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Visible-light photoredox synthesis
of unnatural chiral a-amino acids

Min Jiang, Yunhe Jin, HaijunYang & Hua Fu

Unnatural chiral a.-amino acids are widely used in fields of organic chemistry, biochemistry and
 medicinal chemistry, and their synthesis has attracted extensive attention. Although the asymmetric
Accepted: 27 April 2016 synthesis provides some efficient protocols, noble and elaborate catalysts, ligands and additives are
Published: 17 May 2016 : usually required which leads to high cost. Distinctly, it is attractive to make unnatural chiral o-amino
. acids from readily available natural c.-amino acids through keeping of the existing chiral a-carbon.
However, it is a great challenge to construct them under mild conditions. In this paper, 83 unnatural
chiral a-amino acids were prepared at room temperature under visible-light assistance. The protocol
uses two readily available genetically coded proteinogenic amino acids, L-aspartic acid and glutamic
acid derivatives as the chiral sources and radical precursors, olefins, alkynyl and alkenyl sulfones, and
2-isocyanobiphenyl as the radical acceptors, and various unnatural chiral a-amino acids were prepared
in good to excellent yields. The simple protocol, mild conditions, fast reactions, and high efficiency
make the method an important strategy for synthesis of diverse unnatural chiral o.-amino acids.
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Unnatural chiral a-amino acids (a-AAs) are important building blocks in synthesis of biological and pharma-
ceutical peptides, peptidomimetics and complex molecules. Particularly, the peptides incorporating unnatural
© a-AAs can resist hydrolysis of proteinases and usually exhibit interesting pharmacological activity'. In addition,
. they are also used as the chiral catalysts and ligands?. Therefore, the chemical synthesis of these valuable com-
. pounds has received tremendous interests®. Traditionally, acquirement of optically active unnatural a-AAs is
. through chemical and enzymatic resolutions of the corresponding racemates. As development of asymmetric
: synthesis, various useful methods for synthesis of unnatural «-AAs have been developed, and the common
strategies include the asymmetric Strecker reaction®®, the enantioselective hydrogenation of dehydroamino
acid precursors’, and the asymmetric alkylation of glycine derivatives employing chiral auxiliaries® or chiral
© phase-transfer catalysts>'®. Considering the widespread availability of natural a-AAs, functionalization on their
side chains through keeping the existing chirality is a very attractive strategy'!. Recently, palladium-catalyzed
- direct C-H functionalization on their side chains of natural a-AAs to access the corresponding unnatural coun-
. terparts has attracted much attention. The Corey'?, Daugulis'® and other groups'*'® have elegantly demonstrated
palladium-catalyzed auxiliary-directed functionalization of the 3-C(sp?)-H bonds of natural chiral a-amino acid
© derivatives using the 8-aminoquinoline N,N-bidentate directing group (Fig. 1a). Inspired by the excellent results,
* palladium-catalyzed directed ~-C(sp®)-H functionalization of natural a-amino acid derivatives has been also
. developed (Fig. 1b)'6. Very recently, Yu and co-workers have described palladium-catalyzed ligand-controlled
C(sp?)-H arylations in synthesis of unnatural chiral a-AAs (Fig. 1c)”. However, several drawbacks are remained
such as harsh reaction conditions and long reaction time, and limited substrate scope and products. The keen
demand for unnatural chiral a-AAs has prompted chemists to explore more efficient and general alternatives.
Recently, visible light photoredox catalysis has recently attracted much attention, and it has emerged as a pow-
. erful activation strategy in new chemical transformations'®-2. Furthermore, some decarboxylative couplings to
* the formation C-C bonds have been developed?*-!. To the best of our knowledge, there is no report on synthesis
. of unnatural chiral o-AAs using natural a-AAs as the precursors under visible light photoredox catalysis thus
far. Herein, we first disclose visible-light photoredox synthesis of unnatural optically pure a-AAs based on the
. derivatives of two genetically coded proteinogenic amino acids, L-aspartic acid and glutamic acid, at room tem-
. perature (Fig. 1d), in which the carboxyls on the side chains of N-Bis(Boc)-Asp-OMe and N-Bis(Boc)-Glu-OMe
. are activated with N-hydroxyphthalimide to get the corresponding active esters (1), N-Bis(Boc)-Asp(OPht)-OMe
. and N-Bis(Boc)-Glu(OPht)-OMe, and treatment of 1 with olefins (2), or alkynyl sulfones (4) provides the target
. products 3 and 5 under visible-light photoredox catalysis.
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Figure 1. Design for synthesis of unnatural chiral a-amino acids from natural o.-amino acids.

(a) The previous palladium-catalyzed directed 8-C-H functionalization of natural amino acid derivatives.
(b) The previous palladium-catalyzed directed -C-H functionalization of natural amino acid derivatives.
(¢) Yu’s palladium-catalyzed ligand-controlled 3-C-H arylations of alanine derivative. (d) Our strategy on
decarboxylative couplings of aspartic acid and glutamic acid derivatives under visible-light assistance.

Results and Discussion

Synthesis of compounds 3a-bm. At first, N-Bis(Boc)-Asp(OPht)-OMe (1a) was applied as the chi-
ral source and radical precursor, 1-phenylprop-2-en-1-one (2a) as the radical receptor to optimize reaction
conditions including photocatalysts, solvents, atmosphere, and time (see Supplementary Materials for the
details), and the results showed that the optimal conditions for the decarboxylative coupling are as follows:
1mol% [Ru(bpy);]Cl, as the photocatalyst, dichloromethane (DCM) as the solvent in the presence of diiso-
propylethylamine (DIPEA) and Hantzsch ester (HE) under vacuum and irradiation of visible light at room
temperature. With the optimized photoredox conditions in hand, we next evaluated the scope of olefins as
the radical acceptors, including o, 3-unsaturated ketones, esters, amides and a sulfone (using N-Bis(Boc)-
Asp(OPht)-OMe (1a) as the chiral source and radical precursor) (Fig. 2). For ,3-unsaturated ketones with
aryl, the substrates containing electron-donating groups on the aryl rings provided higher yields than those
containing electron-withdrawing groups (see 3a-1 in Fig. 2). The «,(-unsaturated ketones with aliphatic
alkyls also exhibited good reactivity (see 3m-o in Fig. 2), but the internal alkene was slightly weaker than
terminal alkenes (compare 3n and 30 in Fig. 2). Three o, 3-unsaturated esters were employed as the radical
acceptors (see 3p-r in Fig. 2), and the substrate with a-phenyl provided the highest yield (see 3r in Fig. 2).
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Figure 2. Substrate scope for decarboxylative couplings of N-Bis(Boc)-Asp(OPht)-OMe (1a) with
olefins (2). *Reaction conditions: under vacuum and irradiation of visible light, N-Bis(Boc)-Asp(OPht)-OMe
(1a) (0.10 mmol using ketones or esters as the partners; 0.15 mmol using amides as the partners), olefin

(2) (0.15 mmol for ketones and esters; 0.10 mmol for amides), [Ru(bpy);]Cl, (1.0 umol), diisopropylethylamine
(DIPEA) (0.25 mmol), Hantzsch ester (HE) (0.15 mmol), DCM (1.0 mL), temperature (rt, ~25°C), time (1-5h)
in a sealed Schlenk tube. "Isolated yield.

Furthermore, a,3-unsaturated amides were also suitable radical acceptors (see 3s-af in Fig. 2). For the sub-
strates made from primary arylamines, affect of the substituents on the aryl rings was not evident (see 3s-ad
in Fig. 2). The substrates from aliphatic amines displayed slightly weaker reactivity (see 3ae and 3af in Fig. 2).
We attempted a o, -unsaturated sulfone, and it afforded the corresponding target product in 72% yield (see
3ag in Fig. 2). The visible-light photoredox decarboxylative couplings exhibited excellent tolerance of func-
tional groups including amides, esters, ethers, C-F, C-Cl, C-Br bonds and cyan in the substrates. Further,
we investigated N-Bis(Boc)-Glu(OPht)-OMe (1b) as the chiral source and radical precursor using the same
olefins (Fig. 3). To our pleasure, the dacarboxylative couplings exhibited similar results to the reactions from
N-Bis(Boc)-Asp(OPht)-OMe (1a). Therefore, the present method showed effective commonality which pro-
vides opportunity for construction of diverse chiral amino acids.

We investigated whether the dacarboxylative couplings above led to racemization of unnatural a-amino acid
derivatives (3a-bm). At first, three racemates, Rac-3a, Rac-3s and Rac-3w, were prepared, and then the three race-
mates, 3a, 3s and 3w in Fig. 2 were determined by HPLC with ID-H chiral column using n-hexane/isopropanol
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Figure 3. Substrate scope for decarboxylative couplings of N-Bis(Boc)-Glu(OPht)-OMe (1b) with
olefins (2). *Reaction conditions: under vacuum and irradiation of visible light, N-Bis(Boc)-Glu(OPht)-OMe
(1b) (0.10 mmol using ketones or esters as the partners; 0.15 mmol using amides as the partners), olefin

(2) (0.15mmol for ketones and esters; 0.10 mmol for amides), [Ru(bpy);]Cl, (1.0 umol), diisopropylethylamine
(DIPEA) (0.25 mmol), Hantzsch ester (HE) (0.15 mmol), DCM (1.0 mL), temperature (rt, ~25°C), time (1-5h)
in a sealed Schlenk tube. "Isolated yield.

(90:10) as the mobile phase (column pressure =42 bar, flow rate = 1 ml/min), and the results exhibited that no
racemization was observed in the synthesis of unnatural chiral a-amino acids (see Supplementary Information
for the details).

Synthesis of compounds 5a-n. Inspired by the excellent results above, we continued synthesis of diverse
unnatural chiral a-AAs. As shown in Fig. 4a, decarboxylative alkynylation of aspartic acid and glutamic acid
derivatives with alkynyl sulfones was investigated. The corresponding c-AAs (5a-n) containing alkynyls were pre-
pared in good yields, and the substrates with electron-donating groups on the aryl rings displayed slightly higher
reactivity than those with electron-withdrawing groups. The method showed tolerance of functional groups
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a Decarboxylative alkynylation of aspartic acid and glutamic acid derivatives (1)
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Figure 4. Substrate scope for decarboxylative alkynylation, alkenylation and arylation of L-aspartic acid and
glutamic acid derivatives (1). (a) Decarboxylative alkynylation of aspartic acid and glutamic acid derivatives (1).
(b) Decarboxylative alkenylation of aspartic acid and glutamic acid derivatives (1). (c¢) Decarboxylative coupling
of aspartic acid or glutamic acid derivatives (1) with 2-isocyanobiphenyl. ‘Reaction conditions: under vacuum and
irradiation of visible light, N-Bis(Boc)-Asp(OPht)-OMe (1a) or N-Bis(Boc)-Glu(OPht)-OMe (1b) (0.15 mmol
using alkynyl sulfones or 2-isocyanobiphenyl as the partners; 0.10 mmol using alkenyl sulfone as the partner),
alkynyl sulfone (4) (0.10 mmol), alkenyl sulfone (6) (0.15 mmol), 2-isocyanobiphenyl (8) (0.10 mmol),
[Ru(bpy);]Cl, (1.0 pumol), DIPEA (0.25 mmol), HE (0.15mmol), DCM (1.0 mL), temperature (rt, ~25°C), time
(2-4h) in a sealed Schlenk tube. "Isolated yield.

such as ethers, C-F, C-Cl and C-Br bonds in the substrates. Occurrence of alkynes in the prepared unnatural
chiral a-AAs affords opportunity for their further modification.

Synthesis of compounds 7a, 7b, 9a and 9b.  Furthermore, we extended reactions of aspartic acid and
glutamic acid derivatives (1). As shown in Fig. 4b, coupling of 1 with alkenyl sulfone 6 afforded the correspond-
ing chiral a-AAs (7a and 7b) containing alkene in 70% and 71% yields, respectively. When 2-isocyanobiphenyl
8 was used as the partner, chiral a-AAs (9a and 9b) with phenanthridine were obtained in good yields (Fig. 4c).
The results above exhibit that the present strategy using aspartic acid and glutamic acid derivatives as the chiral
sources and radical precursors can provide diverse unnatural chiral a-AAs for various fields at a lower cost.

A plausible mechanism on the visible-light photoredox decarboxylative couplings of aspartic acid and glu-
tamic acid derivatives is suggested in Fig. 5 according to the results above and the previous references'®-!.
Here, decarboxylative coupling of N-Bis(Boc)-Asp(OPht)-OMe (1a) was chosen as the example. Irradiation of
Ru(bpy);*" with visible light gives the excited-state [Ru(bpy);*"]*, and the photoexcited catalyst was reduced by
Hantzsch ester (HE) or diisopropylethylamine (DIPEA) to afford Ru(bpy); ", in which HE or DIPEA changes into
A or A. Treatment of 1a with Ru(bpy);™ gives radical anion B regenerating catalyst Ru(bpy);>*, and subsequent
elimination of phthalimide anion (C) and CO, from B provides radical D. Addition of D to olefin (2) leads to
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Figure 5. A plausible mechanism for decarboxylative couplings of aspartic acid derivative (1a) under
visible-light assistance.

radical E, and reaction of E with A gives product 3 freeing F. On the other hand, reaction of D with alkynyl sul-
fone (4) donates radical intermediate G,?® and dissociation of radical H from G affords product 5.

In conclusion, we have developed novel and efficient approaches to unnatural chiral a-amino acids at room
temperature under visible-light assistance, in which 83 unnatural chiral a-amino acids containing ketones,
esters, amides, alkynes, alkene and phenanthridine on the side chains were prepared in good to excellent
yields. The protocol uses two readily available genetically coded proteinogenic amino acids, L-aspartic acid and
glutamic acid derivatives, as the chiral sources and radical precursors, olefins, alkynyl and alkenyl sulfones, and
2-isocyanobiphenyl as the radical acceptors, and the reactions exhibited excellent tolerance of functional groups.
The strategy of keeping chiral a-carbon configuration great decreases cost, improves efficiency and declines
waste. Therefore, the present researches pave the way for future synthesis of biological and pharmaceutical mol-
ecules containing amino acid and peptide fragments, and we believe that the present strategy will find wide
applications in various fields.

Methods

General procedure for synthesis of compounds 3a-bm. To a 25-mL Schlenk tube equipped with
a Teflon septum and magnetic stir bar were added [Ru(bpy);]Cl, (1.0 pmol, 0.78 mg), N-Bis(Boc)-Glu(OPht)-
OMe (1b) (0.10-0.15mmol) (using 1b as the substrate), olefins (2) (0.10-0.15mmol, if solid) (see Fig. 3 for
amount of 1b and 2) and Hantzsch ester (HE) (0.15mmol, 38 mg). The tube was evacuated and back-filled with
nitrogen for three cycles and then sealed under an atmosphere of nitrogen. N-Bis(Boc)-Asp(OPht)-OMe (1a)
(0.10-0.15 mmol) (using 1a as the substrate), olefins (2) (0.10-0.15 mmol, if liquid) (see Fig. 2 for amount of 1a
and 2) and DIPEA (0.25 mmol, 42 pL, 32.3 mg) were dissolved in 1.0 mL of dichloromethane (DCM), and then
the solution was added to the tube by syringe. The resulting solution was freezed with liquid nitrogen, and the
tube was degassed by alternating vacuum evacuation then allowing it to warm to room temperature for three
cycles. The tube was irradiated with a 40 W fluorescent lamp at room temperature (approximately 2 cm away from
the light source). After the complete conversion of the substrates (monitored by TLC), the reaction mixture was
diluted with 20 mL of EtOAc, and the solution was filtered by flash chromatography. The filtrate was evaporated
by rotary evaporator, and the residue was purified by silica gel column chromatography or preparative thin layer
chromatography (pTLC) to give the desired product (3a-bm).
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General procedure for synthesis of compounds 5a-n and 7a,b. To a 25-mL Schlenk tube
equipped with a Teflon septum and magnetic stir bar were added [Ru(bpy);]Cl, (1.0 pmol, 0.78 mg),
N-Bis(Boc)-Glu(OPht)-OMe (1b) (0.10-0.15 mmol) (using 1b as the substrate, see Fig. 4 for amount of 1b), alky-
nyl sulfone (4) (0.10 mmol) or alkenyl sulfone (6) (0.15 mmol, 48 mg) and Hantzsch ester (HE) (0.15 mmol, 38 mg).
The tube was evacuated and back-filled with nitrogen for three cycles and then sealed under an atmosphere of
nitrogen. N-Bis(Boc)-Asp(OPht)-OMe (1a) (0.10-0.15mmol) (using 1a as the substrate, see Fig. 4 for amount of
1a) and DIPEA (0.25 mmol, 42 uL, 32.3 mg) were dissolved in 1.0 mL of dichloromethane (DCM), and then the
solution was added to the tube by syringe. The resulting solution was freezed with liquid nitrogen, and the tube
was degassed by alternating vacuum evacuation then allowing it to warm to room temperature for three cycles.
The tube was irradiated with a 40 W fluorescent lamp at room temperature (approximately 2 cm away from the
light source). After the complete conversion of the substrates (monitored by TLC), the reaction mixture was
diluted with 20 mL of EtOAc, and the solution was filtered by flash chromatography. The filtrate was evaporated
by rotary evaporator, and the residue was purified by silica gel column chromatography or preparative thin layer
chromatography (pTLC) to give the desired product (5a-n or 7a,b).

General procedure for synthesis of compounds 9a,b.  To a 25-mL Schlenk tube equipped with a Teflon
septum and magnetic stir bar were added [Ru(bpy);]Cl, (1.0 pmol, 0.78 mg) and N-Bis(Boc)-Glu(OPht)-OMe
(1b) (0.15 mmol) (using 1b as the substrate). The tube was evacuated and back-filled with nitrogen for three
cycles and then sealed under an atmosphere of nitrogen. N-Bis(Boc)-Asp(OPht)-OMe (1a) (0.15 mmol) (using
1a as the substrate), 2-isocyanobiphenyl (8) (0.10 mmol, 19.3 mg) and DIPEA (0.25 mmol, 42 uL, 32.3 mg) were
dissolved in 1.0 mL of dichloromethane (DCM), and then the solution was added to the tube by syringe. The
resulting solution was freezed with liquid nitrogen, and the tube was degassed by alternating vacuum evacuation
then allowing it to warm to room temperature for three cycles. The tube was irradiated with a 40 W fluorescent
lamp at room temperature (approximately 2 cm away from the light source). Some suspended solids appeared
during the reaction. After the complete conversion of the substrates (monitored by TLC), the reaction mixture
was diluted with 20 mL of EtOAc, and the solution was filtered by flash chromatography. The filtrate was evapo-
rated by rotary evaporator, and the residue was purified by silica gel column chromatography or preparative thin
layer chromatography (pTLC) to give the desired product (9).

References
1. Hughes, A. B. Amino Acids, Peptides and Proteins in Organic Chemistry (Wiley-VCH, Weinheim, 2009).
2. Coppola, G. M. & Schuster, H. E. Asymmetric Synthesis: Construction of Chiral Molecules Using Amino Acids (Wiley: New York,
1987).
3. Nijera, C. & Sansano, J. M. Catalytic asymmetric synthesis of c-amino acids. Cherm. Rev. 107, 4584-4671 (2007).
4. Blaskovich, M. A. Handbook on Syntheses of Amino Acids: General Routes for the Syntheses of Amino Acids (Oxford University Press:
New York, ed. 1, 2010).
5. Groger, H. Catalytic enantioselective Strecker reactions and analogous syntheses. Chem. Rev. 103, 2795-2828 (2003).
6. Wang, ], Liu, X. & Feng, X. Asymmetric Strecker reactions. Chem. Rev. 111, 6947-6983 (2011).
7. Tang, W. & Zhang, X. New chiral phosphorus ligands for enantioselective hydrogenation. Chem. Rev. 103, 3029-3070 (2003).
8. Abellan, T. et al. Glycine and alanine imines as templates for asymmetric synthesis of alpha-amino acids. Eur. J. Org. Chem. 2000,
2689-2697 (2000).
9. O’'Donnell, M. J. The enantioselective synthesis of alpha-amino acids by phase-transfer catalysis with achiral Schiff base esters. Acc.
Chem. Res. 37, 506-517 (2004).
10. Hashimoto, T. & Maruoka, K. Recent development and application of chiral phase-transfer catalysts. Chem. Rev. 107, 5656-5682
(2007).
11. Deboves, H. J. C., Montalbetti, C. A. G. N. & Jackson, R. F. W. Direct synthesis of Fmoc-protected amino acids using organozinc
chemistry: application to polymethoxylated phenylalanines and 4-oxoamino acids. J. Chem. Soc., Perkin Trans. 1, 1876-1884 (2001).
12. Reddy, B. V. S., Reddy, L. R. & Corey, E. J. Novel acetoxylation and C-C coupling reactions at unactivated positions in a-amino acid
derivatives. Org. Lett. 8, 3391-3394 (2006).
13. Tran, L. D. & Daugulis, O. Nonnatural amino acid synthesis by using carbon-hydrogen bond functionalization methodology.
Angew. Chem. Int. Ed. 51, 5188-5191 (2012).
14. Zhang, S.-Y., Li, Q, He, G., Nack, W. A. & Chen, G. Stereoselective synthesis of 3-alkylated c-amino acids via palladium-catalyzed
alkylation of unactivated methylene C(sp?)-H bonds with primary alkyl halides. . Am. Chem. Soc. 135, 12135-12141 (2013).
15. Zhang, Q. et al. Stereoselective synthesis of chiral c.-amino-{3-lactams through palladium(II)-catalyzed sequential monoarylation/
amidation of C(sp®)-H bonds. Angew. Chem. Int. Ed. 52, 13588-13592 (2013).
16. Rodriguez, N., Romero-Revilla, J. A., Ferndndez-Ibafiez, M. A. & Carretero, J. C. Palladium-catalyzed N-(2-pyridyl)sulfonyl-
directed C(sp®)-H ~-arylation of amino acid derivatives. Chem. Sci. 4, 175-179 (2013).
17. He, J. et al. Ligand-controlled C(sp?)-H arylation and olefination in synthesis of unnatural chiral a-amino acids. Science 343,
1216-1220 (2014).
18. Prier, C. K, Rankic, D. A. & MacMillan, D. W. C. Visible light photoredox catalysis with transition metal complexes: applications in
organic synthesis. Chem. Rev. 113, 5322-5363 (2013).
19. Narayanam, J. M. R. & Stephenson, C. R. J. Visible light photoredox catalysis: applications in organic synthesis. Chem. Soc. Rev. 40,
102-113 (2011).
20. Yoon, T. P, Ischay, M. A. & Du, J. Visible light photocatalysis as a greener approach to photochemical synthesis. Nat. Chem. 2,
527-532(2010).
21. Zeitler, K. Photoredox catalysis with visible light. Angew. Chem. Int. Ed. 48, 9785-9789 (2009).
22. Xuan, J. & Xiao, W.-J. Visible-light photoredox catalysis. Angew. Chem. Int. Ed. 51, 6828-6838 (2012).
23. Hari, D. P. & Konig, B. The photocatalyzed meerwein arylation: classic reaction of aryl diazonium salts in a new light. Angew. Chem.
Int. Ed. 52,4734-4743 (2013).
24. Schnermann, M. J. & Overman, L. E. A concise synthesis of (-)-aplyviolene facilitated by a strategic tertiary radical conjugate
addition. Angew. Chem. Int. Ed. 51, 9576-9580 (2012).
25. Lackner, G. L., Quasdorf, K. W. & Overman, L. E. Direct construction of quaternary carbons from tertiary alcohols via photoredox-
catalyzed fragmentation of tert-alkyl N-phthalimidoyl oxalates. J. Am. Chem. Soc. 135, 15342-15345 (2013).
26. Lang, S. B., O'Nele, K. M. & Tunge, J. A. Decarboxylative allylation of amino alkanoic acids and esters via dual catalysis. . Am. Chem.
Soc. 136, 13606-13609 (2014).

SCIENTIFICREPORTS | 6:26161 | DOI: 10.1038/srep26161 7



www.nature.com/scientificreports/

27. Leung, J. C. T,, Chatalova-Sazepin, C., West, J. G., Rueda-Becerril, M., Paquin, J.-FE & Sammis, G. M. Photo-fluorodecarboxylation
of 2-aryloxy and 2-aryl carboxylic acids. Angew. Chem. Int. Ed. 51, 10804-10807 (2012).

28. Yang, ], Zhang, J., Qi, L., Hu, C. & Chen, Y. Visible-light-induced chemoselective reductive decarboxylative alkynylation under
biomolecule-compatible conditions. Chem. Commun. 51, 5275-5278 (2015).

29. Noble, A. & MacMillan, D. W. C. Photoredox a-vinylation of a-amino acids and N-aryl amines. J. Am. Chem. Soc. 136, 11602-11605
(2014).

30. Zuo, Z. et al. Merging photoredox with nickel catalysis: Coupling of a-carboxyl sp*-carbons with aryl halides. Science 345, 437-440
(2014).

31. Zuo, Z. & MacMillan, D. W. C. Decarboxylative arylation of a-amino acids via photoredox catalysis: a one-step conversion of
biomass to drug pharmacophore. J. Am. Chem. Soc. 136, 5257-5260 (2014).

Acknowledgements
Financial support for this work was provided by the National Natural Science Foundation of China (Grant Nos
21372139 and 21221062), and Shenzhen Sci & Tech Bureau (CXB201104210014A).

Author Contributions
M.J. and H.F. conceived and design this subject, M.J. and Y.J. conducted the experimental work, M.]., H.Y. and
H.E analysed the results, M.J. and H.E co-wrote the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Jiang, M. et al. Visible-light photoredox synthesis of unnatural chiral a-amino acids.
Sci. Rep. 6,26161; doi: 10.1038/srep26161 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

= or other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 6:26161 | DOI: 10.1038/srep26161 8


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Visible-light photoredox synthesis of unnatural chiral α-amino acids
	Introduction
	Results and Discussion
	Synthesis of compounds 3a-bm
	Synthesis of compounds 5a-n
	Synthesis of compounds 7a, 7b, 9a and 9b

	Methods
	General procedure for synthesis of compounds 3a-bm
	General procedure for synthesis of compounds 5a-n and 7a,b
	General procedure for synthesis of compounds 9a,b

	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Visible-light photoredox synthesis of unnatural chiral α-amino acids
            
         
          
             
                srep ,  (2016). doi:10.1038/srep26161
            
         
          
             
                Min Jiang
                Yunhe Jin
                Haijun Yang
                Hua Fu
            
         
          doi:10.1038/srep26161
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep26161
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep26161
            
         
      
       
          
          
          
             
                doi:10.1038/srep26161
            
         
          
             
                srep ,  (2016). doi:10.1038/srep26161
            
         
          
          
      
       
       
          True
      
   




