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General information

All chemicals were obtained from commercial supplier and used without further purification.
Anhydrous grade tetrahydrofuran, 2-methyltetrahydrofuran, tetrahydropyran, toluene, and
xylene were purchased and used out of the bottle without further purification. Caution!
Trimethylaluminum is moisture sensitive and pyrophoric, and should be handled with great
care. All transfers, storage, and reactions must be performed under an anhydrous
atmosphere of pure nitrogen or argon. Since methane is liberated during the reaction, the
authors recommend that the reactions should be carried out using the sealed tube and behind
a blast shield. Thin layer chromatography (TLC) was carried out using Merck 60 F,s4 plates
with a 0.25 mm thickness. Flash chromatography was carried out using Merck silica gel 60
(230-400 mesh) using ethyl acetate/hexanes as eluent. 'H NMR (400 MHz and 600 MHz) and
3C NMR (100 MHz and 150 MHz) spectra were recorded using Varian INOVA-399 (400
MHz) and Agilent VNMR (600 MHz) calibrated using tetramethylsilane as an internal
reference. High resolution mass data were obtained from Korea Basic Science Institute
(Daegu) on a Jeol JMS 700 high resolution mass spectrometer.



General experimental procedure:

Experimental procedure for the synthesis of azacycloalkanes 3 (Table 2)

R R
AlMe3, solvent
— —— ... > AN
ArTNHz + O@ 110-150 °C,16-24 h i;
n n
2a: n=1, R=H
1a4 2b: n=1, R=CHj3 3a-0
2c: n=2, R=H

N-phenylpyrrolidine (3a, entry 1): Trimethylaluminum (0.6 mL, 2 M solution in toluene, 1.2
mmol) was added to a stirred solution of aniline (1a, 0.093 g, 1.0 mmol) in toluene (3 mL) at
0 °C under argon. After being stirred for 10 minute at 0 °C the resulting solution was warmed
to room temperature, and stirred for 30 minutes. Then tetrahydrofuran 2a (0.8 mL, 10.0 mmol)
was added drop wise to the reaction mixture. The glass tube was then closed tightly with
Teflon cap, and the resulting reaction mixture was heated to 110 °C for 16 h. The progress of
the reaction was monitored by TLC. After completion of reaction, the reaction mixture was
cooled to room temperature. Then the reaction was quenched by adding a mixture of
THF:water (9:1, 2 mL) slowly under argon and the resulting suspension was stirred for an
additional 10 minutes. Then it was filtered through the Celite® and further eluted with THF
(5 mL). The combined filtrate was concentrated under reduced pressure and purification of
the crude product by column chromatography (hexane:ethyl acetate = 30:1) gave 3a (106 mg,
0.72 mmol, 72 %) as light yellow oil.

Experimental procedure for the synthesis of tetrahydroisoquinolines and isoindolines 5

(Table 3)
AlMes, xylene _
Ar—NH, + r? —>150 °C. 16 h rl:l Ar

1a,d-g.k,| qa:n=2 5a5

2-phenyl-1,2,3,4-tetrahydroisoquinoline (Sa, entry 1): Trimethylaluminum (0.75 mL, 2 M
solution in toluene, 1.5 mmol) was added to a stirred solution of aniline (1a, 0.186 g, 2.0 mmol)
in xylene (4 mL) at 0 °C under argon. After being stirred for 10 minute at 0 °C the resulting
solution was warmed to room temperature, and stirred for 30 minutes. Then isochroman 4a
(0.134 g, 1.0 mmol) was added to the reaction mixture at room temperature. Then glass tube
was then closed tightly with Teflon cap, and the resulting reaction mixture was heated to 150
°C (bath temperature) for 16 h. The progress of the reaction was monitored by TLC. After
completion of reaction, the reaction mixture was cooled to room temperature. Then the
reaction was quenched by adding a mixture of THF:water (9:1, 3 mL) slowly under argon and
the resulting suspension was stirred for an additional 10 minutes. Then it was filtered
through the Celite® and further eluted with THF (10 mL). The combined filtrate was
concentrated under reduced pressure and purification of the crude product by column
chromatography (hexane:ethyl acetate, 20:1) gave 5a (136 mg, 0.65 mmol, 65 %) as colorless
oil.



Characterization data of products:

N-Phenylpyrrolidine' (3a):

e

'H NMR (400 MHz, CDCly): § 2.22-2.12 (m, 4H), 3.52-3.39 (m, 4H), 6.77 (m, 2H), 6.87 (m,
1H), 7.39-7.47 (m, 2H); 3C NMR (100 MHz, CDCLy): & 25.9, 47.9, 112.1, 115.8, 129.5,
148.4. HRMS (EI+) m/z calcd for C10H13N [M-H]+, 1460970, found 146.0973 (C10H12N+).

N-p-Tolylpyrrolidine? (3b):

o

'H NMR (400 MHz, CDCls): & 2.08-2.19 (m, 4H), 2.44 (s, 3H), 3.34-3.47 (m, 4H), 6.67 (d,
2H, J = 8.4 MHz), 7.22 (d, 2H, J = 8.4 MHz); '3C NMR (100 MHz, CDCl;): § 20.7, 25.8,
48.2, 112.2, 124.7, 130.0, 146.5. HRMS (EI+): m/z caled for C;HsN [M-HJ*, 160.1126,
found 160.1126 (C;;H;sNY).

N-o-Tolylpyrrolidine? (3¢):

ols

'H NMR (400 MHz, CDCLy): § 2.00-2.12 (m, 4H), 2.47 (s, 3H), 3.24-3.38 (m, 4H), 6.93-
7.06 (m, 2H), 7.20-7.31 (m, 2H); 3C NMR (100 MHz, CDCL): & 20.9, 25.3, 51.3, 116.1,
120.6, 126.6, 129.0, 132.0, 149.7. HRMS (EI+): m/z caled for C,;H;sN [M-HJ*, 160.1126,
found 160.1124  (CyH4N%).

N-(3-Methoxyphenyl)pyrrolidine’ (3d):
H5CO
O~

'H NMR (400 MHz, CDCL3): & 2.01-2.18 (m, 4H), 3.32-3.45 (m, 4H), 3.89 (s, 3H), 6.22-6.26
(m, 1H), 6.29-6.35 (m, 1H), 6.36-6.39 (m, 1H), 7.21-7.29 (m, 1H); 3C NMR (100 MHz,
CDCly): § 25.8, 47.9, 55.3, 98.2, 100.8, 105.3, 130.1, 149.6, 161.1. HRMS (EI+): m/z calcd
for C;H;sON [M-HJ*, 176.1075, found 176.1072 (C;;H;,ON").

N-(4-Chlorophenyl) pyrrolidine? (3e):

s



'H NMR (400 MHz, CDCly): 5 1.85-2.09 (m, 4H), 3.19-3.32 (m, 4H), 6.47 (d, 2H, J = 7.2
MHz), 7.17 (d, 2H, J = 7.2 MHz); 13C NMR (100 MHz, CDCly): 8 25.7, 47.9, 112.8, 120.2,
129.0, 146.7; HRMS (EI+): m/z calcd for C,(H;,CIN [M-H]", 180.0580, found 180.0580
(CioH; i CINY).

N-(4-Fluorophenyl)pyrrolidine (3f):

F—< :}—Ni:'
'H NMR (400 MHz, CDCl3): & 1.85-2.10 (m, 4H), 3.19-3.33 (m, 4H), 6.47-6.55 (m, 2H),
6.95-7.04 (m, 2H); 3C NMR (100 MHz, CDCly): & 25.7, 48.3, 112.3 (d, Jor = 7.4 Hz), 115.5

(d, Jer = 21.6 Hz), 145.1(d, Jep = 5.2 Hz), 155.1 (d, Jer = 231.3 Hz). HRMS (EI+): m/z caled
for C1oH1,FN [M-H]*, 164.0876, found 164.0874 (CoH;,FN*).

N-(2,4-Difluorophenyl)pyrrolidine (3g):

F

F—< E}-Ni:'

'H NMR (400 MHz, CDCL3): & 1.89-1.97 (m, 4H), 3.20-3.34 (m, 4H), 6.57-6.62 (m, 1H),
6.69-6.79 (m, 2H); '3C NMR (150 MHz, CDCLy): & 24.9 (d, Jop = 1.7 Hz), 49.9 (d, Jor = 4.6
Hz), 104.4 (dd, Jop = 3.5, 26.0 Hz), 110.4 (dd, Jeg = 3.5, 21.9 Hz), 115.2 (dd, Jor = 6.9, 9.2
Hz), 134.3 (dd, Jer = 3.5, 10.3 Hz), 151.9 (dd, Jop = 11.4, 243.8 Hz), 154.8 (dd, Jor = 11.4,

236.9 Hz). HRMS (EI+): m/z caled for CigHyFoN [M-H]*,  182.0781, found 182.0782
(CioHjoF2N").

N-(2-Bromo-4-fluorophenyl)pyrrolidine (3h):

Ve ¥

'H NMR (400 MHz, CDCl;): § 1.80-1.99 (m, 4H), 3.09-3.35 (m, 4H), 6.80-6.97 (m, 2H),
7.25-7.32 (m,1H); *C NMR (100 MHz, CDCLy): § 25.0, 51.7, 114.5 (d, Jr = 21.5 Hz), 115.1
(d, Jor = 8.9 Hz), 118.7 (d, Jor = 8.2 Hz), 121.3 (d, Jor = 24.5 Hz), 145.6 (d, Jor = 1.5 Hz),
157.1 (d, Jor = 242.5 Hz); HRMS (EI+): m/z caled for CioH, BrFN [M-HJ", 241.9981, found
241.9984 (CyoH oBrFN®).

N-(Naphthalen-1-yl)pyrrolidine’ (3i):

@



'H NMR (400 MHz, CDCls): & 1.84-2.00 (m, 4H), 3.22-3.38 (m, 4H), 6.85-6.95 (m, 1H),
7.25-7.33 (m, 1H), 7.34-7.45 (m, 3H), 7.70-7.81 (m, 1H), 8.13-8.23 (m, 1H); 1*C NMR (100
MHz, CDCly): § 25.2, 53.1, 111.9, 121.7, 124.7, 125.3, 126.0, 126.4, 128.7, 128.8, 135.5,
148.2. HRMS (EI+): m/z cacld. for C14H;sN [M-HJ, 196.1126; found 196.1129 (C,4HsN").

9-Ethyl-3-(pyrrolidin-1-yl)-9H-carbazole (3j):

O
/

'H NMR (600 MHz, CDCls): & 1.39 (t, 3H, J = 7.8 Hz), 2.02-2.15 (m, 4H), 3.30-3.55 (m,
4H), 4.31 (q, 2H, J= 7.8 Hz), 6.88 (d, 1H, J= 8.4 Hz), 7.13-7.20 (m, 1H), 7.26-7.37 (m, 3H),
7.40-7.45 (m, 1H), 8. 06 (d, 1H, J= 7.8 Hz); 3C NMR (150 MHz, CDCls): § 13.9, 25.4, 37.5,
49.0, 102.5, 108.3, 108.9, 112.7, 117.7, 120.4, 122.9, 123.8, 125.2, 133.1, 140.4, 142.6.
HRMS (EI+): m/z) cacld. for C;gHyo)N, [M-H]J, 263.1548; found 263.1551 (C,gH 9N, ).

2-Methyl-1-phenylpyrrolidine (3k):
H3C

OO0

'H NMR (400 MHz, CDCl;): 6 1.32 (d, 3H, J = 6.0 Hz), 1.78-1.89 (m, 1H), 2.02-2.28 (m,
3H), 3.22-3.25 (m, 1H), 3.49-3.58 (m, 1H), 3.95-4.07 (m, 1H), 6.73 (d, 1H, J= 8.0 Hz), 6.79
(t, 2H, J= 8.0 Hz), 7.02-7.41 (m, 2 H); *C NMR (100 MHz, CDCls): 6 19.7, 23.7, 33.5, 48.5,
53.9,112.1, 115.5, 129.5, 147.5. HRMS (EI+): m/z cacld. for C;;HsN [M]*, 161.1204; found
161.1207.

2-Methyl-1-(p-tolyl)pyrrolidine*(31):

HsC
els

'H NMR (400 MHz, CDCLy): & 1.22 (d, 3H, J = 6.0 Hz), 1.73-1.82 (m, 1H), 1.95-2.23 (m,
3H), 2.32 (s, 3H), 3.15-3.23 (m, 1H), 3.41-3.50 (m, 1H), 3.82-3.95 (m, 1H), 6.58 (d, 2H, J =
8.4 Hz), 7.09 (d, 2H, J = 8.0 Hz); 3C NMR (100 MHz, CDCl;):  19.8, 20.5, 23.6, 33.4, 48.7,
54.0,112.2, 124.5, 129.9, 145.6. HRMS (EI+): m/z cacld. for C;,H,;N [M]*, 175.1361; found
175.1360.

1-(4-Fluorophenyl)-2-methylpyrrolidine (3m):



HaC
F{:}@

'H NMR (400 MHz, CDCL): § 1.03 (d, 3H, J = 6.0 Hz), 1.52-1.59 (m, 1H), 1.78-2.00 (m,
3H), 2.93-3.02 (m, 1H), 3.21-3.30 (m, 1H), 3.62-3.72 (m, 1H),6.33-6.39 (m, 2H), 6.78-6.85
(m, ZH); 3BC NMR (100 MHz, CDC13): 019.6,23.7,33.5,48.9,54.3,112.5 (d, Jep=11.2 HZ),

115.7 (d, Jcr = 21.6 Hz), 144.3 (d, Jor = 1.5 Hz), 154.9 (d, Jcr = 232.0 Hz) . HRMS (EI+):
m/z cacld. for C;1H4,FN [M], 179.1110; found 179.1109.

N-Phenylpiperidine (3n):

()
'H NMR (400 MHz, CDCLy): § 1.566 (quin, 2H, J = 5.6 Hz) 1.704 (quin, 4H, J = 5.6 Hz),
3.14 (t, 4H, J = 5.6 Hz), 6.81 (t, 1H, J=7.6 Hz), 6.93 (d, 2H, J = 7.6 Hz), 7.20-7.27 (m, 2H);

13C NMR (100 MHz, CDCly): & 24.5, 26.1, 50.9, 116.7, 119.4, 129.3, 152.5. HRMS (EI+):
m/z cacld. for C;1H;sN [M-H]", 160.1126; found 160.1128 (C;H4N").

N-(4-Fluorophenyl)piperidine’ (30):

)

'H NMR (400 MHz, CDCly): & 1.527 (quin, 2H, J = 5.2 Hz) 1.698 (quin, 4H, J = 5.2 Hz),
3.03 (t, 4H, J = 5.2 Hz), 6.81-6.88 (m, 2H), 6.89-6.97 (m, 2H); '*C NMR (100 MHz, CDCl;):
8 24.4,26.2, 52.0,115.5 (d, Jop = 21.6 Hz), 118.5 (d, Jor = 7.4 Hz), 149.3 (d, Jor = 2.2 Hz),

157.1 (d, Jcr = 236.5 Hz). HRMS (EI+): m/z cacld. for C;;H4,FN [M-H]*, 178.1032; found
178.1034 (Cy1H5FNY).

2-Phenyl-1,2,3,4-tetrahydroisoquinoline (5a):
O

'H NMR (400 MHz, CDCls): § 2.94 (t, 2H, J = 5.6 Hz), 3.5 (t, 2H, J = 5.6 Hz), 4.37 (s,
2H), 6.75-6.85 (m, 1H), 6.88-7.20 (m, 3H), 7.06-7.19 (m, 3H),7.22-7.32 (m, 2H); 3C NMR
(100 MHz, CDCls): § 29.4, 46.8, 51.0, 115.5, 118.9, 126.3, 126.6, 126.9, 128.8, 129.5, 134.8,
135.2, 150.9. HRMS (EI+): m/z cacld. for C;sHsN [M], 209.1204; found 209.1202.

2-(3-Methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (Sb):



'H NMR (400 MHz, CDCl;): 6 2.96 (t, 2H, J=5.6 Hz), 3.54 (t, 2H, J = 5.6 Hz), 3.78 (s,
3H), 4.39 (s, 2H), 6.38 (dd, 1H, J=2.4and 2.4 Hz), 6.50 (t, IH, J=2.4Hz), 6.58 (dd, 1H,
J=24 and 2.4 Hz), 7.11-7.22 (m, 5H); 3C NMR (100 MHz, CDCl;): & 29.3, 46.6, 50.8,
55.4, 101.7, 103.5, 108.1, 126.3, 126.6, 126.8, 128.7, 130.1, 134.6, 135.1, 152.1, 160.9.
HRMS (EI+): m/z cacld. for C;cH7;NO [M]*, 239.1310; found 239.1310.

2-(4-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline (5c¢):

Loy

'H NMR (400 MHz, CDCls): § 2.96 (t, 2H, J = 5.6 Hz), 3.51 (t, 2H, J = 5.6 Hz), 4.36 (s,
2H), 6.79-6.91 (m, 2H), 7.08-7.26 (m, 6H); 13C NMR (100 MHz, CDCL): § 29.2, 46.7, 50.9,
116.4, 123.6, 126.4, 126.7, 126.8, 128.7, 129.2, 1343, 134.9, 149.3. HRMS (EI+): (m%)
cacld. for C;sH4CIN [M-HJ*, 242.0737; found 242.0738 (C;sH,;CIN®).

2-(4-Fluorophenyl)-1,2,3,4-tetrahydroisoquinoline (5d):
: :”O
F

'H NMR (400 MHz, CDCls): § 2.98 (t, 2H, J = 5.6 Hz), 3.48 (t, 2H, J = 5.6 Hz), 4.33 (s, 2H),
6.85-7.03 (m, 4H), 7.11-7.23 (m, 4H); '*C NMR (100 MHz, CDCLy): § 29.3, 47.9, 52.1, 115.8
(d, Jor = 21.6 Hz), 117.3, 117.4, 126.2, 126.7 (d, Jor = 11.1 Hz), 128.8, 134.5, 134.7, 147.6
(d, Jor = 2.2 Hz), 156.9 (d, Jor = 236.5 Hz). HRMS (EI+): (m/z) cacld. for C;sH,,FN [M-HT",
226.1032; found 226.1035 (CysH;3FN™).

2-(2-Fluorophenyl)-1,2,3,4-tetrahydroisoquinoline (Se):
F

'H NMR (600 MHz, CDCly): & 2.95 (t, 2H, J = 6 Hz), 3.41 (t, 2H, J = 6 Hz), 4.27 (s, 2H),
6.86-6.92 (m, 1H), 6.94-7.17 (m, 7 H) ; '*C NMR (150 MHz, CDCls): & 28.9, 48.8 (d, Jor =
4.6 Hz), 52.5 (d, Jor = 2.4 Hz), 116.1 (d, Jop = 20.7 Hz), 119.3 (d, Jop = 3.5 Hz), 122.2 (d,
Jer = 7.9 Hz), 124.3 (d, Jop = 3.5 Hz), 125.8, 126.2, 126.3, 128.8, 134.3, 134.4, 139.7 (d, Jor



= 9.3 Hz), 155.7 (d, Jor = 244.9 Hz) HRMS (EI+): m/z cacld. for CysH,4FN [M]", 227.1110;
found 227.1107.

2-(2,4-Difluorophenyl)-1,2,3,4-tetrahydroisoquinoline (5f):

F
L
F
'H NMR (600 MHz, CDCLy): § 2.95 (t, 2H, J = 6 Hz), 3.34 (t, 2H, J = 6 Hz), 4.21 (s, 2H),
6.73-6.84 (m, 2H), 6.90-6.96 (m, 1H), 7.04-7.08 (m, 1H), 7.10-7.17 (m, 3H); 13C NMR (150
MHz, CDCLy): & 28.8, 49.2 (d, Jor = 3.4 Hz), 52.9 (d, Jor = 2.4 Hz), 104.7 (t, Jor = 24 Hz),
110.6 (dd, Jor=219,34 HZ), 119.9 (dd, Jer = 9.3, 3.5 Hz), 125.9, 126.26, 126.33, 128.7,
134.15, 134.20, 136.4 (dd, Jor = 9.3, 3.5 Hz), 155.7 (dd, Jo = 11.4 , 248.4 Hz), 157.7 (dd,

Jcrp = 11.6, 241.4 Hz). HRMS (EI+): m/z cacld. for C;sH3F,N [M-H]*, 244.0938; found
244.0940 (CysH;3FN™).

2-(Pentafluorophenyl)-1,2,3,4-tetrahydroisoquinoline (5g):

F
N F
F F
F

'H NMR (400 MHz, CDCl3): § 2.97 (t, 2H, J = 5.6 Hz), 3.47 (t, 2H, J = 5.6 Hz), 4.37 (s, 2H),
6.99-7.06 (m, 1H), 7.10-7.20 (m, 3H); 3C NMR (100 MHz, CDCl;): § 29.8, 49.4, 53.1, 126.1,
126.2, 126.6, 129.4, 134.2, 134.3. HRMS (EI+): (m/z) cacld. for C;sH,oFsN [M]*, 299.0733;
found 299.0731.

2-Phenylisoindoline (Sh):

-0

"H NMR (400 MHz, CDCL3): 8 4.65 (s, 4H), 6.65-6.7 (m, 2H), 6.72-6.77 (m, 1H), 7.26-7.37
(m, 6H); 3C NMR (100 MHz, CDCl;): & 53.9, 111.8, 116.4, 122.8, 127.4, 129.6, 138.2,
147.4. HR-MS (EI+): m/z cacld. for Ci;H;3N [M-H], 194.0970; found 194.0973
(Ci14sH N,

2-(4-Chlorophenyl)isoindoline (5i):

estet



'H NMR (400 MHz, CDCly): & 4.61 (s, 4H), 6.57 (d, 2H, J = 8.8 Hz)), 7.23 (d, 2H, J = 8.8
Hz), 7.25-7.38 (m, 4H); *C NMR (100 MHz, CDCly): & 54.1, 112.8, 121.3, 122.8, 127.5,
129.3, 137.8, 146.1. HR-MS (EI+): m/ cacld. for Ci;H;,CIN [M-H]*, 228.0580; found
228.0577 (C,4H,,CINY).

2-(4-Fluorophenyl)isoindoline (5j):

-0

'H NMR (400 MHz, CDCl5): & 4.58 (s, 4H), 6.50-6.59 (m, 2H), 6.95-7.05 (m, 2H), 7.24-7.39
(m, 4H) ; 13C NMR (100 MHz, CDCLy): & 54.4, 112.2 (d, Jop = 7.4 Hz), 116.1 (d, Jo = 22.3
Hz), 122.7, 127.4, 138.1, 144.1 (d, Jor = 1.5 Hz), 155.4 (d, Jor = 232.8 Hz). HR-MS (EI+):
m/z cacld. for C14H,FN [M-H]*, 212.0876; found 212.0878 (C1,H,,CIN®).

References:
1. J. M. Flaniken, C. J. Collins, M. Lanz and B. Singaram, Org. Lett., 1999, 1, 799.
2. G. Manolikakes, A. Gavryushin and P. Knochel, J. Org. Chem., 2008, 73, 1429.
3. C.-Y. Gao and L.-M. Yang, J. Org. Chem., 2008, 73, 1624.
4. R. P. Rucker, A. M.Whittaker, H. Dang and G. Lalic, Angew. Chem. Int. Ed., 2012,
51, 3953.
5. L. Djakovitch, M. Wagner and K. Kohler, J. Organomet. Chem., 1999, 592, 225.



IH NMR and C NMR Spectra of the products
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@
a
e
N T R )

CHj

3c

S S

ppm

10

11

b1k-002-032

BLE-002-032-cnmr-120712

File

Pulse Sequence: s2pul

6T6°02

pre Sz -

06E°T6

TBT" 22
pos” mmUlI\|r. —

9187 L

TLT79TT
PEST02T
1597921

B60°62T -
1207281

SELTBPT

CHj

3c

L B B

L o e
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220



b1k-002-033
File: BLK-002-033-hnmr-120712

Pulse Sequence: $2pul

OrnORDRNONNDBON® NN @ RO Sauma~a~~ T
NENTNNRANN BN NN DO S5 ma~in SmmoNEBE N~
NNNNNNND O PImO DO Mo 2w moa® BT
hhn““““’%ﬁ]mmm m@m oonn e
T T T — T T T — I e e LA a e e e T
11 10 9 6 4 3 2 ppm
L v v e
0.93 3.00 4.03
4.13
b1k=-002-033
File: BLK=-002-033-cnmr-120712
Pulse Sequence: sZpul
- ) o w owe oo = < »
@ @ @ o we N O w < © S
- b - e i 2 = 2
- - = w om ~a v~ w
= = @ o So ~ee woow 4
=] 3 a 289 ‘ ‘ i
| | Il
.
I B o o B L I e o e N ML 2 e e e e e
220 200 180 160 140 120 100 80 60 40 20 0 ppm



b1k=-002-025
o
File: BLK-002-025-hnmr-120621

Pulse Sequence: s2pul

m~ow o ~o o ~o
mm~ e ©® s BwhT 0o~ o
B S R R
~r wwo meoon N

/=
\Z
-
A
P
=
€

3e

T
11 10 9 8 7 6 5 q 3 2 1 ppm
L L o -
1.93 . 4.34
2.28 4.75
blk-002-025
File: BLK-002-025-cnmr-120621
Pulse Sequence: sZpul
< » o ~~ r~ -
@ % e &~ I s
IS 3 2 R s S
© - o o ~ w
< & = [N < &
= B = |
| I

T‘F
\77.087

— 120.262

129,088

Cl N

3e ' !

L " " 4
" " P ‘ y v u

T T T T T L e L e L e

2zo 200 180 160 140 120 100 80 60 40 20 0 ppm



blk-002-022

File: BLK-002-0Z2Z-hnmr-120620

s2pul

Pulse Sequence:

3f

10

11

4.55

blk-002-022

BLK-002-022-cnmr-120620

File:

s2pul

Pulse Sequence:

r09°52

vRI Ry~

£26° 9L
SEZ" LU
5857 L4

SST°ZTT—y
6227211
560 §TT ),
259°STT

(2N 1% S

L6L EST
TIT°85T

3f

r——TrrT T T

40

ppm

20

120 17100 80

140

1160



SpinWorks 3: 1,BLK-002-046A

,
L
p—

SSTv——
L66'E~—

S a=g

r~ror-rTTrrTTrT [

I
2.0 1.

PPM 88 84 80 76 7.2 68 64 60 56 52 48 44 40 3.6 3.2 28 24 6 1.2 08 04 0.0
file: ...\NMR\12sep21\1blk-002-046a.fid\fid block# 1 expt: "s2pul” freq. of 0 ppm: 599.855932 MHz
transmitter freq.: 599.8659519 MHz processed size: 32768 complex points
time domain size: 32768 points LB: 0.000 GF: 0.0000
width: 9615.38 Hz = 16.0294 ppm = 0.293438 Hz/pt Hz/cm: 230.134 ppm/cm: 0.38365
number of scans: 4
SpinWorks 3: 1.BLK-002-046A
O - b
iy ag WWww et e b e e O OO O s FN NN
UNEWNN=O 2R EE NN oOoOoO s ss b NSO 0o Rl
ooV ow Wiy [ S N N = wio 0o
OWNUIO®D W T O~ OO AN=DNOOW =Oom oW WK
B Wh NN O N~ DN DONONUNION O fr-X-] |
e pNOR~U WWoo WOHNWNONYOON ONN uo =]
Ll ]
I L D e e e e e I
PPM 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

file: ..\12sep21\1blk-002-046a_13C.fid\id block# 1 expt: "s2pul”
transmitter freq.: 150.850483 MHz

time domain size: 65536 points

width: 37878.79 Hz = 251.1015 ppm = 0.577984 Hz/pt

number of scans: 72

freq. of 0 ppm: 150.833896 MHz
processed size: 65536 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 1086.902 ppmy/cm: 7.20516




b1k-002-027

BLK-002-027-hnmr-120622

File:

S

Pulse Sequence: $2pul

026°T
bZ6 T

§96°T
nmu.hll/

mvN.mH\

182°¢

Br

3h

_J

ppm

10

11

blk-002-027

File: BLK-002-027-cnmr-120622

Pulse Sequence: s2pul

2E0°52

820° 4L

-/

09912

vy
6E9”
£z1°
1z
18"
68"
261"
ey

IbETSST
s9g"8sT N

Br

3h

1z0

140

200

T
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60

80

100

160

180

220



blk-002-031a

Broton

v File:

Pulse Sequence: s2pul

00070

[T S
EZA: 30 S

8687 T
40671
STE T

26T
2E6°T
BS6°T

822°€
652°E

J

mmw.ml\

162°¢

3i

ppm

10

12

v

wy

2.89 1.01
0.340.99

w

v
1.00

4.29

blk-002-031

File:

BLK-002-031-cnmr=120702

szpul

Pulse Sequence:

0vz 52

292752

BET E5

[T R
199 =
L8E°LE

ZEETTIT

Nhh‘ﬂm—l/
vsevzr—\
rrErsar
b0 921 —,
sep-9z1—
eeetazt—//
952821/
i
§ES"SET—

SET 8KT

v

T T T T T T T T T T T

LA e e e e
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SpinWorks 3: BLK-002-028A

DD NN S NN S S S S S N S S O bk MM e e bl
OosrrppbniNNREER DR Wi obooD i o
NOWNN oUW O A WSO OU D N DUNRG VDN N
£ GUNOBRNVRVOVo b We LY 3] EOWRN @OR®D ]
HDOONANOD~INDVONWEORD NN R RNEY L Y BN ]

TSOE'Y
1€62't
— THO¥'E

I
%
K

P

2—~<_
666'0——
L9610

198

JIILL JLJLJJLJ

- 120 T—=

T T r-r~1 11 +~1r 1 +*1r 1 °" 1 1 v 1 v T rTrT Tt T T
PPM 88 84 80 76 72 68 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04 00

file: ...\NMR\12sep21\2blk-002-028a.fid\fid block# 1 expt: "s2pul” freq. of 0 ppm: 599.855932 MHz
transmitter freq.: 599.859519 MHz processed size: 32768 complex points
time domain size: 32768 points LB: 0.000 GF: 0.0000

width: 9615.38 Hz = 16.0294 ppm = 0.293438 Hz/pt Hz/cm: 230.134 ppm/cm: 0.38365

number of scans: 4

SpinWorks 3: BLK-002-028A

- - e e b =
s w NNMNN = =00 o NN S w N -
NOo w VWN O~ NE® ~ SN ) ~ wu w
o i o N e Ny Dol [ ot =] 3 3 =}
[eg) w —~ENO = o N NIy = o =} >
oN s V=G W e =W @ @ W — ~
SN} L) PO RO WNO Ey =R © w [N}

pd

T T LI I L T 1 T 7 1 — 1 Tt 1 T [ T T T 1 T T 7 T T L T
PPM 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

file: ...\125ep21\2blk-002-028a_13C.fid\fid block# 1 expt: "s2pul” freq. of 0 ppm: 150.833891 MHz
transmitter freq.: 150.850483 MHz processed size: 65536 complex points
time domain size: 65536 points LB: 0.000 GF: 0.0000

width: 37878.79 Hz = 251.1015 ppm = 0.577984 Hz/pt Hz/em: 1096.920 ppm/fcm: 7.27157

number of scans: 288




b1k-002-053a

“* File: BLK-002-053a-hnmr-120905
Pulse Sequence: s2pul
woN®m ooy TSmoeneoTann
BRETao~ TN I R R
maaaennen Seaunananaad
N’\L’meuj)o L LT
| }
H,;C
'
M M_JLF—‘;
| T T T T T T 1
11 10 9 8 7 a 3 1 ppm
w - o w v
1.87 1.02 1.09 14
3.00 1.08 3.31 .21
b1k-002-053a
“ File: BLK-002-053a-cnmr-120905
Pulse Sequence: sZpul
w - o @ oo o w © oo
o & 5 g Sma s S @ NS
w w b ] oom = em
~ o w o o ) o o o
g & 2 ~RR P @ @A
= o an
| ] (. [
]
—
R T T T R o o o L0 BLAL I i o e B S o e o T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm



blk-002-055

BLK-002-055-hrnr-120910

File:

AN

Pulse Sequence: s2pul

H5C

3l

J

10

11

blk-002-055

snmr-120910

BLK-002-055-

File:

: szpul

Pulse Sequence

96¢

525"

PEY

12t

600

SEQ
SSE
899

€917

T96

BT
oz—"

gz

cgp—

bg—

.:i
.:T.

L

211

T4

BT

3l

20 ppm

LA B o e e

60 40

80

T
120




blk-002-056

BLK-702-056~-hnmr-120910

File:

s2pul

Pulse Sequence:

ppm

2

10

11

vy
1.20

1.22

b1k=-002-056

LLK-002-0S6-cnmr-120810

File:

szpul

Pulse Sequence

209761
£99° 82

99y EE

996" 80—

BBZ PSS

SE0" &L
< S

§£9° 44

BEVZTT
mnm.Nauu

989 STT
258" m.—nl\

mmw.vvﬂT

B0E"BYT

92L7EST
9807 95T

Q
™
T

=

3m

S e e L e

L e e e e e

ppm

20

40

60

80

100

120

140

160

180

200

220



b1k-002-030

File: BLK-002-030-hnmr-120629

s2pul

Pulse Sequence:

0000~/

T00°0

TET 8

SPTE
mma.m\\

J

L

3n

10

11

ppm

blk-002-030

carbon

File:

Pulse Sequence: s2pul

EES BT

880792

668705

96" 9L
L orAd

mnq»mnl\

§8574¢

TSZSTT

T6EBTIT—

E0Z BZL

862 BZT

18P 25T

3n

L e e e
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BLK-002-035-hnmr-120713
s2pul

File
Pulse Sequence:

b1k-002-035

o 2OE b7 — R
gzz 9z -

ppm

20

40

coemnauN® B
SSENNN3RER
FRE R I
[ L
T T
1 ppm
Wy
4.330.22
2.21
"

60

S B e I . e e e

80

T
100
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g2 00— j
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950" 9 L o
0989
L1988
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26879 . e ari— E
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£06°9—/ o N
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vZ679 . E 3
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Tv6s 3
iv6° 8 . .
TS89 L 828 601
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000" 95T —————— —
[ [ R 1 R ——3
o o
z ™ i z 8 i
i L]
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s
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F I
E
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3 53
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L h &
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- w 5§ M
L 8o 3
3% 2
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L & 3
S .
S i e
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L-=
L ER
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blk-002-058

“File:

Proton

s2pul

Pulse Sequence:

JML,JLA L A

Ll

5a

—

ppm

T
10

1z

W ey
1.52.85
3.1D.68

b1k-002-058

Carbon

File

s2pul

Pulse Seguence:

SEPTBZ

[T4: 28
EED IS

L8507 LLTy

A e
269 L

£SU-STT
s26°RIT—
e 021

9E979ZT
58° 921

0EB" 82T
BIS 62T

0ge vET—/

28T GET

898 05T —

5a

a

L e e e e

140

T T

T
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160
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blk-002-057

BLK-002-057-hnmr=12n912

File:

Pulse Sequence: s2pul

Pas° 1T

cmh.m\\

T08° €

BEE" b

OMe

5b

10

11

blk-002-057

BLI-002-057-cnmr-120912

File:

s2pul

Pulse Sequence:

9bETEZ — .

85 9p— ——
0v8 05— -
620768 :

SELSTOT T
06V EOT

TET 80T

4827921

b85S 92T /f

§5¢°92T

q.:.wﬁ\k..
SBOTOET

seover —

SPT°SET

orrtest—

567091 —

OMe

5b

ppm
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b1k-002-040

* File:

BLK-002-040-hnmr-120725

s2pul

Pulse Sequence:

(21

186°

b0s"
915"
0€S5”

£9g°

198"
0ge’

L 7a%
297"
BET"
1zz°
9EZ"

b

Cl

5¢c

ppm

10

11

-

5.31

blk=002-040

BLK-002-040-Cnmr=-120725

File:

Pulse Sequence: szpul

81"

8E6°

852

845"

158"
0s§°
898"
ore”
ove” .
.mﬂl\

ZET°
‘PET -/

1173

vog
vIi6

92,

e

91T
£21
871
mN‘..mwnu

921

62T

vel

“BbT

Cl

5c

180

ppm
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80
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160



b1k-002-037a

- File: BLK-002-037a-hnmr-120723

Pulse Sequence: s2pul

99p°c
ame.mw.uuH

S6V°E

TEET P

5d

ppm

10

11

3.36

el

blk=002-037a

File: BLK-002-037a-cnmr-120723

s2pul

Pulse Sequence:

B0Z° 62—

[N o

280" 28—

PI6° 9L\
€ET 2L,
P A

69" STT
p9gSIT—"
S8ZLIT—/
eset T

2z
ves”
988"
£18°
£lp”
8TL"

0SS T Yy
g6 ev1—

L T S
sorT RSt




BLK-002-052A

Sample Name:

Data Collected on:
Agilent-NMR-vnmrs600

Archive directory:

Sample directory:

FidFile: PROTON

Fulse Sequence: PROTON (s2pul)

Solvent: cdecl3
Data collected on: Sep 21 2012

8 7 6 4 3 pPpm
e v v -
1.66944.91 1.98
1.0890 1.93 2.00
BLK-002-052A
Sample Name:
Data Collected on:
Agilent-NMR-vnmrs600
Archive directory:
Sample directory:
mw o e “
FidFile: CARBON 38337 @
w6 w09 1
Pulse Sequence: CARBON (s2pul) 99999
Solvent: cdcl3
Data collected on: Sep 21 2012 N
™~ © o~ g
o
a e g
F Bggh §51
: e a
G oo d
8
N 2 FEAT .
Lk 3.
3 s 53
- .
ﬂ&\ a g
b1
5e
o
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o ! N
Fa 28 £ge
g2 83 L&/
- ¢ -
1
1 (
‘ } AN .
L s S NN A e e e e L B T T ERE T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm



SpinWorks 3: BLK-002-050A

£081°L
8¥ST'L
80S1'L
TLvT L
BEVT'L
+Or1L
ZEET'L
SPET'L
ZIET'L
91zt

> W NN
N Www oY
= NaG s
- WWww woo
~ OoONUT YW

j=
A=

] A - e

696'T—<_
7 666 1—<_

FrTr T T
7.2

PPM 8.8 8.4 8.0 7.6 6.8 64 60 56 52 48 44 40 36 32 28 24 20 16 1.2 08 04 0.0
file: ...\NMR\12s5ep21\4blk-002-050a.fid\fid block= 1 expt: "s2pul” freq. of 0 ppm: 599.855968 MHz
transmitter freq.: 599.859519 MHz processed size: 32768 complex points
time domain size: 32768 points LB: 0.000 GF: 0.0000
width: 9615.38 Hz = 16.0294 ppm = 0.293438 Hz/pt Hz/cm: 230.769 ppm/cm: 0.38471
number of scans: 4
SpinWorks 3: 5.BLK-002-050A
Qo & DURWEW NNNN LSS S0 00 O N s w
PONRNDp B QOO0 hh DONAUOOVOOO OOOOAHRLR oo N0 =
ouowvwnhL@D Bpl W N D WNDOODODN OUNLDOD S NWO S DWW N @
NpOWWUIRO SN0V ONONOONY UTNOQAN U O owo O o= o
OFQURO— A QUUNED 2 OWUNOGE ~UDRIUL S NS £200 2
FROGNROW ANRNTO NEROONRO OONINOG N1 Shae @
L | o
rrTrrrTr T T rrtrT T T Tttt T T T
PPM 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

file: ...\12sep21\4blk-002-050a_13C.fid\fid block# 1 expt: "s2pul”
transmitter freq.: 150.850483 MHz

time domain size: 65536 points

width: 37878.79 Hz = 251.1015 ppm = 0.577984 Hz/pt

number of scans: 80

freq. of 0 ppm: 150.833908 MHz
processed size: 65536 complex points
LB: 0.000 GF: 0.0000

Hz/cm: 1084.398 ppm/cm: 7.18856




b1k-002-051

BLK=002-0C1-hnmr-120821

= - ® File:

s2pul

Pulse Sequence:

6261

BLETE T

ppm

10

11

Lr“
1c99¢

b1k-002-05

BLK-002-051-cnmr-120821

File:

szpul

Pulse Sequence:

z1e°

226"
vEZ"
vss*
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szz°
619"
LT
191"
122"

pg—

9

(i

ppm
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blk-002-049

BLK-002-043-hnmr-120810

File

s2pul

Pulse Sequence:

000°0

0psS T

pea'p—

N
£69°9
569"
622
[
992
6v2
€82
982
162
862
S0E"
vIE" L
226" L
SZE"L
2L
EEE" L
EVE"L
LPETL
S5E°L

N N N T L]

Sh

i

ppm

10

12

w

5.30

1.83
0.87

4.01

b1k-002-049a

Files

BLK=002-049a-cnmr-120813

s2pul

Pulse Sequence:

TL6°ES

e 9L
997" 2L,
o L N

908 TIT—
SEETOTT

£rezzI—

SBE" 2T
6197621

6L178ET

L8E"LPT

5h

A e A
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T

80
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ppm

20

40

100

120

140

160

180

200



0000 —

28581

blk=002-045a

File: Proton

Pulse Sequence: s2pul

Cl

5i

ppm

10

T
12

Carbon

b1k-00Z-045a
File:

s2pul

Pulse Sequence:

860° bS5

506 9L\
TEELE S
s 2L
ELLT2TT—

vz 13T ———
18 22T

905 L21

8SE° 62T
(LR

226 SpT

Cl

5i

L e e

B N B e e e
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blk-002-039a

BLK-002-03%a~-hnmr-120806

File:

Pulse Seguence: s2pul

e
Q
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= od
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-
- w
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LT S S L
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— L
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-

b1k-002-039%a

BLK-002-039a-cnmr-120806

File:

s2pul

Pulse Sequence:

L0y g

866790
nww.nnu

BEG7 4L

019 40T
0PI ZTT
(252820 S
E0BTSTT
LEA S 19 Sl

8627221
|21 arEas

GUT RET —

m._:.n:;“v _—

160°vbT

EEE VST —
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o

T
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