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ABSTRACT:  

The replacement of the aromatic ring in bioactive compounds 

with saturated bioisosteres has become a popular tactic to obtain 

novel structures with improved physicochemical profiles. In 

this communication, we describe an efficient synthesis of 3,5-

methanobenzo[b]azepine analogs and suggest them as isosteres 

of quinolones. Quinolones are heteroaromatic, flat rings and 

considered as privileged scaffolds. An isosteric version of this 

scaffold with more 3D character would offer new options to ex-

pand their use. 

 

 

For the past decade, medicinal chemists have been asked to “es-

cape flatland” by increasing the 3D character of their molecules, 

which was shown to improve physico-chemical properties of 

drug candidates.1 This has led the synthetic community to de-

sign new moieties with increased sp3 character.2 Motifs such as 

bicyclo[1.1.1]pentanes and spirocycles have become main-

stream and their popularity stems from their ease of use (avail-

ability of building blocks) or synthesis (poised scaffolds).3, 4 

More elaborated motifs still represent a challenge for medicinal 

chemists to widely adopt this concept. The role of synthetic or-

ganic chemistry in the drug discovery process becomes critical 

to unleash the creativity of medicinal and computational chem-

ists, with a suitable balance to find between efforts required to 

test an hypothesis and the expected results. 

With this important mission in mind, our group con-

tinues to expand the collection of isosteres available.5 Given the 

almost unimaginably vast number of at least 1060 small organic 

molecules6 of the drug-like space, it is important to focus and 

first explore the isosteres of commonly found chemotypes in 

bioactive molecules.7 The emphasis shall be put on providing 

access to specific molecular topologies through the most di-

verse decoration possible. Indeed, small modification could 

modulate the selectivity (ie: isoform,8 kinase9) and enhance the 

safety pattern of the drug candidates (fluorine atom incorpora-

tion).10 Moving from the classical strategies (high-throughput 

screening, me-too, bio-inspired molecules) to isometric replace-

ment (scaffold-hopping) offers many advantages as a new de-

sign idea generator and is a proven tool useful for overcoming 

undesirable properties, such as poor exposure or toxicity as well 

as unfavorable intellectual property (IP) position. 

Quinoline and more precisely quinolone11 are an im-

portant class of compound in medicinal chemistry (quinine, 

chloroquine, Ciprofloxacin,…) and constitute the basic skeleton 

of several pharmacopeia-relevant and biologically-active alka-

loids (cinchonidine, verprisine, dictamnine).12 The planarity of 

these systems can sometimes lead to solubility issues or π-

stacking of the scaffold.13 We hypothesized that, by increasing 

the sp3 character, the physicochemical properties of resulting 

molecules would be improved compared to their aromatic con-

geners, with limited changes in the angle between key atoms 

and therefore minimal impact on the positioning of useful exit 

vectors (Table 1). Indeed, in-silico modeling (using MM2 for 

energy minimization) and their superimposition showed identi-

cal dihedral angle for the two structures A and B. A slight in-

crease of the ring size in B should be noticed. This is due to a 

larger distance between the carbons C3 and C4 (2.14 Å com-

pared 1.34 Å). Nevertheless, the exit vectors in B very closely 

mimic those of the quinoline A. Finally, the phenyl rings and 

heteroatoms of the amide moiety overlap very well. Altogether, 

these modifications should have only a small impact on the in-

teractions important for the activity.  

We then went on designing and implementing diverse 

methods for the construction of the 1,3,4,5-tetrahydro-2H-3,5-

methanobenzo[b]azepine system to facilitate their usage in real-

life medicinal chemistry projects before their adoption by the 

scientific community.  
Table 1: Comparison of distances and dihedral angles between the 

reference structure and the proposed isostere 

 

 A B 

Distance  

C3-C4 
1.34 Å 2.14 Å 

Distance  

H3-H4 
2.41 Å 3.80Å 

Dihedral Angle 

H3-C3-C4-H4 
0˚ 0˚ 
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Vectors Angle 68˚ 91˚ 

cLog P 0.81 1.46 

The only known prior synthetic approach towards 

1,3,4,5-tetrahydro-2H-3,5-methanobenzo[b]azepine 2 was pub-

lished by Girard and coworkers.14 The authors used a ring ex-

pansion strategy based on either a Schmidt reaction (Scheme 1, 

Route a) or a Beckmann transposition (Scheme 1, Route b)15 on 

tetralone derivative 1. Unfortunately, despite the formation of 

the target compound 2, in both cases the other regio-isomer 

1,3,4,5-tetrahydro-2H-3,5-methanobenzo[c]azepine 3 was also 

formed.14 Moreover, this strategy relies on harsh conditions that 

would not be compatible with a large variety of functional 

groups. 

Scheme 1: A) Previous work on the synthesis of 1,3,4,5-tetrahydro-

2H-3,5-methanobenzo[c]azepine. B) Our selective approach. 

 

The design and application opportunities arising from 

these backbone would be significantly enhanced by the availa-

bility of a novel synthetic route allowing for straightforward 

functionalization at different positions. To this end, the synthe-

sis of a poly-substituted cis-cyclobutane would be crucial to 

reach optimal yields and reactivity towards the desired bridged 

system. Our first approach focused on the use of bicy-

clo[1.1.0]butane 6 as a precursor of cis-cyclobutane (Scheme 

2).  

Scheme 2: Synthesis of 1,3,4,5-tetrahydro-2H-3,5-methano-

benzo[b]azepin-2-one (2). LiHMDS: lithium hexamethyldisilazide 

 

The synthesis of 1,3,4,5-tetrahydro-2H-3,5-methano-

benzo[b]azepin-2-one (2) started with 1-iodo-2-nitrobenzene 

(7) and 3-oxocyclobutane-1-carboxylic acid (5). The synthesis 

of the bicyclo[1.1.0]butane 6 was performed in 4 steps with a 

good global yield of 16%. The synthesis commenced with an 

organometallic addition into the commercially available ketone 

5 to furnish 8 in medium yield. Alcohol 8 was converted to the 

chloride 9, and subsequent esterification and cyclization gave 

intermediate 6 with all steps proceeding in decent to excellent 

yield.16 With the bicyclo[1.1.0]butane 6 in hand, Pd/C-mediated 

hydrogenation at 1 atm of H2 exclusively formed the cis-cyclo-

butane isomer (as observed by Xiao et al. in works submitted 

during the time of our studies)17 while the nitro group was re-

duced to generate the corresponding aniline 11 in 1 step. Sub-

sequent treatment of 11 with potassium tert-butoxide delivered 

the desired cyclized product 2 in 70 % yield.18 

With a robust synthetic strategy in hand towards key 

intermediate 2, we explored its derivatization at various posi-

tions of the aromatic ring using a late-stage functionalization 

approach to avoid lengthy syntheses starting from multi-substi-

tuted iodo-nitrobenzenes analogues of 7 (Scheme 3). Electro-

philic aromatic bromination delivered one regioisomer 12 in 

80% yield, where the bromine at position 7 could serve as a 

handle to introduce other groups, as demonstrated by the Suzuki 

coupling to afford compound 13. Mono-nitration was not ob-

served and only bis-nitrated species 14 was obtained in 66% 

yield, which could then be reduced to obtain diamine 15. Fi-

nally, the incorporation of a trifluoromethyl group was intro-

duced using the late-stage functionalization strategy developed 

by the Ritter group.19 The two steps procedure (C-H activation 

with thianthrene-oxide followed by chemoselective photore-

dox-mediated trifluoromethylation of the arylthianthrenium 

salt) was successfully completed to reach scaffold 17. The suc-

cessful reactivity of arylthianthrenium salt 16 demonstrates that 

the chemistry developed by Ritter and coworkers could be ap-

plied and groups such as NH2, F, aryl, ester, amide could be 

introduced.20 This showcased the reactivity and stability of the 

scaffold under classical and more modern medicinal chemistry 

transformations and therefore validates it as useful chemotype 

to serve as a platform for library design (fragments, DEL, etc.). 

Scheme 3: Functionalization of the aromatic ring of 2. TTO: thi-

anthrene-oxide, TFAA: trifluoroacetic anhydride. 

 

A methodic scan of all vectors was then performed to 

further characterize the reactivity of each and assess the com-

patibility with late-stage functionalization methodologies. First, 

the nitrogen of 2 could be alkylated in excellent yields using 

sodium hydride as a base and methyl iodide or benzyl bromide 

as electrophilic partners (Scheme 4). With tertiary amides avail-

able, functionalization of the C-position of the lactam amide us-

ing reductive coupling strategies developed by Dixon21 formed 

compounds 19a, 19b and 19c in moderate yield (30, 59 and 

55%), which opens additional options for derivatization. Amide 

2 could also be reduced to the aniline 20 in 91% yield. Follow-

ing urea formation to give intermediate 21 as a platform for ring 
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expansion, a Smile’s rearrangement yielded an interesting ring-

expanded 10-membered cyclic urea 22 in good yield (88%).22 

Scheme 4: Reductive couplings and ring expansion of 2. TMDS: 

Tetramethyldisiloxane; pyr: pyridine; LDA: lithium di-isopropyla-

mine; DMPU: N,N′-Dimethylpropyleneurea. 

 

A new versatile system was achieved by diversifica-

tion at the position 3 of the scaffold. The strategy was reevalu-

ated and 1,1-diethyl 3-oxocyclobutane-1,1-dicarboxylate (23) 

was selected as starting material to provide an additional func-

tional handle (Scheme 5). By following the preceding protocol, 

the tertiary alcohol 24 was firstly obtained in low yield (<10%). 

Addition of LnCl3⋅2LiCl,23 enhanced the yield of 24 to 50%. 

Dehydration using Burgess reagent, followed by a Pd/C-medi-

ated hydrogenation at 1 atm of H2 led to aniline 26. The final 

cyclization was performed using the optimized conditions lead-

ing to 3-substituted 1,3,4,5-tetrahydro-2H-3,5-methano-

benzo[b]azepine 27 in an excellent yield of 88%. Alkylation of 

the amide using benzyl bromide or with tert-butyl bromoacetate 

offered an additional growth opportunity out of this exit vector. 

After saponification of the ethyl esters, the carboxylic acids 

28a, 28b were obtained in moderate yields (over 2 steps). Elec-

trophilic bromination (NBS, 1,2-DCE) of 27 gave 29 in 30 % 

yield. As previously described for intermediate 12, the bromine 

at position 7 could serve as a platform to introduce other groups. 

This was demonstrated by a Suzuki coupling to give highly sub-

stituted 1,3,4,5-tetrahydro-2H-3,5-methanobenzo[b]azepines 

31 in 40% yield. The carboxylic acid function at C3 in 28a 

could also serve as a useful handle through a radical fluoro-de-

carboxylation under photoredox condition.24 Fluorinated ana-

logue 32 was obtained in only 30% yield and the only by-prod-

uct isolated was the hydro-decarboxylated compound 18b. Re-

markably, a radical at position 3 is tolerated and no opening or 

rearrangement of the cyclobutyl ring was observed. From 28b, 

a Curtius reaction installed a nitrogen atom on the position 3 in 

50% yield (Scheme 6). Reductive deprotection of amine 33 was 

quantitative and the resulting primary amine was selectively al-

kylated to deliver highly functionalized derivatives 35a and 35b 

by Nucleophilic Substitution type 2 reaction (CH2Cl2, Et3N, R-

OTf) or reductive amination in good yield, highlighting the ver-

satility of this new scaffold and its potential uses in medicinal 

chemistry. As an example, a bridged analogue of benazepril, 

compound 38, could be synthesized in 2 steps from 34 and ac-

tivated-alcohol25 36 in 22% overall yield. (Scheme 6). 

 

 

 

 

Scheme 5: Position 3 functionalization, [Ir] = 

(Ir[dF(CF3)ppy]2(dtbpy))PF6. *isolated yield over two steps. 

 

 Scheme 6: Incorporation of the scaffold in a medicinal chemistry 

relevant structure. DPPA: diphenylphosphoryl azide. 

We then turned our attention to the vectorization of 

the benzylic position 5 (Scheme 7). From 24, the tertiary alco-

hol was protected with a TBDMS group and subjected to hy-

drogenolysis (H2, PtO2) to obtain aniline 40 quantitatively. 

Five-substituted 1,3,4,5-tetrahydro-2H-3,5-methano-

benzo[b]azepines 41 was obtained using the optimized condi-

tions described herein. N-methylation followed by TBDMS 

deprotection led to 5-hydroxy-1,3,4,5-tetrahydro-2H-3,5-meth-

anobenzo[b]azepine 43. The reactivity of the tertiary alcohol 

was then studied. Compound 43 was successfully O-methylated 

using MeI as alkylating agent and NaH. Alkylation of the ter-

tiary alcohol with tert-butyl-bromoacetate gave 44b in 48% 

yield and created a handle for further decoration of the scaffold 

out of this exit vector.  

Taking advantage of the methods and strategies de-

scribed above, we aimed for the synthesis of a bridged analogue 

of anti-cancer drug Linomide.26 Ester 43 was saponified and the 

acid coupled to N-methylaniline to give analogue 45 in 69 % 

yield (two steps).  
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Scheme 7: Syntheses of 5-substituted 1,3,4,5-tetrahydro-2H-3,5-

methanobenzo[b]azepines and quinolone-analogue. NaHMDS: so-

dium hexamethyldisilazide. 

 

To further expand the chemical space of this scaffold, 

the size of the ring was enlarged by replacing the cyclobutane 

by a cyclopentane and a cyclohexane. The synthetic strategy 

had to be redesigned and involved a Suzuki coupling using vi-

nyl triflates as partners (Scheme 8). From commercially availa-

ble cyclopentane and cyclohexane derivatives 47a and 47b, the 

carboxylic acid moiety was esterified under basic conditions 

leading to methyl and benzyl esters 48a and 48b, respectively. 

Vinyl triflates 49a and 49b were formed, in quantitative yield, 

using LDA as base in presence of phenyl triflimide. The Suzuki 

reaction under classical conditions led to key intermediates 50a 

and 50b. As envisioned, the reductions of cyclopentene and cy-

clohexene 50a and 50b allowed the simultaneous reduction of 

the nitro groups and the double bond as cis isomers. During the 

reduction of 50b, the benzyl ester was hydrolyzed yielding car-

boxylic acid 51b. Finally, cyclization of 51a-b occurred under 

the conditions in Scheme 8; condition A on 51a gave 52a in 37 

% yield, while condition B was used on 51b to give 52b in an 

unoptimized yield of 10%. 

 
Scheme 8. Synthesis of larger bridge azepines 52a and 52b, *iso-

lated yield after two steps. Conditions A: KOtBu, THF. Condi-

tions  B: HATU, DIPEA, DMF. LDA: lithium di-isopropylamine. 

 

To evaluate the usefulness of these new scaffolds in the context 

of medicinal chemistry efforts and isosteric replacement strate-

gies, we collected information on their physico-chemical prop-

erties and compared them with more classical 2D/flat ana-

logues. For example, water solubility experiment were per-

formed (at pH = 7) on 18a and compared with N-methyl-quin-

olone (54) and N-Methyl-benzazepine (55) (see supporting 

information). As expected, the presence of sp3 character im-

proves the water solubility of 18a (0.145M) compared to qui-

none 54 (0.071M) and azepine 55 (0.073M). We also evaluated 

the logP values of several compounds presented in this study. 

All these results are displayed in Table 2. Interestingly, 55 has 

an increased lipophilicity compared to 2, while they bear the 

same number of carbons. Unfortunately, the properties of ana-

log 45 could not be measured even after several attempts. As 

for the free amide containing compounds (2 and 57), we observe 

an increased aqueous solubility in favor of 57 probably due to 

the aromaticity of the amide function. 

Table 2: Physicochemical properties of synthesized compounds. (a) 

solubility determined using the method developed in the SI. Other 

values were determined using the Sirius T3 apparatus. n.d: unsuc-

cessful measurement. Solubility measured in water at pH = 7.  

 

Cpd 18a 54 55 2 57 45 56 
MW 187.2 159.2 175.23 173.2 145.2 336.4 308.3 

Calc logP 1.8 1.55 2.27 1.79 1.26 1.93 1.65 

Meas logP n.d 1.19 2.09 1.9 1.75 n.d 1.67 

Meas Sol (mM) 145
a
 71

a 
73

a 
19 38.5 n.d 4.54 

In conclusion, we have developed an efficient synthe-

sis of 1,3,4,5-tetrahydro-2H-3,5-methanobenzo[b]azepines and 

their decoration to populate the medchem-relevant chemical 

space around these scaffolds. Our approach allows the function-

alization of several positions in good yield and is offering a 

wide array of diversity in order to implement this innovative 

scaffold in medicinal chemistry relevant structures. This new 

method uses bicyclo[1.1.0]butane 10 or cyclobutene 25 as key 

intermediates to produce exclusively cis isomers. We also 

demonstrated that the synthesis via Suzuki’s reaction could be 

applied to others cyclic γ-keto-acids to obtain new larger 

bridged azepines. Finally, the introduction of sp3-character is 

beneficial for aqueous solubility, which is a key characteristic 

for drug-like compounds.4 Further studies on this scaffold are 

ongoing and could lead to new bio-active molecules.  

ASSOCIATED CONTENT  

Data Availability Statement 

The data underlying this study are available in the published article 

and its Supporting Information. 

AUTHOR INFORMATION 

Corresponding Authors 

Christophe Salome - SpiroChem, Rosental area, WRO-1047-3, 

Mattenstrasse 22, 4058 Basel, Switzerland; ORCID 

Email: christophe.salome@spirochem.com 

Thomas Fessard - SpiroChem, Rosental area, WRO-1047-3, Mat-

tenstrasse 22, 4058 Basel, Switzerland; ORCID 

Email: thomas.fessard@spirochem.com 

Authors 

Loïc Herter - SpiroChem, Rosental area, WRO-1047-3, Mat-

tenstrasse 22, 4058 Basel, Switzerland; Bio-Functional Chemistry 

(UMR 7199), LabEx Medalis, University of Strasbourg, 74 Route 

du Rhin, Illkirch-Graffenstaden 67400, France 

Timothé Perrin - SpiroChem, Rosental area, WRO-1047-3, Mat-

tenstrasse 22, 4058 Basel, Switzerland 

COMPETING INTERESTS 

https://doi.org/10.26434/chemrxiv-2023-6tv1z-v3 ORCID: https://orcid.org/0000-0001-9668-8134 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-6tv1z-v3
https://orcid.org/0000-0001-9668-8134
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

The authors are employees and CEO (T. C. F.) of SpiroChem 

AG, a Innovative Contract Research Organization (iCRO) com-

mercializing synthesis services building blocks, fragments and 

virtual libraries. 

ACKNOWLEDGMENT  

L.H has received funding from the European Union’s Horizon 

2020 Research and Innovation Program Marie Sklodowska Cu-

rie Action ITN under Grant Agreement No 859458.  

REFERENCES 

(1) Lovering, F.; Bikker, J.; Humblet, C. Escape from Flatland: 

Increasing Saturation as an Approach to Improving Clinical 

Success. J. Med. Chem. 2009, 52 (21), 6752-6756. DOI: 

10.1021/jm901241e. 

(2) Lovering, F. Escape from Flatland 2: complexity and 

promiscuity. MedChemComm 2013, 4 (3), 515-519, 

10.1039/C2MD20347B. DOI: 10.1039/C2MD20347B. 

(3) (a) Hiesinger, K.; Dar'in, D.; Proschak, E.; Krasavin, M. 

Spirocyclic Scaffolds in Medicinal Chemistry. J. Med. Chem. 2021, 

64 (1), 150-183. DOI: 10.1021/acs.jmedchem.0c01473. (b) Bauer, 

M. R.; Di Fruscia, P.; Lucas, S. C. C.; Michaelides, I. N.; Nelson, 

J. E.; Storer, R. I.; Whitehurst, B. C. Put a ring on it: application of 

small aliphatic rings in medicinal chemistry. RSC Med. Chem. 

2021, 12 (4), 448-471, 10.1039/D0MD00370K. DOI: 

10.1039/D0MD00370K. (c) Carreira, E. M.; Fessard, T. C. Four-

Membered Ring-Containing Spirocycles: Synthetic Strategies and 

Opportunities. Chem. Rev. 2014, 114 (16), 8257-8322. DOI: 

10.1021/cr500127b. 

(4) Auberson, Y. P.; Brocklehurst, C.; Furegati, M.; Fessard, T. C.; 

Koch, G.; Decker, A.; La Vecchia, L.; Briard, E. Improving 

Nonspecific Binding and Solubility: Bicycloalkyl Groups and 

Cubanes as para-Phenyl Bioisosteres. ChemMedChem 2017, 12 

(8), 590-598. DOI: https://doi.org/10.1002/cmdc.201700082. 

(5) (a) Epplin, R. C.; Paul, S.; Herter, L.; Salome, C.; Hancock, E. 

N.; Larrow, J. F.; Baum, E. W.; Dunstan, D. R.; Ginsburg-Moraff, 

C.; Fessard, T. C.; Brown, M. K. [2]-Ladderanes as isosteres for 

meta-substituted aromatic rings and rigidified cyclohexanes. Nat. 

Commun. 2022, 13 (1), 6056. DOI: 10.1038/s41467-022-33827-3. 

(b) Guo, R.; Chang, Y.-C.; Herter, L.; Salome, C.; Braley, S. E.; 

Fessard, T. C.; Brown, M. K. Strain-Release [2π + 2σ] 

Cycloadditions for the Synthesis of Bicyclo[2.1.1]hexanes Initiated 

by Energy Transfer. J. Am. Chem. Soc. 2022, 144 (18), 7988-7994. 

DOI: 10.1021/jacs.2c02976. (c) Herter, L.; Koutsopetras, I.; 

Turelli, L.; Fessard, T.; Salomé, C. Preparation of new 

bicyclo[2.1.1]hexane compact modules: an opening towards novel 

sp3-rich chemical space. Org. Biomol. Chem. 2022, 20 (46), 9108-

9111, 10.1039/D2OB01669A. DOI: 10.1039/D2OB01669A. (d) 

Smith, E.; Jones, K. D.; O’Brien, L.; Argent, S. P.; Salome, C.; 

Lefebvre, Q.; Valery, A.; Böcü, M.; Newton, G. N.; Lam, H. W. 

Silver(I)-Catalyzed Synthesis of Cuneanes from Cubanes and their 

Investigation as Isosteres. J. Am. Chem. Soc. 2023. DOI: 

10.1021/jacs.3c03207. 

(6) Liu, Y.; Mathis, C.; Bajczyk, M. D.; Marshall, S. M.; 

Wilbraham, L.; Cronin, L. Exploring and mapping chemical space 

with molecular assembly trees. Sci. Adv. 2021, 7 (39), eabj2465. 

DOI: doi:10.1126/sciadv.abj2465. 

(7) Welsch, M. E.; Snyder, S. A.; Stockwell, B. R. Privileged 

scaffolds for library design and drug discovery. Curr. Opin. Chem. 

Biol. 2010, 14 (3), 347-361. DOI: 

https://doi.org/10.1016/j.cbpa.2010.02.018. 

(8) (a) Miller, M. S.; Thompson, P. E.; Gabelli, S. B. Structural 

Determinants of Isoform Selectivity in PI3K Inhibitors. 

Biomolecules 2019, 9 (3), 82. (b) Choi, J. Y.; Noguchi, Y.; 

Alburger, J. M.; Bayle, S.; Chung, E.; Grant, W.; Chaikuad, A.; 

Knapp, S.; Duckett, D. R.; Roush, W. R. Structure-Based 

Development of Isoform-Selective Inhibitors of Casein Kinase 1ε 

vs Casein Kinase 1δ. J. Med. Chem. 2023, 66 (11), 7162-7178. 

DOI: 10.1021/acs.jmedchem.2c01180. 

(9) Davis, M. I.; Hunt, J. P.; Herrgard, S.; Ciceri, P.; Wodicka, L. 

M.; Pallares, G.; Hocker, M.; Treiber, D. K.; Zarrinkar, P. P. 

Comprehensive analysis of kinase inhibitor selectivity. Nat. 

Biotechnol. 2011, 29 (11), 1046-1051. DOI: 10.1038/nbt.1990. 

(10) Böhm, H.-J.; Banner, D.; Bendels, S.; Kansy, M.; Kuhn, B.; 

Müller, K.; Obst-Sander, U.; Stahl, M. Fluorine in Medicinal 

Chemistry. ChemBioChem 2004, 5 (5), 637-643. DOI: 

https://doi.org/10.1002/cbic.200301023. 

(11) Dhiman, P.; Arora, N.; Thanikachalam, P. V.; Monga, V. 

Recent advances in the synthetic and medicinal perspective of 

quinolones: A review. Bioorg. Chem. 2019, 92, 103291. DOI: 

https://doi.org/10.1016/j.bioorg.2019.103291. 

(12) Pham, T. D. M.; Ziora, Z. M.; Blaskovich, M. A. T. Quinolone 

antibiotics. MedChemComm 2019, 10 (10), 1719-1739, 

10.1039/C9MD00120D. DOI: 10.1039/C9MD00120D. 

(13) Pham, N. N.; Janke, S.; Salman, G. A.; Dang, T. T.; Le, T. S.; 

Spannenberg, A.; Ehlers, P.; Langer, P. Convenient Synthesis of 

11-Substituted 11H-Indolo[3,2-c]quinolines by Sequential 

Chemoselective Suzuki Reaction/Double C–N Coupling. Eur. J. 

Org. Chem. 2017, 2017 (37), 5554-5565. DOI: 

https://doi.org/10.1002/ejoc.201700913. 

(14) Escale, R.; El Khayat, A.; Vidal, J.-P.; Girard, J.-P.; Rossi, J.-

C. Analogues du nor-B benzomorphane. I. Synthese des méthano-

3,5 tétrahydro-2,3,4,5 1H-benzazépines et dérivés. J. Heterocyclic 

Chem. 1984, 21 (4), 1033-1040. DOI: 

https://doi.org/10.1002/jhet.5570210422. 

(15) Zhao, J.; Brosmer, J. L.; Tang, Q.; Yang, Z.; Houk, K. N.; 

Diaconescu, P. L.; Kwon, O. Intramolecular Crossed [2+2] 

Photocycloaddition through Visible Light-Induced Energy 

Transfer. J. Am. Chem. Soc. 2017, 139 (29), 9807-9810. DOI: 

10.1021/jacs.7b05277. 

(16) Measom, N. D.; Down, K. D.; Hirst, D. J.; Jamieson, C.; 

Manas, E. S.; Patel, V. K.; Somers, D. O. Investigation of a 

Bicyclo[1.1.1]pentane as a Phenyl Replacement within an LpPLA2 

Inhibitor. ACS Med. Chem. Lett. 2017, 8 (1), 43-48. DOI: 

10.1021/acsmedchemlett.6b00281. 

(17) Song, Z. J.; Qi, J.; Emmert, M. H.; Wang, J.; Yang, X.; Xiao, 

D. Two Scalable Syntheses of 3-(Trifluoromethyl)cyclobutane-1-

carboxylic Acid. Org. Process Res. Dev. 2021, 25 (1), 82-88. DOI: 

10.1021/acs.oprd.0c00422. 

(18) Beal, D. M.; Bryans, J. S.; Johnson, P. S.; Newman, J.; 

Pasquinet, C.; Peakman, T. M.; Ryckmans, T.; Underwood, T. J.; 

Wheeler, S. Preparation of triazolobenzodiazepine derivatives as 

Vasopressin V1a antagonists. Tetrahedron Lett. 2011, 52 (45), 

5913-5917. DOI: https://doi.org/10.1016/j.tetlet.2011.08.011. 

(19) Ye, F.; Berger, F.; Jia, H.; Ford, J.; Wortman, A.; Börgel, J.; 

Genicot, C.; Ritter, T. Aryl Sulfonium Salts for Site-Selective Late-

Stage Trifluoromethylation. Angew. Chem. Int. Ed. 2019, 58 (41), 

14615-14619. DOI: https://doi.org/10.1002/anie.201906672. 

(20) (a) Li, J.; Chen, J.; Sang, R.; Ham, W.-S.; Plutschack, M. B.; 

Berger, F.; Chabbra, S.; Schnegg, A.; Genicot, C.; Ritter, T. 

Photoredox catalysis with aryl sulfonium salts enables site-

selective late-stage fluorination. Nat. Chem. 2020, 12 (1), 56-62. 

DOI: 10.1038/s41557-019-0353-3. (b) Engl, P. S.; Häring, A. P.; 

Berger, F.; Berger, G.; Pérez-Bitrián, A.; Ritter, T. C–N Cross-

Couplings for Site-Selective Late-Stage Diversification via Aryl 

Sulfonium Salts. J. Am. Chem. Soc. 2019, 141 (34), 13346-13351. 

DOI: 10.1021/jacs.9b07323. (c) Berger, F.; Plutschack, M. B.; 

Riegger, J.; Yu, W.; Speicher, S.; Ho, M.; Frank, N.; Ritter, T. Site-

selective and versatile aromatic C−H functionalization by 

thianthrenation. Nature 2019, 567 (7747), 223-228. DOI: 

10.1038/s41586-019-0982-0. 

https://doi.org/10.26434/chemrxiv-2023-6tv1z-v3 ORCID: https://orcid.org/0000-0001-9668-8134 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.1002/cmdc.201700082
https://doi.org/10.1016/j.cbpa.2010.02.018
https://doi.org/10.1002/cbic.200301023
https://doi.org/10.1016/j.bioorg.2019.103291
https://doi.org/10.1002/ejoc.201700913
https://doi.org/10.1002/jhet.5570210422
https://doi.org/10.1016/j.tetlet.2011.08.011
https://doi.org/10.1002/anie.201906672
https://doi.org/10.26434/chemrxiv-2023-6tv1z-v3
https://orcid.org/0000-0001-9668-8134
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

(21) Matheau-Raven, D.; Gabriel, P.; Leitch, J. A.; Almehmadi, Y. 

A.; Yamazaki, K.; Dixon, D. J. Catalytic Reductive 

Functionalization of Tertiary Amides using Vaska’s Complex: 

Synthesis of Complex Tertiary Amine Building Blocks and Natural 

Products. ACS Catal. 2020, 10 (15), 8880-8897. DOI: 

10.1021/acscatal.0c02377. 

(22) Hill, J. E.; Matlock, J. V.; Lefebvre, Q.; Cooper, K. G.; 

Clayden, J. Consecutive Ring Expansion and Contraction for the 

Synthesis of 1-Aryl Tetrahydroisoquinolines and 

Tetrahydrobenzazepines from Readily Available Heterocyclic 

Precursors. Angew. Chem. Int. Ed. 2018, 57 (20), 5788-5791. DOI: 

https://doi.org/10.1002/anie.201802188. 

(23) Krasovskiy, A.; Kopp, F.; Knochel, P. Soluble Lanthanide 

Salts (LnCl3⋅2 LiCl) for the Improved Addition of 

Organomagnesium Reagents to Carbonyl Compounds. Angew. 

Chem. Int. Ed. 2006, 45 (3), 497-500. DOI: 

https://doi.org/10.1002/anie.200502485. 

(24) González-Esguevillas, M.; Miró, J.; Jeffrey, J. L.; MacMillan, 

D. W. C. Photoredox-catalyzed deoxyfluorination of activated 

alcohols with Selectfluor®. Tetrahedron 2019, 75 (32), 4222-4227. 

DOI: https://doi.org/10.1016/j.tet.2019.05.043. 

(25) Yanagisawa, H.; Ishihara, S.; Ando, A.; Kanazaki, T.; 

Miyamoto, S.; Koike, H.; Iijima, Y.; Oizumi, K.; Matsushita, Y.; 

Hata, T. Angiotensin-converting enzyme inhibitors. Perhydro-1,4-

thiazepin-5-one derivatives. J. Med. Chem. 1987, 30 (11), 1984-

1991. DOI: 10.1021/jm00394a009. 

(26) Vukanovic, J.; Isaacs, J. T.; Hartley-Asp, B. Inhibition of 

tumor angiogenesis and the therapeutic ability of linomide against 

rat prostatic cancers. Prostate 1995, 26 (5), 235-246. DOI: 

https://doi.org/10.1002/pros.2990260503. 

 

https://doi.org/10.26434/chemrxiv-2023-6tv1z-v3 ORCID: https://orcid.org/0000-0001-9668-8134 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.1002/anie.201802188
https://doi.org/10.1002/anie.200502485
https://doi.org/10.1016/j.tet.2019.05.043
https://doi.org/10.1002/pros.2990260503
https://doi.org/10.26434/chemrxiv-2023-6tv1z-v3
https://orcid.org/0000-0001-9668-8134
https://creativecommons.org/licenses/by-nc-nd/4.0/

