
Reaction- and Stereocontrol through 
Organocatalytic Activation Strategies

Christof Sparr
University of Basel

Therecat Network
Basel 25th September 2019 

For introduction see: 
http://chemlabs.princeton.edu/macmillan/

1



Organocatalysis2



Organocatalysis3 Organocatalysis3



Organocatalysis4



Organocatalysis5



Organocatalysis6



Organocatalysis7



Organocatalysis8



Organocatalysis9



Organocatalysis10



Organocatalysis11



Organocatalysis12



Organocatalysis13



Organocatalysis14



Organocatalysis15



Organocatalysis16



OO

OOO
O

O

SX

O O O

(Sa )
OH

OMe

Me

Me Me
OHHO

OH O

Fasamycin C

OH
O

O

Me O

OO

OOO
O

Me
O

SX

O O O

OHO OMeO

O

OH

O OH

Doxorubicin

OH

OMe
NH2HO

Doxycycline

O

NH2

O

OH
NHOHHMe

OOHOH

Me Me

OH

O

OOO

O O O

SXO

EtO

O

SXOO

O O

O O

O
O

C5H11

SXO

O

O

O
O

Me

O

SXO

O
O

O

Me

O

O

O

SXO

OOOO

O O O O O

NH2

SXMe

O

SXEt

O

SX

O

H2N

O

Malonamyl CoA

Acetyl CoA

Propionyl CoA

SX

O

HO

O

Malonyl CoA

Biosynthesis of Aromatic Polyketides17

C. Hertweck, Angew. Chem. Int. Ed. 2009, 48, 4688; A. Das, 
C. Koshla, Acc. Chem. Res. 2009, 42, 631; J. M. Crawford, 
C. A. Townsend, Nat. Rev. Microbiol. 2010, 8, 879; J. Staunton, 
K. J. Weissman, Nat. Prod. Rep. 2001, 18, 380.

Seminal biomimetic studies (stochiometric): T. M. Harris, C. M. 
Harris, Tetrahedron 1977, 33, 2159; M. Yamaguchi, T. Okuma, A. 
Horiguchi, C. Ikeura, T. Minami, J. Org. Chem. 1992, 57, 1647; 
Convergent synthesis: A. G. Myers group, Science 2005, 308, 395.



Biosynthesis of Fasamycin C 18

Z. Qin, J. T. Munnoch, R. Devine, N. A. Holmes, R. F. Seipke, K. A. Wilkinson, B. Wilkinson, M. I. Hutchings, Chem. Sci. 2017, 8, 3218;
Z. Feng, D. Kallifidas, S. F. Brady, PNAS 2011, 108, 12629; F. Zeng, D. Chakraborty, S. B. Dewell, B. V. Reddy, S. F. Brady, J. Am. 
Chem. Soc. 2012, 134, 2981.
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Selected Atropisomers19
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R. Noyori, J. Am. Chem. Soc. 1980, 102, 7932; J. Clayden, W. J. 
Moran, P. J. Edwards, S. R. LaPlante, Angew. Chem. Int. Ed. 2009, 
48, 6398; T. Nguyen, Chem. Eng. News 2018, 96. G. Beutner et al., 
Org. Lett. 2018, 20, 3736.

B. Ye, N. Cramer, Science 2012, 338, 504; M. Schäfer, 
T. R. Schneider, G. M. Sheldrick, Structure 1996, 4, 1509; 
M. Isaka, M. Tanticharoen, J. Org. Chem. 2001, 66, 4803, 
S. F. Pizzaloto, P. Stacko, J. C. M. Kistemaker, T. van 
Leeuwen, E. Otten, B. L. Feringa, J. Am. Chem. Soc.
2018, 17278.
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Atroposelective Catalysis – Biaryl Synthesis 20
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21 Stereoselective Aldol Condensation
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with Achim Link
Angew. Chem. Int. Ed. 2014, 53, 5458.



22 Scope

with Achim Link
X-ray: M. Neuburger

Angew. Chem. Int. Ed. 2014, 53, 5458.
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Mechanistic Investigation23
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24 Atroposelective Oligonaphthylene Synthesis
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25 Synthesis of the Naphthalene Building Block

Transmetallation: S. Kato, N. Nonoyama, 
K. Tomimoto, T. Mase, Tetrahedron Lett. 2002, 43, 7315.

with Dominik Lotter 
Angew. Chem. Int. Ed. 2016, 55, 2920.

micellar: with M. Jakobi, M. Parmentier, F. Gallou (Novartis) 
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Atroposelective Oligonaphthylene Synthesis26

with Dominik Lotter
X-ray: M. Neuburger

Angew. Chem. Int. Ed. 2016, 55, 2920.
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Oligo-1,2-naphthylene Diastereoisomers27

with Dominik Lotter
X-ray: M. Neuburger

Angew. Chem. Int. Ed. 2016, 55, 2920.
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28 Catalyst-Controlled Stereodivergent Synthesis
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with Dominik Lotter and 
Alessandro Castrogiovanni, X-ray: M. Neuburger

ACS Cent. Sci. 2018, 4, 656.
X-ray of the 
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30 Catalyst-Control for an Atropisomeric Stereotriad

with Dominik Lotter and 
Alessandro Castrogiovanni, X-ray: M. Neuburger

ACS Cent. Sci. 2018, 4, 656.
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Stereodivergent Preparation of Atropisomeric 
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with Dominik Lotter and 
Alessandro Castrogiovanni, X-ray: M. Neuburger

ACS Cent. Sci. 2018, 4, 656.
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(Ra,Sa,Sa,Sa)-15, 1H NMR (500 MHz, CDCl3): 
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with Dominik Lotter and 
Alessandro Castrogiovanni, X-ray: M. Neuburger

ACS Cent. Sci. 2018, 4, 656.

Control over Atropisomeric Multiaxis Systems



Noncanonical Polyketide Cyclization33

with Reto M. Witzig and Vincent C. Fäseke
submitted
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with Reto M. Witzig and Vincent C. Fäseke
X-ray: M. Neuburger

submitted

Scope

Configurational Stability of [5]Helicenes: P. Ravat, R. Hinkelmann, 
D. Steinebrunner, A. Prescimone, I. Bodoky, M. Juríček Org. Lett. 2017, 19, 3707. 
T. Ooi, K. Maruoka, Angew. Chem. Int. Ed. 2007, 4222.
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37 Acridinium Photoredox Catalysts

with Christian Fischer
Angew. Chem. Int. Ed. 2018, 57, 2436.

Pioneering work on acridinium photocatalysis: S. Fukuzumi and D. Nicewicz
A. Joshi-Pangu, F. Lévesque, H. G. Roth, S. F. Oliver, L.-C. Campeau, D.Nicewicz, 
D. A. DiRocco, J. Org. Chem. 2016, 7244; and references therein.



38 Synthesis of Aminoacridinium Dyes

with Christian Fischer
Angew. Chem. Int. Ed. 2018, 57, 2436.Seminal acridinium synthesis: M. Cérésole (BASF), DE-44002, 1887.
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39 Organic Photoredox – Nickel Dual Catalysis

with Christian Fischer
Angew. Chem. Int. Ed. 2018, 57, 2436.

MacMillan, Yoon, Stephenson, Rovis, Molander, Rueping, Sammis, Nishibayashi, Doyle, Reiser, Ooi, Weix, 
Pandey, Koike, Glorius, Toste, Jamison, Akita, Knowles, Hyster, Gouverneur, Sanford, Baran, Goddard, 
Xia, Wenger, Meggers, Waser, Aggarwal, Fors, Nevado, Noël, Bode, Kokotos, Buchwald,...
Early work: Kellogg, Fukuzumi, Tanaka, Pac, Deronzier, Okada, Osawa,...
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Interestingly, a triplet energy (ET) for 1 of 1.89 eV was estimated 
by computation, which is identical to the triplet energy of eosin Y 
(1.89 eV).[3e] Since the triplet sensitization of aryl nickel 
carboxylates requires an ET of >1.85 eV,[9a] both photocatalysts 
would be thermodynamically capable of promoting ester 
formation via their triplet excited states. On the other hand, only 
the singlet states of both catalysts (ES: 2.40 eV/2.30 eV),[1f,6a] 
which can both provide an excited-state reduction potential of 
about +1.25 V vs. SCE,[1f, 3e, 6a] would allow the oxidation of the 
carboxylate.[11] We therefore envisaged that these comparable 
driving forces, for both triplet sensitization of the intermediate 
nickel complex and excited singlet state quenching by electron 
transfer from carboxylates, provide a suitable platform to 
differentiate the relative contributions and kinetics of singlet and 
triplet excited states. 
Employing laser flash photolysis (LFP) studies, we first observed 
a long-lived (t: 330 µs) species after green laser excitation of 1 
(Figure 2); its TTET reactivity towards aromatic hydrocarbons 
such as anthracene (as opposed to the Fukuzumi catalyst, which 
undergoes electron transfer) allowed us to identify that species 
as the triplet state of 1 (see SI page S5 for details). Quantitative 
LFP experiments[12]  on the sensitized 3anthracene formation with 
31 as energy donor gave an ISC (triplet) quantum yield for 1 of 
about 7%. A kinetic analysis of our TTET experiments finally 
yielded the experimental triplet energy of the acridinium dye 1 
(1.91 eV), which is very close to the calculated value (see above). 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Nanosecond laser flash photolysis (LFP) investigations of the triplet 
state of 1 (20 µM in deoxygenated MeCN) using 532 nm laser pulses of ~10 ns 
duration (pulse energy, 16 mJ). Main plot, transient absorption spectrum 
500 ns after the laser pulse and time-integrated over 200 ns. Lower inset, 
kinetic transient absorption trace monitored at 615 nm. Upper inset, transient 
absorption spectrum in the presence of anthracene (0.4 mM) recorded with a 
time delay of 3 µs. See SI for details.  

Compared to eosin Y (triplet quantum yield of 80%)[13] whose 
triplet is usually considered as photoactive species,[3e] the 
importance of the excited singlet state of acridinium photoredox 
catalysts can be further substantiated in agreement with the 
studies by Nicewicz as discussed below.[14] Nevertheless, in a 
photochemical transformation devoid of competitive reaction 
pathways, the triplet photochemistry of 1 remains operative for a 
classical stilbene photoisomerization[15] giving the cis isomer in 
71% yield. Fluorescence experiments to probe the excited singlet 
reactivities of catalyst 1 and eosin Y were carried out with Boc-
proline derived Cs- and K-carboxylates (Figure 3). Despite 
identical thermodynamics for carboxylate oxidation and a much 
longer natural lifetime of singlet-excited eosin Y, efficient 
quenching occurs only with excited 1 (in accord with the 
observed C-C coupling product A). The influence of Coulomb 
interactions on the electron transfer kinetics may provide a 
rational explanation for the notably different rate constants of 

excited singlet state quenching by anionic substrates (see SI 
page S6 for details). 
Based on these photochemical considerations, we conclude that 
in comparison to eosin Y, both the lower triplet quantum yield of 
1 and the higher reactivity of its excited singlet state for 
carboxylate oxidation give rise to the divergent photocatalytic 
reaction pathways illustrated in Scheme 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Fluorescence quenching studies of 1 and eosin Y in deoxygenated 
DMF upon 473 nm excitation. Main plot, response function of the TCSPC 
instrument (IRF) and unquenched lifetimes of both emitters. Inset, 
Stern-Volmer plots using either K+- or Cs+-salt of Boc-L-proline as quencher. 

Guided by these captivating characteristics of aminoacridinium 
system 1 and the established assets of the Fukuzumi and 
Nicewicz catalysts,[5] we set out to explore strategies for an 
entirely modular acridinium core structure assembly, providing a 
wide range of redox properties as with Ir- and Ru-catalysts. 
Based on our double X-M exchange[6a] reactions to 3,6-diamino- 
and the double directed ortho-metalation methods (dDoM) giving 
1,8-dimethoxy-acridinium salts,[6b,c] we explored an integrated 
synthesis of amino- and methoxy-acridinium salts by combining 
X-M exchange and DoM processes. Di- or triaryl amines 2a-e 
bearing a directing group and bromide with or without amino 
substituents at distinct positions are readily accessible, rendering 
this method particularly versatile.[10] Gratifyingly, the combined X-
M exchange/DoM double metalation with nBuLi at 65 °C gave1,5-
dilithium organyls 3a-e, that convert various esters into a broad 
range of unsymmetric acridinium salts 4a-l (Table 1). 
To our delight, the reagent from the combined X-M 
exchange/DoM double metalation gave the phenyl acridinium 
product 4a in an excellent yield of 98% and also the sterically 
demanding mesityl and vic.-m-xylyl substituted products were 
reliably obtained (4e, 4i). Interestingly, both the dimethylamino- 
and the triarylamine substitution further improved the reaction 
outcome (4a vs. 4b and 4c vs. 4b) and even provided 
atropisomeric[10,6c] 1-naphthyl substituted acridinium products in 
high yields (4f, 4j, 4l). We next investigated the photophysical 
and electrochemical properties of the products. The singlet-
excited states of all catalysts possess lifetimes of a few 
nanoseconds, which is long enough for bimolecular substrate 
activations. Notably, we observed catalyst tunability in terms of 
oxidative character in their excited state (Table 2). In agreement 
with an adjustable p-p* transition character between the frontier 
orbitals of the catalysts (as in Figure 1), the novel acridinium dyes 
4a-l span a wide range of triplet energies (ET) and excited state 
reduction potentials from E1/2(P*/P–)= +1.81 V (4b) over 
E1/2(P*/P–)= +1.40 V (4h and 4j) similar to Ru(bpz)3

2+, to 
E1/2(P*/P–)= +1.19 V vs. SCE (4l) with an even lower E1/2(P*/P–) 
than Ir[dF(CF3)ppy]2(dtbbpy)+ (E1/2(P*/P–)= +1.21 V). 
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product 4a in an excellent yield of 98% and also the sterically 
demanding mesityl and vic.-m-xylyl substituted products were 
reliably obtained (4e, 4i). Interestingly, both the dimethylamino- 
and the triarylamine substitution further improved the reaction 
outcome (4a vs. 4b and 4c vs. 4b) and even provided 
atropisomeric[10,6c] 1-naphthyl substituted acridinium products in 
high yields (4f, 4j, 4l). We next investigated the photophysical 
and electrochemical properties of the products. The singlet-
excited states of all catalysts possess lifetimes of a few 
nanoseconds, which is long enough for bimolecular substrate 
activations. Notably, we observed catalyst tunability in terms of 
oxidative character in their excited state (Table 2). In agreement 
with an adjustable p-p* transition character between the frontier 
orbitals of the catalysts (as in Figure 1), the novel acridinium dyes 
4a-l span a wide range of triplet energies (ET) and excited state 
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than Ir[dF(CF3)ppy]2(dtbbpy)+ (E1/2(P*/P–)= +1.21 V). 
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