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By using click-triazoles as a conveniently approachable and removable directing group, the
direct palladium-catalyzed C(sp’)-H arylation of amino acid derivatives with various aryl

iodides bearing different electronic properties has been achieved. Notably, the desired amino

acid molecular can be obtained by the cleavage of the tethered click-triazoles after the catalytic

reaction, which aims to provide a practical protocol for the accessibility of both nature and

synthetic amino acids.

Introduction

Optically active unnatural amino acids are important structural
motifs of pharmaceutical agents and biologically active
compounds.’ With the fast development of protein engineering
and the discovery amino acid-based drugs, synthesis of high
enantiopurity amino acids derivatives has attracted considerable
attention over the past decades. Traditionally, unnatural amino
acids can be obtained through enzymatic resolutions of the
corresponding racemates or through asymmetric synthesis.
While considering the extensive availability of natural amino
acids, a new approach of transition-metal-catalyzed direct C-H
functionlizations to access their unnatural counterparts is in
rapid development.?

Transition-metal-catalyzed C-H functionalization represents
one of the most powerful methods for the direct conversion of
ubiquitous C-H bonds into diverse functional groups selectively
in organic synthesis over the past decades.’ Most efforts in this
field have been focused on the activation of C(sp®)-H bonds of
(hetero)arenes for the formation of new C-X bonds (X = C, O,
N, F, Cl, Br, I, Si, P, B et .':11.).4 In comparison, the direct
functionalization of unreactive C(sp’)-H remains challenging,
mainly due to the inertness of most C(sp’)-H bonds and the
related difficulties in regioselective functionalization.” To the
best of our knowledge, the most common strategies for
addressing the aforementioned problem involves the utilization
of directing group that could coordinate to a metal center and
thus deliver the catalyst to the desired C-H bond, which in
general formed a thermodynamically stable five- or six-
membered metallacyclic intermediate. Comparing with the
monodentate directing group generally works on C(sp®)-H
activation, the bidentate directing groups have recently been
demonstrated that they are able to promote metal-catalyzed
C(sp*)-H bond activation(Scheme 1). In 2005, Daugulis and
coworkers first described the Pd-catalyzed (- arylation of
carboxylic acid and the y- arylation of amine derivatives by
employing 8-aminoquinoline and picolinamide auxiliary as the
directing groups.6 This methodology has gradually been applied
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to the preparation of synthetic amino acids, which have broad
applications in drug discovery and biotechnology. It’s worth
noting that Corey and coworkers demonstrated the pioneering
examples of B- and y- functionalization of N-phthaloyl-a-amino
amides with the similar strategy.” An another elegant study
reported by Chen and coworkers on the Pd-catalyzed
picolinamide-directed C(sp’)-H bond functionalization, in
which some cases of y-arylation of natural amino acids were
described with moderate to excellent yields.® Other bidentate
directing groups like N-(2-pyridyl)sulfamide, 2-
methoxyiminoacetyl and 2-(pyridine-2- yl)propan-2-amine
introduced by Carretero’, Ma'®, and Shi'' respectively have
showed the great reactivity in the palladium-catalyzed arylation
of amino acid derivatives.
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Scheme 1. Different bidentate directing groups for the arylation
of amino acid derivatives

In spite of these achievements in the functionalization of
natural amino acids, there is still much more room for further
improvements regarding catalytic efficiency of the process, the
scope of the amino acids, as well as designing easy accessible
yet novel directing groups.12 Recently, the‘click-1,2,3-triazole’
unit has emerged as a chelator showing great potential for metal
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coordination, and many metal ions like Cu, Ru, Pd, etc. have
been successfully explored. Our group also designed some solid
catalysts based on the utilization of the versatile click-triazole,
which not only works as a stable linker to graft catalysts onto
the supports but also as a good chelator to participate in the
catalytic reactions.” Inspired by these attractive finding, we
wish to report a palladium-catalyzed C(sp3)-H arylation of
amino acid derivatives by employing click-1,2,3-triazoles as the
removable directing group, which are easily accessible through
copper(l)-catalyzed 1,3-dipolar Huisgen cycloaddition between
substituted alkynes and azides.

Results and discussion

At the outset, a representative set of novel amino acids
benzamides la containing 1,2,3-triazoles through [3+2]
Huisgen cycloaddition under mild conditions was prepared(For
details, please see ESI)“. With la as the model substrate, the
condition optimization for Pd(II)-catalyzed C(sp’) -H arylation
was carried out, and results were summarized in Table 1.
Gratifyingly, the combination of 1a with 10 mol% Pd(OAc),,
AgOAc (1.5 equiv.) and 1-iodo-4-methoxybenzene (2a, 1.5
equiv.) at 100 C in 1,2-dichloroethane (DCE) can afford the
desired product 3aa in 39% yield (entry 1). With the initial
result, we then testified the solvent effect in this transformation.
For those solvents such as 0-xylene, toluene, DMF, DMSO, t-
BuOH, t-Amyl-OH, there is no apparent improvement in terms
of reaction yield (entries 2-6). Yet, when 1,1,1,3,3,3-
hexafluoroisopropanol (HFIP) was employed as the solvent, the
desired product could be achieved in 93% yield (entry 7). In
addition, other palladium catalysts and oxidant were also
screened, which were unable to yield the desired product with
competitive yield (entries 8-10). Generally Pd(TFA), shows
higher catalytic activity than Pd(OAc), in the C-H bond
activation reaction, but in this catalytic system the ligand
exchange step may to reduce its catalytic activity. By switching
from AgOAc to other silver salts like Ag,COj;, AgNO; or
AgSbFg, decreased yields were observed (entries 11-14, For
details, please see ESI). This result is in agreement with
findings by Ma and coworkers.'’

Table 1 Optimization of reaction conditions?

TAH TAH

@EE bl @ iy CEE @H
T sovent
100°C5h
Entry Catalyst Additive Solvent Yleld (%)"
1 Pd(OAc), AgOAc DCE 39
2 Pd(OAc), AgOAc DMF trace
3 Pd(OAc), AgOAc 0-xylene ND°
4 Pd(OAc), AgOAc toluene ND
5 Pd(OAc), AgOAc t-BuOH 24
6 Pd(OAc), AgOAc t-AmylOH 31
7 Pd(OAc), AgOAcC HFIP 93
8 Pd(TFA), AgOAc HFIP 50
9 PdCl, AgOAc HFIP 57
10 Pd(PPhs), AgOAc HFIP trace
11 Pd(OAc), Ag,CO; HFIP 27
12 Pd(OAc), AgNO; HFIP 15
13 Pd(OAc), AgSbFg HFIP ND
14 Pd(OAc), Ag,0 HFIP ND
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& The reactions were conducted as follows unless otherwise noted: 1a
(0.20 mmol), Pd(OAc), (10.0 mol%), 2a (0.30 mmol), additive (0.30
mmol), solvent (1 mL), 5 h.° Determined by *H NMR spectroscopy
using 1,3,5-trimethoxybenzene as an internal standard. ° Not
detected.

With the optimal reaction conditions in hand, we next
examined the substrate scope of different aryl iodides and the
results were summarized in Table 2. In general, the
demonstrated transformation was found to be compatible with a
variety of aryl iodides bearing either electron-withdrawing or
electron-donating groups, providing the corresponding arylated
products with 68-90% isolated yields. For example, fluoro
(entry 3ae), chloro (entry 3af), bromo (entry 3ag), nitro (entries
3ai - 3ak), and ester (entry 3an) groups are excellent tolerated,
which are convenient handles for further functionality. The
electronic property of the aryl iodides has an effect on its
reactivity toward arylation. Generally, electron-deficient aryl
iodides (entries 3ae-3an) provided better yields than electronic-
rich aryl iodides (entries 3aa-3ac), probably due to electron-
deficient aryl iodides are favorable to the reductive elimination
step. While steric factors may not play an important role in the
reaction reactivity (entries 3ai - 3ak). For reactions using less
effective arylating reagents, more catalysts (entry 3ap) and
prolonged reaction time (entries 3ac, 3ap) were required.
However, heteroaryl iodides like 2-iodothiophene and 2-
iodopyridine can’t transform smoothly for heteroatoms in
heterocycles coordinate strongly to Pd(II) catalysts and result in
catalyst poisoning.

Table 2 Pd(II)-catalyzed arylation of 1a with aryl iodides®
0 o TAH
E»NH _PA(OAC), (100 mol%) : :i E:NH
: N + A
)

AgOAc (1.5 equiv)
HFIP 100°C 5 h

1a 2
Entry Ar Product Yield(%)

1 4-MeOC¢H4 3aa 80
2 2-MeOC4H,4 3ab 76
3 4-EtOCeH,4 3ac 75°
4 CeHs 3ad 83
5 4-FC¢H, 3ae 84
6 4-CIC6H4 3af 83
7 4-BrCqH,4 3ag 86
8 2-F-4-BrCqHs 3ah 87
9 4-NO,C¢Hy4 3ai 90
10 3-NO,CH,4 3aj 86
11 2-NO,C¢Hy 3ak 88
12 4-CH;COCqH,4 3al 82
13 4-CF;C¢Hy 3am 80
14 4-MeO,CC¢H, 3an 76
15 4-PhenylCsHy4 3ao0 82
16 1-naphthyl 3ap 68~

#The reactions were conducted with 0.40 mmol of 1a, Pd(OAc),
(10.0 mol%), 2 (0.60 mmol), AgOAc(0.60 mmol), HFIP(2 mL) and
stirred at 100 °C for 5h unless other noted. "Isolated yield. °12 h.
Pd(OACc),(20.0 mol%) was used.

The present reaction was next applied to other substituted N-
phthaloylalanine triazolylmethylhexyl(TAH) amide derivatives
(Table 3). When 1b was used as the substrate under the optimal
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conditions, though there are two methyl groups that are able to
undergo arylation, the monoarylated product 3bj was isolated
in 70% yield. To our delight, the arylation of - amino acid 3-
aminoisobutyric acid derivative 1c was also accessible, thus
yielding the formation of 3cg in 82% yield. The cheeringly
result indicated that this method can also be applied to the
arylation of - amino acid derivatives, which are key structural
motifs of peptides and pharmaceutically important compounds.
However, other amino acid derivatives like 2-amino-2-
phenylacetic  acid(1d), 2-aminobutanoic  acid(le) or
phenylalanine(1f) couldn’t be arylated in this reaction. It may
formed a five-membered cyclopalladated intermediate Pd(II) in
the reaction, not the six-membered or seven membered ring
cyclopalladated intermediate.

Table 3. Pd(IT)-catalyzed arylation of substituded N-
phthaloylalanine-TAH amide derivatives®

TAH
@ % d @fé % NQH
—_—
3bj 70% 02
3cg 82%
[¢] [e] o]
[¢] [¢] (o}
N _TAH N _TAH N _TAH
N N N
o) H o H o H
1d ND 1e ND 1f ND

*The reactions were conducted with 0.40 mmol of 1, Pd(OAc), (10.0
mol%), 2(0.60 mmol), AgOAc(0.60 mmol), HFIP(2 mL) and stirred
at 100 C for 5h. ND = Not Detected.
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3ai 93%, 1.41g, >96%ee

Pd(OAc)2 10 mol%
AgOAc, HFIP
100 °C, 24 h
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Scheme 2. Removal of the TAH group

To highlight the synthetic utility of this process in non-
natural amino acid synthesis, we then explored the gram-scale
synthesis of 4ai by using this protocol and removed the TAH

directing group under mild conditions.*® As shown in Scheme 2:

we were pleased to find that although the Pd-catalyzed
arylation reactions were generally run on a 0.40 mmol scale, a
3.0 mmol scale reaction provided 3ai with high yield(93%,
1.41g) and excellent enantiopurity(>96% ee). Then the TAH
directing group could be removed in high yield with N-
phthaloylphenylalanine methyl ester 4ai being obtained in
86%(0.86g) isolated  yield and  2-((((9H-fluoren-9-
yDmethoxy)carbonyl)amino)-3-(4-nitrophenyl)propanoic  acid
5ai can be obtained in 49%(0.51g) with simple treatment thus
demonstrating the synthetically useful of the protocol.

This journal is © The Royal Society of Chemistry 2012

On the basis of the above observations and other literatures®, we
proposed a plausible mechanism for the palladium-catalyzed C(sp®)-
H arylation of amino acid derivatives(Scheme 3). Similar to
previously reported Pd-catalyzed N,N-bidentated-directed C-H
functionalization systems, the TAH-directed arylation reaction likely
proceeds through a Pd"™" catalytic cycle involving C—H palladation,
oxidative addition(OA), and reductive elimination (RE). First,
coordination of Pd(II) with the N,N-bidentate directing group
triggered the methyl C-H palladation and formed a cyclopalladation
intermediate  Pd(II), then the five-membered cyclopalladated
intermediate Pd(II) was oxidized to a high-valent Pd intermediate
Pd(IV), which undergone ligand exchange progress. Subsequently,
the arylated product was formed by following reductive elimination
and released Pd(II) catalyst, thus completing the whole catalytic
redox cycle.

Substrate

rylated Pd(II)

~Hexyl
O, /—(/\N
N

N N7
PhthN
Pd\OAc

H

product

C-H palladatio

Y N - Hexyl
/_(\ o /_(/\ : —Hexyl

PhthNuw- dll -
~0Ac (1) N N
PhthNim- Pd”
Af “0Ac

RE Y N,Hexyl Arl
o} N OA

N | N7
PhthNum- v
s “OAc

Scheme 3. Plausible reaction mechanism

Conclusions

In summary, an effective Pd(I)-catalyzed C(sp>)-H arylation of
amino acid derivatives using removable 1,2,3-triazoles as
removable directing group was developed. The demonstrated
protocol could be applied to synthesis some unnatural amino
acids in moderate to high yield and has shown high level
compatibility with a variety of functional groups. Further
researches to extend the applications of click-triazoles directing
group in the C-H activation filed are currently underway.

Experimental

The amino acid derivatives were synthesized according to the
procedure reported in the literature. >

J. Name., 2012, 00, 1-3 | 3



Organic & Biomolecular Chemistry

General procedure for Pd(ll)-catalyzed C(sp®)-H arylation of
amino acid derivatives.

Pd(OAc), (9.0mg, 0.04 mmol, 10 mol%), AgOAc (99.6mg, 0.60
mmol, 150 mol%) , l-iodo-4-methoxybenzene (140.4mg, 0.60
mmol, 150 mol%), amino acid derivative 1a (153.3 mg, 0.4 mmol,
100 mol%), HFIP(2 mL) were introduced into a 15 mL seal tube
equipped with a magnetic stirrer in air. The mixture was fiercely
stirred at 100 °C for 5 h. After cooling to room temperature, the
reaction was diluted with ethyl acetate (15 mL) and then filtered
through a pad of Celite and washed by ethyl acetate (50 mL). The
organic solvent was evaporated under vacuum and the crude product
was purified by column chromatograph using silica gel with n-
hexane/ethyl acetate (v/v 1:2) as eluent to providing the
corresponding product 3aa (156.5 mg) in 80% yield.

3aa: 'H NMR (500 MHz, CDCly): & 0.89(s, 3H), 1.32(s, 6H),
1.91(s, 2H), 3.43(t, J = 11.0 Hz, 1H), 3.53(d, J = 10.5 Hz, 1H),
3.68(s, 3H). 4.34(s, 2H), 4.57(s, 2H), 5.06(s, 1H), 6.67(d, J="7.5 Hz,
2H), 7.03(d, J = 7.5 Hz, 2H), 7.66(s, 2H), 7.72(s, 2H), 7.79(s, 1H),
7.91(s, 1H). *C NMR (125 MHz, CDCL3): § 13.9, 22.3, 26.0, 29.8,
31.0, 33.7, 34.2, 51.5, 55.1, 55.2, 113.9, 123.4, 124.0, 128.6, 129.9,
131.6, 134.1, 158.3, 167.8, 169.1; HRMS (ESI) m/z calcd for
C,7H;31N50, [M]" 489.2449; found 489.2467.

3ab: '"H NMR (500 MHz, CDCL): & 0.90(t, J = 6.5 Hz, 3H),
1.33(s, 6H), 1.92(s, 2H), 3.41(dd, J; = 13.5 Hz, J, = 10.5 Hz, 1H),
3.60(dd, J; = 13.5 Hz, J, = 4.5 Hz, 1H), 3.74(s, 3H), 4.35(t, J="7.5
Hz, 2H), 4.61(s, 2H), 5.26(dd, J; = 10.5 Hz, J, = 5.5 Hz, 1H), 6.69(t,
J =7.0 Hz, 1H), 6.75(d, J = 7.5 Hz, 1H), 6.98(d, J = 6.0 Hz, 1H),
7.12(t, J = 8.0 Hz, 2H), 7.68(dd, J; = 5.0 Hz, J, = 3.0 Hz, 3H), 7.75(t,
J = 5.5 Hz, 2H). *C NMR (125 MHz, CDCl;): 5 13.9, 22.4, 26.1,
30.0, 30.4, 31.1, 34.8, 51.0, 52.4, 55.2, 110.2, 120.5, 123.3, 125.0,
128.5, 130.9, 131.7, 134.0, 157.5, 167.8, 169.2; HRMS (ESI) m/z
caled for C,;H3 N0, [M]" 489.2449; found 489.2459.

3ac: 'H NMR (500 MHz, CDCLy): & 0.89(t, J = 7.0 Hz, 3H), 1.30-
1.35(m, 9H), 1.88(t, J = 7.0 Hz, 2H), 3.43-3.54(m, 2H), 3.88-3.93(m,
2H), 4.30(t, J = 7.5 Hz, 2H), 4.47-4.56(m, 2H), 5.08(dd, J; = 11.0
Hz, J, = 6.0 Hz, 1H), 6.68(d, J = 8.5 Hz, 2H). 7.03(d, J = 8.5 Hz,
2H), 7.13(t, J= 5.5 Hz, 1H), 7.56(s, 1H), 7.68(dd, J; = 5.5 Hz, J, =
3.0 Hz, 2H), 7.75(dd, J; = 5.5 Hz, J, = 3.0 Hz, 2H). *C NMR (125
MHz, CDCly): 8 13.9, 14.7, 22.4, 26.1, 30.1, 31.1, 33.9, 35.1, 50.6,
55.5, 63.3, 114.6, 122.6, 123.5, 128.4, 129.9, 131.5, 134.2, 144.2,
157.8, 167.9, 168.8; HRMS (ESI) m/z calcd for C,sH33N504 [M]"
503.2605; found 503.2627.

3ad: '"H NMR (500 MHz, CDCls): & 0.89(t, J = 6.5 Hz, 3H),
1.31(s, 6H), 1.86(dd, J; = 13.5 Hz, J, = 7.0 Hz, 2H), 3.49-
3.62(m, 2H), 4.27(t, J = 7.5 Hz, 2H), 4.50(s, 2H). 5.12(q, J =
5.5 Hz, 1H), 7.10-7.16(m, 5H), 7.25(s, 1H), 7.58(s, 1H),
7.66(dd, J; = 5.5 Hz, J, = 3.5 Hz, 2H), 7.73(dd, J; = 5.5 Hz, J;
= 3.5 Hz, 2H). *C NMR (125 MHz, CDCl,): & 13.9, 22.4, 26.1,
30.0, 31.1, 34.6, 51.0, 52.3, 123.4, 126.8, 128.5, 128.9, 131.6,
134.1, 136.8, 167.8, 168.9; HRMS (ESI) m/z calcd for
C,6H,0N505 [M]"459.2343; found 459.2320.

3ae: 'H NMR (500 MHz, CDCly): & 0.90(t, J = 5.5 Hz, 3H),
1.33(s, 6H), 1.90(s, 2H), 3.47-3.59(m, 2H), 4.32(t, J = 7.0 Hz, 2H),
4.54(s, 2H). 5.09(dd, J; = 11.5 Hz, J, = 5.0 Hz, 1H), 6.84(t, J = 8.0
Hz, 2H), 7.10(dd, J; = 8.5 Hz, J, = 6.0 Hz, 2H), 7.60(s, 1H), 7.70(t, J
= 4.0 Hz, 2H), 7.75(t, J = 5.0 Hz, 2H). >*C NMR (125 MHz, CDCl,):
8 13.9, 22.3, 26.1, 30.2, 31.1, 34.1, 35.3, 50.4, 55.2, 120.9, 122.2,
123.6, 130.6, 131.4, 131.8, 134.3, 135.9, 144.2, 167.8, 168.3. "F
NMR (376 MHz, DMSO-dg): 6 -115.75; HRMS (ESI) m/z calcd for
C6H,5FN5O;5 [M]" 477.2249; found 477.2267.

3af: '"H NMR (500 MHz, CDCl3): & 0.90(t, J = 6.5 Hz, 3H), 1.33(s,
6H), 1.92(t, J = 7.0 Hz, 2H), 3.47-3.60(m, 2H), 4.35(t, J = 7.0 Hz,
2H), 4.52-4.62(m, 2H). 5.09(dd, J; = 11.5 Hz, J, = 5.0 Hz, 1H),
7.08(d, J = 8.5 Hz, 2H), 7.12(t, J = 8.5 Hz, 2H), 7.54(s, 1H), 7.67(s,
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1H), 7.70(dd, J; = 6.0 Hz, J, = 3.5 Hz, 2H), 7.76(dd, J, = 5.5 Hz, J,
=2.5 Hz, 2H). *C NMR (125 MHz, CDCl): & 13.9, 22.4, 26.1, 29.9,
31.0,33.9, 34.6, 51.2, 55.0, 123.3, 123.6, 128.7, 130.3, 131.5, 132.7,
134.4, 1352, 143.6, 167.7, 168.6; HRMS (ESI) m/z caled for
C,HasCINsO; [M]" 493.1953; found 493.1939.

3ag: 'H NMR (500 MHz, CDCl;): & 0.89(t, J = 6.0 Hz, 3H),
1.31(s, 6H), 1.86(s, 2H), 3.48-3.58(m, 2H), 4.27(t, J = 6.5 Hz, 2H),
4.47(s, 2H). 5.09(dd, J; = 11.5 Hz, J, = 5.0 Hz, 1H), 7.01(d, J = 8.5
Hz, 2H), 7.26(s, 1H), 7.52(s, 1H), 7.56(s, 1H), 7.68(t, J = 3.0 Hz,
2H), 7.73(t, J = 6.5 Hz, 2H). *C NMR (125 MHz, CDCl;): & 13.9,
223, 26.1, 30.1, 31.1, 34.1, 35.1, 50.5, 55.0, 120.8, 123.5, 130.6,
131.4, 131.6, 134.2, 135.8, 167.7, 168.4; HRMS (ESI) m/z calcd for
C26H28BI'N503 [1\/[]4r 5371448, found 537.1451.

3ah: 'H NMR (500 MHz, CDCly): & 0.90(t, J = 5.5 Hz, 3H),
1.32(s, 6H), 1.87(s, 2H), 3.50-3.61(m, 2H), 4.28(t, J = 7.0 Hz, 2H),
4.50(dd, J; = 6.0 Hz, J, = 1.5 Hz, 2H). 5.12(dd, J, = 11.5 Hz, J, =
6.0 Hz, 1H), 6.98(t, J = 8.0 Hz, 2H), 7.06(dd, J, = 8.0 Hz, J, = 2.0
Hz, 1H), 7.12(dd, J; = 9.0 Hz, J, = 1.5 Hz, 1H), 7.53(s, 1H), 7.71(dd,
J1=5.5Hz, J,=2.0 Hz, 2H), 7.78(dd, J, = 5.5 Hz, J, = 3.0 Hz, 2H).
BC NMR (125 MHz, CDClLy): & 13.9, 22.4, 26.2, 28.4, 30.2, 31.2,
35.3, 50.5, 53.6, 119.0, 119.3, 122.3, 123.6, 127.5, 131.5, 132.3,
132.4, 134.4, 167.6, 168.0. '’F NMR (376 MHz, DMSO-dg): & -
114.56; HRMS (ESI) m/z caled for CoqH,7BrFNsOs [M]" 555.1354;
found 555.1365.

3ai: 'H NMR (500 MHz, CDCl5): 5 0.90(t, J = 6.0 Hz, 3H), 1.32(s,
6H), 1.86(s, 2H), 3.65-3.74(m, 2H), 4.26(t, J = 7.0 Hz, 2H), 4.48(s,
2H). 5.16(d, J = 7.5 Hz, 1H), 7.33(d, J = 8.5 Hz, 2H), 7.56(s, 2H),
7.70(s, 2H), 7.73(s, 2H), 8.02(d, J = 8.5 Hz, 2H). '*C NMR (125
MHz, CDCly): § 13.9, 22.5, 26.1, 30.2, 31.2, 34.6, 35.2, 50.7, 54.7,
123.7,123.8, 129.9, 131.4, 134.6, 144.8, 147.1, 167.7, 168.0; HRMS
(ESI) m/z caled for CogHasNeOs [M]504.2194; found 504.2186.

3aj: '"H NMR (500 MHz, CDCl): & 0.88(t, J = 7.5 Hz, 3H), 1.29(s,
6H), 1.83(t, J = 6.5 Hz, 2H), 3.63-3.78(m, 2H), 4.24(t, J = 7.0 Hz,
2H), 4.43(t, J = 5.0 Hz, 2H). 5.15(q, J = 5.5 Hz, 1H), 7.34(t, J=17.5
Hz, 1H), 7.50(d, J = 7.0 Hz, 1H), 7.51(s, 1H), 7.66(dd, J; = 6.0 Hz,
J, = 3.5 Hz, 2H), 7.71(dd, J; = 6.0 Hz, J, = 3.5 Hz, 2H), 7.97(dd, J;
=9.0 Hz, J, = 1.5 Hz, 1H), 8.02(s, 1H), 8.05(s, 1H). '*C NMR (125
MHz, CDCl3): § 13.9, 22.4, 26.1, 30.1, 31.1, 34.3, 34.8, 50.7, 54.7,
122.0, 123.5, 123.9, 129.5, 131.4, 134.3, 135.2, 139.3, 148.2, 167.7,
168.1; HRMS (ESI) m/z calcd for C,6H,5N¢Os [M]" 504.2194; found
504.2217.

3ak: '"H NMR (500 MHz, CDCly): & 0.90(t, J = 6.5 Hz, 3H),
1.32(s, 6H), 1.89(t, J = 5.5 Hz, 2H), 3.67-3.73(m, 1H), 4.05(dd, J, =
14.5 Hz, J, = 4.5 Hz, 1H), 4.30(t, J = 7.5 Hz, 2H), 4.54(d, J = 5.5 Hz,
2H), 5.31(dd, J; = 11.0 Hz, J, = 4.5 Hz, 1H), 6.90(s, 1H), 7.21(dd, J;
= 7.5 Hz, J, = 2.5 Hz, 1H), 7.33-7.35(m, 2H), 7.57(s, 1H), 7.71(dd,
Ji1=5.0 Hz, J,=3.0 Hz, 2H), 7.77(dd, J; = 5.0 Hz, J, = 3.0 Hz, 2H),
8.00 (dd, J; = 7.0 Hz, J, = 1.5 Hz, 1H). *C NMR (125 MHz, CDCl,):
513.9,,22.4,26.1,30.1, 31.1, 32.6, 35.2, 50.53, 53.5, 122.6, 123 .4,
125.4,128.3, 131.5, 132.8, 132.9, 133.3, 134.2, 149.0, 167.7, 168.0;
HRMS (ESI) m/z caled for C,qH,sNgOs [M]" 504.2194; found
504.2170.

3al: "H NMR (500 MHz, CDCL): 8 0.89(t, J = 6.5 Hz, 3H), 1.30(s,
6H), 1.85(s, 2H), 2.49(s, 3H), 3.59-3.68(m, 2H), 4.25(t, J = 7.5 Hz,
2H), 4.46(t, J = 15.0 Hz, 2H), 5.15(q, J = 5.5 Hz, 1H), 7.23(d, J =
7.5 Hz, 2H), 7.55(s, 2H), 7.66(dd, J; = 6.0 Hz, J, = 3.5 Hz, 2H),
7.71(dd, J; = 5.5 Hz, J, = 3.5 Hz, 2H), 7.74(d, J = 8.5 Hz, 2H). °C
NMR (125 MHz, CDCl3): & 13.9, 22.4, 26.1, 26.5, 30.1, 31.1, 34.6,
35.1, 50.4, 54.8, 123.5, 128.6, 129.1, 131.4, 134.2, 135.8, 142.6,
167.8, 168.3, 197.7; HRMS (ESI) m/z calcd for CogHy NsO4 [M]
501.2449; found 501.2465.

3am: 'H NMR (500 MHz, CDCLy): & 0.89(t, J = 6.5 Hz, 3H),
1.32(s, 6H), 1.87(t, J = 7.0 Hz, 2H), 3.59-3.69(m, 2H), 4.27(t, J =
7.0 Hz, 2H), 4.49(t, J = 5.0 Hz, 2H), 5.15(q, J = 5.5 Hz, 1H), 7.26(s,
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1H), 7.32(s, 1H), 7.42(d, J = 8.0 Hz, 2H), 7.54(s, 1H), 7.69(dd, J; =
5.5 Hz, J, = 3.0 Hz, 2H), 7.75(dd, J; = 5.5 Hz, J, = 3.0 Hz, 2H). *C
NMR (125 MHz, CDCly): § 13.9, 22.4, 26.1, 30.1, 31.1, 34.4, 35.1,
50.4, 54.9, 123.5, 123.7, 128.2, 128.5, 129.2, 131.4, 134.3, 134.5,
167.8, 168.2. '°F NMR (376 MHz, DMSO-dg): & -62.99; HRMS
(ESI) m/z caled for C7H,5F3NsO5 [M]' 527.2217; found 527.2234.

3an: 'H NMR (500 MHz, CDCls): & 0.87(t, J = 6.5 Hz, 3H),
1.27(s, 6H), 1.80(s, 2H), 3.56-3.68(m, 2H), 3.80(s, 3H), 4.18(t, J =
7.5 Hz, 2H), 4.38(s, 2H), 5.13(dd, J,; = 11.0 Hz, J, = 5.0 Hz, 1H),
7.17(d, J = 8.5 Hz, 2H), 7.54(s, 1H), 7.60(t, J = 4.0 Hz, 2H), 7.65(t,
J=4.0 Hz, 2H), 7.78(d, J= 8.0 Hz, 2H), 8.07(s, 1H). *C NMR (125
MHz, CDCl3): § 13.8, 22.3, 26.1, 30.0, 31.1, 34.6, 35.0, 50.4, 51.9,
54.8, 122.7, 123.3, 128.7, 128.9, 129.7, 131.5, 134.0, 142.5, 144.4,
166.7, 167.7, 168.3; HRMS (ESI) m/z caled for C,gHy NsOs [M]"
517.2398; found 517.2399.

3a0: '"H NMR (500 MHz, CDCly): & 0.91(t, J = 6.5 Hz, 3H),
1.35(s, 6H), 1.99(s, 2H), 3.52(t, J = 11.0 Hz, 1H), 3.70(dd, J; = 13.0
Hz, J, = 4.5 Hz, 1H), 4.46(d, J = 6.0 Hz, 2H), 4.69(d, J = 13.0 Hz,
1H), 4.79(d, J = 13.0 Hz, 1H), 5.20(dd, J; = 11.0 Hz, J, = 4.5 Hz,
1H), 7.22(d, J = 8.0 Hz, 2H), 7.30(t, J = 7.5 Hz, 1H), 7.36-7.40(m,
4H), 7.48(d, J = 7.5 Hz, 2H), 7.66(dd, J; = 5.0 Hz, J, = 3.0 Hz, 2H),
7.75(dd, J; = 5.0 Hz, J, = 3.0 Hz, 2H), 8.03(s, 1H), 8.38(s, 1H). "*C
NMR (125 MHz, CDCly): 5 13.9, 22.4, 26.2, 30.1, 31.1, 34.3, 35.1,
50.6, 55.3, 122.7, 123.5, 126.9, 127.2, 128.7, 129.3, 131.5, 134.2,
135.8, 139.6, 140.5, 144.2, 167.8, 168.7; HRMS (ESI) m/z caled for
C3,H33N505 [M]" 535.2656; found 535.2663.

3ap: '"H NMR (500 MHz, CDCL): & 0.89(t, J = 6.5 Hz, 3H),
1.30(s, 6H), 1.83(t, J = 7.5 Hz, 2H), 3.84(dd, J; = 15.0 Hz, J, = 11.0
Hz, 1H), 4.18-4.24(m, 2H), 4.40-4.50(m, 2H). 5.30(dd, J, = 10.5 Hz,
J, = 5.0 Hz, 1H), 7.15(t, J = 3.0 Hz, 2H), 7.43-7.53(m, 4H), 7.61-
7.67(m, 5H), 7.78(d, J = 7.5 Hz, 1H), 8.09(d, J = 7.5 Hz, 1H). *C
NMR (125 MHz, CDCly): 5 13.9, 22.4, 25.9, 29.6, 30.0, 31.7, 33.5,
52.5, 54.1, 123.2, 123.4, 125.1, 125.8, 126.4, 127.3, 127.8, 128.9,
131.6, 132.9, 133.8, 134.1, 167.7, 169.3; HRMS (ESI) m/z calcd for
C30H;,Ns05 [M]" 509.2500; found 509.2510.

3bj: '"H NMR (500 MHz, CDCl5): & 0.89(dd, J, = 10.0 Hz, J, =
6.5 Hz, 3H), 1.30(d, J = 10.0 Hz, 6H), 1.83(s, 3H), 1.86(d, J = 9.0
Hz, 2H), 3.40-3.64(m, 1H), 3.89-4.03(m, 1H), 4.12-4.28(m, 3H),
4.35-4.42(m, 1H), 7.30-7.37(m, 1H), 7.54-7.61(m, 3H), 7.65-7.68(m,
3H), 7.69-7.86(m, 1H), 8.00-8.04(m, 2H). *C NMR (125 MHz,
CDCly): & 13.9, 22.4, 24.8, 26.1, 30.1, 31.2, 34.9, 39.7, 40.5, 50.4,
122.3,123.0, 123.1, 125.6, 129.0, 131.4, 134.0, 134.3, 136.9, 148.0,
168.5, 168.9; HRMS (ESI) m/z caled for C,;H3oNgOs [M]" 518.2350;
found 518.2363.

3cg: 'H NMR (500 MHz, CDCly): & 0.90(t, J = 7.0 Hz, 3H), 1.34(t,
J = 5.5 Hz, 6H), 1.90(s, 2H), 2.83(dd, J; = 13.0 Hz, J, = 4.0 Hz, 1H),
3.02(dd, J; = 14.0 Hz, J, = 10.0 Hz, 1H), 3.11(s, 1H), 3.83(dd, J, =
14.0 Hz, J, = 5.0 Hz, 1H), 3.96(dd, J; = 14.0 Hz, J, = 7.5 Hz, 1H),
4.44(d, J = 6.5 Hz, 4H), 7.10(d, J = 7.5 Hz, 2H), 7.31(d, J = 8.5 Hz,
2H), 7.69(q, J = 3.0 Hz, 3H), 7.75(dd, J; = 5.5 Hz, J, = 3.5 Hz, 3H).
BC NMR (125 MHz, CDCly): & 13.9, 22.3, 25.9, 29.5, 31.0, 32.3,
35.6, 40.0, 47.0, 53.3, 120.2, 123.3, 130.9, 131.4, 131.9, 134.1,
137.3, 168.4, 173.1; HRMS (ESI) m/z caled for C,;H;3oBrNsO; [M]*
551.1604; found 551.1608.
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