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Chemical synthesis

All reagents and solvents were from Aldrich or Ak&sar. Reactions were monitored by
TLC, which was performed on precoated aluminum-bdclates (Merck, silica 60 F254).
Melting points were determined using a Leica Galehot-stage melting point apparatus and
microscope. Infrared spectra were recorded fronoNuplls between sodium chloride discs,
on a Bruker Tensor 27 FT-IR spectrometer. NMR speutere acquired using a Bruker
DPX500 NMR spectrometer. Chemical shiié$ &re given in ppm, and the multiplicities are
given as singlet (s), doublet (d), triplet (t), ce& (q), multiplet (m), broad (br). Coupling
constants) are given in Hz (x 0.25 Hz). High resolution mapsctra (HRMS) were recorded
using Bruker MicroTOF. The purity of all compounghthesized were >95% as determined
by analytical reverse-phase HPLC (Ultimate 30003.Tkthemical synthesis and
characterisation of all compounds are describdddenSupporting Information. The chemical
synthesis of compoundk?-14, 16 and 17 was as reported in refs. 1, 2 and 3, respectively;

The chemical synthesis of compourddsvas adapted fromef. 2.

Assay conditions

Testing of compounds for R39 inhibition was perfedmby monitoring the degree of
hydrolysis ofN-benzoylp-alanyl-thioglycolate $2d) as describef! The inhibitors (at either
1mm or 10Qum depending on their solubility) were preincubatathvir39 (3.5m) in 10mv
sodium phosphate buffer (pH 7.0) containing 1008aCI, 100 nm p-alanine, and 0.01 mg
mL? BSA for 60 min at 2%. A substrate mixture containing2d (1mv) and 5,5'-
dithiobis(2-nitrobenzoic acid) (DTNB, Im) was then added, and the residual activity (RA)
determined by measuring absorbance at 412 nm askPgwer Wave microtiter plate reader
(Bio-Tek Instruments, Winooski, USA). For J€determination, RA of the inhibitor was
measured over a range of concentrations and thevilues determined by performing a
nonlinear regression analysis using Sigma Plot té6ysoftware}® All experiments were

performed in triplicate.

Ki values for inhibition of R39 were determined byashg-state competition experiments.
Biphasic progress curves were observedfand30. Steady state rates were measured over
a range of concentrations (OMio 6uv). Assays were conducted at 30°C in M0sodium
phosphate buffer (pH 7.2) containing 100nNaCl and 100m b-alanine. After a

preincubation of R39 (&m with boronic acid for 60 min steady state rates, were
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determined by the addition 82d (100uv, K, = 0.17mu) and DTNB (1nwm) using microtiter
96 well platesK; values are derived assuming a competitive pattemhibition and plotting
VolVs = (1), wherev is the initial rate in the absence of inhibitodagthe steady-state rate in
the presence of inhibitoK; values can be calculated from the slope of theltieg straight
line given byK./((Km + [S]) Ki). The rate of the non-enzymatic hydrolysis of 82l was

always measured and subtracted.

Protein purification and crystallography

The Actinomadura R39 pp-peptidase was produced as descrifle@rystals were grown at
20°C by hanging drop vapor diffusion. Crystals wel#ained by mixing 4uL of a 25 mg
mL™ protein solution (containing SmMgCl, and 20mw Tris, pH 8), 2uL of well solution

(2.0v ammonium sulfate and MIMES, pH 6), 0.5uL of 0 CoCl, solution. Crystals were
soaked in 4uL of a solution containing 8.@mmonium sulfate and G.1MES, pH 6, and

0.2uL of 10 0.1m. during 48 hours and 8uL of the same solution, @il of 20 0.1m

during 2 hours.

Data were collected at 100 K on an ADSC Q315r C@ctor at a wavelength of 0.9797 A
on beamline BM30A at the European Synchrotron RudhiaFacility (ESRF, Grenoble,
France). X-Ray diffraction experiments were carmed under cryogenic conditions (100 K)
after transferring the crystals into 45% glycerbiBM ammonium sulfate. Intensities were
indexed and integrated using MosfithData were scaled with SCALA of the CCP4 program
suite!® Refinement was carried out using REFMABSTLS ' and Coof!" The structure
of R39 bound tdl0 was refined to 2.4 A with R and Ree values of 19.1% and 24.7%
respectively. The structure of R39 bound2®was refined to 2.8 A with st and Ree
values of 21.7% and 26.4% respectively. Data siziand refinement are given in Table S2,

Supporting Information.

SPROUT modeling

SPROUT modeling programme used the crystal strectirl0 bound to R39 (PDB ID
2XLN). Two, apparently unutilized, hydrophobic petkin the protein were detected using
the site exploration tool. A range of small hydropit fragments were docked into these
sites using the ‘election of functional groups’ ltobhese were then attached to the original
ligand 10 and the new ligands were evaluated using the SPR€2dring function. This led

to the development of second-generation boronidsat8-27. A similar approach was
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applied to the crystal structure 20 bound to R39 (PDB ID 2XK1) in the design of thedhi

generation boronic acid8-30.
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Figure S1. Stereoview electron density map showing for stmes of compound$0 (blue,
PDB ID 2XLN) and20 (gold, PDB ID 2XK1) bound to R39 (green). The enmental 2k
Fc electron density (contoured to @)5displayed as grey mesh, is shown foit@and; b)20.
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Figure S2. Identification of 20 by computational analysis. Lead compout@ (SPROUT
score = -3.21, observed §€C= 33um) was ‘grown’ within Pockets A and B. This process
consists of five stages. A scoring system runs wébh stage, guiding the ‘growth’ of the
structure, leading t80 (SPROUT score = -7.04, observedd€ 1.8.um).
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Figure S3. SPROUT modeling of &9 and; b)30. The most stable predicted conformation is
shown. Apparent hydrogen-bonding interactions aratdphobic regions are identified. Both
have favourable SPROUT scores of -7.21 and -7&¥pectively compared @0 (SPROUT

scores = -7.04 hence were predicted to have improved affinities.
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Table S1. Inhibitory activity of trifluoromethyl ketone&-4, phosphonate5-9 and boronic

acids 10-17 in initial screen (1m) against R39. Residual activities were determiired

triplicate.
5 .
Compound R! R? % Residual
activity
OMe
O R! 1 H no inhibition
I A cF owe
R2 N 3 OMe
H/\g 2 CHs no inhibition
OM
1-3 OMe ©
o R 3 PhCH> no inhibition
OM
RZJ\N/'\H/CF3 OMe ¢
H 4 PhCH, no inhibition
4 © OMe
OMe
Trifluoromethyl S H @fi 86 + 3
ketones OMe
OMe
6 CHs @ﬁf 86 + 0
0 R one
e
ge
R2J\N/§\/P\’ ! Ho D}‘ 651
H HO OH OMe
8 CHa J@’f 761
5-9 MeO
Phosphonates MeO
9 H 70+ 3
OMe
OMe
11+1
10 CH
0 |§1 3 C@Me (ICs0 = 33uMm)
ZJJ\ PN /OH OMe
R N B 1 CH 10 +3
OH 3 C@M (ICs0 = 75um)
10 OMe ©
1 12 iPr @fﬁ no inhibition
O R OMe
RZJ\”/LIIB/OH 13 iPr PhCH,  no inhibition
OH
11-17 14 iPr 4/9\% no inhibition
Boronic acids COH  OMe
15 g Cﬁ‘ no inhibition
OMe
CO,H
16 @ (- 70 10
17 ph {Jx 65+ 3

S9



Table S2. Crystallographic data and refinement statisticsstouctures PDB ID 2XLN and

PDB ID 2XK1.
Compound 10 20
PDB code 2XLN 2XK1
Space group R2 Cc2

Cell dimensions (A,°)

Resolution range (&)
No. of unique reflections

33.5-2.4 (2.53-2.4)
77046

a=154.9, b=92.3,

c=143.8,8=92.25
38.8-2.8 (2.95-2.8)
49784

Rmerge (%)° 9.6 (52.6) 8.4 (43.2)
Redundanc§ 7.0 (6.7) 3.5(3.5)
Completeness (%) 99.6 (99.5) 99.4 (99.5)
<I>/<gcl>? 18.1 (3.6) 12.7 (2.6)
Refinement:
Resolution range 33.3-24 27.5-2.8
No. of non-hydrogen protein atoms 13394 13390
No. of water molecules 816 168
R cryst (%) 19.1 21.7
R free (%) 24.7 26.4
RMS deviations from ideal stereochemestry
bond lengths (A) 0.008 0.008
bond angles’) 1.15 1.16
Mean B factor (all atoms) @ 24.8 48.7
Mean B factor (ligand) (3 36.8 57.7
Ramachandran plot:
most favoured region (%) 91.1 85.5
additionally allowed regions (%) 8.1 13.6
generously allowed regions (%) 0.8 0.8
disallowed regions (%) 0 0.1

&Statistics for the highest resolution shell areegiin parentheses.

PRmerge = &li -Im | / &li whereli is the intensity of the measured reflection &mdis the
mean intensity of all symmetry-related reflectiorfSgures within brackets are for the outer
resolution shell.
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Scheme S1. Chemical synthesis af-amido trifluoromethyl ketones-3.

OMe O R OMe O R

R A
: , “_OMe “_H
HC|.H2N/\[(O'V'e 0] CE\L”/\H/ — O, CE‘LH%
. 0 ome °© ome °©
32 R=H 36 R=H 40 R=H
33 R=CH, 37 R=CH, 41 R=CH,
34 R =PhCH, 38 R = PhCH, 42 R = PhCH,
l(iii)
OMeO R OMe O R
CF3 R CF3
N (iv) N
S s
OMe OMe
1 R=H 44 R=H
2 R=CH, 45 R =CH,
3 R=PhCH, 46 R = PhCH,

Reagents and conditions: (i) 2,6-Dimethoxybenzoyl chloride, DMAP, £, THF/ DMF, 0C
to RT; (ii) DIBAL-H, THF, -70°C to -60C for 3 h, then HCI aqg., RT; (iii) TMS-GFCsF,
THF, Sonication, then HCI aq.; (iv) Dess-Martin ipdinane, cat. 6D, DCM/ THF, 0C to
RT.

General procedurefor the preparation of 36-38.

A solution of 2,6-dimethoxybenzoyl chloride (0.88494 mmol, 1.1 equiv.) in THF (5 mL)
was added dropwise to a solution of DMAP (4-dim&thynopyridine, 97 mg, 0.8 mmol, 0.2
equiv.) and BN (1.22 mL, 8.8 mmol, 2.2 equiv.) in THF (10 mL)®&C. The resulting white
suspension was allowed to stir for 30 mins befoselation of the corresponding amino ester
hydrochloride salt (4.0 mmol, 1 equiv.) in DMF (3)yrwas added. The mixture was stir at
0°C for 30 mins, then at room temperature for ovdridhe mixture was evaporateéa
vacuo, resuspended in EtOAc and washed witOHand 5% NaHC@ The organic phase
was evaporateh vacuo and purified by chromatography (EtOAc/ hexane .4:1)

OMe O
H/\g/OMe
OMe
M ethyl [(2,6-dimethoxybenzoyl)amino]acetate 36.
36 is a white solid (85%), mp 104-105°C. IR (nujofcm™ 3418 (amide NH), 1741 (ester
CO), 1654 (amide COYH NMR (500 MHz, CDC}) 5 3.39 (3H, s, C@Hs), 3.45 (6H, s,
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OCHsx 2), 3.84 (2H, dJ = 5.4 Hz, CH), 6.24 (2H, dJ = 8.4 Hz, H3" and H5’), 6.79 (1H, br
t,J = 5.2 Hz, NH), 6.93 (1H, f] = 8.4 Hz, H4).*C NMR (500 MHz, CDCJ) § 42.3 (CHB),
52.6 (CQCHj3), 56.4 (OCH x 2), 105.3 (C3 and C5’), 116.4 (C2’ and C6’), 182C4),
159.0 (C1’), 169.4 QO,CH3), 171.6 (CONH). HRMS (ESI, positive ion)£&El1sNNaGs
requires [M+Na] 276.0842; Found 276.0843.

OMe O Me

- OMe

LY
OMe

M ethyl (2R)-2-[(2,6-dimethoxybenzoyl)amino]propanoate 37.
37 is a white solid (81%), mp 118-120°C. IR (nujofcm™: 3325 (amide NH), 1740 (ester
CO), 1650 (amide COfH NMR (500 MHz, CROD) § 1.45 (3H, dJ = 7.1 Hz, CH), 3.77
(3H, s, CQCHjy), 3.83 (6H, s, OCklx 2), 4.64 (1H, gJ = 7.1 Hz, CH), 6.69 (2H, dl = 8.4
Hz, H3' and H5’), 7.34 (1H, t] = 8.4 Hz, H4").**C NMR (500 MHz, CROD) § 17.7 (CH),
48.2 (CHB), 52.8 (OCklx 2), 56.7 (CQCHg), 105.4 (C3’ and C5’), 116.6 (C2’ and C6’),
132.3 (C4"), 158.9 (C1’), 168.7CO.,CH3), 174.6 (CONH). HRMS (ESI, positive ion)
C13H1sNOs requires [M+H] 268.1179; Found 268.1179.

OMe O - :

: M

sabe
OMe

methyl (25)-2-[(2,6-dimethoxybenzoyl)amino]-3-phenylpropanoate 38.
38 is a white solid (84%), mp 113-115°C. IR (nujofcm™ 3423 (amide NH), 1739 (ester
CO), 1655 (amide COfH NMR (500 MHz, CDCJ) & 3.22 (1H, dd,) = 13.8, 5.1 Hz, Cb),
3.35 (1H, ddJ = 13.8, 5.1 Hz, Ch), 3.72 (3H, s, CaCHg), 3.80 (6H, s, OCkix 2), 5.13-
5.18 (1H, m, CH), 6.37 (1H, br d,= 7.2 Hz, NH), 6.55 (2H, d] = 8.5 Hz, H3' and H5’),
7.20-7.29 (6H, m, phenyl-H and H4J°C NMR (500 MHz, CDGCJ) & 37.9 (CH), 52.3
(CO,CHg3), 53.6 (CHB), 55.9 (OCkix 2), 104.1 (C3’ and C5’), 115.3 (C2’ and C6’), 127
128.4, 129.7, 131.0, 16.2, 157.6 (C1) 165Q04CHz), 171.8 (CONH). HRMS (ESI,
positive ion) GegH,oNOs requires [M+H] 344.1492; Found 344.1493.
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General procedurefor the preparation of 40-42.

A solution of DIBAL-H (1M in THF, 18.00 mL, 1.8 mnho2 equiv.) was added dropwise to
a solution of the above ester (0.9 mmol, 1 equivanhydrous THF (10 mL) at -70 and
resulting solution was stir at -8D for 3 h. HCI ag. (1M, 10 mL) was then added under
vigorous stirring and the mixture was allowed tamvdo room temperature. The mixture was
extracted with DCM, dried (Mg evaporatedn vacuo and purified by chromatography
(hexane/ THF/ DCM 2:1:1).

OMe O
H
LY
OMe

2,6-Dimethoxy-N-(2-oxoethyl)benzamide 40.
40 is a pale yellow oil (67%). IR (nujolyicm™: 3425 (amide NH), 1731 (aldehyde CO),
1643 (amide CO):H NMR (500 MHz, CDC}) & 3.74 (6H, s, OCkix 2), 4.28 (2H, dJ=5.1
Hz, CH,), 6.50 (2H, dJJ = 8.4 Hz, H3’ and H5’), 6.72 (1H, br s, NH), 7.@IH, t,J = 8.4 Hz,
H4’), 9.66 (1H, s, CHO)}*C NMR (500 MHz, CDGJ) & 55.0 (CHB), 56.5 (OCkk 2), 104.0
(C3 and C5’), 114.7 (C2’ and C6’), 131.1 (C4’),71%3 (C1’), 165.9 (CONH), 199.3 (CHO).
HRMS (ESI, positive ion) GH1sNO, requires [M+H] 224.0923; Found 224.0922.

OMe O Me
OMe ©

2,6-Dimethoxy-N-[(2R)-1-oxopropan-2-yl|benzamide 41.

41 is a white solid (66%), mp 130-132°C. IR (nujaljcm™ 3424 (amide NH), 1732
(aldehyde CO), 1643 (amide CGH NMR (500 MHz, CDC}) 6 1.46 (3H, dJ = 7.3 Hz,
CHj3), 3.82 (6H, s, OCkix 2), 4.71-4.77 (1H, m, CH), 6.37 (1H, br s, NH%® (2H, d,J =
8.3 Hz, H3" and H5’), 7.29 (1H, 8 = 8.3 Hz, H4"), 9.67 (1H, s, CHOY*C NMR (500 MHz,
CDCl) 6 14.6 (CH), 54.9 (CHB), 56.1 (OCkix 2), 104.1 (C3’ and C5’), 114.8 (C2’ and
C6’), 131.0 (C4’), 157.7 (C1’), 165.9 (CONH), 19ZHO). HRMS (ESI, positive ion)
C1oH16NO;4 requires [M+H] 238.1074; Found 238.1070.
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OMe

2,6-Dimethoxy-N-[(2R)-1-oxo-3-phenylpropan-2-yl|benzamide 42.

42 is a white solid (63%), mp 148-150°C. IR (nujaljcm™: 3360 (amide NH), 1734
(aldehyde CO), 1644 (amide CGH NMR (500 MHz, CDCJ) 6 3.32 (2H, d,J = 6.2 Hz,
CHy), 3.79 (6H, s, OCEix 2), 4.90-4.94 (1H, m, CH), 6.37 (1H, br s, NHB® (2H, d,J =
8.6 Hz, H3' and H5’), 7.26-7.31 (6H, m, phenyl-HdaH4’), 9.73 (1H, s, CHO)**C NMR
(500 MHz, CDC}) 6 35.1 (CH), 55.9 (OCHx 2), 60.0 (CHB), 104.1 (C3’ and C5’), 114.8
(C2" and C6’), 126.9, 128.7, 129.7, 131.0 (C4’)pX8 157.7 (C1’), 165.9 (CONH), 199.2
(CHO). HRMS (ESI, positive ion) H20NO, requires [M+H] 314.1387; Found 314.1387.

General procedurefor the preparation of 44-46.

To a solution of the above aldehyde (3.0 mmol, @ivey in anhydrous THF (5 mL) was
added trimethyl(trifluoromethyl)silane (0.60 mL93nmol, 1.3 equiv.) and CsF (5 mg, 0.03
mmol, 0.01 equiv). The suspension was sonicate@@amins to initiate the reaction, which
was indicated by the formation of a yellow colowat The mixture was stirred at room
temperature for 30 mins, HCI ag. (1M, 5 mL) wastlelded and the mixture allowed to stir
for another 10 mins. The resulting mixture was aotied with EtOAc, washed (sat. NaH§ O
brine), dried (MgSG@), evaporatedn vacuo and purified by chromatography (EtOAc/ hexane
1:1).

OMe O
CF
H 3
OH
OMe

2,6-Dimethoxy-N-(3,3,3-trifluor o-2-hydr oxypr opyl)benzamide 44.

44 is a pale yellow oil (52%). IR (nujoly/cm™: 3235-3368 (amide NH and OH), 1640
(amide CO).*H NMR (500 MHz, CDCJ) & 3.80 (6H, s, OCkix 2), 4.18-4.24 (1H, m,
CHOH), 4.35-4.40 (2H, m, CH), 6.36 (1H, br s, NH), 6.55 (2H, d= 8.6 Hz, H3" and H5’),
7.28 (1H, t,J = 8.6 Hz, H4)."*C NMR (500 MHz, CDGJ) § 48.0 (CHB), 56.4 (OCkix 2),
72.1 (CHOH), 105.0 (C3 and C5’), 117.0 (C2’' and’)}c@32.1 (C4"), 158.9 (C1’), 168.5
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(CONH). HRMS (ESI, positive ion) H1sF3NO; requires [M+H] 292.0797; Found
292.0797.

OMe O Me
~__CF;
H
OMe

2,6-Dimethoxy-N-[(2R)-4,4,4-trifluor 0-3-hydr oxybutan-2-yl|benzamide 45.

45 is a white solid (64%), mp 148-150°C. IR (nujolpm™: 3215-3425 (amide NH and OH),
1641 (amide COYH NMR (500 MHz, CROD) & 1.34 (3H, d,J = 7.0 Hz, CH), 3.82 (6H, s,
OCHs x 2), 4.04-4.10 (1H, m, BOH), 4.39-4.46 (1H, m, CH), 6.68 (2H, 3= 8.3 Hz, H3’
and H5'), 7.33 (1H, tJ = 8.3 Hz, H4)."*C NMR (500 MHz, CROD) & 17.4 (CH), 46.9
(CHB), 56.4 (OCHx 2), 72.3 (CHOH), 105.1 (C3 and C5’), 116.9 (G#id C6’), 132.3
(C4), 158.9 (C1’), 168.4 (CONH). HRMS (ESI, posiiion) G3H;7/FNO,4 requires [M+H]
308.1104; Found 308.1102.

OMe O z :

OH

. _CF
” 3
OH
OMe

2,6-Dimethoxy-N-[(2R)-4,4,4-trifluor 0-3-hydr oxy-1-phenylbutan-2-yl]|benzamide 46.

46 is a white solid (91%), mp 143-145°C. IR (nujolym™: 3176-3418 (amide NH and OH),
1638 (amide CO)Y:H NMR (500 MHz, CROD) & 2.99 (1H, dd,) = 14.5, 2.9 Hz, C}), 3.12
(1H, dd,J = 14.5, 2.9 Hz, C}), 3.71 (6H, s, OCkk 2), 4.13-4.19 (1H, m, IBOH), 4.56-4.61
(1H, m, CH), 6.62 (2H, d] = 8.3 Hz, H3’ and H5’), 7.21-7.37 (6H, m, phenyladd H4’).
13C NMR (500 MHz, CROD) & 35.4 (CH), 52.0 (CHB), 56.4 (OCkix 2), 72.3 (CHOH),
105.0 (C3 and C5’), 117.0 (C2’ and C6’), 127.491® 130.8, 132.0 (C4’), 139.5, 158.8
(C1’), 168.8 (CONH). HRMS (ESI, positive ion) 18E:sFsNNaQ, requires [M+Nal]
404.1080; Found 404.1088.

General procedurefor the preparation of 1-3.

To a solution of the above trifluoromethyl alcoltél6 mmol, 1 equiv.) in anhydrous DCM/
THF (4:1, 30 mL) at fC was added Dess-Martin periodinane (2.30 g, 5.4In2 equiv.)
and HO (0.1 mL in 10 mL DCM, 1.2 equiv.) and the resudtsuspension was allowed to stir
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at @C for 30 mins, then at room temperature for ovérhighe mixture was washed with a
mixture of Nag0; (1M) and NaHC@ sat. (1:1). The DCM layer was separated and washed
(H20, brine), dried (MgSg), evaporatedn vacuo and purified by chromatography (EtOAc/
hexane 4:1).

OMe O
CF4
LY
OMe

2,6-Dimethoxy-N-(3,3,3-trifluor o-2-oxopr opyl)benzamide 1.

1is a pale yellow oil (26%). IR (nujoly/cm™: 3420 (amide NH), 1754 (ketone CO), 1635
(amide CO)*H NMR (500 MHz, CDC}) & 3.81-3.84 (2H, m, C}), 3.84 (6H, s, OCEix 2),
6.46 (1H, br s, NH), 6.60 (2H, d,= 8.4 Hz, H3' and H5’), 7.33 (1H, 4,= 8.4 Hz, H4").*°C
NMR (500 MHz, CDC})) 6 43.1 (CHB), 56.5 (OCkix 2), 105.4 (C3’ and C5’), 116.6 (C2’
and C6’), 132.3 (C4’), 158.9 (C1’), 163.8QCF;), 170.2 (CONH). HRMS (ESI, positive
ion) Ci2H13F3NO, requires [M+H] 292.0791; Found 292.0791.

OMe O Me

- CF

L
OMe

2,6-Dimethoxy-N-[(2R)-4,4,4-trifluor 0-3-oxobutan-2-yl]benzamide 2.
2 is a white solid (31%), mp 150-151°C. IR (nujofgm™; 3418 (amide NH), 1753 (ketone
CO), 1636 (amide COYH NMR (500 MHz, CDCJ) & 1.56 (3H, dJ = 7.3 Hz, CH), 3.82
(6H, s, OCHXx 2), 5.26-5.33 (1H, m, CH), 6.37 (1H, br s, NHK®B(2H, d,J = 8.4 Hz, H3’
and H5'), 7.30 (1H, tJ = 8.4 Hz, H4").**C NMR (500 MHz, CDGJ) 5 16.9 (CH), 50.3
(CHB), 56.0 (OCHXx 2), 104.0 (C3’ and C5’), 114.0 (C2’ and C6’), 131C4"), 157.4 (C1),
163.5 COCR), 168.4 (CONH). HRMS (ESI, positive ion),4El:sFsNO, requires [M+H]
306.0948; Found 306.0947.

OMe O 4 :
: CF3
CLN Y
OMe
2,6-Dimethoxy-N-[(2R)-4,4,4-trifluor 0-3-oxo-1-phenylbutan-2-yl|benzamide 3.
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3 is a white solid (33%), mp 147-149°C. IR (nujofpm’: 3425 (amide NH), 1754 (ketone
CO), 1635 (amide COfH NMR (500 MHz, CROD) & 3.15 (1H, dd,) = 14.6, 2.7 Hz, Cb),
3.27 (1H, ddJ = 14.6, 2.7 Hz, Cb), 3.71 (6H, s, OCkix 2), 4.64-4.73 (1H, m, CH), 6.64
(2H, d,J = 8.4 Hz, H3 and H5’), 7.26-7.34 (6H, m, phenyldad H4’).*C NMR (500
MHz, CD;0D) 6 35.6 (CH), 54.7 (CHB), 56.7 (OCgk 2), 105.1 (C3’ and C5’), 116.6 (C2’
and C6’), 127.3, 129.3, 130.5, 132.2 (C4’), 139168.4 (C1’), 163.6 COCF;), 169.6
(CONH). HRMS (ESI, positive ion) fgH21F3NO; requires [M+H] 384.1417; Found
384.1416.

Scheme S2. Chemical synthesis af-amido trifluoromethyl ketones.

OMe O OMe O
; OMe ;i H
HCI.H,N OMe ) N _m N
0 ome © ome ©
35 39 43
l(iii)
OMe O OMe O
N CF3 (iV) H CF3
H E—
ome © ome M
4 47

Reagents and conditions: (i) 2,6-Dimethoxybenzoyl chloride, DMAP, £, THF/ DMF, OC
to RT; (ii) DIBAL-H, THF, -70C to -60C for 3 h, then HCI ag., RT; (iii) TMS-GFCsF,
THF, Sonication, then HCI aq.; (iv) Dess-Martin ipdinane, cat. 6D, DCM/ THF, 0C to
RT.

OMe O
” I OMe
OMe
Methyl (2R)-2-[(2,6-dimethoxybenzoyl)amino]-3-phenylpropanoate 39.
A solution of 2,6-dimethoxybenzoyl chloride (3.601F.9 mmol, 1.1 equiv.) in THF (10 mL)
was added dropwise to a solution of DMAP (4-dim&thynopyridine, 0.40 g, 3.2 mmol, 0.2

equiv.) and BN (4.98 mL, 35.7 mmol, 2.2 equiv.) in THF (50 ml) &C. The resulting
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white suspension was allowed to stir for 30 min®ieea solution of L-phenylalanine methyl
ester hydrochloride35 (3.50 g, 16.2 mmol, 1 equiv.) in DMF (10 mL) waddad. The
mixture was stir at @ for 30 mins, then at room temperature for overhighe mixture was
evaporatedn vacuo, resuspended in EtOAc and washed wit©Hand 5% NaHC@ The
organic phase was evaporatedvacuo and purified by chromatography (EtOAc/ hexane
4:1). This gave the above as a pale yellow soli@24y, 83%), mp 114-116°C. IR (nujol)
vlcm™: 3423 (amide NH), 1739 (ester CO), 1655 (amide.GONMR (500 MHz, CDC}) §
3.22 (1H, ddJ = 13.8, 5.1 Hz, C}), 3.35 (1H, ddJ = 13.8, 5.1 Hz, Ch), 3.72 (3H, s,
CO,CHg), 3.80 (6H, s, OCEix 2), 5.13-5.18 (1H, m, CH), 6.37 (1H, brds= 7.2 Hz, NH),
6.55 (2H, dJ = 8.5 Hz, H3' and H5'), 7.20-7.29 (6H, m, phenylard H4’)."*C NMR (500
MHz, CDCk) 6 37.9 (CH), 52.3 (CQCHj3), 53.6 (CHB), 55.9 (OCklix 2), 104.1 (C3’ and
C5’), 115.3 (C2' and C6"), 127.0, 128.4, 129.7, 13116.2, 157.6 (C1’) 165.2C0,CHy),
171.8 (CONH). HRMS (ESI, positive ion)1§2:NOs requires [M+H] 344.1492; Found
344.1497.

OMe O
H O
OMe
2,6-Dimethoxy-N-[(2S)-1-ox0-3-phenyl propan-2-yl]|benzamide 43.
A solution of DIBAL-H (1M in THF, 24.00 mL, 2.4 mnho2 equiv.) was added dropwise to
a solution of39 (0.41 g, 1.2 mmol, 1 equiv.) in anhydrous THF (@) at -70C and
resulting solution was stir at -8D for 3 h. HCI ag. (1M, 10 mL) was then added under
vigorous stirring and the mixture was allowed tanmdo room temperature. The mixture was
extracted with DCM, dried (Mg evaporatedn vacuo and purified by chromatography
(hexane/ THF/ DCM 2:1:1). This gave the above aghde solid (0.23 g, 62%), mp 148-
150°C. IR (nujol) ulcm™: 3360 (amide NH), 1734 (aldehyde CO), 1644 (an@d®). ‘H
NMR (500 MHz, CDCY) 6 3.32 (2H, dJ = 6.2 Hz, CH), 3.79 (6H, s, OCkix 2), 4.90-4.94
(1H, m, CH), 6.37 (1H, br s, NH), 6.56 (2H,H5 8.6 Hz, H3’ and H5’), 7.26-7.31 (6H, m,
phenyl-H and H4’), 9.73 (1H, s, CHOY®C NMR (500 MHz, CDGJ) & 35.1 (CH), 55.9
(OCH; x 2), 60.0 (CHB), 104.1 (C3’ and C5’), 114.8 (C2idaCF6’), 126.9, 128.7, 129.7,
131.0 (C4’), 135.9, 157.7 (C1’), 165.9 (CONH), IYCHO). HRMS (ESI, positive ion)
C18H20NO4 requires [M+H] 314.1387; Found 314.1394.
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OMe O
N CF3
H
OMe
2,6-Dimethoxy-N-[(2S)-4,4,4-trifluor 0-3-hydr oxy-1-phenylbutan-2-yl|benzamide 47.

To a solution of 43 (0.23 g, 0.7 mmol, 1 equiv.)anhydrous THF (5 mL) was added

OH

trimethyl(trifluoromethyl)silane (0.17 mL, 1.1 mmol.5 equiv.) and CsF (11 mg, 0.07
mmol, 0.01 equiv). The suspension was sonicate@@amins to initiate the reaction, which
was indicated by the formation of a yellow colowat The mixture was stirred at room
temperature for 30 mins, HCl ag. (1M, 5 mL) wastlaeded and the mixture allowed to stir
for another 10 mins. The resulting mixture was aotied with EtOAc, washed (sat. NaH§ O
brine), dried (MgS@), evaporatedn vacuo and purified by chromatography (EtOAc/ hexane
1:1). This gave the above as a white solid (0.296§), mp 144-146°C. IR (nujobycm™:
3176-3418 (amide NH and OH), 1638 (amide CE)NMR (500 MHz, CROD) § 2.99 (1H,
dd,J = 14.5, 2.9 Hz, Cb), 3.12 (1H, dd,J = 14.5, 2.9 Hz, C}), 3.71 (6H, s, OCEix 2),
4.13-4.19 (1H, m, 8OH), 4.56-4.61 (1H, m, CH), 6.62 (2H, 8= 8.3 Hz, H3' and H5),
7.21-7.37 (6H, m, phenyl-H and H4%*C NMR (500 MHz, CROD) & 35.4 (CH), 52.0
(CHB), 56.4 (OCHx 2), 72.3 (CHOH), 105.0 (C3’ and C5’), 117.0 (G&id C6’), 127.4,
129.8, 130.8, 132.0 (C4"), 139.5, 158.8 (C1’), BBGCONH). HRMS (ESI, positive ion)
CioH1gFsNNaQ, requires [M+Na]404.1080; Found 404.1079.

OMe O
CF3

N

H

OMe
2,6-Dimethoxy-N-[(2S)-4,4,4-trifluor 0-3-0xo-1-phenylbutan-2-yl|benzamide 4.

To a solution of47 (80 mg, 0.2 mmol, 1 equiv.) in anhydrous DCM (20)mat C was

added Dess-Martin periodinane (0.13 g, 0.3 mmd, equiv.) and KO (5.6 uL in 1 mL

0

DCM, 1.5 equiv.) and the resulting suspension viasvad to stir at 8C for 30 mins, then at
room temperature for overnight. The mixture was hedswith a mixture of Na®s (1M)
and NaHCQ sat. (1:1). The DCM layer was separated and wagke®, brine), dried
(MgSQy), evaporatedn vacuo and purified by chromatography (EtOAc/ hexane .4Tljis
gave the above as a white solid (24 mg, 30%), n#14®°C. IR (nujol)u/cm™: 3425 (amide

S19



NH), 1754 (ketone CO), 1635 (amide C&J.NMR (500 MHz, CROD) & 3.15 (1H, dd,) =
14.6, 2.7 Hz, Ch), 3.27 (1H, dd,) = 14.6, 2.7 Hz, Cb), 3.71 (6H, s, OCkix 2), 4.64-4.73
(1H, m, CH), 6.64 (2H, d] = 8.4 Hz, H3’ and H5’), 7.26-7.34 (6H, m, phenylardd H4").
13C NMR (500 MHz, CROD) & 35.6 (CH), 54.7 (CHB), 56.7 (OCki 2), 105.1 (C3’ and
C5), 116.6 (C2’ and C6’), 127.3, 129.3, 130.5, 232C4’), 139.6, 158.4 (C1’), 163.6
(COCR;), 169.6 (CONH). HRMS (ESI, positive ion) 18E,1FsNO; requires [M+H]
384.1417; Found 384.1417.

Scheme S3. Chemical synthesis of glycine phosphon&és

0] (0] 0O
NH L N_\ AHL, N—\
OH Br
(0] o) (0]
48 49 50

(iii)

JK: SN (
N v iv
RN Pogy - gy by N— O
! 4
HO H EQ P-OEt
O  OEt

5 R =2,6-dimethoxyphenyl 52 R = 2,6-dimethoxyphenyl 51

6 R =24-dimethoxyphenyl 53 R = 24-dimethoxyphenyl

7 R =3,5-dimethoxyphenyl 54 R = 3,5-dimethoxyphenyl

Reagents and conditions: (i) 20% Formaldehyde, reflux 1*#; (i) 30% HBr/ AcOH, 0°C,
then RT 1 H¥: (iii) P(OEt), 90°C 1 h, then 110°C overni§itt (iv) hydrazine hydrate,
EtOH, RT overnight, then corresponding benzoic ,aEigN, DPPA, DMF, 6C to RT; (v)

trimethylsilyl bromide, DCM, RT overnight, then M&fD40°C 4 h.

OMe O

(0]
Pl

P~OEt

N /
H ko

OMe
Diethyl ((2,6-dimethoxybezamido)methyl)phosphonate 52.
To a solution o511 (2.68 g, 9.0 mmol) in absolute EtOH (30 mL) waslex! hydrazine
hydrate (0.54 g, 10.8 mmol) and the mixture wasestiat room temperature for overnight. It
was then refluxed for 1 h and left to cool to rotemperature before being placed in a
refrigerator for several hours. The precipitatestfarmed was removed by suction filtration.
The filtrate was evaporated vacuo and the resulting residue was dissolved in DMB°at
To this solution was added 2,6-dimethoxybenzoid &t&i66 g, 9.0 mmol), BN (2.80 mL,
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20.0 mmol) and DPPA (diphenylphosphoryl azide, 2rilQ 9.5 mmol) and the mixture was
stir at room temperature for overnight. It was tleaporatedn vacuo and the resulting
residue was resuspended in DCM. The organic phaseswtracted with 1M HCI ag., washed
(sat. NaHCQ brine), dried (N&SOy), evaporatedn vacuo and purified by chromatography
(MeOH/ DCM) to give the above as a white solid {168 63%), mp 98-102°C. Elem. Anal.:
calcd for G4H21NOgP C, 50.75 %; H, 6.69%; N, 4.23%; obtained C, 504/6H, 6.91%; N,
4.22%. IR (nujol)ulcm’™; 3256, 2984, 1660, 1598, 1255, 1114.NMR (300 MHz, CDC}))
51.36 (6H, t.J = 7.1 Hz,), 3.08 (6H, s), 3.92 (2H, dii= 12.3, 5.9 Hz), 4.20 (4H, dd,=
14.6, 7.3 Hz, 4H), 6.11 (1H, br s), 6.56 (2H,)d&; 8.4 Hz), 7.28 (1H, ] = 8.4 Hz) 3P NMR
(300 MHz, CDC}) 6 23.77; HRMS (ESI, negative ion) 14E1,1NOgP [M—-H]™ requires
330.1107; found 330.1111.

OMe O
U

N P-ort
MeO EtO
Diethyl ((2,4-dimethoxybenzamido)methyl)phosphonate 53.
Same procedure as abo®a:is a pale yellow solid (67%), mp 77-82°C. Elem.aAncalcd
for C14H21NOgP C, 50.75 %; H, 6.69%; N, 4.23%; obtained C, 5002, 6.76%; N, 4.19%.
IR (nujol) u/lcm™: 3389, 2976, 1654, 1543 NMR (300 MHz, CDCJ) 5 1.32 (6H, tJ= 7.1
Hz), 3.84 (3H, s), 3.93 (2H, dd= 12.3, 5.6 Hz), 3.95 (3H, s), 4.23-4.11 (4H, m)86(2H,
d,J = 2.2 Hz), 6.59 (1H, ddJ] = 8.8, 2.3 Hz), 8.07 (1H, dj= 2.9 Hz), 8.15 (1H, d) = 8.8
Hz). 3P NMR (300 MHz, CDGJ) & 24.74. HRMS (ESI, positive ion);@H,3sNOgP [M+H]"

requires 332.1263; found 332.1252.

0]
MeO A~

OMe
Diethyl ((3,5-dimethoxybenzamido)methyl)phosphonate 54.
Same procedure as abo®d:is a off-white solid (60%), mp 74-80°C. Elem. Analalcd for
C14H21NOgP C, 50.75 %; H, 6.69%; N, 4.23%; obtained C, 52461, 6.88%; N, 4.18%. IR
(nujol) ulcm™:3256, 2991, 1655, 1596, 120H NMR (300 MHz, CDCY) & 1.30 (6H, tJ =
7.1), 3.78 (6H, s), 3.88 (2H, ddi= 12.0, 5.9 Hz), 4.13 (4H, m), 6.55 (1H)t 2.3 Hz), 6.94

S21



(2H, d,J = 2.3 Hz), 7.05 (1H, br s}’P NMR (300 MHz, CDGJ)) & 23.87. HRMS (ESI,
negative ion) @H23NOgP [M—H] requires 330.1107; found 330.1116.

OMe O 0

P!
P~oH

N /
H ho

OMe
((2,6-Dimethoxybezamido)methyl)phosphonic acid 5.
Compoundb?2 (0.80 g, 2.4 mmol) was dissolved in anhydrous D@P®ImL) and treated with
trimethylsilyl bromide (1.32 mL, 10.0 mmol) at rodemperature for 24 h. The solvent was
evaporatedn vacuo, resuspended in MeOH (10.0 mL) and stirred at 407@ h, after which
it was concentrateich vacuo and the product precipitated with,&t The resulting white solid
was collected by filtration and freeze dried toggthe above as a white solid (0.49 g, 74%),
mp 192-195°C. Elem. Anal.: calcd for;¢El1/NOeP: C, 43.64 %; H, 5.13%; N, 5.09%;
obtained C, 43.75%; H, 5.23%; N, 5.02%. IR (nujg®dm™: 3338, 2932, 2318, 1659, 1596,
1520, 1256, 1111"H NMR (300 MHz, @-DMSO0) & 3.45 (2H, ddJ = 13.0, 5.7 Hz), 3.71
(6H, s), 6.64 (2H, dJ = 8.4 Hz), 7.28 (1H, ] = 8.4 Hz), 7.83 (1H, d] = 2.9 Hz) 3P NMR
(300 MHz, ¢-DMSO) 6 19.11. HRMS (ESI, negative ion)i§El13NOsP [M—H]™ requires
274.0481; found 274.0477.

OMe O o

”/\!g\OH
MeO HO
((2,4-Dimethoxybenzamido)methyl)phosphonic acid 6.
Same procedure as aboweis a white solid (84%), mp 198-201°C. Elem. Anahicd for
C10H14aNOgP: C, 43.64 %; H, 5.13%; N, 5.09%; obtained C, 8%7H, 5.27%; N, 5.01%. IR
(nujol) ulem™: 3362, 2984, 2256, 1566, 1502, 1209, 1120, 1687NMR (300 MHz, ¢
DMSO) 4 3.56 (2H, ddJ = 12.9, 5.5 Hz), 3.83 (3H, s), 3.93 (3H, s), 666@9 (2H, m), 7.91
(1H, d,J = 8.6 Hz), 8.08 (1H, dd] = 9.8, 5.1 Hz)*'P NMR (300 MHz, ¢ DMSO0) & 19.42.

HRMS (ESI, negative ion) {gH13NOgP [M—H] ™ requires 274.0481; found 274.0498.
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O

MeO /\9

N™ “P~oH

H /

HO
OMe

((3,5-Dimethoxybenzamido)methyl)phosphonic acid 7.
Same procedure as abowveis a white solid (78%), mp 200-204°C. Elem. Anahicd for
C10H14NOgP: C, 43.64 %; H, 5.13%; N, 5.09%; obtained C, 8@%7H, 5.27%; N, 5.01%. IR
(nujol) ulcm™; 3345, 2970, 2233, 1578, 1360, 1208, 1¥6BNMR (300 MHz, @-DMSO) &
3.56 (2H, ddJ = 12.1, 6.0 Hz), 3.78 (6H, s), 6.63 (1HJt 2.3 Hz), 7.05 (2H, d) = 2.3
Hz), 8.53 (1H, tJ = 5.9 Hz).*'P NMR (300 MHz, ¢DMS0) & 19.20. HRMS (ESI, negative

ion) CoH13NOgP [M-H] ™ requires 274.0481; found 274.0479.

Scheme $4. Chemical synthesis of alanine phosphon8t8s

. O Me . Me
|
o, —0 BN JUBS o
H & “OPh - 1 “OPh
OPh
55 56 57
(i)
O Me ' O Me
M AL AP
H | H |
OH OPh

8 R= 2,6—dimethoxyphenyl 58 R = 2,6-dimethoxyphenyl
9 R = 2,4-dimethoxyphenyl 59 R = 2,4-dimethoxyphenyl

Reagents and conditions. (i) Triphenyl phosphate, acetaldehyde, benzylcadiamAcOH,
RT 1 h, then 85°C 11¥"; (ii) 40% HBr/ AcOH, RT 1 H®: (iii) Corresponding benzoic acid,
EtsN, DPPA, DMF, OC to RT; (iv) 1M NaOH agq., dioxane, RT 2 h.

OMe O Me
o
OMe
Diphenyl (1-(2,6-dimethoxybenzamido)ethyl)phosphonate 58.
To a solution of 2,6-dimethoxybenzoic acid (1.688 mmol) and71** (3.25 g, 9.0 mmol)
in DMF at 0C was added B (2.80 mL, 20.0 mmol) and DPPA (diphenylphosphagzide,
2.10 mL, 9.5 mmol). The reaction mixture was stiram temperature for overnight, after

which it was evaporateioh vacuo and the resulting residue was resuspended in E{Q3@
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mL). The organic phase was washed (1M HCI aq., SaHHCQ; brine), dried (NgSQy),
evaporatedn vacuo and purified by chromatography (EtOAc/ hexanejite the above as a
white solid (2.06 g, 52%), mp 170-173°C. Elem. Aneadlcd for GsH.4sNOgP: C, 62.58%; H,
5.48%; N, 3.17%; obtained C, 62.61%; H, 5.48%; 180%.. IR (nujol)u/cm™:3267, 2934,
1665, 1594, 1531, 1473, 1315, 1254, 11HBNMR (300 MHz, CDCY): 6 1.47 (3H, ddJ =
18.1, 7.4 Hz), 3.68 (6H, s), 4.73-4.93 (1H, m),86(BH, d,J = 8.4 Hz), 7.17-7.25 (6H, m),
7.31 (1H, t,J = 8.4 Hz), 7.35-7.46 (4H, m), 8.74 (1H, d= 9.2 Hz);*'P NMR (300 MHz,
CDCls) & 20.22; HRMS (ESI, positive ion) 2H24NOeP [M+H]" requires 442.1420; found
442.1411.

OMe O Me

e
MeO
Diphenyl (1-(2,4-dimethoxybenzamido)ethyl)phosphonate 59.
Same procedure as abo8:is a white solid (55%), mp 158-160°C. Elem. Anahlcd for
Co3H24NOgP C, 62.58 %; H, 5.48%; N, 3.17%; obtained C, 6268, 5.50%; N, 3.26%. IR
(nujol) ulcm™: 3269, 2936, 1666, 1593, 1533, 1474, 1316, 1284111115 H NMR (300
MHz, CDCk) & 1.66 (3H, ddJ = 17.9, 7.3 Hz), 3.82 (6H, s), 5.14 (1H, ddd; 19.2, 9.8,
7.4 Hz), 6.44 (1H, dJ = 8.4 Hz), 6.60 (1H, tJ = 2.3 Hz), 6.82 (2H, dJ = 2.3 Hz), 7.26
(10H, m).*P NMR (300 MHz, CDG) & 19.47; HRMS (ESI, positive ion) 58H,sNOgP

[M+H] " requires 442.1420; found 442.1418.

OMe O Me
4
N° P~oH

OMZ OH
(1-(2,6-Dimethoxybenzamido)ethyl)phosphonic acid 8.
To a solution 068 (1.77 g, 4.0 mmol) in dioxane (20 mL) was adde®Naaq. (1M, 20.0
mL) and the mixture was stirred at room temperafiore2 h, after which dioxane was
removedin vacuo. The resulting mixture was diluted withb® (15 mL), acidified to pH 6
and washed with DCM. The agueous phase was thdifi@gito pH 2 and stored at -10°C for
overnight. The crystals thus formed were colledigdsuction filtration, washed with £
and driedin vacuo. This gave the above as colourless crystals (@, B%), mp 245-248°C.

Elem. Anal.: calcd for gH14NOgP: C, 45.68 %; H, 5.58%: N, 4.84%; obtained C, 4%5

S24



H, 5.58%:; N, 4.84%. IR (nujoly/cm™: 3359, 2985, 2943, 2352, 1538, 1346, 1257, 11H6.
NMR (300 MHz, ¢-DMS0) & 1.24 (1H, dd,J = 15.6, 7.2 Hz), 3.71 (1H, s), 4.12 (1H, ddd,
=16.2, 9.0, 7.3 Hz), 6.64 (1H, d= 8.4 Hz), 7.27 (1H, dd] = 11.4, 5.3 Hz), 7.53 (1H, dd,
= 9.0, 3.2 Hz).*’P NMR (300 MHz, ¢DMSO) & 22.65. HRMS (ESI, negative ion)
C11H1sNOgP [M-H] requires 288.0637; found 288.0639.

OMe O Me o
L

MeO
(1-(2,4-Dimethoxybenzamido)ethyl)phosphonic acid 9.
Same procedure as abo®as a colourless crystals (61%), mp 210-213°C. El&émnal.: calcd
for C10H14NOgP: C, 45.68 %; H, 5.58%; N, 4.84%; obtained C, 4%5H, 5.57%; N, 4.72%.
IR (nujol) ulcm™; 3379, 2980, 2948, 2676, 2319, 1600, 1376, 1338911210, 1020'H
NMR (300 MHz, ¢-DMSO) 6 1.27 (3H, ddJ = 15.7, 7.2 Hz), 3.92 (3H, s), 3.83 (3H, s),
4.22 (1H, ddd,) = 16.2, 8.9, 7.2 Hz), 6.62-6.71 (2H, m), 7.91 (&) = 9.0 Hz), 8.09 (1H,
dd, J = 8.9, 5.1 Hz)**P NMR (300 MHz, ¢ DMSO) 5 22.65. HRMS (ESI, negative ion)

C11H15sNOgP [M-H] ™ requires 288.0637; found 288.0650.
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Scheme S5. Chemical synthesis af-amido boronic acid$0, 18-25, 28-30.
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Reagents and conditions: (i) For compound$1, 67, 68; acid chlorides, DMAP, BN, THF/
DMF, (°C to RT; (i) For compounds2-66, 69-72; aryl acids, HATU, HOBt,N-
methylmorpholine, THF/ DMFQ°C to RT; (iii) KHF,, MeOH, then chlorotrimethylsilane,
MeCN/ H,0.

o0
SNH
64 R = 0 R= O[j" 20

_ Q. T™MR- _
65 R e 21
66 R= () .. A 22
F 72 R= "L,

67 R= (F:f; 23
F

Py
1]

©. 588

)
1|
&

General procedurefor the preparation of 61, 67 and 68.

A solution of acid chloride (3.4 mmol, 1.1 equivn) anhydrous THF (2 mL) was added
dropwise to a mixture of DMAP (75 mg, 0.6 mmol, @Quiv.) and EN (0.95 mL, 6.8
mmol, 2 equiv.) in anhydrous THF (15 mL) at O °Gteh stirring for 30 ming0i*®! (0.80 g,
3.1 mmol, 1 equiv.) in anhydrous THF/ DMF (3:5, 8 )rwas added and the resulting
suspension was stirred at 0 °C for 30 min, thewwain temperature for overnight. It was then
evaporatedn vacuo, resuspended in EtOAc and washed wittOHand 5% NaHC® The
organic phase was evaporatedvacuo and purified by chromatography (EtOAc/ hexane
3:7).
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(-)-Pinanediol (S)-1-(2,6-dimethoxybenzamido)ethanebor onate 61.

61 is a pale yellow oil (64%). IR (nujoly/cm™: 3282 (amide NH), 1647 (amide COM
NMR (500 MHz, CDC}) 6 0.85 (3H, s, Chkba), 1.24 (1H, dJ = 10.5 Hz, H8), 1.27 (3H, s,
CHs5b), 1.37 (3H, s, BsCHB), 1.41 (3H, s, CkC3a), 1.82-1.86 (1H, m, H7*), 1.86-1.92
(1H, m, H6), 2.00 (1H, t) = 5.8 Hz, H4), 2.11-2.19 (1H, m, H8%), 2.26-2.364( m, H7),
3.11-3.20 (1H, m, CHB), 3.80 (6H, s, OgK 2), 4.23-4.31 (1H, m, H7a), 6.54 (2H,X=
8.5 Hz, H3' and H5’), 6.73 (1H, br s, NH), 7.29 (1HJ = 8.5 Hz, H4').**C NMR (500
MHz, CDCI3)$ 16.2 CHsCB), 24.1 (CH5a), 26.3 (C8), 27.0 (G#8b), 28.5 CH;C3a), 35.7
(C7), 38.4 (C5), 39.4 (C6), 51.7 (C4), 69.1 (QCH2), 76.6 (C7a), 84.3 (C3a), 128.1 (C3’
and C5’), 130.4 (C4’), 139.0 (C2' and C6’), 142@1(), 170.0 (CONH). HRMS (ESI,
positive ion) GH3BNNaGQ; requires [M+Na]410.2109; Found 410.2098.

F O Me
L3
H \ 3a/— *
O /™ 8nwH
F ’
H\“7 [ H
H

(-)-Pinanediol (S)-1-(2,6-difluor obenzamido)ethanebor onate 67.

67 is a white solid (91%), mp 134-135°C. Anal.§8,.BF,NOs) C, H, N. IR (nujol)ulcm™
3283 (amide NH), 1648 (amide CGH NMR (500 MHz, CDC}) § 0.86 (3H, s, Chkba),
1.27 (1H, dJ = 10.5 Hz, H8), 1.30 (3H, s, Gbb), 1.36 (3H, dJ = 7.1 Hz, Gi3CHB), 1.43
(3H, s, CHC3a), 1.89 (1H, br d] = 15.5 Hz, H7*), 1.89-1.95 (1H, m, H6), 2.07 (1tH) =
5.3 Hz, H4), 2.20-2.26 (1H, m, H8%), 2.32-2.39 (1H, H7), 3.47-3.59 (1H, m, CHB), 4.36
(1H, dd,J = 8.9, 1.7 Hz, H7a), 6.29 (1H, br s, NH), 6.92 (BHJ = 8.1 Hz, H3"), 6.94 (1H,
d,J = 8.1 Hz, H5'), 7.32-7.39 (1H, m, H4J°C NMR (500 MHz, CDCI3) 16.6 CHsCB),
24.0 (CHba), 26.3 (C8), 27.1 (C43b), 28.6 CH3C3a), 33.1 (CB), 35.5 (C7), 38.2 (C5), 39.6
(C6), 51.4 (C4), 78.2 (C7a), 86.3 (C3a), 112.0 (&3d C5’), 131.8 (C4), 159.2 (C2’ and
C6’), 160.9 (C1’), 161.3 (CONH}’F NMR (376 MHz, CDGJ) -111.6. HRMS (ESI, positive
ion) CigH24BF.NNaQ; requires [M+Na]386.1713; Found 386.1710.
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(-)-Pinanediol (S)-1-(2,6-dichlor obenzamido)ethanebor onate 68.

68 is a pale yellow oil (84%). IR (nujoly/cm™ 3272 (amide NH), 1639 (amide COM
NMR (500 MHz, CDC}) 5 0.89 (3H, s, Chkba), 1.30 (1H, dJ = 7.07 Hz, H8), 1.34 (3H, s,
CHas5b), 1.43 (3H, dJ = 7.4 Hz, G1:CHB), 1.47 (3H, s, CkC3a), 1.91-1.93 (1H, m, H7*),
1.94-1.99 (1H, m, H6), 2.11 (1H,1,= 5.8 Hz, H4), 2.24-2.31 (1H, m, H8%), 2.35-2.43(
m, H7), 3.57-3.65 (1H, m, CHB), 4.41 (1H, di= 8.3, 1.8 Hz, H7a), 6.12 (1H, br s, NH),
7.23 (1H, t,J = 8.1 Hz, H4"), 7.29 (1H, dJ = 8.1 Hz, H3’, H5").2*C NMR (500 MHz,
CDCI3)§ 16.5 CH3CB), 24.0 (CHb5a), 26.3 (C8), 27.1 (G43b), 28.6 CH3C3a), 35.9 (C7),
38.1 (C5), 39.5 (C6), 51.3 (C4), 78.3 (C7a), 8€84), 128.0 (C3’ and C5’), 130.4 (C4),
158.3 (C2" and C6’), 164.5 (C1’), 171.1 (CONH). HBM(ESI, positive ion)
C19H24BCIoNNaQ; requires [M+Na]418.1119; Found 418.1114.

General procedurefor the preparation of 62-66, 69-72.

To a solution of aryl acid (3.7 mmol, 1.2 equivtjATU (O-(7-Azabenzotriazol-1-yl)-
N,N,N’,N"-tetramethyluronium hexafluorophosphate) (1.40 ¢, Bimol, 1.2 equiv.) and
anhydrous HOBt (1-Hydroxybenzotriazole) (0.50 @, &mol, 1.2 equiv.) in anhydrous DMF
(10 mL) at 0 °C was addédtmethylmorpholine (1.02 mL, 9.3 mmol, 3 equiv.)t&fstirring
for 10 min,60™® (0.80 g, 3.1 mmol, 1 equiv.) in anhydrous THF/ DN&5, 8 mL) was
added and the resulting suspension was stirreda@n rtemperature for overnight. The
mixture was then evaporated vacuo, resuspended in EtOAc and washed with 2% citric
acid, sat. NaHC@H,O and brine. The organic phase was evaporiaedcuo and purified
by chromatography (EtOAc/ hexane 1:4). The synthe$éhe corresponding ary acids #r
and 72 have been previously reported in refs. 17 andrd€pectively, while that foB6 and
71 are adapted from refs. 19 and 20, respectivelyaa@diescribed below.

O Me
N/\B/Oc, Me
H \ 3a/=; .
O/,.&\\H
7a\Mg,

H

S28



(-)-Pinanediol (S)-1-(naphthalene-2-car boxamido)ethanebor onate 62.

62 is a pale yellow oil (56%). IR (nujoly/cm™: 3283 (amide NH), 1648 (amide COM
NMR (500 MHz, CDCY4) 5 0.81 (3H, s, Ckba), 1.00 (3H, s, C#8b), 1.15 (1H, dJ = 11.4
Hz, H8), 1.27 (3H, s, BsCHB), 1.34 (3H, s, CkC3a), 1.74-1.83 (1H, br d, = 13.4 Hz,
H7*), 1.84-1.93 (1H, m, H6), 2.00 (1H,X= 5.5 Hz, H4), 2.11-2.17 (1H, m, H8*), 2.24-2.34
(1H, m, H7), 3.16-3.26 (1H, m, CHB), 4.24 (1H, dds 8.7, 1.6 Hz, H7a), 5.59 (1H, br s,
NH), 7.07 (1H, tJ = 8.4 Hz, H4"), 7.16 (1H, d] = 8.4 Hz, H3’), 7.30-7.42 (6H, m, phenyl
side chain H and H5')**C NMR (500 MHz, CDCI3)% 16.0 CHsCB), 24.1 (CH5a), 26.5
(C8), 27.2 (CH5b), 28.8 CH3C3a), 36.1 (C7), 38.2 (C5), 39.9 (C6), 52.0 (CB57C7a),
84.5 (C3a), 127.6, 128.1, 128.8, 129.0 (phenyl skigin C and C5’), 130.0 (C2"), 130.5
(C3"), 130.9 (phenyl side chain C), 131.3 (C4)014(C6"), 141.3 (C1’), 171.0 (CONH).
HRMS (ESI, positive ion) &H>sBNNaQ; requires [M+Na]400.2054; Found 400.2053.

(-)-Pinanediol (S)-1-(1-benzothiophene-5-car boxamido)ethanebor onate 63.

63 is a pale yellow oil (57%). IR (nujoly/cm*: 3281 (amide NH), 1638 (amide COMH
NMR (500 MHz, CDC}J) 6 0.87 (3H, s, Chkba), 1.24 (3H, s, Ci5b), 1.26 (3H, s, B3CHB),
1.37 (1H, dJ = 11.4 Hz, H8), 1.51 (3H, s, GB3a), 1.82-1.85 (1H, br d,= 13.4 Hz, H7*),
1.85-1.93 (1H, m, H6), 2.01 (1H,1,= 5.7 Hz, H4), 2.19-2.15 (1H, m, H8%), 2.27-2.35(
m, H7), 2.82-2.90 (1H, m, CHB), 4.28 (1H, dds 8.2, 1.7 Hz, H7a), 7.26 (1H, 3= 5.0 Hz,
benzothiophene H3), 7.42 (1H, #= 5.0 Hz, benzothiophene H2), 7.62 (2H,Jd; 8.8 Hz,
benzothiophene H6 and H7), 8.25 (1H, s, benzotlinpii4), 9.20 (1H, br s, NHy’C NMR
(500 MHz, CDCI3) 16.6 CH3CB), 24.1 (CHba), 26.7 (C8), 27.4 (Ci3b), 29.4 CH3C3a),
35.7 (CB), 36.8 (C7), 38.1 (C5), 40.1 (C6), 52.8)(76.2 (C7a), 83.5 (C3a), 122.3, 123.0,
123.7, 124.0, 124.1, 127.9, 139.0, 144.0, 170.8 NBD HRMS (ESI, positive ion)
C,1H26BNNaGsS requires [M+Na]406.1619; Found 406.1619.
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(-)-Pinanediol (S)-1-(2-benzylbenzamido)ethanebor onate 64.

64 is a white solid (62%), mp 156-158°C. IR (nujofgm™: 3271 (amide NH), 1643 (amide
CO).™H NMR (500 MHz, CDC}J) § 0.84 (3H, s, Ckba), 1.20 (3H, s, Ci5b), 1.26 (1H, s,
H8), 1.27 (3H, dJ = 7.8 Hz, Gi3CHB), 1.35 (3H, s, CkC3a), 1.79-1.84 (1H, br d,= 14.3
Hz, H7*), 1.85-1.90 (1H, m, H6), 1.98 (1HJt= 5.5 Hz, H4), 2.09-2.18 (1H, m, H8*), 2.26-
2.33 (1H, m, H7), 3.01-3.08 (1H, m, CHB), 4.19 (1) = 4.0 Hz, CHPh), 4.22-4.26 (1H,
dd,J = 8.7, 1.8 Hz, H7a), 6.93 (1H, br s, NH), 7.1417(8H, m, benzyl H), 7.24 (1H, d,=
7.7 Hz, H5"), 7.25 (1H, tJ = 7.7 Hz, H3'), 7.35 (1H, ) = 7.7 Hz, H4’), 7.42 (1H, d] = 7.7
Hz, H2"). *C NMR (500 MHz, CDCI3)5 16.5 CHsCB), 24.2 (CH5a), 26.5 (C8), 27.4
(CHs5b), 28.9 CHsC3a), 36.1 (C7), 38.0 (C5), 38.8 (benzyl LH0.0 (C6), 52.0 (C4), 73.7
(C7a), 84.6 (C3a), 126.2 (benzyl C3 and C5), 1263), 128.1 (C2’), 128.5 (C3’), 129.0
(benzyl C4), 131.0 (C4’), 131.1 (benzyl C2 and CKB2.3 (benzyl C1),139.8 (C6’), 140.6
(C1’), 170.7 (CONH). HRMS (ESI, positive ion) »El,BNNaQ; requires [M+Nal]
440.2367; Found 440.2367.

(-)-Pinanediol (S)-1-(2-phenylbenzamido)ethanebor onate 65.

65 is a pale yellow oil (64%). IR (nujoly/cm™ 3215 (amide NH), 1648 (amide COM
NMR (500 MHz, CDC}) 6 0.83 (3H, s, Chba), 0.93 (3H, s, C#5b), 1.25 (3H, s, B3CHB),
1.28 (1H, dJ = 10.3 Hz, H8), 1.36 (3H, s, GA3a), 1.74-1.80 (1H, br d,= 14.5 Hz, H7%),
1.82-1.87 (1H, m, H6), 1.97 (1H,,= 5.9 Hz, H4), 2.07-2.14 (1H, m, H8%), 2.24-2.32(
m, H7), 2.77-2.84 (1H, m, CHB), 4.20 (1H,d= 8.7 Hz, H7a), 5.94 (1H, br s, NH), 7.30-
7.42 (7H, m, phenyl side chain H, H3' and H5’),& (4H, t,J = 7.8 Hz, H4"), 7.82 (1H, d]

= 7.8 Hz, H2").13C NMR (500 MHz, CDCI3% 15.9 CHsCB), 24.0 (CH5a), 26.4 (C8), 27.2
(CHs5b), 28.8 CH3C3a), 36.2 (C7), 38.1 (C5), 39.8 (C6), 51.9 (C/47C7a), 84.3 (C3a),
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127.6, 128.0, 128.7, 128.9 (phenyl side chain C,ap8 C5’), 129.9 (C2’), 130.4 (phenyl
side chain C, C3’' and C5’), 130.8 (phenyl side oh@), 131.1 (C4’), 139.6 (C6’), 140.5
(C1’), 171.1 (CONH). HRMS (ESI, positive ion) 24El3BNNaQ; requires [M+Nal]
426.2211; Found 426.2219.

(-)-Pinanediol (S)-1-(2-fluor o-6-phenylbenzamido)ethanebor onate 66.

66 is a pale yellow oil (74%). IR (nujoly/cm®: 3271 (amide NH), 1647 (amide COMH
NMR (500 MHz, CDC4) 6 0.81 (3H, s, Chba), 1.00 (3H, s, Csb), 1.15 (1H, dJ = 11.4
Hz, H8), 1.27 (3H, s, BsCHB), 1.34 (3H, s, CkC3a), 1.74-1.83 (1H, br d, = 13.4 Hz,
H7*), 1.84-1.93 (1H, m, H6), 2.00 (1H,X= 5.5 Hz, H4), 2.11-2.17 (1H, m, H8*), 2.24-2.34
(1H, m, H7), 3.16-3.26 (1H, m, CHB), 4.24 (1H, dds 8.7, 1.6 Hz, H7a), 5.59 (1H, br s,
NH), 7.07 (1H, tJ = 8.4 Hz, H4"), 7.16 (1H, d] = 8.4 Hz, H3’), 7.30-7.42 (6H, m, phenyl
side chain H and H5')**C NMR (500 MHz, CDCI3)% 16.0 CHsCB), 24.1 (CH5a), 26.5
(C8), 27.2 (CH5b), 28.8 CH3C3a), 36.1 (C7), 38.2 (C5), 39.9 (C6), 52.0 (CB57C7a),
84.5 (C3a), 127.6, 128.1, 128.8, 129.0 (phenyl skigin C and C5’), 130.0 (C2"), 130.5
(C3'), 130.9 (phenyl side chain C), 131.3 (C4')p14(C6’), 141.3 (C1’), 171.0 (CONHY’F
NMR (376 MHz, CDC}) 6 -115.0. HRMS (ESI, positive ion) »6H,0BFNNaQ; requires
[M+Na]*444.2117; Found 444.2114.

(-)-Pinanediol (S)-1-(2-(propan-2-yl)benzamido)ethanebor onate 69.

69 is a pale yellow oil (63%). IR (nujoly/cm™ 3271 (amide NH), 1649 (amide COM
NMR (500 MHz, CDC}) 6 0.80 (3H, s, Ckba), 1.15-1.27 (13H, m, isopropyl G 2, H8,
CHs5b, (H3;CHB), 1.31 (3H, s, CkC3a), 1.72-1.80 (1H, br d,= 14.3 Hz, H7*), 1.80-1.86
(1H, m, H6), 1.88-1.99 (1H, m, H4), 2.03-2.13 (Ihi, H8*), 2.21-2.29 (1H, m, H7), 2.95-
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3.04 (1H, m, CHB), 3.32-3.41 (1H, m, isopropyl CH)14-4.22 (1H, m, H7a), 7.03-7.08
(1H, m, H5"), 7.26 (1H, dJ = 7.8 Hz, H2"), 7.35 (2H, tJ = 7.8 Hz, H3' and H4’), 7.76 (1H,
br s, NH).»*C NMR (500 MHz, CDCI3)5 16.6 CHsCB), 24.1 (CH5a), 26.5 (C8), 27.3
(CHs5b), 28.0 (isopropyl CkJ, 28.9 CH3C3a), 29.8 (isopropyl CH), 36.4 (C7), 38.1 (C5),
39.9 (C6), 52.1 (C4), 78.3 (C7a), 83.8 (C3a), 1q&F'), 126.2 (C3’), 127.3 (C2), 127.6
(C6’), 131.2 (C4’), 164.5 (C1’), 173.1 (CONH). HRMESI, positive ion) &HzBNNaO;
requires [M+Na] 392.2367; Found 392.2371.

(-)-Pinanediol (S)-1-(2-[(phenylsulfonyl)amino]benzamido)ethanebor onate 70.

70 is a pale yellow oil (55%). IR (nujolycm™: 3350 (sulphonamide NH), 3281 (amide NH),
1633 (CO amide), 1162 (sulphonamide S&).NMR (500 MHz, CDCJ) & 0.83 (3H, s,
CHs5a), 1.21 (3H, s, C#3b), 1.24 (3H, s, BsCHB), 1.26 (1H, dJ = 11.4 Hz, H8), 1.44
(3H, s, CHC3a), 1.82-1.89 (1H, br d,= 15.6 Hz, H7*), 1.85-1.93 (1H, m, H6), 2.03 (1tH,

J = 5.1 Hz, H4), 2.17-2.26 (1H, m, H8*), 2.29-2.3IH( m, H7), 3.24-3.33(1H, m, CHB),
4.34 (1H, dJ = 8.2 Hz, H7a), 6.51 (1H, br s, CONH), 7.00 (1H] £ 8.6 Hz, H5’), 7.28-
7.41 (5H, m, S@Ph), 7.61 (1H, dJ = 8.6 Hz, H4’), 7.71 (1H, d] = 8.6 Hz, H3’), 7.76 (1H,
d,J = 8.6 Hz, H6"), 10.92 (1H, br s, S®H). **C NMR (500 MHz, CDCI3) 16.5 CHsCB),
24.1 (CHba), 26.8 (C8), 27.3 (CGf3b), 29.5 CH3C3a), 33.2 (CB), 36.1 (C7), 38.2 (C5), 39.9
(C6), 52.0 (C4), 76.2 (C7a), 83.8 (C3a), 121.0 J£323.2 (C5’), 126.7 (SEPh-C2 and
SO,Ph-C6), 128.3 (S@h-H3 and SgPh-H5), 131.0 (C6"), 133.0 (C4’), 134.5 (gn-C4),
135.3 (C2’), 140.2 (S€h-C1), 142.0 (C1’), 171.0 (CONH). HRMS (ESI, pisition)
C2sH3:BNoNaGsS requires [M+N&]505.1930; Found 505.1931.
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(-)-Pinanediol (S)-1-(2-(naphthalen-2-ylcar bonyl)benzamido)ethaneboronate 71.

71 is a pale yellow oil (52%). IR (nujoly/cm™: 3284 (amide NH), 1730 (ketone CO), 1640
(amide CO)*H NMR (500 MHz, CDC}J) & 0.85 (3H, s, Chkba), 1.25 (3H, s, Ci5b), 1.28
(3H, s, G43CHB), 1.35 (1H, dJ = 11.5 Hz, H8), 1.39 (3H, s, GH3a), 1.82-1.87 (1H, br d,
J = 15.6 Hz, H7*), 1.87-1.91 (1H, m, H6), 1.98 (1) = 5.7 Hz, H4), 2.12-2.19 (1H, m,
H8%*), 2.28-2.36 (1H, m, H7), 2.93-3.00 (1H, m, CHB)27 (1H, ddJ = 8.2, 1.7 Hz, H7a),
6.14 (1H, s), 6.56 (1H, br s, CONH), 7.03-7.16 (3#), 7.19-7.22 (1H, m), 7.24-7.33 (5H,
m), 7.42 (1H, d,J = 8.0 Hz).**C NMR (500 MHz, CDCI3)% 16.3 CHsCB), 24.1 (CH5a),
26.4 (C8), 27.3 (Ckbb), 29.8 CH3;C3a), 36.2 (C7), 38.1 (C5), 39.8 (C6), 51.8 (CHB.A47
(C7a), 84.8 (C3a), 126.4, 127.6, 128.0, 128.3,4,2829.6, 129.7, 130.4, 130.5, 130.6, 133.6,
134.5, 141.8, 142.0, 143.4, 143.5, 171.6 (CONH)MERESI, positive ion) gH3,BNNaQ,
requires [M+Na]504.2317; Found 504.2318.

(-)-Pinanediol (S)-1-(2-(diphenylmethyl)benzamido)ethanebor onate 72.

72 is a pale yellow oil (49%). IR (nujoly/cm*: 3272 (amide NH), 1645 (amide COMH
NMR (500 MHz, CDC}) 6 0.83 (3H, s, Chkba), 1.21 (3H, s, C#5b), 1.26 (3H, s, B3CHB),
1.35 (1H, dJ = 11.4 Hz, H8), 1.40 (3H, s, GA3a), 1.82-1.87 (1H, br d,= 15.6 Hz, H7*),
1.87-1.93 (1H, m, H6), 2.04 (1H,1,= 5.4 Hz, H4), 2.07-2.12 (1H, m, H8%), 2.26-2.3H(

m, H7), 2.98-3.05 (1H, m, CHB), 4.34 (1H,X 8.2 Hz, H7a), 7.03-7.20 (3H, m), 7.24-7.58
(6H, m), 7.65-7.89 (5H, m)*C NMR (500 MHz, CDCI3)5 16.0 CHsCB), 24.2 (CH5a),
26.2 (C8), 27.3 (Ckbb), 28.6 (CHP}¥), 29.6 CH3C3a), 36.5 (C7), 38.2 (C5), 39.6 (C6), 51.7
(C4), 73.8 (C7a), 86.3 (C3a), 127.5, 128.1, 1282R.9, 129.6, 130.4, 130.9, 131.2, 139.5,
141.0, 171.2 (CONH). HRMS (ESI, positive ion)s;:B3BNNaQO; requires [M+Nal]
516.2680; Found 516.2688.

General procedurefor the preparation of 10, 18-25, 28-30.

Aqueous potassium hydrogen fluoride (4.5 M, 3.7Q &f.5 mmol, 6 equiv.) was added to a
solution of the above boronate (1.00 g, 2.8 mmogqiiv.) in MeOH (10 mL) and the
resulting suspension was stirred at room tempexdturl h. It was then evaporatetvacuo
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and the resulting residue dissolved in hot acetdine. insoluble salt was filtered and the
filtrate concentratedin vacuo. Recrystallisation of the residue from ,@t gave the
trifluoroborate as a white solid. The latter waarthlissolved in a mixture of MeCN and®
(1:1, 8ml) and chlorotrimethylsilane (1.10 mL, 8Mnol, 3 equiv.) was added. The resulting
suspension was stirred at room temperature fornaoyler, after which the mixture was

concentratedn vacuo and the product recrystallized from®and MeCN.

OMe O Me
N/\B/OH
H
OMe

(9)-1-(2,6-Dimethoxybenzamido)ethanebor onic acid 10.

10 is a white solid (68%), mp 127-129°C. IR (nujaficm: 2995-3410 (amide NH and
boronic OH), 1633 (amide COJH NMR (500 MHz, CROD) § 1.22 (3H, dJ = 7.0 Hz,
CH3CB), 2.8.-2.90 (1H, m, CB), 3.86 (6H, s, O&2), 6.77 (2H, ddJ = 8.5, 2.1 Hz, H3
and H5'), 7.50 (1H, tJ = 8.5 Hz, H4').*C NMR (500 MHz, CROD) 6 14.6 CHsCHB),
41.4 (CHB), 55.0 (OCEix 2), 105.4 (C3 and C5’), 133.3 (C4’), 135.1 (CG#id C6’), 160.0
(C1), 172.3 (CONH). HRMS (ESI, negative ion}8,:BNO3; [M+20Me-20H-H] requires
386.2144; Found 386.2144.

O Me
~..OH
H/\$
OH

(S)-1-(Naphthalene-2-car boxamido)ethanebor onic acid 18.

18 is a white solid (82%), mp 183-185°C. IR (nujaicm’: 2971-3414 (amide NH and
boronic OH), 1632 (amide COJH NMR (500 MHz, CROD) § 1.23 (3H, dJ = 7.0 Hz,
CHs), 2.85-2.83 (1H, m, CH), 7.71 (1H,X= 7.8 Hz), 7.76 (1H, tJ = 7.8 Hz), 7.93 (1H, s),
8.05-8.10 (2H, m), 8.13-8.18 (2H, mjC NMR (500 MHz, CROD) & 14.5 CHsCHB), 41.0
(CHB), 127.6, 128.1, 128.8, 129.0, 130.0, 130.%.93131.3, 140.1, 141.3, 171.0 (CONH).
HRMS (ESI, positive ion) GH1sBNNaQ; [M-20H+20Me+Na] requires 294.1277; Found
294.1272.

O Me
/ N/\B/OH
H i
S OH

|
OH
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(S)-1-(1-Benzothiophene-5-car boxamido)ethaneboronic acid 19.

19 is a white solid (76%), mp 203-205°C. IR (nujeficm’: 3074-3416 (amide NH and
boronic OH), 1637 (amide COJH NMR (500 MHz, CROD) § 1.22 (3H, d,J = 7.0 Hz,
CHs), 2.83-2.90 (1H, m, CH), 7.58 (1H, d= 5.3 Hz, H3'), 7.79 (1H, d] = 5.3 Hz, H2)),
7.89 (1H, ddJ = 8.5, 1.7 Hz, H6'), 8.16 (1H, d,= 8.5 Hz, H7’), 8.54 (1H, d] = 1.7 Hz,
H4’). *C NMR (500 MHz, CROD) & 14.5 CHsCHB), 41.6 (CHB), 122.3, 123.0, 123.7,
124.0, 124.1, 1279, 139.0, 144.0, 170.8 (CONH). MER (ESI, positive ion)
C13H1BNNaGsS [M-20H+20Me+Na] requires 300.0836; Found 300.0837.

l O Me
. _OH
N/\BI
OH

(S)-1-(2-Benzylbenzamido)ethaneboronic acid 20.

20 is a white solid (87%), mp 87-89°C. IR (nujefcm™: 3048-3419 (amide NH and boronic
OH), 1639 (amide CO}'H NMR (500 MHz, CRCN) & 1.12 (3H, d,J = 8.9 Hz, Gi5CB),
2.51 (2H, br s, B(OH), 2.99-3.09 (1H, m, CB), 4.04-4.22 (2H, m, ben@,), 5.65 (1H, br
s, NH), 7.06-7.29 (7H, m, benzyl-H, H3’ and H5)4Z (1H, t,J = 7.6 Hz, H4"), 7.51 (1H, d,
J = 7.6 Hz, H2").2*C NMR (500 MHz, CRCN) & 14.9 CHsCHB), 38.3 (benzyl Cb), 48.8
(CHB), 125.7, 126.0, 128.4, 128.7, 129.1 (C2’), .X3a31.5 (C4’), 140.9 (C1’) and 172.3
(CONH). HRMS (ESI, positive ion) fgH»BNNaQO; [M-20H+20Me+Na] requires
334.1590; Found 334.1591.

I O Me
”/\ITQ’/OH
OH

(S)-1-(2-Phenylbenzamido)ethanebor onic acid 21.

21 is a white solid (76%), mp 122-124°C. IR (nujellcm™: 3048-3416 (amide NH and
boronic OH), 1634 (amide COYH NMR (500 MHz, CRCN) & 0.93 (3H, d,J = 7.2 Hz,
CH3CB), 2.45 (2H, br s, B(OH), 2.85-2.93 (1H, m, CB), 7.30-7.52 (7H, m, phenigde
chain-H, H2’ and H5’), 7.65 (1H, §, = 7.3 Hz, H3'), 7.72-7.78 (1H, m, H4}°C NMR (500
MHz, CDsCN) & 14.4 CHsCHB), 41.6 (CHB), 127.5, 127.8, 128.6, 128.9, 12@H),
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130.6, 131.7 (C3’), 139.2 (C6’), 141.1 (C1’) and7¥6 (CONH). HRMS (ESI, positive ion)
C17H20BNNaQ; [M-20H+20Me+Na] requires 320.1428; Found 320.1432.

IOI\_/Ie

(9)-1-(2-Fluor o-6-phenylbenzamido)ethanebor onic acid 22.

22 is a white solid (68%), mp 120-122°C. IR (nujallcm™: 3047-3418 (amide NH and
boronic OH), 1644 (amide COH NMR (500 MHz, CRCN) & 0.87 (3H, dJ = 7.0 Hz,
CH3CB), 2.78-2.95 (1H, m, CB), 3.43 (2H, br s, B(QKl)7.18-7.48 (7H, m, phenyl side
chain-H, H3’ and H5), 7.56-7.65 (1H, m, H4’), 8.28H, br s, NH).*C NMR (500 MHz,
CDsCN) 6 14.4 CH3CHB), 41.0 (CHB), 124.4, 124.8, 125.9, 128.4, 13&¥&’), 138.1,
143.3 (C6’), 158.7 (C2’), 160.7 (C1’) and 169.5 (€&). HRMS (ESI, positive ion)
C17H1oBFNNaQ; [M-20H+20Me+Na] requires 338.1340; Found 338.1338.

F O Me

~__OH
”/\$
OH
F

(9)-1-(2,6-Difluor obenzamido)ethanebor onic acid 23.

23 is a white solid (89%), mp 111-112°C. Elem. Anahtcd for GH,0BF;:NO3; C, 47.21%;
H, 4.40%; N, 6.12%; obtained C, 47.15%; H, 4.36%5198%. IR (nujolu/cm™: 2971-3234
(amide NH and boronic OH), 1632 (amide C&).NMR (500 MHz, CRCN) § 1.23 (3H, d,
J=7.4 Hz, B;CB), 3.15-3.24 (1H, m, CB), 4.25 (2H, br s, B(QKly.08 (1H, d,J = 8.9 Hz,
H3’), 7.10 (1H, dJ = 8.9 Hz, H5"), 7.56-7.64 (1H, m, H4’), 9.05 (1bf, s, NH).**C NMR
(500 MHz, CRRCN) 6 14.6 CHsCHB), 41.5 (CHB), 112.5 (C3’ and C5’), 134.9 (C4159.4
(C2' and C6'), 161.4 (C1’), 163.9 (CONH)Y’F NMR (376 MHz, CQCN) -112.7. HRMS
(ESI, negative ion) GH13BF:NO3; [M+20Me—-20H-H] requires 256.0957; Found 256.0953.

Cl O Me
~__OH

”/\$

H

Cl ©

(S)-1-(2,6-Dichlor obenzamido)ethanebor onic acid 24.
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24 is a white solid (84%), mp 125-127°C. IR (nujofcm™ 3108-3401 (amide NH and
boronic OH), 1644 (amide COYH NMR (500 MHz, CRCN) & 1.06 (3H, d,J = 7.1 Hz,
CH3CB), 2.95-3.04 (1H, m, CB), 6.35 (1H, br s, NHBT (1H, t,J = 8.2 Hz, H4’), 7.38 (2H,
d,J = 8.2 Hz, H3' and H5)*C NMR (500 MHz, CRCN) & 15.9 CHs;CHB), 40.8 (CHB),
128.0 (C3' and C5’), 130.2 (C4’), 131.8 (C2’ and’637.8 (C1"), 164.0 (CONH). HRMS
(ESI, positive ion) gH14BCILNNaQO; [M-20H+20Me+Na] requires 312.0341; Found
312.0343.

O Me
- ___OH
H/\I?O
OH

(S)-1-(2-(Propan-2-yl)benzamido)ethanebor onic acid 25.

25 is a white solid (79%), mp 121-123°C. IR (nujallcm™: 3112-3420 (amide NH and
boronic OH), 1637 (amide COYH NMR (500 MHz, CRCN) & 1.18 (3H, d,J = 7.1 Hz,
CH3CB), 1.29 (6H, dJ = 7.4 Hz, isopropyl Ckix 2), 2.93-3.04 (1H, m, CB), 3.93-3.97 (1H,
m, isopropyl CH), 7.29 (1H, t] = 7.6 Hz, H3'), 7.51 (1H, t) = 7.6 Hz, H4’), 7.58 (1H, d]

= 7.6 Hz, H5"), 7.61 (1H, dJ = 7.6 Hz, H2), 9.64 (1H, br s, NH}3C NMR (500 MHz,
CD3CN) 6 14.4 CH3CHB), 23.6 (isopropyl Ck), 30.0 (isopropyl CH), 42.6 (CHB), 125.8
(C37), 125.9 (C6’), 126.5 (C4’), 129.0 (C2), 132(85"), 148.9 (C1’) and 175.3 (CONH).
HRMS (ESI, positive ion) GH,,BNNaO; [M-20H+20Me+Na] requires 286.1585; Found
286.1586.

¢

O=
/S\
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N/\B/OH
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(S)-1-(2-[(Phenylsulfonyl)amino]benzamido)ethanebor onic acid 28.

28 is a white solid (75%), mp 125-127°C. IR (nujofgm*: 3057-3369 (amide NH, boronic
OH and sulphonamide NH), 1661 (amide CO) 1160 (mripmide SO)H NMR (500 MHz,
CDs;0D) ¢ 1.22 (3H, dJ = 7.0 Hz, CH), 2.83-2.90 (1H, m, CH), 7.00 (1H, i,= 8.6 Hz,
H5"), 7.28-7.41 (5H, m, SéPh), 7.56 (1H, dJ = 8.6 Hz, H4"), 7.79 (1H, d] = 8.6 Hz, H3),
7.89 (1H, dJ = 8.6 Hz, H6").2*C NMR (500 MHz, CROD) § 14.4 CH3CHB), 41.5 (CHB),
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121.0, 123.2, 126.7, 128.3, 131.0, 133.0, 134.5,313140.2, 142.0, 171.0 (CONH). HRMS
(ESI, positive ion) GH20BN2OsS [M-20H+20Me-H] requires 375.1191; Found 375.1190.

(S)-1-(2-(Naphthalen-2-ylcar bonyl)benzamido)ethanebor onic acid 29.

29 is a white solid (64%), mp 177-179°C. IR (nujaflcm™: 3151-3401 (amide NH and
boronic OH), 1726 (ketone CO), 1667 (amide CB)NMR (500 MHz, CROD) § 1.23 (3H,
d,J= 7.0 Hz, CH), 2.83-2.90 (1H, m, CH), 6.14 (1H, s), 7.03-7.361(m), 7.19-7.22 (1H,
m), 7.24-7.33 (5H, m), 7.42 (1H, d,= 8.0 Hz).*C NMR (500 MHz, CROD) & 14.6
(CH3CHB), 41.6 (CHB), 126.4, 127.6, 128.0, 128.3, 1282D.6, 129.7, 130.4, 130.5, 130.6,
133.6, 134.5, 141.8, 142.0, 143.4, 143.5, 171.6 NBD HRMS (ESI, positive ion)
C1sH1sBNNaQ; [M-20H+20Me+Na] requires 294.1272; Found 294.1272.

OI\:/Ie

- ___OH
”AI?O
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(9)-1-(2-(Diphenylmethyl)benzamido)ethanebor onate 30.

30 is a white solid (67%), mp 189-191°C. IR (nujaljcm®; 3158-3421 (amide NH and
boronic OH), 1635 (amide COJH NMR (500 MHz, CROD) § 1.23 (3H, d,J = 7.0 Hz,
CHj3), 2.83-2.90 (1H, m, CH), 5.64 (1H, s, CHPhr.03-7.20 (3H, m), 7.24-7.58 (6H, m),
7.65-7.89 (5H, m)*C NMR (500 MHz, CROD) § 14.5 CHsCHB), 28.6 (CHP}), 41.3
(CHB), 127.5, 128.1, 128.7, 128.9, 129.6, 130.4.93131.2, 139.5, 141.0, 171.2 (CONH).
HRMS (ESI, positive ion) &H,BNNaQ; [M-20H+20Me+Na] requires 410.1903; Found
410.1902.
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Scheme S6. Chemical synthesis af-amido boronic acid§l, 15, 26-27.

Me
0. Me Q Me 0O Me

HCL.H,N™ "B (i or i) R1)LN/kB/O Me (iii) A on
(0] Me —— H ! R1 N Eli
Me © Me OH

Me

OMe OMe

73 74 R1= @ZM 1 R1= CEZM
F F
= e 26 R1= [
75 R1 @F @[F
76 R1 = 27 R1=

Reagents and conditions: (i) For compound§4 and75; acid chlorides, DMAP, BN, THF/
DMF, O°C to RT; (ii) For compoundg6; aryl acids, HATU, HOBtN-methylmorpholine,
THF/ DMF, 0°C to RT; (iii) KHF;, MeOH, then chlorotrimethylsilane, MeCNA®.

General procedurefor the preparation of 74 and 75.

A solution of acid chloride (3.4 mmol, 1.1 equiw) anhydrous THF (2 mL) was added
dropwise to a mixture of DMAP (75 mg, 0.6 mmol, @Quiv.) and EN (0.95 mL, 6.8
mmol, 2 equiv.) in anhydrous THF (15 mL) at O °Gteh stirring for 30 min;73*®! (0.80 g,
3.1 mmol, 1 equiv.) in anhydrous THF/ DMF (3:5, 8 )rwas added and the resulting
suspension was stirred at 0 °C for 30 min, thewwatn temperature for overnight. It was then
evaporatedn vacuo, resuspended in EtOAc and washed wittOHand 5% NaHC® The
organic phase was evaporatedvacuo and purified by chromatography (EtOAc/ hexane
3:7).

OMe O Me
@N g-O Me
H \ 3a 5a
(0] snMe
OMe 76 Me™
i_l\“7 6
H

(+)-Pinanediol (R)-1-(2,6-dimethoxybenzamido)ethanebor onate 74.

74 is a pale yellow oil (67%). IR (nujoly/cm*: 3282 (amide NH), 1647 (amide COMH
NMR (500 MHz, CDC}) & 0.85 (3H, s, Chba), 1.24 (1H, dJ = 10.5 Hz, H8), 1.27 (3H, s,
CHs5b), 1.37 (3H, s, 8;CHB), 1.41 (3H, s, CkC3a), 1.82-1.86 (1H, m, H7*), 1.86-1.92
(1H, m, H6), 2.00 (1H, t) = 5.8 Hz, H4), 2.11-2.19 (1H, m, H8*), 2.26-2.36H( m, H7),
3.11-3.20 (1H, m, CHB), 3.80 (6H, s, OGK 2), 4.23-4.31 (1H, m, H7a), 6.54 (2H, Xz
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8.5 Hz, H3' and H5'), 6.73 (1H, br s, NH), 7.29 (11J = 8.5 Hz, H4").*C NMR (500
MHz, CDCI3)$ 16.2 CHsCB), 24.1 (CH5a), 26.3 (C8), 27.0 (G#8b), 28.5 CHsC3a), 35.7
(C7), 38.4 (C5), 39.4 (C6), 51.7 (C4), 69.1 (OLCH2), 76.6 (C7a), 84.3 (C3a), 128.1 (C3
and C5’), 130.4 (C4’), 139.0 (C2' and C6"), 142@1(), 170.0 (CONH). HRMS (ESI,
positive ion) GiH3BNNaG; requires [M+Na]410.2109; Found 410.2098.

N O Me
H N 5a
E 075.\\Me
a 5b
*H\"7 6 Me

H
(+)-Pinanediol (R)-1-(2,6-difluor obenzamido)ethaneboronate 75.

75 is a white solid (92%), mp 134-135°C. Anal.§8,.BF,NOs) C, H, N. IR (nujol)ulcm™
3283 (amide NH), 1648 (amide CGH NMR (500 MHz, CDC}) § 0.86 (3H, s, Chkba),
1.27 (1H, dJ = 10.5 Hz, H8), 1.30 (3H, s, Gbb), 1.36 (3H, dJ = 7.1 Hz, GisCHB), 1.43
(3H, s, CHC3a), 1.89 (1H, br d] = 15.5 Hz, H7*), 1.89-1.95 (1H, m, H6), 2.07 (1tH) =
5.3 Hz, H4), 2.20-2.26 (1H, m, H8%), 2.32-2.39 (1M, H7), 3.47-3.59 (1H, m, CHB), 4.36
(1H, dd,J = 8.9, 1.7 Hz, H7a), 6.29 (1H, br s, NH), 6.92 (BHJ = 8.1 Hz, H3"), 6.94 (1H,
d,J = 8.1 Hz, H5"), 7.32-7.39 (1H, m, H4}3C NMR (500 MHz, CDCI3% 16.6 CHsCB),
24.0 (CH5a), 26.3 (C8), 27.1 (C#b), 28.6 CH3C3a), 33.1 (CB), 35.5 (C7), 38.2 (C5), 39.6
(C6), 51.4 (C4), 78.2 (C7a), 86.3 (C3a), 112.0 (&34 C5'), 131.8 (C4"), 159.2 (C2' and
C6'), 160.9 (C1'), 161.3 (CONH}’F NMR (376 MHz, CDGJ) -111.6. HRMS (ESI, positive
ion) CigH24BF.NNaQ; requires [M+Na]386.1713; Found 386.1710.

(+)-Pinanediol (R)-1-(2-benzylbenzamido)ethanebor onate 76.

To a solution ofa-phenyl-o-toluic acid (0.80 g, 3.7 mmol, 1.2 equivdATU (O-(7-
azabenzotriazol-1-yIN,N,N’,N"-tetramethyluronium hexafluorophosphate) (1.40 g7 3
mmol, 1.2 equiv.) and anhydrous HOBt (1-Hydroxyh®nazole) (0.50 g, 3.7 mmol, 1.2
equiv.) in anhydrous DMF (10 mL) at 0 °C was ad#éiechethylmorpholine (1.02 mL, 9.3
mmol, 3 equiv.). After stirring for 10 mirv31*® (0.80 g, 3.1 mmol, 1 equiv.) in anhydrous
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THF/ DMF (3:5, 8 mL) was added and the resultingpsmsion was stirred at room
temperature for overnight. The mixture was therpevatedin vacuo, resuspended in EtOAc
and washed with 2% citric acid, sat. NaH{C8,0 and brine. The organic phase was
evaporatedn vacuo and purified by chromatography (EtOAc/ hexane .1#)is gave the
above as a white solid (0.81 g, 63%), mp 155-15TRC(nujol) u/cm™ 3271 (amide NH),
1643 (amide CO)'H NMR (500 MHz, CDC}) & 0.84 (3H, s, Chba), 1.20 (3H, s, Ck3b),
1.26 (1H, s, H8), 1.27 (3H, d,= 7.8 Hz, G13CHB), 1.35 (3H, s, CkC3a), 1.79-1.84 (1H, br
d,J = 14.3 Hz, H7%), 1.85-1.90 (1H, m, H6), 1.98 (1tH) = 5.5 Hz, H4), 2.09-2.18 (1H, m,
H8*), 2.26-2.33 (1H, m, H7), 3.01-3.08 (1H, m, CHEB)19 (1H, d,J = 4.0 Hz, CHPh),
4.22-4.26 (1H, ddJ = 8.7, 1.8 Hz, H7a), 6.93 (1H, br s, NH), 7.1417(8H, m, benzyl H),
7.24 (1H, dJ = 7.7 Hz, H5), 7.25 (1H, t) = 7.7 Hz, H3"), 7.35 (1H, t) = 7.7 Hz, H4),
7.42 (1H, dJ = 7.7 Hz, H2').2*C NMR (500 MHz, CDCI3) 16.5 CHCB), 24.2 (CH5a),
26.5 (C8), 27.4 (CEbb), 28.9 CH3C3a), 36.1 (C7), 38.0 (C5), 38.8 (benzyl LH0.0 (C6),
52.0 (C4), 73.7 (C7a), 84.6 (C3a), 126.2 (benzyb@8 C5), 126.3 (C5"), 128.1 (C2’), 128.5
(C37), 129.0 (benzyl C4), 131.0 (C4’), 131.1 (bein@? and C6), 132.3 (benzyl C1),139.8
(C6"), 140.6 (C1’), 170.7 (CONH). HRMS (ESI, posdi ion) GeH3,BNNaO; requires
[M+Na]*440.2367; Found 440.2370.

General procedurefor the preparation of 11, 26-27.

Aqueous potassium hydrogen fluoride (4.5 M, 3.7Q a.5 mmol, 6 equiv.) was added to a
solution of the above boronate (1.00 g, 2.8 mmogqiiv.) in MeOH (10 mL) and the
resulting suspension was stirred at room tempexdturl h. It was then evaporatetvacuo
and the resulting residue dissolved in hot acetdine. insoluble salt was filtered and the
filtrate concentratedin vacuo. Recrystallisation of the residue from ,@t gave the
trifluoroborate as a white solid. The latter waarthlissolved in a mixture of MeCN and®
(2:1, 8ml) and chlorotrimethylsilane (1.10 mL, 8Mnol, 3 equiv.) was added. The resulting
suspension was stirred at room temperature fornaoyler, after which the mixture was

concentratedn vacuo and the product recrystallized from®and MeCN.

OMe O Me
N II3/OH
H
OMe ©

(R)-1-(2,6-Dimethoxybenzamido)ethaneboronic acid 11.
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11 is a white solid (68%), mp 127-129°C. IR (nujeficm’: 2995-3410 (amide NH and
boronic OH), 1633 (amide COJH NMR (500 MHz, CROD) § 1.22 (3H, d,J = 7.0 Hz,
CH3CB), 2.8.-2.90 (1H, m, CB), 3.86 (6H, s, O£42), 6.77 (2H, ddJ = 8.5, 2.1 Hz, H3
and H5"), 7.50 (1H, tJ) = 8.5 Hz, H4")."*C NMR (500 MHz, CROD) § 14.6 CHsCHB),
41.4 (CHB), 55.0 (OCEix 2), 105.4 (C3 and C5’), 133.3 (C4’), 135.1 (CG#id C6’), 160.0
(C1), 172.3 (CONH). HRMS (ESI, negative ion}8,:BNO3; [M+20Me-20H-H] requires
386.2144; Found 386.2143.

(R)-1-(2,6-Difluor obenzamido)ethanebor onic acid 26.

26 is a white solid (87%), mp 111-112°C. Elem. Anahtcd for GH,0BF;:NO3; C, 47.21%;
H, 4.40%; N, 6.12%; obtained C, 47.14%; H, 4.35%6M4%. IR (nujol/cm™: 2971-3234
(NH and OH boronic acid), 1632 (Amide CG{ NMR (500 MHz, CRCN) & 1.23 (3H, d,)

= 7.4 Hz, Gi5CB), 3.15-3.24 (1H, m, CB), 4.25 (2H, br s, B(@K1)¥.08 (1H, dJ = 8.9 Hz,
H3’), 7.10 (1H, dJ = 8.9 Hz, H5"), 7.56-7.64 (1H, m, H4’), 9.05 (1bk, s, NH).**C NMR
(500 MHz, CRCN) 6 14.6 CHsCHB), 41.5 (CHB), 112.5 (C3’ and C5’), 134.9 (C4159.4
(C2' and C6'), 161.4 (C1’), 163.9 (CONH)Y’F NMR (376 MHz, CQCN) -112.7. HRMS
(ESI, negative ion) GH13BF,NO3; [M+20Me—20H-H] requires 256.0957; Found 256.0953.

S -

O N/'\EI,’/OH

OH

(R)-1-(2-Benzylbenzamido)ethaneboronic acid 27.
27 is a white solid (87%), mp 87-89°C. IR (nujolcm™: 3048-3419 (amide NH and boronic
OH), 1639 (amide CO}'H NMR (500 MHz, CRCN) & 1.12 (3H, d,J = 8.9 Hz, GisCB),
2.51 (2H, br s, B(OH), 2.99-3.09 (1H, m, CB), 4.04-4.22 (2H, m, ben2,), 5.65 (1H, br
s, NH), 7.06-7.29 (7H, m, benzyl-H, H3’ and H5)4Z (1H, t,J = 7.6 Hz, H4"), 7.51 (1H, d,
J = 7.6 Hz, H2").**C NMR (500 MHz, CRCN) 6 14.9 CHsCHB), 38.3 (benzyl Cb), 48.8
(CHB), 125.7, 126.0, 128.4, 128.7, 129.1 (C2’), .X3a31.5 (C4’), 140.9 (C1’) and 172.3
(CONH). HRMS (ESI, positive ion) fgH2BNNaQ; [M-20H+20Me+Na] requires
334.1590; Found 334.1593.
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2-Fluor 0-6-phenylbenzoic acid 77.

To a solution of biphenyl-2-carboxylic acid (1.055329 mmol, 1 equiv.) in anhydrous THF
(40 mL) at -78C was added sec-BuLi (1.4M in cyclohexane, 8.40 ml6 mmol, 2.2
equiv.) dropwise over 30 mins. The mixture was tistimed at -78C for 3 h andN-
fluorobenzenesulfonimide (5.00 g, 15.9 mmol, 3 equvas added. The resulting yellow
solution was allowed to stir at room temperaturedigernight, after which, the mixture was
poured into HO (25 mL/ 100 mL) and washed with,Bt The aqueous layer was acidified
with 3M HCI aq and the resulting pale yellow pretpon was extracted with gD, washed
(H20, brine), dried (MgS¢) and evaporateth vacuo. This gave the above as a pale yellow
solid (0.69 g, 61%), mp 115-117°C. IR (nujofcm™ 2900-3024 (carboxalic acid OH), 1723
(carboxalic acid COY'H NMR (500 MHz, CDCJ) § 7.17 (1H, tJ = 8.4 Hz), 7.35 (1H, d] =
8.4 Hz), 7.36-7.52 (6H, m), 11.62 (1H, br s, £ *C NMR (500 MHz, CDGCJ) & 114.8,
125.8, 127.4, 128.3, 128.7, 131.2, 131.8, 132.3,913142.9, 160.9, 171.7°F NMR (376
MHz, CDCk) -114.0. HRMS (ESI, negative ion)4E1sFO, [M-H] ™ requires 215.0514; Found
215.0507.

o,
O OH

2-(Naphthalen-2-ylcar bonyl)benzoic acid 78.

To a suspension of phthalic anhydride (5.00 g, 33&ol, 1 equiv.) in anhydrous DCM (30
mL) was added AIGI(10.00 g, 74.3 mmol, 2.2 equiv.) and the mixtuesgtirred at room
temperature for 30 mins. A solution of naphthal¢dael0 g, 33.8 mmol, 1 equiv.) in
anhydrous DCM (10 mL) was then added dropwise, @@emins and the resulting deep red
solution was allowed to stir at room temperaturedigernight, after which, the mixture was
poured into conc. HCI/ ice 4@ mixture (25 mL/ 100 mL). The organic layer wasgerated
in vacuo, resuspended in DCM and extracted with sat. NapiT®e aqueous layer was then
acidified with 1M HCI aq. The resulting pale yellgwecipitation was extracted with DCM,

washed (HO, brine), dried (MgS) and evaporateth vacuo. This gave the above as a pale
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yellow solid (5.23 g, 56%), mp 120-122°C. IR (nyjo¥cm’; 2900-3035 (carboxalic acid
OH), 1712 (carboxalic acid CO), 1697 (ketone CB)NMR (500 MHz, CDCY) § 7.28 (1H,

t,J = 7.8 Hz), 7.35 (1H, d] = 7.8 Hz), 7.46-7.66 (4H, m), 7.77-8.05 (5H, m),44 (1H, br

s, CQH). **C NMR (500 MHz, CDGCJ) § 123.9, 124.5, 126.5, 127.8, 128.2, 128.5, 129.6,
129.8, 130.7, 131.2, 132.3, 131.7, 133.1, 133.8,6,3135.6, 170.5. HRMS (ESI, positive
ion) CigH1-NaO; [M+Na]" requires 299.0679; Found 299.680.
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