BoOF 2 HE Lz, M2 THEEROERES, B TBCB OMERAZARAIELDICIE
T3 LM A R T BRI AL L E 2 BT, £ T, 4 I RART EH
AR L2 OQM A FHE Lz, £ XV RART v OT =4 T HS < IRWE TR R
£ > T BCB ORZHEMED LA UER T CHARKISNET T2 PR LE, A IV FAKRT
BCB i, 7Y K BCB & 3 E#m A7 ¢ > & @ Staudinger GIZ LD BEGIAEKTHZ LN TE
0T, NEEROMNERD GIEHE R ~HIE TR L B 272, ZORAFEH T, 7Y F
BCB Z Hilli®D 3 EHA AT 4 VAR &, WERRENHGESINDI NEFHAE L,

(2) iR - EAEHTIZRBT % 2 5 FES RGOSR

(D) THESE L7 OQM FEEA2 W T, 20 FEfERIS DB R 21T -7, ke LTIE, 3@E#Hh
Tx74/%x%)wfz74/mkﬁﬁfé & T, OQM D%y 1M Diels-Alder K2 & - T
FESFREfSELZLE LT REMA4),

Background

Reaction Temperature N. @
iE%, 100 °CLl EDOMBLE e ¢ PR3
highly H OH o® N.
reactive ©j/ ©j/ ©j/ @/ “PRg
benzocyclobutene o.qu|nod|methane
(BCB) (oQM) 200 °C 80°C -25°C 25TC?

previous work this work

X1 BCB DMEBRBIZIC LS OQM DR & BIZHI E4 5 RGN IRE

4. WFFERRE:
(1)7 ¥ K BCB BB DR (4 2)

HEED7Y R BCB OFfNLEF L, £7, C-H 7Y MRIZK DA (JACS. 2015,
5300.) ZEt L7203, IR & BB RO S0 b RERME LT 50RETH D Lo otz, £
ZT, 7a—)LBCB DT Y MMUIZ X 2FHBEICATE Uiz, MatOfa, i L 7m k25N
THZLET, TRECINETT Y FBCB 2452 LnTxl,

C-H azidation Conversion (R-OH — R-N,)
. cat Mn(salen)CI |2-OH(R=H)| [3-0H(R=H)| .
1. TsCl or MsCl, base 1. TMSCI
PG (4 6eq) .L ‘ ‘—OH s 2 TMSN, FeCla N3
TacoEt
trace DPPA, DBU

K2 7K BCB Ol



2T va—v s MsAb, Tsibza&EH L7=7 ¥ R
F 721X DPPA # H W BT ¥ Kb (JOC. 1993, 5886)
c 3T Y =T WL, VA A A VT Y b (Chem. Eur. J. 2012, 16608)

(2) |IREMHITEIT S BCB 5D OQM FEAEDORESL (X 3)

OQM HAERZRITNS-KFEBREMAE 2 & CRERTHE~EEITLH LI RFERRELETEL,
BEZUAL LT, T 7=/ v 3aDNELZEHT 5 2 kfmﬁﬁmwﬁm®ﬁﬁ%ﬁoto
[ B R DR EIZ 0“T]$%I%@OQM@%$%ﬁM %, —RMIZ~ LA X R T
THHENEIREND, L L, 5ENT, 3SEHEAR T 4 /a7v4 SRS LTLES 20
7V4\F%%w&w15m$%@%ﬁﬁbt£%ﬁ% RE LT,

BT ORES, 7Y FBCB 1all PMe; Z1EH &EHZ LT, 25 CIoTEENE AR 3a 25252
Moty RMEBRE LT, 73V 1c OZEZRHBRFLEZEZ A, 1c I=EETIILZET,
7oc WCMB 5 2 L CTEREHAFI SR ITZ LN Do, RGOV TE, NMR EBR%

XY, TIE@EY Staudinger K, VHEBRBIZ, 1,5-KFERBE), MASREE N L TEITL TS

LRFAT S Z LN TE L, KEIE, HERPIOEFZ OQM BAETH Y, A LFICB W TH =
RGEZRRBUETE 20 ) HTHEREND,

Ny 0
Meo@jrm PMe; (1 eq) NH,Cl aq. Meo:@LMe
MeO THF, 20-25°C, 24 h | MeO Me (" of) A
_ta  3a(71%) MeO e
inactive ring-opened product MeO

1c

MeO NP 20-25 °C: No reaction
Kjd»Me 20-25°C | [orHstin -H shift | 70°C:3a (24%) )
MeO

2a

: observed by 1H-NMR
active

K3 7Y FKBCB & PMes & DORIGIZE BRIETTO OQM Ak

(3) =R - EAREHETITBIT B 2 4 FERE RSO3

7Y RBCB4 L AF VR AT 425 &0 23 THfESUGZ R L7z (K 4), 9 MK THF
FCTHRREILZE 25, OQM 4% D4+ Diels-Alder SUSAE R L < H#EIT L, TREDILERT
HAE R 6 NF DN, LovL, KERMEOBEINIZHEY, #AER 6 OIRIMET LRIAERY & L
TTWTE%3$%6%TV£°;@F%ﬁEJMMEK&@Jﬁmﬂ 7™ Diels-Alder it
EEAELTWAZ Lo lz, 22T, 41N Diels-Alder S DRNRALIZHIT, AF VLR
AT 4 DTV U RRIEIZE AR FEEZEA LT 5b-5d &V, @S ERE L7 (K5),
L2rL, W ONORIRISDEIT LRGSR EMEN T 5 2 & T, EREEROICRITIRT Lz,

Q
PhP.
Ph, Ph Intramolecular NH2
PhP Staudlnger reaction; Diels-Alder; 2 O
47[ ring opening H20
TTHR-H,0 50 mM)
20-25°C,24h
Inactive ligated product
4a (R = OMe) 5a (3 eq) 6a, 6b
4b (R=H) N
entry R H,0 (%V/v) yield (%) of 5 side product (%) H,0 R CHO
1 OMe - 61 12 S > j@i
2 OMe 5 36 25 ) side reaction R Me
3 H - 92 - side product
4 H 5 67 - 3a, 3b

*entry 1, 3: After 24 h, H,0 (5%vV/v) was added.
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