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General Methods. Solvents were dried according to standard procedures. All purchased
chemicals were used as received without further purification. Flash chromatography was
performed on silica gel 60 (230-400 mesh). The '"H NMR, *C NMR and "’F NMR spectra
were recorded at 400 MHz, 100 MHz and 367 MHz, respectively, on a Varian Mercury 400
spectrometer. The chemical shifts of the NMR spectra are reported in parts per million (ppm)
relative to the solvent residual peak.' NMR spectra are reported as follows (s = singlet, d =
doublet, t = triplet, q = quartet, quin = quintuplet, sext = sextet, m = multiplet, b = broad, dd =
doublet of doublets, dt = doublet of triplets, td = triplet of doublets). MS and HRMS spectra
were recorded on a LC TOF (ES) apparatus. GC-MS was performed on a Hewlett Packard
5890A gas chromatograph equipped with a 5971A MSD using a HPS5 25 m, 0.25 mm internal
diameter GCcolumn. GC-MS data are reported as m/z (relative intensity) for the major peaks.
The reactions were performed in a previously reported Two-Chamber system.? The
Two-Chamber glassware and 9-methyl-fluorene-9-carbonyl chloride is commercially

available from SyTracks.

General procedure.
o

Cl
O.O CO-Precursor
Pd(dba), (1.5 mol %)
. / HBF,4(tBu); (1.5 mol %)
DIPEA (1.2 equiv)

Chamber A A B

R3
o RZR3 Pd] N O)<R4
Rl_l/ + CO + K Ri™

NaO R4 Chamber B Z

Chamber A

In a glovebox under argon, to chamber A of the two-chamber system was added
9-methyl-fluorene-9-carbonyl chloride (181mg, 750 umol), HBF4P(tBu); (2.2 mg, 7.5 umol),
Pd(dba), (4.3 mg, 7.5 pmol), N,N-diisopropylethylamine (154.4 pL, 900 pmol) and THF (2
mL). The chamber was sealed with a screwcap fitted with a Teflon® seal.

Chamber B

In a glovebox under argon, to chamber B of the two-chamber system was added aryl bromide
(0.500 mmol), D'PrPF (12.5 mg, 0.030 mmol), Pd(dba), (14.4 mg, 0.025 mmol), NaO'Bu

' Fulmer, G. R.; Miller, A. J. M.; Sherden, N. H.; Gottlieb, H. E.; Nudelman, A.; Stoltz, B. M.; Bercaw, J. E.; Goldberg, K. 1.
Organometallics 2010, 29, 2176.
? Hermange, P.; Lindhardt, A. T.; Taaning, R. H.; Bjerglund, K.; Lupp, D.; Skrydstrup, T. J. Am. Chem. Soc. 2011, 133, 6061.
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(57.7 mg 0.600 mmol) and THF (2 ml). The chamber was sealed with a screwcap fitted with a
Teflon® seal. The loaded two-chamber system was heated to 70 °C for 16-20 hours. The
desired compound was obtained after flash chromatography.

Alkoxycarbonylation reactions

2,3-Dihydro-benzo[1,4]dioxine-6-carboxylic acid t-butyl ester (2)
0 The product was obtained according to general procedure, as a
le) o'B colorless oil. (eluent CH,Cl,). Yield: 88% (104 mg). "H NMR (400
[ ! MHz, CDCl3): & (ppm) 7.51 (s, 1H), 7.50 (dd, J = 8.0, 1.8 Hz, 1H),
o 6.85 (dd, J = 8.0, 1.8 Hz, 1H), 4.31-4.23 (m, 4H), 1.56 (s, 9H). °C

NMR (100 MHz, CDCl3): 6 (ppm) 165.2, 147.3, 142.9, 125.4, 123.2, 118.8, 116.9, 80.6, 64.6,
64.1, 28.2 (3C). HRMS: C3H60,4 [M+Na+]; calculated: 259.0946, found: 259.0948.

Benzoic acid t-butyl ester (3)*

o The product was obtained according to general procedure, as a colorless oil.

(eluent 20% CH,Cl, in pentane). Yield: 60% (53 mg). ‘H NMR (400 MHz,

@OtBu CDCly): 6 (ppm) 8.00 (d, J = 8.0 Hz, 2H), 7.52 (t, J= 7.6 Hz, 1H), 7.41 (t,J

= 7.6 Hz, 2H), 1.60 (s, 9H). *C NMR (100 MHz, CDCl5): & (ppm) 165.8,

132.4,132.0,129.4 (2C), 128.2 (2C), 80.9, 28.2 (3C). HRMS: C;;H;40, [M+Na+]; calculated:
201.0891, found: 201.0889.

Biphenyl-4-carboxylic acid t-butyl ester (4)*

The product was obtained according to general procedure, as a

0]
colorless oil. (eluent 3% Et,O in pentane). Yield: 90% (114 mg).

O'Bu 'H NMR (400 MHz, CDCly): 6 (ppm) 8.06 (d, J = 8.4 Hz, 2H),
7.63 (t,J="7.6 Hz, 4H), 7.47 (t, J = 7.4 Hz, 2H), 7.41-7.36 (m, 1H), 1.62 (s, 9H). *C NMR (100
MHz, CDCly): 8 (ppm) 165.7, 145.2, 140.2, 130.8, 130.0 (2C), 128.9 (2C), 128.0, 127.3 (2C),
126.9 (2C), 81.0, 28.3 (3C). HRMS: C;H;30, [M+Na+]; calculated: 277.1204, found:
277.1201.
2-Naphthoic acid t-butyl ester (5)°

0 The product was obtained according to general procedure, as a

. colorless oil. (eluent 3% Et20 in pentane). Yield: 88% (100 mg). *H

OO OBU NMR (400 MHz, CDCI3): 5 (ppm) 8.56 (s, 1H), 8.05 (dd, J = 8.4, 1.8
Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.86 (d, ] = 8.8 Hz, 2H), 7.59-7.50 (m,

2H), 1.62 (s, 9H). *C NMR (100 MHz, CDCI3): & (ppm) 165.9, 135.3, 132.5, 130.6, 129.3

(20), 127.92, 127.89, 127.7, 126.5, 125.3, 81.1, 28.3 (3C). HRMS: C15H1602 [M+Na+];
calculated: 251.1048, found: 251.1053.

1-Naphthoic acid t-butyl ester (6)°

? Kissling, R. M.; Gagné, M. R. Org. Lett. 2000, 2, 4209.

*Hu, Y; Liu, J.; Lu", Z.; Luo, X.; Zhang, H.; Lei, A. J. Am. Chem. Soc. 2010, 132, 3153.
* Nishimoto, Y.; BaBu, S. A.; Yasuda, M.; Baba, A. J. Org. Chem. 2008, 73, 9465.

¢ Shimano, M.; Meyers, A. 1. J. Org. Chem.1995, 60, 7445.
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0~__0otgy The product was obtained according to general procedure, as a colorless oil.
(eluent 3% Et20 in pentane). Yield: 73% (83 mg). '"H NMR (400 MHz,

g CDCI3): 6 (ppm) 8.85 (d, J = 8.8 Hz, 1H), 8.08 (dd, J = 7.4, 1.4 Hz, 1H),
OO 7.98 (d, J=8.0 Hz, 1H), 7.87 (d, ] = 8.4 Hz, 1H), 7.61-7.46 (m, 3H), 1.68 (s.
9H). *C NMR (100 MHz, CDCI3): & (ppm) 167.1, 133.8, 132.6, 131.2,

129.6,129.3,128.5,127.4, 126.0, 125.8, 124.5, 81.5, 28.4 (3C). HRMS: C15H1602 [M+Na+];
calculated: 251.1048, found: 251.1048.

4-Butylbenzoic acid t-butyl ester (7)’
0 The product was obtained according to general procedure, as a
/@)J\OtBu colorless oil. (eluent 1.5% Et,0 in pentane). Yield: 86% (101 mg). *H
NMR (400 MHz, CDCl3): & (ppm) 7.89 (d, J= 8.4 Hz, 2H), 7.21 (d, J
"Bu = 8.4 Hz, 2H), 2.65 (t, J = 7.6 Hz, 2H), 1.64-1.54 (m, 11H), 1.35 (sext,
J=17.6 Hz, 2H), 0.92 (t, J = 7.6 Hz, 3H). *C NMR (100 MHz, CDCls): & (ppm) 165.9, 147.8,

129.48, 129.42 (2C), 128.2 (2C), 80.6, 35.6, 33.3, 28.2, 22.3 (3C), 13.9. HRMS: C;sH»0,
[M+Na+]; calculated: 257.1517, found: 257.1519.

3,4-Dimethylbenzoic acid t-butyl ester (8)

o The product was obtained according to general procedure, as a colorless
:@* . oil. (eluent 3% EtOAc in pentane). Yield: 78% (80 mg). *H NMR (400
OBU MHz, cDCly): 5 (ppm) 7.75 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.16 (d, J =

8.0 Hz, 1H), 2.29 (s, 6H), 1.58 (s, 9H). *C NMR (100 MHz, CDCl5): &

(ppm) 166.1, 141.6, 136.4, 130.4, 129.6, 129.4, 126.9, 80.5, 28.2 (3C),
19.9, 19.7. HRMS: C;3H 30, [M+Na+]; calculated: 229.1204, found: 229.1201.

4-Methoxybenzoic acid t-butyl ester (9)*

0 The product was obtained according to general procedure, as a
/O)J\Ot BU colorless oil. (eluent 15% Et,0 in pentane). Yield: 77% (80 mg). *H

- NMR (400 MHz, CDCl3): 6 (ppm) 7.94 (d, J= 8.6 Hz, 2H), 6.88 (d, J
o) = 8.6 Hz, 2H), 3.82 (s, 3H), 1.58 (s, 9H). *C NMR (100 MHz,

CDCly): 6 (ppm) 165.6, 162.9, 131.3 (2C), 124.5, 113.3 (2C), 80.4, 55.3, 28.2 (3C). HRMS:
Ci,H 605 [M+Na+]; calculated: 231.0997, found: 231.1001.

6-Methoxy-2-naphthoic acid t-butyl ester (10)
0 The product was obtained according to general procedure, as a
/“)J\O By ;:olorless oil. (eluent 7% Et,0 in pentane). Yield: 86% (111 mg).
- OO H NMR (400 MHz, CDCl3): 6 (ppm) 8.46 (s, 1H), 7.99 (dd, J =
o) 8.8,1.8 Hz, 1H), 7.83 (d, J=8.8 Hz, 1H), 7.73 (d, J=8.4 Hz, 1H),
7.26 (s, 1H), 7.17 (td, J = 8.6, 2.4 Hz, 1H), 3.94 (s, 3H), 1.64 (s, 9H). *C NMR (100 MHz,

CDCls): 8 (ppm) 166.1, 159.3, 136.9, 130.8, 130.4, 127.9, 127.1, 126.6, 126.0, 119.4, 105.6,
80.9, 55.3, 28.3 (3C). HRMS: C;¢H ;505 [M+Na+]; calculated: 281.1154, found: 281.1179.

" Nakao, Y.; Takeda, M.; Matsumoto, T.; Hiyama, T. Angew. Chem. Int. Ed. 2010, 49, 4447.
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3,4-Dimethoxybenzoic acid t-butyl ester (11)

0 The product was obtained according to general procedure, as a
/OD)J\O%U colorless oil. (eluent 25% Et,0 in pentane). Yield: 76% (90 mg). *H
- NMR (400 MHz, CDCl,): 6 (ppm) 7.59 (dd, J=8.4,2.0 Hz, 1H), 7.49

o) (d, J=2.0 Hz, 1H), 6.84 (d, J=8.4 Hz, 1H), 3.90 (s, 6H), 1.57 (s, 9H).

3C NMR (100 MHz, CDCLy): & (ppm) 165.6, 152.5, 148.5, 124.5, 123.2, 111.9, 110.1, 80.7,
55.94, 55.87,28.2 (3C). HRMS: C3H;50, [M+Na+]; calculated: 261.1103, found: 261.1104.

4-Chlorobenzoic acid t-butyl ester (12)®

o The product was obtained according to general procedure, as a colorless
/©)k0t8u oil. (eluent 20% CH,Cl, in pentane). Yield: 64% (68 mg). '"H NMR
(400 MHz, CDCls): 6 (ppm) 7.91 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4

cl Hz, 2H), 1.58 (s, 9H). *C NMR (100 MHz, CDCls): & (ppm) 164.8,

138.7, 130.8 (2C), 130.4, 128.4 (2C), 81.4, 28.1 (3C). HRMS: C;H5ClO, [M+Na+];
calculated: 235.0502, found: 235.0504.

4-Fluorobenzoic acid t-butyl ester (13)
0 The product was obtained according to general procedure, as a colorless
/@*OtBu oil. (eluent 6% Et,0 in pentane). Yield: 44% (43 mg). '"H NMR (400
MHz, CDCl3): & (ppm) 8.03-7.94 (m, 2H), 7.08 (t, J = 8.6 Hz, 2H), 1.59
F (s, 9H). *C NMR (100 MHz, CDCls): & (ppm) 165.4 (d, Jep=251.2
Hz), 164.8, 131.8 (d, Jcr=9.1 Hz, 2C), 128.2 (d, Jcs=3.0 Hz), 115.2 (d, Jcr=21.6 Hz, 2C),

81.2, 28.2 (3C). ®F NMR (400 MHz, CDCls): & (ppm) -107.0. GCMS: C;H,5FO, [M];
calculated: 196.0900, found: 141 (76.9%), 123 (100%), 95 (35.9%), 57 (36.5%).

4-(Trifluoromethyl)benzoic acid t-butyl ester (14)°
e) The product was obtained according to general procedure, as a
/O)‘\OtBu colorless oil. (eluent 3% EtOAc in pentane). Yield: 67% (82 mg). ‘H
NMR (400 MHz, CDCl5): 8 (ppm) 8.09 (d, J = 8.0 Hz, 2H), 7.66 (d, J
FsC = 8.0 Hz, 2H), 1.60 (s, 9H). *C NMR (100 MHz, CDCl;): & (ppm)
164.4, 135.2, 133.9 (q, Jcr=32.3 Hz), 129.8 (2C), 125.2 (q, JcF= 3.7 Hz, 2C), 123.7 (q, Jcr=

270.8 Hz), 81.9, 28.1 (3C). **F NMR (400 MHz, CDCl5): & (ppm) -63.1. GCMS: C,H,5F;0,
[M]; calculated: 246.0868, found: 191 (11.6%), 173 (100%), 145 (30.5%), 57 (23.1%).

4-Cyanobenzoic acid t-butyl ester (15)"
0 The product was obtained according to general procedure, as a
o' colorless solid. (eluent 5% EtOAc in pentane). Yield: 76% (77 mg). 'H
Y NMR (400 MHz, CDCly): 8 (ppm) 8.08 (d, J = 8.0 Hz, 2H), 7.71 (d, J
NC = 8.0 Hz, 2H), 1.60 (s, 9H). *C NMR (100 MHz, CDCl5): & (ppm)

163.9, 135.8, 132.0 (2C), 129.9 (2C), 118.1, 115.8, 82.3, 28.1 (3C). HRMS: C;,H;5NO,
[M+Na+]; calculated: 226.0844, found: 226.0852.

8 Yamamoto, Y. Adv. Synth. Catal. 2010, 352, 478.
? Stanton, M. G.; Gagné, M. R. J. Org. Chem. 1997, 62, 8240.
' Antonello, S.; Maran, F. J. Am. Chem. Soc. 1997, 119, 12595.
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Pyridine-2-carboxylic acid t-butyl ester (16)"’

The product was obtained according to general procedure, as a yellow oil.
(eluent 50% Et,0 in pentane). Yield: 62% (56 mg). '"H NMR (400 MHz,
CDCly): 6 (ppm) 8.70 (dq, J=4.8, 0.8 Hz, 1H), 8.01 (dt, J=8.0, 1.2 Hz, 1H),
7.76 (td, 3= 7.6 , 1.6 Hz, 1H), 7.39 (m, 1H), 1.60 (s, 9H). *C NMR (100
MHz, CDCl;): 6 (ppm) 164.2, 149.8, 149.5, 136.8, 126.3, 124.7, 82.2, 28.1 (3C). HRMS:
C10H3NO, [M+Na+]; calculated: 202.0844, found: 202.0839.

X O'Bu

\_Z
O

Pyridine-3-carboxylic acid t-butyl ester (17)

0 The product was obtained according to general procedure, as a yellow oil.

(eluent 30% Et,0 in pentane). Yield: 68% (61 mg). '"H NMR (400 MHz,

P CDCly): 6 (ppm) 9.15 (s, 1H), 8.72 (d, J= 3.6 Hz, 1H), 8.22 (dt, J=8.0 Hz,

N J = 1.8 Hz, 1H), 7.36-7.31 (m, 1H), 1.58 (s, 9H). *C NMR (100 MHz,

CDCly): 6 (ppm) 164.3,152.9, 150.8, 136.9, 127.7, 123.1, 82.0, 28.1 (3C). HRMS: C;,H3NO,
[M+Na+]; calculated: 202.0844, found: 202.0841.

N o'B

Isoquinoline-4-carboxylic acid t-butyl ester (18)

0. _otgy The product was obtained according to general procedure, as a yellow oil.
(eluent 50% Et,0 in pentane). Yield: 56% (64 mg). '"H NMR (400 MHz,
CDCly): 6 (ppm) 9.30 (s, 1H), 9.08 (s, 1H), 8.89 (d, J=8.8 Hz, 1H), 7.97 (d,
J=8.4Hz, 1H),7.78 (t,J="7.8 Hz, 1H), 7.62 (t,J= 7.6 Hz, 1H), 1.66 (s, 9H).
3C NMR (100 MHz, CDCl5): & (ppm) 165.7, 156.4, 146.5, 133.8, 131.9,
128.4, 128.1, 127.4, 125.0, 122.2, 82.1, 28.3 (3C). HRMS: C;4H5NO, [M+H+]; calculated:
230.1181, found: 230.1198.

E\Z /; (

Isoquinoline-5-carboxylic acid t-butyl ester (19)

O~ _O'Bu The product was obtained according to general procedure, as a yellow oil.

(eluent 50% Et,0 in pentane). Yield: 78% (89 mg). ‘H NMR (400 MHz,

Y, CDCly): 8 (ppm) 9.23 (s, 1H), 8.71 (d,J=6.4 Hz, 1H), 8.59 (d, J= 6.4 Hz, 1H),

~N 8.32(dd,J=7.2,1.2 Hz, 1H), 8.06 (d, J= 8.0 Hz, 1H), 7.57 (t,J= 7.6 Hz, 1H),

1.64 (s, 9H). *C NMR (100 MHz, CDCls): & (ppm) 165.7, 153.0, 144.6,

134.12, 134.08, 132.5, 128.9, 127.7, 126.0, 118.5, 82.0, 28.3 (3C). HRMS: C;H;sNO,
[M+H+]; calculated: 230.1181, found: 230.1198.

3

Thiophene-2-carboxylic acid t-butyl ester (20)

o) The product was obtained according to general procedure, as a colorless oil.

S t (eluent 20% CH,CI, in pentane). Yield: 50% (46 mg). ‘H NMR (400 MHz,

\ OBu CDCly): 6 (ppm) 7.71 (d, J = 4.0 Hz, 1H), 7.48 (d, J = 5.2 Hz, 1H), 7.06 (t, J

=4.4Hz, 1H), 1.57 (s, 9H). ®*C NMR (100 MHz, CDCls): § (ppm) 161.5, 135.9, 132.7, 131.6,
127.5, 81.7,28.2 (3C). HRMS: CgH,,0,S [M+Na+]; calculated: 207.0456, found: 207.0458.

! Yamamoto, Y.; Ouchi, H.; Tanaka, T. Chem. Pharm. Bull. 1995, 43, 916.
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1-Adamantanol benzoate (21)"
0 The product was obtained according to general procedure, as a colorless
O)b solid. (eluent 3% Et,0 in pentane). Yield: 89% (114 mg). 'H NMR (400
MHz, CDCls;): é (ppm) 8.00 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 7.4 Hz, 2H),
7.40 (t, J = 7.6 Hz, 2H), 2.31-2.18 (m, 9H), 1.77-1.66 (m, 6H). *C NMR
(100 MHz, CDCls): 6 (ppm) 165.4, 132.3, 132.1, 129.4 (2C), 128.1 (2C),

81.0, 41.4 (30), 36.3 (3C), 30.9 (3C). HRMS: C;7H0, [M+Na+t]; calculated: 279.1361,
found: 279.1374.

1-Adamantanol 4-chlorobenzoate (22)
(@) The product was obtained according to general procedure, as a colorless
OJK@\ solid. (eluent 3% Et,0 in pentane). Yield: 76% (110 mg). 'H NMR
(400 MHz, CDCly): & (ppm) 7.91 (d, J= 8.0 Hz, 2H), 7.37 (d, J = 8.0
Cl' Hz, 2H), 2.33-2.15 (m, 9H), 1.79-1.64 (m, 6H). *C NMR (100 MHz,
CDCly): 6 (ppm) 164.5, 138.7, 130.8 (2C), 130.5, 128.4 (2C), 81.5,

41.4 (3C), 36.2 (3C), 30.9 (3C). HRMS: Cy7HyClO;, [M+Na+]; calculated: 313.0971, found:
313.0973.

1-Adamantanol 4-fluorobenzoate (23)
0O The product was obtained according to general procedure, as a colorless
OJK@\ solid. (eluent 3% Et,O in pentane). Yield: 86% (118 mg). '"H NMR (400
MHz, CDCls;): & (ppm) 8.02-7.96 (m, 2H), 7.07 (t, J = 8.6 Hz, 2H),
F 228219 (m, 9H), 1.77-1.66 (m, 6H). *C NMR (100 MHz, CDCls): &
(ppm) 166.7 (d, Jcr= 251.0 Hz), 164.4, 131.8 (d, Jcr= 9.1 Hz, 2C),
128.3 (d, o= 3.0 Hz), 115.1 (d, Jeg=21.7 Hz, 2C), 81.2, 41.4 (3C), 36.2 (3C), 30.9 (3C). “F

NMR (400 MHz, CDCly): § (ppm) -107.0. GCMS: C,;H;sFO, [M]; calculated: 274.1369,
found: 274 (27.2%), 134 (100%), 123 (77%), 92 (66.1%), 79 (23.1%).

1-Adamantanol 4-(trifluoromethyl)benzoate (24)
0O The product was obtained according to general procedure, as a
OJK@\ colorless solid. (eluent 3% Et,O in pentane). Yield: 63% (102 mg). *H
NMR (400 MHz, CDCly): 5 (ppm) 8.09 (d, J = 8.4 Hz, 2H), 7.66 (d, J
CFs =84 Hz, 2H), 2.30-2.20 (m, 9H), 1.78-1.66 (m, 6H). *C NMR (100
MHz, CDCly): § (ppm) 164.1, 135.3, 133.9 (q, Jc.r= 32.3 Hz), 129.8
(2C), 125.1 (q, Jer= 3.7 Hz, 2C), 123.7 (q, Jcr=271.1 Hz), 82.0, 41.3 (3C), 36.2 (3C), 30.9
(3C). F NMR (400 MHz, CDCly): & (ppm) -63.1. GCMS: CsHoF50, [M]; calculated:

324.1337, found: 324 (8.6%), 305 (12%), 173 (59.2%), 145 (45.8%), 134 (100%), 92 (65.4%),
79 (18.8%).
1-Adamantanol nicotinate (25)
@) The product was obtained according to general procedure, as a yellow oil.
X (eluent 30% Et,0 in pentane). Yield: 78% (95 mg). 'H NMR (400 MHz,
_J CDCly): 8 (ppm) 9.17 (d, J = 1.8 Hz, 1H), 8.74 (dd, J = 4.8, 1.8 Hz, 1H),
N 826 (dt, J = 7.6, 1.8 Hz, 1H), 7.40-7.36 (m, 1H), 2.29-2.20 (m, 9H),

0
|

2 Mukaiyama, T.; Shintou, T.; Fukumoto, K. J. Am. Chem. Soc. 2003, 125, 10538.
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1.77-1.66 (m, 6H). *C NMR (100 MHz, CDCLy): § (ppm) 164.0, 152.8, 150.8, 136.9, 127.8,
123.1, 82.1, 41.1 (3C), 36.1 (3C), 30.9 (3C). HRMS: CsH;sNO, [M+H+]; calculated:
258.1494, found: 258.1503.

1-Adamantanol thiophene-2-carboxylate (26)

(@) The product was obtained according to general procedure, as a colorless
S, solid. (eluent 3% Et,O in pentane). Yield: 67% (88 mg). '"H NMR (400
\ / MHz, CDCly): & (ppm) 7.71 (s, 1H), 7.47 (d, J = 4.8 Hz, 1H), 7.06 (d, J =
4.8 Hz, 1H), 2.33-2.16 (m, 9H), 1.77-1.64 (m, 6H). *C NMR (100 MHz,
CDCl3): 8 (ppm) 161.2, 136.0, 132.6, 131.6, 127.5, 81.8, 41.5 (3C), 36.2
(3C), 30.9 (3C). HRMS: C5H30,S [M+H+]; calculated: 263.1106, found: 263.1112.

9-Methyl-9-fluorenol 4-chlorobenzoate (27)

cl The product was obtained according to general procedure, as a
o colorless solid. (eluent 3% Et,0 in pentane). Yield: 73% (122 mg).
'H NMR (400 MHz, CDCls): & (ppm) 7.95 (d, J = 8.8 Hz, 2H), 7.75
(d,J=7.6 Hz, 2H), 7.56 (d, J=7.6 Hz, 2H), 7.46-7.30 (m, 6H), 2.00
. (s, 3H). *C NMR (100 MHz, CDCls): & (ppm) 163.5, 146.5 (2C),
139.6 (2C), 139.2, 131.1 (2C), 129.2, 129.1 (2C), 128.6 (2C), 128.0
(2C), 122.8 (2C), 120.3 (2C), 85.9, 26.0. HRMS: C,,H;5ClO, [M+Na+]; calculated: 357.0658,
found: 357.0658.

Q

9-Methyl-9-fluorenol 4-cyanobenzoate (28)

CN The product was obtained according to general procedure, as a

o colorless solid. (eluent 7% EtOAc in pentane). Yield: 77% (126

mg). '"H NMR (400 MHz, CDCls): § (ppm) 8.07 (d, J = 8.4 Hz,

2H), 7.74 (dt,J=17.6, 1.0 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H), 7.54 (dt,

. J=7.6,0.8 Hz, 2H), 7.42 (td, J=7.6, 1.2 Hz, 2H), 7.31 (td, J = 7.6,

1.2 Hz, 2H), 2.00 (s, 3H). *C NMR (100 MHz, CDCl5): & (ppm)

162.7, 146.0 (2C), 139.7 (2C), 134.5, 132.1 (2C), 130.2 (2C), 129.3 (2C), 128.0 (2C), 122.8

(2C), 120.3 (2C), 118.0, 116.2, 86.6, 25.8. HRMS: C»,H;sNO, [M+Na+]; calculated: 348.1000,
found: 348.0995.

9-Methyl-9-fluorenol 6-methoxy-2-naphthoate (29)

O-_ The product was obtained according to general procedure, as

O a colorless solid. (eluent 50% CH,Cl, in pentane). Yield:

89% (169 mg). '"H NMR (400 MHz, CDCly): & (ppm) 8.49

O (s, 1H), 7.96 (dd, J = 8.4, 1.6 Hz, 1H), 7.81 (d, J =9.2 Hz,

. 1H), 7.76-7.69 (m, 3H), 7.58 (d, J = 7.2 Hz, 2H), 7.41 (t,J =

7.2 Hz,2H), 7.31 (t,J=7.6 Hz, 2H), 7.18 (dd, J = 8.8, 2.4 Hz,

1H), 7.13 (d, J=2.4 Hz, 1H), 3.94 (s, 3H), 2.02 (s, 3H). *C NMR (100 MHz, CDCl5): § (ppm)

164.6, 159.5, 146.9, 139.6, 137.1, 130.86, 130.85 (2C), 128.9 (2C), 127.87 (2C), 127.82, 126.7

(20), 126.1, 125.8, 122.8 (2C), 120.2 (2C), 119.5, 105.6, 85.6, 55.4, 26.2. HRMS: CysH,,05
[M+Na+]; calculated: 403.1310, found: 403.1313.

q

2,3-Dihydro-benzo[1,4]dioxine-6-carboxylic acid trityl ester (30)

S8



O Ph The product was obtained according to general procedure, as a
OJQ)LO /kEE yellow solid. (eluent 30% Et,O in pentane). Yield: 57% (120 mg).
[ 'H NMR (400 MHz, CDCl5): & (ppm) 7.70-7.64 (m, 2H), 7.46 (d,
O J = 7.2 Hz, 6H), 7.37-7.23 (m, 9H), 6.92 (d, J = 8.4 Hz, 1H),
4.33-4.25 (m, 4H). *C NMR (100 MHz, CDCls): & (ppm) 164.0, 147.9, 143.6 (3C), 143.2,

128.4 (6C), 127.8 (6C), 127.3 (3C), 124.6, 123.8, 119.2, 117.2, 90.3, 64.7, 64.1. HRMS:
CysH»,0,4 [M+Na+]; calculated: 445.1416, found: 445.1429.

S9



'H NMR for 2,3-Dihydro-benzo[ 1,4]dioxine-6-carboxylic acid t-butyl ester (2)

Parameter Value
1 0rigin Varian [ 5500
2 Solvent cdel3
3 Temperature 25,0
4-Pulse Sequence s2pul k5000
5 Number of Scans 8
6 Spectrometer Frequency 400. 46
7 Nucleus 1 - 4500
] / 4000
3500
3000
o
0 1
[ OBu 2500
o)
2000
1500
1000
1 500
L A \ L
& & & Py
< = S 8
hs = ~ = F-500
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13 . .. . .
C NMR for 2,3-Dihydro-benzo[1,4]dioxine-6-carboxylic acid t-butyl ester (2
b b
Parameter Value [ 3600
1 Origin Varian
2 Solvent 3400
3 Temperature o
4 Pulse Sequence [ 3200
5 Number o .
6 Spectrometer Frequency 100.71 3000
7 Nucleus 13C
2800
2600
2400
2200
9 2000
°© fokiz}
|: u 1800
o
1600
1400
1200
1000
800
600
400
200
bt W il WWWWWWMWWW*O
=200
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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'H NMR for Benzoic acid t-butyl ester (3)

Parameter Value L 6000
1 Origin Varian
2 Solvent cdel3
3 Temperature 25,0 L 5500
4 Pulse Sequence s2pul
5 Number of Scans 8
6 Spectroneter Frequency 400. 46 L 5000
7 Nucleus 1H!
4500
[
4000
o 3500
O'Bu
3000
2500
2000
1500
1000
500
(T 1 [,
L :
— S — i ~-500
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
"1 (ppm)
13 . .
C NMR for Benzoic acid t-butyl ester (3)
Parameter L 40000
1 Origin
2 Solvent
3 Temperature
4 Pulse Sequence s2pul L,
5 Number of Scans 256 35000
6 Spectrometer Frequency 100.71
7 Nucleus 13C
30000
o] [~ 25000
O'Bu
20000
15000
10000
5000
ro
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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'H NMR for Biphenyl-4-carboxylic acid t-butyl ester (4)

Paraneter Value
1 Origin Varian
2 Solvent cdel3
3 Temperature 25.0 [ 4500
4 Pulse Sequence s2pul
5 Number of Scans 8
6 Spectrometer Frequency 400. 46
7 Nucleus 1H

f—

3000

4000

0 I~ 2500

2000

1500

1000

500

N

1951
3.86y

ook
9.001

1.91
0.92

T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

C NMR for Biphenyl-4-carboxylic acid t-butyl ester (4)

Parameter Value 22000
1 0rigin
2 Solvent
3 Temperature
4 Pulse S

5 Number of Scans

I~ 21000

I~ 20000

quence

19000
6 Spectrometer Frequency 100. 71

7 Nucleus 13C [~ 18000

F 17000
F 16000
F 15000
14000
F 13000
F 12000

0'Bu 10000
F9000
8000
F 7000
6000
k5000
F 4000

3000

2000

1000

ro

~-1000

~-2000

T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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'H NMR for 2-Naphthoic acid t-butyl ester (5)

Parameter Value
| 1origin Vatian t8000
2 Solvent cdel3
| 3 Temperature 25.0 7500
4 Pulse Sequence s2pul
| 5 Number of Scans 8 L 7000
6 Spectrometer Frequency 400. 46
7 Nucleus 1H
6500
/ / 6000
f /I
= 5500
5000
o
4500
o'Bu
4000
3500
3000
2500
2000
= 1500
1000
500
| MM_M J Fo
& e L <
% % 0 09 < =500
(=] < —— (=)
: : : : : : : : : : : : : : : :
9.0 8.5 8. 7.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.0 .5 0.0
1 (ppm)
13 . .
C NMR for 2-Naphthoic acid t-butyl ester (5)
Parameter Value
1 Origin |
2 Solvent 12000
3 Temperature
| 4 Pulse Sequence L 11000
5 Number of Scans
6 Spectrometer Frequency 100,71
| 7 Nucleus 13¢ L 10000
9000
8000
)
= 7000
= 6000
5000
4000
3000
2000
= 1000
u -0
=1000
: : : : : : : : : : : : :
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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'H NMR for 1-Naphthoic acid t-butyl ester (6)

Parameter Value
1 Origin Varian
2 Solvent cdel3 [ 10000
3 Temperature 25.0
4 Pulse Sequence s2pul
5 Number of Scans 8 E 9000
6 Spectrometer Frequency 400. 46
7 Nucleus 1
8000
/ o/ /
= 7000
6000
0. .-0Bu
OO 5000
4000
3000
2000
1000
1 ol J Lo
& RN TIVAN Z
* XN % <
< oo O~ N
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
9.0 8.5 8.0 7.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 .0 0.5 0.0
1 (ppm)
13 . .
C NMR for 1-Naphthoic acid t-butyl ester (6)
Parameter L 16000
1 Origin
2 Solvent L 15000
3 Temperature
4 Pulse Sequence
5 Number of Scans [ 14000
6 Spectrometer Frequency 100.71
T Nucleus 13C 13000
12000
11000
10000
0., -0'Bu
9000
7000
6000
5000
4000
3000
2000
1000
-0
~—1000
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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'H NMR for 4-Butylbenzoic acid t-butyl ester (7)

Parameter Value
P I = 7500
1 0rigin Varian
2 Solvent cdel3
3 Temperature 25.0 ( 7000
4 Pulse Sequence s2pul
5 Number of Scans 8 = 6500
6 Spectrometer Frequency 400. 46
7 Nucleus 1H
~ 6000
/ / J s [
5000
4500
4000
Q 3500
0'Bu
3000
"Bu
2500
2000
= 1500
1000
500
I A Lo
T iy T T T
o [« o~ Ll =] (o] |
® ) S = 2 b —500
—_— —_— o — ol [
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13 . .
C NMR for 4-Butylbenzoic acid t-butyl ester (7)
Parameter Value
| Torigin [ 10000
2 Solvent
3 Temperature
| 4 Pulse S L9000
5 Number of Scans
6 Spectrometer Frequency 100.71
7 Nucleus 13C
8000
= 7000
o
6000
o'Bu
"Bu ~
5000
4000
3000
2000
1000
4 -0
=-1000
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value
1 Origin Varian
2 Solvent cdel3
3 Temperature 25.0
4 Pulse Sequence s2pul
5 Number of Scans 8
6 Spectrometer Frequency 400. 46
7 Nucleus H

'H NMR for 3,4-Dimethylbenzoic acid t-butyl ester (8)

OBu

¥ & < &
~ =N S <
— (=3 R (=2
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 .0 0.5
1 (ppm)
13 . . .
C NMR for 3,4-Dimethylbenzoic acid t-butyl ester (8)
Parameter Value
1 Origin Varian
2 Solvent
3 Temperature
4 Pulse Sequence
5 Number o
6 Spectrometer Frequency 100.71
7 Nucleus 13C
(o]
OBu
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

S16

4000

3500

3000

I~ 2500

2000

1500

1000

500

5500

5000

4500

4000

3500

3000

I~ 2500

2000

1000

=500




'H NMR for 4-Methoxybenzoic acid t-butyl ester (9)

Parameter Value
1 Origin Varian 5000
2 Solvent cdel3
3 Temperature 25,0
4 Pulse Sequence s2pul L 1500
5 Number of Scans 8
6 Spectrometer Frequency 400. 46
7 Nucleus H
4000
[ L ,
3500
3000
0} 2500
o'Bu
~0 2000
1500
1000
500
L{ . M I L
% &g Lo <
= - *® = ] <
— (=1 —_ [ =1 (=)
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
13 . .
C NMR for 4-Methoxybenzoic acid t-butyl ester (9)
14000
Parameter Value
1 Origin
2 Solvent
3 Temperature L ar
4 Pulse Sequence 3500
5 Number of Scans
6 Spectrometer Frequency 400. 46
7 Nucleus H
[~ 3000
2500
o]
0'Bu
-
[0} 2000
1500
1000
500
L W u " ¥ " L " ro
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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'H NMR for 6-Methoxy-2-naphthoic acid t-butyl ester (10)

Parameter Value E 2200
1 Origin Varian
2 Solvent cdel3 [ 2100
3 Temperature 25.0 r [ 2000
4 Pulse Sequence s2pul
5 Number 'of Scans 8 = 1900
6 Spectrometer Frequency 400. 46
7 Nucleus IH [ 1800
F 1700
/ J F 1600
/ 1/
F 1500
F 1400
F 1300
Q F 1200
OO 0'Bu k1100
™0 F 1000
F900
F800
k700
F600
k500
F 400
F300
F 200
F 100
| S . J Lo
e VAN & < & F-100
X A B S =
=) coco — %) =N [ 500
. . . T T . : T T . : . . . T . . . :
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13 . .
C NMR for 6-Methoxy-2-naphthoic acid t-butyl ester (10)
Paraneter Value [ 16000
1 Origin
| 2 Solvent [ 15000
3 Temperature
| 4 Pulse Sequence 14000
5 Number of Scans
| 6 Spectrometer Frequency 100. 71 L 13000
7 Nucleus 13C
F 12000
F 11000
F 10000
o
. F9000
Cy e
™o 8000
k7000
F 6000
k5000
k4000
k3000
2000
F 1000
Fo
F-1000
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0

1 (ppm)

S18



'H NMR for 3,4-Dimethoxybenzoic acid t-butyl ester (11)

Parameter
1 Origin
2 Solvent
3 Temperature
4 Pulse Sequence

5 Number: of Scans

Value
Varian
cdel3
25.0
s2pul
8

6 Spectrometer Frequency 400. 46

T Nucleus

H

/1

=
L

7500

7000

[~ 6500

6000

5500

5000

4500

4000

I~ 3500

3000

2500

2000

1500

1000

6.00
030~
9.00%

=500

T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

BC NMR for 3,4-Dimethoxybenzoic acid t-butyl ester (11)

Parameter
1 Origin
2 Solvent
3 Temperature
4 Pulse|S

5 Number of Scans

quence

6 Spectrometer Frequency 100.71

T Nucleus

13C

8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

=500

T T T
200 190 180

T
170

T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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'H NMR for 4-Chlorobenzoic acid t-butyl ester (12)

Parameter Value
1 Origin Varian 6500
2 Solvent cdel3
3 Temperature 25,0
T Pulse Sequence s2pul [ 6000
5 Number of Scans 8
6 §p¢‘ittr(>nl¢‘L¢‘r Frequency 400. 46 L 5500
7 Nucleus H
/ / 5000
4500
4000
o]
3500
0'Bu
Cl 3000
2500
2000
1500
1000
n 500
M L L Lo
D s
= = <
- - o =500
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
13 . .
C NMR for 4-Chlorobenzoic acid t-butyl ester (12)
Parameter Value
1 Origin L 28000
2 Solvent
3 Temperature
T Pulsd Sequenck [ 26000
5 Number of Scans
6 Spectrometer Frequency 100,71 E 24000
7 Nucleus 13C
22000
20000
[ 18000
o]
0'Bu F 16000
Cl
[ 14000
12000
10000
8000
6000
4000
' J 2000
J | Lo
=2000
190 180 170 160 150 140 130 120 110 100 90 80 20 10

1 (ppm)

520



'H NMR for 4-Fluorobenzoic acid t-butyl ester (13)

Parameter Value 2300
1 Origin Varian
2 Solvent cdel3
3 Temperature 25.0 F2100
4 Pulse Sequence s2pul
5 Number of Scans 8

6 Spectrometer Frequency 400.46 L 1900
7 Nucleus 1H

2200

2000

F 1800
F 1700
/ f 1600
F 1500
F 1400
F 1300
fo) F 1200
OBy F 1100
F 1000
900
800
F 700
600
500
F 400
k300

200

=100

9.004

=-200

11674 ==

T T T T T T T T T T T T T
0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

=3
o
*
=3
~
o

C NMR for 4-Fluorobenzoic acid t-butyl ester (13)

Paraneter Value
T Origin [ 6500
2 Solvent

3 Temperature
4 Pulse S
5 Number of Scans
6 Spectrometer Frequency 100,71 L 5500
7 Nucleus 130

6000

quence

5000
4500
O'Bu 4000
F 3500
3000
2500
2000
k1500

1000

=500

i |

T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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F NMR for 4-Fluorobenzoic acid t-butyl ester (13)

S22

Parameter Value
1 0rigin Varian £ 800
2 Solvent cdel3
3 Temperature 25.0
4 Pulse Sequence s2pul
5 Number of Scans 16 [ 700
6 Spectrometer Frequency 376,78
7 Nucleus 19F
- 600
0 500
OfBu
400
300
200
100
A OO SRAT SANIY - 0
=100
=200
=300
30 20 10 0 -10 20 =30 -40 =50 -60 =70 -80 =90 -100  -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
1 (ppm)
1 . . .
H NMR for 4-(Trifluoromethyl)benzoic acid t-butyl ester (14)
Parameter
1 Origin I~ 3400
2 Solvent
3 Temperature 3200
4 Pulse Sequence
5 Number—of Scans 3000
6 Spectrometer Frequency 400. 46
7 Nucleus 1 E 2800
2600
/ / 2400
2200
2000
- 1800
Q
; - 1600
O'Bu
- 1400
FiC
1200
1000
800
600
400
200
. L "
.
Q E g F--200
— — (=
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1. 0.5 0.0
1 (ppm)



C NMR for 4-(Trifluoromethyl)benzoic acid t-butyl ester (14)

Parameter Value [ 50000
1 Origin Varian
2 Solvent cdel3
3 Temperature 25.0 45000
4 Pulse Sequence s2pul
5 Number of Scans 2000
6 Spectrometer Frequency 100.71
7 Nucleus 13 [ 40000
35000
Q 30000
OBu
25000
FaC
20000
15000
10000
5000
b dd L,
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
19 . . .
F NMR for 4-(Trifluoromethyl)benzoic acid t-butyl ester (14)
Parameter Value 22000
1 Origin Varian
2 Solvent cdel3 L 20000
3 Temperature 25.0
4 Pulse Sequence s2pul
5 Number of Scans 16 18000
6 Spectrometer Frequency 376,78
7 Nucleus 19F L 16000
14000
Q 12000
O'Bu
10000
FzC
8000
= 6000
4000
2000
-0
~—2000
4000
~—6000
=8000
20 10 0 -10 20 =30 -40 =50 -60 =70 -80 =90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

1 (ppm)
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'H NMR for 4-Cyanobenzoic acid t-butyl ester (15)

Parameter Value
1 Origin Varian
2 Solvent cdel3
3 Temperature 25,0
4 Pulse Sequence s2pul
5 Numbe 8
6 Spectrometer Frequency 400. 46
7 Nucleus H
Q
0'Bu
NC

| I

b L s

= = <

— — (=2

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 .5
1 (ppm)
13 . .
C NMR for 4-Cyanobenzoic acid t-butyl ester (15)
Parameter Value
1 0rigin Varian
2 Solvent cdel3
3 Temperature 25,0
4 Pulse Sequence s2pul
5 Number: of Scans 8
6 Spectrometer Frequency 400. 46
7 Nucleus H
Q
0'Bu
NC

| I

b L s

= = <

— — (=2

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 .5
1 (ppm)

S24

4500

4000

3500

3000

I~ 2500

2000

1500

1000

500

4500

4000

3500

3000

I~ 2500

2000

1500

1000

500




'H NMR for Pyridine-2-carboxylic acid t-butyl ester (16)

Parameter Value [ 7000
1 0rigin Varian
2 Solvent cdel3 6500
3 Temperature 25.0
4 Pulse Sequence s2pul
5 Number o ans 8 6000
6 Spectrometer Frequency 400. 46
7 Nucleus H ~
5500
5000
_ £ S S
4500
4000
3500
3000
2500
2000
= 1500
1000
500
| J‘ "l L (W Lo
T LT <
% © o o S
S (SIS S o [ -500
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0.5 0.0
1 (ppm)
13 . g . .
C NMR for Pyridine-2-carboxylic acid t-butyl ester (16)
Parameter Value [ 60000
1 0rigin Varian
| 2 Solvent cdel3 L 55000
3 Tempetature 25.0 o
4 Pulse Sequence s2pul
5 Number of Scans 256 [ .
6 Spectrometer Frequency 100. 71 50000
7 Nucleus 13C
45000
40000
35000
0
N 30000
S 0'Bu
P
25000
20000
15000
10000
5000
|
t -0
=5000
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 10 0
1 (ppm)
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'H NMR for Pyridine-3-carboxylic acid t-butyl ester (17)

Parancter Value [ 4000
| 1 0rigin Varian L a800
2 Solvent cdel3
| 3 Temperature 25.0 L 3600
4 Pulse Sequence s2pul
|5 Number—of Scans 8 E 3400
6 Spectrometer Frequency 400. 46
| T Nucleus H 3200
3000
S s 2500
[~ 2600
[ 2400
2200
2000
o]
1800
| =7 To'Bu
s 1600
N
[ 1400
1200
1000
800
600
400
200
A | Al Wi Lo
T 7T T T .
) ) * ) <
(=3 (=3 =] (=} (=2
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13 . g . .
C NMR for Pyridine-3-carboxylic acid t-butyl ester (17)
Parameter Value
1 0rigin 35000
2 Solvent
3 Temperature
4 Pulse Sequence
5 Number of Scans )
6 Spectrometer Frequency 100,71 [ 30000
7 Nucleus 13C
25000
0]
‘ =57 o'Bu 20000
-
N
15000
10000
5000
A " " Fo
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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'H NMR for Isoquinoline-4-carboxylic acid t-butyl ester (18)

Parameter Value
1 0rigin Varian [ 7500
2 Solvent cdel3
3 Temperature 25.0 F 7000
4 Pulse Sequence s2pul
5 Number of Scans 8 L
6 Spectrometer Frequency 400. 46 6500
7 Nucleus H
6000
I T IIr [
5000
4500
o o'Bu 4000
S [ 3500
=N 3000
2500
2000
1500
1000
500
J ‘ I ik Lo
AN RIS <
I RN R R S 500
oS oo (=l (=2
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13 . . . .
C NMR for Isoquinoline-4-carboxylic acid t-butyl ester (18)
Parameter Value
Lorigin L 12000
2 Solvent
3 Temperature
4 Pulse Sequence 11000
5 Number of Scans
6 Spectrometer Frequency 400. 46
7 Nucleus H 10000
9000
8000
O, .0'Bu
- 7000
~
=N
6000
5000
4000
3000
2000
1000
ro
~—1000
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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"H NMR for Isoquinoline-5-carboxylic acid t-butyl ester (19)

Parameter Value
1 Origin Varian F 1400
2 Solvent cdel3
3 Temperature 25.0
T Pulse| Sequence s2pul [ 1300
5 Number of Scans 8
6 Spectrometer lirequency 400. 46 L 1200
7 Nucleus H
1100
/ 17 s / 1000
900
0...0%Bu
800
3
N 700
600
500
400
300
200
100
A g
& Awdlg & s
=) Q) 0 =N S L
S S o oo S [=) -100
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13 . . . .
C NMR for Isoquinoline-5-carboxylic acid t-butyl ester (19)
Parameter
1 0rigin
2 Solvent
3 Tempekature [ 25000
4 Pulse Sequence
5 Number of Scans
6 Spectrometer Frequency 100. 71
7 Nucleus 13C
20000
15000
0., .0Bu ’
~
=N
10000
5000
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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'H NMR for Thiophene-2-carboxylic acid t-butyl ester (20)

Parameter Value
1 0rigin Varian 9500
2 Solvent cdel3
3 Temperature 25,0
4 Pulse Sequence s2pul 5000
5 Number: of Scans 8
6 Spectrometer Frequency 400. 46
7 Nueleus 1H k4500
4000
A
[~ 3500
3000
2500
2000
1500
1000
500
‘ ﬂ A ~ Fo
™7 T NN
(=2 [se] =}
S o S =
— — — =-500
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13 . . .
C NMR for Thiophene-2-carboxylic acid t-butyl ester (20)
Parameter k35000
1 0rigin
2 Solvent
3 Temperature
4 Pulse Sequence
5 Number of Scans L 30000
6 Spectrometer Frequency 100. 71
7 Nucleus 13C
25000
20000
o]
15000
10000
5000
’ ro
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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'H NMR for 1-Adamantanol benzoate (21)

Parameter Value L gs0
1 Comment Xin-1-137

| 2 solvent edel3 E 800
3 Temperature 250

| 4 Pulse Sequence s2pul k750
5 Number of

| 6 Spectrometer Frequency 400. 46
7 Nucleus H

ans 8

700

650
I
550
500
o F 450
400
350
300
F 250
200
F 150

100

1791
1.854

T T T T T T T T T T T T T T T
5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0
1 (ppm)

=091y

BC NMR for 1-Adamantanol benzoate (21)

Parameter Value 23000

1 Origin Varian 22000
2 Solvent cdel3
3 Tempetature 25.0 [ 21000
4 Pulse Sequence s2pul E 20000
5 Number of Scans 320
6 Spectrometer Frequency 100,71 19000
7 Nucleus 13¢

I~ 18000

17000
- 16000
I~ 15000
- 14000
o 13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

~=1000

2000

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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Parameter
1 Origin
| 2 Solvent
3 Temperature
4 Pulse Sequence

5 Number of Scans

Value
Varian
cdel3
25.0
s2pul
8

| 6 Spectrometer Frequency 400. 46

7 Nucleus

H

S

179
1.7

'"H NMR for 1-Adamantanol 4-chlorobenzoate (22)

r 1100

1000

900

800

700

600

500

400

300

200

100

=-100

Parameter
| 1 Origin
2 Solvent
| 3 Temperature
| 4 Pulse S

5 Number of Scans

| 6 Spectrometer Fre
| 7 Nucleus

Value

squency 100, 71
13¢

o

T T T T T T
.0 1.5 1.0 3.5 3.0 2.
1 (ppm)

o

5C NMR for 1-Adamantanol 4-chlorobenzoate (22)

0.0

2300

2200

2100

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

300
200

100

-100

=200

T T T T
200 190 180 170

T
160

T
150

T
140

T
130

T
120

T T T
110 100 90 80 70 60 50 40
1 (ppm)
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'H NMR for 1-Adamantanol 4-fluorobenzoate (23)

Parameter Value
| 1 origin Varian [ 1100
2 Solvent cdel3
3 Tempernture 25.0
{4 Pulse Sequence s2pul F 1000
5 Number of Scans 8
6 Spectrometer Frequency 400. 46
| 7 Nueteus i F 900
f / F 800
F700
o
o k600
F 500
400
300
200
J\ F 100
J Fo
Fy 2 EEE
& — S O, F-100
: : : : : : : : : : : : : : : : : : :
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13
C NMR for 1-Adamantanol 4-fluorobenzoate (23)
Parameter Value
{1-Origin = 7500
2 Solvent
| 3 Temperature t 7000
4 Pulse S
5 Number of Scans
| 6 Spectrometer Frequency| 100. 71 [ 6500
7 Nucleus 13C
- 6000
5500
o 5000
4500
o
4000
e
3500
3000
2500
2000
F 1500
F 1000
500
1. - .
" i # Fo
k500
: : : : : : : : : : : : : : : : : : : : :
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0

1 (ppm)
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F NMR for 1-Adamantanol 4-fluorobenzoate (23)

Parameter

1 Origin
2 Solvent

3 Temperature

4 Pulse Sequence

5 Number of Scans

6 Spectrometer Frequency

7 Nucleus

Value L 1800
Varian
cdel3
25.0 1600
s2pul
16
376,78 L 1400
19F

1200
1100
o 1000
=900
=800
700
600
500
400
=300
200

100

4 ro

~-100
=200
=300
—400
~-500
~—600

=700

T T T T T T T T T T T T T T T T T T T T
-10 20 =30 -40 =50 -60 =70 -80 =90 -100  -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
1 (ppm)

'H NMR for 1-Adamantanol 4-(trifluoromethyl)benzoate (24)

Paraneter [ 1400
1 Origin
2 Solvent 1300
3 Temperature
4 Pulse Sequence
5 Number of Scans 1200
6 Spectrometer Frequency 400, 46
7 Nucleus 1H F 1100
f /’ 1000
900
800
o} 700
O
600
CF3
500
400
300
200
100
| ) B
PR ERRES
0 * S =N
—_ — o w =100
T T T T T T T T T T T T T T T T T T
9.0 8.5 7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

S33



C NMR for 1-Adamantanol 4-(trifluoromethyl)benzoate (24)

Parameter Value F 14000
1 Origin Varian
2 Solvent cdel3 | 13000
3 Tempekature 25.0
4 Pulse| Sequence s2pul
5 Nunbe—of-Scars 512 F 12000
6 Spectrometer Frequency 100,71
7 Nucleus 13
F 11000
F 10000
o F9000
© F8000
CF3
F7000
F6000
F5000
F4000
F3000
F2000
F 1000
hJh ‘ [
F-1000
: T T T T T T T T T T T . . T T : T T . T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
1 (ppm)

F NMR for 1-Adamantanol 4-(trifluoromethyl)benzoate (24)

Parameter [ 5000
1 0rigin
2 Solvent L 4500
3 Temperature
4 Pulse Sequence
5 Numberof Seans 4000
6 Spectrometer Frequency 376,78
7 Nucleus 19F
3500
o 3000
o]
2500
CFs
2000
1500
1000
500
¢ o
=500
=1000
=1500
~-2000
T T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 0 -10 =20 =30 -40 =50 -60 =70 -80 =90  -100 -110 =120 -130 -140 ~-150 -160 -170 -180 -190 -200
1 (ppm)
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'H NMR for 1-Adamantanol nicotinate (25)

Parameter Value
1 Origin Varian 1600
2 Solvent cdel3
3 Temperature 25.0 [ 1500
4 Pulse Sequence s2pul
5 Number of Scans 8 F 1400
6 Spectrometer Frequency 400. 46
7 Nucleus 1t L 1300

F 1200
o F 1100
5 A F 1000
= F900
N
800
F 700
F 600
500
k400
F 300
F 200
F 100
\ "
LT E & £
o ] o o < =100
(=] — =3 =3 N
T T T T T T T T T T T T T T T T T T T T
0.0 95 90 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 2.0 5 L0 05 0.0
1 (ppm)
13 . .
C NMR for 1-Adamantanol nicotinate (25)
Parameter Value L 15000
1 Origin
2 Solvent L 14000
3 Temperature
4 Pulse Sequence
5 Number of Scans [ 13000
6 Spectrometer Frequency 100. 71
7 Nucleus 13 L 12000
F 11000
° 10000
5 A k9000
= 8000
N
F 7000
F 6000
5000
F 4000
3000
2000
1000
& Fo
F-1000
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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'H NMR for 1-Adamantanol thiophene-2-carboxylate (26)

Parameter Value
| 1 Origin Vatian
2 Solvent cdel3
3 Temperature 25,0
| 4 Pulse Sequence s2pul
5 Number of Scans 8
6 Spectrometer Frequency 400. 46
7 Nucleus H
ST
o
S,
Pl
_Jt ‘
PR E
® & % 3 =
o © (=] (=2 o
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
13 -
C NMR for 1-Adamantanol thiophene-2-carboxylate (26)
Parameter Value
1 Comment Xin-1-141-C
2 Solvent cdel3
3 Temperature 25.0
4 Pulse Sequence s2pul
5 Number of Scans 192
6 Spectrometer Frequency 100.71
7 Nucleus 13C
o
S,
P
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

S36

1000

=900

=800

=700

600

=500

400

=300

200

100

6000

5500

5000

4500

4000

3500

3000

I~ 2500

2000

1000

=500

=500



Parameter
| 1 0rigin
| 2 Solvent
3 Temperature
|4 Pulse Sequence
5 Number of Scans

Value
Varian
cdol3
25.0
s2pul
8

6 Spectrometer Frequency 400. 46

| 7 Nucleus

1H

2.004
2,00
1.999
5990

|

'H NMR for 9-Methyl-9-fluorenol 4-chlorobenzoate (27)

Cl

Parameter
|1 origin
2 Solvent
| 3 Temperature
4 Pulse| Sequence

5 Number of Scans

Value
Varian
cdel3

6 Spectrometer Frequency 100.71

7 Nucleus

13C

2403131

=3
o

BC NMR for 9-Methyl-9-fluorenol 4-chlorobenzoate (27)

Cl

T T
200 190 180

T
170

T
100 90 80 70 60 50 40 30
1 (ppm)

S37

2300

2200

2100

2000

1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

=600

=500

400

=300

200

100

~-100

=-200
T
0.0

- 7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

=500

=500




'H NMR for 9-Methyl-9-fluorenol 4-cyanobenzoate (28)

Parameter Value
| 1 origin Varian L 4500
2 Solvent cdel3 ’
3 Temperature 25.0
4 Pulse Sequence s2pul
|5 Number of Scans 8 L 4000
6 Spectrometer Frequency 400. 46
7 Nucleus [ H
3500
3000
CN
0 2500
o
0.0 2000
1500
1000
500
l . A
L % s
S eodoe °
3 SERS N
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
13
C NMR for 9-Methyl-9-fluorenol 4-cyanobenzoate (28)
Paraneter Value 4000
1 Origin
2 Solvent
3 Temperature
| 4 Pulse Sequence 3500
5 Number of Scans
6 Spectrometer Frequency 100. 71
7 Nucleus 13C
[~ 3000
CN
o]
2500
o]
2000
1500
1000
500
Wty A M AN O 0 - 0
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
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'H NMR for 9-Methyl-9-fluorenol 6-methoxy-2-naphthoate (29)

Parameter Value L 2800
1 Origin Varian
| 2 Solvent cdel3 Log
3 Temperature 25.0 600
4 Pulse Sequence s2pul
| 5 Number of Scans 8 E 2400
6 Spectrometer Frequency 400, 46
7 Nucleus! 1 I’
2200
1800
o< 1600
CHj
e 1400
1200
800
600
400
200
<JL A4<J o Lo
T sEFALNTR 4 %
L.} RN NN < < L4
S SeFad—d~—0S3 - o —200
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
"1 (ppm)
13
C NMR for 9-Methyl-9-fluorenol 6-methoxy-2-naphthoate (29)
Parameter Value
| 5000
1 0rigin
2 Solvent
3 Temperature
S F 4500
5 Number of Scans
6 Spectrometer Frequency 100.71 o
| 7 Nucleus 15 CHy L 4000
O
3500
Hg o
‘ [ 3000
2500
2000
1500
1000
500
ro
=500

T T T T T
200 190 180 170 160

T T
110 100 90
1 (ppm)

S39

T T T T
60 50 40 30 20 10



'H NMR for 2,3-Dihydro-benzo[ 1,4]dioxine-6-carboxylic acid trityl ester (30)

= 1300
Parameter
1 Origin
2 Solvent 1200
3 Temperature
4 Pulse Sequence s2pul
5 Number of Scans 8 = 1100
6 Spectrometer Frequency 400.(46
7 Nucleus 1H [ "
1000
/ f 900
o pn 800
0] OJ<F’ h
[ =700
o}
600
500
400
300
200
100
. L
&L L ey
% 5 0o =) <
— 00 S < =100
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .0 0.5 0.0
1 (ppm)
13 . . . . .
C NMR for 2,3-Dihydro-benzo[1,4]dioxine-6-carboxylic acid trityl ester (30)
Parameter Value 9000
1 0rigin
2 Solvent
3 Temperature
8000
5 Number of Scans
6 Spectrometer Frequency 100.71
7 Nucleus 13C
= 7000
= 6000
O Ph h
o] O)< Bh
[ 5000
o]
4000
3000
2000
‘ ’ . F 1000
l ‘ v ' L
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

5S40



