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ABSTRACT: This study presents an enantioselective oxidative cyclization of N-allyl carboxamides via a chiral triazole-substi-
tuted iodoarene catalyst. The method allows 
the synthesis of highly enantioenriched oxa-
zolines and oxazines, with yields of up to 
94% and enantioselectivities of up to 98% 
ee. Quaternary stereo centers can be con-
structed and, besides N-allyl amides, the cor-
responding thioamides and imideamides are 
well tolerated as substrates, giving rise to a 
plethora of chiral 5-membered N-heterocy-
cles. By applying a multitude of further func-
tionalizations, we finally demonstrate the high value of the observed chiral heterocycles as strategic intermediates for the 
synthesis of other enantioenriched target structures.   

Partially hydrogenated N-heterocycles (azolines), in par-
ticular 2-oxazolines, 2-thiazolines, and 2-imidazolines, are 
important synthetic targets, not only due to their abun-
dance in biologically active compounds,1–7 but also due to 
their high value as useful synthetic building blocks.8–13 En-
antiopure derivatives substituted either at C4, at C5, or at 
both saturated carbons are of particular importance due to 
the stereochemical requirements of the desired products or 
the chiral building blocks made by them. Enantiopure 4-ox-
azolines are also widely applied as core structural motifs, 
for example in chiral ligands for enantioselective transition 
metal-catalyzed reactions.14–18  

Figure	1. Examples of natural products containing a chi-
ral C5-substituted oxazoline unit.  

 

Enantiopure 5-oxazolines are found in biological active 
compounds such as shahidine – the parent compound of the 
strong antioxidant aegilin,19 nagelamide alkaloids,20 and the 
tubulin-binder A289099 (Figure 1).2 While synthetic ap-
proaches for 4- and 4,5-disubstituted chiral 2-azolines are 
well established,10,11,21,22 the synthesis of enantiopure 
monosubstituted 5-azolines is underdeveloped (Scheme 
1).23–29 The latter can be synthesized by Ru-catalyzed hydro-
genations of oxazoles (Scheme 1 (a))30 or by Pd-catalyzed 
cyclizations of allene-substituted aryl amides (Scheme 1 
(b)).31 Organocatalytic approaches have also been estab-
lished whereby a hydrogen-bonding donor in the presence 
of a halonium source results in enantioselective halocycli-
zations of N-allyl amides (NAAs, Scheme 1 (c)).32–37 

Scheme	1. Known approaches for the synthesis of 5-oxa-
zolines. 

 



 

A more general approach for the cyclization of NAAs in-
volves their treatment with a chiral hypervalent iodine 
compound. This induces an oxidative cyclization via a π-
complexed iodane A	similar to halonium sources (Scheme 
2). The emerging alkyl-substituted iodane B is highly reac-
tive and can be quenched by external nucleophiles (Nu‐H) 
to generate highly substituted 5-oxazolines. A chiral aryl io-
dide is formed, which can be re-oxidized using an external 
oxidant.38–51 This general method has been applied by Mo-
ran and co-workers using a well-established resorcinol-
based chiral iodoarene catalyst,52 53 53–57 but unfortunately 
with only modest results, in particular regarding stereose-
lectivity and substrate scope, with a focus on 6-membered 
N-heterocycles.24 

 

Scheme	2. General mechanism for an iodane-mediated N-
oxidative cyclization of NAAs. 

 

 
 

Our group recently established chiral triazole-substituted 
iodoarenes 1	and applied them in a wide range of enanti-
oselective oxidative transformations (Figure 2).49,50,58 In 
this article we want to report their further application to the 
as-yet underexplored oxidative cyclization of N-allyl am-
ides.  

We started our investigations using N-allyl benzamide, 
2a, as the model substrate (Table 1). It was established in 
our early studies that an additional substituent ortho to the 
central iodine atom is crucial for high reactivity and stere-
oselectivity in reactions performed with these catalysts. 
Therefore, we started with the o-OMe-substituted io-
doarene catalyst 1a, the most successful to be used so far. 
During a preliminary optimization we had already estab-
lished acetonitrile as the best solvent for this reaction, in 
combination with selectfluor as a co-oxidant and TFA as an 
acid additive. While using catalyst 1a, the 5-substituted ox-
azoline 3a was isolated with a 67% yield and 85% ee.  

We then systematically investigated the influence of both 
ether substituents (R1 and R2) in catalysts 1 on the reaction 
performance. Switching the TIPS group to other alkyl 
groups, such as catalysts 1b‐1e, was found to be counter-
productive and resulted in diminished enantioselectivities 
(See entries 2-5). We also varied the alkyl ether at R1 and 
decided to introduce greater sterical bulk at this position. 

With R2  being TIPS again, replacement of the methyl with 
an ethyl ether for R1 (catalyst 1f) resulted in a small but less 
than significant improvement of the enantioselectivity.  

Introduction of an isopropyl group (catalyst 1i) resulted 
in by far the most significant improvements, as 3a was now 
isolated with a 91% yield and 93% ee. By contrast, the cor-
responding use of benzyl ether (1j) or benzoyl ester (1k) 
was less effective (See entries 10 and 11).  

Figure	2. Structure of the chiral triazole catalysts 1.  

 
 

Table	1.	Optimization of the Reaction Conditions. 

 
 

Entrya Catalyst Yield [%]	 ee [%]	

1 1a 67 85 

2 1b 61 74 

3 1c 62 64 

4 1d 72 67 

5 1e 71 74 

6 1f 75 87 

7 1g 83 70 

8 1h 81 85 

9	 1i	 91	 93	

10 1j 68 84 

11 1k 80 84 

12b 1i 65 93 

13c 1i 48 92 

a Reaction conditions: 2a (0.40 mmol, 1.00 eq.), cat (0.04 
mmol, 10 mol%), TFA (0.60 mmol, 1.50 eq.), selectfluor (0.40 
mmol, 1.00 eq.), CH3CN (0.12 M). b 5 mol% of 3h was used. c The 
reaction was performed at 0 °C and took 36 hours with 70% 
conversion of 2a. 

Decreasing the catalyst loading to 5 mol% had a negative 
effect on the yield. Reduction of the reaction time or per-
forming the reaction at 0 °C did not improve the enantiose-
lectivity but only led to lower reaction rates and incomplete 
conversions (See entries 12-13). 

With the optimized conditions in hand, we elaborated the 
substrate scope of the oxidative cyclization (Scheme 3). The 
NAA derivatives 2b−f, with additional substituents at the 2-
aryl group, provided the corresponding oxazolines 3b‐f	in 



 

yields and enantioselectivities comparable to the parent 
compound 3a	(84-92%), regardless of the electronic nature 
of the substituent. Comparison of the rotary power of the 4-
nitro derivative 3f with a known literature value allowed us 
to determine the absolute configuration of the products to 
be (S).59 Cyclic aliphatic substituents (R1 = cyclohexyl) were 
tolerated as well, giving	3g with a 84% yield and 93% ee.  

Next, we wondered whether quaternary stereocenters 
could be constructed.60–63 We therefore decided to apply our 
method for the synthesis of quaternary 2-oxazolines start-
ing from various N-(but-3-en-2-yl) benzamides 2h‐2k (R1 = 
Me, R2 = H). The desired products 3h‐3k	could be observed 
in high yields of up to 94% and excellent enantioselectivi-
ties (91-98% ee). The enantioenriched thiazoline 3l and the 
imidazoline 3m were prepared for the first time by this 
method, although yields and enantioselectivities were sig-
nificantly lower in direct comparison with their oxa deriva-
tives (71% ee and 74% ee). It is nonetheless worth mention-
ing that these N-heterocycles are very important core struc-
tural motifs found in many biologically active compounds 
and this method provides a so-far undescribed means of ac-
cessing them.64–67  
 

Scheme	3.	Substrate Scope		
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We subsequently focused on the synthesis of 6-mem-
bered N‐heterocycles. Application of N‐homoallyl ben-
zamide 2n and 2o (n = 2) provided the oxazines 3n and 3o 
in yields of 95% and 93% and enantioselectivities of 89% 
ee and 90% ee, respectively. The mesityl-substituted deriv-
ative gave the corresponding oxazine 3p in comparable 
yields but with a diminished enantioselectivity (69% ee).  

Aliphatic homoallyl amides 2q and 2r were subsequently 
investigated, giving the desired 2-cyclohexyl- and 2-n-bu-
tyl-substituted derivatives 3q and 3r in respective yields of 
81% and 67% and enantioselectivities of 93% and 81% ee 
for each. Applications of similar compounds have been re-

ported for the preparation of poly(2-oxazoline) gels for de-
layed drug delivery systems.68 Again, our method provides 
unique access to these enantioenriched N‐heterocycles. 

Scheme	4.	Derivatization of Oxazoline 5a. 

 

 

Reaction conditions:	a) I2 (1.20 eq.), PPh3 (1.30 eq.), Pyridine 
(0.95 M), rt, 24 h. b) NaN3 (3.00 eq.), BF3.Et2O (1.50 eq.) Diox-
ane, rt, 24 h. c) Acetic anhydride (2.00 eq.) DCM, rt, 4 h. d) TF2O 
(1.20 eq.), Pyridine (1.10 eq.), DCM, rt, 16 h. e) MnO2 (12.0 eq.), 
CHCl3, 60 oC. 4 h. f) Pthalimide (1.10 eq.), PPh3 (1.10 eq.) DIAD 
(1.30 eq.), Hydrazine (1.50 eq.), THF (0.42 M), 80 oC, 8 h. g) 1-
NaBH4 (1.20 eq.), I2 (1.00 eq.), 2- HCl in MeOH, 24 h. h) TsCl 
(1.20 eq.) MeCN, rt, 6 h.	

Since 5-oxazolines are potentially useful intermediates 
for the synthesis of other chiral building blocks, we finally 
elaborated further synthetic transformations of 3a (Scheme 
4). The OH group could be replaced by iodine under 
Mitsunobu conditions to afford 4a in 68% yield without a 
significant loss of enantiomeric excess.69 Azidation was 
achieved using a method devised by Kumar and co-workers, 
treating 3a with NaN3 and BF3Et2O to give 4b	in 83% yield 
and 91% ee.70 Protection of the OH group to the correspond-
ing acetates and triflates (4c and 4d) was successful as well. 
In addition, the corresponding aldehyde could be obtained 
by treatment of 3a	with MnO2, to give 4e in 95% yield and 
93% ee. Interestingly, no overoxidation of the oxazoline 
was observed. A Mitsunobu reaction was also utilized to 
prepare the primary amine 4f in a moderate yield (54%) but 



 

sustaining the stereochemistry (92% ee).71 Lastly, we pre-
pared 3-aminopropane-1,2-diol by a reduction of 3a fol-
lowed by acid-mediated ring-opening to give the amino diol 
4g. Since this compound could not be analyzed by HPLC, it 
was directly transformed into the N-tosylated derivative 
4h. 4h was isolated in 42% yield but with a diminished se-
lectivity of 78% ee  

 

 

 

.

In	summary,	we have established a practical method for 
the enantioselective oxidative cyclization of N-allyl amides 
by using an improved triazole-substituted iodoarene cata-
lyst. This method is characterized by a broad substrate 
scope which allows the construction of highly enantioen-
riched 5-oxazolines, thiazolines, and imidazolines. Quater-
nary stereocenters can be constructed with high efficiency 
as well and the method was further extended to oxazines. 
Many of the constructed compounds can serve as chiral 
building blocks for the synthesis of interesting chiral target 
structures. This was demonstrated in a variety of further 
functionalizations, in particular of the terminal OH group.  

In further investigations, we aim to apply C1-symmetric 
triazole-based iodoarenes in similar oxidative cyclizations 
to generate other useful 5- and 6-membered heterocycles. 
Additionally, cascade reactions in which the reactive hyper-
valent iodine intermediate is trapped directly by nucleo-
philes other than OH will also be part of future investiga-
tions.  

 

ASSOCIATED CONTENT  
Supporting	Information. All supporting information is availa-
ble free of charge on the ACS Publications website at DOI: XXX. 
This includes all experimental procedures and characterization 
data. 

AUTHOR INFORMATION 

Author Contributions 
The manuscript was written by Boris J. Nachtsheim and 
Ayham H. Abazid. Ayham H. Abazid and Tom-Niklas-
Hollwedel performed the experiments. All authors have given 
approval to the final version of the manuscript.  

Corresponding Author 
Correspondence should be addressed to Boris J. Nachtsheim 
at nachtsheim@uni-bremen.de 

Funding Sources 
This work is supported by the DFG (Deutsche Forschungsge-
meinschaft – Grant NA 955/3-1).  
 
Notes 
The authors declare no competing financial interests. 

ACKNOWLEDGMENT  
Ayham H. Abazid acknowledges the Scholars at Risk organiza-
tion for personal funding.  

ABBREVIATIONS 
PPh3: Triphenylphosphine; BF3Et2O: Boron trifluoride diethyl 
etherate; DCM: Dichloromethane; DIAD: Diisopropyl azodicar-
boxylate 

REFERENCES 

References 
(1) Tilvi, S.; S. Singh, K. Synthesis of Oxazole, Oxazoline and Isoxa-
zoline Derived Marine Natural Products: A Review. COC. 2016, 20	
(8), 898–929. DOI: 10.2174/1385272819666150804000046. 
(2) Majumdar, K. C.; Chattopadhyay, S. K., Eds. Heterocycles	in	Nat‐
ural	Product	Synthesis; Wiley-VCH Verlag GmbH & Co. KGaA, 2011. 
DOI: 10.1002/9783527634880. 
(3) Zhang, M.-Z.; Chen, Q.; Mulholland, N.; Beattie, D.; Irwin, D.; Gu, 
Y.-C.; Yang, G.-F.; Clough, J. Synthesis and fungicidal activity of 
novel pimprinine analogues. Eur.	J.	Med.	Chem. 2012, 53, 283–291. 
DOI: 10.1016/j.ejmech.2012.04.012. 
(4) El Azab, I. H.; Khaled, K. M. Synthesis and reactivity of enamino 
of naphthoB 1,4-oxazine: one pot synthesis of novel isolated and 
heterocycle-fused derivatives with antimicrobial and antifungal 
activities. Bioorg.	Khim. 2015, 41	(4), 475–490. 
(5) Sharma, M. K.; Ghuge, R. B. Chemical and Biological Profiles of 
Vicinal Diaryl-substituted Thiophenes, Imidazolines, Selendia-
zoles, and Isoselenazoles. In Vicinal	diaryl	substituted	heterocy‐
cles:A	gold	mine	for	the	discovery	of	novel	therapeutic	agents	/		ed‐
ited	by	M.R.	Yadav,	Prashant	R.	Murumkar,	Rahul	B.	Ghuge; Yādava, 
M. R., Murumkar, P. R., Ghuge, R. B., Eds.; Elsevier, 2018; pp 305–
326. DOI: 10.1016/B978-0-08-102237-5.00010-9. 
(6) Landelle, G.; Panossian, A.; Leroux, F. R. Trifluoromethyl 
ethers and -thioethers as tools for medicinal chemistry and drug 
discovery. Curr.	Top.	Med.	Chem. 2014, 14	(7), 941–951. DOI: 
10.2174/1568026614666140202210016. 
(7) Gaumont, A.-C.; Gulea, M.; Levillain, J. Overview of the chemis-
try of 2-thiazolines. Chem.	Rev. 2009, 109	(3), 1371–1401. DOI: 
10.1021/cr800189z. 
(8) Boess, E.; Karanestora, S.; Bosnidou, A.-E.; Schweitzer-Chaput, 
B.; Hasenbeck, M.; Klussmann, M. Synthesis of Oxindoles by 
Brønsted Acid Catalyzed Radical Cascade Addition of Ketones. 
Synlett. 2015, 26	(14), 1973–1976. DOI: 10.1055/s-0034-
1381052. 
(9) Gemma, S.; Kunjir, S.; Coccone, S. S.; Brindisi, M.; Moretti, V.; 
Brogi, S.; Novellino, E.; Basilico, N.; Parapini, S.; Taramelli, D.; 
Campiani, G.; Butini, S. Synthesis and antiplasmodial activity of bi-
cyclic dioxanes as simplified dihydroplakortin analogues. J.	Med.	
Chem. 2011, 54	(16), 5949–5953. DOI: 10.1021/jm200686d. 
(10) Onishi, H. R.; Pelak, B. A.; Gerckens, L. S.; Silver, L. L.; Kahan, 
F. M.; Chen, M. H.; Patchett, A. A.; Galloway, S. M.; Hyland, S. A.; An-
derson, M. S.; Raetz, C. R. Antibacterial agents that inhibit lipid A 
biosynthesis. Science	(New	York,	N.Y.) 1996, 274	(5289), 980–982. 
DOI: 10.1126/science.274.5289.980. 
(11) Nelson, K. M.; Salomon, C. E.; Aldrich, C. C. Total synthesis 
and biological evaluation of transvalencin Z. J.	Nat.	Prod. 2012, 75	
(6), 1037–1043. DOI: 10.1021/np200972s. 
(12) Kruakaew, S.; Seeka, C.; Lhinhatrakool, T.; Thongnest, S.; Ya-
huafai, J.; Piyaviriyakul, S.; Siripong, P.; Sutthivaiyakit, S. Cytotoxic 
Cardiac Glycoside Constituents of Vallaris glabra Leaves. J.	Nat.	
Prod. 2017, 80	(11), 2987–2996. DOI: 
10.1021/acs.jnatprod.7b00554. 
(13) Bode, H. B.; Irschik, H.; Wenzel, S. C.; Reichenbach, H.; Müller, 
R.; Höfle, G. The leupyrrins: a structurally unique family of sec-
ondary metabolites from the myxobacterium Sorangium cellu-
losum. J.	Nat.	Prod. 2003, 66	(9), 1203–1206. DOI: 
10.1021/np030109v. 



 

(14) Hargaden, G. C.; Guiry, P. J. Recent applications of oxazoline-
containing ligands in asymmetric catalysis. Chem.	Rev. 2009, 109	
(6), 2505–2550. DOI: 10.1021/cr800400z. 
(15) Chelliah, M. V.; Eagen, K.; Guo, Z.; Chackalamannil, S.; Xia, Y.; 
Tsai, H.; Greenlee, W. J.; Ahn, H.-S.; Kurowski, S.; Boykow, G.; 
Hsieh, Y.; Chintala, M. Himbacine-derived thrombin receptor an-
tagonists: c7-spirocyclic analogues of vorapaxar. J.	Med.	Chem. 
2014, 5	(5), 561–565. DOI: 10.1021/ml500008w. 
(16) Shuter, E.; Hoveyda, H. R.; Karunaratne, V.; Rettig, S. J.; Orvig, 
C. Bis(ligand) Rhenium(V) and Technetium(V) Complexes of Two 
Naturally Occurring Binding Moieties (Oxazoline and Thiazoline). 
Inorg.	Chem. 1996, 35	(2), 368–372. DOI: 10.1021/ic9507528. 
(17) Nakafuku, K. M.; Fosu, S. C.; Nagib, D. A. Catalytic Alkene Di-
functionalization via Imidate Radicals. J.	Am.	Chem.	Soc. 2018, 140	
(36), 11202–11205. DOI: 10.1021/jacs.8b07578. 
(18) Chen, K.; Li, Z.-W.; Shen, P.-X.; Zhao, H.-W.; Shi, Z.-J. Develop-
ment of modifiable bidentate amino oxazoline directing group for 
pd-catalyzed arylation of secondary C-H bonds. Chem.	Eur.	J. 
2015, 21	(20), 7389–7393. DOI: 10.1002/chem.201406528. 
(19) Faizi, S.; Farooqi, F.; Zikr-Ur-Rehman, S.; Naz, A.; Noor, F.; An-
sari, F.; Ahmad, A.; Khan, S. A. Shahidine, a novel and highly labile 
oxazoline from Aegle marmelos: the parent compound of aegeline 
and related amides. Tetrahedron. 2009, 65	(5), 998–1004. DOI: 
10.1016/j.tet.2008.11.088. 
(20) Appenzeller, J.; Tilvi, S.; Martin, M.-T.; Gallard, J.-F.; El-bitar, 
H.; Dau, E. T. H.; Debitus, C.; Laurent, D.; Moriou, C.; Al-Mourabit, 
A. Benzosceptrins A and B with a unique benzocyclobutane skele-
ton and nagelamide S and T from Pacific sponges. Org.	Lett. 2009, 
11	(21), 4874–4877. DOI: 10.1021/ol901946h. 
(21) Mieri, M. de; Monteleone, G.; Ismajili, I.; Kaiser, M.; Ham-
burger, M. Antiprotozoal Activity-Based Profiling of a Dichloro-
methane Extract from Anthemis nobilis Flowers. J.	Nat.	Prod. 
2017, 80	(2), 459–470. DOI: 10.1021/acs.jnatprod.6b00980. 
(22) Inahashi, Y.; Iwatsuki, M.; Ishiyama, A.; Namatame, M.; Nishi-
hara-Tsukashima, A.; Matsumoto, A.; Hirose, T.; Sunazuka, T.; 
Yamada, H.; Otoguro, K.; Takahashi, Y.; Omura, S.; Shiomi, K. Spox-
azomicins A-C, novel antitrypanosomal alkaloids produced by an 
endophytic actinomycete, Streptosporangium oxazolinicum K07-
0460(T). J.	Antibiot	(Tokyo). 2011, 64	(4), 303–307. DOI: 
10.1038/ja.2011.16. 
(23) Gilbert, A.; Bertrand, X.; Paquin, J.-F. Silver-Promoted Synthe-
sis of 5-(Pentafluorosulfanyl)methyl-2-oxazolines. Org.	Lett. 
2018, 20	(22), 7257–7260. DOI: 10.1021/acs.orglett.8b03170. 
(24) Alhalib, A.; Kamouka, S.; Moran, W. J. Iodoarene-catalyzed cy-
clizations of unsaturated amides. Org.	Lett. 2015, 17	(6), 1453–
1456. DOI: 10.1021/acs.orglett.5b00333. 
(25) Haupt, J. D.; Berger, M.; Waldvogel, S. R. Electrochemical Flu-
orocyclization of N-Allylcarboxamides to 2-Oxazolines by Hyper-
valent Iodine Mediator. Org.	Lett. 2019, 21	(1), 242–245. DOI: 
10.1021/acs.orglett.8b03682. 
(26) Liu, G.-Q.; Yang, C.-H.; Li, Y.-M. Modular Preparation of 5-Hal-
omethyl-2-oxazolines via PhI(OAc)2-Promoted Intramolecular 
Halooxygenation of N-Allylcarboxamides. J.	Org.	Chem. 2015, 80	
(22), 11339–11350. DOI: 10.1021/acs.joc.5b01832. 
(27) Deng, Q.-H.; Chen, J.-R.; Wei, Q.; Zhao, Q.-Q.; Lu, L.-Q.; Xiao, 
W.-J. Visible-light-induced photocatalytic oxytrifluoromethylation 
of N-allylamides for the synthesis of CF3-containing oxazolines 
and benzoxazines. Chem.	Commun.	(Camb) 2015, 51	(17), 3537–
3540. DOI: 10.1039/C4CC10217G. 
(28) Scheidt, F.; Thiehoff, C.; Yilmaz, G.; Meyer, S.; Daniliuc, C. G.; 
Kehr, G.; Gilmour, R. Fluorocyclisation via I(I)/I(III) catalysis: a 
concise route to fluorinated oxazolines. Beilstein.	J.	Org.	Chem. 
2018, 14, 1021–1027. DOI: 10.3762/bjoc.14.88. 
(29) Kawato, Y.; Kubota, A.; Ono, H.; Egami, H.; Hamashima, Y. En-
antioselective bromocyclization of allylic amides catalyzed by 
BINAP derivatives. Org.	Lett. 2015, 17	(5), 1244–1247. DOI: 
10.1021/acs.orglett.5b00220. 
(30) Kuwano, R.; Kameyama, N.; Ikeda, R. Catalytic asymmetric 
hydrogenation of N-Boc-imidazoles and oxazoles. J.	Am.	Chem.	Soc. 

2011, 133	(19), 7312–7315. DOI: 10.1021/ja201543h. Published 
Online: Apr. 27, 2011. 
(31) Gromova, M. A.; Kharitonov, Y. V.; Bagryanskaya, I. Y.; Shults, 
E. E. Efficient Synthesis of the N-(buta-2,3-dienyl)carboxamide of 
Isopimaric Acid and the Potential of This Compound towards Het-
erocyclic Derivatives of Diterpenoids. ChemistryOpen 2018, 7	
(11), 890–901. DOI: 10.1002/open.201800205. Published Online: 
Nov. 14, 2018. 
(32) La Campa, R. de; Manzano, R.; Calleja, P.; Ellis, S. R.; Dixon, D. 
J. Enantioselective Silver-Catalyzed Cascade Synthesis of Fused 
Lactone and Lactam Oxazolines. Org.	Lett. 2018, 20	(19), 6033–
6036. DOI: 10.1021/acs.orglett.8b02383. Published Online: Sep. 
17, 2018. 
(33) Luo, H.; Yang, Z.; Lin, W.; Zheng, Y.; Ma, S. A catalytic highly 
enantioselective allene approach to oxazolines. Chem.	Sci. 2018, 9	
(7), 1964–1969. DOI: 10.1039/c7sc04079b. Published Online: Jan. 
5, 2018. 
(34) Martínez-Pardo, P.; Blay, G.; Vila, C.; Sanz-Marco, A.; Muñoz, 
M. C.; Pedro, J. R. Enantioselective Synthesis of 5-Trifluoromethyl-
2-oxazolines under Dual Silver/Organocatalysis. J.	Org.	Chem. 
2019, 84	(1), 314–325. DOI: 10.1021/acs.joc.8b02808. Published 
Online: Dec. 21, 2018. 
(35) Noto, N.; Miyazawa, K.; Koike, T.; Akita, M. Anti-Diastereose-
lective Synthesis of CF3-Containing Spirooxazolines and Spirooxa-
zines via Regiospecific Trifluoromethylative Spirocyclization by 
Photoredox Catalysis. Org.	Lett. 2015, 17	(15), 3710–3713. DOI: 
10.1021/acs.orglett.5b01694. Published Online: Jul. 16, 2015. 
(36) Martínez-Pardo, P.; Blay, G.; Muñoz, M. C.; Pedro, J. R.; Sanz-
Marco, A.; Vila, C. Enantioselective synthesis of chiral oxazolines 
from unactivated ketones and isocyanoacetate esters by synergis-
tic silver/organocatalysis. Chem.	Commun.	(Camb) 2018, 54	(23), 
2862–2865. DOI: 10.1039/c8cc00856f. 
(37) Qin, T.; Jiang, Q.; Ji, J.; Luo, J.; Zhao, X. Chiral selenide-cata-
lyzed enantioselective synthesis of trifluoromethylthiolated 2,5-
disubstituted oxazolines. Org.	Biomol.	Chem. 2019, 17	(7), 1763–
1766. DOI: 10.1039/c8ob02575d. 
(38) Parra, A.; Reboredo, S. Chiral hypervalent iodine reagents: 
synthesis and reactivity. Chem.	Eur.	J. 2013, 19	(51), 17244–
17260. DOI: 10.1002/chem.201302220. 
(39) Liang, H.; Ciufolini, M. A. Chiral hypervalent iodine reagents 
in asymmetric reactions. Angew.	Chem.	Int.	Ed. 2011, 50	(50), 
11849–11851. DOI: 10.1002/anie.201106127. 
(40) Claraz, A.; Masson, G. Asymmetric iodine catalysis-mediated 
enantioselective oxidative transformations. Org.	Biomol.	Chem. 
2018, 16	(30), 5386–5402. DOI: 10.1039/c8ob01378k. 
(41) Haubenreisser, S.; Wöste, T. H.; Martínez, C.; Ishihara, K.; 
Muñiz, K. Structurally Defined Molecular Hypervalent Iodine Cata-
lysts for Intermolecular Enantioselective Reactions. Angew.	Chem.	
Int.	Ed. 2016, 55	(1), 413–417. DOI: 10.1002/anie.201507180. 
(42) Fujita, M.; Yoshida, Y.; Miyata, K.; Wakisaka, A.; Sugimura, T. 
Enantiodifferentiating endo-selective oxylactonization of ortho-
alk-1-enylbenzoate with a lactate-derived aryl-λ3-iodane. Angew.	
Chem.	Int.	Ed. 2010, 49	(39), 7068–7071. DOI: 
10.1002/anie.201003503. 
(43) Banik, S. M.; Medley, J. W.; Jacobsen, E. N. Catalytic, asymmet-
ric difluorination of alkenes to generate difluoromethylated stere-
ocenters. Science	(New	York,	N.Y.) 2016, 353	(6294), 51–54. DOI: 
10.1126/science.aaf8078. 
(44) Woerly, E. M.; Banik, S. M.; Jacobsen, E. N. Enantioselective, 
Catalytic Fluorolactonization Reactions with a Nucleophilic Fluo-
ride Source. J.	Am.	Chem.	Soc. 2016, 138	(42), 13858–13861. DOI: 
10.1021/jacs.6b09499. 
(45) Mennie, K. M.; Banik, S. M.; Reichert, E. C.; Jacobsen, E. N. Cat-
alytic Diastereo- and Enantioselective Fluoroamination of Al-
kenes. J.	Am.	Chem.	Soc. 2018, 140	(14), 4797–4802. DOI: 
10.1021/jacs.8b02143. 



 

(46) Uyanik, M.; Yasui, T.; Ishihara, K. Enantioselective Kita oxida-
tive spirolactonization catalyzed by in situ generated chiral hy-
pervalent iodine(III) species. Angew.	Chem.	Int.	Ed. 2010, 49	(12), 
2175–2177. DOI: 10.1002/anie.200907352. 
(47) Minakata, S.; Morino, Y.; Oderaotoshi, Y.; Komatsu, M. Practi-
cal and convenient synthesis of N-heterocycles: stereoselective 
cyclization of N-alkenylamides with t-BuOI under neutral condi-
tions. Org.	Lett. 2006, 8	(15), 3335–3337. DOI: 
10.1021/ol061182q. 
(48) Ding, Q.; He, H.; Cai, Q. Chiral Aryliodine-Catalyzed Asymmet-
ric Oxidative C-N Bond Formation via Desymmetrization Strategy. 
Org.	Lett. 2018, 20	(15), 4554–4557. DOI: 10.1021/acs.or-
glett.8b01849. 
(49) Abazid, A. H.; Nachtsheim, B. J. A Triazole-Substituted Aryl Io-
dide with Omnipotent Reactivity in Enantioselective Oxidations. 
Angew.	Chem.	Int.	Ed. 2020, 59	(4), 1479–1484. DOI: 
10.1002/anie.201912023. 
(50) Abazid, A. H.; Clamor, N.; Nachtsheim, B. J. An Enantioconver-
gent Benzylic Hydroxylation Using a Chiral Aryl Iodide in a Dual 
Activation Mode. ACS	Catal. 2020, 10	(15), 8042–8048. DOI: 
10.1021/acscatal.0c02321. 
(51) Peilleron, L.; Retailleau, P.; Cariou, K. Synthesis of Cyclic N -
Hydroxylated Ureas and Oxazolidinone Oximes Enabled by 
Chemoselective Iodine(III)-Mediated Radical or Cationic Cycliza-
tions of Unsaturated N -Alkoxyureas. Adv.	Synth.	Catal. 2019, 361	
(22), 5160–5169. DOI: 10.1002/adsc.201901135. 
(52) Zhdankin, V. V. Hypervalent	iodine	chemistry:Preparation,	
structure,	and	synthetic	applications	of	polyvalent	iodine	com‐
pounds	/		Viktor	V.	Zhdankin,	Department	of	Chemistry	and	Bio‐
chemistry,	University	of	Minnesota	Duluth,	Minnesota,	USA; John 
Wiley & Sons Ltd, 2014. 
(53) Yoshimura, A.; Zhdankin, V. V. Advances in Synthetic Applica-
tions of Hypervalent Iodine Compounds. Chem.	Rev. 2016, 116	(5), 
3328–3435. DOI: 10.1021/acs.chemrev.5b00547. 
(54) Wirth, T.; Antonchick, A. P. Hypervalent	iodine	chemistry; 
Topics in current chemistry,  0340-1022, Vol. 373; Springer Ver-
lag, 2016. 
(55) Li, X.; Chen, P.; Liu, G. Recent advances in hypervalent io-
dine(III)-catalyzed functionalization of alkenes. Beilstein.	J.	Org.	
Chem. 2018, 14, 1813–1825. DOI: 10.3762/bjoc.14.154. 
(56) Hyatt, I. F. D.; Dave, L.; David, N.; Kaur, K.; Medard, M.; Mow-
dawalla, C. Hypervalent iodine reactions utilized in carbon-carbon 
bond formations. Org.	Biomol.	Chem. 2019, 17	(34), 7822–7848. 
DOI: 10.1039/C9OB01267B. 
(57) Yusubov, M. S.; Zhdankin, V. V. Hypervalent Iodine Reagents 
and Green Chemistry. COS. 2012, 9	(2), 247–272. DOI: 
10.2174/157017912799829021. 
(58) Hempel, C.; Maichle-Mössmer, C.; Pericàs, M. A.; Nachtsheim, 
B. J. Cover Picture: Modular Synthesis of Triazole-Based Chiral Io-
doarenes for Enantioselective Spirocyclizations. Adv.	Synth.	Catal. 
2017, 359	(17), 2896. DOI: 10.1002/adsc.201700892. 
(59) Castellano, S.; Kuck, D.; Sala, M.; Novellino, E.; Lyko, F.; 
Sbardella, G. Constrained analogues of procaine as novel small 
molecule inhibitors of DNA methyltransferase-1. J.	Med.	Chem. 
2008, 51	(7), 2321–2325. DOI: 10.1021/jm7015705. Published 
Online: Mar. 18, 2008. 
(60) Chen, L.; Yin, X.-P.; Wang, C.-H.; Zhou, J. Catalytic functionali-
zation of tertiary alcohols to fully substituted carbon centres. Org.	

Biomol.	Chem. 2014, 12	(32), 6033–6048. DOI: 
10.1039/c4ob00718b. 
(61) Christoffers, J.; Mann, A. Enantioselektiver Aufbau quartärer 
Stereozentren. Angew.	Chem. 2001, 113	(24), 4725–4732. DOI: 
10.1002/1521-3757(20011217)113:24<4725:AID-
ANGE4725>3.0.CO;2-L. 
(62) Corey, E. J.; Guzman-Perez, A. The Catalytic Enantioselective 
Construction of Molecules with Quaternary Carbon Stereocenters. 
Angew.	Chem.	Int.	Ed. 1998, 37	(4), 388–401. DOI: 
10.1002/(SICI)1521-3773(19980302)37:4<388:AID-
ANIE388>3.0.CO;2-V. 
(63) Fuji, K. Asymmetric creation of quaternary carbon centers. 
Chem.	Rev. 1993, 93	(6), 2037–2066. DOI: 10.1021/cr00022a005. 
(64) Das, J.; Chen, P.; Norris, D.; Padmanabha, R.; Lin, J.; Moquin, R. 
V.; Shen, Z.; Cook, L. S.; Doweyko, A. M.; Pitt, S.; Pang, S.; Shen, D. 
R.; Fang, Q.; Fex, H. F. de; McIntyre, K. W.; Shuster, D. J.; Gillooly, K. 
M.; Behnia, K.; Schieven, G. L.; Wityak, J.; Barrish, J. C. 2-aminothia-
zole as a novel kinase inhibitor template. Structure-activity rela-
tionship studies toward the discovery of N-(2-chloro-6-
methylphenyl)-2-6-4-(2-hydroxyethyl)-1- piperazinyl)-2-methyl-
4-pyrimidinylamino)-1,3-thiazole-5-carboxamide (dasatinib, 
BMS-354825) as a potent pan-Src kinase inhibitor. J.	Med.	Chem. 
2006, 49	(23), 6819–6832. DOI: 10.1021/jm060727j. 
(65) Souza, M. de; Almeida, M. V. de. Drugs anti-HIV: Past, present 
and future perspectives. Quimica	Nova 2003, 26	(3), 366–372. 
DOI: 10.1590/s0100-40422003000300014. 
(66) Vessally, E.; Soleimani-Amiri, S.; Hosseinian, A.; Edjlali, L.; 
Bekhradnia, A. New protocols to access imidazoles and their ring 
fused analogues: synthesis from N-propargylamines. RSC	Adv. 
2017, 7	(12), 7079–7091. DOI: 10.1039/c6ra25816f. 
(67) Anupam, A.; Al-Bratty, M.; Alhazmi, H. A.; Ahmad, S.; Maity, S.; 
Alam, M. S.; Ahsan, W. Synthesis and biological evaluation of tri-
phenyl-imidazoles as a new class of antimicrobial agents. Eur.	J.	
Chem. 2018, 9	(4), 369–374. DOI: 10.5155/eurjchem.9.4.369-
374.1785. 
(68) Schenk, V.; Rossegger, E.; Ebner, C.; Bangerl, F.; Reichmann, 
K.; Hoffmann, B.; Höpfner, M.; Wiesbrock, F. RGD-
Functionalization of Poly(2-oxazoline)-Based Networks for En-
hanced Adhesion to Cancer Cells. Polymers 2014, 6	(2), 264–279. 
DOI: 10.3390/polym6020264. 
(69) Martínez-Montero, S.; Deleavey, G. F.; Dierker-Viik, A.; 
Lindovska, P.; Ilina, T.; Portella, G.; Orozco, M.; Parniak, M. A.; Gon-
zález, C.; Damha, M. J. Synthesis and properties of 2'-deoxy-2',4'-
difluoroarabinose-modified nucleic acids. J.	Org.	Chem. 2015, 80	
(6), 3083–3091. DOI: 10.1021/jo502948t. 
(70) Sampath Kumar, H. M.; Subba Reddy, B. V.; Anjaneyulu, S.; 
Yadav, J. S. An expedient and highly selective conversion of alco-
hols to azides using a system. Tetrahedron	Letters. 1998, 39	(40), 
7385–7388. DOI: 10.1016/S0040-4039(98)01602-5. 
(71) Camp, D.; Jenkins, I. D. The Use of a Phosphine Containing a 
Basic Group in the Mitsunobu Esterification Reaction. Aust.	J.	
Chem. 1988, 41	(12), 1835. DOI: 10.1071/CH9881835.. 
	

 
	

 


