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2UJDQLF &KHPLVWU\, ,QYLWHG / $ZDUG /HFWXUH 2&-011

+\GURJHQ $WRPV LQ +DORJHQ-$WRP 7UDQVIHU

'. /HRQRUL1

15:7+ $DFKHQ 8QLYHUVLW\

7KH JHQHUDWLRQ RI FDUERQ UDGLFDOV E\ KDORJHQ-DWRP DQG JURXS WUDQVIHU FKHPLVWU\ LV RQH WKH PRVW
DSSOLHG PHWKRGV LQ V\QWKHWLF UDGLFDO FKHPLVWU\.1 7KH EURDG DYDLODELOLW\ RI RUJDQLF KDOLGHV DV ZHOO DV
DOFRKRO/WKLRO GHULYDWLYHV SURYLGHV D ODUJH SRRO RI FRPPHUFLDO PDWHULDOV IRU GLYHUJHQW
IXQFWLRQDOL]DWLRQV.

 

7KHVH UHDFWLRQV KDYH EHHQ JHQHUDOO\ DSSURDFKHG XVLQJ UDGLFDOV DEOH WR IRUP VWURQJ ERQGV ZLWK
KDORJHQ/2/6 DWRPV DQG RI QXFOHRSKLOLF FKDUDFWHU WR VWDELOL]H WKH WUDQVLWLRQ VWDWH E\ FKDUJH-
WUDQVIHU.2 7LQ DQG VLOLFRQ VSHFLHV DUH WKH PRVW XVHG DQG YHUVDWLOH UHDJHQWV WR DFKLHYH WKLV, GHVSLWH
WKHLU FRVW DQG WR[LFLW\ SURILOH.1,3 

 

,Q WKLV SUHVHQWDWLRQ, , ZLOO GLVFXVV VRPH UHFHQW ZRUN IURP P\ JURXS DLPHG DW GHYHORSLQJ D QRYHO
DSSURDFK IRU FDUERQ UDGLFDO JHQHUDWLRQ XVLQJ +-DWRPV (+•) DV WKH DEVWUDFWLQJ VSHFLHV. 7KLV +-DWRP
WUDQVIHU UHDFWLYLW\ SURILOHV GLIIHUV IURP QRUPDO +$7 UHDFWLRQV LQ WKH ZD\ WKDW WKH +-DWRP LV QRW
DEVWUDFWHG EXW LV WKH NH\ DEVWUDFWLQJ VSHFLHV LQ WKH SURFHVV.4

>1@ (D) &UHVSL, 6.; )DJQRQL, 0. &KHP. 5HY. 2020, 120, 9790. (E) 'HQHV, ).; 6FKLHVVHU, &. +.; 5HQDXG,
3. &KHP. 6RF. 5HY. 2013, 42, 7900.
>2@ &RQVWDQWLQ, 7; -XOLD, ).; /HRQRUL, '. &KHP. 5HY. 2022, 122, 2292.
>3@ %DJXOH\, 3. $.; :DOWRQ, -. &. $QJHZ. &KHP. ,QW. (G. 1998, 37, 3082.
>4@ XQSXEOLVKHG UHVXOWV.
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-013

1LFNHO-&DWDO\]HG $V\PPHWULF 6\QWKHVLV RI ͅ-$U\OEHQ]DPLGHV

6. &XHVWD-*DOLVWHR1, -. 6FK¸UJHQKXPHU1, ;. :HL1, (. 0HULQR2, &. 1HYDGR1*

1'HSDUWPHQW RI &KHPLVWU\, 8QLYHUVLW\ RI =XULFK :LQWHUWKXUHUVWUDVVH 190, &+ 8057, =XULFK
(6ZLW]HUODQG), 2'HSDUWPHQW RI 2UJDQLF DQG ,QRUJDQLF &KHPLVWU\, 8QLYHUVLW\ RI $OFDOD 28805-$OFDO

GH +HQDUHV, 0DGULG (6SDLQ)

ͅ-$U\OEHQ]DPLGHV DUH SKDUPDFRORJLFDOO\ UHOHYDQW DQG XELTXLWRXV PRWLIV, SUHVHQW LQ DQWL-FDQFHU
DJHQWV,>2D@ 6$56-&R9 3/SUR LQKLELWRUV>2E@ DQG DQWL-GHSUHVVDQWV DPRQJ PDQ\ RWKHU ELRDFWLYH
PROHFXOHV.>2F@ +RZHYHU, GHVSLWH WKHLU XQTXHVWLRQDEOH LPSRUWDQFH, VWUDLJKWIRUZDUG PHWKRGV WR
DFFHVV WKHVH HQDQWLRPHULFDOO\ HQULFKHG PRWLIV DUH VWLOO HOXVLYH.

&XUUHQWO\ HVWDEOLVKHG VWUDWHJLHV LQFOXGH WKH GLUHFW HQDQWLRHQULFKHG DU\ODWLRQ RI WKH FRUUHVSRQGLQJ
&-+ ERQG>3D@ RU WKH K\GURJHQDWLRQ RI ͅ-DPLGRVW\UHQHV>3E@ DPRQJ RWKHUV. 2XU PHWKRGRORJ\ UHOLHV RQ
DQ HOHJDQW 3-FRPSRQHQW DV\PPHWULF K\GURDU\ODWLRQ RI YLQ\ODPLGHV, FDWDO\]HG E\ D FKLUDO 1L-
ELVLPLGD]ROLQH FRPSOH[. &RQWURO H[SHULPHQWV DQG ')7 FDOFXODWLRQV VXSSRUW D PHFKDQLVP EDVHG RQ
WKH DGGLWLRQ RI DQ LQ VLWX-IRUPHG 1L-K\GULGH FRPSOH[ RQWR WKH ROHILQ. 7KH H[FHOOHQW HQDQWLRPHULF
H[FHVV (XS WR 94 %HH) LV H[SODLQHG E\ WKH FRRUGLQDWLRQ RI WKH FDUERQ\O JURXS WR WKH 1L DWRP.

7KH EURDG VFRSH (! 40 H[DPSOHV) GHPRQVWUDWHV WKDW WKH UHDFWLRQ WROHUDWHV GLIIHUHQW IXQFWLRQDO
JURXSV (QLWULOH, NHWRQH, HVWHU, ERURQLF HVWHU, HWF.) DQG HOHFWURQLF SURSHUWLHV LQ WKH DU\O ULQJ ((:*
DQG ('*), ERWK LQ WKH YLQ\ODPLGH DV ZHOO DV LQ WKH DU\O LRGLGH. ([DPSOHV XVLQJ RUWKR-VXEVWLWXWHG
DU\O LRGLGHV, YLQ\O EURPLGHV, EHQ]\O EURPLGH DQG PRUH FRPSOH[ VXEVWUDWHV EHDULQJ DGGLWLRQDO
VWHUHRFHQWHUV DUH DOVR LQFOXGHG LQ WKLV ZRUN.

>1@ 6. &XHVWD-*DOLVWHR, -. 6FK¸UJHQKXPHU, ;. :HL, (. 0HULQR, &. 1HYDGR, $QJHZ. &KHP. ,QW. (G.
2021, 6, 3, 1605–1609.
>2@ D) '. 6. 3DODFLRV, (. 0HUHGLWK, 7. .DZDQDPL, &. $GDPV, ;. &KHQ, 9. 'DUVLJQ\, (. *HQR, 0.
3DOHUPR, '. %DLUG, *. %R\QWRQ, 6. $. %XVE\, (. /. *HRUJH, &. *X\, -. +HZHWW, /. 7LHUQH\, 6. 7KLJDOH,
:. :HLKRIHQ, /. :DQJ, 1. :KLWH, 0. <LQ, 8. $. $UJLNDU, %LRRUJ. 0HG. &KHP. /HWW. 2018, 28, 365–370.
E) 9. 3HGGLH, 0. 3LHWVFK, .. 0. %URPILHOG, 5. 1. 3LNH, 3. -. 'XJJDQ, $. '. $EHOO, 6\QWKHVLV 2010,
1845–1859. F) <. =KDR, -. &KHQ, 4. /LX, 4. /L, 0ROHFXOHV 2020, 25, 406.
>3@ D) $. :. 5DQG, +. <LQ, /. ;X, -. *LDFRERQL, 5. 0DUWLQ-0RQWHUR, &. 5RPDQR, -. 0RQWJRPHU\, 5.
0DUWLQ, $&6 &DWDO. 2020, 10, 4671–4676. E) .. 0DWVXPXUD, +. 6KLPL]X, 7. 6DLWR, +. .XPRED\DVKL,
$GY. 6\QWK. &DWDO. 2003, 345, 180–184.
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-014

$PLQR-R[HWDQHV DV DPLGH LVRVWHUHV E\ DQ DOWHUQDWLYH GHIOXRURVXOIRQ\ODWLYH FRXSOLQJ RI
VXOIRQ\O IOXRULGHV

-. -. 5RMDV1, 5. $. &URIW1, $. -. 6WHUOLQJ2, (. /. %ULJJV1, '. $QWHUPLWH1, '. &. 6FKPLWW3, $. -. :KLWH1, &.
&KRL3, -. -. 0RXVVHDX3, ). 'XDUWH2,2, -. $. %XOO1*

1'HSDUWPHQW RI &KHPLVWU\, ,PSHULDO &ROOHJH /RQGRQ, 0ROHFXODU 6FLHQFHV 5HVHDUFK +XE, /RQGRQ,
8.., 2'HSDUWPHQW RI &KHPLVWU\, &KHPLVWU\ 5HVHDUFK /DERUDWRU\, 8QLYHUVLW\ RI 2[IRUG, 2[IRUG, 8..,

33IL]HU :RUOGZLGH 5HVHDUFK, 'HYHORSPHQW DQG 0HGLFDO, *URWRQ, &7, 86$.

%HQ]DPLGHV DUH DQ LPSRUWDQW PHGLFLQDO PRWLI SUHVHQW LQ RYHU 100 DSSURYHG GUXJV EXW RIWHQ VXIIHU
IURP SRRU SK\VLRFKHPLFDO SURSHUWLHV VXFK DV ORZ VROXELOLW\ GXH WR WKHLU SODQDU VWUXFWXUH. +HQFH,
ELRLVRVWHUHV RI EHQ]DPLGHV DUH DOVR FRPPRQ, EXW DUH VLJQLILFDQWO\ KDUGHU WR DFFHVV V\QWKHWLFDOO\
()LJXUH 1).1 $U\O DPLQR-R[HWDQHV DUH SURPLVLQJ, PRUH 3-GLPHQVLRQDO ELRLVRVWHULF FDQGLGDWHV IRU
EHQ]DPLGHV EXW UHPDLQ XQLQYHVWLJDWHG GXH WR D GHDUWK RI V\QWKHWLF PHWKRGV. 6XOIRQ\O IOXRULGHV
KDYH HPHUJHG DV SRSXODU FOLFN UHDJHQWV WKDW UHDFW ZLWK QXFOHRSKLOHV LQ D 6XOIXU–)OXRULGH ([FKDQJH
UHDFWLRQ (6X)([) WR JHQHUDWH 6(9,)-GHULYDWLYHV VXFK DV VXOIRQDPLGHV DQG VXOIRQDWH HVWHUV.2

7KLV SUHVHQWDWLRQ ZLOO GHVFULEH DQ DOWHUQDWLYH GHIOXRURVXOIRQ\ODWLRQ UHDFWLRQ RI R[HWDQH VXOIRQ\O
IOXRULGHV (26)) WR JHQHUDWH DU\O DPLQR-R[HWDQHV DV LVRVWHUHV RI EHQ]DPLGHV ()LJXUH 2).3 ,QVWHDG RI
UHDFWLQJ LQ D 6X)([ IDVKLRQ, 26)V OLEHUDWH 622 DQG IOXRULGH XSRQ ZDUPLQJ WR JHQHUDWH DQ R[HWDQH
FDUERFDWLRQ. 7KLV GLVFRQQHFWLRQ PLPLFV FODVVLF DPLGH FRXSOLQJV DQG WKXV, DOORZV WKH GLUHFW XVH RI
WKH YDVW DPLQH OLEUDULHV DYDLODEOH WR SKDUPDFHXWLFDO FRPSDQLHV. 7KH WUDQVIRUPDWLRQ ZDV
VKRZFDVHG WKURXJK D ZLGH VFRSH, WKH IXQFWLRQDOL]DWLRQ RI DPLQH-FRQWDLQLQJ GUXJV, WKH V\QWKHVLV RI
10 R[HWDQH DQDORJXHV RI EHQ]DPLGH GUXJV DQG WKH JHQHUDWLRQ RI D FRPSRXQG OLEUDU\ E\ DQ DUUD\
VFUHHQ. .LQHWLF DQG FRPSXWDWLRQDO H[SHULPHQWV VXSSRUW WKH IRUPDWLRQ RI D SODQDU R[HWDQH
FDUERFDWLRQ E\ DQ 611 PHFKDQLVP.

>1@ 1LFKRODV $. 0HDQZHOO, -. 0HG. &KHP., 2011, 54, 2529-2591.
>2@ -LDMLD 'RQJ, /DULVVD .UDVQRYD, 0. *. )LQQ, .. %DUU\ 6KDUSOHVV, $QJHZ. &KHP. ,QW. (G., 2014, 53,
9430-9448.
>3@ -XDQ -. 5RMDV HW DO, 1DWXUH &KHPLVWU\, 2022, 14, 160-169.
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-015

'HYHORSPHQW RI 1HZ 6\QWKHWLF $SSURDFKHV 7RZDUGV $FULGLQLXP 6DOWV DQG 7KHLU
$SSOLFDWLRQV

9. +XWVNDORYD1, &. 6SDUU1*

1'HSDUWPHQW RI &KHPLVWU\, 8QLYHUVLW\ RI %DVHO, 6W. -RKDQQV-5LQJ 19, 4056 %DVHO, 6ZLW]HUODQG

3KRWRUHGR[ FDWDO\VLV KDV H[SHULHQFHG VLJQLILFDQW DGYDQFHV RYHU WKH ODVW GHFDGH WR EHFRPH D
YDOXDEOH WRRO IRU RWKHUZLVH LQWUDFWDEOH WUDQVIRUPDWLRQV XQGHU PLOG FRQGLWLRQV.>1@ ,Q WKLV FRQWH[W,
VKRUW DQG PRGXODU V\QWKHVLV RI GLYHUVH SKRWRFDWDO\VWV ZLWK GLIIHUHQW SKRWRFKHPLFDO SURSHUWLHV LV
DQ LPSRUWDQW LQVWUXPHQW IRU WKH IXUWKHU GHYHORSPHQW RI WKH ILHOG. $V D VXVWDLQDEOH UHSODFHPHQW IRU
WKH SUHFLRXV-PHWDO SKRWRUHGR[ FDWDO\VWV, DϕULGLQLXP VDOWV KDYH HPHUJHG DV YDOXDEOH RUJDQLF
FDWLRQLF SKRWRFDWDO\VWV GXH WR WKHLU IDYRUDEOH SKRWRSK\VLFDO IHDWXUHV.>2,3@ :H KHUHLQ GHVFULEH D QHZ
VKRUW WZR-VWHS URXWH WR DFULGLQLXP G\HV FRPSULVLQJ DU\QH-LPLQH-DU\QH FRXSOLQJ FRPELQHG ZLWK
VXEVHTXHQW R[LGDWLRQ.>4, 5@ 7KLV VWUDWHJ\ ZDV DOVR DSSOLHG IRU WKH SUHSDUDWLRQ RI D NH\
WHWUDIOXRULQDWHG DFULGLQLXP VDOW ZKLFK VHUYHG DV D OLQFKSLQ LQWHUPHGLDWH IRU WKH ODWH-VWDJH
GLYHUVLILFDWLRQ E\ QXFOHRSKLOLF DURPDWLF VXEVWLWXWLRQ. 'LYHUVH DFULGLQLXP GHULYDWLYHV ZHUH SUHSDUHG
ZLWK KLJK \LHOGV XVLQJ WKLV PHWKRGRORJ\ LQFOXGLQJ D]D-UKRGROV DV D QRYHO FODVV RI DFULGLQLXP
SKRWRFDWDO\VWV.>6@ 7KH REWDLQHG SKRWRFDWDO\VWV ZHUH VXFFHVVIXOO\ DSSOLHG IRU RUJDQRFDWDO\WLF &-1
FURVV-FRXSOLQJ. )XUWKHUPRUH, WKH PRGXODULW\ RI WKH GHYHORSHG V\QWKHWLF VWUDWHJ\ DOORZHG WKH
SUHSDUDWLRQ RI WKH DFULGLQLXP GHULYDWLYHV ZLWK HIILFLHQW LQWHUV\VWHP FURVVLQJ WKDW ZHUH VXLWDEOH IRU
WKH SRO\DUHQH UHGXFWLRQ DQG WULSOHW-WULSOHW XSFRQYHUVLRQ.>7@

>1@ -. 0. 5. 1DUD\DQDP, &. 5. -. 6WHSKHQVRQ, &KHP. 6RF. 5HY. 2011, 40, 102–113.
>2@ &. )LVFKHU, &. .HU]LJ, %. =LODWH, 2. 6. :HQJHU, &. 6SDUU, $&6 &DWDO. 2020, 10, 210–215.
>3@ 9. +XWVNDORYD, &. 6SDUU &., 6FLHQFH RI 6\QWKHVLV .QRZOHGJH 8SGDWHV, (2022) 1, 1; 10.1055/VRV-
6'-115-00850.
>4@ 9. +XWVNDORYD, &. 6SDUU, 6\QOHWW 2021, 32, '2,; 10.1055/V-0040-1720349.
>5@ 9. +XWVNDORYD, &. 6SDUU, +HOYHWLFD 2021, H2100182.
>6@ 9. +XWVNDORYD, &. 6SDUU, 2UJ. /HWW. 2021, 23, 5143–5147.
>7@ %. 3IXQG‡, 9. +XWVNDORYD‡, &. 6SDUU, 2. 6. :HQJHU, XQSXEOLVKHG UHVXOWV.
      (‡ %. ). DQG 9. +. FRQWULEXWHG HTXDOO\)
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-016

%HQ]RGLD]HSLQRLQGROHV: &KLUDO 3RO\F\FOLF 3ODWIRUPV IRU 9DULRXV $SSOLFDWLRQV

1. 6DOHK1, -. /DFRXU1*

18QLYHUVLW\ RI *HQHYD, TXDL (UQHVW $QVHUPHW 30, 1211 *HQHYD 4, 6ZLW]HUODQG

7U¸JHU EDVHV (7%) DUH FKLUDO ELF\FOLF FRPSRXQGV ZLWK VWHUHRJHQLF 1-DWRPV SUHVHQWLQJ ZHOO-GHILQHG
9-VKDSH JHRPHWU\. 1XPHURXV DSSOLFDWLRQV LQ VXSUDPROHFXODU FKHPLVWU\, PROHFXODU UHFRJQLWLRQ,
PDWHULDOV, DQG FDWDO\VLV KDYH HPHUJHG.1 ,Q RXU JURXS, URXWHV WRZDUG QHZ FKLUDO SRO\F\FOLF
GHULYDWLYHV KDYH EHHQ GHYHORSHG XVLQJ WKH UHDFWLYLW\ RI 7% 1 ZLWK HOHFWURSKLOLF FDUEHQHV,2. ,Q WKH
SUHVHQW FRQWH[W, WKRVH JHQHUDWHG E\ 5K(,,)-FDWDO\]HG GHFRPSRVLWLRQ RI 1-VXOIRQ\O-1,2,3-WULD]ROHV 2
LQ SDUWLFXODU. ,Q RQH VWHS, DIWHU D FDVFDGH RI ILYH UHDFWLRQV DQG UHDUUDQJHPHQWV, QRYHO UDFHPLF
SRO\F\FOLF EHQ]RGLD]HSLQRLQGROHV 3 ZHUH V\QWKHVL]HG ZLWK KLJK GLDVWHUHRVHOHFWLYLW\ (G.U.!49:1).3
7KH FRUUHVSRQGLQJ HQDQWLRPHUV FDQ EH HDVLO\ VHSDUDWHG E\ +3/& RYHU FKLUDO VWDWLRQDU\ SKDVH. 2I
LQWHUHVW, WKH DPLQDO IXQFWLRQDO JURXS FDQ EH HQDQWLRVSHFLILFDOO\ UHPRYHG XQGHU VSHFLILF DFLGLF
FRQGLWLRQV ZKLOH PDLQWDLQLQJ WKH FXS-OLNH JHRPHWU\ RI WKH VFDIIROG.4

+HUHLQ, ZH FDSLWDOL]H RQ WKHVH GHYHORSPHQWV IRU YDULRXV DSSOLFDWLRQV. )RU LQVWDQFH, D QHZ FODVV RI
VWDEOH FKLUDO 'RQRU-π-$FFHSWRU ('-π-$) KHPLF\DQLQH-OLNH IOXRURSKRUHV ZHUH VWUDLJKWIRUZDUGO\
SUHSDUHG XQGHU R[LGDWLYH FRQGLWLRQV. 7KHLU (FKLU)RSWLFDO SURSHUWLHV FDQ EH IXUWKHU ILQH-WXQHG E\ ODWH-
VWDJH FURVV-FRXSOLQJ UHDFWLRQV.4 2Q WKH RWKHU KDQG, D QHZ FODVV RI EULGJHG-KHDG VWHUHRJHQLF 3-
SKRVSKRURGLDPLGLWH OLJDQGV (1LG3KRV) FDQ EH V\QWKHVL]HG LQ JRRG \LHOGV. 7KHVH OLJDQGV ZHUH
REWDLQHG ZLWK IXOO VWHUHRVHOHFWLYLW\ (E-IRUP) DQG WKH\ VKRZ SURPLVLQJ UHVXOWV LQ HQDQWLRVHOHFWLYH
FDWDO\VLV.5

>1@ D) 6. 6HUJH\HY, +HOY. &KLP. $FWD 2009, 92, 415−444; E) Ö. 9. 5¼QDUVVRQ, -. $UWDFKR, ..
:¦UQPDUN, (XU. -. 2UJ. &KHP. 2012, 7015−7041.
>2@ $. 6KDUPD, /. *X«Q«H, -. 9. 1DXEURQ, -. /DFRXU, $QJHZ. &KHP. ,QW. (G. 2011, 50, 3677−3680.
>3@ D) $. %RVPDQL, $. *. ,E£³H], 6. *RXGHGUDQFKH, &. %HVQDUG, -. /DFRXU,$QJHZ. &KHP. ,QW. (G.
2018, 57, 7151−7155; E) $. %RVPDQL, $. *. ,E£³H], -. /DFRXU, +HOY. &KLP. $FWD 2019, 102, H19000.
>4@ D) 1. 6DOHK, $. %RVPDQL, &. %HVQDUG, 7. %¾UJL, '. -DFTXHPLQ, -. /DFRXU, 2UJ. /HWW. 2020, 2,
7599−7603; E) 1. 6DOHK, -. /DFRXU, 6\Q2SHQ 2021, 5, 134–137.
>5@ 1. 6DOHK HW DO. 0DQXVFULSW LQ SUHSDUDWLRQ.
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-017

+DUQHVVLQJ 'HHS (XWHFWLF 6ROYHQWV IRU 3RODU 2UJDQRPHWDOOLF $GGLWLRQV WR ͅ,͆-
XQVDWXUDWHG .HWRQHV LQ $LU

$. :. 3ODWWHQ1, (. +HYLD1*

1'HSDUWPHQW I¾U &KHPLH, %LRFKHPLH XQG 3KDUPD]LH, 8QLYHUVLW¦W %HUQ, )UHLHVWUDVVH 3, 3012 %HUQ,
6ZLW]HUODQG

3RODU RUJDQRPHWDOOLFV DGGLWLRQV DUH IRXQG ZLGHO\ LQ PRGHUQ FKHPLVWU\, ZLWK PRVW V\QWKHVHV RI
PHGLFLQDO DQG DJURFKHPLFDO SURGXFWV LQYROYLQJ RQH RU PRUH VWHSV, XWLOL]LQJ *ULJQDUGV RU
RUJDQROLWKLXPV. 'HVSLWH WKHLU XWLOLW\, WKHVH UHDFWLRQV W\SLFDOO\ UHTXLUH LQHUW FRQGLWLRQV, FU\RJHQLF
WHPSHUDWXUHV (-78r&), DV ZHOO DV XVH RI GU\ SRODU VROYHQWV.>1@ 7R RYHUFRPH VRPH RI WKHVH
OLPLWDWLRQV, GHHS HXWHFWLF VROYHQWV KDYH HPHUJHG DV D SRZHUIXO DOWHUQDWLYH. )RUPHG E\ WKH
FRPELQDWLRQ RI D K\GURJHQ ERQG DFFHSWRU (&KROLQH FKORULGH) DQG K\GURJHQ ERQG GRQRU (JO\FHURO)
WR IRUP D XQLIRUP OLTXLG ZLWK ORZ WR[LFLW\ DQG YRODWLOLW\.

5HFHQW GHYHORSPHQWV LQ SRODU RUJDQRPHWDOOLF FKHPLVWU\ KDYH EURNHQ WKH FXUUHQW GRJPD UHTXLULQJ
LQHUW DQG FU\RJHQLF FRQGLWLRQV. 2XU JURXS DORQJ ZLWK RWKHUV >3@ KDYH VKRZQ WKDW SRODU
RUJDQRPHWDOOLF UHDFWLRQV FDQ RFFXU UDSLGO\ DQG RXWFRPSHWH WKH SURWRQRO\VLV VLGH UHDFWLRQ
ZKHQ LQ QRQ-WUDGLWLRQDO SURWLF VROYHQWV LQ DLU. ,Q WKLV ZRUN ZH VKRZ WKDW E\ KDUQHVVLQJ GHHS
HXWHFWLF VROYHQWV, DGGLWLRQV WR ͅ,͆-XQVDWXUDWHG NHWRQHV FDQ RFFXU DW URRP WHPSHUDWXUH LQ DLU, ZLWK
D ZHDOWK RI GLIIHUHQW RUJDQRPHWDOOLF UHDJHQWV DQG VXEVWUDWHV.

5HIHUHQFHV: 
>1@ -. &OD\GHQ,2UJDQROLWKLXPV: 6HOHFWLYLW\ IRU 6\QWKHVLV. 3HUJD-PRQ, (OVHYLHU 6FLHQFH /WG., 2[IRUG,
8., 2002; 7KH &KHPLVWU\ RI 2UJDQRPDJQHVLXP &RPSRXQGV, ((GV.: =. 5DSSRSRUW,,. 0DUHN), 3DWDL
6HULHV, :LOH\, &KLFKHVWHU, 2008.
>2@ $. 3. $EERWW, *. &DSSHU, '. /. 'DYLHV, + /. 0XQUR, 5 .. 5DVKHHG, 9 7DPE\UDMDK&KHP FRPP.
2001, 2010-201; %.%. +DQVHQ, 6. 6SLWWOH, %. &KHQ, '. 3RH, <. =KDQJ, -. 0. .OHLQ, $. +RUWRQ, /.
$GKLNDUL, 7. =HORYLFK, %. :. 'RKHUW\, %. *XUNDQ,(. -. 0DJLQQ, $. 5DJDXVNDV, 0. 'DGPXQ, 7. $.
=DZRG]LQVNL, *. $. %DNHU,0. (. 7XFNHUPDQ, 5. ). 6DYLQHOO DQG -. 5. 6DQJRU. &KHP 5HY, 2021, 121
(3), 1232-1285
>3@. -.*DUFLD-DOYDUH], (. +HYLD, $QJHZ. &KHP. ,QW. (G. 2014, 53, 5969 –5973; (.+HYLD, $QJHZ.
&KHP.,QW.(G. 2016, 55,16145; 6. (. *DUF¯D-*DUULGR, $. 3UHVD 6RWR, (. +HYLD DQG -. *DUF¯D-ÁOYDUH].
(XU. -. ,QRUJ. &KHP,2021, 3116–3130.
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2UJDQLF &KHPLVWU\, ,QYLWHG / $ZDUG /HFWXUH 2&-021

7KH &KHPLFDO 'HYHORSPHQW RI $GDIRVEXYLU, D 1XFOHRVLGH 3KRVSKRUDPLGDWH 3URGUXJ IRU
WKH 7UHDWPHQW RI +HSDWLWLV & ,QIHFWLRQ

7. &DR1, 6. :DJVFKDO1, 6. /HPDLUH2

1&KHPLFDO 3URFHVV 5HVHDUFK DQG 'HYHORSPHQW, -DQVVHQ 3KDUPDFHXWLFD, 6FKDIIKDXVHQ 8200,
6ZLW]HUODQG, 2&KHPLFDO 3URFHVV 5HVHDUFK DQG 'HYHORSPHQW, -DQVVHQ 3KDUPDFHXWLFD, %HHUVH 2340,

%HOJLXP

GFDR8#LWV.MQM.FRP

2YHU WKH ODVW GHFDGHV, QXFOHRVLGH DQDORJXHV KDYH SOD\HG VLJQLILFDQW UROHV LQ DQWLYLUDO
WKHUDSLHV DQG HPHUJHG DV D ZHOO-HVWDEOLVKHG SODWIRUP WR WUHDW FDQFHU DQG YLUDO LQIHFWLRQV.
4’-IOXRUR-2’-&-PHWK\OXULGLQH ZDV GLVFRYHUHG DV D SRWHQW LQKLELWRU RI KHSDWLWLV & YLUXV 51$-
SRO\PHUDVH. 3KRVSKRUDPLGDWH SURGUXJ VWUDWHJ\ ZDV DSSOLHG, OHDGLQJ WR LGHQWLI\ D FOLQLFDO
FDQGLGDWH $GDIRVEXYLU ($OLRV 335). 7KH URXWH GHILQLWLRQ, WKH LQLWLDO VFDOH-XS URXWH, DQG WKH
RSWLPL]DWLRQ WRZDUGV ODUJH-VFDOH SURGXFWLRQ RI $GDIRVEXYLU ZLOO EH GLVFXVVHG LQ WKLV SUHVHQWDWLRQ.
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-023

1RQ-LQQRFHQW HOHFWURSKLOHV XQORFN H[RJHQRXV EDVH-IUHH FRXSOLQJ UHDFWLRQV

*. 7RXSDODV1, %. 0RUDQGL1*

1/DERUDWRU\ RI 2UJDQLF &KHPLVWU\, 'HSDUWPHQW RI &KHPLVWU\ DQG $SSOLHG %LRVFLHQFHV, (7+ =XULFK,
9ODGLPLU-3UHORJ-:HJ 1-5/10, 8093 =XULFK/&+

%HLQJ NH\ SDUWV LQ LQQXPHUDEOH FDWDO\WLF UHDFWLRQV, XQWLO WKLV GD\, HOHFWURSKLOHV VHUYH DOPRVW
H[FOXVLYHO\ WZR JHQHUDO SXUSRVHV WKURXJK WKHLU IXQFWLRQDO JURXS: ILUVW, ORFDWLQJ WKH ERQG-IRUPLQJ
VLWH DW WKH FRUUHVSRQGLQJ VXEVWUDWH DQG VHFRQG, SURYLGLQJ WKH HOHFWURQLF ELDV IRU HQWHULQJ WKH
FDWDO\WLF F\FOH. %H\RQG WKDW, VXFK FRQYHQWLRQDO HOHFWURSKLOHV DUH SDVVLYH WKURXJKRXW WKH UHDFWLRQ
UHQGHULQJ WKH IXQFWLRQDO JURXS DQG WKH FRUUHVSRQGLQJ SULRU V\QWKHWLF HIIRUWV WR LQVWDOO LW KLJKO\
VDFULILFLDO. 7KLV ZRUN>1@ LQWURGXFHV WKH FRQFHSW RI QRQ-LQQRFHQW HOHFWURSKLOHV. ,Q FRQWUDVW WR
FRQYHQWLRQDO HOHFWURSKLOHV VXFK DV FRPPRQO\ XVHG RUJDQLF KDOLGHV RU VXOIRQDWHV, WKLV QHZ FODVV RI
PXOWLIXQFWLRQDO HOHFWURSKLOHV DFWLYHO\ SDUWLFLSDWHV LQ WKH UHDFWLRQ EH\RQG WKH FODVVLFDO SDUDGLJP,
WKXV SURYLGLQJ H[WHQGHG UHDFWLYH RSSRUWXQLWLHV. 7KH FRQFHSW ZDV XVHG DV D SODWIRUP IRU WKH
GHYHORSPHQW RI H[RJHQRXV EDVH-IUHH FRXSOLQJ UHDFWLRQV DQG SURYLGHG D JHQHUDO VROXWLRQ WR WKH
‘EDVH SUREOHP’, D ORQJVWDQGLQJ FKDOOHQJH LQ FURVV-FRXSOLQJ FKHPLVWU\. &RQVLGHUHG DQ LQKHUHQW
UHTXLVLWH IRU FDWDO\WLF WXUQRYHU, WKH XVH RI (VXSHU)VWRLFKLRPHWULF DPRXQWV RI EDVH LQ WUDQVLWLRQ
PHWDO-FDWDO\]HG FRXSOLQJ UHDFWLRQV VLPXOWDQHRXVO\ OLPLWV WKH DFFHVVLEOH FKHPLFDO VSDFH, LV
VXERSWLPDO LQ WHUPV RI UHVRXUFH HIILFLHQF\, DQG W\SLFDOO\ UHQGHUV UHDFWLRQ FRQGLWLRQV
KHWHURJHQHRXV ZKLFK DIIHFWV UHSURGXFLELOLW\, VFDOH-XS FDPSDLJQV, DQG WKH LPSOHPHQWDWLRQ RI
HPHUJLQJ WHFKQRORJLHV, H.J. IORZ FKHPLVWU\ RU KLJK-WKURXJKSXW H[SHULPHQWDWLRQ.>1@ 7KHUHIRUH, D
JHQHUDO DSSURDFK WKDW HOXGHV WKH QHHG IRU H[RJHQRXV EDVHV LQ FRXSOLQJ UHDFWLRQV ZRXOG EH
EHQHILFLDO LQ YDULRXV DVSHFWV. ,Q VXPPDU\, WKH VWXG\ FRQILUPHG WKH K\SRWKHVLV DQG
GLLVRSURS\OFDUEDPDWHV DV ZHOO DV WHUW-EXW\O FDUERQDWHV ZHUH IRXQG WR UHOHDVH D FRPSHWHQW EDVH
DIWHU R[LGDWLYH DGGLWLRQ. 1RWDEO\, WKLV FDWDO\WLF UHOHDVH PHFKDQLVP JHQHUDWHV WKH EDVH RQ-GHPDQG
DV LW LV FRXSOHG WR WKH R[LGDWLYH DGGLWLRQ RI WKH FDWDO\VW, DQG E\ WKDW HVWDEOLVKHV VHOI-VXVWDLQLQJ
FDWDO\WLF V\VWHPV ZLWK LQWULQVLF VHOI-UHJXODWLRQ DQG HIILFLHQWO\ RYHUULGHV WKH GHOHWHULRXV HIIHFWV
FDXVHG E\ WKH XVH RI DQ H[RJHQRXV EDVH. $V D UHVXOW PXOWLSOH FRXSOLQJ UHDFWLRQV (9 GLVWLQFW FODVVHV
RI FRXSOLQJ UHDFWLRQV) ZKLFK WUDGLWLRQDOO\ UHO\ RQ WKH DGGLWLRQ RI (VXSHU)VWRLFKLRPHWULF EDVH FRXOG
EH WXUQHG LQWR H[RJHQRXV EDVH-IUHH, KRPRJHQHRXV SURFHVVHV, WKDW ZHUH FRPSDWLEOH ZLWK EDVH-
VHQVLWLYH IXQFWLRQDO JURXSV. ,PSRUWDQWO\, &‒+/&‒2 FRXSOLQJ VFHQDULRV SURYHG IHDVLEOH UHSUHVHQWLQJ
D SURPLVLQJ DYHQXH IRU WKH GHYHORSPHQW RI PRUH VXVWDLQDEOH FDWDO\WLF SODWIRUPV. )XUWKHUPRUH,
WKH DGYDQWDJHRXV IHDWXUHV RI QRQ-LQQRFHQW HOHFWURSKLOHV RYHU FRQYHQWLRQDO HOHFWURSKLOHV ZHUH
GHPRQVWUDWHG LQ PXOWLSOH UHOHYDQW DSSOLFDWLRQV, L.H. PLQLDWXUL]DWLRQ, UHDFWLYLW\ VHQVLQJ DQG UHDFWLRQ
GLVFRYHU\. )RU H[DPSOH, D PLFURPROH-VFDOH IOXRUHVFHQFH-EDVHG DVVD\ IRU UHDFWLRQ GLVFRYHU\ ZDV
GHYHORSHG WKDW UHOLDEO\ DQG UDSLGO\ GHWHFWV UHDFWLYLW\ UHTXLULQJ PLQLPDO DPRXQWV RI PDWHULDOV DQG
LQ ZKLFK D FRPPRQ EHQFKWRS 89-ODPS LV VXIILFLHQW IRU UHDFWLYLW\ GHWHFWLRQ DOORZLQJ IRU QDNHG-H\H
DQDO\VLV RI WKH VDPSOHV. 7KLV OHG WR WKH GLVFRYHU\ RI D QRYHO 1L-FDWDO\]HG H[RJHQRXV EDVH-IUHH
GHR[\JHQDWLRQ UHDFWLRQ RI DU\O FDUEDPDWHV XVLQJ LVRSURSDQRO DV D EHQLJQ UHGXFWDQW.

>1@ *. 7RXSDODV, %. 0RUDQGL, 1DW. &DWDO. 2022, 5, 324–331 DQG UHIHUHQFHV WKHUHLQ.
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-024

.LQHWLFDOO\ FRQWUROOHG VWHUHRVHOHFWLYH DFFHVV WR EUDQFKHG 1,3-'LHQHV E\ 5X-&DWDO\]HG
UHPRWH &RQMXJDWLYH ,VRPHUL]DWLRQ

6. 6FDULQJL1, &. 0D]HW1*

18QLYHUVLW\ RI *HQHYD, *HQHYD, 1211, 6ZLW]HUODQG

VW\OH "WH[W-DOLJQ: MXVWLI\;"!'LHQHV DUH LPSRUWDQW VWUXFWXUDO PRWLI LQ QXPHURXV QDWXUDO
SURGXFWV/ELRORJLFDOO\ DFWLYH PROHFXOHV DQG FDQ VHUYH DV EXLOGLQJ EORFNV IRU WKH V\QWKHVLV RI D EURDG
UDQJH RI FRPSRXQGV.1 $OWKRXJK D SOHWKRUD RI V\QWKHWLF SURFHVVHV KDYH EHHQ GHYHORSHG WKHLU
VWHUHRVHOHFWLYH V\QWKHVLV VWLOO UHSUHVHQWV D FRQVLGHUDEOH FKDOOHQJH.2 6XUSULVLQJO\ H[DPSOHV RI
FRQMXJDWHG EUDQFKHG 1,3-GLHQHV REWDLQHG E\ DONHQH LVRPHUL]DWLRQ DUH XQGHUGHYHORSHG. )ROORZLQJ
VXFK D PLOG UHGR[-HFRQRPLF V\QWKHWLF PHWKRGRORJ\ FRXOG RIIHU JUHDW IOH[LELOLW\ DOORZLQJ IRU WKHLU
VHOHFWLYH V\QWKHVLV.3,4

 

+HUHLQ ZH GHVFULEH DQ RSHUDWLRQDOO\ VLPSOH 5X-FDWDO\]HG LVRPHUL]DWLRQ UHDFWLRQ WKDW DIIRUGV
VWHUHRVHOHFWLYHO\ EUDQFKHG 1,3-GLHQHV E\ FRQMXJDWLRQ RI WZR PLQLPDOO\ GLIIHUHQWLDWHG UHPRWH
DONHQHV.5 7KHVH NLQHWLF SURGXFWV FDQ EH REWDLQHG LQ KLJK \LHOG, UHJLR- DQG VWHUHRVHOHFWLYLW\. $
YDULHW\ RI IXQFWLRQDO JURXSV DQG KHWHURF\FOHV VKRZHG WR EH ZHOO WROHUDWHG DQG WKH LVRPHUL]DWLRQ
FDQ EH VXVWDLQHG RYHU VHYHUDO PHWK\OHQH XQLWV. 0HFKDQLVWLF LQYHVWLJDWLRQV VXSSRUW D PHWDO-K\GULGH
PHFKDQLVP FRQVLVWLQJ RI LWHUDWLYH PLJUDWRU\ LQVHUWLRQ/͆-+ HOLPLQDWLRQ, ZKLFK LV LQLWLDWHG
SUHIHUHQWLDOO\ DW WKH WHUPLQDO ROHILQLF VLWH. 7KH SRWHQWLDO RI WKH PHWKRG KDV EHHQ GHPRQVWUDWHG E\
WZR VHTXHQWLDO PXOWLPHWDOOLF VHOHFWLYH FDWDO\WLF VHTXHQFHV XVLQJ >5X/&X@ DQG >5X/5K@ FRXSOHV.

>1@ 1RUPDQ +HUUPDQQ, 'HQQLV 9RJHOVDQJ, $UQR %HKU, 7KRPDV 6HLGHQVWLFNHU, &KHP&DW&KHP,
2018, 10, 5342–5365.
>2@ 5DTXHO 6RHQJDV, +XPEHUWR 5RGU¯JXH]–6ROOD, 0ROHFXOHV, 2021, 26, 1R. 249.
>3@ +HLNR 6RPPHU, )UDQFLVFR -XOL£−+HUQ£QGH], 5XEHQ 0DUWLQ, ,ODQ 0DUHN, $&6 &HQW. 6FL., 2018, 4,
153−165.
>4@ 1LFND &KLQNRY, 6ZDSDQ 0DMXPGDU, ,ODQ 0DUHN, -. $P. &KHP. 6RF., 2002, 124, 10282–10283.
>5@ 6LPRQH 6FDULQJL, &O«PHQW 0D]HW, $&6 &DWDO., 2021, 11, 7970–7977.
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-025

3DOODGLXP(0)-&DWDO\]HG (QDQWLRVHOHFWLYH &(VS2)–+ $U\ODWLRQ RI (+HWHUR)DUHQHV

6. *XR1, 6. +XK1, 2. %DXGRLQ1*

18QLYHUVLW\ RI %DVHO, 'HSDUWPHQW RI &KHPLVWU\, 6W. -RKDQQV-5LQJ 19, 4056 %DVHO

$WURSLVRPHULF (KHWHUR)ELDU\OV DUH PRWLIV ZLWK LQFUHDVLQJ VLJQLILFDQFH LQ DV\PPHWULF FDWDO\VLV DQG
QDWXUDO SURGXFWV.1,2 7KH VWUDLJKWIRUZDUG FRQVWUXFWLRQ RI WKH VWHUHRJHQLF D[LV E\ HIILFLHQW &–+
IXQFWLRQDOL]DWLRQ PHWKRGV LV UDUH DQG FKDOOHQJLQJ.3 $Q LQWHUPROHFXODU DQG KLJKO\ HQDQWLRVHOHFWLYH
&–+ DU\ODWLRQ RI UHOHYDQW KHWHURDUHQHV SURYLGLQJ DQ HIILFLHQW DFFHVV WR DWURSLVRPHULF
(KHWHUR)ELDU\OV LV UHSRUWHG.4 7KH XVH RI D 3G(0) FRPSOH[ HTXLSSHG ZLWK +8-%,1$32 DV FKLUDO OLJDQG
HQDEOHV WKH GLUHFW IXQFWLRQDOL]DWLRQ RI D EURDG UDQJH RI 1,2,3-WULD]ROHV DQG S\UD]ROHV LQ H[FHOOHQW
\LHOGV DQG VHOHFWLYLWLHV RI XS WR 97.5:2.5 HU. 7KH PHWKRG DOVR DOORZV IRU DQ DWURSRVHOHFWLYH GRXEOH
&–+ DU\ODWLRQ IRU WKH FRQVWUXFWLRQ RI WZR VWHUHRJHQLF D[HV ZLWK !99.5:0.5 HU.

(QDQWLRSXUH FDUERKHOLFHQHV DUH LPSRUWDQW WDUJHW PROHFXOHV LQ PROHFXODU UHFRJQLWLRQ DQG PDWHULDO
VFLHQFH GXH WR WKHLU VWURQJ FLUFXODUO\ SRODUL]HG OXPLQHVFHQFH (&3/) SURSHUWLHV.5,6 +RZHYHU, D
JHQHUDO HQDQWLRVHOHFWLYH SURFHVV IRU WKH FRQVWUXFWLRQ RI ORZHU, QRQIXVHG ORZ-RUGHU
FDUER>Q@KHOLFHQHV (Q  4-6) LV VWLOO ODFNLQJ.7 +HUHLQ, ZH UHSRUW WKDW 3G-FDWDO\VHG HQDQWLRVHOHFWLYH
&–+ DU\ODWLRQ SURYLGHV D VLPSOH DQG JHQHUDO DFFHVV WR WKHVH FDUER>Q@KHOLFHQHV.8 &RPSXWDWLRQDO
VWXGLHV UHYHDOHG D FRPSOH[ HQDQWLR-LQGXFWLRQ SURFHVV. $ V\VWHPDWLF VWXG\ RI WKH &3/ SURSHUWLHV RI
WKH V\QWKHVLVHG FDUER>Q@KHOLFHQHV, VKRZHG WKDW FDUER>4@KHOLFHQHV GLVSOD\ FRPSDUDEOH &3/
UHVSRQVHV WR WKH KLJKHU FDUER>6@KHOLFHQHV. 7KLV VXJJHVWV QHZ DYHQXHV IRU WKH RSWLPLVDWLRQ RI
FKLURSWLFDO SURSHUWLHV RI KHOLFHQH V\VWHPV.

>1@ 0DULHWWH 0. 3HUHLUD, 0£ULR -. ). &DOYHWH, 5XL 0. %. &DUULOKR, $UWXU 5. $EUHX, &KHP. 6RF.
5HY. 2013, 42, 6990-7027.
>2@ *HUKDUG %ULQJPDQQ, 7DQMD *XOGHU, 7RELDV $. 0. *XOGHU, 0DWWKLDV %UHXQLQJ, &KHP. 5HY. 2011,
111, 563–639.
>3@ *DQJ /LDR, 7DR =KRX, 4L--XQ <DR, %LQJ-)HQJ 6KL, &KHP. &RPPXQ. 2019, 55, 8514-8523.
>4@ ,Q FROODERUDWLRQ ZLWK WKH &UDPHU JURXS, (3)/: 4XL-+LHQ 1JX\HQ,+ 6KX-0LQ *XR,+ 7LWRXDQ 5R\DO,
2OLYLHU %DXGRLQ, 1LFRODL &UDPHU, -. $P. &KHP. 6RF. 2020, 142, 2161−2167.
>5@ 0DUF *LQJUDV, &KHP. 6RF. 5HY. 2013, 42, 1051–1095.
>6@ :HQ-/RQJ =KDR, 0HQJ /L, +DL-<DQ /X, &KXDQ-)HQJ &KHQ, &KHP. &RPPXQ. 2019, 55,
13793–13803.
>7@ <XQ 6KHQ, &KXDQ-)HQJ &KHQ, &KHP. 5HY. 2012, 112, 1463–1535.
>8@ 6KX-0LQ *XR, 6RRKHH +XK, 0D[ &RHKOR, /L 6KHQ, *U«JRU\ 3LHWHUV, 2OLYLHU %DXGRLQ, 6XEPLWWHG
ZRUN. '2,: 10.26434/FKHPU[LY-2022-JYS7E.
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2UJDQLF &KHPLVWU\, &RQWULEXWHG 7DON (15PLQ) 2&-026

&KHPRGLYHUJHQW $V\PPHWULF 6\QWKHVLV YLD &DWDO\WLFDOO\ )RUPHG &KLUDO $X[LOLDU\

0. 3XULQV1, -. :DVHU1*

1/DERUDWRU\ RI &DWDO\VLV DQG 2UJDQLF 6\QWKHVLV (/&62), ,QVWLWXWH RI &KHPLFDO 6FLHQFHV DQG
(QJLQHHULQJ (,6,&), (3)/

$V\PPHWULF FDWDO\VLV UHPDLQV DV RQH RI WKH PRVW HIILFLHQW ZD\V WR REWDLQ HQDQWLRHQULFKHG
SURGXFWV. 7KLV DSSURDFK KDV FXOPLQDWHG LQ 1REHO SUL]HV IRU DV\PPHWULF WUDQVLWLRQ PHWDO FDWDO\VLV
DQG RUJDQRFDWDO\VLV LQ 2001 DQG 2021 UHVSHFWLYHO\. +RZHYHU, FDWDO\WLF DV\PPHWULF UHDFWLRQV DUH
VHQVLWLYH WR WKH VXEVWUDWH VWUXFWXUH DQG RIWHQ UHTXLUH VSHFLDOL]HG UHDJHQWV RU DGGLWLYHV >1@. ,Q
DGGLWLRQ, IRU HDFK FKHPLFDOO\ GLVWLQFW WUDQVIRUPDWLRQ D GLIIHUHQW ILQH-WXQHG FDWDO\VW LV UHTXLUHG,
EHFDXVH WKH FDWDO\VW LV UHVSRQVLEOH IRU ERWK UHDFWLYLW\ DQG VWHUHRVHOHFWLYLW\.

:H VSHFXODWHG WKDW WKH UHDFWLYLW\ DQG VWHUHRVHOHFWLYLW\ FRXOG EH GHFRXSOHG E\ ILUVW LQWURGXFLQJ D
FKLUDO DX[LOLDU\ XVLQJ DV\PPHWULF FDWDO\VLV, DQG WKHQ SHUIRUPLQJ FKHPRGLYHUJHQW, UREXVW
WUDQVIRUPDWLRQV LQ D GLDVWHUHRVHOHFWLYH PDQQHU. +HUH ZH UHSRUW D 3G-FDWDO\]HG HQDQWLRVHOHFWLYH
WHWKHUHG FDUERHWKHULILFDWLRQ RI SURSDUJ\OLF DPLQHV XVLQJ D WULIOXRURDFHWDOGHK\GH GHULYHG PROHFXODU
WHWKHU DQG DU\O LRGLGHV DV HOHFWURSKLOHV (6FKHPH 1) >2@. 7KH FDWDO\WLFDOO\ IRUPHG DX[LOLDU\ ZDV XVHG
WR FRQWURO IDFLDO VHOHFWLYLW\ LQ PXOWLSOH FKHPLFDOO\ GLVWLQFW WUDQVIRUPDWLRQV RI WKH &-& GRXEOH ERQG:
K\GURJHQDWLRQ, F\FORSURSDQDWLRQ DQG HSR[LGDWLRQ >3@. ,Q DOO FDVHV FKDOOHQJLQJ DV\PPHWULF UHDFWLRQ
RQ WHWUD-VXEVWLWXWHG ROHILQ ZDV DFKLHYHG XVLQJ YHU\ VLPSOH FRQGLWLRQV – KHWHURJHQRXV
K\GURJHQDWLRQ, F\FORSURSDQDWLRQ XVLQJ IUHH FDUEHQH DQG HSR[LGDWLRQ ZLWK P&3%$. 7KH REWDLQHG
SURGXFWV VHUYH DV SUHFXUVRUV WR PHGLFLQDOO\ UHOHYDQW DPLQR DOFRKROV RU DOSKD DPLQR NHWRQHV.

6FKHPH 1. &KHPRGLYHUJHQW DV\PPHWULF V\QWKHVLV YLD FDWDO\WLFDOO\ IRUPHG FKLUDO DX[LOLDU\.

>1@ /LDQJ +RQJ, :DQJVKHQJ 6XQ, 'RQJ[X <DQJ, *XRIHQJ /L, 5XL :DQJ, &KHP. 5HY., 2016, 116,
4006–4123
>2@ /XFD %X]]HWWL, 0LNXV 3XULQV, 3KLOOLS '. *. *UHHQZRRG, -HURPH :DVHU, -. $P. &KHP. 6RF., 2020,
142, 17334-17339.
>3@   0LNXV 3XULQV, -HURPH :DVHU, $QJHZ. &KHP. ,QW. (G., 2022, 61, H202113925.
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)OXRULQDWHG $F\O $QK\GULGHV LQ 6ZLWFKDEOH 'LYHUJHQW 3KRWRUHGR[ &DWDO\VLV

5. *LUL1,2, '. .DWD\HY1,3*

1'HSDUWPHQW RI &KHPLVWU\, 8QLYHUVLW\ RI )ULERXUJ, &KHPLQ GX 0XV«H 9, &+-1700, )ULERXUJ
(6ZLW]HUODQG), 25DKXO.JLUL#XQLIU.FK, 3'PLWU\.NDWD\HY#XQLIU.FK

7KH RXWVWDQGLQJ LPSDFW RI WKH IOXRULQH DWRPV LQ GUXJ GLVFRYHU\ FDQQRW EH RYHUHVWLPDWHG.
6XEVWDQWLDOO\, WKH LQFRUSRUDWLRQ RI WULIOXRURPHWK\O DF\O (&)3&2) DQG JHP-GLIOXRUR (&)2) PRLHW\ LQWR
WKH RUJDQLF IUDPHZRUN DUH KLJKO\ VRXJKW GXH WR WKH LQIOXHQFH RI WKHVH XQLWV RQ SK\VLFRFKHPLFDO
DQG SKDUPDFRORJLFDO SURSHUWLHV RI PROHFXOHV. +RZHYHU, WKH LQWURGXFWLRQ RI WKHVH V\QWKRQV
UHTXLUHV WKH XVH RI SUHIXQFWLRQDOL]HG VWDUWLQJ PDWHULDOV RU D VXUURJDWH DW WKH EHJLQQLQJ RI WKH
V\QWKHVLV. 7R DGGUHVV WKLV OLPLWDWLRQ, SHUIOXRUR FDUER[\OLF DQK\GULGHV FDQ EH VHOHFWHG DV SHUIHFW
SUHFXUVRUV EHFDXVH WKH\ DUH DEXQGDQW VRXUFHV RI IOXRULQH EXLOGLQJ EORFNV DQG SRVVHVV YDULHG
UHDFWLYLW\. +HUHLQ, ZH UHSRUW D YLVLEOH OLJKW-PHGLDWHG SKRWRUHGR[ DFWLYDWLRQ RI WULIOXRURDFHWLF
DQK\GULGH (7)$$) WKDW RFFXUV WKURXJK D WULIOXRURDF\O UDGLFDO PHFKDQLVP. 5HPDUNDEO\, WKLV UDGLFDO
FDQ EH VWDELOL]HG XQGHU D &2 DWPRVSKHUH, DQG LQ WKH SUHVHQFH RI ROHILQV, GHOLYHUV WKH
FRUUHVSRQGLQJ ͅ,͆-XQVDWXUDWHG WULIOXRURPHWK\O NHWRQH GHULYDWLYHV.>1@ 7KLV PHWKRG FDQ DOVR EH
GLYHUVLILHG LQWR D WULIOXRURPHWK\ODWLRQ SURWRFRO E\ VLPSO\ FKDQJLQJ WKH UHDFWLRQ SDUDPHWHUV.
)XUWKHUPRUH, ZH GHYHORSHG D PLOG DQG RSHUDWLRQDOO\ VLPSOH VWUDWHJ\ WR DFFHVV JHP-GLIOXRUR
FRPSRXQGV XVLQJ FKORURGLIORURDFHWLF DQK\GULGH (&')$$) DV D ORZ-FRVW DQG UHDGLO\ DYDLODEOH
UHDJHQW. ,Q WKLV FDVH, SKRWRUHGR[ DFWLYDWLRQ VHOHFWLYHO\ WULJJHUV SVHXGR-PHVRO\WLF FOHDYDJH RI D
&−&O ERQG JHQHUDWLQJ DQ ͅ,ͅ-GLIOXRULQDWHG UDGLFDO, WKDW DFWV DV DQ H[FHSWLRQDO ELIXQFWLRQDO
LQWHUPHGLDWH LQ UHDFWLRQ ZLWK DONHQHV. 7KH UHDFWLYLW\ RI WKLV UDGLFDO LV IXUWKHU GHWHUPLQHG E\ WKH
VROYHQW HIIHFW, GHWDLOHG PHFKDQLVWLF VWXGLHV RI ZKLFK KDYH VKRZQ WR RFFXU E\ WKUHH GLVWLQFW
SDWKZD\V, GHOLYHULQJ LQ D VLQJOH FKHPLFDO VWHS ͅ,ͅ-GLIOXRUR-͇-ODFWDPV, ͇-ODFWRQHV, RU
GLIXQFWLRQDOL]HG FRPSRXQGV. 7KHVH PHWKRGRORJLHV DUH IORZ DQG EDWFK VFDODEOH, SRVVHVV H[FHOOHQW
FKHPR- DQG UHJLRVHOHFWLYLW\, DV ZHOO DV SUDFWLFDO IRU ODWH-VWDJH GLYHUVLILFDWLRQ RI ELRUHOHYDQW
PROHFXOHV.>2@ 

>1@ .. =KDQJ, 'U. '. 5RPEDFK, 1. <. 1¸WHO, 3URI. 'U. *. -HVFKNH. '. .DWD\HY$QJHZ. &KHP. ,QW. (G.
2021, 60, 22487 (+LJKOLJKWHG LQ 6<1)$&76, 2021).
>2@ 5. *LUL, ,. 0RVLDJLQ, ,. )UDQ]RQL, 1. <. 1¸WHO, 6. 3DWUD, '. .DWD\HY &KHP5[LY. &DPEULGJH:
&DPEULGJH 2SHQ (QJDJH; 2022; 7KLV FRQWHQW LV D SUHSULQW DQG KDV QRW EHHQ SHHU-UHYLHZHG.
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Benzylic Metalation of Toluenes Using a Hydrocarbon Soluble Sodium Alkyl Reagent

D. Anderson1, A. Tortajada1, E. Hevia1*

1Departement für Chemie, Biochemie und Pharmazie, University of Bern, Freiestrasse 3, 3012
Bern

Alkyl sodium reagents have been proposed as an alternative to organolithiums, one of the
workhorses of synthetic chemistry.[1] Several factors, however, have hindered their wider synthetic
application in organic synthesis. They are plagued by poor solubility in hydrocarbon solvents and
low stability in donating ethereal solvents. This combined with their notoriously poor thermal
stability has made them inconvenient for use by synthetic chemists, leading to a lower
accessibility when compared with their lighter lithium congers.[2] Despite these limitations, recent
reports in the field of organosodium chemistry have focused on the development of new reactivity
and have demonstrated the potential of these powerful reagents in synthesis, surpassing the
reactivity obtained with other organometallic reagents.[3][4] However, the nature of the sodiated
intermediates in both the solid state and in solution remains poorly understood, missing an
opportunity to improve upon these reagents.

In this communication, we report on the exploitation of the Lewis basicity of PMDETA
(N,N,N’,N’’,N’’-pentamethyldiethylenetriamine) to access a hydrocarbon soluble alkyl sodium
reagent for use in the development of a facile and selective route towards benzylic metalation of
the corresponding toluene derivatives. We demonstrate the reactivity of the formed benzyl
sodiums through application in benzylic aroylation with a Weinreb amide to access synthetically
useful 2-aryl acetophenones. Reaction intermediates were characterised using a combination of X-
ray crystallography and 1H DOSY (Diffusion Ordered SpectroscopY), providing the first reported
synthetic and structural insights on the constitution of the intermediates in these reactions,
advancing our understanding of how these systems operate in solution.

[1] Wietelmann and J. Klett, Zeitschrift fur Anorg. und Allg. Chemie, 2018, 644, 194–204
[2] F. Algera, Y. Ma and D. B. Collum, J. Am. Chem. Soc., 2017, 139, 7921–7930.
[3] H. Harenberg, N. Weidmann, A. J. Wiegand, C. A. Hoefer, R. R. Annapureddy and P. Knochel,
Angew. Chemie - Int. Ed., 2021, 60, 14296–14301.
[4] Asako, H. Nakajima and K. Takai, Nat. Catal., 2019, 2, 297–303.
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Performance boost of a merocyanine photoacid by supramolecular encapsulation

C. Berton1, C. Pezzato1*

1Institut des Sciences et Ingénierie Chimiques, École Polytechnique Fédérale de Lausanne (EPFL),
1015 Lausanne, Switzerland

Merocyanine photoacids possess the ability to control the pH of their solutions by means of visible
light irradiation. Their applications are remarkable and cover many fields including biochemistry[1],
medicinal chemistry[2], material science and engineering[3], analytical chemistry [4], supramolecular
chemistry[5] and synthetic organic chemistry[6]. However, the instability of merocyanines towards
hydrolysis along with the poor solubility in water are important limiting factors in their application
space.

To circumvent these problems, we have synthesized and characterized an imidazolium
merocyanine derivative displaying high water solubility and strong affinity towards cucurbit[7]uril.
The host-guest complex becomes more stable towards hydrolysis and prolongs the timespan of
operation.

[1] F. J. Rizzuto, C. M. Platnich, X. Luo, Y. Shen, M. D. Dore, C. Lachance-Brais, A. Guarné, G.
Cosa, H. F. Sleiman, Nature Chemistry 2021, 13, 843–849.
[2] C. Wang, P. Zhao, G. Yang, X. Chen, Y. Jiang, X. Jiang, Y. Wu, Y. Liu, W. Zhang, W. Bu,
Materials Horizons 2020, 7, 1180–1185.
[3] X.-M. Chen, X.-F. Hou, H. K. Bisoyi, W.-J. Feng, Q. Cao, S. Huang, H. Yang, D. Chen, Q. Li,
Nat Commun 2021, 12, 4993.
[4]        P. K. Patel, K. Y. Chumbimuni-Torres, Analyst 2016, 141, 85–89.
[5]        S. M. Jansze, G. Cecot, K. Severin, Chemical Science 2018, 9, 4253–4257.
[6]        B. Yang, K. Dong, X.-S. Li, L.-Z. Wu, Q. Liu, Organic Letters 2022, 24, 2040–2044.
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The Bioorthogonal C,N-Cyclic Azomethine Imine-Isonitrile Ligation

M. Biedermann1, A. Markos1, H. Wennemers1*

1ETH Zürich

Bioorthogonal reactions are powerful tools to study and modify a wide range of biomolecules such
as proteins, sugars and small metabolites in their native environment.[1-3] In the last decade,
bioorthogonal reactions with high reaction rates (k2 > 1 M-1 s-1) and good chemoselectivity have
been developed.[4] Most of these reactions utilize large chemical reporters, which limits their
utility for labelling a wide array of biomolecules, especially glycans, lipids, and small metabolites.

Here, we introduce a new bioorthogonal reaction between C,N-cyclic azomethine imines (AMIs)
and isonitriles as the smallest bioorthogonal reporters. AMIs are stable in aqueous media
containing biologically relevant nucleophiles. In the presence of functional groups present in
biological systems – including often-problematic thiols – AMIs react chemoselectively in aqueous
buffer with isonitriles. This AMI-IN ligation is fast (k2 up to 200 M− 1 s−1), fully orthogonal to
cycloaddition reactions such as the Strain-Promoted Azide-Alkyne Cycloaddition (SPAAC), and
provides a stable amide bond as ligation product.

Selective labelling of an isonitrile containing protein in-vitro and of a cell surface isonitrile in-vivo
showcased the compatibility of the ligation with biological systems.

[1] E. M. Sletten, C. R. Bertozzi, Angew. Chemie Int. Ed. 2009, 48, 6974–6998.
[2] N. K. Devaraj, ACS Cent. Sci. 2018, 4, 952–959.
[3] S. L. Scinto, D. A. Bilodeau, R. Hincapie, W. Lee, S. S. Nguyen, M. Xu, C. W. am Ende, M. G. Finn,
K. Lang, Q. Lin, J. P. Pezacki, J. A. Prescher, M. S. Robillard, J. M. Fox, Nat. Rev. Methods Prim. 2021,
1, 1–23.
[4] S. S. Nguyen, J. A. Prescher, Nat. Rev. Chem. 2020, 4, 476–489.
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Tosyloxybenziodoxolone: a platform for the umpolung of alkynes

J. Borrel1, J. Waser1*

1Laboratory of Catalysis and Organic Synthesis (LCSO) and NCCR Catalysis, Institute of Chemical
Sciences and Engineering (ISIC), EPFL

In the last decade, cyclic hypervalent iodine compounds proved to be particularly useful reagents
to perform umpolung reactions. Under a variety of conditions, they allow the transfer of the
functional group linked to the I(III) center in an electrophilic fashion.1 One major drawback of those
methodologies is the synthesis of the reagents, usually requiring two steps. This is particularly
problematic in the case of ethynylbenziodoxolones (EBXs) since different substituents can be
present on the alkyne. Currently, each diversification will require the synthesis, isolation and
purification of the corresponding reagent, sometimes in poor yields depending on the alkyne
substitution. In this context, a method allowing their in situ formation and subsequent reaction
would allow a straightforward transfer of various alkynes starting from a common intermediate. To
the best of our knowledge, this approach has not been explored, potentially due to the strong
Lewis acids required to transfer the alkyne to the iodine center (Scheme 1A).2 We found out that
by starting from tosyloxybenziodoxolone (TsOBX),3 a more activated yet stable precursor, the
transfer of an alkynyltrifluoroborate salt can be performed without any activation (Scheme 1B).
This reaction proceeds in one hour at room temperature and afford EBXs in high yield and purity
upon simple work-up.4 Using these milder reaction conditions, they could be generated and
subsequently used to transfer the alkyne moiety without isolation (Scheme 1C).

Scheme 1: Classical and novel synthesis of EBX reagents and their use for a one-pot two-step
process.

[1] T. Wirth, Hypervalent Iodine Chemistry, Springer International Publishing, 2016.
[2] D. P. Hari, S. Nicolai, J. Waser, Hypervalent Halogen compounds: Alkynylations and
Vinylations In PATAI’S Chemistry of Functional Groups, John Wiley & Sons, 2018.
[3] V. V. Zhdankin, C. J. Kuehl, A. P. Krasutsky, J. T. Bolz, A. J. Simonsen, J. Org. Chem. 1996, 61,
6547–6551.
[4] J. Borrel, J. Waser, Org. Lett. 2022, 24, 142–146.
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Organocatalyzed Conjugate Addition Reactions of Aldehydes to Nitroolefins with
Anti-Selectivity

A. Budinská1, T. Schnitzer1, H. Wennemers1*

1Laboratory of Organic Chemistry, D-CHAB, ETH Zürich

In the past two decades, organocatalyzed stereoselective conjugate addition reactions of
aldehydes to nitroolefins have been a subject of intense research.[1] The resulting γ-
nitroaldehydes are versatile synthetic intermediates that can be further derivatized into e.g.
pyrrolidines and γ-butyrolactams, which are key moieties present in bioactive compounds. While
the conjugate addition reaction affording the syn-diastereoisomer is well established, broadly
applicable, non-substrate specific anti-selective methods remain unprecedented.

Our group introduced highly reactive tripeptidic catalysts of the type H-Pro-Pro-Xaa (Xaa = any
amino acid), which catalyze conjugate addition reactions of carbonyl compounds to nitroolefins in
high yields and with excellent syn-diastereoselectivity and enantioselectivity.[2] Detailed
mechanistic and conformational studies on these tripeptides showed that the s-trans enamine
intermediate is involved in the rate- and stereoselectivity-determining step.[3]

Drawing on this knowledge and the ease of structural modification of peptides, we envisioned that
a general anti-selective catalyst could be developed.[4] The key to the reversal of
diastereoselectivity is installing substituents at Cδ of the reactive pyrrolidine. This modification
favors the reaction of the s-cis enamine with the nitroolefin, forming the anti-configured γ-
nitroaldehyde. With the optimized peptide catalyst, different aldehydes and nitroolefins were
converted to the products in high yields and stereoselectivities, highlighting the generality of our
methodology. NMR spectroscopic and computational insights corroborated the preferential
formation of the s-cis enamine, and showed that the catalytic system operates under a Curtin-
Hammett scenario.

[1] Diego A. Alonso, Alejandro Baeza, Rafael Chinchilla, Cecilia Gómez, Gabriela Guillena, Isidro M.
Pastor, Diego J. Ramón, Molecules, 2017, 22, 895–945. 
[2] For examples, see: a) Markus Wiesner, Jefferson D. Revell, Helma Wennemers, Angew. Chem.
Int. Ed., 2008, 47, 1871–1874. b) Robert Kastl, Helma Wennemers, Angew. Chem. Int. Ed., 2013,
52, 7228–7232.
[3] a) Florian Bächle, Jörg Duschmalé, Christian Ebner, Andreas Pfaltz, Helma Wennemers, Angew.
Chem. Int. Ed., 2013, 52, 12619–12623. b) Carla Rigling, Jessica K. Kisunzu, Jörg Duschmalé,
Daniel Häussinger, Markus Wiesner, Marc-Olivier Ebert, Helma Wennemers, J. Am. Chem. Soc.,
2018, 140, 10829–10838.
[4] Tobias Schnitzer, Alena Budinská, Helma Wennemers, Nat. Catal., 2020, 3, 143–147.
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Cyclopentadienone Iron Complex Catalyzed Hydrogenation of Ketones: An Operando
Spectrometric Study Using Pressurized-Sample-Infusion Electrospray-Ionization Mass-

Spectrometry

A. Bütikofer1, P. Chen1*

1ETH Zurich

In order to gain mechanistic insight into the cyclopentadienone iron complex catalyzed
hydrogenation reaction [1,2] conducted in aqueous/alcoholic solvent, we prepared the sulfonate
charge-tagged and water soluble complexes [FeR(MeCN)(CO)2-SO3]Na (R = TMS, tBu). The
introduced charge allows monitoring of hydrogenation reactions by Pressurized-Sample-Infusion
Electrospray-Ionization Mass-Spectrometry [3], providing kinetic and mass spectrometric data
simultanously. Analysis of the kinetic and mass spectrometric data showed pronounced catalyst
decomposition for R = TMS. Based on mass spectrometric and radical inhibition experiments, the
decomposition involves solvolysis of the TMS groups followed by dimerization to afford dinuclear
Fe(I) complexes, ultimately forming catalytically inactive tricarbonyl species. The identification of
the solvolysis decomposition pathway allowed the targeted improvement of the catalytic system
by replacing the TMS groups by non-hydrolysable tBu groups. The mechanism-guided structural
change in the catalyst resulted in an increased rate (full conversion in 3 h instead of 18 h) and a
boost in turnover number from ca. 65 to > 1000. The present study suggests that for
hydrogenations with cyclopentadienone iron complexes, the use of alkyl groups flanking the C=O
double bond in the ligand is beneficial over the use of silyl groups when conducted in aqueous
media.

[1] Quintard, A.; Rodriguez, J., Angew. Chem. Int. Ed. 2014, 53, 4044.
[2] Pignataro, L.; Gennari, C., Eur. J. Org. Chem. 2020, 22, 3192.
[3] Vikse, K. L. et al., Int. J. Mass Spec. 2012, 323-324, 8.
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Accessing Asymmetric Nickel-Catalyzed Carbonyl α C-H bond Functionalization

Y. Cao1, M. Wodrich1, N. Cramer1*

1EPFL

Given to the acidity of adjacent C-H bond of carbonyls and the diverse reactivities of the formed
enolate, the α-C-H functionalization of ketones becomes one of the most fundamental C-C bond-
forming reactions for the access to the carbonyl compounds. Besides them, the metal catalyzed C-
H functionalization process provides an alternative strategy to achieve simple ketone α-alkylation
with unactivated olefins. However, harsh reaction conditions or additional directing groups are
generally required and the reactivity of the di-substituted α-C-H bond is still limited. Herein, we
found that a new bulky nickel N-heterocyclic carbene (NHC) system enables the conversion of such
acidic α-proton into a reactive nickel hydride species directly, which unlocks an alkylation of
various ketones with unconjugated diene, providing γ,δ-unsaturated ketones with vicinal
stereocenters in high regio- and diastereo-selectivity. Even excellent enantio-selectivities of this
transformation can be achieved when the chiral side-arms are introduced in the NHC ligand. The
reaction proceeds under redox neutral and mild condition without any additional base or additive.
The mechanistic studies and density functional theory (DFT) calculation support the existence of
nickel hydride intermediate and β-hydride elimination chain walking process. The reductive
elimination step should be the rate determine step for this C-C bond forming transformation.

Abigail Albright, Robert E Gawley, J. Am. Chem. Soc. 2011, 133, 19680.
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Direct Photoexcitation of Ethynylbenziodoxolones: An Alternative to Photocatalysis for
Alkynylation Reactions

D. Cavalli1, S. G. Amos1, F. Le Vaillant2, J. Waser1*

1EPFL, Lausanne, Switzerland, 2Max-Planck-Institut für Kohlenforschung, Mülheim, Germany

Alkynes are important moieties for synthetic and medicinal chemistry, chemical biology and
material science.1 Indeed, they can be used either as inert and rigid linkers as well as reactive
moieties.2 A possible synthetic method for such functional group implies using
Ethynylbenziodoxolones (EBXs) as radical traps in photocatalytic alkynylations.3,4,5 

Here we report the ability of aryl-substituted EBXs to undergo direct photoexcitation. Thus, acting
both as photooxidants and radical traps, alleviating the need for a photocatalyst.6 These properties
have been tested on previously reported photocatalyzed EBX-mediated transformations such as
decarboxylative3 and deboronative4 alkynylations as well as the oxyalkynylation of enamides.5 In
addition, the photoactive properties of Ar-EBXs have been applied to the synthesis of alkynylated
quaternary centers from tertiary alcohols, via stable cesium oxalate salts, and from tertiary
amines, via aryl imines.

1. Modern Alkyne Chemistry: Catalytic and Atom-Economic Transformations; Eds. B. M. Trost,
C.-J. Li; Wiley-VCH: Weinheim, 2015.

2. P. Thirumurugan, D. Matosiuk, K. Jozwiak, Chem. Rev. 2013, 113, 4905–4979.
3. a) Q. Zhou, W. Guo, W. Ding, X. Wu, X. Chen, L. Lu, W. Xiao, Angew. Chem. Int.

Ed. 2015, 54, 11196–11199; b) F. Le Vaillant, T. Courant, J. Waser, Angew. Chem. Int.
Ed. 2015, 54, 11200–11204.

4. H. Huang, G. Zhang, L. Gong, S. Zhang, Y. Chen, J. Am. Chem. Soc. 2014, 136, 2280–2283.
5. F. Le Vaillant, M. Garreau, S. Nicolai, G. Gryn’ova, C. Corminboeuf, J. Waser, Chem.

Sci. 2018, 9, 5883–5889.
6. S. G. E. Amos‡, D. Cavalli‡, F. Le Vaillant, J. Waser, Angew. Chem. Int. Ed., 2021, 60,

23827–23834. ‡These authors contributed equally to this work.
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Thiol-Mediated Uptake and Inhibition of Phosphorothioate-Derived Transporters

F. Coelho1, Q. Laurent1, N. Sakai1, S. Matile1*

1Department of Organic Chemistry, University of Geneva, 30 Quai Ernest-Ansermet 1211, Geneva
4, Switzerland

Thiol-mediated uptake (TMU) is a process in which molecules, containing thiol/disulfide reactive
moieties, participate in cascade reactions with cell surface thiols/disulfides facilitating the
internalization. Some of the most known TMU transporters are cell-penetrating poly(disulfides)1,
cyclic oligochalcogenides2 and most recently pnictogen-expanded cyclic disulfides3. Recently our
focus was turned to oligomer phosphorothioates (OPS) since their enhanced uptake as compared
to phosphorodiester has been linked to thiol-mediated uptake4. The idea is to harvest this
enhanced uptake of phosphorothioate group and create new structures that can then be used to
deliver other substrates. So, we propose the synthesis and evaluation of a new family of TMU
transporters and inhibitors containing two PS groups, linked together by a pseudo-disulfide bond.
The studies at the single molecule level will allow better understanding of the internalization
process and broader uptake applications.

 

 

[1] Jie Zhou, Liqin Sun, Liping Wang, Yichang Liu, Jinyu Li, Jingying Li, Juan Li, Huanghao
Yang, Angew. Chem. Int. Ed., 2019, 58, 5236–5240
[2] Remi Martinent, Quentin Laurent, Naomi Sakai, Stefan Matile, Chimia, 2019, 73, 304–307 
[3] Bumhee Lim, Takehiro Kato, Celine Besnard, Amalia I. Poblador Bahamonde, Naomi Sakai,
Stefan Matile, JACS Au, 2022, 2, 1105–1114
[4] Quentin Laurent, Remi Martinent, Dimitri Moreau, Nicolas Winssinger, Naomi Sakai, Stefan
Matile, Angew. Chem. Int. Ed., 2021, 60, 19102–19106
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Geländer Molecules with orthogonal joints: Design and Synthesis of Macrocyclic Dimers

A. D'Addio1, J. Malincik1, O. Fuhr2, D. Häussinger1, M. Mayor1,2*

1Department Chemie, Universität Basel, 2Institut für Nanotechnologie (INT), Karlsruher Institut für
Technologie (KIT)

Linking a molecular rod (backbone) with long linkers (banister) forces the latter to wrap around the
former, inducing helical chirality (Scheme 1). The wrapping of the linker is reminiscent of the
banister of a spiral staircase (Scheme 1A), thus prompting Vögtle and co-workers to coin the
German term “Geländer”-oligomers for these architectures (Scheme 1B).[1] In their early
investigation, they linked adjacent phenylenes in terphenylene with short linkers yielding beside
the chiral (M,M) and (P,P) isomers the achiral (M,P) meso-form in a statistical distribution.[2] Our
group introduced the concept of length mismatch in ladder-oligomers, reporting the first
“Geländer”-oligomer with the banister wrapping continuously around the backbone in 2014
(Scheme 1D). If a single strand in a ladder-oligomer is elongated, the longer strand (banister)
wraps around, the shorter strand (backbone).[3] These structures only contain one helical axis,
and therefore, only chiral (M) and (P) isomers are found. Due to the asymmetry of the junction
connecting backbone and banister, regioisomers are eventually formed in a late divergent step by
the rotation of the junctions.[4] By symmetrizing the molecular design, the divergent step is
circumvented. The helical structure can be formed in two subsequent robust homo-coupling steps
and, together with the symmetrical design, eventually allows to synthesize longer oligomers
efficiently.

Scheme 1: Figure 1: A) Sketch of a spiral staircase as inspiration of “Geländer” molecules with an
axle (blue) and a helical banister (red). “Geländer” helices of B) Vögtle, C) Rathore, and D) and E)
from our own lab. F) New “Geländer” macrocycles 1 and 2 with rectangular arrangements
between axle and rung, as well as between rung and banister.    

The novel “Geländer” structures were obtained in 6 and 7 steps, respectively. Both helical
structures were fully characterized and chirally resolved. All enantiomers were assigned by
enantiopure synthesis and comparison of experimental and simulated chiroptical properties.

[1]       B. Kiupel et al., Angew. Chem. Int. Ed. 37 (1998) 3031.
[2]       M. Rickhaus et al., Chem. Soc. Rev. 45 (2016) 1542.
[3]       M. Rickhaus et al., Angew. Chem. Int. Ed. 53 (2014) 14587.
[4]       R. Mannancherry et al., Chem. Sci. 9 (2018) 5758.
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HTE/Data Science Augmented Investigation of NiZn Nanocrystal Catalyzed Alkyne
Semihydrogenation

J. De Jesus Silva1, J. Clarysse2, S. Zhang1, S. R. Docherty1, M. Yarema2, V. Wood2*, C. Copéret1*

1Department of Chemistry and Applied Biosciences, ETH Zurich, Vladimir-Prelog-Weg 1 5, CH 8093
Zurich, Switzerland, 2Department of Information Technology and Electrical Engineering, ETH

Zürich, Gloriastrasse 35, 8092 Zurich, Switzerland

Selective hydrogenation of alkynes to alkenes is of broad interest in both industry and academia
with processes ranging from purification of ethylene feeds by semihydrogenation of acetylene to
synthesis of valuable Z-alkenes in vitamins and natural products.[1] Developed in the 1950s,
Lindlar catalyst (Pd/CaCO3/Pb(OAc)2/quinoline) still finds ample use as batch semihydrogenation
catalyst, despite several drawbacks i.e. scarcity and increasing prices of palladium, inherent
toxicity of lead, narrow substrate scope and overhydrogenation to alkanes.[2] Fueled by the
continuous search for earth-abundant and non-toxic catalysts, alloyed nickel nanoparticles showed
great promise owing to high activity, selectivity and functional group tolerance.[3] However,
controlling the size and the composition of nanoparticles, which ultimately influence their
reactivity in hydrogenation,[4] remains a difficult challenge.

Herein, we describe the synthesis of highly monodisperse bimetallic Ni-X (X= Zn, Ga, In)
nanocrystals, 3-4 nm in size, prepared via a colloidal amalgamation seeded growth procedure that
allows for excellent composition control.[5] Using high-throughput experimentation, we show that
Ni3Zn nanocrystals are highly active and selective for the liquid-phase semihydrogenation of
alkynes in batch, displaying good functional group tolerance, while operating as non-supported
dispersions under mild reaction conditions at low nickel loadings. Through integration of data
science techniques encompassing density functional theory featurization, dimensionality reduction
and hierarchical clustering, we demonstrate that the studied substrate scope covers the chemical
space of commercial alkynes, providing a data set for future studies on alkyne-related reactions.

[1] a) Nikolaev, S. A.; Zanaveskin, L. N.; Smirnov, V. V.; Averyanov, V. A.; Zanaveskin, K. L., Russ.
Chem. Rev., 2009, 78, 231−247. b) Bonrath, W.; Medlock, J.; Schutz, J.; Wustenberg, B.; Netscher,
T. Hydrogenation in the Vitamins and Fine Chemicals Industry – An Overview. In Hydrogenation;
Karamé , I., Ed.; InTech: Rijeka, Croatia, 2012.
[2] Lindlar, H., Helv. Chim. Acta, 1952, 35, 446−450.
[3] a) Carrenco, S.; Leyva-Pérez, A.; Concepción, P.; Boissière, C.; Mézailles, N.; Sanchez, C.;
Corma, A. Nanotoday, 2012, 7(1), 21-28. b) Spanjers, C. S.; Held, J. T.; Jones, M. J.; Stanley, D. D.;
Sim, R. S.; Janik, M. J.; Rioux, R. M.,  J. Catal., 2014, 316, 164-173.
[4] a) Markov, P. V.; Mashkovsky, I. S.; Bragina, G. O.; Wärna, J.; Bukhtiyarov, V. I.; Stakheev, A. Y.;
Murzin, D. Y. Chem. Eng. J. 2021, 404, 126409. b) Studt, F.; Abild-Pedersen, F.; Bligaard, T.;
Sørensen, R. Z.; Christensen, C. H.; Nørskov, J. K., Science, 2008, 320, 1320-1322.
[5] Clarysse, J.; Moser, A.; Yarema, O.; Wood, V.; Yarema, M., Sci. Adv., 2021, 7, 1934.
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Flow Chemistry for the Chemo-Enzymatic Synthesis of Anaesthetics

P. Diaz-Kruik1, D. Roura Padrosa1, A. Benítez-Mateos1, D. Lim1, F. Paradisi1*

1Department of Chemistry, Biochemistry and Pharmacy, University of Bern, Freiestrasse 3, Bern,
Switzerland

The synthesis of L-pipecolic acid from L-lysine has been proved to be very efficient via a
continuous biocatalytic cascade.[1] Encouraged by those results, we envisioned the preparation of
amide anaesthetics (such as Ropivacaine and Mepivacaine)[2] derived from bulky amines, using a
chemo-enzymatic approach.

Initial results showed that the order of the reactions was a key parameter in the successful
synthesis of the final products. N-Functionalization of pipecolic acid was carried out by reductive
amination using NaBH3CN as the reducing agent, achieving a 92 % yield in batch after 18 h. A
significant increase in productivity was observed when performing the reaction under flow
conditions, where a 90 % conversion was observed in only 10 minutes. Amide bond formation was
performed using a recently published procedure.[5] This strategy, which involves an acyl fluoride
intermediate, initially seemed promising since moderate yields were achieved when working in
flow at high substrate concentrations (100 mM). However, this was found not to be the case when
moving to process concentrations (10 mM), where no product formation under the screened
conditions was detected. Work is in progress to replace the aforementioned reducing agent for a
safer alternative. Moreover, different coupling reagents and strategies are being screened for
amide formation to find a good compromise between synthetic efficiency and low environmental
impact. A chemo-enzymatic continuous system affording bulky amides will dramatically decrease
the overall environmental impact and cost efficiency of the industrial synthesis of these APIs.[6]

[1]      D.R. Padrosa, A.I. Benítez-Mateos, L. Calvey, F. Paradisi, Green Chem, 2020, 22, 5310–5316.
[2]      G. Kuthiala, G. Chaudhary, Indian J. Anaesth, 2011, 55, 104–110.
[3] E. Jost, M. Kazemi, V. Mrkonjić, F. Himo, C.K. Winkler, W. Kroutil, ACS Catal, 2020, 10,
10500–10507.
[4]      M. Finnveden, S. Semlitsch, O. He, M. Martinelle, Catal. Sci. Technol, 2019, 9, 4920–4927.
[5]      W.D.G. Brittain, S.L. Cobb, Org. Lett., 2021, 23, 5793–5798.
[6]      Z. Fülöp, P. Szemesi, P. Bana, J. Éles, I. Greiner, React. Chem. Eng., 2020, 5, 1527–1555.
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Arene-Limited Non-directed C–H Arylation of Fluoroarenes

C. C. Dong1, M. Örgen1, I. Čorić1, I. Čorić1*

1University of Zurich, Department of Chemistry, Winterthurerstrasse 190, CH-8057 Zurich

The activation and functionalization of C–H bonds avoids the use of pre-functionalized synthetic
equivalents, allows non-traditional disconnections for drug and complex molecules synthesis, and
improves synthetic step economy.1 In the past two decades, numerous research groups
contributed to the development of new methods for C–H activation, especially in the area of
directed C–H activation, for which pre-installed directing groups are necessary. Many functional
groups, transient mediators and templates have been used as directing groups to enable C–H
activation at different positions in the molecule.2 Meanwhile, the non-directed C–H activations are
still limited due to the need for excess substrate, which is often used as a (co)solvent.3

Recently, our group developed the concept of spatial anion control for non-directed C–H activation
using arenes as limiting reactants.4 Using this strategy, we now demonstrate a Pd-catalysed direct
C–H arylation of fluoroarenes5,6 as limiting reactants. The mild conditions enable functionalization
of diverse substrates and site-selectivity complementary to that obtained with other methods of
fluoroarene functionalization can be achieved.

[1] L. Guillemard, N. Kaplaneris, L. Ackermann, M. J. Johansson, Nat. Rev. Chem. 2021, 5, 522-545.
[2] K. Murali, L. A. Machado, R. L. Carvalho, L. F. Pedrosa, R. Mukherjee, E. Júnior, D. Maiti, Chem.
Eur. J. 2021, 27, 12453–12508.
[3] P. Wedi, M. van Gemmeren, Angew. Chem. Int. Ed. 2018, 57, 13016 – 13027.
[4] J. Dhankhar, E. González-Fernández, C.-C. Dong, T. K. Mukhopadhyay, A. Linden, I. Čorić, J. Am.
Chem. Soc. 2020, 142, 19040-19046.
[5] A. Tlahuext-Aca, S. Y. Lee, S. Sakamoto, J. F. Hartwig, ACS Catal. 2021, 11, 19040-19046.
[6] L.-Y,.Liu, J. X. Qiao, K.-S. Yeung, W. R. Ewing, J.-Q. Yu, Angew. Chem. Int. Ed. 2020, 59,
13831–13835.
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Regioselective Synthesis of (Highly) Substituted Vinyl Ethers through a One-Pot
Palladium-Catalyzed Assisted Tandem Olefin Migration/Heck Reaction

T. Duhamel1, C. Mazet1*

1University of Geneva, Quai Ernest-Ansermet 30, 1205, Geneva, Switzerland

Over the last decades, extensive efforts have focused on accessing substituted vinyl ethers by
Heck reactions.1 In most cases, less hindered and more accessible terminal vinyl ethers were
employed.  Polysubstituted vinyl ethers were only used sporadically, with limited success.

Part of our research program consists in the design of multicatalytic processes in which transition
metal catalysts are engaged in sequential olefin migration/cross coupling reactions.2 In this
context, we aimed at developing a mild assisted tandem catalysis in which sensitive
1,2-disubstituted vinyl ethers formed in-situ by olefin migration would be regioselectively cross-
coupled with aryl electrophiles. Among the plethora of catalysts already developed in the literature
for Pd-catalyzed isomerizations,3 we selected a palladium(II) hydride catalyst4 that can be
efficiently reduced to a palladium(0) by the addition of an appropriate base. While performing the
optimization, we found out that both the supporting phosphine ligands and aryl electrophiles play
important roles to achieve high regioselectivities en route to tri-substituted vinyl ethers.

1) Selected examples: a) Arai, I.; Doyle Daves, G. J. Org. Chem. 1979, 44, 21-23. b) Cabri, W.;
Candiani, I.; Bedeschi, A.; Penco, S. J. Org. Chem. 1992, 57, 1481-1486. c) Nilson, P.; Larhed, M.;
Hallberg, A. J. Am. Chem. Soc. 2001, 123, 8217-8225. d) Domzalska-Pieczykolan, A.; Funes-Ardoiz,
I.; Furman, B.; Bolm, C. Angew. Chem. Int. Ed. 2022, 61, e202109801
2) a) Romano, C.; Mazet, C. J. Am. Chem. Soc. 2018, 140, 4743. b) Romano, C.; Fiorito, D.; Mazet,
C. J. Am. Chem. Soc. 2019, 141, 16983-16990.
3) a) Sommer, H.; Juliá-Hernández, F.; Martin, R.; Marek, I. ACS Central Science 2018, 4, 153-165.
b) Fiorito, D.; Scaringi, S.; Mazet, C. Chem Soc. Rev. 2020, 50, 1391-1406.
4) Gauthier, D.; Lindhardt, A. T.; Olsen, E. P. K.; Overgaard, J.; Skrydstrup, T.J. Am. Chem. Soc.
2010, 132, 7998-8009.
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Regulation Through Contortion: From Supramolecular Surface-Interaction to Tunable
Spin Information Relays

M. El Bitar Nehme1, M. Rickhaus1*

1Universität Zürich, Department of Chemistry, Winterthurerstrasse 190, 8057 Zürich

Highly versatile photogenerated multi-spin systems are promising candidates for a wide range of
applications such as artificial photosynthesis, molecular spintronics, and spin catalysis.[1] While the
radical acts as an efficient sensitizer that improves the intersystem crossing rate, the delicate
covalent linkage between chromophore-radical systems serves as a means of controlling the
excited state dynamics of the chromophore.[2] The aim of this project is to develop covalent multi-
spin systems to study spin-information transfer and storage. This is performed by engineering
systems that consist of at least two organic spin centers that we connect by a conjugated
framework. The bridge between the two spin centers is then systematically modified in order to
trace the changes in the resulting spin communication. By choosing a bridged biphenyl[3] as the
linker between the chromophore and the radical, the electronic communication throughout the
synthon is expected to vary with the torsion angle Φ between the planes of the two phenyl rings,
which in turn modulates the spin-spin interaction.

[1]  S. Yamauchi, Chem. Soc. Jpn, 2004, 77, 1255-1268.
[2] O. Nolden, N. Fleck, E. R. Lorenzo, M. R. Wasielewski, O. Schiemann, P. Gilch, S. Richert, Chem-
Eur. J, 2021, 27, 2683.
[3]  D. Vonlanthen, J. Rotzler, M. Neuburger, M. Mayor, Eur. J. Org. Chem, 2010, 120-133.
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New Cationic Helical Dyes through Late-Stage Functionalization and their Electronic
and (Chir)Optical Properties

B. Fabri1, L. Frédéric1, F. Zinna2, G. Pescitelli2, T. Funaioli2, L. Di Bari2, J. Lacour1*

1Université de Genève, Département de Chimie Organique, 30 quai Ernest Ansermet, 1211,
Genève 4, 2University of Pisa, Dipartimento di Chimica e Chimica Industriale, Via G. Moruzzi 13,

Pisa, Italy

Helicenes are chiral ortho-condensed polyaromatic molecules of general scientific interest in view
of their application in organic electronics, surface sciences, physics, biochemistry and
catalysis.[1] Absorption, fluorescence, electronic circular dichroism (ECD) and circularly polarized
luminescence (CPL) are important properties attached to helicenes and, for purely organic
derivatives, these features appear usually in the blue range of the visible spectrum.[1,2] However,
cationic hetero [4], [5] and [6]helicenes, which beneficiate from the extended delocalization
provided by the triarylcarbenium framework, are welcome exceptions and allow the targeting of
the red up to the NIR spectral region.[3] To manipulate these helical moieties, chemists often rely
on the introduction of substituents at their periphery. In this regard, late-stage functionalization
(LSF) of core structures is particularly attractive since it renders the synthesis less time-consuming
while favouring a larger scope of products.[4] Herein, a new family of poly-functionalized cationic
[4]helicenes and their electronic and chiroptical properties are presented. Thanks to Iridium
catalyzed direct C-H borylation, a triple functionalization with regioselectivity para to the formal
positive charge has been achieved on the classical DiMethoxyQuinAcridinium (DMQA+) scaffold.
The tris-borylated derivative is moisture sensitive and therefore impossible to isolate. However, it
can be used as a synthetic intermediate to foster tandem derivatizations allowing the introduction
of various aromatics, hydroxyl and ester groups. These newly introduced functionalities influence
the electronic and optical properties of the helical core (e.g., reduction and oxidation potentials,
PLQY and lifetimes) and also impact key features of ECD and CPL spectra. For instance, derivatives
presenting additional electron donating groups, show a sign inversion in correspondence to the
lowest energy transition band in comparison to DMQA+. Such behavior is unexpected considering
that the functional groups are introduced at the periphery of the helical scaffold. Furthermore,
thanks to the inclusion of tetraphenylethene (TPE) moieties, water-induced aggregation is
observed that provokes a strong increase of gabs and glum (10-3 range).

[1] Y. Shen, C.-F. Chen, Chem. Rev. 2012, 112, 3, 1463–1535.
[2] K. Dhbaibi, L. Favereau, J. Crassous, Chem. Rev. 2019, 119, 8846-8953.
[3] J. Bosson, N. Bisballe, B. W. Laursen, J. Lacour, in Helicenes. Synthesis, Properties and
Applications (Eds.: J. Crassous, I. G. Stara, I. Stary), Wiley-VCH, 2022, p. in press.
[4] I. Hernández Delgado, S. Pascal, A. Wallabregue, R. Duwald, C. Besnard, L. Guenee, C. Nancoz,
E. Vauthey, R. C. Tovar, J. L. Lunkley, G. Muller, J. Lacour, Chem. Sci. 2016, 7, 4685-4693.
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Towards Radial Polymers as an Alternative to SWNCTs

S. Fisher1, T. Šolomek1*

1Departement of Chemistry, Biochemistry and Pharmacy, University of Bern, Freie Strasse 3, 3012
Bern

The demand to miniaturize electronics has stimulated researchers in pursue of new classes of
nanomaterials such as single-walled carbon nanotubes (SWCNTs). Many properties of SWCNTs are
strongly chirality-specific but traditional top-down synthesis of SWCNTs typically provides only
mixed samples.[1] Consequently, chirality-specific formation of SWCNTs remains a formidable
challenge and only in a few instances the control over the chirality and diameter has been
successfully achieved.[2] On the contrary, bottom-up strategies may allow to produce specific
SWNCTs by elongation of structurally precise macrocyclic precursors.[3] Although the challenging
synthesis of these molecular “seeds” has been achieved, their polymerization has not been
properly explored and represents a synthetic challenge.

The limits in the synthesis of SWCNTs motivated us to search for synthetic alternatives to SWCNTs
that could (1) allow for both the radial and linear π-electron conjugation analogous to SWCNTs but
(2) to use known and well-established chemistry of conducting co-polymers. Therefore, we
designed radial polymers with π-electron surface oriented as in SWCNTs that could be assembled
by a co-polymerization of easily accessible macrocyclic monomers and linear linkers. Such
approach would allow for a high modularity to tailor the properties for specific applications.

Here, we will present the synthesis of functionalized macrocycles based on pyromellitic
dianhydride[4] that allows for radial electron conjugation. Subsequently, the initial attempts to co-
polymerize the macrocycles (1) covalently by Suzuki–Miyaura or Sonogashira cross-coupling
reactions and (2) non-covalently via a supramolecular polymerization based on halogen-bonding
into tubular structures will be discussed.

[1] Deep Jariwala, Vinod K. Sangwan, Lincoln J. Lauhon , Tobin J. Marks, Mark C. Hersam, Chem.
Soc. Rev. 2013, 42, 2824.
[2] Jinming Cai, Pascal Ruffieux, Rached Jaafar, Marco Bieri, Thomas Braun, Stephan Blankenburg,
Matthias Muoth, Ari P. Seitsonen, Moussa Saleh, Xinliang Feng, Klaus Müllen, Roman Fasel,
Nature 2010, 466, 470.
[3] Kalipada Koner, Shayan Karak, Sharath Kandambeth, Suvendu Karak, Neethu Thomas, Luigi
Leanza, Claudio Perego, Luca Pesce, Riccardo Capelli, Monika Moun, Monika Bhakar, Thalasseril G.
Ajithkumar, Giovanni M. Pavan, Rahul Banerjee, Nat. Chem. 2022, 14, 507.
[4] Jacek Gawroński, Małgorzata Brzostowska, Krystyna Gawrońska, Jacek Koput, Urszula
Rychlewska, Paweł Skowronek, Bengt Nordén, Chem. Eur. J. 2002, 8, 2484.
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Regio- and Enantioselective Copper-Catalyzed Protoboration of 1,1-Disubstituted
Enecarbamates

A. Flaget1, C. Mazet1*

1University of Geneva

Boron containing molecules are of growing interest in the pharma industry.[1] In this context, the
development of catalytic and selective approaches to readily access chiral B-containing
compounds has gained important momentum over the last two decades.[2] Specifically, the Cu-
catalyzed protoboration of alkenes has established itself as a particularly efficient method.
However, while electron-poor and electron-neutral alkenes have been extensively explored,
electron-rich substrates remain a fertile ground for investigations (Figure 1-a).[3] 

Herein, we disclose our first step in this direction with the development of a highly regio- and
enantioselective Cu-catalyzed protoboration of 1,1-disubstituted oxazolidinone-derived alkenes
(Figure 1-b).

1] Reem Smoum, Abraham Rubinstein, Valery Dembitsky, Morris Srebnik, Chem. Rev. 2011, 111,
209–237. Pritam Thapa, Radha Karki, Caroline Schinke, Sasmita Das, Suman Kambhampati,
Sushanta Banerjee, Peter Van Veldhuizen, Amit Verma, Louis Weiss, Todd Evans, Bhaskar Das,
Future Med. Chem. 2013, 5, 653-676. Mohammed Adil Sharref, Sasmita Das, Nitesh Nandwana,
Yogarupa Das, Mariko Saito, Louis Weiss, Bhaskar Das, Bioorg. Med. Chem. 2022, 63,
116748-116773.
[2] Andrej Sterman, Izidor Sosic, Stanislav Gobec, Zdenko Casar, Org. Chem. Front. 2019, 6,
2991-2998.
[3] Rosa Corberan, Nicholas Mszar, Amir Hoveyda, Angew. Chem. 2011, 123, 7217-7220. Aurora
Lopez, Timothy Clark, Alejandro Parra, Mariola Tortosa, 2017, 19, 6272-6275. Lili Chen, Jun-Jian
Shen, Qian Gao, Senmiao Xu, Chem. Sci. 2018, 9, 5855-5860. Ming Xu, Yizhao Ouyang, Linghua
Wang, Shuai Zhang, Pengfei Li, Chem. Commun. 2022, 58, 3677-3681.
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Pd(II)/(IV)-Redox Cycle Enabled Oxidative [2+2] Annulation between Aryl Boronic Acids
and Olefins

T. Fujii1, S. Gallarati2, C. Corminboeuf2, Q. Wang1, J. Zhu1*

1Laboratory of Synthesis and Natural Products (LSPN), Institute of Chemical Sciences and
Engineering, Ecole Polytechnique Fédérale de Lausanne, EPFL-SB-ISIC-LSPN, BCH5304, CH-1015

Lausanne, Switzerland, 2Laboratory for Computational Molecular Design (LCMD), Institute of
Chemical Sciences and Engineering, Ecole Polytechnique Fédérale de Lausanne, CH-1015

Lausanne, Switzerland

Benzocyclobutenes (BCBs) 1 are highly valuable synthetic targets because of their presence in
natural products/drugs and the utility as an intermediate in Diels-Alder reaction. However, limited
number of the synthetical strategies are available.[1] We present herein a modular synthesis of
BCBs 1 via a Pd(II)-catalyzed oxidative [2+2] annulation of alkenyl amides 2 with arylboronic acids
3. Mechanistic studies indicate that the C(sp2)−H bond activation involve the s-alkyl-Pd(IV)
intermediate and that the rapid oxidation of s-alkyl-Pd(II) intermediate to its Pd(IV) counterpart is
essential to avoid the formation of Heck adduct.[2]

The optimization of reaction conditions, the scope of olefins and boronic acids, the synthetic
transformations, and mechanistic studies will be presented in this poster.

[1] S. Kotha, K. Lahiri, Y. Tangella, Asian J. Org. Chem. 2021, 10, 3166–3185.
[2] T. Fujii, S. Gallarati, C. Corminboeuf, Q. Wang, J. Zhu, J. Am. Chem. Soc. 2022, ASAP.
https://doi.org/10.1021/jacs.2c03565
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OSCAR: An Extensive Repository of Chemically and Functionally Diverse
Organocatalysts

S. Gallarati1,2, P. E. van Gerwen1,2, R. Laplaza1,2, C. Corminboeuf1,2*

1Laboratory for Computational Molecular Design, Institute of Chemical Sciences and Engineering,
Ecole Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne, Switzerland, 2National Center

for Competence in Research – Catalysis (NCCR-Catalysis), Ecole Polytechnique Fédérale de
Lausanne (EPFL), 1015 Lausanne, Switzerland

Organocatalysis is a well-recognised pillar of synthetic chemistry. Computational techniques offer
invaluable insight into reaction mechanisms and occasionally help perform a fine-tuning of catalyst
structure, but have generally failed to become truly predictive, being limited to case-by-case
analysis and dominated by trial-and-error.[1] For these reasons, there is a need to develop
conceptual and data-driven tools that facilitate both the exploration of a wider range of
organocatalyst space and the optimization of reaction properties.[2,3]

In this work, we introduce OSCAR, a repository of organocatalytic species and of the different
fragments that are extracted from them. We show how such a dataset is curated and enriched
with experimentally obtained structures, and how the fragments are assembled in a combinatorial
fashion to generate additional organocatalysts. In this way, the global chemical reactivity (e.g.,
electro/nucleophilicity) and other electronic and steric properties of larger libraries of in
silico-generated catalysts are evaluated to gather general trends across diverse classes of
organocatalysts. We envision that OSCAR could constitute the starting point to define the
combinatorial space for evolutionary experiments, as well as the basis for dataset curation to train
statistical models for organocatalysis.

[1] José M. Lassaletta, Nat. Commun., 2020, 11, 3787-3791.
[2] Marco Foscato, Vidar R. Jensen, ACS Catal., 2020, 10, 2354-2377.
[3] Ruben Laplaza, Simone Gallarati, Clemence Corminboeuf, Chem. Methods, 2022, e202100107.
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Shape-Assisted Self-Assembly of Carpyridines into 1D Stacks

L. Gallego1, J. Woods1, A. Vargas Jentzsch2, M. Rickhaus1*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190; 8057 Zurich,
Switzerland, 2SAMS Research Group, University of Strasbourg, Institut Charles Sadron, CNRS;

67200 Strasbourg, France

Shape-Assisted Self-Assembly (SASA) is a process in which the shape of a monomeric unit drives
its assembly into stacks in the absence of strong non-covalent interactions such as H-bonding[1].
Saddle-shaped molecules stand out for these processes due to the translational and rotational
rigidity of the monomers within the stacks. Carpyridines (CPs) are porphyrin-related metal-
containing macrocycles bearing two carbazole and two pyridine units alternately connected
through ortho aryl-aryl bonds[1,2]. This arrangement results in a saddle-shaped structure, where
prefunctionalized building blocks allow the synthesis and tuning of properties of these
macrocycles. These units have shown to be effective towards supramolecular assembly purely
based on pi-pi interactions, demonstrating the significance of shape in self-assembly processes.
Alkyl substitution onto the carbazoles has allowed us to study 2D sheet formation[1], which
combined with substitution onto the pyridines with different side chains allows us to study the
mechanism of assembly of the monomers into oligomers, and ultimately, into micrometer-long
fibers.

[1] Joseph F. Woods, Lucía Gallego, Pauline Pfister, Mounir Maaloum, Andreas Vargas Jentzsch,
Michel Rickhaus, DOI: 10.26434/chemrxiv-2022-7f103, under review.
[2] Lena Arnold, Hassan Norouzi-Arasi, Manfred Wagner, Volker Enkelmann, Klaus Müllen,
Chem. Commun., 2011, 47, 970-972.
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Single-atom heterogeneous catalysts for sustainable organic synthesis

G. Giannakakis1, S. Mitchell1, J. Pérez-Ramírez1*

1ETH Zurich

Organic transformations for the production of fine and specialty chemicals and pharmaceuticals
are traditionally facilitated over organometallic precious metal complexes. Despite their
widespread use in conventional organic synthesis processes, homogeneous catalysts show poor
metal recovery and reuse. Single-atom heterogeneous catalysts (SACs) incorporating isolated
metal centers on solid supports demonstrate promise for improving the sustainability of
commercial organic transformations by avoiding these issues, while delivering highly selective and
stable performance. In recent years, SACs have been employed for a broad range of organic
synthesis reactions that include C-C and C-X coupling reactions, direct arylations, hydroborations,
hydrosilylations, hydroformylations, and oxidations, among others.[1,2] Herein, we explore the
potential for activating specific low-energy pathways through tailoring the chemical and electronic
environment of the active metal for chemo-, regio-, and stereoselective applications, while
ensuring full accessibility of metal centers. Opportunities and challenges towards their mechanistic
understanding and technical implementation, including the influence of the reaction environment,
deactivation pathways, and the need for improved sustainability metrics, are discussed.

Fig. 1 Design of heterogeneous palladium catalysts based on nanoparticles (left) or single atoms
(center) and commonly applied homogeneous systems (right) for sustainable organic synthesis.

[1] Z. Chen, E. Vorobyeva, S. Mitchell, E. Fako, M. A. Ortuño, N. López, S. M. Collins, P. A. Midgley,
S. Richard, G. Vilé, J. Pérez-Ramírez, Nat Nanotechnol, 2018, 13, 702.
[2] G. Giannakakis, S. Mitchell, J. Pérez-Ramírez, Trends Chem, 2022, 4, 264.
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Multi-Photon Excitation with Red Light in Photoredox Catalysis

F. Glaser1, O. S. Wenger1*

1Department of Chemistry, University of Basel

Multi-photonic excitation in photoredox catalysis has received increased attention within the last
years as a viable tool for synthetic transformations.[1–3] From a synthetic point of view the main
focus has been on reductive transformations while oxidative substrate activation has been rarely
investigated.[4] In our proof-of-principle study, we combine 9,10-dicyanoanthracene (DCA) as
organic dye with metal-based photocatalysts to achieve reductive as well as oxidative substrate
activations with reduction potentials below -2 V vs SCE and oxidation potentials up to 2 V vs SCE
(Figure 1).

The first part follows the concept of the well-known Z-scheme of natural photosynthesis, where
two photoactive catalysts are combined to promote a chemical reaction. In our case, a copper-
based catalyst serves as primary photoactive chromophore, which enables - in combination with
DCA - challenging reductive transformations including dehalogenations of aryl halides as well as
detosylations of protected phenols, amines and anilines (Figure 1). This reactivity has been
investigated for a scope of over 40 substrates. The second part uses an osmium-based complex to
achieve a change in the main reaction mechanism. With this mechanistic pathway, reactions
starting with oxidative substrate activation are possible. Different light-driven model reactions
including a cis-to-trans isomerisation, an ester-to-ether rearrangement, and a Newman-Kwart
rearrangement can be performed with red light irradiation.

The change in reactivity is caused by a change in the reaction mechanism, and a reasonable
understanding of the system is crucial. Therefore, both systems were investigated by time-
resolved laser spectroscopy to clarify the respective reaction mechanism. Our work provides
guidelines for better control of the reactivity in multi-photonic photoredox catalysis.

[1] F. Glaser, C. Kerzig, O. S. Wenger, Angew. Chem. Int. Ed. 2020, 59, 10266–10284.

[2] B. D. Ravetz, A. B. Pun, E. M. Churchill, D. N. Congreve, T. Rovis, L. M. Campos, Nature 2019,
565, 343–346.

[3] T. U. Connell, C. L. Fraser, M. L. Czyz, Z. M. Smith, D. J. Hayne, E. H. Doeven, J. Agugiaro, D. J. D.
Wilson, J. L. Adcock, A. D. Scully, D. E. Gómez, N. W. Barnett, A. Polyzos, P. S. Francis, J. Am. Chem.
Soc. 2019, 141, 17646–17658.

[4] D. Rombach, H. A. Wagenknecht, Angew. Chem. Int. Ed. 2020, 59, 300–303.
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Flipper changes in the donor and acceptor

N. Gonzalez-Sanchis1, N. Sakai1, S. Matile1*

1School of Chemistry and Biochemistry, University of Geneva, 30 Quai Ernest-Ansermet 1211,
Geneva, Switzerland.

The study of physical-chemical properties in the cell membrane is very important because it is
included in many cell processes. In this context to better understand this type of process, during
the last decade, our group developed an imaging method based on the planarization of organic
probes, such as Flippers, to study the mechanical forces engaged in living cells. Changes in the
donor and in the acceptor could directly affect their properties and applications, as can be seen in
previous works. Inspired by the naturally occurring fluorophore in GFP, we are now interested in
studying the effects of oxazolone and imidazoline as acceptors in the Flipper. Furthermore, we
want to study the effect of furan as a donor to improve stability and electronic

Chem. Commun., 2016, 52, 14450-14453
Angew. Chem. Int. Ed. 2019, 58, 15752-15756.
Chem. Commun., 2021, 57, 3913-3916
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Three- and One-Dimensional Assembly of π-Aromatics for Photo- and Redox-Active
Organic Materials

P. A. Hope1,3, M. Krishnamurthy2,3, M. R. Wilson3, V. Chechik4, D. Samanta2, P. McGonigal3, M.
Rickhaus1, A. Avestro4,3*

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, 8057 Zurich, Switzerland
, 2Polymer Science & Technology Department, CSIR–CLRI, Adyar, Chennai 600020, India, 3
Department of Chemistry, Durham University, South Road, DH1 3LE, UK, 4Department of

Chemistry, University of York, Heslington, York, YO10 5DD, UK 

Aromatic π-assemblies can be observed, monitored and exploited for emergent applications in
organic photo- and redox-active materials. Yet it is still a challenge to guide π-interactions in
functional aromatic assemblies that have desirable orbital overlap as the orientation of interacting
π-surfaces is largely dictated by electrostatic interactions.1 Supramolecular materials are a popular
approach towards guiding π-assembly, however, limitations such as their sensitivity to moisture,
temperature, stress and propensity to aggregate into nondesirable orientations hamper their use
in a device setting. π-Assembly using macromolecular scaffolds can help to overcome some of
these issues by providing access to: i) more robust materials, ii) more reliable assembly processes,
iii) materials that have hierarchical ordering, and iv) materials that have advanced functioning. We
have utilised various strategies to achieve aromatic assembly using rylene diimides as a canonical
π-motif. Capitalising on the recent trends in fullerene hexakis-adduct chemistry (Figure 1a) we
have investigated three-dimensional (3D) aromatic assembly.2 Additionally, the less explored
polymer π-assembling3 (Figure 1b) and shape-assisted4 self-assembling (Figure 1c) systems that
hope to achieve one-dimensional (1D) aromatic assemblies are presented.

Figure 1. We have explored π-assembly in macromolecular scaffolds such as a) 3D self-
assembling fullerenes and b) synthetic polypeptides that have a propensity to form 1D β-sheet
assemblies. c) Also in pursuit of 1D assembly, we are currently exploring the shape-assisted self-
assembly of photo- and redox-active “saddle” shaped molecules.

[1] F. J. M. Hoeben, P. Jonkheijm & E. W. Meijer, A. P. H. J. Schenning, Chem. Rev. 2005, 105,
1491.
[2] J. Iehl, R. Pereira de Freitas & B. Delavaux-Nicot, J. –F. Nierengarten, Chem. Commun. 2008,
2450.
[3]  T. -B. Yu, J. Z. Bai & G. Zhibin, Angew. Chem. Int. Ed. 2009, 48, 1097.
[4] C. Ruiz, Á. Monge & E. Gutiérrez-Puebla, I. Alkorta, J. Elguero, J. T. L. Navarrete, M. C. R.
Delgado, B. Gómez-Lor, Chem. Eur. J. 2016, 22, 10651.
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Self-sorting collagen heterotrimers

V. Islami1, P. Bittner1, N. B. Hentzen1, R. Zenobi1, H. Wennemers1

1Laboratory of Organic Chemistry, ETH Zurich, D-CHAB

Nature’s complex supramolecular structures are an inspiration for the bottom-up design of
synthetic biomaterials.[1] Collagen, the most abundant protein in mammals, and its triple helical
structure provide strength to connective tissue.[2] The design of materials based on heterotrimeric
collagen-like peptides is, however, challenging since a mixture of three different strands can form
as many as 27 different combinations. Nature utilizes a disulfide-based code to tackle this problem
and allow for the assembly into defined heterotrimeric collagen. Our group developed a method for
the selective assembly of collagen model peptides into defined heterotrimeric structures through
an interstrand salt bridge between (4S)-aminoproline (Amp) and aspartic acid (Asp).[3]

In this work, we studied how the position of the salt bridge influences the selectivity of
heterotrimer formation. Heterotrimers with different lengths and distances between the salt
bridges were prepared and studied by CD spectroscopy and native ESI-MS. The results enable the
design of a self-sorting system in which six different CMPs formed only two triple helices out of 216
possibilities. The work established a code for collagen strand association.

[1] Aviad Levin, Tuuli A. Hakala, Lee Schnaider, Goncalo J. L. Bernardes, Ehud Gazit and Tuomas P.
J. Knowles, Nat. Rev. Chem. 2020, 4, 615–634.
[2] Matthew D. Shoulders and Ronald T. Raines, Annu. Rev. Biochem. 2009, 78, 929−958.
[3] Nina B. Hentzen, Valdrin Islami, Martin Köhler, Renato Zenobi and Helma Wennemers, J. Am.
Chem. Soc. 2020, 142, 5, 2208–2212.
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pH-Dependent Stoppering of Rotaxanes via Electrostatic Attraction

L. Jucker1, Y. Aeschi1, M. Mayor1,2*

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056 Basel, Switzerland, 2
Institute for Nanotechnology (INT), Karlsruhe Institute of Technology (KIT), P. O. Box 3640, 76021

Karlsruhe, Germany

Among mechanically interlocked molecules, the subgroup of rotaxanes has been investigated as
molecular machines and switches responding to various stimuli.[1] The macrocycle’s linear mobility
along the rod has triggered research into controlled, unidirectional translation. This motion is
typically confined between two steric barriers (“stoppers”) at the ends of the rod, although stimuli-
induced slippage and deslippage of the macrocycle has also been achieved.[1] Furthermore, in the
slippage assembly of rotaxanes, the stopper is meticulously designed to allow for slippage of the
macrocycle onto the rod only at elevated temperature – the formed rotaxane is kinetically stable
at room temperature.[2]

The use of electrostatic stoppers has been comparatively limited, with only few examples taking
advantage of Coulomb repulsion of the macrocycle and the charged rod to form metastable
(pseudo)rotaxanes.[3–5]

We designed a stable rotaxane based on the attractive electrostatic interaction of the dicationic
macrocycle with anionic stoppers. The rotaxane comprises carboxylate groups, enabling
(dis)assembly at acidic pH while rendering it stable at alkaline pH. Furthermore, the analogous pH-
independent sulfonate stopper can be incorporated on one end of the rod to achieve directional
slippage of the macrocycle.

[1] Carson J. Bruns, J. Fraser Stoddart, The Nature of the Mechanical Bond: From Molecules to
Machines, Wiley, Hoboken, New Jersey, 2017.
[2] Masumi Asakawa, Peter R. Ashton, Roberto Ballardini, Vincenzo Balzani, Martin Bělohradský,
Maria Teresa Gandolfi, Oldrich Kocian, Luca Prodi, Françisco M. Raymo, J. Fraser Stoddart, and
Margherita Venturi, J. Am. Chem. Soc., 1997, 119, 302-310.
[3] Rubi A. Luna-Ixmatlahua, Anayeli Carrasco-Ruiz, Ruy Cervantes, Alberto Vela, Jorge Tiburcio,
Chem. Eur. J., 2019, 25, 14042-14047.
[4] X. Yang Xue Yang, Qian Cheng, Valerie Monnier, Laurence Charles, Hakim Karoui, Olivier
Ouari, Didier Gigmes, Ruibing Wang, Anthony Kermagoret, David Bardelang, Angew. Chem. Int.
Ed., 2021, 60, 6617-6623.
[5] Miriam Colaço, Patrícia Máximo, A. Jorge Parola, Nuno Basílio, Chem. Eur. J., 2021
, 27, 9550-9555.
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Cyclic Thiosulfonates for Thiol-Mediated Uptake: Cascade Exchangers, Transporters,
Inhibitors.

T. Kato1, B. Lim1, Y. Cheng1, A. Pham1, J. Maynard1, D. Moreau1, A. I. Poblador-Bahamonde1, N.
Sakai1, S. Matile1*

1University of Geneva, Department of Organic Chemistry, 30 quai Ernest Ansermet

Thiol-mediated uptake (TMU) is one of the pathways of the cellular entry of biomolecules, in which
the reversible disulfide exchange between the molecule and a protein on the plasma membrane
plays a crucial role. The formation of dynamic covalent disulfide bonds at the cell surface
facilitates cellular penetration and ensures internal release by intracellular thiols, such as
glutathione. Similar processes are involved in the uptake of HIV [1], and thus the development of
better transporters and inhibitors of this process is of great importance.

In our exploration of new motifs for efficient transporters and inhibitors, cyclic thiosulfonates
(CTOs) have attracted a lot of interest as thiol-reactive agents. However, the use of thiosulfinates
and thiosulfonates, oxidized forms of disulfides, has not been much explored so far in the context
of cellular uptake, whereas CTOs can serve as anti-HIV agents [2].

Recently, our screening of thiol-reactive compounds over a wide range of chemical space showed
that CTOs have good inhibitory activities against TMU [3]. Kinetic experiments revealed the
excelled reactivity of CTOs with thiols over disulfides and thiosulfinates, and the ability of the
sulfinate products to continue the cascade exchange with another disulfide [4]. As expected from
their reactivity, CTOs afforded better fluorescent transporters than a standard disulfide
transporter. Further enhancement of the transport activity was achieved with introduction of a
hydrophobic group next to the reactive CTO moiety. The uptake of the CTO transporters takes
place via TMU, proven by the inhibition with various thiol-reactive agents. An inhibition study with
three transporters and more than 50 inhibitor candidates revealed the orthogonality of the
inhibition with different TMU-active motifs, which strongly suggests the existence of multi targets
for TMU.

[1] H. J.-P. Ryser, R. Flückiger, Drug Discovery Today, 2005, 10, 1085−1094.
[2] W. G. Rice, et al. Antimicrob. Agents Chemother., 1997, 41, 419−426.
[3] S. Matile, et al. Chem. Sci., 2021, 12, 626−631.
[4] S. Matile, et al. JACS Au, 2022, 2, 839−852.
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1,3,2-Diazaphospholene-Catalyzed Reductive Cyclizations of Organohalides

J. Klett1, Ł. Woźniak 1, N. Cramer1*

1Institute of Chemical Sciences and Engineering (ISIC) EPFL SB ISIC LCSA, BCH 4305 1015
Lausanne (Switzerland)

1,3,2-diazaphospholenes hydrides (DAP-Hs) are highly nucleophilic organic hydrides, serving as
main-group catalysts for a range of attractive transformations.[1] DAP-Hs can act as stoichiometric
hydrogen atom transfer agents in radical reactions.[2] Herein, we report a DAP-catalyzed reductive
radical cyclization of a broad range of aryl and alkyl halides under mild conditions. The pivotal DAP
catalyst turnover was achieved by a DBU-assisted σ-bond metathesis between the formed DAP
halide and HBpin rapidly regenerating DAP‑H. The transformation is significantly accelerated by
irradiation with visible light. Mechanistic investigations indicate that visible light irradiation leads
to the formation of DAP dimers (DAP)2 which are in equilibrium with DAP radicals accelerating the
cyclization. The direct use of (DAP)2 enabled a catalytic protocol in the absence of light.

 

J. Klett, Ł. Wozniak, N. Cramer, Angew. Chem. Int. Ed. 2022, DOI: 10.1002/anie.202202306
[1] a) J. H. Reed, J. Klett, C. Steven, N. Cramer, Org. Chem. Front. 2020, 7, 3521; b) A. W. H.
Speed, Chem. Soc. Rev. 2020, 49, 8335; c) D. M. C. Ould, R. L. Melen, Chem. Eur. J. 2020, 26,
9835; d) J. Zhang, J.-D. Yang, J.-P. Cheng, Natl. Sci. Rev. 2021, 8, DOI:10.1093/nsr/nwaa253.
[2] a) J. Zhang, J. D. Yang, J. P. Cheng, Chem. Sci. 2020, 11, 3672; b) J. Zhang, J. D. Yang, J. P.
Cheng, Chem. Sci. 2020, 11, 4786; c) B. S. N. Huchenski, K. N. Robertson, A. W. H. Speed, Eur. J.
Org. Chem. 2020, 2020, 5140.
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Cycloparaphenylene double hoops as circularly polarized light emitters

K. Kovida1, T. Šolomek1*

1Department of Chemistry, Biochemistry and Pharmacy, University of Bern, Freistrasse 3, 3012
Bern

Introducing a curvature to a planar aromatic system affects its optoelectronic properties and may
be used to design efficient fluorophores with unusual topologies.[1] In recent years, emission of
circularly polarized light (CPL) has received increased attention because it promises to improve
performance of optoelectronic devices, such as OLEDs. CPL emission originates from an unequal
interaction of a chiral molecule with left- and right-handed polarization of electromagnetic field.
The extent of this unequal interaction is expressed by the luminescence dissymmetry factor (glum),
which can range from –2 to +2. Ideal CPL emitters should display large glum value and high
fluorescence quantum yield at the same time.[2]

CPL emitters based on small organic molecules typically exhibit low to moderate glum (~10–3–10–2)
values and relatively low quantum yields. On the contrary, cycloparaphenylenes ([n]CPPs) possess
excellent luminescence properties, such as visible-light fluorescence with high quantum yields.
However, CPPs are not chiral which prevents them from displaying CPL. Interestingly, adapting the
topology of CPPs into a figure-eight shape with D2-symmetry, such as in CPP lemniscates, endows
the compounds with inherent chirality and results in promising CPL emission (glum = 3.7 × 10–3, Φf
= 0.36).[3] Similarly, D2-symmetric figure-eight-shaped helicene dimers display high glum = 0.015
albeit low Φf.[4]

In this work, we aim to tackle this challenge with the design and synthesis of chiral CPP-based
double hoops. These figure-eight-shaped structures combine two highly fluorescent CPP rings and
a rigid [2.2]paracyclophane core, which sustains the shape and conjugation and acts as a
stereogenic element in the molecule. Such novel molecular topologies with stable chirality could
provide CPL response with high overall brightness, i.e., large glum and Φf  at the same time.

[1] Kenichiro Itami, Acc. Mater. Res., 2021, 2, 8, 681–691, Ramesh Jasti, Nature Reviews
Chemistry, 2019, 3, 672-686
[2] Francesco Zinna, Chem. Eur. J., 2021, 27, 2920–2934
[3] Marcin Stepien, J. Am. Chem. Soc., 2019, 141, 7421−7427
[4] Kenji Matsuda, Org. Lett., 2020, 22, 9276−9281
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Stimuli-responsive molecular nanocarbons

R. Krecijasz1, T. Solomek1*

1University of Bern, Department of Chemistry, Biochemistry and Pharmaceutical Sciences,
Freiestrasse 3, 3012 Bern

[n]Cycloparaphenylenes ([n]CPPs) are macrocycles consisting solely of n benzene rings connected
via their para positions. They represent the shortest armchair carbon nanotubes. Although
envisioned decades ago, the first synthesis of these strained molecules was accomplished only in
2008.[1] This achievement opened a new field in the research of polycyclic aromatic hydrocarbons.
Small [n]CPPs (n = 5–12) exhibit unique size-dependent optoelectronic properties and host–guest
chemistry giving rise to applications in bioimaging, electronic materials and synthesis of carbon
nanomaterials.[2]

Due to their unique architecture, [n]CPPs possess a rigid, circular pore. The inward oriented π-
orbitals of the benzene rings result in a high electron density inside the cavity, making [n]CPPs
excellent hosts for electron-poor guests. In particular, [10]CPP was found to encapsulate fullerene
C60 with a very high binding affinity due to the matching size and curvature of the host and the
guest.[3] However, the reversibility of the complexation cannot be currently controlled by applying
an external stimulus. The only attempt to control the curvature of a [n]CPP was by incorporation of
azobenzene photoswitch into its structure. However, no photoswitching could be observed upon
irradiation.[4]

In this work, I will present new design strategy that incorporates a ferrocene moiety into the
[n]CPP backbone. Here, ferrocene represents a molecular hinge that permits to alter the curvature
of the macrocycle reversibly. Therefore, the ferrocene molecular hinge should provide the control
over the geometry of the cavity of the [n]CPP allowing the uptake and release of guests, such as
fullerene C60, at will. For this purpose, a synthetic procedure was developed to demonstrate that
ferrocene can be successfully incorporated into [n]CPP. Furthermore, the structural and
electrochemical properties of this new class of macrocycles will be established.

[1] Ramesh Jasti, Joydeep Bhattacharjee, Jeffrey B. Neaton, Carolyn R. Bertozzi,J. Am. Chem. Soc.,
2008, 130, 17646–17647.
[2] Erik J. Leonhardt, Ramesh Jasti, Nat. Rev. Chem., 2019, 3, 672–686.
[3] Takahiro Iwamoto, Yoshiki Watanabe, Tatsuya Sadahiro, Takeharu Haino, Shigeru Yamago,
Angew. Chem. Int. Ed., 2011, 50, 8342–8344.
[4] Paul J. Evans, Lev N. Zakharov, Ramesh Jasti, Photochem. Photobiol., 2019, 382, 111878.
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Enantiospecific Complexation of Planar Chiral Iridium and Rhodium Cyclopentadienyl
Complexes and their Application in Catalysis

A. Laverny1, N. Cramer1*

1EPFL SB ISIC LCSA

Most of the research on developing new chiral cyclopentadienyl complexes has focused on
C2-symmetrical ligands while C1-symmetrical ligand remain understudied.[1] This discrepancy can
easily be explained by the lack of reliable complexation method for non-symmetrical ligands.
Additionally, while more than seven families of planar chiral cyclopentadienyl complexes are
known, less than ten applications in asymmetric catalysis are reported: all with rhodium as metal.
To tackle the need for a general complexation strategy for such ligands, we describe an
enantiospecific complexation from chiral cyclopentadienes. This methodology would enable an
easier and more streamlined access to a completely new class of enantiopure planar chiral
cyclopentadienyl rhodium and iridium complexes, without the need for preparative HPLC or
diastereomeric separations,[2] opening new horizons for future ligand design. To illustrate the
catalytic properties of this class of ligand we probed them on various group 9 metal-catalyzed
reactions.

[1] Josep Mas-Roselló, Ana Garcia Herraiz, Benoit Audic, Aragorn Laverny, Nicolai Cramer, Angew.
Chem. Int. Ed. 2021, 60, 13198-13244.
[2] Evgeniya Trifonova, Nikita Ankudinov, Andrey Mikhaylov, Denis Chusov, Yulia Nelyubina,
Dmitry Perekalin, Angew. Chem. Int. Ed., 2018, 57, 7714-7718.
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Understanding aggregation formation during peptide synthesis using in-line UV
analysis

R. Lescure1, H. Bürgisser1, B. Tamás1, N. Hartrampf1*

1University of Zurich, Department of Chemistry, Winterthurerstrasse 190, 8057 Zürich, Switzerland

In 2021, 80 peptide drugs were available on the global market, and this number is expected to
increase significantly in the incoming years.1 With more than 150 peptides in clinical development
and 500 peptides undergoing preclinical studies, the need for more efficient, reliable, and
optimized peptide synthesizers is even more pressing. The use of the first flow-based peptide
synthesizers dates back to the early 80s.2,3 In the recent years, advanced fast-flow peptide
synthesizers were developed, allowing for automated and efficient couplings that can be optimized
by time-resolved monitoring.4-6 However, sequence-dependent aggregation is still one of the main
reasons for unsuccessful peptide synthesis.

The introduction of time-resolved reaction monitoring, relying on the Fmoc deprotection trace,
gives access to valuable data such as the aggregation during synthesis and the efficiency of each
coupling. Relying on this in-line data and after postulating that aggregation is dependent on the
sequence with an increased effect of the first few amino acids, we investigated the impact of the
linker in-between the resin and the peptide itself and tried to determine its role in aggregation
formation. The end goal of this study is to give peptide chemists a better understanding of the
causes that lead to aggregation. This phenomenon is still one of the biggest challenges for peptide
synthesis and tackling it would allow not only for the obtention of better yields and purity, but also
for the possibility to understand the origin of the so-called “difficult couplings”.

[1]   M. Muttenthaler, G. F. King, D. J. Adams, P. F. Alewood, Nat. Rev. Drug Discov. 2021, 309–325
[2] E. Atherton, E. Brown, R. C. Sheppard, A. Rosevear, J. Chem. Soc. Chem. Commun. 1981,
1151–1152
[3]   T. J. Lukas, M. B. Prystowsky, B. W. Erickson, Proc. Natl. Acad. Sci. 1981, 78, 2791
[4] M. D. Simon, P. L. Heider, A. Adamo, A. A. Vinogradov, S. K. Mong, X. Li, T. Berger, R. L.
Policarpo, C. Zhang, Y. Zou, et al., ChemBioChem 2014, 15, 713–720
[5] A. J. Mijalis, D. A. Thomas III, M. D. Simon, A. Adamo, R. Beaumont, K. F. Jensen, B. L.
Pentelute, Nat. Chem. Biol. 2017, 13, 464
[6] N. Hartrampf, A. Saebi, M. Poskus, Z. P. Gates, A. J. Callahan, A. E. Cowfer, S. Hanna, S. Antilla,
C. K. Schissel, A. J. Quartararo, X. Ye, A. J. Mijalis, M. D. Simon, A. Loas, S. Liu, C. Jessen, T. E.
Nielsen, B. L. Pentelute, Science 2020, 368, 980-987
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Access to α-Chiral Olefin via Nickel-Catalyzed Enantioconvergent Cross-
Coupling between β-Bromostyrenes and Secondary Grignard Reagents

K. Li1, C. Mazet1*

1Department of Organic Chemistry,University of Geneva, 1211 Geneva, Switzerland

Owing to the prevalence of α-chiral olefins in biologically active compounds, access to this motif
has attracted continuous attention.1 In recent years, significant efforts have been placed on the
development of direct methods to forge potentially stereolabile tertiary benzylic/allylic
stereocenters via Csp2–Csp3 bond-forming strategies.2 Among other examples, this includes
several Ni-catalyzed enantioselective reductive cross-coupling reactions,3 an enantioselective dual
[Cu/Pd]-catalyzed hydroalkenylation of olefins4 and photo-induced Ni-catalyzed Csp3–H benzylic
alkenylations.5

While the Ni-catalyzed cross-coupling between vinyl bromide and rapidly epimerizing benzylic
Grignard reagents is well-documented,2,6 the corresponding reaction using b-bromostyrenes has
not reached the same level of achievement.7 We report herein our efforts in this direction with the
identification of a general and highly enantioselective nickel catalyst supported by a chiral (P,N)
ligand. The system is operationally simple, and applicable to a broad scope of substrates.

References
1) McGrath, N. A.; Brichacek, M.; Njardarson, J. T. J. Chem. Ed. 2010, 87, 1348.
2) Cherney, A. H.; Kadunce N. T.; Reisman, S. E. Chem. Rev. 2015, 115, 9587.
3) a) Cherney, A. H.; Reisman, S. E. J. Am. Chem. Soc. 2014, 136, 14365. b) Suzuki, N.; Hofstra, J.
L.; Poremba, K. E.; Reisman, S. E. Org. Lett. 2017, 19, 2150. c) Hofstra, J. L.; Cherney, A. H.;
Ordner, C. M.; Reisman, S. E. J. Am. Chem. Soc. 2018, 140, 139. d) Poremba, K. E.; Dibrell, S. E.;
Reisman S. E. ACS Catal. 2020, 10, 8237.
4) Schuppe, A. W.; Knippel, J. L.; Borrajo-Calleja, G. M.; Buchwald, S. L. J. Am. Chem. Soc. 2021,
143, 5330.
5) a) Cheng, X.; Li, T.; Liu, Y.; Lu, Z. ACS Catal. 2021, 11, 11059. b) Xu, J.; Li, Z.; Shu, X.; Huo, H.
ACS Catal. 2021, 11, 13567.
6) Kiso, Y.; Tamao, K.; Miyake, N.; Yamamoto, K.; Kumada, M. Tetrahedron Lett. 1974, 1, 3.
7) a) Hayashi, T.; Konishi, M.; Okamoto, Y.; Kabeta, K.; Kumada, M. J. Org. Chem. 1986, 51, 3772.
b) Lloyd-Jones, G. C.; Butts, C. P. Tetrahedron, 1998, 54, 901.
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Protecting-Group-Free Synthesis of 1,2-cis Glycosides using a Double Inversion
Strategy

D. Lim1, F. Paradisi1*

1University of Bern, Department of Chemistry, Biochemistry and Pharmaceutical Sciences
Freiestrasse 3, 3012 Bern, Switzerland

The synthesis of biologically active glycoconjugates is one of the cornerstones of Glycoscience.
However, traditional methods typically involve multi-step synthesis, employing complex and
protracted protecting group strategies. These methods are generally technically demanding,
inefficient, expensive, and logistically difficult to achieve.

Recently, selective reactions of un-protected sugars in water have become a focus of attention. In
particular, Shoda and co-workers have reported the use of 1,3-dimethylimidazolinium chloride
(DMC), and derivatives thereof, for the selective conversion of un-protected sugars to various
target products in water, often furnishing the 1,2-trans anomer.1–3

Access to the 1,2-cis linked glycoside using the DMC chemistry remains elusive. Herein, we report
the design and use of a double inversion strategy for the synthesis of 1,2-cis glycosides via the
formation of a 1,2-trans chalcoimidazolium intermediate. The synthesis of the chalcoimidazoles
will be present, as well as it’s reactivity towards various electrophiles. The use of this novel
reagent for the stereoselective synthesis of 1,2-cis glycosides will allow access to biologically
important glycoconjugates possessing this linkage.

(1) Lim, D.; Brimble, M. A.; Kowalczyk, R.; Watson, A. J. A.; Fairbanks, A. J. Angew. Chem. Int. Ed.
2014, 53 (44), 11907–11911.
(2)      Lim, D.; Fairbanks, A. J. Chem. Sci. 2017, 8 (3), 1896–1900.
(3) Alexander, S. R.; Lim, D.; Amso, Z.; Brimble, M. A.; Fairbanks, A. J. Org. Biomol. Chem. 2017,
15 (10), 2152–2156.
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Chiral Cyclic Alkyl Amino Carbene (CAAC) Transition-Metal Complexes: Synthesis,
Structural Analysis and Evaluation in Asymmetric Catalysis

A. Madron du Vigné1, N. Cramer1*

1EPFL SB ISIC LCSA

Despite recent advances in the field of cyclic alkyl amino carbenes (CAACs) including few
complementary synthetic strategies affording CAACs with various substitution patterns, the
application potential of chiral CAACs to efficiently catalyze asymmetric organometallic
transformations remains largely underdeveloped. Herein, we describe a convenient and robust
route that incorporate common chiral primary amine allowing the access of a broad range of chiral
CAACs precursors. The corresponding transition-metal complexes with Cu, Au, Ru, Rh, Ir and Pd
were obtained in a straightforward manner. The steric parameters of the complexes were
comprehensively collected by X-ray single crystal analysis to serve as a source of information for
further ligand design. The preliminary application potential of the copper CAAC complexes was
tested in asymmetric conjugate borylation of an α,β-unsatured ester providing 89:11 er, thus
illustrating the potential of chiral CAACs in asymmetric catalysis.

[1] Delphine Pichon, Michele Soleilhavoup, Jennifer Morvan, Glen P. Junor, Thomas Vives,
Christophe Crévisy, Vincent Lavallo, Jean-Marc Campagne, Marc Mauduit, Rodolphe Jazzar, Guy
Bertrand, Chemical Science, 2019, 10, 7807–7811.
[2] Jennifer Morvan, François Vermersch, Ziyun Zhang, Laura Falivene, Thomas Vives, Vincent
Dorcet, Thierry Roisnel, Christophe Crévisy, Luigi Cavallo, Nicolas Vanthuyne, Guy Bertrand,
Rodolphe Jazzar, Marc Mauduit, Journal of the American Chemical Society, 2020, 142,
19895–19901.
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Unprotected 2-azidoamines from alkenes – Facile access to masked diamines by using
stable N–O reagents

S. Makai1, E. Falk1, B. Morandi1*

1Laboratorium für Organische Chemie, ETH Zürich

Amines are ubiquitous building blocks in nature encountered throughout all chemical disciplines.[2]

Owing to their prevalence and broad applications, robust and versatile methods for their
preparation have received significant attention in synthetic chemistry. A popular approach for
forging the C–N bond of amines is to employ readily available hydrocarbon feedstocks in metal
catalysed reactions.[3] However, for the majority of these reactions, the reagents bearing the
nitrogen source are either impractical to handle or introduce the amino motif in a protected form.
The latter case usually requires an additional deprotection step which often necessitates harsh
reaction conditions before the amino group can be further processed. This shortcoming can be
elegantly obviated by introducing the desired amino group in its unprotected form. Reagents
which proved to be ideal for this task are O-substituted hydroxylammonium salts, especially O
-pivaloyl hydroxylammonium triflate (= PivONH3OTf, PONT).[4] Making use of this versatile, bench-
stable reagent, our group has recently developed several amination reactions which directly yield
unprotected anilines, aminoalcohols, beta-chloramines and sulfinamides from unfunctionalised
arenes, alkenes and thiols, respectively.[5]

Herein, we present the iron-catalysed synthesis of unprotected 2-azidoamines which feature as
ideal precursors for vicinal diamines.[1] Starting from a wide range of unactivated alkenes and
vinylarenes, the desired unprotected amines are obtained in high yield and excellent
regioselectivity. The mild and robust reaction manifold is tolerant to ambient conditions and
applying related aminating reagents allows for the synthesis of isotopic labelled or secondary
2-azidoamines.[6] Down-stream derivatisations included CuAAC Click chemistry as well as
synergistic and sequential manipulations of the two differentiable amino functionalities. This
chemoselectivity was further showcased in the formal synthesis of several bioactive compounds.
Furthermore, initial mechanistic experiments suggest a radical pathway being operative in the
transformation.

[1] Szabolcs Makai, Eric Falk, Bill Morandi, Journal of the American Chemical Society, 2020, 51,
21548-21555.
[2] Alfredo Ricci in Amino Group Chemistry: From Synthesis to the Life Sciences, Wiley-VCH,
Weinheim, 2008.
[3] Aaron Trowbridge, Scarlett M. Walton, Matthew J. Gaunt, Chemical Reviews, 2020, 120, 5,
2613-2692.
[4] Szabolcs Makai, Eric Falk, Bill Morandi, Organic Syntheses, 2020, 97, 207-216.
[5] Valentina Gasser†, Szabolcs Makai†, Bill Morandi, Chemical Communications, in revision.
[6] Eric Falk, Szabolcs Makai, Tristan Delcaillau, Laura Gürtler, Bill Morandi, Angewandte Chemie
International Edition, 2020, 59, 21064-21071.
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Emissive Properties of Helicene Carbon Nanohoops

J. Malinčík1, S. Gaikwad1, J. P. Mora-Fuentes2, M. Boillat1, A. Prescimone1, D. Häussinger1, A. G.
Campaña2, T. Šolomek3,1*

1Department of Chemistry, University of Basel, St. Johann’s-Ring 19, 4056 Basel, Switzerland, 2
Department of Organic Chemistry, University of Granada, Avda Fuentenueva, s/n, 18071 Granada,
Spain, 3Department of Chemistry, Biochemistry and Pharamaceutical Sciences, University of Bern,

Freiestrasse 3, 3012 Bern, Switzerland

Helicenes are polyaromatic hydrocarbons consisting of ortho-fused benzene rings which adopt a
helical screw-like shape.[1] They display strong chiroptical properties and circularly polarized
luminescence although with a low quantum yield. Substantial synthetic modification of the
helicene backbone is required in order to improve their emissive properties.[2]

On the other hand, cyclo-paraphenylenes ([n]CPPs) have been proven to have favorable
luminescence properties, such as visible-light fluorescence with a high quantum yield, which is
often preserved even in solid state.[3,4] However, the absence of chirality in CPPs prevent them to
display circularly polarized luminescence. This could be circumvented by introducing a chiral unit
to the structure of CPPs.[5]

In this contribution, the design and synthesis of helicene carbon nanohoops as chiral emitters that
combine helicene scaffolds and [n]CPPs will be discussed.[6] The structure of the nanohoops was
studied by single crystal X-ray diffraction, 1D and 2D nuclear magnetic resonance, and mass
spectrometry and the photophysical properties investigated by absorption and emission
spectroscopies. Helicene carbon nanohoops possess emission properties similar to symmetry-
broken [n]CPPs. We have managed to obtain an enantiomerically pure sample of a helicene carbon
nanohoop and study circularly polarized luminescence. Lastly, we discovered that helicene carbon
nanohoops adopt Möbius topology in the solid state and in solution.

[1]   M. Rickhaus, M. Mayor, M. Juríček Chem. Soc. Rev. 2016, 45, 1542.
[2]   C.-F. Chen et al., Chem. Commun. 2019, 55, 13793.
[3]   K. Itami et al., Org. Biomol. Chem. 2012, 10, 5979.
[4]   R. Jasti et al., Chem. Sci. 2019, 10, 3786.
[5]   Y. Mazaki et al., Chem. Eur. J. 2020, 26, 1323.
[6]   T. Šolomek et al., ChemRxiv 2021 DOI: 10.26434/chemrxiv.13817498.v1
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Unlocking Aluminum Reagents Towards Deprotonative Metalation Reactions

X. Meissner1, E. Hevia1*

1Department für Chemie, Biochemie und Pharmazie, Universität Bern, Freiestrasse 3, 3012 Bern,
Switzerland

Lithium amides have widely been used for deprotonation reactions, becoming essential reagents in
synthetic chemistry due to their high basicity and low nucleophilicity. However, these advantages
also come with various limitations as the lack of selectivity, the need for cryogenic temperatures,
the formation of unstable intermediates and the sensitivity to air and moisture. Trying to overcome
some of these limitations, in 2009 the Knochel group proposed the deprotonative metalation of a
broad range of substrates by “Al(TMP)3” (TMP: 2,2,6,6-tetramethylpiperidide), formed by mixing
LiTMP and AlCl3.[1] The use of aluminum offers various advantages as it is the third most abundant
element on earth, is non-toxic and has a broad functional group tolerance. It has also recently
shown to be efficient in organoaluminum-mediated cross-coupling reactions,[2] exhibiting their
versatility in synthesis. However, the constitution of these aluminated species has been
overlooked and is poorly understood.

Shedding light into the use of aluminum in deprotonative metalations, this work presents a
systematic investigation on the alumination of aryl compounds. By combining lithium amide bases
and commercially available aluminum reagents, we report a new approach to obtain trivalent Aryl-
Al compounds in an easy and general way. The direct access to these compounds from
unfunctionalized molecules under mild conditions will pave the way to prepare a wider range of
aluminium reagents and their subsequent use in cross-coupling reactions.

[1] Stefan H. Wunderlich, Paul Knochel, Angew. Chem. Int. Ed., 2009, 48, 1501-1504.  
[2] Hiroyuki Ogawa, Ze-Kun Yang, Hiroki Minami, Kumiko Kojima, Tatsuo Saito, Chao Wang,
Masanobu Uchiyama, ACS Catal., 2017, 7, 3988-3994.
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Synthesis of Tetrahydrooxepines via Ring Expansion of Medium-Sized Oxacycles

C. Montagnon1, R. Pertschi1, J. Lacour1*

1Department of Organic Chemistry, University of Geneva, Geneva, Switzerland

Medium-sized oxacycles are important building blocks present in a large variety of natural and
medicinal products.[1] Their synthesis has been investigated over the years and can be achieved
via cycloaddition, ring-closing metathesis and ring expansion reactions among others.[2] In this
context, the propensity of oxonium ylides to undergo ring expansions via [1,2]- and/or [2,3]-shifts
constitutes an important strategy.[3] To generate the ylide intermediates, decomposition of
acceptor diazo reagents under metal-catalyzed conditions is a common synthetic tool; in-situ
generation of electrophilic metal carbenes 1 and their reactivity with cyclic ethers acting as Lewis
bases affording the targeted products.[4]

Herein, with α-diazodiesters and α-diazo-β-ketoesters as reagents 2, the formation of
tetrahydrooxepines 3 was investigated by ring expansion of vinyl oxetanes 4, using Cu(II) salts as
catalysts. The desired 7-membered rings are afforded as major products via [2,3]-sigmatropic
rearrangements from oxonium ylide intermediates 5. Further attempts using this strategy to give
access to functionalized medium-sized oxacycles will be provided.

[1] a) Jon D. Rainier, Metathesis in Natural Product Synthesis, Wiley-VCH, Weinheim, 2010, pp
87–127; b) Ingo V. Hartung, H. Martin R. Hoffmann, Angew. Chem. Int. Ed., 2004, 43, 1934–1949.
[2] a) Larry Yet, Chem. Rev., 2000, 100, 2963−3007; b) Victoria Sinka, Víctor S. Martín, Daniel A.
Cruz, Juan I. Padrón, Chem. Eur. J., 2020, 43, 6704–6717.
[3] a) Thomas H. West, Stéphanie S. M. Spoehrle, Kevin Kasten, James E. Taylor, Andrew D. Smith,
ACS Catal., 2015, 5, 7446−7479; b) Zhe Sheng, Zhikun Zhang, Changhu Chu, Yan Zhang, Jianbo
Wang, Tetrahedron, 2017, 73, 4011–4022.
[4] a) Hiroto Uno, Takanori Imai, Kyosuke Harada, Norio Shibata, ACS Catal., 2020, 10,
1454−1459; b) Sripati Jana, Zhen Yang, Chao Pei, Xinfang Xu, Rene M. Koenigs, Chem. Sci., 2019,
10, 10129-10134; c) Léo Egger, Laure Guénée, Thomas Bürgi, Jérôme Lacour, Adv. Synth.
Catal., 2017, 359, 2918–2923.
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N-Nitrosaccharin: Powerful Organic Reagent for Electrophilic Ipso-Nitration of Silanes

I. Mosiagin1,2, D. Katayev1*

1Department of Chemistry, University of Fribourg, Chemin du Musée 9, CH-1700, Fribourg
(Switzerland), 2Ivan.mosiagin@unifr.ch

Nitro group does not need an introduction, yet it has to be introduced. Peculiarly, taking into
account the novel applications of nitro group, e.g. cross-coupling reactions[1] and a series of
recently discovered nitro-derived drugs [2], the traditional direct-electrophilic approach has to be
revised, in particular in the context of the late-stage nitration. Indeed, direct nitration of organic
frameworks using classical approaches is poorly regioselective, while the use of bulky directing
groups detains all the disadvantages of its application. From this perspective, ipso-nitration
drugged extensive attention in the last two decades. Thus, the identification of potential functional
groups for ipso-nitration is in high demand as it can lead to the development of chemo- and
regioselective protocols.

Although, organosilicon compounds are generally believed to be of low reactivity in organic
synthesis and homogeneous catalysis, herein we are pleased to showcase the highly efficient and
orthogonal responsiveness of aryl silanes with N-nitrosaccharin reagent under Lewis Acid
catalysis.[3,4] This methodology is characterized by mildness, robustness, and exceptional
functional group tolerance, delivering the corresponding nitro-derived adducts with excellent
chemical efficiency and regioselectivity.[5] Based on this transformation, an overlooked
mechanism of aromatic substitution was revealed. A combination of computational, spectroscopic,
and experimental mechanistic studies has strongly supported an unprecedented sequence of
transition states and intermediates, which are proposed to be a hidden general mechanism for a
broad range of ipso-substitution transformations. We anticipate that our comprehensive
mechanistic evidence as well as practical and mild electrophilic ipso-nitration protocol will find
application across a broad range of disciplines.

[1] Kei Muto, Toshimasa Okita, Junichiro Yamaguchi, J. ACS Catal., 2020, 10, 9856-9876.
[2] Kunal Nepali, Hsueh-Yun Lee, Jing-Ping Liou, J. Med. Chem., 2019, 62, 2851-2893.
[3] Roxan Calvo, Kun Zhang, Alessandro Passera, Dmitry Katayev, Nat. Commun., 2019, 10, 3410.
[4] Subrata Patra, Ivan Mosiagin, Rahul Giri, Dmitry Katayev, Synthesis, 2022, DOI:
10.1055/s-0040-1719905.
[5] Ivan Mosiagin, Kai Ylijoki, Alena Budinska, Liana Hayruyan, Dmitry Katayev, 2022, manuscript
in preparation
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Direct Light Activation of Hypervalent Iodine Reagents: Substrate-Controlled C-C or C-H
Alkynylation of Cyclopropanes.

T. V. Nguyen1, M. Wodrich2, J. Waser3*

1Laboratory of Catalysis and Organic Synthesis, Institute of Chemistry and Chemical Engineering,
Ecole Polytechnique Fédérale de Lausanne, 2Laboratory for Computational Molecular Design,

Institute of Chemistry and Chemical Engineering, Ecole Polytechnique Fédérale de Lausanne, 3
Laboratory of Catalysis and Organic Synthesis and NCCR Catalysis, Institute of Chemical Sciences

and Engineering, Ecole Poly-technique Fédérale de Lausanne

We report a visible light-mediated alkynylation of cyclopropanes via direct photoactivation of aryl-
EBX reagents without the need for a photocatalyst or additive. In addition, we discovered a
complete switch of the reaction outcome from C-C to C-H alkynylation when using aryl
cyclopropanes bearing two ortho substituents on the benzene ring. We tentatively attributed this
effect to the conformational constraints induced by the aryl ring. Computational studies indicated
that the C-H alkynylation became a favored nearly barrierless process for substrates
having two ortho methyl groups on the benzene ring

Tin V.T. Nguyen, Jerome Waser, ChemRxiv, 2022, Cambridge: Cambridge Open Engage
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Aromatic C−H Insertions of Malonate Metal Carbenes for Late-Stage Functionalization
of Diaza [4]Helicenes

Y. Nikolova1, B. Fabri1, P. Moneva Lorente1, A. Guarnieri-Ibáñez1, A. de Aguirre1, F. Zinna2, L. di
Bari2, A. Poblador-Bahamonde1, J. Lacour1*

1Department of Organic Chemistry, University of Geneva, Geneva, Switzerland, 2Dipartimento di
Chimica e Chimica Industriale, University of Pisa, Pisa, Italy

Late-stage functionalization (LSF) strategies are particularly attractive for providing large scope of
products or promoting specific reactivities at single site only.[1] Herein, in the context of
heterohelicene chemistry, metal-catalyzed decompositions of α-diazomalonates are shown to
afford multi-functionalized chiral diaza [4]helicenes – in a controlled stepwise manner. By selecting
the catalyst, [CpRu(CH3CN)3][PF6] or Rh2(oct)4, chemo and regioselective insertions of derived
metal carbenes are achieved in favour of mono- or bis-functionalized malonate derivatives,
respectively (r.r. > 49:1, up to 77% yield, 12 examples). Mechanism of formation and origin of
selectivity are elucidated based on DFT calculations. Controlled formation of products of tris- and
tetra-malonate insertions can be further achieved thanks to the higher reactivity of rhodium
carbenes. This step-by-step multi-introduction of malonate groups is particularly useful to tune /
increase important properties of the [4]helicene core such as absorption (Δλ−44 nm), emission
(quantum yield 5-22%, lifetime 3.0-8.4 ns) and Brønsted acidity (pKa 1•H+ to 5•H+, from 6.63 to
−0.42 and lower).

[1] a) Lucas Guillemard, Nikolaos Kaplaneris, Lutz Ackermann, Magnus J. Johansson, Nat. Rev.
Chem. 2021, 522–545; b) Martin Jakubec, Jan Storch, J. Org. Chem. 2020, 85, 13415-13428; c)
Junichiro Yamaguchi, Atsushi D. Yamaguchi, Kenichiro Itami, Angew. Chem. Int. Ed. 2012, 51,
8960-9009; d) Will R. Gutekunst, Phil S. Baran, Chem. Soc. Rev. 2011, 40, 1976-1991.
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Functionalization of Csp
2-Csp

2 bonds through earth abundant metal-catalysis

P. Palamini1, E. M. D. Allouche2, J. Waser1*

1Laboratory of Catalysis and Organic Synthesis and NCCR Catalysis, Institute of Chemical Sciences
and Engineering, Ecole Polytechnique Fédérale de Lausanne, 2Laboratory of Catalysis and Organic

Synthesis, Institute of Chemical Sciences and Engineering, Ecole Polytechnique Fédérale de
Lausanne

In the last decades, the use of earth abundant metals has emerged as an alternative to the well-
established transition-metal catalysts such as rhodium, palladium or iridium. Due to their high
availability and reduced cost, they now appear as key catalysts for the development of new
synthetic routes.[1] More than replicating known transformations, earth abundant catalysts can
surpass traditional metals both in reactivity and selectivity.[2] For instance, difunctionalization of
unsaturated carbon-carbon bonds allows access to complex molecules by addition of two new
functional groups such as halogens, carbon-based groups or nitrogen-based
functionalities.[3] Herein, we report a earth abundant metal catalyzed difunctionalization of
unsaturated bonds with a high molecular complexity improvement (Scheme 1).

Scheme 1: Alkenes difunctionalization with earth-abundant metals

[1] Cheng, L.-J.; Mankad, N. P. Chem. Soc. Rev. 2020, 49 (22), 8036–8064
[2] Chirik, P.; Morris, R. Acc. Chem. Res. 2015, 48 (9), 2495–2495
[3] Tu, H.-Y.; Zhu, S.; Qing, F.-L.; Chu, L. Synthesis. 2020, 52 (09), 1346–1356.
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Electrocatalytic Activation of Ferric Nitrate

S. Patra1,2, D. Katayev1,3*

1Département de Chimie, Université de Fribourg, Chemin du Musée 9, 1700 Fribourg, Switzerland,
2Subrata.patra@unifr.ch, 3Dmitry.katayev@unifr.ch

Catalysis, a key technology in organic chemistry, is among the most important and fascinating
areas of discovery in both academic and industry research. Chemical and enzymatic catalysis has
been recognized at least 16 times by the Nobel Foundation. Among manifold catalysts, which are
often based on transition metals and complex ligand systems, the proton is the smallest one, while
the electron is just a charged particle. The principle of electron catalysis was introduced almost 60
years ago, however this field is still poorly explored, and today only a handful of reactions that
have used electrons in a catalytic or sub-stoichiometric amounts are known.[1] Electrocatalysis is
among such rare transformations, where a large excess of toxic reductants/oxidants is replaced by
electrons using a controlled potential, making the overall process mild, robust, and sustainable.
Hence, the design of concepts of ՛the electron as a catalyst՛ is challenging, but a very promising
field for solving problems with inefficient reactions in modern organic synthesis.

Chemo- and regioselective nitration of carbon-hydrogen bonds is our long-term interest.[2] Iron is
the most abundant metal on earth and is also known to form intermediates with diverse valences,
which makes this metal an ideal catalyst for designing new directions in catalysis. Ferric nitrate, a
potential inorganic nitrating reagent, is inexpensive, safe, bench-stable solids, soluble in various
organic solvents, and additionally, can serve as both an electrolyte and a catalyst. Herein, we
introduce an electrochemically assisted paradigm for the facile interconversion of organic
frameworks to the corresponding nitro-derived molecules. The reaction is demonstrated using iron
nitrate to functionalize with a nitro group a wide range of unsaturated and aromatic compounds in
a simple setup with inexpensive electrodes. These mild reaction conditions tolerate multiple
nitration protocols, as well as vast functionalities, is scalable on decagrams, and delivers the
corresponding adducts with high level of chemo- and regioselectivity. The waste, mainly consisting
of iron oxide and hydroxides, is generated as only by-product and can be easily separated upon
completion of the reaction. Detailed mechanistic studies, including spectroscopic investigations
and controlled experiments, highlight the evidence of a fleeting nitryl radical under the concept of
electron catalysis.[3]

[1] (a) Robert Francke, R. Daniel Little, ChemElectroChem 2019, 6, 4373–4382. (b) Juno C. Siu,
Niankai Fu, Song Lin,  Chem. Res. 2020, 53, 547–560.
[2] Subrata Patra, Ivan Mosiagin, Rahul Giri, Dmitry Katayev, Synthesis, 2022, 54, DOI:
10.1055/s-0040-1719905.
[3] Subrata Patra, Ivan Mosiagin, Rahul Giri, Thomas Nauser, Dmitry Katayev, Manuscript in
preparation, 2022.
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A Concise Total Synthesis of the ABO Blood Antigens

K. R. Penston1, D. Lim1, F. Paradisi1*

1Department of Chemistry, Biochemistry and Pharmacy, University of Bern, Freiestrasse 3, Bern,
Switzerland

Providing an efficient pathway for the conversion of blood types A and B to the ‘universal’ donor O
would significantly increase the supply for blood transfusions.[1] Although there are several
examples on the use of enzymes for this conversion, their specificity or activity is a hurdle for
medicinal applications.[2] Furthermore, given the fact that these antigens suffer from extortionate
commercial pricing, providing a shorter synthetic route to access these targets is highly
desirable.[3]

Currently, a total of three enzymes is required to achieve this goal. [4,5] Therefore, lowering the
number of enzymes required for this cascade will enable a more sustainable and easier access to
the O blood type, mitigating the need to express an extra enzyme, resulting in a more cost-
efficient outcome.

Herein, we report the total synthesis of the A and B trisaccharide’s. Starting from cheap and
commercially available starting materials, we could access the A and B terminal antigens in 14 and
13 steps, respectively. The availability of a shorter and more concise synthesis will allow access to
valuable substrates required for developing a more efficient enzymatic access of the O antigen.

[1]  World Health Organisation. Global Status Report on Blood Safety, 2016
[2]  Q. P. Liu, et al., Nature Biotechnology, 2007, 25, 454-464
[3] P. M. Aberg, L. Blomberg, H. Lonn and T. Norberg, J. Carbohydrate Chemistry, 1994, 13,
141-161
[4]  P. Rahfeld, et al., Nature Microbiology, 2019, 4, 1475-1485
[5]  J. Goldstein, G. Siviglia, R. Hurst, L. Lenny and L. Reich, Science, 1982, 215, 168-170
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Nickel-Catalyzed Kumada Vinylation of Enol Phosphates: A Comparative Mechanistic
Study

P. Poisson1, G. Tran1, C. Besnard1, C. Mazet1*

1University of Geneva

In 2018, our group reported a catalytic method for the synthesis of diversely 2-substituted
1,3-dienes. This methodology relies on the use of two complementary biphosphine-nickel
complexes – [(dppe)NiCl2] and [(dmpe)NiCl2] – for the cross-coupling between vinyl Grignard
reagents and enol phosphates.

Based on supporting stoichiometric organometallic syntheses, structural analyses, reaction
monitoring, radical-clock experiments and kinetic investigations, a comparative mechanistic study
between the two precatalysts has been conducted. We demonstrate that the two bisphosphine-
nickel complexes operate via distinct Ni(0)/Ni(II) catalytic manifolds.

[1] Daniele Fiorito, Sarah Folliet, Yangbin Liu, Clément Mazet, ACS Catalysis, 2018, 8, 1392-1938.
[2] Justin B. Diccianni, Tianning Diao, Trends in Chemistry, 2019, 1, 830-844.
[3] Chun-Yi Lin, Philip. P. Power, Chemical Society Reviews, 2017, 46, 5347-5399.
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Radical Iodo- and Hydroalkylation Modification of Forskolin

E. Pruteanu1, N. D. Tappin1, V. Gîrbu2, O. Morarescu2, F. Dénès1, V. Kulciţki2*, P. Renaud1*

1Department of Chemistry, Biochemistry and Pharmacy, University of Bern, Freiestrasse 3, 3012
Bern, Switzerland, 2Institute of Chemistry MECR, 3 Academiei str., MD-2028, Chișinău, Republic of

Moldova

(–)-Forskolin (7β-acetoxy-1α,6β,9α-trihydroxy-8,13-epoxylabd-14-en-11-one) (Figure 1), is a
polyfunctionalized labdane diterpene presenting the 8,13-epoxylabd-14-en-11-one diterpenoid
skeleton [1] and was isolated in 1977 from Coleus forskohlii, an important medicinal plant which
grows in tropical and subtropical regions of Asia and Africa [2]. It possess a wide range of biological
effects (inhibition of proliferation, motility, and migration in many types of cancer cells, and also
the enhancement of the sensitivity to conventional antineoplastic drugs), while the main
mechanism of action is based on the direct activation of the adenylate cyclase enzyme regulating
many cellular functions [3].

 

Figure 1. Radical modification of (-)-forskolin

The modification of highly oxygenated forskolin as well as manoyl and epi-manoyl oxide (two less
functionalized model substrates sharing the same polycyclic skeleton), via intermolecular carbon-
centered radical addition to the vinyl moiety, has been investigated [4]. The highly oxygenated
skeleton of (–)-forskolin, with its free hydroxyl group at C-9, led to the formation of an interesting
cyclic ether resulted formally from an alkoxyalkylation of the vinyl moiety and involving an iodine
ATRA followed by an intramolecular nucleophilic substitution process. Deploying Et3B as a radical
initiator circumnavigated the necessity for a protecting group installation prior to ATRA
functionalization, thanks to the in situ formation of a cyclic boronic ester intermediate which acts
as a protecting group for the free hydroxyl groups.

The mild radical chemistry reported here offers many opportunities to prepare elaborated
analogues for biological studies that are not accessible by conventional methods.

[1] Alasbahi, R. H.; Melzig, M. F. Planta Med. 2010, 76, 653.
[2] Bhat, S. V.; Bajqwa, B. S.; Dornauer, H.; de Souza, N. J.; Fehlhaber, H. W. Tetrahedron
Lett. 1977, 18, 1669.
[3] Sengupta, S.; Mehta, G.  Biomol. Chem. 2018, 16, 6372.
[4] For this work: Synthesis 2021, 53, 1247–1261
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Stereoselective Peptide Catalysis in Complex Environments – From River Water to Cell
Lysates[1]

J. W. Rackl1, T. Schnitzer1, H. Wennemers1*

1Laboratory of Organic Chemistry, ETH Zürich, Vladimir-Prelog-Weg 1-5/10, Zürich, 8093,
Switzerland

Peptides have been recognized as powerful catalysts for various reactions throughout the last two
decades.[2],[3] Of these peptide catalysts, several are characterized by a high degree of
stereoselectivity and reactivity. Similar to nature's catalysts, enzymes, they are also composed of
amino acids but have a much lower molecular weight and could hence be considered ‘mini-
enzymes’. Whilst enzymes function splendidly at low concentrations in complex aqueous biological
environments, peptide catalysts normally require pure organic solvents and high
concentrations.[4a-h]

We were therefore intrigued by the question of whether a peptide catalyst could exhibit
chemoselectivity in similar environments reminiscent of enzymes. Consequently, we probed the
behavior of tripeptide catalysts in both hydrophobic and aqueous reaction media and further
challenged the catalysts with complex reaction media, consisting of aqueous solutions, containing
biomolecules, bearing functional groups that can coordinate or react with the catalyst, substrate,
or intermediates. Finally, we subjected the peptide catalysts to the ultimate test by investigating
their reactivity, chemoselectivity and stereoselectivity in cell lysate in micromolar concentrations,
entering a range also typical for enzymes. Despite its relatively short length and small size, H-DPro-
αMePro-Glu-NHC12H25 proved to be a conformationally well-defined tripeptide, able to catalyze C-C
bond formations with high reactivity and stereoselectivity, independent of the solvent and its
compound composition. In fact, this peptide yielded our desired product with excellent
stereoselectivity (≥ 93% ee, d.r. 85:15 - 94:6) and yield (80 - 97%), even in cell lysate, a highly
complex mixture with numerous compounds that could either react or coordinate to the catalyst,
the substrates, or the reaction intermediates. These findings provoke the question of the potential
role of peptide catalysis in nature and during the evolution of enzymes.

[1] Tobias Schnitzer, Jonas W. Rackl, Helma Wennemers, Chem.Sci., 2022, in press. 
[2] Anthony J. Metrano, Alex J. Chinn, Christopher R. Shugrue, Elizabeth A. Stone, Byoungmoo Kim and Scott J. Miller, Chem.Rev., 2020, 120, 20,
11479. [3] Helma Wennemers, Chem.Commun., 2011, 47, 12036. [4] a)Bartosz Lewandowski and Helma Wennemers, Curr.Opin.Chem.Biol., 2014, 22:40–46. b
)Sebastián Juliá, Jaume Masana and Juan Carlos Vega, Angew.Chem.Int.Ed., 1980, 19, 929. c)Alexandra Weyer, Dolores Díaz, Alexander Nierth, Nils E. Schlörer
and Albrecht Berkessel, ChemCatChem, 2012, 4, 337. d)Meng Lei, Lanxiang Shi, Gong Li, Shilv Chen, Weihai Fang, Zemei Ge, Tieming Cheng and Runato Li,
Tetrahedron, 2007, 63, 7892. e)Galia Maayan, Michael D. Ward and Kent Kirshenbaum, Proc.Natl.Acad.Sci. U.S.A., 2009, 106, 13679. f)Kengo Akagawa,
Hajime Akabane, Seiji Sakamoto and Kazuaki Kudo, Org.Lett., 2008, 10, 2035. g)Baishakhi Sarkhel, Ayan Chatterjee, Dibyendu Das, J.Am.Soc., 2020, 142,
4098. h)Callum S. Foden, Saidul Islam, Christian Fernández-García, Leonardo Maugeri, Tom D. Sheppard and Matthew W. Powner, Science, 2020, 370, 865.
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Insights  into the Molecular Mechanism of Cobalt(II) Catalyzed C-O cross-Coupling
Reaction: A DFT study

C. RAJALAKSHMI1

1Department of Chemistry, CMS College Kottayam (Autonomous), Kottayam, Kerala, 686001, India

O-arylation reactions represent a synthetically important class of reactions that are widely
employed for the preparation of diaryl ethers [1]. Cobalt catalyzed cross-coupling reactions are
gaining importance owing to the low cost, mild reaction conditions, and high chemoselectivity
[2,3]. In the present work, a detailed computational investigation into the mechanism of the Co(II)
catalyzed C-O cross-coupling of phenols with aryl iodides, is carried out for the first -time, using
Density Functional Theory employing B3LYP-D3 functional [3] augmented with CPCM solvation
model using acetonitrile as the solvent. The Co and I atoms are described using (LANL2DZ) for the
inner electrons and its associated double-ζ basis set for the outer electrons. The C, H, N, O, and Cl
atoms were described by a 6-31+G(d) basis set. L-valine is the ancillary ligand used in this study.
The active catalyst species is tetrahedral, L-valine ligated cobalt (II) phenoxide complex. The
investigated O-arylation reaction proceeds through a σ – bond metathesis mechanism involving
the concerted breaking of the Csp2 – I bond and the formation of the Csp2 – O bond proceeding
through a four-centered transition state. Frontier Molecular Orbital (FMO) analysis was performed
to investigate the effect of functional groups at the para position of the substrates. The
substitution by electron-withdrawing groups (EWG) considerably decreases the energy of FMO’s
involved. The presence of EWG on aryl iodides tends to favor the reaction by reducing the energy
of its LUMO. However, for the phenolic substrates, a decrease in the energy of the HOMO by the
electron-withdrawing groups leads to an increased HOMO-LUMO gap [5].

[1] Chen, T. et al. Diaryl Ether: A Privileged Scaffold for Drug and Agrochemical Discovery. J. Agric.
Food Chem. 68, 9839–9877 (2020)
[2] K. Ahmad, C. Chang, J. Li, Mechanistic investigations of Co(II)-Catalyzed C-N coupling reactions,
Journal of Organometallic Chemistry. (2018).
[3] S.M. Ujwaldev, S. Saranya, N. Ann, H. Gopinathan, Novel cobalt ‑ valine catalyzed O ‑ arylation
of phenols with electron deficient aryl iodides, Monatshefte Für Chemie - Chemical Monthly. 150
(2019) 339–346.
[4] S. Grimme, J. Antony, S. Ehrlich, H. Krieg, A consistent and accurate ab initio parametrization of
density functional dispersion correction (DFT-D) for the 94 elements H-Pu, Journal of Chemical
Physics. 132 (2010).
[5] C. Rajalakshmi, A. Radhakrishnan, M. U. Sankuviruthiyil, G. Anilkumar and V. I. Thomas, J.
Organomet. Chem., 2022, 972, 122385.
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Enantioselective 3-Component Reaction between Hypervalent Iodine Reagents,
Fluorinated Diazo Compounds and Nucleophiles

N. P. Ramirez1,2, J. Waser1,2*

1EPFL-Laboratory of Catalysis and Organic Synthesis, 2NCCR Catalysis

Multi-Component Reactions (MCRs) are very useful in medicinal and organic synthesis, as they
convert simple and small molecules into compounds with higher structure and functional
complexity. Similarly, the development of MCRs in an asymmetric manner is very important due to
the relevance of chiral compounds in medicinal chemistry. However, this is still a challenge for
organic chemists, and more efforts are necessary to do in this field.

During the last years, diazo compounds have become in very good starting materials in MCRs. In
this context, fluorinated diazo compounds deserve a special attention since the fluorine atom is
very important in medicinal chemistry, agrochemistry or material science.[1]

Hypervalent Iodine Reagents (HIRs) present an Umpolung reactivity making them very interesting
precursors in organic synthesis. The combination of HIR and diazo compounds is therefore a very
attractive strategy to develop new MCRs. Remarkably, this type of reaction has been only barely
investigated and the first example was reported by our group in 2017.[3] More recently, we
reported the racemic version of the 3-component reaction employing HIR, diazo compounds and
easily accessible nucleophiles, such as alcohols and anilines, allowing the formation of propargylic
alcohols and amines.[4] Nevertheless, the asymmetric reaction for these protocols has not been
reported so far. Herein, we present our results on the enantioselective version of these
transformations.[5]

[1] Pavel. K. Mykhailiuk, Chem. Rev., 2020, 120, 12718-12755.
[2] Jonathan P. Brand, Jerome Waser, Chem. Soc. Rev., 2012, 41, 4165-4179.
[3] Durga Prasad Hari, Jerome Waser, J. Am. Chem. Soc. 2017, 139, 8420–8423.
[4] For alcohols see: Guillaume Pisella, Alec Gagnebin, Jerome Waser, Chem. Eur. J., 2020, 26,
10199-10204. For anilines see: Nieves P. Ramirez, Guillaume Pisella, Jerome Waser,J. Org. Chem.
2021, 86, 10928–10938.
[5] Nieves P. Ramirez, Jerome Waser, Unpublished results.
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Activation of amino monoester strained rings with silylium catalysis.

E. G. L. Robert1, V. Pirenne1, J. Waser1*

1 EPFL, Laboratory of Catalysis and Organic Synthesis, EPFL SB ISIC LCSO, BCH 4306, 1015
Lausanne, CH, Switzerland

Cyclopropanes and cyclobutanes vicinally substituted with electron-donating and electron-
accepting groups, called donor-acceptor cyclopropanes and cyclobutanes respectively, are among
the most studied strained ring motifs.[1] Upon activation, the polarisation of the bond induced by
the donor and acceptor substituents can result in heterolytic bond cleavage, providing 1,3 or 1,4
formal dipoles. These zwitterionic intermediates can further react via cyclisation or annulation,
providing an alternative to classical bond-disconnection strategies.[2] In most reports, donor-
acceptor strained ring systems bearing two geminal carbonyl groups as acceptors are used.[3] In
contrast, mono carbonyl acceptor systems have been much less studied despite their synthetic
relevance. Indeed, an extra stereocenter is obtained and no additional decarboxylation step is
required after product formation. Nitrogen substituted cyclic structures are omnipresent in natural
products and bioactive molecules. By taking advantage of the unique reactivity profile of donor-
acceptor aminocyclopropanes and cyclobutanes, complex nitrogen substituted molecules can be
prepared.[4] In 2021, our group published a highly selective [3+2] annulation between
aminocyclopropanes monoester and indoles through silylium catalysis.[5] In this poster, recent
advances on the synthesis and the reactivity of less activated donor-acceptor systems toward
[4+2] annulation will be presented.[6]

[1] Selected article: a) Hans-Ulrich Reissig, Reinhold Zimmer, Chem. Rev. 2003, 103, 1151-1196.
[2] Selected reviews: a) Tobias F. Schneider, Johannes Kaschel, Daniel B. Werz, Angew. Chem. Int.
Ed. 2014, 53, 5504-5523. b) Jun-ichi Matsuo, Tetrahedron Lett. 2014, 55, 2589-2595. c) Lijia
Wang, Yong Tang, Isr. J. Chem. 2016, 56, 463-475. d) Hans-Ulrich Reissig, Reinhold Zimmer,
Angew. Chem. Int. Ed. 2015, 54, 5009-5011. e) Vincent Pirenne, Bastian Muriel, J. Waser, Chem.
Rev. 2021, 121, 227-263.
[3] Selected reviews: a) Huck K. Grover, Michael R. Emmett, Michael A. Kerr,Org. Biomol. Chem.
2015, 13, 655-671. b) Naresh Vemula, Brian L. Pagenkopf, Org. Chem. Front. 2016, 3, 1205-1212.
c) Alexander J. Craig, Bill C. Hawkins, Synthesis 2020, 52, 27-39.
[4] Selected review: Florian de Nanteuil, Filippo De Simone, Reto Frei, Fides Benfatti, Eloisa
Serrano, Jerome Waser, Chem. Commun. 2014, 50, 10912-10928.
[5] Vincent Pirenne, Emma G. L. Robert, Jerome Waser, Chem. Sci. 2021, 12, 8706-8712.
[6] Emma G. L. Robert, Vincent Pirenne, Jerome Waser, Unpublished results.
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Pd(II)-Catalyzed Aminoacetoxylation of Alkenes via Tether Formation

T. Rossolini1, A. Das1, S. Nicolai1, J. Waser1*

1Laboratory for Catalysis and Organic Synthesis, Ecole Polytechnique Federale de Lausanne, EPFL,
1015 Lausanne, Switzerland

Owing to their broad accessibility and unparalleled reactivity, olefin components play a key role in
the synthesis of valuable building blocks, generating molecular complexity from simple
precursors.[1] Palladium-catalyzed processes constitute a major synthetic approach in the field of
alkene derivatization strategies,[2] ranging from standard intermolecular cross-coupling reactions
to cascade cyclization in natural product synthesis.[3,4] Despite significant advances in palladium
catalysis towards alkene multifunctionalization, reactivity and selectivity challenges commonly
encountered in intermolecular transition-metal catalyzed reactions limit broad application of these
transformations.[5] To this end, a novel catalytic tethering approach involving a high-valent
palladium center for olefin difunctionalization is reported. Pivoting on an easily introduced
trifluoroacetaldehyde-derived tether, simultaneous introduction of oxygen and nitrogen
heteroatoms across an unsaturated carbon-carbon bond under oxidative conditions is
accomplished. While good reaction efficiency and high diastereoselectivity is demonstrated with a
range of unactivated alkenes, non-terminal aliphatic-derived olefin substrates give access to aza-
Heck cyclization products. Tether cleavage under mild conditions gives access to functionalized β-
amino alcohols, which represent important building blocks frequently found in ligands and
bioactive molecules.[6,7] 

[1] Matthias Beller, Jayasree Seayad, Annegret Tillack, Haijun Jiao, Angew. Chem. Int.
Ed., 2004, 43, 3368-3398.
[2] Richard I. McDonald, Guosheng Liu, Shannon S. Stahl, Chem. Rev., 2011, 111, 2981-3019.
[3] Hiroaki Ohno, Shinsuke Inuki, Synthesis, 2018, 50, 700-710.
[4] Jasper Biemolt, Eelco Ruijter, Adv. Synth. Catal., 2018, 360, 3821-3871.
[5] Ugo Orcel, Jérôme Waser, Chem. Sci., 2017, 8, 32-39.
[6] David J. Ager, Indra Prakash, David R. Schaad, Chem. Rev., 1996, 96, 835-876.
[7] Stephen C. Bergmeier, Tetrahedron, 2000, 50, 2561-2576.
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Overcoming Catalyst Deactivation: Access to Fluorinated γ‑Nitroaldehydes by Peptide
Catalysis

M. Schnurr1, H. Wennemers1*

1ETH Zürich, D-CHAB, Laboratory of Organic Chemistry

Tripeptides of the H-Pro-Pro-Xaa type are highly reactive and stereoselective catalysts for
asymmetric aldol reactions and conjugate addition reactions of carbonyl compounds to
nitroolefins[1-4], dicyanoolefins[5] and maleimide.[6] For example, as little as 0.05 mol% H‑DPro‑Pro-
Glu-NH2 suffices to catalyze conjugate addition reactions of aldehydes to nitroolefins in high yields
and excellent stereoselectivities.[7]

Herein we present the stereoselective conjugate addition of aldehydes to β‑fluorinated nitroolefins,
a highly reactive class of electrophiles which usually deactivate secondary amine based
organocatalysts by N‑alkylation. By using peptide catalysts, we were able to overcome this
deactivation and perform the reaction with only 0.5 mol% catalyst, while maintaining high yield
and stereoselectivity.

[1] P. Krattiger, R. Kovasy, J. D. Revell, S. Ivan, H. Wennemers, Org. Lett., 2005, 7, 1101–1103. 
[2] M. Wiesner, J. D. Revell, H. Wennemers, Angew. Chem. Int. Ed., 2008, 120, 1897–1900.
[3] J. Duschmalé, H. Wennemers, Chem. Eur. J., 2012, 18, 1111–1120.
[4] R. Kastl, H. Wennemers, Angew. Chem. Int. Ed., 2013, 52, 7228–7232.
[5] T. Schnitzer, H. Wennemers, Synlett, 2017, 28, 1282–1286.
[6] C. E. Grünenfelder, J. K. Kisunzu, H. Wennemers, Angew. Chem. Int. Ed., 2016, 55, 8571–8574.
[7] T. Schnitzer, H. Wennemers, J. Am. Chem. Soc., 2017, 139, 15356-15362.
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Digitalization and optimization of enantioselective multicomponent reactions

A. A. Schöpfer1,2, N. P. Ramirez1, R. Laplaza2, P. van Gerwen2, J. Waser1*, C. Corminboeuf2*

1Laboratory of Catalysis and Organic Synthesis (LCSO), Institute of Chemical Sciences and
Engineering, Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland, 2
Laboratory for Computational Molecular Design (LCMD), Institute of Chemical Sciences and
Engineering, Ecole Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland

Multicomponent reactions (MCRs) are an atom-economic and efficient way to obtain organic
compounds with high complexity and diversity from simple molecular building blocks. Additionally,
enantioselective versions of MCRs also enable direct access to biologically active constructs. A
recent example includes the asymmetric oxy-alkynylation of diazo compounds through the
formation of metal carbenes, using hypervalent iodine reagents (HIRs).[1] While these reactions
exhibit high yields and enantioselectivity, the substrate scope remains narrow and the underlying
mechanism largely unknown. Similar selectivities have yet to be reported for the related oxy-
vinylation and three-component reactions.

In this work, we develop and exploit (un)supervised learning approaches and Bayesian
optimization to accelerate the optimization of the enantioselective transformations of these diazo
compounds.[2] Efforts are placed into the extraction of data from electronic laboratory notebooks
with the aim of creating and curating standardized datasets of HIR/Diazo reactions. We then
design reaction representations that capture varying degrees of chemical specificity and combine
them with machine-learning algorithms. Bayesian optimization workflows are finally exploited such
as to efficiently explore predefined reaction spaces and reduce the number of experiments
required to achieve high yields and enantioselectivity for these types of reactions.

[1] Durga Prasad Hari, Paola Caramenti, Jerome Waser, Acc. Chem. Res., 2018, 51, 3212-3225.
[2] Philippe Schwaller, Alain C. Vaucher, Ruben Laplaza, Charlotte Bunne, Andreas Krause,
Clemence Corminboeuf, Teodoro Laino, WIREs Comput. Mol. Sci., 2022, e1604.
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Radical Mediated Hydroperfluoroalkylation of Unactivated Alkenes

G. Sissengaliyeva1, E. Pruteanu1, F. Dénès1, P. Renaud1*

1University of Bern, Department of Chemistry, Biochemistry and Pharmaceutical Sciences,
Freiestrasse 3, 3012 Bern, Switzerland

Recent advances in fluorination methods bring a huge impact on research areas such as medicinal
chemistry, agrochemistry and material science.[1] Trifluoromethyl groups are known for their ability
to increase the lipophilicity of the molecules while retaining their biological activity.[2,3] Classical
strategies to access fluorinated substrates include iodoperfluoroalkylation, utilization of fluorinated
sulfones and sulfonyl chlorides.[4] The hydroalkylation method developed in our group[5] has been
extended to perfluoroalkylation of unactivated alkenes. 

 

Scheme 1. Radical mediated hydroperfluoroalkylations and structures of some modified natural
products.

The introduction of perfluorinated alkyl chains into a wide range of substrates was achieved with
iodoperfluoroalkanes. The trifluoromethylation was conveniently achieved in two steps using
trifluoromethanesulfonyl chloride as the source of CF3 radical, followed by the dechlorination step
adopted from polarity-reversal catalysis (PRC) method by Roberts et. al.[6,7] Under the applied
reaction conditions, a diversity of functional groups can be tolerated and olefin-containing natural
products can be readily derivatised.

[1] Theresa Liang, Constanze N. Neumann, Tobias Ritter, Angew. Chem. Int. Ed. 2013, 52,
8214–8264.
[2] Alexey Rivkin, Kaustav Biswas, Ting-Chao Chou, and Samuel J. Danishefsky, Org. Lett. 2002, 4,
4081 – 4084.
[3] Bruce E. Smart, J. Fluorine Chem. 2001, 109, 3 – 11.
[4] Appi R. Mandhapati, Takayuki Kato, Takahiko Matsushita, Bashar Ksebati, Andrea Vasella, Erik
C. Böttger, and David Crich, J. Org. Chem. 2015, 80, 1754−1763.
[5] Guillaume Povie, Sankar R. Suravarapu, Martin P. Bircher, Melinda M. Mojzes,
Samuel Rieder, and Philippe Renaud, Sci. Adv. 2018, 4: eaat6031.
[6] Stephen J. Cole, J. Nicholas Kirwan, Brian P. Roberts, and Colin R. Willis, J. Chem. Soc. Perkin
trans., 1991, 1, 103-112.
[7] Brian P. Roberts, Chem. Soc. Rev., 1999, 28, 25-35.
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Synthesis and applications of novel chiral monophosphine ligands

V. Smal1, A. Vorobei1, D. Maye1, N. Cramer1*

1Laboratory of Asymmetric Catalysis and Synthesis, EPF Lausanne EPFL SB ISIC LCSA, CH-1015
Lausanne, Switzerland.

Chiral phosphines are privileged ligand class in asymmetric transition metal catalysis.[1] Compared
to the more established chelating bidentate phosphines, monodentate ligands provide greater
flexibility of coordination environment around the metal center, which allows for development of
the new transformations.[2] Convenient access to structurally diverse libraries of these ligands
represents one of the major bottlenecks in terms of reaction development.

Recently, our group reported efficient CpXIr-catalyzed asymmetric C – H arylation of phosphine
oxides.[3] Using this transformation as a key stereochemistry-generating step, we extended the
original reaction scope to include compounds resembling substitution patterns of privileged
phosphorus ligands, in particular dialkyl biarylphosphines.[4] We have prepared a group of axially
chiral phosphine oxides on multigram scale and subsequently derivatized them to the
corresponding phosphines in two steps via P=O reduction and sidearm installation, which was
accomplished by alkylation or silylation of the phenol moiety. In order to facilitate the discovery of
the promising scaffolds, we have built a combinatorial library comprising more than 40 chiral
phosphines with various substitution patterns. We are currently studying the potential of the novel
ligands for applications in various asymmetric palladium-catalyzed cross-coupling reactions.[5]

[1] Paul C. J. Kamer, Piet W. N. M. van Leeuwen, Phosphorus(III) Ligands in Homogeneous
Catalysis: Design and Synthesis, John Wiley & Sons, Ltd, 2012.
[2]        Wenzhen Fu, Wenjun Tang, ACS Catalysis 2016, 6, 4814-4858.
[3] Yun-Suk Jang, Łukasz Woźniak, Julia Pedroni, Nicolai Cramer, Angew. Chem. Int. Ed. 2018,
57, 12901-12905.
[4] Bryan T. Ingoglia, Corin C. Wagen, Stephen L. Buchwald, Tetrahedron, 2019, 75,
4199-4211.
[5]        Manuscript in Preparation.
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Radical azidation of cyclopropenes towards synthesis of quinolines

V. Smyrnov1, B. Muriel1, J. Waser1*

1Laboratory of Catalysis and Organic Synthesis (LCSO), Institute of Chemical Sciences and
Engineering (ISIC), EPFL

Cyclopropenes represent the smallest cyclic alkenes. Due to the simultaneous presence of ring
strain and the double bond cyclopropenes are unique 3-carbon synthons in organic synthesis.
Starting from the 1950s, many synthetic methods that involve cyclopropenes have appeared.1
Nevertheless, reactions relying on the addition of radicals to cyclopropenes remain scarce.
Therefore, our group became interested in these transformations.2 Herein, we report a radical
azidation of cyclopropenes leading to the formation of quinoline products. The transformation is
enabled by the use of the safe hypervalent iodine(III) azidating reagent (ABZ) under blue LED
irradiation. The utility of the transformation was demonstrated by the synthesis of diversely
substituted quinoline products (Scheme 1). Moreover, other investigations of underexplored
reactivities of cyclopropenes are ongoing in our lab.

[1] For a review see: (a) Fairie Lyn Carter, Vernon L. Frampton, Chem. Rev. 1964, 64 (5), 497-525.
(b) Masaharu Nakamura, Hiroyuki Isobe, Eiichi Nakamura, Chem. Rev. 2003, 103 (4), 1295-1326.
(c) Shi-Bin Zhu, Yin Wei, Min Shi, Chem. Soc. Rev. 2011, 40 (11), 5534-5563. (d) Bishnu Prasad
Raiguru, Sabita Nayak, Deepak Ranjan Mishra, Tapaswini Das, Seetaram Mohapatra, Nilima
Priyadarsini Mishra, Asian J. Org. Chem. 2020, 9 (8), 1088-1132. (e) Penghua Li, Xiaoyu Zhang, Min
Shi, Chem. Commun. 2020, 56, 5457–5471.
[2] (a) Bastian Muriel, Alec Gagnebin, Jerome Waser, Chem. Sci. 2019, 10 (46), 10716-10722. (b)
Bastian Muriel, Jerome Waser, Angew. Chem. Int. Ed. 2021, 60 (8), 4075-4079. (c) Vladyslav
Smyrnov, Bastian Muriel, Jerome Waser, Org. Lett. 2021, 23 (14), 5435–5439.
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Defined “patches“ of interwoven materials

L. Sokoliuk1

1University of Basel, Department of Chemistry

Textiles, consisting of only two orthogonally interlaced yarns, have intriguing physical features.
They possess stability, flexibility and shape adaptability due to their interwoven structure. The
concept of interwoven materials has been adapted to the molecular level for example tailor-made
DNA tiles, forming 2D interwoven frameworks, coordination polymers and tailor-made organic
structures.[1]

A first step towards the bottom-up, self-assembled synthesis of polymer fabrics was done by Wöll
et al. by designing textile sheets by pre-orienting the coupling partners to a MOF layer, reacting
them, and then removing the metal ions to get the organic textile layer.[2]

Using the pre-organization approach to build a molecular textile from bottom-up, we designed a
heteroleptic, amphiphilic metal complex. By having one hydrophilic and one hydrophobic ligand
with different functional groups, that can be linked with each other, a moiety that can form an
interwoven 2D material by polymerization was designed. The octahedral geometry of the metal
complex and the rigidity of the three-dentate ligands ensure angles in between the ligands of close
to 90°.[3] Through the amphiphilic nature of the complex, it can be put onto a water-air interface
and always have the hydrophilic ligand face downwards and the hydrophobic ligand face upwards.
Fixing the orientation of the monomer makes it possible to have the reacting groups in one plane
and so to form the 2D material.

In an effort to further gain insight into interwoven materials we also designed a heteroleptic
complex, that can only interlink twice. Polymerizing this blocked moiety, a defined “patch” of an
interwoven material is formed. This defined “patch” would allow a variety of analytical
measurements, which are not possible with the polymeric material, to give immense insight into
this type of material.

[1] Alfredo Di Silvestro, Marcel Mayor, Chimia, 2019, 73, 455-461.
[2] Zhenbang Wang, Alfred Blaszczyk, Olaf Fuhr, Stefan Heissler, Christof Wöll, Marcel Mayor,
Nature Communications, 2017, 8, 14442.
[3] Gero Harzmann, Markus Neuburger, Marcel Mayor, European Journal of Inorganic
Chemistry, 2013, 2013, 3334-3347.
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Anion-π Catalyzed Ether Cascade Cyclization in Vesicles

M. Tan1,2, H. Chen1,2, M. Gutiérrez López1,2, N. Sakai1,2, S. Matile1,2*

1Department of Organic Chemistry, University of Geneva, Geneva, Switzerland, 2National Centre of
Competence in Research (NCCR) Molecular Systems Engineering

Anion-π interaction is a novel type of non-covalent force between electron deficient aromatic
system and anion. The π-acidic surfaces could stabilize anionic intermediates and transition-states,
and delocalized over large aromatic planes. The combination of catalysis and transport across lipid
bilayer membranes promises directional access to a solvent free and structured nano-space that
could accelerate, modulate, and, at best, enable new chemical reactions. To elaborate on these
expectations, anion transport and catalysis with anion-π interaction are combined with polyether
cascade cyclizations into bioinspired cation transporters. Characterized separately, synergistic
anion and cation transporters of very high activity are identified. Combined for catalysis in
membranes, cascade cyclization is found to occur and product formation is detected in situ as an
increase in transport activity by employing HPTS as intravesicular pH meter.

[1] Humeniuk, H.-V.; Gini, A.; Hao, X.; Coelho, F.; Sakai, N.; Matile, S., JACS Au 2021, 1, 1588-1593.
[2] Paraja, M.; Hao, X.; Matile, S., Angew. Chem. Int. Ed. 2020, 59, 15093-15097.
[3] Zhang, X.; Hao, X.; Liu, L.; Pham, A.-T.; López-Andarias, J.; Frontera, A.; Sakai, N.; Matile, S., J.
Am. Chem. Soc. 2018, 140, 17867-17871.
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Tailoring Sodium Organometallic Reagents for Arene Functionalization

A. Tortajada1, E. Hevia1*

1Departement für Chemie, Biochemie und Pharmazie, Universität Bern.Freiestrasse 3, 3012 Bern
(Switzerland)

Organosodium compounds have attracted the attention of the scientific community in recent years
as an alternative to widely used organolithium reagents.[1] Lithium alkyls and amides reside at the
front of organometallic synthesis as key players in countless transformations, owing to their
availability, substantial stability and solubility in hydrocarbon solvents.[2][3] However, these
desirable traits are often pitfalls of heavier alkali-metal organometallics, meaning that their
applications have remained underexplored. While recent reports have hinted at the untapped
potential of these reagents,[3] the constitution of the organometallic intermediates that operate in
these reactions has been overlooked, missing an opportunity to tackle their high reactivity and
improve their poor solubility.

Filling this gap in the knowledge, in this communication we present the results obtained in the
study of the reactivity of sodium alkyl and amide reagents in the presence donor molecules such
as TMEDA (N,N,N′,N′-tetramethylethylenediamine) or PMDETA
(N,N,N’,N’’,N’’-pentamethyldiethylenetriamine). The preparation of organosodium compounds
soluble in hydrocarbon solvents and the isolation and characterization of reactive sodium
organometallic intermediates in the solid state and in solution by X-Ray crystallography and 1H
DOSY (Diffusion Ordered SpectroscopY) have allowed the development of new protocols for the
functionalization of organic molecules. Our efforts have been focused on selective deprotonative
metallation reactions of synthetically attractive arenes, providing access to the selective
functionalization of these scaffolds, including the borylation and the deuteration of the aromatic
substrates. The reactivity and/or selectivity obtained with organosodium compounds was different
to the one with its lithium analogues, opening new vistas in the use of polar organometallic
reagents for the functionalization of organic molecules.

[1] P. B. De, S. Asako, L. Ilies, Synthesis 2021, 53, 3180–3192.
[2] (a) T. ‘Li’ Rathman, J. A. Schwindeman, Org. Process Res. Dev. 2014, 18, 1192–1210. (b)
Lithium Compounds in Organic Synthesis – From Fundamentals to Applications, (Eds.:
R. Luisi and V. Capriati), Wiley-VCH, Weinheim 2014
[3] (a) S. Asako, M. Kodera, H. Nakajima, K. Takai, Adv. Synth. Catal. 2019, 361, 3120–3123. (b) S.
Asako, H. Nakajima, K. Takai, Nat Catal 2019, 2, 297–303.
[4] H. J. Reich, Chem. Rev. 2013, 113, 7130–7178.
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Carpyridine sheets: shape (and size) matters!
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Questioning how molecular topography can govern supramolecular ordering is a relatively
unexplored avenue of thought and one which poses great synthetic challenge that could lead
towards new functional materials. “Carpyridines” (Figure 1a) — macrocycles fused from carbazoles
and pyridines — are an underdeveloped example of a simple system with the shape of a saddle
that could hold such promise[1]. Derivatisation of these non-planar systems through peripheral
alkylation of the aromatic core and varying the chain length has yielded unusual supramolecular
assemblies (Figure 1b, c) in the form of 2D sheets with the thickness of a single molecule[2]. The
size, aspect ratio and definition of these sheets details the effect shape can have to nurture order
in the absence of other, stronger directional interactions.

Figure 1. (a) Structure of Carpyridine free base (2H-Car-R) functionalised with R groups, and when
R = n-C6H13, assemblies were visualized under b) AFM and c) TEM as 2D sheets either stacked on
top of each other or isolated.

[1] Lea Arnold, Hassan Norouzi-Arasi, Manfred Wagner, Volker Enkelmann, Klaus Müllen, Chem.
Commun., 2011, 47, 970.
[2] Joseph F. Woods, Lucía Gallego, Pauline Pfister, Mounir Maaloum, Andreas Vargas Jentzsch,
Michel Rickhaus, DOI: 10.26434/chemrxiv-2022-7f103, under review.
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At the Core of Dynamic Polymers: The Self-Assembly of Twisted Aryl Amines

K. Zhang1, M. Nehme1, M. Rickhaus1*

1University of Zurich, Department of Chemistry

Triphenylamines (TPAs) and its derivatives have received considerable attention over the past
years[1] thanks to their attractive properties that enable their electroactive and photoactive
applications[2-3]. Their molecular configurations and electronic properties greatly influence their
aggregation states as well as their charge carrier-transporting properties[4]. Previous studies
reported that substituting the TPA with at least one amide group[5] could induce supramolecular
polymerization that can form helical structures via intermolecular H-bonds. To date, there is no
reliable method to predict how exactly a given building block will organize itself in solution or the
solid state, consequently allowing us to formulate the following questions:

1. What rules govern supramolecular order? And how do we encode these rules into molecular
building blocks?

2. Can we predict new properties that emerge as a result of an assembly of subunits?

To address these seminal goals, we aim to study the influence of systematic variations of the core
of a triarylamine trisamide core unit, while keeping the outer layer constant. This ensures that
the main driving force for the assembly (the hydrogen bonds) located at the periphery remain in
place, leading to columnar stacking. For this purpose, we have devised Family A, which aims at
highlighting different parameters such as geometry, steric hindrance, size, and flexibility. The
length of the bridge is anticipated to induce different degrees of twist to the core, distorting the
available π-surface. 

[1] Emilie Moulin, Joseph J. Armao IV and Nicolas Giuseppone, Account of Chemical
Research, 2019, 52, 975−983
[2] Yasuhiko Shirota, Journal of Material Chemistry, 2005, 15, 75–93
[3] Jiayu Wang, Kuan Liu, Lanchao Ma, and Xiaowei Zhan, Chemical Reviews, 2016, 116,
14675–14725.
[4] Emilie Moulin, Frederic Niess, Mounir Maaloum, Eric Buhler, Irina Nyrkova, and Nicolas
Giuseppone, Angewandte Chemie International Edition, 2010, 49, 6974 –6978
[5] Irina Nyrkova, Emilie Moulin, Joseph J. Armao IV, Mounir Maaloum, Benoit Heinrich, Michel
Rawiso, Frederic Niess, Juan-Jose Cid, Nicolas Jouault, Eric Buhler, Alexander N. Semenov, and
Nicolas Giuseppone, ACS Nano, 2014, 8, 10111–10124.
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