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1. General Information

All reactions were carried out in capped reaction vials with magnetic stirring unless
otherwise indicated. Commercially obtained reagents were used as received. Solvents
were dried by passage through an activated alumina column under argon. Liquids and
solutions were transferred via syringe. All reactions were monitored by thin-layer
chromatography with E. Merck silica gel 60 F254 pre-coated plates (0.25 mm). Silica
gel (particle size 0.032 - 0.063 mm) purchased from SiliCycle was used for flash
chromatography. 'H, 1*C NMR and 'F NMR spectra were recorded were recorded on
Varian Inova-400 spectrometers and Bruker-400 spectrometers. Data for 'H NMR
spectra are reported relative to chloroform as an internal standard (7.26 ppm) and are
reported as follows: chemical shift (6 ppm), multiplicity, coupling constant (Hz), and
integration. Data for 13C NMR spectra are reported relative to chloroform as an internal
standard (77.16 ppm) and are reported in terms of chemical shift (6 ppm). Infrared
spectra were recorded on the React-IR 15 instrument from Mettler-Toledo Inc. MS data

were measured using the AB Sciex QTRAP® 4500 LC-MS.
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2. Commercially Available Reagents

Commercially available electron-deficient alkenes

COOEt

1

"
Sigma-Aldrich
CAS: 140-88-5

ﬁCN

14p
Sigma-Aldrich
CAS: 107-13-1

Me COOMe

T

14y
Sigma-Aldrich
CAS: 80-62-6

Commercially available N-heterocyclic carbene catalysts

Me
Hoﬂ;‘(

S

Mes— N\&%‘ Mes
Q
cl

Sigma-Aldrich
CAS: 141556-45-8

™\

Mes— N \ég‘ Mes
Cl

Sigma-Aldrich
CAS: 173035-10-4

COOBu

1

Sigma-Aldrich
CAS: 1663-39-4

rCOEt
|

14q
Sigma-Aldrich
CAS: 1629-58-9

COOBn

1

14m
Sigma-Aldrich
CAS: 2495-35-4
[COOEt
14v

Sigma-Aldrich
CAS: 141-05-9

COOEt

COOMe
MeOOC/A\n/

Sigma-Aldrich
CAS: 617-52-7

A
o N\&%‘Ar
Ar=CgFs

BF,

Sigma-Aldrich
CAS: 862095-91-8

i N___N<;
Pr— e\/® Pr

BF,

Combi-Blocks
CAS: 137581-18-1

s

14n
Sigma-Aldrich
CAS: 10477-471

[COOEt
14w

Sigma-Aldrich
CAS: 40594-97-6

CN

\%%‘Bn
[©)
cl

Sigma-Aldrich
CAS: 4568-71-2

S

Sigma-Aldrich
CAS: 2399-486

CN

J1

NC

14x
Sigma-Aldrich
CAS: 764-42-1

"Pr’N\ég"'Pr
(€]
Cl

Sigma-Aldrich
CAS: 139143-09-2



3. Optimizations and Control Experiments

Typical Procedure for Optimizations: In a flame dried microwave vial under Argon, N-
heterocyclic carbene (NHC) catalyst and additive were diluted with DMSO (1 mL) and
stirred for 5 min at 23 °C under an atmosphere of Ar. The mixture was treated with a
solution of phthalaldehydate (0.25 mmol, 1 equiv) in DMSO (1 mL) from a separate
vial, which was further rinsed with DMSO (0.5 mL). Ethyl acrylate and base were
added sequentially via syringe into this mixture at 23 °C. Finally, the sealed microwave
vial was submerged in an oil bath at the indicated temperature and stirred. The reaction
progress was determined by TLC analysis. After completion, the reaction was cooled
to 23 °C, diluted with iso-propyl acetate (20 mL) and quenched with 1M aqueous HCI
(2 mL). The organic layer was washed with H>O (10 mL X 2) and brine (10 mL), dried
over NaxSOq, filtered, and concentrated under reduced pressure to obtain the crude
Hauser-Kraus Annulation product. The crude product was purified by silica gel
chromatography (5% EtOAc/hexanes eluent) to afford the desired Hauser-Kraus

Annulation product.

Table S1. Reaction Optimization: NHC Catalyst

CHO o Catalyst (20 mol%) HO OEt
>

+ Hj\oa DBU (1 equiv) & o

COOEt | DMF (0.1 M) OH

60 °C, 24 h
102 " (0.25 mmol) 12
(1 equiv) (2 equiv)
Results

Me [\
=N N__N
HO — N Mes— \¢®‘ Mes
]

© S __N-g o Fg Ar
CI° "\Zg Bn BF, cl
Cat. (A) Cat. (B) Cat. (C)
< 5% yield < 5% yield 40% yield
— =
N N« / \
Mes— \/6@) Mes iPr’NVN"'Pr ipr/N\&ngr
07 ® S
cl BF, cl
Cat. (D) Cat. (E) Cat. (F)
< 5% yield < 5% yield 25% yield
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Table S2. Reaction Optimization: Solvent

‘ - ‘
Mes— ':9\?2)\ Mes
X CHO (o} Cl OEt
| C (20 mol%) - HO
+
OEt .
ZNcooEt | DBU (1 equiv) @ o
Solvent (0.1 M) OH
10a 1 60 °C, 24 h 12
(1 equiv) (2 equiv) (0.25 mmol)
Solvent Results
1 DMF 40% NMR yield, > 95% conv.
2 THF < 5% yield
3 PhMe < 5% yield
4 DCE < 5% yield
5 EtOH < 5% yield
6 DMSO 45% NMR yield, 95% conv.
Table S3. Reaction Optimization: Base
Mes— ':avg‘Mes
CHO o OEt
@ Cl ¢ (20 mol%) , o
+
Z COOEt | OFEt Base (1 equiv) @ o
DMF (0.1 M) OH
10a 11 Temp, Time 12
(1 equiv) (2 equiv) (0.25 mmol)
Base Temp Time Results
1 DBU 60 °C 6h 40% NMR yield, > 95% conv.
2 Cs,CO3 60 °C 24 h < 5% yield
3 Et;N 60 °C 24 h < 5% yield
4 KOBu 60 °C 24h < 5% yield
5 DIPEA 80°C [ 100h 40% NMR yield, 55% conv.
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Table S4. Reaction Optimization: Phthalaldehydate

N P N
Mes~ "\Z ~» " Mes
~CHO 0 <" o7 OEt
(:[ Cl” c (20 moi%) O
+
ZNCcooR | OEt DIPEA (1 equiv) @ o
DMSO (0.1 M) OH
10 1 80 °C, Time 12
(1 equiv) (2 equiv) (0.25 mmol)
R Time Results
1 Me 115 h 35% NMR yield, 60% conv.
2 Et 100 h 45% NMR yield, 60% conv.
3 Bn 90 h 60% NMR yield, 80% conv.
Table S5. Reaction Optimization: Additive
N P N
Mes™ "N\ o~ Mes
- CHO o) o’ ® OEt
(:[ Cl™ ¢ (20 mol%) , Ho
+
ZNcooBn | Ot DIPEA (1 equiv) Gs o
DMSO (0.1 M) OH
10b 1 Additive (1 equiv) 12
. : 80 °C, Time
1 2 ;
(1 equiv) (2 equiv) (0.25 mmol)
Additive | Time Results
1 MgCl, | 48h 55% NMR yield, 95% conv.
2 Licl | 50h 75% NMR yield, 95% conv.
3 | LioAc | 12h 80% NMR yield, 95% conv.
Table S6. Reaction Optimization: Equivalents of DIPEA
N P N
Mes— N\ZR~M
cHO o es @\/® es oEt
@ Cl c(20 mol%)_ HO
+
ZNcooBn | Ot DIPEA (X equiv) @ o
DMSO (0.1 M) OH
10b 1 LiOAc (1 equiv) 12
P P 80 °C, Time
1 2 ;
(1 equiv) (2 equiv) (0.25 mmol)
DIPEA | Time Results
1 1 equiv 12 h 80% NMR yield, 95% conv.
2 |[0.5equiv| 12h 80% NMR yield, 95% conv.
3 |NoDIPEA| 24h 70% NMR yield, 95% conv.
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Table S7. Control Experiment: Necessity of NHC Catalyst

N_ N~
Mes— '\Z ~~Mes
Xy oHe a * o70 OEt
(:[ Cl- c(20 mol%) _ HO
.
ZNc00Bn | OEt DIPEA (0.5 equiv) @ o
DMSO (0.1 M) OH
10b 11 LiOAc (1 equiv) 12
: , 80°C, 24 h
1 2 :
(1 equiv) (2 equiv) (0.25 mmol)
Condition Results
1 | with NHC 80% NMR yield, 95% conv.
ithout .
2 ‘”'NHC” < 5% yield

4. Synthesized Electron-Deficient Alkenes

1-Phenylprop-2-en-1-one (14r)

(o}

o

Following the literature procedure,! using 3-chloropropiophenone (1 g, 5.93 mmol, 1
equiv) and Et3N (2 mL, 14.8 mmol, 2.5 equiv) in chloroform (10 mL), 1-Phenylprop-
2-en-1-one 14r was obtained as a colorless oil (0.55 g, 70% yield). The characterization

spectra were consistent with those reported in the literature.!

1-(Thiophen-2-yl)prop-2-en-1-one (14s)

(o}

el

| Ly

Following the two-step literature procedure,” first, using 2-thiophenecarbonyl chloride
(0.5 g, 3.41 mmol, 1 equiv), N,O-dimethylhydroxylamine hydrochloride (0.51 g, 5.2
mmol, 1.5 equiv) and EtzN (1.2 mL, 8.5 mmol, 2.5 equiv) in CH>Cl,, N-methoxy-N-
methylthiophene-2-carboxamide was obtained (0.56 g, 96% yield). Next, this product
(0.5 g, 2.92 mmol, 1 equiv) was treated with allyl magnesium bromide (1 M in THF)

(4.4 mL, 4.4 mmol, 1.5 equiv) to obtain 1-(thiophen-2-yl)prop-2-en-1-one 14s as a
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yellow oil (310 mg, 77% yield). The characterization spectra were consistent with those

reported in the literature.?

5. Synthesis and Characterization of Substituted

Phthalaldehydate Substrates

General Procedure A:

OH

R'X (1.1 equiv) N CHO
B - R
R—:- 0 K,CO3 (2 equiv) T OR’
Z DMF, 23 °C
S o

According to a modified literature procedure,* a flame-dried round bottom flask was
charged with substituted 3-hydroxy-1(3H)-isobenzofuranone (1 equiv) and K>COs (2
equiv). Under an argon atmosphere, anhydrous DMF (0.5 M) was added to the flask
and the reaction mixture stirred at 23 °C for 15 min. R’X (1.1 equiv) was added via
syringe at 23 °C and stirred for 2 h. After completion of the reaction (monitored by
TLC), the reaction mixture was diluted with EtOAc (20 mL) and washed with H>O (10
mL x 2) and brine (10 mL). The organic layer was dried over anhydrous magnesium
sulfate, filtered, and concentrated under reduced pressure to yield the crude product.
The crude product was purified by column chromatography on silica gel using
EtOAc/Hexanes as an eluent to afford the desired protected ester product as a starting

material for the catalytic Hauser-Kraus Annulation.
Methyl 2-formylbenzoate (S1)

CHO
(Di”/OMe
o
Using 3-hydroxyisobenzofuran-1(3H)-one (0.5 g, 3.33 mmol, 1 equiv), methyl iodide

(0.23 mL, 3.63 mmol, 1.1 equiv) and K»COs3 (0.92 g, 6.66 mmol, 2 equiv), following

general procedure A, product S1 was obtained as a light-yellow oil (0.51 g, 93% yield).
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TLC Ry= 0.6 (Hexane/EtOAc = 2:1, v/v). The characterization spectra were consistent

with those reported in the literature.

Ethyl 2-formylbenzoate (10a)

CHO
(D:'(OEt

o
Using 3-hydroxyisobenzofuran-1(3H)-one (1 g, 6.66 mmol, 1 equiv), ethyl iodide (0.59
mL, 7.33 mmol, 1.1 equiv) and K»CO3(1.84 g, 13.32 mmol, 2 equiv), following general
procedure A, product 10a was obtained as a clear oil (1.06 g, 90% yield). TLC Ry= 0.6

(Hexane/EtOAc = 2:1, v/v). The characterization spectra were consistent with those

reported in the literature.*

Benzyl 2-formylbenzoate (10b)

X CHO

Z OBn

Using 3-hydroxyisobenzofuran-1(3H)-one (1 g, 6.66 mmol, 1 equiv), benzyl bromide
(0.73 mL, 7.33 mmol, 1.1 equiv) and K>CO3 (1.84 g, 13.32 mmol, 2 equiv), following
general procedure A, product 10b was obtained as a clear oil (1.19 g, 93% yield). TLC
Rr=0.55 (Hexane/EtOAc = 2:1, v/v). The characterization spectra were consistent with

those reported in the literature.*

Benzyl 5-chloro-2-formylbenzoate (13e)

CHO
OBn
Cl

o}
Using 6-chloro-3-hydroxyisobenzofuran-1(3H)-one (0.33 g, 1.76 mmol, 1 equiv),
benzyl bromide (0.23 mL, 1.94 mmol, 1.1 equiv) and K>COs3 (0.49 g, 3.52 mmol, 2
equiv), following general procedure A, product 13e was obtained as a clear oil (0.32 g,

66% yield). TLC Ry = 0.6 (Hexane/EtOAc = 2:1, v/v). 'TH NMR (400 MHz, CDCls) &
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10.58 (s, 1H), 7.96 (d, J= 2.1 Hz, 1H), 7.90 (d, J = 8.3 Hz, 1H), 7.61 (ddd, J=8.4, 2.1,
0.8 Hz, 1H), 7.47 — 7.38 (m, 5H), 5.42 (s, 2H). 3C NMR (400 MHz, CDCls) § 190.84,
165.02, 139.70, 135.41, 135.07, 133.59, 132.74, 130.66, 130.14, 128.96, 128.94,
128.78, 68.22. React-IR (CH,Cly): 1716, 1423, 1265, 896, 703 cm'. HRMS calcd for
[C1sH11Cl03, M + Na]+: 297.04, Found 296.98.

Benzyl 5-bromo-2-formylbenzoate (13f)

CHO
OBn
O

o

Using 6-bromo-3-hydroxyisobenzofuran-1(3H)-one (0.21 g, 0.92 mmol, 1 equiv),
benzyl bromide (0.12 mL, 1.01 mmol, 1.1 equiv) and K>COs3 (0.26 g, 1.84 mmol, 2
equiv), following general procedure A, product 13f was obtained as a colorless solid
(0.22 g, 75% yield). TLC Ry = 0.6 (Hexane/EtOAc = 2:1, v/v). 'H NMR (400 MHz,
CDCl) 6 10.58 (s, 1H), 8.12 (d, J= 1.8 Hz, 1H), 7.83 — 7.76 (m, 2H), 7.47 — 7.38 (m,
5H), 5.41 (s, 2H). 3C NMR (400 MHz, CDCl3) § 191.08, 164.91, 135.78, 135.02,
133.54, 133.51, 130.14, 128.95, 128.80, 128.15, 68.23. React-IR (CH2Cl): 1720,
1585, 1254, 1096, 730, 701 cm™'. HRMS calcd for [CisH11BrOs, M + Na]+: 340.99,
Found 340.92.

Benzyl 2-formyl-3-methoxybenzoate (13h)

OMe
CHO

OBn

3-hydroxy-4-methoxyisobenzofuran-1(3H)-one (0.1 g, 0.54 mmol, 1 equiv) -
synthesized via a known procedure,’ benzyl bromide (0.07 mL, 0.6 mmol, 1.1 equiv)
and K>CO3 (0.15 g, 1.08 mmol, 2 equiv), following general procedure A, product 13h
was obtained as a white solid (0.37 g, 65% yield). TLC Ry= 0.5 (Hexane/EtOAc = 1:1,
v/v). TH NMR (400 MHz, CDCI3) 6 10.48 (s, 1H), 7.52 (dd, J = 8.5, 7.6 Hz, 1H), 7.43

—7.30 (m, 5H), 7.20 (d, /= 7.6 Hz, 1H), 7.09 (d, /= 9.4 Hz, 1H), 5.35 (s, 2H), 3.91 (s,
S10



3H).13C NMR (400 MHz, CDCl3) § 190.23, 168.33, 160.55, 135.60, 134.27, 133.78,
128.72, 128.70, 128.51, 124.75, 120.71, 114.21, 67.90, 56.26. React-IR (CH2Cly):
1734, 1291, 1061, 731, 701 cm™'. HRMS caled for [CisH1404, M + Na]+: 293.09,
Found 293.03.

Benzyl 6-chloro-4-formylnicotinate (13Kk)

Cl X CHO

I
N~ OBn

o

Using 6-chloro-1-hydroxyfuro[3,4-c]pyridin-3(1H)-one (0.1 g, 0.54 mmol, 1 equiv),
benzyl bromide (0.07 mL, 0.6 mmol, 1.1 equiv) and K>COs3 (0.15 g, 1.08 mmol, 2
equiv), following general procedure A, product 13k was obtained as a white solid
(0.072 g, 48% yield). TLC Ry= 0.5 (Hexane/EtOAc = 2:1, v/v). 'H NMR (400 MHz,
CDCl) 6 10.67 (s, 1H), 9.09 (s, 1H), 7.71 (s, 1H), 7.46 — 7.36 (m, SH), 5.44 (s, 2H).
13C NMR (400 MHz, CDCI3) 8 191.08, 164.91, 135.78, 135.02, 133.54, 133.51,
130.14, 128.95, 128.80, 128.15, 68.23. React-IR (CH2Cly): 1720, 1544, 1118, 728, 701
cm!. HRMS calcd for [C14H;oCINO3, M + Na]+: 298.03, Found 297.97.

General Procedure B:

OH : CHO
N B "BuLi (25 equiv) N BnBr (1.1 equiv) X
i K,CO3(2 equiv) R-+
R DMF (2 equiv) R o 2C03 (2 equiv) T OBn
ZNcoon THF,-78°C-23°C Z DMF, 23 °C

(step 1) (crude) O (step 2) o

According to a modified literature procedure,® a flame-dried round bottom flask was
charged with substituted 2-bromobenzoic acid (1.0 equiv). Under an argon atmosphere,
anhydrous THF (0.5 M) was added to the flask, and the reaction mixture cooled to —
78 °C. n-BuLi (2.5 equiv, 2.5 M in hexanes) was added slowly via syringe, and the
mixture was stirred for 30 min. At -78 °C, DMF (2 equiv) was added dropwise via
syringe, and the reaction mixture was further stirred for overnight, allowing the reaction

to slowly warm up to 23 °C. Saturated aqueous NH4Cl was added to quench the reaction.
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The mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude product was used directly for the next

step without further purification.

The crude product obtained from the above reaction was dissolved in anhydrous DMF
and treated with KoCOs (2 equiv). After stirring for 15 min, benzyl bromide (1.1 equiv)
was added via syringe at 23 °C, and the reaction mixture was stirred for another 2-3 h.
After completion of the reaction (monitored by TLC), the reaction mixture was diluted
with EtOAc (20 mL), and the organic layer was washed with H2O (10 mL x 2) and
brine (10 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered,
and concentrated under reduced pressure to yield the crude product. The crude product
was purified by column chromatography on silica gel using EtOAc/Hexanes as an
eluent to afford the desired protected ester product as a starting material for the catalytic

Hauser-Kraus Annulation.

Benzyl 2-formyl-4-methylbenzoate (13a)

Me CHO
\©:”/03n
o

Following general procedure B, using 2-bromo-4-methylbenzoic acid (1.0 g, 4.65
mmol, 1 equiv), n-BuLi (4.65 mL, 11.63 mmol, 2.5 equiv, 2.5 M in hexanes), DMF
(0.7 mL, 9.3 mmol, 2 equiv) in step 1 and K2CO3(1.29 g, 9.3 mmol, 2 equiv), benzyl
bromide (0.6 mL, 5.12 mmol, 1.1 equiv) in step 2, product 13a was obtained as a clear
oil (0.34 g, 29% yield over two steps). TLC Ry = 0.65 (Hexane/EtOAc = 2:1, v/v). TH
NMR (400 MHz, CDCIl3) 6 10.56 (s, 1H), 7.82 (d, /= 8.0 Hz, 1H), 7.64 (s, 1H), 7.37 —
7.24 (m, 6H), 5.3 (s, 2H), 2.35 (s, 3H). 3C NMR (400 MHz, CDCl3) & 192.64, 166.14,
143.56, 137.40, 135.54, 133.63, 130.83, 129.20, 128.93, 128.82, 128.65, 128.54,
128.44, 67.55, 21.57. React-IR (CH2Cly): 1715, 1607, 1280, 1142, 1080, 697 cm™.

HRMS calcd for [Ci6H1403, M + Na]+: 277.09, Found 277.03.
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Benzyl 2-formyl-5-methylbenzoate (13b)

CHO
/©:'(03n
Me

o
Following general procedure B, using 2-bromo-5-methylbenzoic acid (0.5 g, 2.32
mmol, 1 equiv), n-BuLi (2.32 mL, 5.8 mmol, 2.5 equiv, 2.5 M in hexanes), DMF (0.36
mL, 4.64 mmol, 2 equiv) in step 1 and KoCO; (0.64 g, 4.64 mmol, 2 equiv), benzyl
bromide (0.3 mL, 2.55 mmol, 1.1 equiv) in step 2, product 13b was obtained as a clear
oil (0.31 g, 61% yield over two steps). TLC Ry = 0.65 (Hexane/EtOAc = 2:1, v/v). TH
NMR (400 MHz, CDCIl3) 6 10.56 (s, 1H), 7.82 (d, /= 8.0 Hz, 1H), 7.77 (s, 1H), 7.47 —
7.35 (m, 6H), 5.41 (s, 2H), 2.44 (s, 3H). 3C NMR (400 MHz, CDCl3)  191.81, 166.46,
144.24,135.43,134.54, 133.12, 132.29, 131.01, 128.84, 128.80, 128.70, 128.65, 67.75,
21.73. React-IR (CH>Cl,): 1719, 1607, 1305, 1192, 1077, 832, 701 cm’!. HRMS calcd
for [C16H1403, M + Na]+: 277.09, Found 277.04.
Benzyl 2-formyl-6-methylbenzoate (13c)
CHO
s
Me O
Following general procedure B, using 2-bromo-6-methylbenzoic acid (0.83 g, 3.85
mmol, 1 equiv), n-BuLi (3.85 mL, 9.63 mmol, 2.5 equiv, 2.5 M in hexanes), DMF (0.6
mL, 7.7 mmol, 2 equiv) in step 1 and K2CO3 (1.1 g, 7.7 mmol, 2 equiv), benzyl bromide
(0.3 mL, 4.24 mmol, 1.1 equiv) in step 2, product 13¢ was obtained as a clear oil (0.22
g, 23% yield over two steps). TLC Ry= 0.65 (Hexane/EtOAc = 2:1, v/v). '"H NMR (400
MHz, CDCl3) 6 9.98 (s, 1H), 7.69 (dd, J = 6.2, 2.6 Hz, 1H), 7.50 — 7.44 (m, 4H), 7.41
— 7.34 (m, 3H), 5.43 (s, 2H), 2.35 (s, 3H). 13C NMR (400 MHz, CDCl3) & 190.83,
168.66, 136.38, 136.10, 135.34, 133.88, 133.53, 129.85, 129.23, 128.96, 128.74,
128.67, 67.89, 18.96. React-IR (CH:Cly): 1732, 1273, 1256, 1176, 1073, 701 cm™.
HRMS calcd for [Ci6H1403, M + Na]+: 277.09, Found 277.03.
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Benzyl 5-fluoro-2-formylbenzoate (13d)

X CHO

y OBn

o

Following general procedure B, using 2-bromo-5-fluorobenzoic acid (0.5 g, 2.3 mmol,
1 equiv), n-BuLi (2.3 mL, 5.75 mmol, 2.5 equiv, 2.5 M in hexanes), DMF (0.36 mL,
4.6 mmol, 2 equiv) in step 1 and K2COs (0.64 g, 4.6 mmol, 2 equiv), benzyl bromide
(0.3 mL, 2.53 mmol, 1.1 equiv) in step 2, product 13d was obtained as a white solid
(0.18 g, 31% yield over two steps). TLC Ry= 0.6 (Hexane/EtOAc = 2:1, v/v). '"H NMR
(400 MHz, CDCIl3) & 10.42 (s, 1H), 7.63 — 7.55 (m, 2H), 7.46 — 7.36 (m, 5H), 7.34 —
7.29 (m, 1H), 5.38 (s, 2H). 13C NMR (400 MHz, CDCl3) & 188.10, 166.26, 163.13,
160.56, 135.15, 134.17, 134.08, 128.83, 128.76, 128.46, 125.42, 125.39, 120.17,
119.96, 68.19. F NMR (376 MHz, CDCI3) § -117.49 (dd, J=9.9, 5.0 Hz). React-IR
(CH2CLL): 1713, 1457, 1285, 1142, 1006, 701 cm™'. HRMS calcd for [CisHiFO3, M +
Na]+: 281.07, Found 281.01.

Dibenzyl 4-formylisophthalate (13i)

CHO
Bnow‘/C[n/OBn

o o
Following general procedure B, using 4-bromoisophthalic acid (1 g, 4 mmol, 1 equiv),
n-BuLi (6.4 mL, 16 mmol, 4 equiv, 2.5 M in hexanes), DMF (0.62 mL, 8 mmol, 2
equiv) in step 1 and K>COs3 (1.1 g, 8 mmol, 2 equiv), benzyl bromide (0.52 mL, 4.4
mmol, 1.1 equiv) in step 2, product 13i was obtained as a colorless solid (0.12 g, 10%
yield over two steps). TLC Ry= 0.45 (Hexane/EtOAc = 2:1, v/v). 'TH NMR (400 MHz,
CDCls) 6 10.65 (s, 1H), 8.68 — 8.67 (m, 1H), 8.31 (dd, /= 8.1, 1.6 Hz, 1H), 7.97 (d, J
= 8.0 Hz, 1H), 7.47 — 7.35 (m, 10H), 5.43 (s, 2H), 5.40 (s, 2H). 3C NMR (400 MHz,
CDCl) & 191.58, 165.42, 164.80, 140.37, 135.44, 135.14, 134.10, 133.48, 132.18,
131.91, 128.91, 128.85, 128.72, 128.69, 128.52, 68.11, 67.66. React-IR (CH:Cly):
1756, 1591, 1201, 1005, 739, 701 cm™'. HRMS calcd for [C23H130s, M + Na]+: 397.12,

Found 397.10.
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General Procedure C:

/ NBS (1.2 equiv)
= cat AIBN
R— o] IR
N~ PhH 80 °C 100 °C
(step 1) (step 2)

o
BnBr (1.1 equiv) X CHO
K,CO; (2 equiv) R—:-
—_— \/ OBn
DMF, 23 °C
(step 3) o

According to a modified literature procedure,’ a flame-dried round bottom flask was
charged with substituted phthalide (1.0 equiv), NBS (1.2 equiv) and catalytic AIBN (5
mol%). Under an argon atmosphere, benzene (0.2 M) was added to the flask and the
reaction mixture refluxed at 85 °C for 12 h. Upon completion of the reaction (monitored
by TLC), the reaction mixture was cooled to 23 °C and concentrated under reduced
pressure. The resulting bromo-phthalide crude product was directly used in the next
step without purification. H,O was added to the crude mixture and refluxed for 4 h at
100 °C. The resultant crude mixture was diluted with ethyl acetate and extracted three
times with additional ethyl acetate. The combined organic layers were dried over
anhydrous magnesium sulfate, filtered, and concentrated in vacuo to yield the crude
product. The unpurified hydroxy-phthalide product was then subjected to KoCOs (2
equiv), benzyl bromide (1.1 equiv) and dry DMF conditions (general procedure A) to
yield the corresponding crude formyl-benzoate product. The crude product was purified
by column chromatography on silica gel using EtOAc/Hexanes as an eluent to afford
the desired protected ester product as a starting material for the catalytic Hauser-Kraus

Annulation.

Benzyl 2-formyl-5-iodobenzoate (13g)
CHO
/Q'(OBH
[
o

Following general procedure C, using 2-bromo-5-chlorobenzoic acid (0.25 g, 1.04

mmol, 1 equiv), NBS (0.22 g, 1.25 mmol, 1.2 equiv), AIBN (8.5 mg, 0.052 mmol, 5
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mol%), benzene (5 mL) in step 1 and H>O (20 mL), step 2 and K>COs3 (0.64 g, 4.64
mmol, 2 equiv), benzyl bromide (0.3 mL, 2.55 mmol, 1.1 equiv) in step 3, product 13g
was obtained as a white solid (0.16 g, 42% yield over three steps). TLC Ry = 0.5
(Hexane/EtOAc = 2:1, v/v)."H NMR (400 MHz, CDCl3) & 10.56 (s, 1H), 8.32 (d, J =
1.7 Hz, 1H), 8.00 (dd, J = 8.2, 1.5 Hz, 1H), 7.63 (d, J = 8.2 Hz, 1H), 7.47 — 7.35 (m,
5H), 5.41 (s, 2H). 3C NMR (400 MHz, CDCl3) & 191.34, 164.78, 141.73, 139.30,
136.25, 135.03, 133.18, 129.85, 128.92, 128.91, 128.78, 100.53, 68.18. React-IR
(CH2Cly): 1735, 1511, 1204, 1159, 701 cm™'. HRMS calcd for [CisH 1103, M + Na]+:
388.98, Found 388.90.

Carbamate S2

i o}
i-BuO,C

N

H

(o)

According to reported procedure,* commercially available 6-aminoisobenzofuran-
1(3H)-one (0.75 g, 5 mmol, 1 equiv) was treated with isobutyl chloroformate (0.97 mL,
7.5 mmol, 1.5 equiv), DMAP (61 mg, 0.5 mmol, 10 mol%) in DCM (15 mL) to obtain
carbamate S2 (0.87 g, 70% yield).

Benzyl 2-formyl-5-((isobutoxycarbonyl)amino)benzoate (13j)

CHO
i-BuOZC\NQ;(OBn
H

o
Following general procedure C, using synthesized carbamate S2 (0.45 g, 1.8 mmol, 1
equiv), NBS (0.39 g, 2.2 mmol, 1.2 equiv), AIBN (15 mg, 0.09 mmol, 5 mol%),
benzene (5 mL) in step 1 and H>O (20 mL), step 2 and K»CO3 (0.5 g, 3.6 mmol, 2 equiv),
benzyl bromide (0.24 mL, 2 mmol, 1.1 equiv) in step 3, product 13j was obtained as a
clear liquid (0.24 g, 38% yield over three steps). TLC Ry=0.35 (Hexane/EtOAc = 2:1,
v/v).'H NMR (400 MHz, CDCl3) 4 10.43 (s, 1H), 7.89 (d, J= 8.5 Hz, 1H), 7.84 (d, J
=2.3 Hz, 1H), 7.69 (dd, J= 8.6, 2.3 Hz, 1H), 7.39 — 7.25 (m, 5H), 6.91 (s, 1H), 5.33 (s,
2H), 3.91 (d, J= 6.7 Hz, 2H), 1.97 — 1.85 (m, 1H), 0.9 (s, 3H), 0.88 (s, 3H). 1*C NMR
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(400 MHz, CDCl3) 6 190.76, 166.01, 153.17, 142.78, 135.36, 133.89, 131.54, 130.49,
128.88, 128.76, 128.68, 120.99, 119.34, 72.13, 67.93, 28.02, 19.13. React-IR
(CH2Cly): 1738, 1525, 1212, 1059, 701 cm™'. HRMS calcd for [C20H21NOs, M + Na]+:
378.14, Found 378.07.

6. General Procedure for Catalytic Hauser-Kraus Annulation

General Procedure D:

o Mes’NVg‘ Mes HO R3 OR2
CHO o
. . R4 oR? Cl ¢ (20 mol%)> 0
| LiOAc (1 equiv) R OH
COzBn R3 DIPEA (50 mol%)
i i DMSO (0.1 M), 80 °C 15

In a flame dried microwave vial under  Argon, 1,3-Bis(2,4,6-
trimethylphenyl)imidazolinium chloride C (IMes-NHC) (17 mg, 0.05 mmol, 20 mol%)
and oven-dried lithium acetate (16.5 mg, 0.25 mmol, 1 equiv) were diluted with 1 mL
DMSO and stirred for 5 min at 23 °C. The mixture was treated with a solution of
substituted benzyl phthalaldehydate 13 (0.25 mmol, 1 equiv) in DMSO (1 mL) from a
separate vial, which was further rinsed with DMSO (0.5 mL). DIPEA (22 ul, 0.125
mmol, 50 mol%) and electron-deficient alkene 14 (0.5 mmol, 2 equiv) were added
sequentially into this mixture at 23 °C. The sealed microwave vial was submerged in
an oil bath at 80 °C and stirred for 12-24 h. Once the reaction was determined to be
complete by TLC analysis, the reaction was cooled to 23 °C, diluted with iso-propyl
acetate (20 mL) and quenched with 1 M HCI (2 mL). The organic layer was washed
with H>O (10 mL x 2) and brine (10 mL), dried over Na,SOs, filtered, and concentrated
under reduced pressure to obtain the crude Hauser-Kraus product. The crude product
was purified by silica gel chromatography using EtOAc/hexanes as an eluent to afford

the desired Hauser-Kraus Annulation product.
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7. Characterization of Hauser-Kraus Annulation Products

Ethyl 1,4-dihydroxy-6-methyl-2-naphthoate (15a)
HO OEt

Me OHo

Following the general procedure D, using 13a (64 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15a was obtained as a yellow solid (36.2
mg, 59% yield). TLC Ry= 0.4 (Hexane/EtOAc = 2:1, v/v). 'H NMR (400 MHz, CDCl3)
0 11.61 (s, 1H), 8.28 (d, J=8.5 Hz, 1H), 7.89 (s, 1H), 7.41 —7.38 (m, 1H), 7.09 (s, 1H),
5.03 (s, 1H), 4.42 (q, /= 7.1 Hz, 2H), 2.55 (s, 3H), 1.42 (t, J= 7.1 Hz, 3H). 13C NMR
(400 MHz, CDCl3) 170.88, 155.92, 142.92, 139.53, 129.29, 128.55, 124.04, 123.86,
121.02, 105.57, 103.96, 61.44, 22.21, 14.40.6 React-IR (CH2ClL): 2913, 2834, 1701,
1544, 1249, 731 cm™'. HRMS calcd for [C14H1404, M + Na]+: 269.09, Found 269.10.

Ethyl 1,4-dihydroxy-7-methyl-2-naphthoate (15b)

OEt
HO

-

OH
Me

Following the general procedure D, using 13b (64 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15b was obtained as a yellow solid (32
mg, 52% yield). TLC Ry= 0.4 (Hexane/EtOAc = 2:1, v/v). 'TH NMR (400 MHz, CDCl3)
0 11.61 (s, 1H), 8.18 = 8.17 (m, 1H), 8.01 (d, /= 8.5 Hz, 1H), 7.48 (dd, J= 8.5, 1.8 Hz,
1H), 7.06 (s, 1H), 4.43 (q, J = 7.1 Hz, 2H), 2.55 (s, 3H), 1.44 (t, J= 7.2 Hz, 3H). 13C
NMR (400 MHz, CDCI3) 6 170.91, 155.44, 143.40, 136.48, 131.21, 127.21, 125.93,
123.24, 121.69, 104.78, 104.50, 61.49, 21.89, 14.43. React-IR (CH:Cl>): 2909, 2834,
1701, 1544, 1249, 701 cm™'. HRMS calcd for [C14H140s, M + NaJ+: 269.09, Found
269.06.
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Ethyl 1,4-dihydroxy-8-methyl-2-naphthoate (15¢)

OEt
HO

Following the general procedure D, using 13¢ (64 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15¢ was obtained as a yellow solid (25.3
mg, 41% yield). TLC Ry= 0.4 (Hexane/EtOAc =2:1, v/v). 'H NMR (400 MHz, CDCl3)
0 12.18 (s, 1H), 7.99 (d, J= 8.4 Hz, 1H), 7.49 — 7.46 (m, 1H), 7.29 (d, J=7.1 Hz, 1H),
7.12 (s, 1H), 4.94 (s, 1H), 4.42 (q, J = 7.1 Hz, 2H), 2.98 (s, 3H), 1.43 (t, /= 7.1 Hz,
3H). 13C NMR (400 MHz, CDCl3) § 171.42, 159.23, 143.09, 138.60, 130.75, 129.76,
128.82,125.16,119.83, 105.61, 104.66, 61.51,25.21, 14.39. React-IR (CH>CL): 2916,
2831, 1678, 1500, 1265, 701 cm''. HRMS calcd for [Ci14H1404, M + NaJ+: 269.09,
Found 269.08.

Ethyl 7-fluoro-1,4-dihydroxy-2-naphthoate (15d)

Et
HO 2

Lo

OH
E

Following the general procedure D, using 13d (65 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15d was obtained as a yellow solid (38
mg, 60% yield). TLC Ry= 0.4 (Hexane/EtOAc =2:1, v/v). 'H NMR (400 MHz, CDCl3)
0 11.59 (s, 1H), 8.21 (d, J= 8.4 Hz, 1H), 7.46 — 7.40 (m, 1H), 7.29 — 7.23 (m, 2H), 6.43
(d, J=24.9 Hz, 1H), 4.44 (q,J= 7.1 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H). 1*C NMR (400
MHz, CDCl;) 6 170.58, 160.11, 157.70, 153.98, 153.94, 142.78, 127.76, 127.72,
126.00, 125.90, 121.22, 121.18, 117.78, 117.70, 113.92, 113.70, 108.38, 108.35,
106.87, 106.85, 61.83, 14.32. F NMR (376 MHz, CDCI3) § -122.00 (ddd, J = 24.8,
14.6, 5.4 Hz). React-IR (CH2Cl»): 2913, 2835, 1670, 1400, 1211, 701 cm™'. HRMS
calcd for [Ci13H11FO4, M + Na]J+: 251.06, Found 251.07.
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Ethyl 7-chloro-1,4-dihydroxy-2-naphthoate (15¢)

OEt
HO

-

OH
Cl

Following the general procedure D, using 13e (69 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15e was obtained as a yellow solid (45
mg, 68% yield). TLC Ry= 0.4 (Hexane/EtOAc = 2:1, v/v).'H NMR (400 MHz, CDCl3)
0 11.57 (s, 1H), 8.36 (d, /= 2.1 Hz, 1H), 8.08 (d, /= 8.8 Hz, 1H), 7.57 (dd, J= 8.9, 2.2
Hz, 1H), 7.11 (s, 1H), 5.01 (br, 1H), 4.44 (q, J = 7.1 Hz, 2H), 1.44 (t, J = 7.1 Hz,
3H). 3C NMR (400 MHz, CDCl3) 8 170.52, 154.64, 143.30, 132.82, 129.75, 127.17,
126.58, 123.81, 123.27, 105.84, 105.72, 61.77, 14.40. React-IR (CH:Cl»): 2913, 2835,
1701, 1543, 1246, 701 cm™'. HRMS calcd for [C13H1Cl1O04, M + Na]+: 289.03, Found
289.06.

Ethyl 7-bromo-1,4-dihydroxy-2-naphthoate (15f)

Et
HO 2

-

OH
Br

Following the general procedure D, using 13f (80 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15f was obtained as a yellow solid (58
mg, 74% yield). TLC Ry = 0.35 (Hexane/EtOAc = 2:1, v/v). 'H NMR (400 MHz,
CDCl3) 6 11.57 (s, 1H), 8.54 (d, J = 2.0 Hz, 1H), 8.00 (d, J = 8.9 Hz, 1H), 7.70 (dd, J
=8.9,2.0 Hz, 1H), 7.12 (s, 1H), 4.44 (q, J= 7.1 Hz, 2H), 1.44 (t,J= 7.1 Hz, 3H). 13C
NMR (400 MHz, CDCIl3) & 170.49, 154.54, 143.37, 132.28, 127.41, 126.91, 126.52,
123.88, 120.96, 105.88, 105.82, 61.78, 14.40. React-IR (CH>CL): 2913, 2834, 1656,
1246, 701 cm™'. HRMS calcd for [C13H11BrOs, M + Na]+: 332.98, Found 332.97.
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Ethyl 7-iodo-1,4-dihydroxy-2-naphthoate (15g)

OEt
HO

-

OH
|

Following the general procedure D, using 13g (92 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15g was obtained as a yellow solid (74
mg, 82% yield). TLC Ry = 0.35 (Hexane/EtOAc = 2:1, v/v). 'H NMR (400 MHz,
DMSO-d¢) 6 11.32 (s, 1H), 10.01 (s, 1H), 8.55 (d, J=1.7 Hz, 1H), 7.94 — 7.86 (m, 2H),
7.13 (s, 1H), 4.41 (q, J = 7.1 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H). 3C NMR (400 MHz,
DMSO-d¢) & 169.81, 151.18, 145.25, 136.75, 131.52, 127.58, 126.35, 124.35, 106.02,
104.70, 92.95, 61.66, 14.05. React-IR (CH:Cl»): 2910, 2854, 1701, 1288, 701 cm™.
HRMS calcd for [Ci13H11104, M + Na]+: 380.97, Found 380.97.

Ethyl 1,4-dihydroxy-5-methoxy-2-naphthoate (15h)

OEt
HO

MeO @ o

OH

Following the general procedure D, using 13h (68 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15h was obtained as a yellow foamy
solid (55 mg, 84% yield). TLC Ry = 0.5 (Hexane/EtOAc = 2:1, v/v). 'TH NMR (400
MHz, CDCl;) 6 11.46 (s, 1H), 8.82 (s, 1H), 8.03 (d, /J=8.5 Hz, 1H), 7.41 (t, /= 8.1 Hz,
1H), 7.18 (s, 1H), 6.98 (d, J= 7.7 Hz, 1H), 4.43 (q, J = 7.2 Hz, 2H), 4.06 (s, 3H), 1.44
(t, J= 7.2 Hz, 3H). 3C NMR (400 MHz, CDCI3) § 170.83, 155.81, 153.30, 146.01,
127.34,125.97,119.07,117.81, 108.13, 106.87, 106.73, 61.59, 56.41, 14.34. React-IR
(CH:Clo): 2912, 2834, 1669, 1402, 1220, 873, 701 cm™!. HRMS calcd for [C14H140s,
M + H]+: 263.08, Found 263.04.
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7-Benzyl 2-ethyl 1,4-dihydroxynaphthalene-2,7-dicarboxylate (15i)

OEt
HO
Q o
("o
BnO,C

Following the general procedure D, using 13i (93.6 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15i was obtained as a yellow solid (41
mg, 45% yield). TLC Ry= 0.2 (Hexane/EtOAc = 2:1, v/v). 'TH NMR (400 MHz, CDCl3)
0 11.71 (s, 1H), 9.16 (d, J=1.7 Hz, 1H), 8.26 — 8.16 (m, 2H), 7.52 — 7.49 (m, 2H), 7.46
—7.34 (m, 3H), 7.24 (s, 1H), 5.44 (s, 2H), 4.45 (q,J= 7.1 Hz, 2H), s1.44 (t,J=7.1 Hz,
3H). 3C NMR (400 MHz, CDCl3) 8 170.47, 166.38, 156.49, 143.14, 136.16, 131.06,
128.80, 128.72, 128.49, 128.47, 128.04, 127.19, 125.16, 122.33, 108.27, 105.61, 67.13,
61.79, 14.41, 14.26. React-IR (CH2Cl): 2912, 2834, 1719, 1543, 1245, 727 cm’..
HRMS calcd for [C21H130s, M + Na]+: 389.11, Found 389.03.

Ethyl 1,4-dihydroxy-7-(3-methylbutanamido)-2-naphthoate (15j)
HO OEt

Q (o)
Lo
i-BuOZC\N
H

Following the general procedure D, using 13j (89 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15j was obtained as a yellow solid (34
mg, 39% yield). TLC Ry= 0.2 (Hexane/EtOAc = 2:1, v/v). 'TH NMR (400 MHz, CDCl3)
0 11.53 (s, 1H), 8.22 (d, J=2.3 Hz, 1H), 8.08 (d, /= 9.0 Hz, 1H), 7.84 — 7.82 (m, 1H),
7.02 (s, 1H), 6.85 (br, 1H), 5.04 (s, 1H), 4.43 (q, J= 7.1 Hz, 2H), 4.01 (d, J = 6.6 Hz,
2H), 2.03 — 1.97 (m, 1H), 1.43 (t, J=7.1 Hz, 3H), 1.0 (s, 3H), 0.99 (s, 3H). 1*C NMR
(400 MHz, CDCl;) 6 170.78, 155.08, 153.97, 143.39, 136.55, 126.36, 125.51, 123.20,
121.78, 111.68, 105.31, 104.22, 71.81, 61.54, 28.13, 19.22, 14.41. React-IR (CH:Cl,):
2913, 2835, 1737, 1523, 1210, 730, 701 cm™'. HRMS calcd for [C1sH21NOg, M + Na]+:
370.14, Found 370.06.
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Ethyl 3-chloro-5,8-dihydroxyisoquinoline-7-carboxylate (15k)

OEt
HO

CI— = OH °

Following the general procedure D, using 13k (69 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 15k was obtained as a yellow solid (25
mg, 38% yield). TLC Ry=0.3 (Hexane/EtOAc =2:1, v/v). 'H NMR (400 MHz, DMSO-
de) 6 11.42 (s, 1H), 10.36 (s, 1H), 9.37 (d, J = 0.8 Hz, 1H), 7.93 (d, J = 0.8 Hz, 1H),
7.35 (s, 1H), 4.42 (q, J = 7.1 Hz, 2H), 1.37 (t, J= 7.1 Hz, 3H). 3C NMR (400 MHz,
DMSO-d¢) & 169.05, 152.95, 149.00, 147.95, 143.62, 133.71, 119.12, 114.53, 109.98,
107.04, 61.88, 14.02. React-IR (CH:ClLy): 2967, 2755, 1701, 1609, 722, 701 cm™.

HRMS calcd for [Ci12H10CINO4, M + Na]+: 290.03, Found 290.07.

Ethyl 1,4-dihydroxy-2-naphthoate (12)

OEt
HO

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and ethyl
acrylate 11 (55 pl, 0.5 mmol, 2 equiv), product 12 was obtained as a yellow solid (42
mg, 72% yield). TLC Ry= 0.2 (Hexane/EtOAc = 2:1, v/v).'H NMR (400 MHz, CDCl3)
0 11.64 (s, 1H), 8.40 (d, /= 8.4 Hz, 1H), 8.13 (d, J = 8.4 Hz, 1H), 7.65 (ddd, J = 8.3,
6.9, 1.4 Hz, 1H), 7.57 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 7.11 (s, 1H), 5.18 (s, 1H), 4.42
(g, J=7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H). 13C NMR (400 MHz, CDCl3) § 170.83,
155.71,143.34,129.11, 129.04, 126.48, 125.72, 124.07, 121.80, 105.39, 104.69, 61.58,
14.38. React-IR (CH2Cly): 2916, 2876, 1664, 1247, 731 cm’l. HRMS calcd for

[C13H1204, M + H]+: 233.07, Found 233.04.

S23



tert-Butyl 1,4-dihydroxy-2-naphthoate (151)

HO Ot-Bu
(o]
-

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and fert-
butyl acrylate 141 (73 ul, 0.5 mmol, 2 equiv), product 151 was obtained as a yellow oil
(40 mg, 62% yield). TLC Ry = 0.4 (Hexane/EtOAc = 2:1, v/v)."H NMR (400 MHz,
CDCl3) 6 11.83 (s, 1H), 8.39 (d, /= 7.8 Hz, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.63 (ddd, J
=8.3,6.9, 1.4 Hz, 1H), 7.55 (ddd, /= 8.2, 6.8, 1.3 Hz, 1H), 7.37 (s, 1H), 7.08 (s, 1H),
1.64 (s, 9H). 13C NMR (400 MHz, CDCl3) § 170.41, 155.67, 143.04, 128.87, 128.77,
128.48, 126.35, 125.83, 124.03, 121.68, 105.99, 82.87, 28.42. React-IR (CH2Cly):
2950, 2916, 2842, 2369, 1256, 701. HRMS calcd for [C15sH160s, M + Na]+: 283.1,
Found 283.08.

Benzyl 1,4-dihydroxy-2-naphthoate (15m)

HO OBn

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and benzyl
acrylate 14m (77 pl, 0.5 mmol, 2 equiv), product 15m was obtained as a light yellow
solid (46 mg, 63% yield). TLC Ry = 0.4 (Hexane/EtOAc = 2:1, v/v)."H NMR (400
MHz, CDCIl3) & 11.55 (s, 1H), 8.40 (d, /= 8.3 Hz, 1H), 8.12 (d, J = 8.3 Hz, 1H), 7.65
(t,J=7.6 Hz, 1H), 7.57 (t, J= 7.6 Hz, 1H), 7.48 — 7.35 (m, 5H), 7.13 (s, 1H), 5.41 (s,
2H), 5.03 (s, 1H). 13C NMR (400 MHz, CDCls) & 170.55, 155.96, 143.41, 135.52,
129.24, 129.12, 128.87, 128.71, 128.47, 126.56, 125.72, 124.13, 121.83, 105.24,
104.46, 67.15. React-IR (CH2Cl): 2916, 2876, 2368, 1667, 1096, 728. HRMS calcd

for [C18H 1404, M + Na]+: 317.09, Found 317.02.
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Prop-2-yn-1-yl 1,4-dihydroxy-2-naphthoate (15n)

HO o/\\\

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and
propargyl acrylate 14n (55 pl, 0.5 mmol, 2 equiv), product 15n was obtained as a yellow
solid (47 mg, 78% yield). TLC Ry = 0.45 (Hexane/EtOAc = 2:1, v/v).'H NMR (400
MHz, CDCl3) 6 11.32 (s, 1H), 8.41 —8.39 (m, 1H), 8.15 - 8.12 (m, 1H), 7.67 (ddd, J =
8.3,6.9, 1.4 Hz, 1H), 7.58 (ddd, /= 8.2, 6.9, 1.3 Hz, 1H), 7.38— 7.37 (m, 1H), 7.12 (s,
1H), 4.98 (d, J= 2.4 Hz, 1H), 4.98 (d, J = 2.4 Hz, 2H), 4.72 (br, 1H), 2.57 (t,J = 2.4
Hz, 1H). 3C NMR (400 MHz, CDCl3) 8 169.90, 156.18, 143.53, 129.46, 128.75,
127.19, 126.67, 124.18, 121.90, 105.00, 103.88, 75.76, 65.61, 52.87. React-IR
(CH2Cl): 2949, 2931, 2368, 1240, 729. HRMS calcd for [C14H1004, M + Na]+: 265.06,

Found 265.

(Tetrahydrofuran-2-yl)methyl 1,4-dihydroxy-2-naphthoate (150)

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and
tetrahydrofurfuryl acrylate 140 (73 pl, 0.5 mmol, 2 equiv), product 150 was obtained
as a light yellow solid (45 mg, 63% yield). TLC Ry = 0.25 (Hexane/EtOAc = 2:1,
v/v).'H NMR (400 MHz, CDCl3) 8 11.40 (s, 1H), 8.34 (d, /= 7.8 Hz, 1H), 8.11 (d, J
=8.3 Hz, 1H), 7.65-7.61 (m, 1H), 7.57 — 7.53 (m, 1H), 7.11 (s, 1H), 5.55 (s, 1H), 4.49
—4.43 (m, 1H), 4.36 — 4.29 (m, 2H), 4.02 — 3.96 (m, 1H), 3.91 — 3.86 (m, 1H), 2.16 —
2.08 (m, 1H), 2.05 — 1.92 (m, 2H), 1.79 — 1.70 (m, 1H). ¥C NMR (400 MHz, CDCl3)
o 170.58, 155.69, 143.57, 129.15, 129.13, 126.46, 125.64, 124.03, 121.89, 105.17,
104.37, 68.78, 67.11, 29.85, 28.15, 25.90. React-IR (CH2Cly): 2950, 2875, 2368, 1244,
742. HRMS calcd for [C16H160s, M + NaJ+: 311.1, Found 311.03.
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1,4-Dihydroxy-2-naphthonitrile (15p)

HO oN

e

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and
acrylonitrile 14p (33 pl, 0.5 mmol, 2 equiv), product 15p was obtained as a beige solid
(39 mg, 85% yield). TLC Ry= 0.15 (Hexane/EtOAc = 2:1, v/v)."H NMR (400 MHz,
DMSO-d¢) 6 10.52 (s, 1H), 10.16 (s, 1H), 8.25 — 8.22 (m, 1H), 8.14 — 8.12 (m, 1H),
7.68 — 7.60 (m, 2H), 6.73 (s, 1H). 1*C NMR (400 MHz, DMSO-d¢) 8 151.05, 146.58,
128.24, 128.01, 126.85, 125.81, 122.94, 122.49, 118.03, 106.22, 93.41. React-IR
(CH2Clp): 2925, 2865, 2274, 1321, 732. HRMS caled for [C11H/NO2, M + Na]+:
208.05, Found 208.02.

1-(1,4-dihydroxynaphthalen-2-yl)propan-1-one (15q)

Me
HO

Lo

OH

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and ethyl
vinyl ketone 14q (50 pl, 0.5 mmol, 2 equiv), product 15q was obtained as a light yellow
solid (14 mg, 25% yield). TLC Ry = 0.6 (Hexane/EtOAc = 2:1, v/v). The

characterization spectra were consistent with those reported in the literature.®

(1,4-dihydroxynaphthalen-2-yl)(phenyl)methanone (15r)

Ph
HO

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and phenyl
vinyl ketone 14r (66 pl, 0.5 mmol, 2 equiv), product 15r was obtained as a yellow solid
(32 mg, 48% yield). TLC Ry= 0.5 (Hexane/EtOAc = 2:1, v/v). The characterization

spectra were consistent with those reported in the literature.’
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(1,4-Dihydroxynaphthalen-2-yl)(thiophen-2-yl)methanone (15s)

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and 1-
(Thiophen-2-yl)prop-2-en-1-one 14s (69 mg, 0.5 mmol, 2 equiv), product 15s was
obtained as a red solid (24 mg, 35% yield). TLC Ry= 0.35 (Hexane/EtOAc = 2:1, v/v).

The characterization spectra were consistent with those reported in the literature.!

Diethyl 1,4-dihydroxynaphthalene-2,3-dicarboxylate (15v)
CO,Et
HO

cozEt

OH

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and diethyl
maleate 14v (81 pl, 0.5 mmol, 2 equiv), product 15v was obtained as a light yellow
solid (56 mg, 74% yield). TLC Ry = 0.5 (Hexane/EtOAc = 2:1, v/v). 'H NMR (400
MHz, CDCL) 6 10.41 (s, 2H), 8.35 (dd, J = 6.3, 3.3 Hz, 2H), 7.69 (dd, J= 6.3, 3.3 Hz,
2H), 4.37 (q, J= 7.2 Hz, 4H), 1.36 (t,J= 7.2 Hz, 6H). 3*C NMR (400 MHz, CDCl3) §
170.38, 152.36, 129.52, 127.93, 124.04, 103.69, 61.86, 14.26. React-IR (CH>CL):
2950, 2916, 2368, 1663, 1231, 704. HRMS calcd for [Ci1sH1606, M + Na]+: 327.09,
Found 327.02.

Ethyl 3-cyano-1,4-dihydroxy-2-naphthoate (15w)

CO,Et
HO N
L

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and Ethyl
cis-(f-cyano)acrylate 14w (63 mg, 0.5 mmol, 2 equiv), product 15w was obtained as a
light yellow solid (53 mg, 83% yield). TLC Ry= 0.2 (Hexane/EtOAc = 2:1, v/v). 'H
NMR (400 MHz, CDCl3) 6 12.26 (s, 1H), 8.46 — 8.41 (m, 1H), 8.31 — 8.27 (m, 1H),
7.79 — 7.72 (m, 2H), 6.47 (br, 1H), 4.56 (q, J = 7.1 Hz, 2H), 1.53 (t, J = 7.1 Hz, 3H).
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13C NMR (400 MHz, CDCl3) 8 169.26, 156.96, 152.70, 130.62, 130.03, 127.82,
127.01, 124.50, 123.34, 116.56, 100.73, 88.21, 62.95, 14.03. React-IR (CH>CL): 2916,
2875, 2367, 1247, 728. HRMS calcd for [C14H11INO4, M + Nal+: 280.07, Found
280.01.

1,4-Dihydroxynaphthalene-2,3-dicarbonitrile (15x)
CN
HO

=

OH

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and
fumaronitrile 14x (39 mg, 0.5 mmol, 2 equiv), product 15x was obtained as off white
solid (27 mg, 51% yield). TLC Ry = 0.5 (MeOH/CH:Cl; = 1:9, v/v). 'TH NMR (400
MHz, DMSO-d¢) 6 11.48 (br, 2H), 8.34 (dd, /= 6.3, 3.3 Hz, 2H), 7.84 (dd, /= 6.4, 3.3
Hz, 2H). BC NMR (400 MHz, DMSO-ds) & 153.30, 130.01, 127.99, 123.72, 115.48,
91.81. React-IR (CH2Cl»): 2952, 2880, 2366, 1250, 704. HRMS calcd for [C12HsN202,
M + Na]+: 233.04, Found 233.05.

Methyl 2-methyl-1,4-dioxo-1,2,3,4-tetrahydronaphthalene-2-carboxylate (15y)

o Me
CO,Me
(o]

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and methyl
methacrylate 14y (54 pl, 0.5 mmol, 2 equiv), product 15y was obtained as a yellow oil
(35 mg, 60% yield). TLC Ry= 0.4 (Hexane/EtOAc = 2:1, v/v). 'H NMR (400 MHz,
CDCl3) 6 8.09 — 8.02 (m, 2H), 7.77 — 7.22 (m, 2H), 3.64 (s, 3H), 3.49 (d, /= 16.3 Hz,
1H, diastereotopic), 2.90 (d, J = 16.4 Hz, 1H, diastereotopic), 1.6 (s, 3H). 13C NMR
(400 MHz, CDCl3) & 194.07, 193.53, 171.44, 135.04, 134.64, 134.57, 134.12, 127.71,
126.72, 57.10, 53.36, 47.83, 20.92. React-IR (CH:Cl>): 2916, 2875, 2368, 1704, 728.
HRMS calcd for [C13H 1204, M + Na]+: 255.07, Found 255.01.
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Methyl 2-(2-methoxy-2-oxoethyl)-1,4-dioxo-1,2,3,4-tetrahydronaphthalene-2-

carboxylate (15z)
MeO,C
o
CO,Me
o

Following the general procedure D, using 10b (60 mg, 0.25 mmol, 1 equiv) and
dimethyl itaconate 14z (70 pl, 0.5 mmol, 2 equiv), product 15z was obtained as a light
yellow oil (52 mg, 72% yield). TLC Ry = 0.15 (Hexane/EtOAc = 2:1, v/v).'H NMR
(400 MHz, CDCIs) 6 8.10 — 8.03 (m, 2H), 7.78 — 7.71 (m, 2H), 3.69 (s, 3H), 3.61 (s,
3H), 3.43 (d, J=16.4 Hz, 1H, diastereotopic), 3.30 (d, /= 16.4 Hz, 1H, diastereotopic),
3.23 (d, J=17.5 Hz, 1H, diastereotopic), 3.15 (d, J= 17.5 Hz, 1H, diastereotopic). 1*C
NMR (400 MHz, CDCl3) 6 192.95, 191.71, 170.98, 169.70, 135.45, 134.90, 134.36,
133.66, 127.86, 126.65, 58.60, 53.68, 52.24, 45.30, 38.17. React-IR (CH>Cl): 2916,
2748, 2342, 1702, 727, 703. HRMS calcd for [C15sH1406, M + Na]+: 313.08, Found
313.01.
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B. NMR Studies (Detection of BnOH) CH: peak
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9. Initial Rate Study Using 'H NMR

Typical Procedure for VI-NMR Initial Rate Study of Catalytic Hauser-Kraus
Annulation: In an oven dried NMR tube, a stock solution of reagents (benzyl
phthalaldehydate 10b, benzyl acrylate, Imes-NHC C, LiOAc, DIPEA) in DMSO along
with the internal standard (trimethoxybenzene) were added, except for the one variable
component. The concentration of this variable component was modified in each VT-
NMR experiment (80 °C). The progress of the reaction was recorded every 3 minutes
over 30 min to obtain stacked NMR spetra. The spetcra were analyzed, and a graph of
product formation vs. time created by integrating the product peak with respect to the
internal standard (trimethoxybenzene). The slope of each run (obtained via trend-line
fitting in Microsoft Excel) was plotted against the concentration of the variable
component. Then, the initial rate of the reaction and the rate order of the catalytic

Hauser-Kraus Annulation with respect to the variable component was determined.
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Experiment 1 (Formyl-benzoate rate study)

Stock solution 1 [S1]: in 2 mL of DMSO
Formyl benzoate = 0.5 mmol = 120 mg
Trimethoxybenzene = 0.1 mmol = 16.8 mg

Stock solution 2 [S2]: in 3 mL DMSO
Acrylate =3 mmol = 0.46 mL

NHC = 0.3 mmol =102 mg

LiOAC = 1.5 mmol = 99 mg

DIPEA = 0.75 mmol = 130 pl

Run 1: 0.5 mL [S1] + 0.5 mL [S2] + 1.5 mL
neat DMSO
Run 2: 0.2 mL [S1] + 0.5 mL [S2] + 1.8 mL
neat DMSO
Run 3: 0.1 mL [S1] + 0.5 mL [S2] + 1.9 mL
neat DMSO
Run 4: 0.05 mL [S1] + 0.5 mL [S2] +1.95 mL
neat DMSO

PRODUCT VS TIME (FB)

VT- NMR data
Time | Run1 Run 2 Run 3 Run 4
(min) | 0.125M | 0.05M | 0.025M | 0.0125 M
0 0.06 0.06 0.07 0.06
3 0.09 0.1 0.1 0.07
6 0.14 0.11 0.11 0.08
9 0.16 0.12 0.12 0.09
12 0.2 0.14 0.12 0.1
15 0.22 0.15 0.14 0.11
18 0.23 0.16 0.14 0.12
21 0.24 0.16 0.14 0.12
24 0.25 0.17 0.14 0.12
27 0.26 0.17 0.14 0.12
30 0.27 0.17 0.14 0.12

¢0.125MFB mO0.05MFB
0.35
0.3
0.25
*
0.2 .
0.15
01 _—8—
0.05
0
0 5 10 15
FB Conc. Slope
M) (M min™) 0.008
0.125 0.0068 0.006
0.05 0.0034 0.004
0.025 0.0025 0.002
0.0125 0.0021 0

0.025 M F

20

B % 0.0125M FB

[ |
M
] X X

25

y = 0.0068x

‘ ’

FB = Formyl Benzoate

+0.0905

y =0.0034x + 0.0868

= 0.0&SX +0.0936

y = 0.0021x + 0.0691

30

Initial Rate (M min-1) vs FB (M)

0.01
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1st order w.r.t. FB

0.03

0.04 0.05

0.06




Experiment 2 (Acrylate rate study)

VT- NMR data
Stock solution 1 [S1]: in 4 mL of DMSO Time |Runl | Run2 | Run3 | Run4
Acrylate = 1 mmol = 0,153 mL (min) [ 02M | 0.IM | 0.04M |0.02M
0 0.02 0.018 | 0.016 | 0.014
Stock solution 2 [S2]: in 3 mL DMSO 3
0.032 |0.028 |0.022 |0.02
Formyl-benzoate = 1.5 mmol = 360 mg
NHC = 0.3 mmol = 102 mg 6 0.05 0.044 0.026 0.024
LiOAC = 1.5 mmol =99 mg ? 0.062 | 0.054 |0.028 |0.026
DIPEA = 0.75 mmol = 130 pl "
Trimethoxybenzene = 0.1 mmol = 16.8 mg 0.072 0.066 0.036 0.026
15 10088 |0078 |0.046 |0.03
Run 1: 2 mL [S1] + 0.5 mL [S2
un 1: 2mL [S1]+ 0.5 mL [S2] 18 10102 |0084 |0.048 |0.034
Run 2: 1 mL [S1] + 0.5 mL [S2] + 1 mL neat 1
DMSO 0.12 0.09 0.05 0.036
Run 3: 0.4 mL [S1] + 0.5 mL [S2] + 1.6 mL 24 0.132 0.108 0.06 0.04
neat DMSO 27
Run 4: 0.2 mL [S1] + 0.5 mL [S2] + 1.8 mL 0.136 | 0.118 | 0.066 | 0.044
neat DMSO 30 o142 [0126 |0.072 |0.05

Product vs Time (Acrylate)

0.2 Macrylate 0.1 M acrylate 0.04 M acrylate < 0.02 M acrylate

0.2
y =0.0043x + 0.0225

0.15
0.1 y =0.0027x + 0.0319

y =0.0019x + 0.0148

0.05
y=0.0011x + 0.0153

0 5 10 15 20 25 30 35

Acylate Slope Initial Rate (M min!) vs Acrylate (M)
Conc. (M min™) 0.005
M) 0.004

0.2 0.0043 0.003
0.1 0.002

: 0.0027 0.001 15t order w.r.t. Acrylate
0.04 0.0019 0

0 0.05 0.1 0.15 0.2 0.25

0.02 0.0011
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Experiment 3 (NHC rate study)

VT- NMR data

Stock solution 1 [S1]: in 0.4 mL of DMSQ | 1'me |Runl | Run2 | Run3 | Run4
NHC = 0.1 mmol = 34.1 mg (min) | 0.02M | 0.0IM | 0.004 M | 0.002 M

0 0.01 0.01 0.005 0
Stock solution 2 [S2]: in 2.5 mL DMSO 3

0.02 0.02 0.01 0

Formyl-benzoate = 1.25 mmol = 300 mg p
Acrylate = 2.5 mmol = 0.38 mL 0.04 0.03 0.01 0
LiOAC = 1.25 mmol = 82.5 mg 9 0.06 0.04 0.02 0
DIPEA = 0.625 mmol = 108 pl 12
Trimethoxybenzene = 0.25 mmol = 42 mg 0.07 0.05 0.02 0

15 1009|006 [003 |0

18 0.11 0.07 0.04 0

Run 1: 0.2 mL [S1] + 0.5 mL [S2] + 1.8 mL neat DMSO
Run 2: 0.1 mL [S1] + 0.5 mL [S2] + 1.9 mL neat DMSO
Run 3: 0.04 mL [S1] + 0.5 mL [S2] + 1.96 mL neat DMSO
Run 4: 0.02 mL [S1] + 0.5 mL [S2] + 1.98 mL neat DMSO

Product vs Time (NHC)

©0.02 MNHC H0.01 M NHC 0.004 M NHC X0.002 M NHC
0.2

0.15

y =0.0056x + 0.0068
0.1

y =0.0033x + 0.01

0.05 y = 0.0018x + 0.0027
y=0
0
(] 2 4 6 8 10 12 14 16 18 20
Initial Rate (M min-t) vs NHC (M)
NHC Slope
Conc. (M) | (M min?) | 0008
0.02 0.0056 0.006
0.01 0.033 0.004
0.004 0.0018 0.002 -
0.002 15t order w.r.t. NHC
0 0 @

0 0.005 0.01 0.015 0.02 0.025
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Experiment 4 (LiOAc rate study)

Stock solution 1 [S1]: in 2 mL of DMSO
LiOAC = 0.5 mmol = 33 mg

Stock solution 2 [S2]: in 2.5 mL DMSO
Formyl-benzoate = 1.25 mmol = 300 mg
Acrylate = 2.5 mmol = 0.38 mL

NHC = 0.25 mmol = 85 mg

DIPEA = 0.625 mmol = 108 pl
Trimethoxybenzene = 0.25 mmol = 42 mg

Run 1: 1 mL [S1] + 0.5 mL [S2] + 1 mL neat
DMSO

Run 2: 0.5 mL [S1] + 0.5 mL [S2] + 1.5 mL
neat DMSO

Run 3: 0.2 mL [S1] + 0.5 mL [S2] + 1.8 mL
neat DMSO

Run 4: 0.1 mL [S1] + 0.5 mL [S2] + 1.9 mL
neat DMSO

VT- NMR data
Time | Run1 Run 2 Run 3 Run 4
(min) | 0.1M | 0.05M |0.02M | 0.01M
0 002 |001 |0 0
3 0.04 002 0005 |0
6 007 |003 |001 |0.005
? 0.1 005 |0.02 |0.005
12 1012|006 |003 |o001
15 1013 |o008 |003 |o01
8 o6 |009 |004 |o002
2L o1 |0 0.04 | 0.02
LAY 011 | 005 |0.03
27 lo22 |01z |o0o06 | 0.03
30 1023 |013 |006 |003

Product vs Time (LiOAc)

0.1 MLIOAc H0.05M LiOAc

0.3
0.25
0.2
0.15
0.1
0.05
0
0 5 10 1
LiOAc Slope
Conc. (M min™) 0.008
M) 0.006
0.1 0.0072 0.004
0.05 0.0042 0.002
0.02 0.0021 ° o
0.01 0.0012

5

Initial Rate (M min-?) vs LiOAc (M)

0.02
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0.04

% 0.01 M LiOAc

y =0.0072x + 0.0264

25

0.06

0.08

30

0.1

y = 0.0042x + 0.0105

y =0.0021x + 2E-17

: y =0.0012x - 0.003

20

35

15t order w.r.t. LiOAc
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Experiment 5 (DIPEA rate study)

Stock solution 1 [S1]: in 4 mL of DMSO
DIPEA = 0.5 mmol = 87 pl

Stock solution 2 [S2]: in 2.5 mL DMSO
Formyl-benzoate = 1.25 mmol = 300 mg

Acrylate = 2.5 mmol = 0.38 mL
LiOAC =1.25 mmol = 82.5 mg

NHC = 0.25 mmol = 85 mg
Trimethoxybenzene = 0.25 mmol = 42 mg

Run 1: 1 mL [S1] + 0.5 mL [S2] + 1 mL neat

DMSO

Run 2: 0.5 mL [S1] + 0.5 mL [S2] + 1.5 mL

neat DMSO

Run 3: 0.2 mL [S1] + 0.5 mL [S2] + 1.8 mL

neat DMSO

Run 4: 0.1 mL [S1] + 0.5 mL [S2] + 1.9 mL

neat DMSO

VT- NMR data
Time | Run1 Run 2 Run 3 Run 4
(min) | 0.125 M | 0.063M | 0.025M | 0.013 M
0 003 | 003 |0.04 |0.04
3 0.04 0.04 | 005 |0.06
6 005 | 005 |006 |0.06
? 006 | 006 |007 |0.07
12 .07 0.07 | 008 |0.08
15 1008 008 |00 |0.00
18 o 009 |011 |01
2 o 0.1 012 | o011
a2 011 | 013|012
27 oz |03 |oa4 o3
30 1014 013|014 |014

4©0.125 M DIPEA 1 0.0625 M DIPEA

0.2

0.15

0.1

0.05

0
0 5
DIPEA Slope
Conc. (M min™)
™M)

0.125 0.0038
0.0625 0.0035
0.025 0.0036
0.0125 0.0032

10

0.005
0.004

15

20

0.025 M DIPEA

Product vs Time (DIPEA)

25

30

Initial Rate (M min) vs DIPEA (M)

(®]

% 0.0125 M DIPEA

y =0.0038x + 0.0277
y =0.0035x + 0.0291

y = 0.0036x + 0.0391
y = 0.0032x + 0.0427

35

0.003 @
0.002
0.001
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11. NMR spectra

H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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19F NMR (CsDs, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (CsDs, 400 MHz)
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19F NMR (CsDs, 400 MHz)
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H NMR (CsDs, 400 MHz)
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H NMR (CsDs, 400 MHz)

PROTON_01

2000
1900

1800
1700

1600

1500
1400
1300

1200

1100

1000

900

~800

700

600

500

400
300
200
100

F-100

(447
44 —.W
ov.v

Wwv
vy
Sy
VA a4

cV'L
9z°L
89°L
69°L
WL
WL
66°L
10’8
€58
vs'e

— s =

LS LV —

OEt

HO

OH

15f

Br

CeDs

E—

=0v'e

=€€°C

lzo
-00°L
~20't

L8'0
I

-880

13C NMR (CeDs, 100 MHz)

CARBON_01

1400
1300

(1200
1100
1000
f-900
(800
=700
600
500
f-400
300

200
100

=100

ov'vi—

8L°19—

v8'9L

CeDs

8v'LL

Nn.mor
88°'S0 vv
96'021
88'€Z _./
25'9Zh
16'92 v\
Wiz
g8z'zelL
LE'EVL—

vS'vSih—

6V°'0LL—

OEt
OH
15f

HO
Br

SR A 16 o

10

190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

200

S56



H NMR (DMSO-ds, 400 MHz)
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H NMR (CsDs, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (DMSO-ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)

.9 K R B, 2 8. 2 . F 7 R o8 8 8 7.9 . 8 ¢ 7
o =0L'6
80°L,

9Z"L

L8°L]

£5°L

vSL

-2

- ©

g

4 _ O % J€6°0
y7-98 ] “e6a
85°L- - - kno.r
192 - N Lol
N@”\.# - - c6'0
eosf - - “ee'0

€9°L]
v9°L-
59°L
99"
oL'8
[AN:2
8¢'8 |
ov'g’

€8°'L1—

PROTON_01

Ot-Bu
OH

151

HO

=060

0.5

1.0

40 35 30 25 20 LS

45

5.0

6.0

12.0

f1 (ppm)

13C NMR (CeDs, 100 MHz)

CARBON_01

1300
1200
f-1100
F-1000
f-900
~800
700
600
500
f-400
F-300

200

F100

F-100

CeDs

v8-9L 4/

=5
8v°'LL
hw.Nw\

66°S01

89°Lcl
€0velh
€8's¢cl
s€9Cl

:14:14 v/

.82}
1882l

voEvL—

L9°GGL—

Ot-Bu
OH

WoLL—

151

HO

L

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

T
210

11 (ppm)

S63



H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (DMSO-ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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H NMR (DMSO-ds, 400 MHz)
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H NMR (C6Ds, 400 MHz)
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13C NMR (CeDs, 100 MHz)
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H NMR (C6Ds, 400 MHz)
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