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General Information. Ethyl acetate (ACS grade), hexanes (ACS grade),
anhydrous 1,2-dichloroethane (ACS grade) and chlorobenzene (ACS grade) were
obtained commercially and used without further purification. Methylene chloride,
tetrahydrofuran and diethyl ether were purified according to standard methods unless
otherwise noted. Commercially available reagents were used without further
purification. Reactions were monitored by thin layer chromatography (TLC) using
silicycle pre-coated silica gel plates. Flash column chromatography was performed
over silica gel (300-400 mesh). Infrared spectra were recorded on a Nicolet AVATER
FTIR330 spectrometer as thin film and are reported in reciprocal centimeter (cm™).
Mass spectra were recorded with Agilent 6224 TOF LC/MS using electron spray
ionization.

'H NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker
AV-500 spectrometer in chloroform-ds. Chemical shifts are reported in ppm with the
internal TMS signal at 0.0 ppm as a standard. The data is being reported as (s = singlet,
d = doublet, t = triplet, m = multiplet or unresolved, brs = broad singlet, coupling
constant(s) in Hz, integration).

3C NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker
AV-500 spectrometer in chloroform-ds. Chemical shifts are reported in ppm with the

internal chloroform signal at 77.0 ppm as a standard.



More Reaction Condition, Scope and Mechanism Studies

1. Other reaction condition studies on the oxidative cyclization of 1a.?

Ph Ts
= catalyst (10 mol %) H
Ts. / reaction conditions O‘ N o
¢ N-o (1.5 equiv) H
=1/ Ph
Ph R 3 Ph
1a 2a
reaction yield (%)

entry catalyst 3(R) conditions dr 2a
q¢ NaBPh, 3a (2-Br) DCE, 80 °C, 4 h - <1
2 NaBF, 3a (2-Br) DCE, 80°C,4h - <1
3 (CeFs)3B 3a (2-Br) DCE, 80°C,4h - 12
4 BF3'Et,0 3a (2-Br) DCE, 80 °C, 4 h - 7
5¢ - 3a (2-Br) DCE, 80°C,4h - <1
6 CF3CO.H 3a (2-Br) DCE, 80°C, 4h >20:1 23
7 MsOH 3a (2-Br) DCE, 80°C, 4 h >20:1 29
8 HNTf, 3a (2-Br) DCE, 80°C, 4 h >20:1 55

@Reaction conditions: [1a] = 0.05 M. ®Measured by "H NMR using diethyl phthalate
as the internal standard. ©>95% of 1a remained unreacted.

2. Reaction condition studies on the oxidative cyclization of 4a:*

Ph
/ catalyst (10 mol %)
TS_N,,? — o reaction conditions
@V o <_\\ﬁ-o‘ (1.5 equiv)
N % 3
Ts 4a
entry catalyst 3(R) cgiad?:iizzs dr yiel(;a(%)b
1 NaBAr, 3a (2-Br) DCE, 80°C,4h >20:1 50
2 Zn(OTf), 3a (2-Br) DCE, 80°C,4h >20:1 45
3 NaBArF, 3b (2,6-Bry) DCE, 80°C, 4 h >20:1 57
4 NaBArf,  3c (2,6-Cly) DCE, 80°C,1h  >20:1 60
5 NaBArF, 3¢ (2,6-Cly) DCE, 60°C,2h >20:1 66
6 NaBArf,  3¢(26-Cl,)  DCE,40°C,5h  >20:1 70
7 NaBAr, 3c (2,6-Cly) DCE, RT, 8 h >20:1 65
8 NaBArF, 3c (2,6-Cl,) DCM, 40 °C, 5 h >20:1 76
9 NaBArf,  3c(2,6-Cly) PhCl,40°C,5h  >20:1 81
10 NaBArF, 3¢ (2,6-Cl,)  toluene, 40°C,5h  >20:1 70

@Reaction conditions: [4a] = 0.05 M. “Measured by "H NMR using diethyl phthalate
as the internal standard.



1. Attempts to extend the reaction to alkyl-substituted ynamide 1q only gave a
complicated mixture of products, and no desired tricyclic N-heterocycle 2q was

obtained (eq 1).

Ph ]
Vs /\/ NaBArF, (10 mol %)

N DCE, 80°C, 4 h

AN
AN | B Br3a(1.5equiv)

Ph N
>

(1)

1q

2. It should be mentioned that dr did not change by prolonging the reaction time from
4 h (Table 1, entry 7) to 24 h (eq 2). In addition, it was found that dr remained the

same under the relevant reaction conditions (eq 3).

Ph Ts
= Y(OTf)3 (10 mol %) H ,
TS\N/ DCE, 80°C,24h O‘ N o
S m 3a(15 ; H ?
B a equiv
e N "Br Ph  Ph
1a o 2a, 62% (dr: 5/1)
H TS NaBArF, (10 mol %)
N DCE, 80°C, 4 h
o 3)
H
ph Ph >95 of 2a was recoveried
2a (dr: 5/1) 2a (dr 5/1)

a) 2-bromopyridine N-oxide 3a (0.5-1.5 equiv)
b) 2-bromopyridine (0.5-1.5 equiv)
c) 2-bromopyridine N-oxide 3a (0.5-1.5 equiv), without NaBAr™,

3. Of note, we also tried various NaBAr", prepared by ourselves and ordered from

different chemical suppliers, but found that the reaction gave the same results.



Compounds 1a-10 were prepared according to the following procedures.’?

1) (S)-'Bu-SONH; (1.1 equiv) R
PPTS (0.05 equiv) 2y NHSO'BU
N\CHo _ MgSOs (4equiv).Domrt | || 3 1)HCL MeOH,0°C
| / 2)R>—==—MgCl (2 equiv) X, 2PGCI(1.2equiv)

DCM, -78 °C - rt, overnight EtsN (2 equiv), DCM, rt

dr > 50:1
30-58%, 2 steps

R R1
= NHPG R'——b8r (1.5 equiv) R PG /
| : CuS0,*5H,0 (0.1 equiv) 2 | N
R2 1,10-phenanthroline (0.2 equiv) %
K,COj3 (2 equiv), toluene, 80 °C R2
50-78%, 2 steps 1 (9355-?89(;&96)

(S)-N-(1,4-diphenylbut-3-yn-2-yl)-4-methyl-N-(phenylethynyl)benzenesulfonami
de (1a)

Ph

Ts< /

N

Bn/\

Ph
la

Yelllow solid (mp 119-121 °C). [o]o %° = -30.29(c = 1.0, CHCl5). 99% ee (determined
by HPLC: Chiralcel AS-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 °C;
tr = 34.95 min (minor), 16.47 min (major)). *H NMR (400 MHz, CDCls) & 7.80 (d, J
= 8.0 Hz, 2H), 7.41 — 7.39 (m, 2H), 7.38 — 7.15 (m, 13H), 7.08 (d, J = 7.2 Hz, 2H),
5.13 (t, J = 7.6 Hz, 1H), 3.34 — 3.14 (m, 2H), 2.31 (s, 3H); *C NMR (100 MHz,
CDCls) & 144.6, 136.0, 134.5, 131.6, 131.5, 129.5, 129.4, 128.5, 128.4, 128.3, 128.1,
128.0, 127.9, 127.1, 122.9, 122.1, 86.7, 84.6, 79.8, 73.6, 54.8, 41.0, 21.5; IR (neat):
2925, 2237, 2235, 1597, 1491, 1369, 1139, 756, 691, 598, 589; HRESIMS Calcd for
[C31H25NNaO,S]™ (M + Na') 498.1498, found 498.1495.

(S)-4-bromo-N-(1,4-diphenylbut-3-yn-2-yl)-N-(phenylethynyl)benzenesulfonamid
e (1b)



Ph

Bs. /

N

Bn/\

Ph
1b

Yellow solid (mp 121-123 °C). [a]p % = -47.59(c = 1.0, CHCls). 99% ee (determined
by HPLC: Chiralcel AS-H Column, 20/80 i-PrOH/hexane, 1.5 mL/min, 254 nm, 25 °C;
tr = 20.43 min (minor), 6.77 min (major)). *H NMR (400 MHz, CDCl3) § 7.74 (d, J =
8.4 Hz, 2H), 7.55 (d, J = 12.4 Hz, 2H), 7.47 — 7.40 (m, 2H), 7.37 — 7.21 (m, 11H),
7.10 (d, J = 6.4 Hz, 2H), 5.13 (t, J = 7.6 Hz, 1H), 3.38 — 3.12 (m, 2H); *3*C NMR (100
MHz, CDCl3) & 136.4, 135.8, 132.1, 131.8, 131.5, 129.5(3), 129.5(0), 128.9, 128.7,
128.5, 128.4, 128.3, 128.2, 127.2, 122.5, 121.8, 87.0, 84.3, 79.2, 73.9, 55.1, 40.9; IR
(neat): 2925, 2237, 1597, 1491, 1443, 1369, 1169, 1090, 756, 691, 663, 598;
HRESIMS Calcd for [C3gH2BrNNa0,S]* (M + Na*) 562.0447, found 562.0447.

(S)-N-(1,4-diphenylbut-3-yn-2-yl)-N-(phenylethynyl)benzenesulfonamide (1c)

Ph
PhO,S.
N

1c

7\

/

Ph

White solid (mp 116-118 °C). [a]o % = +54.39(c = 1.0, CHCl3). 96% ee (determined
by HPLC: Chiralcel AS-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 °C;
tr = 25.69 min (minor), 11.46 min (major)). *H NMR (500 MHz, CDCl3) § 7.95 —
7.87 (m, 2H), 7.56 — 7.48 (m, 1H), 7.47 — 7.37 (m, 4H), 7.35 — 7.20 (m, 9H), 7.19 —
7.16 (m, 2H), 7.10 (d, J = 7.0 Hz, 2H), 5.17 (t, J = 7.5 Hz, 1H), 3.34 — 3.17 (m, 2H);
B¢ NMR (125 MHz, CDCl3) ¢ 137.3, 135.9, 133.5, 131.6, 131.5, 129.5, 128.8,
128.4(9), 128.4(5), 128.3, 128.0(5), 128.0(3), 128.0(1), 127.1, 122.6, 121.9, 86.8, 84.4,
79.5,73.6, 54.8, 41.0; IR (neat): 2925, 2237, 1597, 1491, 1442, 1369, 1169, 1090, 756,
691, 598; HRESIMS Calcd for [CsoH,3NNaO,S]™ (M + Na') 484.1342, found



484.1344.
(S)-N-(1,4-diphenylbut-3-yn-2-yl)-N-(phenylethynyl)methanesulfonamide (1d)

wo P
S
Ph
1d

Yellow solid (mp 112-114 °C). [o]o % = +90.89(c = 1.0, CHCl3). 98% ee (determined
by HPLC: Chiralcel IA Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tg
= 22.59 min (minor), 19.67 min (major)). *H NMR (400 MHz, CDCls) § 7.56 — 7.46
(m, 2H), 7.45 — 7.39 (m, 2H), 7.39 — 7.25 (m, 11H), 5.13 (dd, J = 8.0, 6.8 Hz, 1H),
3.45 — 3.19 (m, 2H), 2.95 (s, 3H); *C NMR (125 MHz, CDCl3) & 136.0, 131.8, 129.6,
128.9, 128.6, 128.3(8), 128.3(5), 128.2, 127.4, 122.5, 121.9, 86.9, 84.9, 78.8, 74.1,
54.8, 40.8, 38.4; IR (neat): 2925, 2237, 1597, 1491, 1443, 1369, 1169, 1090, 756, 691,

598; HRESIMS Calcd for [CosH2:NNa0,S]* (M + Na*) 422.1185, found 422.1184.

(S)-N-(1,4-diphenylbut-3-yn-2-yl)-N-((4-fluorophenyl)ethynyl)methanesulfonami

de (1e)
F
Ms . /©/

I;l
/\Ph
le

White solid (mp 111-113 °C). [a]p % = +109.99(c = 1.0, CHCls). 98% ee (determined
by HPLC: Chiralcel IA Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tg
= 18.86 min (minor), 16.62 min (major)). *H NMR (400 MHz, CDCl3) § 7.51 — 7.44
(m, 2H), 7.43 — 7.39 (m, 2H), 7.38 — 7.24 (m, 8H), 7.07 — 6.98 (m, 2H), 5.13 (dd, J =



8.4, 7.2 Hz, 1H), 3.40 — 3.22 (m, 2H), 2.93 (s, 3H); **C NMR (100 MHz, CDCls) &
162.5 (d, J = 248.1 Hz), 135.9, 133.9 (d, J = 8.3 Hz), 131.7, 129.5, 128.9, 128.6,
128.4, 127.4, 121.8, 118.5 (d, J = 3.4 Hz), 115.6 (d, J = 22.0 Hz), 87.0, 84.8, 78.5,
73.0, 54.8, 40.8, 38.4; IR (neat): 2928, 2239, 1508, 1490, 1362, 1167, 1093, 756, 692;
HRESIMS Calcd for [C2sH20FNNaO,S]* (M + Na*) 440.1091, found 440.1092.

(S)-N-((4-chlorophenyl)ethynyl)-N-(1,4-diphenylbut-3-yn-2-yl)methanesulfonami

de (1f)
Cl
Ms. /©/

N
Bn/\ Ph
1f

White solid (mp 112-113 °C). [o]p % = +102.19(c = 1.0, CHCl3). 98% ee (determined
by HPLC: Chiralcel IA Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tg
= 20.35 min (minor), 18.10 min (major)). *H NMR (400 MHz, CDCls) 6 7.46 — 7.38
(m, 4H), 7.37 — 7.28 (m, 10H), 5.13 (dd, J = 8.4, 7.2 Hz, 1H), 3.40 — 3.25 (m, 2H),
2.93 (s, 3H); *C NMR (100 MHz, CDCly) & 135.9, 134.2, 132.9, 131.7, 129.5, 128.9,
128.7, 128.6, 128.4, 127.4, 121.8, 121.0, 87.1, 84.8, 79.9, 73.1, 54.8, 40.9, 38.6; IR
(neat): 2926, 2237, 1558, 1490, 1362, 1166, 1098, 758, 692; HRESIMS Calcd for
[C25H20CINNa0,S]* (M + Na*) 456.0795, found 456.0799.

(S)-N-((4-bromophenyl)ethynyl)-N-(1,4-diphenylbut-3-yn-2-yl)methanesulfonami
de (19)



Br
Ms. /©/

N
Bn/\Ph
19

Yellow solid (mp 110-112 °C). [o]p % = +114.49c = 1.0, CHCI3). 98% ee (determined
by HPLC: Chiralcel IA Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tg
= 21.25 min (minor), 18.85 min (major)). *H NMR (400 MHz, CDCls) § 7.48 — 7.38
(m, 4H), 7.37 — 7.26 (m, 10H), 5.13 (t, J = 7.2 Hz, 1H), 3.38 — 3.25 (m, 2H), 2.92 (s,
3H); *C NMR (100 MHz, CDCl3) & 135.9, 133.0, 131.7, 131.6, 129.5, 128.9, 128.6,
128.4, 127.4, 122.3, 121.8, 121.5, 87.1, 84.7, 80.1, 73.2, 54.8, 40.9, 38.6; IR (neat):
2929, 2237, 1489, 1364, 1167, 1100, 758, 691, 517; HRESIMS Calcd for
[C2sH20BrNNa0,S]" (M + Na*) 500.0290, found 500.0292.

(S)-N-(1,4-diphenylbut-3-yn-2-yl)-N-(p-tolylethynyl)methanesulfonamide (1h)

Me

A\

Bn/\

Ph
1h

7

White solid (mp 113-115 °C). [a]p % = +108.89(c = 1.0, CHCl5). 99% ee (determined
by HPLC: Chiralcel IA Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tg
= 23.01 min (minor), 20.07 min (major)). *H NMR (400 MHz, CDCls) & 7.47 — 7.26
(m, 12H), 7.14 (d, J = 7.6 Hz, 2H), 5.12 (dd, J = 8.8, 6.8 Hz, 1H), 3.40 — 3.25 (m, 2H),
2.94 (s, 3H), 2.36 (s, 3H); *C NMR (100 MHz, CDCl3) & 138.5, 136.1, 131.9, 131.8,
129.6, 129.1, 128.8, 128.6, 128.4, 127.3, 122.0, 119.4, 86.9, 85.0, 78.2, 74.1, 54.8,
40.8, 38.3, 21.4; IR (neat): 2926, 2235, 1490, 1361, 1166, 1101, 816, 756, 691, 516;
HRESIMS Calcd for [C26H2sNNaO,S]™ (M + Na*) 436.1342, found 436.1344.



(S,E)-N-(1,4-diphenylbut-3-yn-2-yl)-N-(4-phenylbut-3-en-1-yn-1-yl)methanesulfo

namide (1i)

ve. /\/Ph

Bn/\

Ph
1i

White solid (mp 106-108 °C). [a]p ° = +74.59(c = 1.0, CHCls). 97% ee (determined
by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 °C; tg
= 12.75 min (minor), 16.52 min (major)). *"H NMR (400 MHz, CDCls) § 7.45 — 7.25
(m, 15H), 6.97 (d, J = 16.0 Hz, 1H), 6.36 (d, J = 16.4 Hz, 1H), 5.11 (dd, J = 8.4, 6.8
Hz, 1H), 3.36 — 3.24 (m, 2H), 2.92 (s, 3H); *C NMR (100 MHz, CDCl3) & 140.6,
136.2, 136.0, 131.8, 129.5, 128.9, 128.7, 128.6, 128.5, 128.4, 127.3, 126.1, 121.9,
107.3, 86.9, 84.9, 80.7, 73.7, 54.8, 40.8, 38.4; IR (neat): 2927, 2219, 1490, 1362, 1165,
956, 750, 691; HRESIMS Calcd for [Cy7H23sNNaO,S]* (M + Na*) 448.1342, found
448.1342.

(S)-N-(4-(4-chlorophenyl)-1-phenylbut-3-yn-2-yl)-N-(phenylethynyl)methanesulf

onamide (1))

Ph

Ms . /

N

Ph -
v\@\
Cl

1j
Yellow solid (mp 114-116 °C). [o]p % = +101.39c = 1.0, CHCl3). 96% ee (determined
by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 °C; tg
= 10.47 min (minor), 13.51min (major)). *"H NMR (400 MHz, CDCls) § 7.54 — 7.45
(m, 2H), 7.36 — 7.26 (m, 12H), 5.13 (dd, J = 8.4, 6.8 Hz, 1H), 3.40 — 3.25 (m, 2H),



2.87 (s, 3H); *C NMR (100 MHz, CDCls) § 135.9, 135.0, 133.0, 131.7, 129.5, 128.7,
128.6, 128.4, 128.3, 127.4, 122.4, 120.3, 86.0, 85.7, 78.7, 74.2, 54.7, 40.7, 38.4; IR
(neat): 2929, 2237, 1489, 1362, 1166, 1092, 1015, 755, 692; HRESIMS Calcd for
[C2sH20CINNaO,S]* (M + Na*) 456.0795, found 456.0797.

(S)-N-(4-(4-bromophenyl)-1-phenylbut-3-yn-2-yl)-N-(phenylethynyl)methanesulf
onamide (1k)

Ph

Ms . /

N
Ph. _~
A

Br
1k
Yellow solid (mp 115-117 °C). [a]p % = +95.89(c = 1.0, CHCl3). 97% ee (determined
by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 °C; tg
= 10.85 min (minor), 14.07 min (major)). *H NMR (400 MHz, CDCls) & 7.53 — 7.48
(m, 2H), 7.45 — 7.39 (m, 2H), 7.37 — 7.28 (m, 10H), 5.14 (dd, J = 8.0, 6.8 Hz, 1H),
3.40 — 3.25 (m, 2H), 2.93 (s, 3H); *C NMR (100 MHz, CDCl5) § 136.0, 133.1, 131.7,
129.5, 128.8, 128.6, 128.3(4), 128.3(1), 128.2, 127.3, 122.5, 121.8, 86.9, 84.9, 78.9,
74.1, 54.8, 40.8, 38.4; IR (neat): 2929, 2236, 1598, 1490, 1362, 1323, 1166, 963, 755,
691; HRESIMS Calcd for [C2sH20BrNNa0,S]* (M + Na*) 500.0290, found 500.0291.

(S)-N-(1-phenyl-4-(p-tolyl)but-3-yn-2-yl)-N-(phenylethynyl)methanesulfonamide
(11

Ph

Ms. /

Ph

AN

Vi

Me



White solid (mp 113-115 °C). [a]p % = +112.39(c = 1.0, CHCl5). 99% ee (determined
by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 °C; tg
= 11.67 min (minor), 16.25 min (major)). *H NMR (400 MHz, CDCls) & 7.51 — 7.48
(m, 2H), 7.38 — 7.26 (m, 10H), 7.12 (d, J = 7.6 Hz, 2H), 5.12 (dd, J = 8.4, 6.8 Hz, 1H),
3.40 — 3.25 (m, 2H), 2.95 (s, 3H), 2.34 (s, 3H); **C NMR (125 MHz, CDCl5) § 139.1,
136.1, 131.7, 131.6, 129.5, 129.1, 128.6, 128.3, 128.2, 127.3, 122.5, 118.8, 87.1, 84.2,
78.9, 74.0, 54.9, 40.8, 38.3, 21.5; IR (neat): 2927, 2236, 1509, 1362, 1166, 1104, 963,
754, 692, 558; HRESIMS Calcd for [CosH23NNaO,S]* (M + Na*) 436.1342, found
436.1342.

(S)-N-(1-(4-chlorophenyl)-4-phenylbut-3-yn-2-yl)-N-(phenylethynyl)methanesulf

onamide (1m)

Ph

Cl MS\N/
\Q\/\

im

Ph

White solid (mp 116-118 °C). [a]o % = +95.39(c = 1.0, CHCl3). 95% ee (determined
by HPLC: Chiralcel IA Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tg
= 24.65 min (minor), 18.24 min (major)). *H NMR (400 MHz, CDCls) § 7.51 — 7.46
(m, 2H), 7.42 — 7.38 (m, 2H), 7.37 — 7.26 (m, 10H), 5.09 (t, J = 7.2 Hz, 1H), 3.36 —
3.24 (m, 2H), 3.08 (s, 3H); **C NMR (100 MHz, CDCls) & 134.3, 133.2, 131.7(3),
131.7(1), 130.9, 129.0, 128.7, 128.4(2), 128.3(5), 128.3(0), 122.3, 121.6, 87.4, 84.4,
78.8, 74.1, 54.5, 40.2, 38.4; IR (neat): 2928, 2237, 1491, 1455, 1362, 1163, 1094,
1016, 756, 691; HRESIMS Calcd for [C2sH20CINNaO,S]* (M + Na*) 456.0795, found
456.0794.

(S)-N-(1-(4-bromophenyl)-4-phenylbut-3-yn-2-yl)-N-(phenylethynyl)methanesulf

onamide (1n)



Ph

Br MS\N/
\Q\/\

1n
Yellow solid (mp 117-119 °C). [a]p %° = +95.69(c = 1.0, CHCI3). 99% ee (determined
by HPLC: Chiralcel 1A Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tg

Ph

25.46 = min (minor), 19.77 min (major)). *H NMR (400 MHz, CDCls) § 7.50 — 7.44
(m, 4H), 7.43 — 7.38 (m, 2H), 7.37 — 7.29 (m, 6H), 7.23 (d, J = 7.2 Hz, 2H), 5.09 (dd,
J=8.0, 7.2 Hz, 1H), 3.35 — 3.21 (m, 2H), 3.09 (s, 3H); **C NMR (100 MHz, CDCls)
& 134.9, 131.8, 131.7(4), 131.7(0), 131.2, 129.0, 128.5, 128.4, 128.3, 122.3, 121.7,
121.4, 87.5, 84.4, 78.8, 74.2, 54.4, 40.3, 38.5; IR (neat): 2929, 2360, 2237, 1489,
1363, 1167, 1012, 757, 691; HRESIMS Calcd for [CasHaBrNNaO,S]" (M + Na*)
500.0290, found 500.0290.

(S)-N-(4-phenyl-1-(p-tolyl)but-3-yn-2-yl)-N-(phenylethynyl)methanesulfonamide
(10)

Ph

Me MS\N/
\Q\/\

1o

Ph

White solid (mp 114-116 °C). [o]p % = +105.19(c = 1.0, CHCl3). 95% ee (determined
by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 °C; tg
= 10.94 min (minor), 13.19 min (major)). *H NMR (500 MHz, CDCls) § 7.51 — 7.47
(m, 2H), 7.44 — 7.39 (m, 2H), 7.35 — 7.28 (m, 6H), 7.25 (d, J = 8.0 Hz, 2H), 7.14 (d, J
= 7.5 Hz, 2H), 5.10 (dd, J = 8.5, 6.5 Hz, 1H), 3.34 — 3.22 (m, 2H), 2.94 (s, 3H), 2.32
(s, 3H); °C NMR (125 MHz, CDCl5) § 136.9, 132.8, 131.6(9), 131.6(7), 129.3, 129.2,
128.8, 128.3(2), 128.2(8), 128.1(5), 122.4, 121.8, 86.8, 84.9, 78.9, 73.9, 54.8, 40.4,



38.3, 21.0; IR (neat): 2927, 2236, 1490, 1443, 1363, 1166, 963, 757, 691; HRESIMS
Calcd for [CasHasNNa0,S]* (M + Na*) 436.1342, found 436.1338.

(S)-N-(4-phenyl-1-(m-tolyl)but-3-yn-2-yl)-N-(phenylethynyl)methanesulfonamide
(1p)

Pale yellow oil: [o]p % = +114.99(c = 1.0, CHCl5); 95% ee (determined by HPLC:
Chiralcel 1A Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tgr = 14.79
min (major), 17.41 min (minor)); *H NMR (500 MHz, CDCls) § 7.58 — 7.52 (m, 2H),
7.46 (d, J = 7.5 Hz, 2H), 7.40 — 7.32 (m, 6H), 7.28 (d, J = 8.5 Hz, 1H), 7.22 (d, J =
8.5 Hz, 2H), 7.13 (d, J = 7.5 Hz, 1H), 5.17 (t, J = 8.0 Hz, 1H), 3.40 — 3.26 (m, 2H),
2.99 (s, 3H), 2.39 (s, 3H); *C NMR (125 MHz, CDCl3) § 137.9, 135.7, 131.5, 130.1,
128.7, 128.3, 128.2(2), 128.2(0), 128.1, 127.9, 126.4, 122.3, 121.7, 86.8, 84.9, 78.9,
73.9, 54.7, 40.6, 38.2, 21.2; IR (neat): 3022, 2925, 2236, 1490, 1442, 1361, 1165, 963,
948, 756, 690, 561; HRESIMS Calcd for [CasH2sNNaO,S]™ (M + Na') 436.1342,
found 436.1346.

(R)-N-(1,4-diphenylbut-3-yn-2-yl)-N-(phenylethynyl)methanesulfonamide (1d")

1d’
[a]lo © = -131.52(c = 1.0, CHCIs). 98% ee (determined by HPLC: Chiralcel 1A
Column, 2/98 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tr = 19.71 min (minor),



22.40 min (major)).

N-(1,4-diphenylbut-3-yn-2-yl)-N-(4-phenylbut-1-yn-1-yl)methanesulfonamide

(1g)
PN
C
1q

'H NMR (400 MHz, CDCl3) & 7.44 — 7.39 (m, 2H), 7.38 — 7.25 (m, 12H), 7.21- 7.17

Ms.
DY

(m, 1H), 5.00 (t, J = 7.6 Hz, 1H), 3.20 — 3.08 (m, 2H), 2.93 (t, J = 7.2 Hz, 2H), 2.82 —
2.72 (m, 5H); *C NMR (100 MHz, CDCls) & 140.4, 136.1, 131.7, 129.5, 128.8,
128.5(4), 128.5(0), 128.4, 127.2, 126.3, 122.0, 86.6, 85.2, 73.1, 70.6, 54.2, 40.4, 37.7,
35.1, 20.5; HRESIMS Calcd for [Cx;H2sNNaO,S]™ (M + Na®) 450.1498, found
450.1499.

Compounds 4a-4l were prepared according to the following procedures.’?

R 1) TsCl (1.1 equiv) R HO 1) DMP (1.5 equiv) R \
|\\ | pyridine, rt _ |\ AN A DCM, rt _ AN N\ \S'tBu
P 2) but-3-yn-1-ol (1.1 equiv) Z~N 2) (S)-'Bu-SONH, (1.1 equiv) Z N O//
NHz  Pd(PPhs),Cl, (2 mol %) Ts PPTS (0.05 equiv) Ts
Cul (5 mol %) MgSQy (4 equiv), DCM, rt
EtsN (2 equiv), DCM, it~ 65-90%, 2 steps 45-75%, 2 steps
R1
. HoN - /
1)RZ——=——MgCI (2 equiv) R e 1) PGCI (1.2 equiv) PG-N
DCM, 78 °C - 1t m_/f EtsN (2 equiv), DCM, rt R . g2
2) HCI, MeOH, 0 °C Z N 2)R1 ———Br (1.5 equiv) | )
’ ' \ : ) = N
Ts CuS04°5H,0 (1 equiv) \TS
1,10-phenanthroline (2 equiv)
35-55%, 2 steps K,CO3 (2 equiv), toluene, 80 °C 4 (97-99% ee)

35-50%, 2 steps

(S)-4-methyl-N-(4-phenyl-1-(1-tosyl-1H-indol-2-yl)but-3-yn-2-yl)-N-(phenylethyn

yl)benzenesulfonamide (4a)



4a

Yellow solid (mp 94-96 °C). [a]p ° = -24.59c = 1.0, CHCls). 99% ee (determined by
HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =
17.45 min (minor), 26.37 min (major)). *H NMR (500 MHz, CDCl3) § 8.12 (d, J = 8.5
Hz, 1H), 7.78 (d, J = 8.5 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.49 — 7.43 (m, 2H), 7.40
(d, J = 7.5 Hz, 1H), 7.35 — 7.30 (m, 3H), 7.29 — 7.26 (m, 2H), 7.25 — 7.19 (m, 3H),
7.16 — 7.08 (m, 6H), 6.67 (s, 1H), 5.53 (dd, J =9.0, 8.5 Hz, 1H), 3.72 — 3.62 (m, 2H),
2.27 (s, 3H), 2.24 (s, 3H); *C NMR (125 MHz, CDCls) & 144.8, 144.6, 137.2, 135.7,
135.0, 134.4, 131.7, 131.5, 129.9, 129.5, 129.4, 128.5, 128.3, 128.0(4), 127.9(8),
127.9(5), 126.3, 124.5, 123.6, 122.9, 122.0, 120.7, 114.8, 112.5, 86.4, 84.4, 79.6, 73.8,
52.9, 34.3, 21.5(2), 21.4(9); IR (neat): 2924, 2234(s), 1596, 1451, 1366, 1171, 1090,
755, 592; HRESIMS Calcd for [CaoH3N2NaO4S;]" (M + Na') 691.1696, found
691.1709.

(S)-4-bromo-N-(4-phenyl-1-(1-tosyl-1H-indol-2-yl)but-3-yn-2-yl)-N-(phenylethyn

yl)benzenesulfonamide (4b)

Ph

J

Bs—N4
Y——=—=—Ph
o

N

Ts

4b
Yellow solid (mp 95-97 °C). [o]p ° = -20.39(c = 1.0, CHCl5). 99% ee (determined by
HPLC: Chiralcel IC Column, 8/92 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =



16.71 min (minor), 24.63 min (major)). *H NMR (500 MHz, CDCl3) & 8.13 (m, 1H),
7.72 (d, J = 8.5 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.48 — 7.44 (m, 2H), 7.43 — 7.37 (m,
3H), 7.36 — 7.31 (m, 3H), 7.31 — 7.20 (m, 5H), 7.18 — 7.14 (m, 2H), 7.10 (d, J = 8.0
Hz, 2H), 6.63 (s, 1H), 5.57 (t, J = 7.4 Hz, 1H), 3.67 (d, J = 7.4 Hz, 2H), 2.27 (s, 3H);
3C NMR (125 MHz, CDCls) & 144.9, 137.1, 136.3, 135.6, 134.7, 132.0, 131.6(9),
131.6(5), 129.9, 129.3(2), 129.3(0), 128.9, 128.7, 128.4, 128.2, 126.2, 124.7, 123.8,
122.5, 121.7, 120.7, 114.9, 112.8, 86.8, 84.1, 79.0, 74.0, 53.2, 34.4, 21.5; IR (neat):
2924, 2235(s), 1573, 1451, 1369, 1174, 1089, 755, 580; HRESIMS Calcd for
[C3gH29BrN,2Na04S;]" (M + Na*) 755.0644, found 755.0665.

(S)-4-bromo-N-((4-fluorophenyl)ethynyl)-N-(4-phenyl-1-(1-tosyl-1H-indol-2-yl)b

ut-3-yn-2-yl)benzenesulfonamide (4c)

F
VA
Bs—N//
—=——Ph
o
N
Ts
4c

Yellow solid (mp 96-98 °C). [a]p % = -32.39(c = 1.0, CHCls). 98% ee (determined by
HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =
13.43 min (minor), 19.49 min (major)). *H NMR (500 MHz, CDCls) 6 8.12 (d, J = 8.5
Hz, 1H), 7.72 (d, J = 9.0 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.46 — 7.38 (m, 5H), 7.34
—7.21 (m, 5H), 7.19 — 7.10 (m, 4H), 7.06 — 7.01 (m, 2H), 6.62 (s, 1H), 5.56 (t, J = 7.5
Hz, 1H), 3.66 (d, J = 7.0 Hz, 2H), 2.29 (s, 3H); *C NMR (125 MHz, CDCl,) & 162.6
(d, J = 247.5 Hz), 144.9, 137.2, 136.3, 135.6, 134.7, 133.8 (d, J = 7.5 Hz), 132.1,
131.7, 129.9, 129.3, 129.0, 128.7, 128.3, 126.3, 124.8, 123.9, 121.7, 120.7, 118.5 (d, J
=3.8 Hz), 115.7 (d, J = 21.3 Hz), 114.9, 112.8, 86.8, 84.1, 78.7, 72.9, 53.3, 34.5, 21.5;



IR (neat): 2925, 2237(s), 1599, 1509, 1369, 1175, 1090, 752,578; HRESIMS Calcd
for [CasH2sBIFN2Na0,S,]* (M + Na*) 773.0550, found 773.0568.

(S)-4-bromo-N-((4-chlorophenyl)ethynyl)-N-(4-phenyl-1-(1-tosyl-1H-indol-2-yl)b
ut-3-yn-2-yl)benzenesulfonamide (4d)

Cl
VA
Bs—N4
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N
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Yellow solid (mp 95-97 °C). [a]p %° = -36.79(c = 1.0, CHCls). 98% ee (determined by
HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =
14.03 min (minor), 22.80 min (major)). *H NMR (500 MHz, CDCls) § 8.12 (d, J = 8.5
Hz, 1H), 7.71 (d, J = 9.0 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 7.43 — 7.35 (m, 5H), 7.33
—7.19 (m, 7H), 7.18 — 7.14 (m, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.61 (s, 1H), 5.56 (t, J =
7.5 Hz, 1H), 3.66 (d, J = 7.0 Hz, 2H), 2.28 (s, 3H); *C NMR (125 MHz, CDCl3) &
144.9, 137.1, 136.3, 135.6, 134.6, 134.2, 132.8, 132.1, 131.7, 129.9, 129.3, 129.2,
129.0, 128.8, 128.7, 128.3, 126.2, 124.8, 123.9, 121.7, 121.0, 120.7, 114.9, 112.8,
86.9, 84.0, 80.0, 73.1, 53.3, 34.5, 21.5; IR (neat): 2924, 2236(s), 1573, 1451, 1369,
1174, 1089, 743, 575; HRESIMS Calcd for [CsgH2sBrCIN;Na0,S;]" (M + Na')
789.0255, found 789.0275.

(S)-4-bromo-N-((4-bromophenyl)ethynyl)-N-(4-phenyl-1-(1-tosyl-1H-indol-2-yl)b

ut-3-yn-2-yl)benzenesulfonamide (4e)



4e

Yellow solid (mp 94-96 °C). [a]p %° = -38.39(c = 1.0, CHCls). 97% ee (determined by
HPLC: Chiralcel IC Column, 8/92 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =
18.32 min (minor), 27.15 min (major)). *H NMR (500 MHz, CDCl3) § 8.12 (d, J = 8.5
Hz, 1H), 7.70 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H),
7.43 - 7.36 (m, 3H), 7.35 — 7.22 (m, 7H), 7.16 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.1 Hz,
2H), 6.61 (s, 1H), 5.56 (t, J = 7.3 Hz, 1H), 3.66 (d, J = 7.5 Hz, 2H), 2.28 (s, 3H); **C
NMR (125 MHz, CDCls) ¢ 145.0, 137.1, 136.3, 135.6, 134.6, 133.0, 132.1, 131.6(8),
131.6(5), 129.9, 129.2(7), 129.2(5), 129.1, 128.8, 128.3, 126.2, 124.8, 123.9, 122.4,
121.6, 121.4, 120.7, 114.9, 112.8, 86.9, 84.0, 80.2, 73.2, 53.3, 34.5, 21.5; IR (neat):
2923, 2234(s), 1595, 1451, 1367, 1173, 1088, 742, 582; HRESIMS Calcd for
[CagH2sBroN,NaO4S,]* (M + Na*) 832.9749, found 832.9782.

(S)-4-bromo-N-(4-phenyl-1-(1-tosyl-1H-indol-2-yl)but-3-yn-2-yl)-N-(p-tolylethyn

yl)benzenesulfonamide (4f)

Me
V4
Bs—N//
—=——Ph
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N
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4f

Yellow solid (mp 100-102 °C). [o]p %° = -14.59(c = 1.0, CHCI3). 98% ee (determined



by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg
= 17.83 min (minor), 25.88 min (major)). *H NMR (500 MHz, CDCls) & 8.13 (d, J =
8.0 Hz, 1H), 7.72 (d, J = 8.5 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.44 — 7.34 (m, 5H),
7.33 - 7.20 (m, 5H), 7.19 — 7.13 (m, 4H), 7.11 (d, J = 8.5 Hz, 2H), 6.63 (s, 1H), 5.56
(t, J = 7.5 Hz, 1H), 3.67 — 3.65 (m, 2H), 2.37 (s, 3H), 2.28 (s, 3H); *C NMR (125
MHz, CDCls) 6 144.9, 138.5, 137.1, 136.3, 135.7, 134.8, 132.0, 131.8, 131.7, 129.9,
129.3, 129.2, 128.9, 128.7, 128.2, 126.3, 124.7, 123.8, 121.8, 120.7, 119.3, 114.9,
112.8, 86.7, 84.2, 78.3, 74.0, 53.2, 34.4, 21.5, 21.4; IR (neat): 2923, 2234(s), 1573,
1451, 1368, 1174, 1088, 749, 581; HRESIMS Calcd for [C4oH3:BrN2Na0,4S,;]" (M +
Na") 769.0801, found 769.0822.

(S)-4-bromo-N-((4-methoxyphenyl)ethynyl)-N-(4-phenyl-1-(1-tosyl-1H-indol-2-yl
)but-3-yn-2-yl)benzenesulfonamide (49)

OMe
7
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Yellow solid (mp 98-100 °C). [a]p %° = -55.69(c = 1.0, CHCl5). 97% ee (determined
by HPLC: Chiralcel IC Column, 15/85 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg
= 18.61 min (minor), 26.33 min (major)). *H NMR (500 MHz, CDCls) & 8.13 (d, J =
8.0 Hz, 1H), 7.73 (d, J = 8.5 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.48 — 7.35 (m, 6H),
7.35 - 7.19 (m, 4H), 7.18 — 7.08 (m, 4H), 6.87 (d, J = 9.0 Hz, 2H), 6.63 (s, 1H), 5.55
(dd, J = 8.0, 6.5 Hz, 1H), 3.83 (s, 3H), 3.69 — 3.60 (m, 2H), 2.29 (s, 3H); *C NMR
(125 MHz, CDCls) & 159.9, 144.9, 137.1, 136.4, 135.7, 134.8, 133.8, 132.0, 131.7,
129.9, 129.4, 128.8, 128.6, 128.2, 126.3, 124.7, 123.8, 121.8, 120.7, 114.9, 114.3,
114.1, 112.7, 86.7, 84.2, 77.6, 73.7, 55.4, 53.3, 34.4, 21.5; IR (neat): 2923, 2234(s),



1573, 1451, 1368, 1174, 1088, 749, 581; HRESIMS Calcd for [C4H3;BrN2NaOsS;]*
(M + Na") 785.0750, found 785.0765.

(S)-4-bromo-N-(4-phenyl-1-(1-tosyl-1H-indol-2-yl)but-3-yn-2-yl)-N-(m-tolylethyn

yl)benzenesulfonamide (4h)

Me
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Yellow solid (mp 93-95 °C). [a]p ° = -31.69(c = 1.0, CHCls). 99% ee (determined by
HPLC: Chiralcel IC Column, 8/92 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =
20.77 min (minor), 30.23 min (major)). *H NMR (500 MHz, CDCls) § 8.13 (d, J = 8.5
Hz, 1H), 7.72 (d, J = 9.0 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.43 — 7.36 (m, 3H), 7.35
—7.20 (m, 8H), 7.19 — 7.12 (m, 3H), 7.10 (d, J = 8.5 Hz, 2H), 6.63 (s, 1H), 5.56 (t, J =
7.5 Hz, 1H), 3.67 (d, J = 7.5 Hz, 2H), 2.33 (s, 3H), 2.28 (s, 3H); *C NMR (125 MHz,
CDCl3) & 144.9, 138.1, 137.1, 136.4, 135.6, 134.7, 132.2, 132.0, 131.7, 129.9,
129.3(4), 129.3(1), 129.1, 128.9, 128.6(9), 128.6(7), 128.3, 128.2, 126.3, 124.7, 123.8,
122.3, 121.8, 120.7, 114.9, 112.8, 86.8, 84.2, 78.7, 74.2, 53.2, 34.4, 215, 21.2; IR
(neat): 2922, 2234(s), 1596, 1451, 1366, 1180, 1075, 755, 581; HRESIMS Calcd for
[CaoH3:BrN,Na04S,]* (M + Na*) 769.0801, found 769.0828.

(S)-4-bromo-N-(1-(5-fluoro-1-tosyl-1H-indol-2-yl)-4-phenylbut-3-yn-2-yl)-N-(phe

nylethynyl)benzenesulfonamide (4i)



Ph
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White solid (mp 93-95 °C). [a]o 2 = -34.69(c = 1.0, CHCls). 98% ee (determined by
HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =
13.30 min (minor), 17.90 min (major)). *H NMR (500 MHz, CDCls) & 8.10 — 8.05 (m,
1H), 7.75 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.48 — 7.42 (m, 4H), 7.36 —
7.26 (m, 6H), 7.18 — 7.10 (m, 4H), 7.08 — 7.00 (m, 2H), 6.60 (s, 1H), 5.55 (dd, J = 8.5,
6.5 Hz, 1H), 3.67 — 3.64 (m, 2H), 2.29 (s, 3H); **C NMR (125 MHz, CDCl3) & 159.8
(d, J = 238.8 Hz), 145.2, 136.6, 136.3, 135.4, 133.4, 132.1, 131.7 (d, J = 2.5 Hz),
130.4 (d, J = 10.0 Hz), 123.0, 129.3, 129.0, 128.8, 128.4, 128.3(0), 128.2(7), 126.2,
122.4,121.6,116.0 (d, J = 8.8 Hz), 112.7, 112.5(0), 112.4(7) (d, J = 3.8 Hz), 106.3 (d,
J=23.8 Hz), 86.9, 83.9, 79.0, 74.1, 53.2, 34.5, 21.5; IR (neat): 2922, 2235(s), 1597,
1468, 1369, 1172, 1089, 756, 577; HRESIMS Calcd for [CagH2sBrFN;Na0,S,]* (M +
Na") 773.0550, found 773.0572.

(S)-4-bromo-N-(1-(6-chloro-1-tosyl-1H-indol-2-yl)-4-phenylbut-3-yn-2-yl)-N-(phe
nylethynyl)benzenesulfonamide (4j)

4j
White solid (mp 91-93 °C). [a]p 2 = -32.59(¢ = 1.0, CHCls). 98% ee (determined by
HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =



10.07 min (minor), 14.55 min (major)). *H NMR (500 MHz, CDCls) § 8.17 (d, J = 1.5
Hz, 1H), 7.75 (d, J = 8.5 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.49 — 7.42 (m, 4H), 7.37
—7.26 (m, 7H), 7.23 — 7.20 (m, 1H), 7.18 — 7.10 (m, 4H), 6.62 (s, 1H), 5.52 (dd, J =
8.5, 6.5 Hz, 1H), 3.66 — 3.61 (m, 2H), 2.30 (s, 3H); *C NMR (125 MHz, CDCls) &
145.3, 137.4, 136.3, 135.4(1), 135.3(9), 132.1, 131.6(8), 131.6(5), 130.7, 130.1, 129.3,
129.0, 128.7, 128.4, 128.2(9), 128.2(7), 127.8, 126.3, 124.5, 122.4, 121.6, 121.4,
115.0, 112.1, 86.9, 83.9, 78.9, 74.1, 53.1, 34.3, 21.5; IR (neat): 2918, 2232(s), 1595,
1366, 1168, 1087, 756, 611, 573; HRESIMS Calcd for [C3gH2sBrCIN,Na0,S;]" (M +
Na") 789.0255, found 789.0261.

(S)-4-bromo-N-(1-(5-methyl-1-tosyl-1H-indol-2-yl)-4-phenylbut-3-yn-2-yl)-N-(ph
enylethynyl)benzenesulfonamide (4k)
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Yellow solid (mp 94-98 °C). [o]p %° = -8.29(c = 1.0, CHCl5). 99% ee (determined by
HPLC: Chiralcel IC Column, 15/85 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =
14.12 min (minor), 20.94 min (major)). *H NMR (500 MHz, CDCls)  8.00 (d, J = 8.5
Hz, 1H), 7.69 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 8.5 Hz, 2H), 7.49 — 7.43 (m, 2H), 7.39
—7.31 (m, 5H), 7.31 — 7.24 (m, 3H), 7.18 (d, J = 7.0 Hz, 2H), 7.16 — 7.06 (m, 4H),
6.52 (s, 1H), 5.59 (t, J = 7.5 Hz, 1H), 3.65 (d, J = 7.5 Hz, 2H), 2.39 (s, 3H), 2.26 (s,
3H); C NMR (125 MHz, CDCl3) & 144.8, 136.4, 135.6, 135.4, 134.7, 133.4, 131.9,
131.7, 131.6, 129.8, 129.6, 129.2, 128.8, 128.6, 128.4, 128.2, 126.2, 126.1, 122.5,
121.8, 120.6, 114.5, 112.7, 86.6, 84.3, 79.0, 74.0, 53.3, 34.5, 21.5, 21.2; IR (neat):
2922, 2236(s), 1574, 1391, 1368, 1172, 1090, 756, 577, HRESIMS Calcd for
[CaoH3:BrN,Na0O4S,]" (M + Na*) 769.0801, found 769.0823.



(S)-4-bromo-N-(1-(6-methyl-1-tosyl-1H-indol-2-yI)-4-phenylbut-3-yn-2-yl)-N-(ph

enylethynyl)benzenesulfonamide (4l)

41

Yellow solid (mp 95-97 °C). [a]p % = -12.59c = 1.0, CHCI5). 99% ee (determined by
HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.5 mL/min, 210 nm, 25 °C; tg =
11.66 min (minor), 20.48 min (major)). *H NMR (500 MHz, CDCls) & 7.94 (s, 1H),
7.71 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.48 — 7.43 (m, 2H), 7.41 — 7.37 (m,
2H), 7.36 — 7.24 (m, 7H), 7.20 — 7.16 (m, 2H), 7.11 (d, J = 8.5 Hz, 2H), 7.08 — 7.03
(m, 1H), 6.57 (s, 1H), 5.54 (t, J = 7.5 Hz, 1H), 3.62 (d, J = 7.5 Hz, 2H), 2.50 (s, 3H),
2.28 (s, 3H); BC NMR (125 MHz, CDCls) 6 144.8, 137.6, 136.4, 135.8, 134.8, 133.9,
132.0, 131.7(2), 131.6(9), 129.9, 129.3, 128.8, 128.7, 128.4, 128.1(9), 128.1(8), 127.0,
126.2,125.4, 122.5, 121.8, 120.2, 115.0, 112.8, 86.7, 84.3, 79.1, 74.0, 53.3, 34.5, 22.1,
21.5; IR (neat): 2924, 2236(s), 1573, 1367, 1173, 1089, 756, 579; HRESIMS Calcd
for [CaoHa1BrN,Na0,S;]" (M + Na*) 769.0801, found 769.0827.

R' PG
= NaBArF, (10 mol %) R H 7
R._PG. .=
. rg/ DCE,80°C.4h _ (" "o
XN : “ Yy _ = H
AN =2 . a (1.5 equiv) R2 R
(0)

1 (95-99% ee) ' 2 (95-99% ee)



General procedure for the synthesis of linear tricyclic N-heterocycles 2:

NaBAr", (0.02 mmol, 17.8 mg) was added to a mixture of the N-propargyl ynamide 1
(0.20 mmol) and 2-bromopyridine N-oxide 3a (52.2 mg, 0.30 mmol) in DCE (4.0 mL)
at room temperature. Then, the reaction mixture was stirred at 80 <C and the progress
of the reaction was monitored by TLC. The reaction typically took 4 h. Upon
completion, the mixture was concentrated and the residue was purified by
chromatography on silica gel (eluent: hexanes/ethyl acetate) to afford the desired

tricyclic N-heterocycle 2.

(3R,9aS)-3,4-diphenyl-1-tosyl-1,3,9,9a-tetrahydro-2H-benzo[f]indol-2-one (2a)

2a

Compound 2a was prepared in 80% vyield (78.6 mg) according to the general
procedure. White solid (mp 168-170 °C). [a]p ° = -14.6°(c = 1.0, CHCls). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 29.54 min (minor), 22.77 min (major)). *H NMR (500 MHz,
CDCl3) & 7.84 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 7.5 Hz, 1H), 7.31 — 7.07 (m, 11H),
6.94 — 6.70 (M, 4H), 5.26 — 5.21 (m, 1H), 4.01 (s, 1H), 3.91 (dd, J = 14.5, 6.0 Hz, 1H),
3.15 (t, J = 14.5 Hz, 1H), 2.38 (s, 3H); *C NMR (125 MHz, CDCl3) & 172.9, 145.1,
138.1, 137.2, 136.4, 135.4, 135.0, 132.9, 129.8, 129.4, 128.9, 128.6, 128.2, 128.1,
128.0, 127.5, 127.4, 127.2, 126.5, 60.8, 52.5, 36.4, 21.6; IR (neat): 3061, 3029,
1743(s), 1367, 1171, 702, 664, 593, 560; HRESIMS Calcd for [C3;H2sNNaO3S]" (M
+ Na") 514.1447, found 514.1449.

(3R,9aS)-1-((4-bromophenyl)sulfonyl)-3,4-diphenyl-1,3,9,9a-tetrahydro-2H-benz
o[f]lindol-2-one (2b)



2b

Compound 2b was prepared in 75% vyield (83.3 mg) according to the general
procedure. White solid (mp 171-172 °C). [a]p %° = -12.89(c = 1.0, CHCl3). 98% ee
(determined by HPLC: Chiralcel AS-H Column, 10/90 i-PrOH/hexane, 1.5 mL/min,
254 nm, 25 °C; tg = 16.61 min (minor), 25.89 min (major)). *H NMR (400 MHz,
CDCl3) 8 7.77 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 7.42 — 7.10 (m, 9H), 7.05
—6.73 (M, 5H), 5.20 (dd, J = 14.0, 5.2 Hz, 1H), 4.03 (s, 1H), 3.87 (dd, J = 14.4, 6.0
Hz, 1H), 3.16 (t, J = 14.4 Hz, 1H); **C NMR (100 MHz, CDCl;) § 172.8, 137.6, 137.5,
136.7, 136.3, 135.3, 132.8, 132.1, 129.4, 129.2, 129.0, 128.6, 128.2(2), 128.1(7),
128.1, 127.7, 127.5, 127.1, 126.6, 60.9, 52.4, 36.4; IR (neat): 3060, 3027, 1744(s),
1371, 1174, 732, 701, 605; HRESIMS Calcd for [C3oH2,BrNNaOsS]" (M + Na®)
578.0396, found 578.0399.

(3R,9aS)-3,4-diphenyl-1-(phenylsulfonyl)-1,3,9,9a-tetrahydro-2H-benzo[f]indol-2

-one (2¢)

2c
Compound 2c was prepared in 83% vyield (79.2 mg) according to the general
procedure. White solid (mp 169-171 °C). [a]p *° = -27.7°(c = 1.0, CHCls). 96% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 20.32 min (minor), 13.86 min (major)). *H NMR (500 MHz,
CDCl3) § 7.97 (d, J = 9.0 Hz, 2H), 7.59 — 7.53 (m, 1H), 7.46 — 7.34 (m, 3H), 7.33 —



7.03 (m, 9H), 6.93 — 6.66 (M, 4H), 5.25 (dd, J = 14.0, 5.5 Hz, 1H), 4.02 (s, 1H), 3.92
(dd, J = 14.0, 6.0 Hz, 1H), 3.16 (t, J = 14.0 Hz, 1H); *C NMR (125 MHz, CDCls) &
172.8, 138.1, 137.9, 137.3, 136.4, 135.4, 133.9, 132.9, 129.7, 128.9, 128.8, 128.6,
128.2, 128.1, 128.0(0), 127.9(8), 127.6, 127.5, 127.2, 126.5, 60.9, 52.5, 36.4; IR
(neat): 2925, 1744(s), 1364, 1174, 719, 686, 596, 583; HRESIMS Calcd for
[Ca0H2sNNaO;S]* (M + Na*) 500.1291, found 500.1292.

(3R,9aS)-1-(methylsulfonyl)-3,4-diphenyl-1,3,9,9a-tetrahydro-2H-benzo[f]indol-2
-one (2d)

2d

Compound 2d was prepared in 84% vyield (69.8 mg) according to the general
procedure. White solid (mp 165-167 °C). [a]o % = -23.62(c = 1.0, CHCls). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 0.8 mL/min,
254 nm, 25 °C; tg = 12.95 min (minor), 28.91 min (major)). 'H NMR (500 MHz,
CDCl3) & 7.37 — 7.26 (m, 6H), 7.25 — 7.20 (m, 2H), 7.19 — 7.10 (m, 4H), 6.81 (d, J =
7.5 Hz, 2H), 5.27 — 5.21 (m, 1H), 4.14 (s, 1H), 3.82 (dd, J = 14.0, 5.5 Hz, 1H), 3.26 (s,
3H), 3.15 (t, J = 14.5 Hz, 1H); ©*C NMR (125 MHz, CDCls) & 174.0, 138.7, 137.5,
136.3, 135.4, 132.7, 129.6, 129.2, 128.5, 128.2(3), 128.1(8), 128.1, 128.0, 127.5,
127.3, 126.6, 60.5, 52.6, 41.6, 36.1; IR (neat): 2927, 3028, 1742(s), 1494,1358, 1167,
1129, 969, 728, 700, 540; HRESIMS Calcd for [CasH2NNaOsS]" (M + Na')
438.1134, found 438.1135.

(3R,9aS)-3-(4-fluorophenyl)-1-(methylsulfonyl)-4-phenyl-1,3,9,9a-tetrahydro-2H-
benzo[f]indol-2-one (2e)



2e

Compound 2e was prepared in 76% vyield (65.8 mg) according to the general
procedure. White solid (mp 164-165 °C). [a]po % = -27.19(c = 1.0, CHCls). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tz = 9.91 min (minor), 15.01 min (major)). *"H NMR (400 MHz,
CDCls) § 7.38 — 7.28 (m, 3H), 7.26 — 7.21 (m, 2H), 7.20 — 7.08 (m, 4H), 7.06 — 6.98
(m, 2H), 6.89 — 6.79 (m, 2H), 5.26 — 5.19 (m, 1H), 4.13 (s, 1H), 3.82 (dd, J = 14.4,
5.6 Hz, 1H), 3.28 (s, 3H), 3.14 (t, J = 14.0 Hz, 1H); **C NMR (125 MHz, CDCls) &
173.8, 162.3 (d, J = 245.8 Hz), 137.8, 136.3, 135.2, 134.3 (d, J = 3.3 Hz), 132.6,
129.2, 129.0, 128.9 (d, J = 8.3 Hz), 128.6, 128.3, 128.2, 127.6, 126.6, 116.2 (d, J =
21.6 Hz), 60.3, 51.8, 41.8, 36.0; IR (neat): 2926, 2854, 1734(s), 1507, 1360, 1167,
971, 772, 750, 729; HRESIMS Calcd for [CasH20FNNaO3sS]™ (M + Na*) 456.1040,
found 456.1040.

(3R,9aS)-3-(4-chlorophenyl)-1-(methylsulfonyl)-4-phenyl-1,3,9,9a-tetrahydro-2H-
benzo[f]indol-2-one (2f)

2f

Compound 2f was prepared in 72% vyield (64.7 mg) according to the general
procedure. White solid (mp 163-165 °C). [a]p % = -50.12(c = 1.0, CHCls). 98% ee



(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 10.13 min (minor), 14.41 min (major)). *H NMR (400 MHz,
CDCls) § 7.35 — 7.13 (m, 9H), 7.08 (d, J = 8.4 Hz, 2H), 6.89 — 6.71 (m, 2H), 5.22 (dd,
J=14.0, 5.6 Hz, 1H), 4.12 (s, 1H), 3.82 (dd, J = 14.4, 6.0 Hz, 1H), 3.28 (s, 3H), 3.14
(t, J = 14.4 Hz, 1H); *C NMR (125 MHz, CDCl3) § 173.6, 138.0, 137.0, 136.2, 135.2,
134.0, 132.6, 129.4, 128.9, 128.6(2), 128.5(9), 128.4, 128.2, 127.6, 126.6, 60.3, 51.9,
41.8, 36.0; IR (neat): 2926, 2237, 1748(s), 1558, 1490, 1456, 1362, 1166, 1098, 828,
758, 692; HRESIMS Calcd for [CosH20CINNaOsS]™ (M + Na*) 472.0745, found
472.0747.

(3R,9aS)-3-(4-bromophenyl)-1-(methylsulfonyl)-4-phenyl-1,3,9,9a-tetrahydro-2H
-benzo[f]indol-2-one (29)

29
Compound 2g was prepared in 75% vyield (74.0 mg) according to the general

procedure. White solid (mp 168-169 °C). [a]p *° = -79.82(c = 1.0, CHCls). 97% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tz = 11.97 min (minor), 15.91 min (major)). *H NMR (500 MHz,
CDCl3) & 7.46 (d, J = 8.5 Hz, 2H), 7.36 — 7.22 (m, 5H), 7.21 — 7.18 (m, 2H), 7.03 (d,
J =85 Hz, 2H), 6.87 — 6.76 (m, 2H), 5.25 — 5.18 (m, 1H), 4.10 (s, 1H), 3.82 (dd, J =
14.5, 6.0 Hz, 1H), 3.28 (s, 3H), 3.14 (t, J = 14.0 Hz, 1H); *C NMR (125 MHz, CDCl5)
8 173.5, 138.1, 137.5, 136.2, 135.2, 132.6, 132.4, 128.9, 128.8, 128.6, 128.4, 128.2,
127.7, 127.6, 126.7, 122.1, 60.3, 52.0, 41.8, 36.0; IR (neat): 2927, 1740(s), 1486,
1359, 1167, 1129, 969, 729, 537, 509; HRESIMS Calcd for [CsH20BrNNaOsS]* (M +
Na") 516.0239, found 516.0242.



(3R,9aS)-1-(methylsulfonyl)-4-phenyl-3-(p-tolyl)-1,3,9,9a-tetrahydro-2H-benzo[f]
indol-2-one (2h)

2h

Compound 2h was prepared in 74% vyield (63.5 mg) according to the general
procedure. White solid (mp 161-163 °C). [a]p % = -37.29(c = 1.0, CHCls). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tz = 9.09 min (minor), 14.49 min (major)). '"H NMR (500 MHz,
CDCl3) & 7.33 — 7.18 (m, 5H), 7.17 — 7.09 (m, 4H), 7.03 (d, J = 8.0 Hz, 2H), 6.88 —
6.75 (m, 2H), 5.23 (dd, J = 14.0, 6.0 Hz, 1H), 4.10 (s, 1H), 3.81 (dd, J = 14.0, 5.5 Hz,
1H), 3.25 (s, 3H), 3.14 (t, J = 15.0 Hz, 1H), 2.34 (s, 3H); ©*C NMR (125 MHz, CDCl5)
o 174.2, 137.7, 137.3, 136.4, 135.6, 135.4, 132.7, 129.9, 129.7, 128.5, 128.2, 128.1,
128.0, 127.5, 127.0, 126.6, 60.5, 52.3, 41.6, 36.1, 21.1; IR (neat): 2926, 1741(s), 1358,
1166, 1129, 969, 744, 540, 510; HRESIMS Calcd for [CasH23sNNaOsS]* (M + Na®)
452.1291, found 452.1292.

(3R,9aS)-1-(methylsulfonyl)-4-phenyl-3-((E)-styryl)-1,3,9,9a-tetrahydro-2H-benz
o[f]indol-2-one (2i)




Compound 2i was prepared in 61% yield (53.8 mg) according to the general
procedure. White solid (mp 165-167 °C). [o]p 2° = +61.49(c = 1.0, CHCl5). 97% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.5 mL/min,
254 nm, 25 °C; tg = 21.15 min (minor), 11.21 min (major)). ‘H NMR (400 MHz,
CDCl3) § 7.95 (d, J = 16.4 Hz, 1H), 7.53 (d, J = 7.6 Hz, 2H), 7.43 — 7.36 (m, 2H),
7.35-7.15 (m, 6H), 7.15 — 7.05 (m, 4H), 5.57 (s, 1H), 4.90 (dd, J = 10.8, 6.4 Hz, 1H),
4.04 (dd, J = 15.6, 6.4 Hz, 1H), 3.40 (s, 3H), 2.88 (dd, J = 15.2, 10.8 Hz, 1H); **C
NMR (125 MHz, CDCl3) 6 168.8, 157.4, 142.5, 136.9, 135.2, 135.1, 132.5, 130.1,
129.2,129.1, 128.8, 128.6, 128.4, 127.8, 127.6, 127.5, 126.9, 124.1, 115.3, 56.4, 45.5,
42.0, 37.9; IR (neat): 2924, 2853, 1716(s), 1653, 1558, 1506, 1456, 1354, 1170, 1121,
968, 749; HRESIMS Calcd for [C,7H23sNNaOsS]™ (M + Na®) 464.1291, found
464.1296.

(3R,9aS)-4-(4-chlorophenyl)-1-(methylsulfonyl)-3-phenyl-1,3,9,9a-tetrahydro-2H-
benzo[f]indol-2-one (2j)

2j

Compound 2j was prepared in 76% yield (68.2 mg) according to the general
procedure. White solid (mp 169-170 °C). [a]o % = -84.82(c = 1.0, CHCls). 96% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tz = 9.91 min (minor), 17.59 min (major)). *"H NMR (400 MHz,
CDCl3) & 7.40 — 7.07 (m, 11H), 6.77 (d, J = 7.6 Hz, 2H), 5.23 (dd, J = 14.0, 5.6 Hz,
1H), 4.11 (s, 1H), 3.82 (dd, J = 14.4, 2.0 Hz, 1H), 3.26 (s, 3H), 3.13 (t, J = 14.4 Hz,
1H); *C NMR (125 MHz, CDCls) & 173.7, 138.6, 136.4, 135.0, 134.8, 134.1, 132.7,



130.2, 129.4, 128.7, 128.6, 128.4, 128.1, 127.6, 127.2, 126.4, 60.5, 52.6, 41.6, 36.0;
IR (neat): 2925, 2853, 1734(s), 1653, 1558, 1506, 1490, 1456, 1361, 1167, 1131, 971,
765, 743; HRESIMS Calcd for [CasHo0CINNaOsS]® (M + Na®) 472.0745, found
472.0747.

(3R,9aS)-4-(4-bromophenyl)-1-(methylsulfonyl)-3-phenyl-1,3,9,9a-tetrahydro-2H
-benzol[f]indol-2-one (2k)

2k

Compound 2k was prepared in 74% vyield (73.0 mg) according to the general
procedure. White solid (mp 171-173 °C). [a]o % = -85.99(c = 1.0, CHCls). 96% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 10.44 min (minor), 19.39 min (major)). 'H NMR (400 MHz,
CDCl3) 6 7.41 — 7.20 (m, 7H), 7.18 — 7.07 (m, 4H), 6.81 (d, J = 7.6 Hz, 2H), 5.24 (dd,
J=14.0, 6.0 Hz, 1H), 4.14 (s, 1H), 3.82 (dd, J = 14.4, 6.0 Hz, 1H), 3.26 (s, 3H), 3.15
(t, J=14.0 Hz, 1H); BC NMR (125 MHz, CDCl3) 6 174.0, 138.7, 137.5, 136.4, 135.4,
132.7, 129.6, 129.3, 128.6, 128.2(3), 128.1(9), 128.0(9), 127.9(6), 127.5, 127.3, 126.6,
60.5, 52.6, 41.6, 36.1; IR (neat): 3027, 2926, 1741(s), 1506, 1455, 1358, 1167, 1129,
969, 727, 700, 668, 540; HRESIMS Calcd for [CasH0BrNNaOsS]* (M + Na’)
516.0239, found 516.0240.

(3R,9aS)-1-(methylsulfonyl)-3-phenyl-4-(p-tolyl)-1,3,9,9a-tetrahydro-2H-benzo[f]
indol-2-one (21)



2

Compound 2l was prepared in 79% vyield (67.8 mg) according to the general
procedure. White solid (mp 170-172 °C). [a]o % = -60.29(c = 1.0, CHCls). 99% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tz = 8.81 min (minor), 13.93 min (major)). *"H NMR (400 MHz,
CDCls) § 7.38 — 7.28 (m, 4H), 7.25 — 7.20 (m, 2H), 7.19 — 7.12 (m, 3H), 7.10 — 6.93
(m, 2H), 6.83 (d, J = 7.6 Hz, 2H), 5.23 (dd, J = 14.0, 6.0 Hz, 1H), 4.15 (s, 1H), 3.80
(dd, J = 14.4, 6.0 Hz, 1H), 3.24 (s, 3H), 3.13 (t, J = 14.0 Hz, 1H), 2.33 (s, 3H); °C
NMR (125 MHz, CDCls;) 6 174.1, 138.8, 137.9, 137.5, 135.5, 133.4, 132.7, 129.2(4),
129.1(9), 128.9, 128.5, 128.1, 127.9, 127.5, 127.3, 126.7, 60.6, 52.7, 41.6, 36.1, 21.2;
IR (neat): 2926, 2855, 1742(s), 1455, 1359, 1167, 1130, 970, 772, 732, 669, 513;
HRESIMS Calcd for [C26H2sNNaO3S]™ (M + Na*) 452.1291, found 452.1293.

(3R,9aS)-6-chloro-1-(methylsulfonyl)-3,4-diphenyl-1,3,9,9a-tetrahydro-2H-benzo|
flindol-2-one (2m)

2m
Compound 2m was prepared in 78% vyield (70.0 mg) according to the general
procedure. White solid (mp 172-174 °C). [o]po % = -51.59(c = 1.0, CHCls). 95% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tz = 7.89 min (minor), 18.79 min (major)). *H NMR (400 MHz,



CDCl3) & 7.45 — 7.20 (m, 9H), 7.12 (d, J = 7.6 Hz, 2H), 6.93 — 6.73 (m, 2H), 5.21 (dd,
J=14.0, 5.6 Hz, 1H), 4.13 (s, 1H), 3.81 (dd, J = 14.4, 6.0 Hz, 1H), 3.26 (s, 3H), 3.09
(t, J = 14.0 Hz, 1H); **C NMR (125 MHz, CDCl3) & 173.7, 138.4, 137.0, 136.7, 135.6,
133.4, 131.6, 131.1, 131.0(3), 130.9(5), 129.7, 129.3, 128.4, 128.1, 128.0, 127.2,
126.5, 60.3, 52.6, 41.6, 35.4; IR (neat): 2926, 2854, 1734(s), 1653, 1558, 1507, 1457,
1361, 1266,1167, 969, 748, 703, 551; HRESIMS Calcd for [Co5H20CINNaO3S]" (M +
Na*) 472.0745, found 472.0743.

(3R,9aS)-6-bromo-1-(methylsulfonyl)-3,4-diphenyl-1,3,9,9a-tetrahydro-2H-benzo
[flindol-2-one (2n)

H Ms
N

([ )=o
Br H
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2n

Compound 2n was prepared in 80% vyield (78.9 mg) according to the general
procedure. White solid (mp 175-177 °C). [o]po % = -52.32(c = 1.0, CHCls). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.5 mL/min,
254 nm, 25 oC; tg = 8.03 min (minor), 18.95 min (major)). *"H NMR (500 MHz,
CDCls) & 7.43 — 7.27 (m, 6H), 7.25 — 7.16 (m, 2H), 7.15 — 7.04 (m, 3H), 6.95 — 6.82
(m, 2H), 5.26 — 5.14 (m, 1H), 4.13 (s, 1H), 3.80 (dd, J = 14.0, 5.5 Hz, 1H), 3.26 (s,
3H), 3.06 (t, J = 14.0 Hz, 1H); °C NMR (125 MHz, CDCls) § 173.7, 138.4, 137.3,
136.6, 135.5, 131.5, 131.1, 131.0, 130.0, 129.4, 129.3, 128.5, 128.4, 128.1, 127.2,
121.4,60.2, 52.6, 41.6, 35.5; IR (neat): 3028, 2928, 1740(s), 1494, 1477, 1358, 1167,
1132, 971, 731, 701, 547; HRESIMS Calcd for [CsH2BrNNaOsS]" (M + Na')
516.0239, found 516.0240.

(3R,9aS)-6-methyl-1-(methylsulfonyl)-3,4-diphenyl-1,3,9,9a-tetrahydro-2H-benzo
[flindol-2-one (20)



H Ms
N
(e
Me H
Ph  Ph
20
Compound 20 was prepared in 82% vyield (70.4 mg) according to the general
procedure. White solid (mp 174-176 °C). [a]p % = -55.79(c = 1.0, CHCls). 96% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 10.02 min (minor), 20.23 min (major)). *H NMR (500 MHz,
CDCls) § 7.45 — 7.26 (m, 5H), 7.24 — 7.20 (m, 1H), 7.17 — 7.07 (m, 3H), 7.06 — 7.03
(m, 2H), 6.83 — 6.61 (M, 2H), 5.24 — 5.18 (m, 1H), 4.12 (s, 1H), 3.78 (dd, J = 14.0,
5.5 Hz, 1H), 3.25 (s, 3H), 3.09 (t, J = 14.0 Hz, 1H), 2.20 (s, 3H); **C NMR (125 MHz,
CDCly) & 174.0, 138.7, 137.6, 137.2, 136.4, 135.2, 129.6(2), 129.5(7), 129.2, 128.8,
128.4, 128.0, 127.9, 127.3, 127.2, 60.7, 52.7, 41.6, 35.7, 21.1; IR (neat): 3027, 2926,
1741(s), 1493, 1358, 1169, 1129, 1147, 972, 730, 702, 551, 519; HRESIMS Calcd for
[CasH23NNaO3S]* (M + Na*) 452.1291, found 452.1292.

(3R,9aS)-5-methyl-1-(methylsulfonyl)-3,4-diphenyl-9,9a-dihydro-1H-benzo[f]ind
ol-2(3H)-one (2p)
(3R,9aS)-7-methyl-1-(methylsulfonyl)-3,4-diphenyl-9,9a-dihydro-1H-benzo[f]ind
ol-2(3H)-one (2p’)

Ms Ms
PN Me VN
(I = T Lo
H H
Me Ph Ph Ph Ph
2p 2p'

Compounds 2p and 2p’ were prepared in 74% vyield (63.5 mg; 2p/2p’ = 1/1,
determined by 'H NMR integration of crude mixture; unseparated mixtures)

according to the general procedure. White solid (mp 111-114 °C). [o]p ®° = -55.59c =



1.0, CHCI3); 95% ee (determined by HPLC: Chiralcel 1A Column, 10/90
i-PrOH/hexane, 1.0 mL/min, 240 nm, 25 °C; tg = 10.68 min (minor), 21.45 min
(major), tg = 11.53 min (minor), 29.17 min (major)). *H NMR (500 MHz, CDCls) §
7.43 — 7.27 (m, 5H), 7.25 — 7.12 (m, 4H), 7.04 — 6.90 (m, 3H), 6.73 — 6.67 (M, 1H),
5.22 (dd, J = 14.0, 6.0 Hz, 0.4H), 5.10 (dd, J = 14.0, 5.0 Hz, 0.6H), 4.17 — 4.10 (m,
1H), 3.77 (dd, J = 14.0, 6.0 Hz, 0.4H), 3.72 (dd, J = 14.0, 5.0 Hz, 0.6H), 3.25 (s,
1.2H), 3.24 (s, 1.8H), 3.12 (dd, J = 14.0 Hz, 0.4H), 3.04 (dd, J = 14,0 Hz, 0.6H), 2.35
(s, 1.2H), 1.62 (s, 1.8H); *C NMR (125 MHz, CDClg) & 174.1, 173.5, 140.0, 139.4,
138.8, 138.3, 137.5, 136.5, 136.0, 134.1, 134.0, 132.7, 132.2, 131.5, 129.4(4),
129.4(1), 129.2, 128.5, 128.0(4), 128.0(0), 127.9, 127.6, 127.3(1), 127.3(0), 126.5,
126.3, 60.6, 60.4, 52.9, 52.6, 41.6, 38.0, 36.1, 22.2, 21.2; IR (neat): 2925, 1738, 1493,
1452, 1356, 1167, 1131, 970, 704, 585; HRESIMS Calcd for [C26H2sNNaO3S]* (M +
Na®) 452.1291, found 452.1293.

(3S,9aR)-1-(methylsulfonyl)-3,4-diphenyl-9,9a-dihydro-1H-benzo[f]indol-2(3H)-0
ne (2d’)

H Ms
SN
(%
nH
Ph P
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Compound 2d" was prepared in 83% yield (69.0 mg) according to the general
procedure. [a]p % = +38.7c = 1.0, CHCI3). 97% ee (determined by HPLC: Chiralcel
AD-H Column, 10/90 i-PrOH/hexane, 0.8 mL/min, 254 nm, 25 °C; tg = 28.41 min

(minor), 13.13 min (major)).



/ NaBAr", (10 mol %)
R PG-N , PhCI, 40 °C, 5 h
e ~ >
(;\/'}_/ o I ’T‘; o 3c (1.5 equiv)
Ts o
4 (97-99% ee) 5 (97-99% ee)

General procedure for the synthesis of linear tetracyclic N-heterocycles 5:

NaBArF, (0.02 mmol, 17.8 mg) was added to a mixture of the indolyl N-propargyl
ynamide 4 (0.20 mmol) and 2,6-dichloropyridine N-oxide 3c (49.2 mg, 0.30 mmol) in
PhCI (4.0 mL) at room temperature. Then, the reaction mixture was stirred at 40 <C
and the progress of the reaction was monitored by TLC. The reaction typically took 5
h. Upon completion, the mixture was concentrated and the residue was purified by
chromatography on silica gel (eluent: hexanes/ethyl acetate) to afford the desired

tetracyclic N-heterocycle 5.

(3S,10aS)-3,4-diphenyl-1,9-ditosyl-3,9,10,10a-tetrahydropyrrolo[2,3-b]carbazol-2
(1H)-one (5a)

Compound 5a was prepared in 78% vyield (106.7 mg) according to the general
procedure. White solid (mp 142-144 °C). [a]o ° = +24.59(c = 1.0, CHCI3). 99% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 12.02 min (minor), 21.36 min (major)). *H NMR (600 MHz,
CDCl;) § 8.28 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.4 Hz, 2H), 7.92 (d, J = 8.4 Hz, 2H),
7.35 (d, J = 7.8 Hz, 2H), 7.31 — 7.07 (m, 11H), 7.04 — 7.00 (m, 2H), 6.95 —6.91 (m,



1H), 6.31 (d, J = 7.8 Hz, 1H), 5.20 — 5.15 (m, 1H), 4.79 (dd, J = 16.4, 7.2 Hz, 1H),
4.07 (s, 1H), 3.07 (t, J = 15.6 Hz, 1H), 2.43 (s, 3H), 2.42 (s, 3H); **C NMR (150 MHz,
CDCls) 5 172.6, 145.5, 145.3, 139.1, 136.9, 135.6, 135.4, 135.3, 133.0, 132.6, 130.3,
129.6, 129.1, 128.4, 128.1, 127.7, 127.3, 126.7, 126.5, 125.7, 124.3, 123.4, 120.1,
118.7,114.5, 61.1, 52.1, 29.5, 21.7; IR (neat): 2924, 1746(s), 1372, 1189, 1172, 1088,
664, 579; HRESIMS Calcd for [CiH3NNaOsS;]* (M + Na*) 707.1645, found
707.1659.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-3,4-diphenyl-9-tosyl-3,9,10,10a-tetrahydr
opyrrolo[2,3-b]carbazol-2(1H)-one (5b)

5b

Compound 5b was prepared in 81% vyield (121.4 mg) according to the general
procedure. White solid (mp 144-146 °C). [o]o % = -13.3°9(c = 1.0, CHCls). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 12.27 min (minor), 24.69 min (major)). *H NMR (500 MHz,
CDCl;) 6 8.28 (d, J = 8.5 Hz, 1H), 7.92 — 7.85 (m, 4H), 7.59 (d, J = 9.0 Hz, 2H), 7.34
(d, J = 8.1 Hz, 2H), 7.31 — 7.10 (m, 9H), 7.02 (d, J = 7.0 Hz, 2H), 6.97 — 6.91 (m, 1H),
6.32 (d, J = 8.0 Hz, 1H), 5.20 — 5.14 (m, 1H), 4.77 (dd, J = 16.0, 7.0 Hz, 1H), 4.09 (s,
1H), 3.09 (t, J = 16.0 Hz, 1H), 2.43 (s, 3H); 3C NMR (125 MHz, CDCls) & 172.6,
145.5, 138.5, 137.0, 136.9, 135.4(3), 135.4(0), 132.9, 132.8, 132.3, 130.3, 129.6,
129.5, 129.2, 128.6, 128.5, 128.2, 127.9, 127.2, 126.7, 126.4, 125.0, 124.4, 123.5,
120.1, 118.7, 114.5, 61.2, 52.0, 29.6, 21.7; IR (neat): 2924, 1747(s), 1374, 1174, 1152,
1088, 742, 577; HRESIMS Calcd for [CzgH29BrN2NaOsS;]" (M + Na®) 771.0593,
found 771.0615.



(3S,10aS)-1-((4-bromophenyl)sulfonyl)-3-(4-fluorophenyl)-4-phenyl-9-tosyl-3,9,1
0,10a-tetrahydropyrrolo[2,3-b]carbazol-2(1H)-one (5c)

5¢c

Compound 5c was prepared in 67% yield (102.6 mg) according to the general
procedure. White solid (mp 147-149 °C). [a]po % = -18.69(c = 1.0, CHCI3). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 13.64 min (minor), 19.94 min (major)). *H NMR (500 MHz,
CDCl3) 6 8.27 (d, J = 8.5 Hz, 1H), 7.95 — 7.87 (m, 4H), 7.64 (d, J = 9.0 Hz, 2H), 7.39
—7.12 (m, 8H), 7.05 — 6.99 (m, 2H), 6.98 — 6.92 (m, 3H), 6.32 (d, J = 8.0 Hz, 1H),
5.16 (dd, J =15.2, 7.5 Hz, 1H), 4.77 (dd, J = 16.5, 7.0 Hz, 1H), 4.07 (s, 1H), 3.07 (t, J
= 16.0 Hz, 1H), 2.43 (s, 3H); °C NMR (212.5 MHz, CDCls) & 172.4, 162.4 (d, J =
247.1 Hz), 145.6, 137.0, 136.9, 135.4, 134.4, 133.3, 132.8, 132.4, 130.3, 129.7, 129.5,
128.9 (d, J = 8.5 Hz), 128.6, 128.5, 128.2, 126.7, 126.3, 124.5 (d, J = 3.2 Hz), 123.5,
120.0, 118.6, 116.2 (d, J = 21.3 Hz), 114.5, 60.9, 51.2, 29.5, 21.7; IR (neat): 2923,
1746(s), 1373, 1174, 1153, 1088, 742, 577; HRESIMS Calcd for
[C39H2sBrFN,NaOsS,]" (M + Na*) 789.0499, found 789.0528.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-3-(4-chlorophenyl)-4-phenyl-9-tosyl-3,9,1
0,10a-tetrahydropyrrolo[2,3-b]carbazol-2(1H)-one (5d)



5d

Compound 5d was prepared in 67% vyield (104.8 mg) according to the general
procedure. White solid (mp 149-151 °C). [a]p *° = -15.39(c = 1.0, CHCI3). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 13.17 min (minor), 19.08 min (major)). *H NMR (500 MHz,
CDCls) § 8.27 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8.5 Hz, 4H), 7.65 — 7.60 (m, 2H), 7.38
— 7.11 (m, 10H), 7.00 — 6.91 (m, 3H), 6.32 (d, J = 7.5 Hz, 1H), 5.15 (ddd, J = 15.0,
7.0, 1.5 Hz, 1H), 4.76 (dd, J = 16.5, 7.0 Hz, 1H), 4.06 (s, 1H), 3.07 (t, J = 15.5 Hz,
1H), 2.42 (s, 3H); *C NMR (125 MHz, CDCl3) & 172.2, 145.6, 136.9(4), 136.9(0),
136.8(7), 135.4(0), 135.3(5), 134.1, 133.5, 132.8, 132.3, 130.3, 129.7, 129.5, 129.4,
128.6(1), 128.5(5), 128.5, 128.3, 126.7, 126.3, 124.5, 124.2, 123.6, 120.1, 118.5,
114.5, 60.9, 51.3, 29.5, 21.7; IR (neat): 2924, 1746(s), 1374, 1174, 1152, 1088, 742,
579; HRESIMS Calcd for [CsgH2sBrCIN,NaOsS;]* (M + Na*) 805.0204, found
805.0203.

(3S,10aS)-3-(4-bromophenyl)-1-((4-bromophenyl)sulfonyl)-4-phenyl-9-tosyl-3,9,1
0,10a-tetrahydropyrrolo[2,3-b]carbazol-2(1H)-one (5e)




oe

Compound 5e was prepared in 75% yield (123.8 mg) according to the general
procedure (Table 2, entry 1). White solid (mp 144-146 °C). [a]p %° = -18.89(c = 1.0,
CHCI3). 97% ee (determined by HPLC: Chiralcel AD-H Column, 10/90
i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 °C; tg = 14.54 min (minor), 20.57 min
(major)). *H NMR (500 MHz, CDCl,)  8.27 (d, J = 8.5 Hz, 1H), 7.95 — 7.83 (m, 4H),
7.63 (d, J = 9.0 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.36 — 7.27 (m, 4H), 7.25 — 7.09 (m,
3H), 6.99 — 6.88 (m, 3H), 6.86 — 6.70 (m, 1H), 6.32 (d, J = 8.0 Hz, 1H), 5.15 (dd, J =
15.1, 7.0 Hz, 1H), 4.76 (dd, J = 16.0, 7.0 Hz, 1H), 4.04 (s, 1H), 3.07 (t, J = 16.0 Hz,
1H), 2.43 (s, 3H); 1*C NMR (125 MHz, CDCl3) & 172.1, 145.6, 137.4, 136.9, 135.4(1),
135.3(5), 133.5, 132.8, 132.4, 132.3, 130.3, 129.8, 129.5, 128.9, 128.6, 128.5, 128.3,
126.7, 126.3, 1245, 124.1, 123.6, 122.2, 120.1, 118.5, 114.5, 61.0, 51.4, 29.5, 21.7;
IR (neat): 2924, 1746(s), 1374, 1174, 1151, 1088, 742, 577; HRESIMS Calcd for
[CagH2sBroN,NaOsS,]" (M + Na*) 848.9699, found 848.9728.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-4-phenyl-3-(p-tolyl)-9-tosyl-3,9,10,10a-tet
rahydropyrrolo[2,3-b]carbazol-2(1H)-one (5f)

5f

Compound 5f was prepared in 65% yield (99.1 mg) according to the general
procedure. White solid (mp 139-141 °C). [a]p *° = +28.59(c = 1.0, CHCI3). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tz = 11.55 min (minor), 18.13 min (major)). *H NMR (500 MHz,
CDCl,) 6 8.28 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8.0 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H),



7.57 (d, J = 8.5 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.31 — 7.22 (m, 3H), 7.21 — 7.05 (m,
3H), 7.03 (d, J = 8.0 Hz, 2H), 6.95 (t, J = 7.5 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H), 6.34
(d, J = 8.0 Hz, 1H), 5.14 (dd, J = 15.0, 7.0 Hz, 1H), 4.75 (dd, J = 16.5, 7.5 Hz, 1H),
4.05 (s, 1H), 3.08 (t, J = 16.0 Hz, 1H), 2.42 (s, 3H), 2.35 (s, 3H); *C NMR (125 MHz,
CDCls) & 172.7, 1455, 137.8, 136.8(9), 136.8(7), 135.5(0), 135.4(6), 135.2, 132.9,
132.7, 132.2, 130.3, 129.9, 129.4, 128.6, 128.4, 128.1, 127.0, 126.7, 126.4, 125.1,
124.4, 1235, 120.1, 118.7, 114.5, 61.1, 51.6, 29.6, 21.7, 21.1; IR (neat): 2919,
1746(s), 1372, 1180, 1075, 742, 577; HRESIMS Calcd for [C4oH31BrN;NaOsS;]* (M
+ Na*) 785.0750, found 785.0773.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-3-(4-methoxyphenyl)-4-phenyl-9-tosyl-3,9
,10,10a-tetrahydropyrrolo[2,3-b]carbazol-2(1H)-one (59)

59
Compound 5g was prepared in 68% vyield (105.8 mg) according to the general

procedure. White solid (mp 146-148 °C). [o]o % = -15.39(c = 1.0, CHCls). 97% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 19.96 min (minor), 24.32 min (major)). *H NMR (500 MHz,
CDCl;) 8 8.27 (d, J = 8.5 Hz, 1H), 7.91 — 7.85 (m, 4H), 7.60 (d, J = 9.0 Hz, 2H), 7.34
(d, J = 8.0 Hz, 2H), 7.32 — 7.24 (m, 3H), 7.21 — 7.07 (m, 3H), 6.97 — 6.90 (m, 3H),
6.77 (d, J = 9.0 Hz, 2H), 6.33 (d, J = 8.0 Hz, 1H), 5.14 (dd, J = 15.5, 7.5 Hz, 1H),
4.75 (dd, J = 16.5, 7.5 Hz, 1H), 4.03 (s, 1H), 3.81 (s, 3H), 3.07 (t, J = 15.5 Hz, 1H),
2.42 (s, 3H); B3C NMR (125 MHz, CDCl3) 6 172.8, 159.3, 145.5, 137.0, 136.9, 135.5,
1354, 132.8, 132.7, 132.2, 130.5, 130.3, 129.5, 129.4, 128.6, 128.4, 128.3, 128.2,



126.7, 126.4, 125.2, 124.4, 123.5, 120.1, 118.7, 114.6, 114.5, 61.1, 55.3, 51.1, 29.6,
21.7; IR (neat): 2925, 1746(s), 1373, 1256, 1174, 1088, 748, 577; HRESIMS Calcd
for [C40HngrN2Na0682]+ (M + Na+) 801.0699, found 801.0700.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-4-phenyl-3-(m-tolyl)-9-tosyl-3,9,10,10a-tet
rahydropyrrolo[2,3-b]carbazol-2(1H)-one (5h)

Compound 5h was prepared in 73% yield (111.3 mg) according to the general
procedure. White solid (mp 141-143 °C). [o]p ¥ = +24.59(c = 1.0, CHCl3). 99% ee
(determined by HPLC: Chiralcel AD -H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tz = 11.18 min (minor), 18.44 min (major)). *H NMR (500 MHz,
CDCl;) 6 8.27 (d, J = 8.5 Hz, 1H), 7.92 — 7.84 (m, 4H), 7.59 (d, J = 8.5 Hz, 2H), 7.34
(d, J = 8.5 Hz, 2H), 7.32 — 7.04 (m, 7H), 6.97 — 6.91 (m, 1H), 6.85 — 6.68 (m, 3H),
6.33 (d, J = 8.0 Hz, 1H), 5.16 (dd, J = 15.0, 7.0 Hz, 1H), 4.76 (dd, J = 16.5, 7.0 Hz,
1H), 4.05 (s, 1H), 3.09 (t, J = 16.0 Hz, 1H), 2.42 (s, 3H), 2.26 (s, 3H); *C NMR (125
MHz, CDCl3) & 172.8, 145.5, 138.9, 138.4, 136.9(4), 136.8(9), 135.5, 132.9, 132.7,
132.2, 130.3, 129.5, 129.0, 128.7, 128.4, 128.1, 127.8, 126.7, 126.4, 125.1, 124.4,
124.2, 123.5, 120.1, 118.7, 114.5, 61.2, 51.9, 29.6, 21.7, 21.4; IR (neat): 2922,
1748(s), 1374, 1174, 1152, 1088, 745, 577, HRESIMS Calcd for
[CaoH3:BrN,NaOsS,]* (M + Na*) 785.0750, found 785.0749.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-6-fluoro-3,4-diphenyl-9-tosyl-3,9,10,10a-t
etrahydropyrrolo[2,3-b]carbazol-2(1H)-one (5i)



Compound 5i was prepared in 80% yield (122.6 mg) according to the general
procedure. White solid (mp 140-142 °C). [a]po *° = +12.59(c = 1.0, CHCI3). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 13.51 min (minor), 18.73 min (major)). *H NMR (500 MHz,
CDCl;) & 8.25 — 8.18 (m, 1H), 7.92 — 7.84 (m, 4H), 7.59 (d, J = 8.5 Hz, 2H), 7.36 (d,
J = 8.0 Hz, 2H), 7.33 — 7.11 (m, 8H), 7.02 — 6.94 (m, 3H), 6.00 — 5.88 (m, 1H), 5.15
(ddd, J = 15.5, 7.0, 1.5 Hz, 1H), 4.75 (dd, J = 16.5, 7.5 Hz, 1H), 4.08 (s, 1H), 3.08 (t,
J = 16.0 Hz, 1H), 2.44 (s, 3H); *C NMR (125 MHz, CDCl3) § 172.5, 159.3 (d ,J =
238.8 Hz), 145.7, 138.4, 136.9, 135.2, 134.9, 134.5, 133.2, 132.5, 132.3, 130.4, 129.6,
129.5, 129.2, 128.7, 128.3, 128.0, 127.5, 127.4 (d, J = 10.0 Hz), 126.7, 125.2, 118.5
(d, J = 3.8 Hz), 115.6 (d, J = 8.8 Hz), 112.3 (d, J = 25.0 Hz), 105.8 (d, J = 25.0 Hz),
61.0, 51.9, 29.7, 21.7; IR (neat): 2922, 1747(s), 1375, 1175, 1122, 1087, 742, 563,;
HRESIMS Calcd for [C3gH2sBrFN;NaOsS,]" (M + Na™) 789.0499, found 789.0506.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-7-chloro-3,4-diphenyl-9-tosyl-3,9,10,10a-t
etrahydropyrrolo[2,3-b]carbazol-2(1H)-one (5j)

5)

Compound 5j was prepared in 75% vyield (117.6 mg) according to the general
procedure. White solid (mp 145-147 °C). [a]p *° = +14.59(c = 1.0, CHCl3). 97% ee



(determined by HPLC: Chiralcel AD-H Column, 15/85 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 7.26 min (minor), 13.35 min (major)). *H NMR (500 MHz,
CDCls3) 4 8.30 (d, J = 2.0 Hz, 1H), 7.90 (d, J = 8.5 Hz, 2H), 7.86 (d, J = 8.5 Hz, 2H),
7.59 (d, J = 9.0 Hz, 2H), 7.38 (d, J = 8.5 Hz, 2H), 7.31 — 7.10 (m, 8H), 6.99 (d, J =
7.0 Hz, 2H), 6.95 — 6.90 (m, 1H), 6.21 (d, J = 8.5 Hz, 1H), 5.15 (ddd, J = 15.5, 7.5,
1.5 Hz, 1H), 4.72 (dd, J = 16.5, 7.0 Hz, 1H), 4.08 (s, 1H), 3.07 (t, J = 15.5 Hz, 1H),
2.45 (s, 3H); *C NMR (125 MHz, CDCls) & 172.5, 145.9, 138.4, 137.2, 136.9,
135.1(9), 135.1(7), 133.4, 132.5, 132.3, 130.5, 129.6, 129.5, 129.2, 128.6, 128.3,
128.0, 127.2, 126.8, 125.4, 124.9, 124.2, 120.8, 118.3, 114.6, 61.0, 51.9, 29.6, 21.7;
IR (neat): 2924, 1747(s), 1375, 1172, 1088, 912, 743, 585; HRESIMS Calcd for
[CagH28BrCIN,NaOsS,]" (M + Na*) 805.0204, found 805.0210.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-6-methyl-3,4-diphenyl-9-tosyl-3,9,10,10a-
tetrahydropyrrolo[2,3-b]carbazol-2(1H)-one (5k)

Compound 5k was prepared in 70% vyield (106.9 mg) according to the general
procedure. White solid (mp 143-145 °C). [a]po %° = +15.49(c = 1.0, CHCI3). 98% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 12.27 min (minor), 20.51 min (major)). *H NMR (500 MHz,
CDCl;) 8 8.14 (d, J = 8.5 Hz, 1H), 7.91 — 7.83 (m, 4H), 7.59 (d, J = 8.5 Hz, 2H), 7.33
(d, J = 8.0 Hz, 2H), 7.31 — 7.20 (m, 6H), 7.21 — 7.11 (m, 2H), 7.10 — 6.99 (m, 3H),
6.07 (s, 1H), 5.15 (dd, J = 15.0, 7.0 Hz, 1H), 4.74 (dd, J = 16.5, 7.0 Hz, 1H), 4.09 (s,
1H), 3.05 (t, J = 16.0 Hz, 1H), 2.42 (s, 3H), 2.11 (s, 3H); ©*C NMR (125 MHz, CDCl5)
0 172.6, 145.4, 138.6, 137.0, 135.5, 135.4, 135.2, 133.1, 133.0, 132.9, 132.3, 130.2,
129.5(2), 129.4(7), 129.2, 128.6, 128.4, 128.1, 127.9, 127.2, 126.7, 126.6, 125.8,



124.8,120.0, 118.5, 114.2, 61.2, 52.0, 29.6, 21.7, 21.2; IR (neat): 2922, 1747(s), 1374,
1174, 1133, 1087, 742, 575; HRESIMS Calcd for [C4H3:BrN,NaOsS,]* (M + Na*)
785.0750, found 785.0755.

(3S,10aS)-1-((4-bromophenyl)sulfonyl)-7-methyl-3,4-diphenyl-9-tosyl-3,9,10,10a-
tetrahydropyrrolo[2,3-b]carbazol-2(1H)-one (51)

Compound 51 was prepared in 69% yield (105.2 mg) according to the general
procedure. White solid (mp 139-141 °C). [a]p *° = +13.59(c = 1.0, CHCl3). 99% ee
(determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm, 25 °C; tg = 10.54 min (minor), 19.83 min (major)). *H NMR (500 MHz,
CDCl3) & 8.09 (s, 1H), 7.92 — 7.84 (m, 4H), 7.58 (d, J = 9.0 Hz, 2H), 7.34 (d, J = 8.0
Hz, 2H), 7.30 — 7.09 (m, 7H), 7.06 — 6.99 (m, 2H), 6.83 — 6.71 (m, 2H), 6.19 (d, J =
8.0 Hz, 1H), 5.16 (ddd, J = 15.0, 7.0, 1.5 Hz, 1H), 4.72 (dd, J = 16.5, 7.0 Hz, 1H),
4.08 (s, 1H), 3.05 (t, J = 16.0 Hz, 1H), 2.44 (s, 3H), 2.43 (s, 3H); *C NMR (125 MHz,
CDCls) 6 172.7, 145.4, 138.6, 137.4, 137.0, 135.5(4), 135.5(0), 134.6, 132.9, 132.3,
132.1, 130.2, 129.5(1), 129.4(5), 129.2, 128.6, 128.4, 128.1, 127.9, 127.2, 126.6,
125.0, 124.8, 124.2, 119.6, 118.7, 114.6, 61.2, 52.0, 29.6, 21.9, 21.7; IR (neat): 2922,
1747(s), 1373, 1173, 1143, 1088, 743, 579; HRESIMS Calcd for
[CaoH3:BrN,NaOsS,]* (M + Na*) 785.0750, found 785.0759.

(3R,3aS,4R,9aS)-1-(methylsulfonyl)-3,4-diphenyl-3a,4,9,9a-tetrahydro-1H-benzo[
flindol-2(3H)-one (2da)



Pd(OH),/C (10%)

H, (80 psi)
EtOH/EA = 2/1 "H
rt, 48 h

2d (98% ee) 2da 82% 98% ee)

Compound 2da was prepared in 82% yield (68.4 mg; 0.2 mmol scale) according to
the known procedure.* White solid (mp 125-127 °C). [a]p *° = -43.59¢c = 1.0, CHCls).
98% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm, 25 °C; tg = 40.33 min (minor), 32.23 min (major)). *H NMR (400
MHz, CDCl5) & 7.33 — 7.17 (m, 6H), 7.15 — 7.05 (m, 4H), 7.00 — 6.90 (m, 2H), 6.88 —
6.79 (m, 2H), 4.86 (dt, J = 8.4, 6.0 Hz, 1H), 4.45 (d, J = 6.8 Hz, 1H), 3.66 — 3.58 (m,
1H), 3.55 (d, J = 9.6 Hz, 1H), 3.33 (dd, J = 5.2, 2.0 Hz, 2H), 3.28 (s, 3H); **C NMR
(100 MHz, CDCl3) 6 174.2, 139.1, 138.3, 137.3, 134.0, 129.9, 129.1, 128.6, 128.3,
128.1, 127.6, 127.5, 127.2, 127.0, 57.9, 51.3, 46.9, 43.0, 41.9, 34.1; IR (neat): 2927,
2828, 1742 (s), 1495, 1358, 1167, 1129, 969, 728, 701, 545; HRESIMS Calcd for
[CasH23NNaOsS]* (M + Na*) 440.1291, found 440.1292.

(3R,3aS,4R,9aS)-1-(methylsulfonyl)-3,4-diphenyl-2,3,3a,4,9,9a-hexahydro-1H-be
nzo[f]indole (2db)

B,Hg' THF
(4 0 equiv)
'rH THF, 80 °C 8h ©;:ﬁ8
H Pn
2da (98% ee) 2db (85%, 98% ee)

Compound 2db was prepared in 85% yield (34.3 mg; 0.1 mmol scale) according to
the known procedure.®> White solid (mp 117-120 °C). [a]p % = -44.49c = 1.0, CHCly);
98% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm, 25 °C; tz = 12.81 min (major), 15.29 min (minor)). *H NMR (400
MHz, CDCl3) & 7.28 (d, J = 6.8 Hz, 1H), 7.24 — 7.18 (m, 1H), 7.17 — 7.10 (m, 4H),
7.08 — 6.96 (m, 4H), 6.87 — 6.83 (m, 2H), 6.82 — 6.75 (m, 2H), 4.40 (d, J = 8.4 Hz,
1H), 4.34 — 4.25 (m, 1H), 3.57 — 3.48 (m, 1H), 3.46 — 3.37 (m, 1H), 3.29 — 3.16 (m,



3H), 3.06 (t, J = 9.2 Hz, 1H), 2.89 (s, 3H); *C NMR (150 MHz, CDCls) & 140.0,
139.8, 139.3, 135.3, 129.9, 129.0, 128.4(2), 128.4(0), 127.8, 127.3, 127.0, 126.7(4),
126.7(1), 126.4, 60.5, 56.6, 47.3, 46.5, 45.8, 35.8, 35.6; IR (neat): 3026, 2924, 2852,
1494, 1452, 1333,1149,1029, 962, 742, 698, 564; HRESIMS Calcd for
[CasH2sNNaO,S]* (M + Na*) 426.1498, found 426.1501.



(3R,9aS)-3,4-diphenyl-1-tosyl-9,9a-dihydro-1H-benzo[f]indol-2(3H)-one
CCDC Number = 1569444

- (70318)

13 2017

FLATON-Rug 17 09:21:

£ -3 exp_B994 P 1 21/n 1

(2a).

Bond precision: C-C = 0.0030 A Wavelength=1.54184

Cell: a=11.7246 (4) b=12.2563(6) c=16.5665(7)
alpha=290 beta=98.550(4) gamma=90

Temperature: 100 K
Calculated Reported

Volume 2354 .15(17) 2354 .15(18)

Space group P 21/n P121/n1

Hall group -P Zyn -P 2yn

Moiety formula €31 H25 N 03 S C31 H25 N 03 S

Sum formula C31 H25 N 03 S5 C31 H25 N 03 S

Mr 491.58 491 .58

Dx,g cm-3 1.387 1.387

A 4 4

Mu (mm-1} 1.505 1.505

Fooo 1032.0 1032.0

Fooo’ 1036.16

h,k,lmax 13,14,19 13,14,19

Nref 4009 3942

Tmin, Tmax 0.693,0.822 0.754,1.000

Tmin’ 0.571

Correction method= # Reported T Limits: Tmin=0.754 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 0.983 Theta(max)= 64.955
R(reflections)= 0.0430( 3487) wR2 (reflections)= 0.1149( 3942)

S5 =1.035 Npar= 326




(3S,10aS)-1-((4-bromophenyl)sulfonyl)-7-methyl-3,4-diphenyl-9-tosyl-3,9,10,10a-
tetrahydropyrrolo[2,3-b]carbazol-2(1H)-one (51). CCDC Number = 1569442

Prob
Temp

5
17

=]

Ly

>
fa=}
&3

™ PLATON-Apr 16 16:08:03 2017 - (T0316]

-3 wem-170401F -1 A= 0.10 RES= 0 28 %
Bond precision: C-C = 0.0125 A Wavelength=1.541E4
Cell: a=10.1352(5) b=13.2429(7) c=16.5954 (B)

alpha=110.962 (5) beta=96.295(4) gamma=91.27& (4)
Temperature: 173 K

Calculated Reported

Volume 2062.93(19) 2062.93(1%)

Space group D -1 D -1

Hall group -0 1 -B 1

Moiety formula CA0 H3L Br N2 05 52 [+ C40 H31 Br N2 05 B2
solvent]

Sum formula CA0 H31 Br N2 05 52 [+ C40 H31 Br N2 05 B2
solvent]

Mr TEe3.69 763.70

Dx,g cm-3 1.230 1.229

Z 2 2

Mu (mm-1) 2.635 2.639

FOOD 784.0 TB4.0

Fooo-’ T785.96

h,k,lmax 11,15, 148 11,15,148

Nref £349 £019

Tmin, Tmax 0.3B9,1.000

Tmin’

Correction method= # Reported T Limits: Tmin=0.383% Tmax=1.000
AbsCorr = MUOLTI-SCAN

Data completeness= 0.548 Theta(max)= €1.1&0
E(reflections)= 0.0992{ 3&20) wEZ (reflections)= 0.2740( &019)

& =1.076 Hpar= 453




(3R,3aS,4R,9aS)-1-(methylsulfonyl)-3,4-diphenyl-3a,4,9,9a-tetrahydro-1H-benzo[
flindol-2(3H)-one (2da). CCDC Number = 1569443

OFOVE FO Prob = 50
s Temp = 100

=

PLATON-Rug S 07:57:38 2016 - (70316]

7 -59  exp_1657 P 12l/c 1 R =0.06 RES= 0 -18 X
Bond precision: C-C = 0.0050 A Wavelength=1.54184
Cell: a=18.5095(15) b=10.9007 (8) c=10.3745(8)
alpha=90 beta=103.857(8) gamma=90
Temperature: 100 K
Calculated Reported
Volume 2032.3(3) 2032.3(3)
Space group P 21/c P121/c1
Hall group -P 2vybc -P 2ybc
Moiety formula C25 H22 N 02 S C25 H23 N 03 S
Sum formula C25 H23 N 03 S5 C25 H23 N 03 S
Mr 417.50 417 .50
Dx,g cm-3 1.365 1.365
Z 4 4
Mu (mm-1) 1.637 1.637
FooO 880.0 880.0
Fooor 883.75
h,k,1lmax 21,12,12 21,12,12
Nref 3540 3416
Tmin, Tmax 0.745,0.849 0.878,1.000
Tmin’ 0.721

Correction method= # Reported T Limits: Tmin=0.878 Tmax=1.000
LbsCorr = MULTI-SCAN

Data completeness= 0.965 Theta(max)= 65.949%

R(reflections)= 0.0583( 2384) wR2 (reflecticons)= 0.1675( 31416)

5 =1.028 Npar= 272




Computational Details

All density functional theory (DFT) calculations were carried out with the
Gaussian 09 programs.® The meta-hybrid GGA functional, M06,” was used in
combination with the 6-31G(d, p) basis set® for C, H, B, N, O, F, S and Br. Vibrational
analyses were performed to confirm each stationary point to be either a local
minimum or a transition state (TS). The connection between each transition state and
its neighboring reactant and product were verified by intrinsic reaction coordinate
(IRC)® calculations. Solvent effects of solvents, i.e., DCE (dielectric constant ¢ =
10.125) and PhCl (¢ = 5.6968), were taken in account by using the SMD-flavor'® of
self-consistent reaction field (SCRF) theory.

Cleavage of C-X (X=Br, Cl) in the halogen-substituted N-oxide likely facilitates
the release of BAr"; from NaBAr", with concomitant precipitation of NaX (Na* + Br~
= NaBr(s)]) from the organic solution, as shown in eg. 4. Hence, the thus-released

BAr"; can be the catalytically active Lewis acid in the concerned reactions.

N X
’ C8 o | D F
[Tl Br + [BArF4] - l}l Ar + B,O\r':3 + Br@ AG= -15.1kcal/mol (4)

1. Theoretical study on catalytic efficiencies of NaBAr"4/(CsFs)sB/NaBPh,

catalysts
Ph Ms
— catalyst (10 mol %) H
MS\N/ DCE, 80 °C, 4 h N o
Ol s .
N . a (1.5 equiv
1d o 2d

NaBPhy: <1% (>95% of 1d remained unreacted)
(CgF5)3B: 20% (<5% of 1d remained unreacted)
NaBAr,: 84% (<1% of 1d remained unreacted)
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Scheme S1. Plausible mechanism for the NaBAr 4/(CsFs)sB/NaBPh,-catalyzed
oxidative polycyclization of N-propargyl ynamide 1d. Relative free energies (AGpcg)
of key intermediates and transition states were computed at the SMD-M06/6-31G(d,p)

level of theory in DCE at 298 K. Data for Ar=CgFs (i.e., (C¢Fs)3sB as catalyst) and

Ar=Ph (i.e., NaBPh, as catalyst) were given in parentheses and braces, respectively.
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Figure S1. Free energy profiles for NaBAr"4/(CgFs)3B/NaBPh,-catalyzed formation of

2d (NaBAr", catalysis (Ar=Ar"), black line; (C¢Fs)sB catalysis (Ar=CgFs), red line;

NaBPh, catalysis (Ar=Ph), blue line). Data for (C¢Fs)sB catalysis (Ar=CgFs) and



NaBPh, catalysis (Ar=Ph) were given in parentheses and braces, respectively.

As shown in Scheme S1 and Figure S1, ligation of N-propargyl ynamide 1d to
the catalytically active species BArs, which initiates the concerned process, is also the
rate-limiting step. In the case of Ar=Ar" (i.e., NaBAr", as catalyst), the activation
energy of this step is 18.4 kcal/mol, 1.0 kcal/mol lower than that in the case of
Ar=C¢Fs (i.e., (CgFs)3B as catalyst). This accounts for the higher efficiency of the
NaBAr", catalyst than (CgFs)sB catalyst in the synthesis of 2d. On the other hand, in
the case of Ar=Ph (i.e., NaBPh, as catalyst), the process has to surmount an overall
activation barrier amounting up to 38.4 kcal/mol (via TSc). Hence, NaBPh, shows

almost no catalytic efficiency in the synthesis of 2d.

2. Plausible mechanism for the NaBAr",-catalyzed oxidative polycyclization of

N-propargyl ynamide 1d



Thermodynamically Controlled

H Ms H Ms
N N
2da o o 2da
-147.1 -140.0
i H
H hH Ph H A H Ph
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H EV'S
2d1
134 7 O_133.2
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Br
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Scheme S2. Plausible mechanism for the NaBAr ,-catalyzed oxidative
polycyclization of N-propargyl ynamide 1d. Relative free energies (AGpcg) of key
intermediates and transition states were computed at the SMD-M06/6-31G(d,p) level
of theory in DCE at 298 K. Key bond lengths were shown in italic (unit: A).

A plausible mechanism for the NaBAr",-catalyzed oxidative polycyclization of
N-propargyl ynamide 1d is illustrated in Scheme S2. Initially, nucleophilic attack of

N-oxide 3a on the BAr s-ligated ynamide A forms the vinyl borate intermediate B.



N-O bond cleavage gives rise to the phenyl-stabilized carbocation C. Then, an
intramolecular cyclization (via TSp), overoxidation (via TSpi), Ar™ migration (via
TSpy), and cyclopropenation (Although the TSpz is not located, we suspect that the
energy barrier of cyclopropenation is higher than that of intramolecular cyclization
due to the large steric repulsion between the phenyl group on a-carbon and the phenyl
group on alkynyl) within the intermediate C occur competitively to afford the
enylium-cationic intermediate D, D;, D,, and D3 respectively. Obviously, the
intramolecular cyclization to furnish the intermediate D is kinetically the most
favorable (only requiring an energy barrier of 0.8 kcal/mol, nearly barrierless), thus
predicting good chemoselectivity. Upon intramolecular migration of BAr;, D
isomerizes into E, followed by a second cyclization to afford intermediate F. The
latter undergoes sequentially deprotonation-aromatization, protonation, and substrate
exchange, leading eventually to the thermodynamically favoured 2d, but not 2d1.
Likewise, further hydrogenation of 2d affords the thermodynamically favoured 2da,

but not 2dal.

3. Construction of linear tetracyclic N-heterocycles 5I

Ph

/ NaBAr", (10 mol %)

PhCI, 40°C,5h

Bs—N/, ~
—=—Ph ﬁ )
W o g 315 o
H,C N o

a T8 (AGphci (298 K, in kcal/mol)) 51 0.0

Scheme S3. The reaction for NaBAr™,-catalyzed oxidative polycyclization of indolyl
N-propargyl ynamide 4l. Relative free energies (AGpnci) Of 51 and another isomer 5II
were computed at the SMD-MO06/6-31G(d,p) level of theory in PhCIl at 298 K. It
clearly shows that the formation of tetracyclic N-heterocycle 5I, but not 511, is

thermodynamically controlled.
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Molecular Geometries and Energies

Cartesian Coordinates and Energies in Hartree

NaBAr, as catalyst

X

(O
N

©0

Br

3a

Number of imaginary freguencies: 0

O -2.74775900 1.13127200 -0.42017700
C -0.62813300 1.87082600  -0.87074200
C -2.48624500 3.01477700  -1.73395400
C 0.22647600 2.76710500 -1.47035200
H -0.31501900 1.02525800 -0.26863600
C -1.65589800 3.93480100 -2.35069900
C -0.27985300 3.82165500  -2.22558300
H 1.29518100 2.62753900  -1.33736200
H -2.11003500 4.73657400  -2.92545700
H 0.37881700  4.53881300 -2.70474700
N -1.99154300 1.97327000  -0.98709000
Br -4.34839000 3.11882500  -1.86559100

Energy (OK) = -2893.8798597

Energy (0K) + ZPE =-2893.797170

Enthalpy (298K) = -2893.789799

Free Energy (298K) = -2893.829097

[BArY,]

Number of imaginary freguencies: 0
B -0.00294500 -0.00041800  -0.00499800



o o o T 6o T o T O o O o T O IT oI 6o o o o T o T o I O O O 0

-1.30275000
-1.97861600
-1.87207200
-3.12437100
-1.59527300
-3.02943800
-1.41208400
-3.66537300
-4.56290300
-0.61962500
-0.40089700
-1.52214400
-1.02409000
0.27035000
-2.13457600
-1.75740900
-1.88928400
-2.37376300
0.75828500
1.06577600
1.23991300
1.79049600
0.73902100
1.95493200
1.05351000
2.23829300
2.79901100
1.15457300
1.16661800
2.28222000

0.93040200
0.72529100
1.86799200
1.43092900
-0.01726500
2.58067500
2.06134900
2.37521600
2.92834200
-1.51208300
-2.54147900
-1.79830600
-3.78862000
-2.37900000
-3.03703700
-1.02054700
-4.05444500
-5.02240000
0.49506900
-0.33342700
1.81529900
0.12263300
-1.37421800
2.27522700
2.50051800
1.43035200
1.78896700
0.08618500
1.02099300
-0.75216300

0.35418200
1.57186700
-0.50818800
1.91045600
2.27204800
-0.17493400
-1.47834900
1.03667600
1.30285400
-0.14901900
0.76746900
-1.19066100
0.65150700
1.61174300
-1.31829600
-1.91721500
-0.39522800
-0.49720300
-1.37009600
-2.44994800
-1.45171300
-3.55668700
-2.44130500
-2.54875500
-0.62468400
-3.62254100
-4.48258300
1.15375500
2.18984600
1.06960200
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2.22459400
0.33198400
3.33090900
2.34169900
3.31419900
4.13710400
-0.72041000
-3.06254600
-3.83176500
-3.56149900
2.45085100
2.05597100
2.13880600
452197700
-2.55484800
-3.32908200
-4.23877400
-1.42405400
0.57823600
-0.97832100
1.97606900
1.08752900
3.22842900
5.65692900
4.44745400
4.68661900
-4.61200800
-3.95239700
-2.62677800
-5.09825500

1.11003900
1.71489300
-0.67454600
-1.48233400
0.26167200
0.32608900
-4.82135100
-3.34284900
1.20675900
3.55498500
3.68311500
-0.83989900
2.14163300
-1.57158100
-4.28930300
-2.27835000
-3.82093600
-5.94811400
-5.16464500
-4.36834800
3.37413600
1.92741800
2.17650500
-0.86801200
-2.42508400
-2.30688500
4.24923900
2.94168300
4.44731200
0.80037300

3.10070900
2.30012800
1.97534700
0.26202200
3.01006500
3.71828600
1.68764000
-2.44913700
3.20782300
-1.17452200
-2.62501400
-4.66785000
4.17794100
1.87327500
-3.25742200
-3.21205800
-2.01055800
1.52682900
1.67823400
2.92495800
3.67161800
4.98599500
4.95354600
1.72083500
0.84751200
2.98637100
-0.72146700
-2.30380000
-1.53930300
3.01519800



-3.91012800
-3.23818600
1.94851100
3.78727300
2.13634200
2.76704700
0.91414900
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2.73137300
Energy (0K) = -3646.366217

Energy (0K) + ZPE = -3645.959627
Enthalpy (298K) = -3645.909235
Free Energy (298K) = -3646.053081

|
®
ITI/ ArF

©0

Number of imaginary freguencies: 0
0 2.31067800
3.91929500
1.63015000
4.30836900
2.01384200
3.34573900
5.36942700
1.23245600
3.62524500
2.60417300
0.21398300

-0.23422200

O O O 2 T IT IT O O O O O

-0.72890700

2.33784600
0.28969000
4.32649500
3.73118200
4.40790900
-0.30113500
-1.30164500
-1.91854300

1.17519400

-0.21248400
-0.67961800
-1.33569500
-1.81450200
-2.16175100
-1.54900600
-2.41783100
-3.04720000

0.12737400

-0.31647600
1.00725900

-1.32880100

3.92895800

3.97744100
-3.69260000
-2.75730500
-1.54702900
-5.66535600
-5.20351700
-4.23994000

-0.84204600
-0.02226300
0.37581300
0.67125000
1.08596600
1.24259700
0.76112200
1.54072600
1.80488200
-0.17719600
0.19877400
0.27316200
0.00769200
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H

-1.59003600
0.48333900
-2.08344500
-0.40497300
-2.52888500
-3.58516500
-3.03906900
-2.01116100
-4.31308100
-2.93012400
-2.79439200
-3.33496400
-1.44400900
-1.64295300
4.60042200

Energy (OK) = -1227.9884474

Energy (0K) + ZPE =-1227.804312

Enthalpy (298K) = -1227.786513

Free Energy (298K) = -1227.851501

BAr; (Ar=Ar")

Number of imaginary freguencies: 0

B

I O I O O O O

-0.01688600
-0.96995600
-2.20916300
-0.62166500
-3.04486700
-2.51232300
-1.47593200

0.32883100

1.29249200
1.81056700
-1.02719700
-2.36468100
0.28448200
0.52020600
-2.15696500
2.72807400
-1.75660900
-3.09098300
-2.77667800
2.86678200
3.36531200
3.39304000
0.48481400

-0.01829600
1.21887900
1.14993700
2.43848900
2.25469400
0.22087500
3.53864200

2.53479900

0.17669300
0.40665800
-0.09596700
-0.08001000
-0.01338900
-0.09708800
-0.32275100
0.23862400
-0.34526600
0.63375100
-1.48653800
0.36153800
1.27207700
-0.86604100
-0.49678300

0.09810600
0.03606600
-0.62511900
0.62858800
-0.69825500
-1.10365800
0.57768200
1.15321500



m m M o m o O O O O o T O T O I O O o o I O O IT O O o o T O

-2.68755700
-3.35050200
1.53256600
2.13663900
2.37108800
3.51955300
1.52015000
3.74365400
1.93786100
4.33055900
5.40871200
-0.60605200
-1.82809200
0.06944200
-2.34051100
-2.38366700
-0.45720500
1.01960300
-1.66403400
-2.06729400
-3.64688600
0.30272900
4.64415700
4.09659000
-1.02806600
-4.34906100
-4.01309000
-4.63573700
-3.59660900
-0.23264100

3.45782300
4.31853400
0.19010200
1.24755000
-0.67869100
1.42271600
1.94010600
-0.48351600
-1.50838800
0.56566000
0.70750900
-1.46635200
-1.75486000
-2.53140300
-3.04816000
-0.95824100
-3.81844400
-2.35233600
-4.08921500
-5.09733100
-3.28022800
-4.89468000
-1.37902500
2.56634200
4.80724200
2.20467400
-4.56421400
-2.57952600
-2.88639900
-6.10494200

-0.09092300
-0.14423600
0.12783500
-0.56231100
0.84809200
-0.55034900
-1.13548400
0.88287100
1.40242100
0.17692700
0.19857500
0.12058800
0.74584700
-0.49261400
0.76744800
1.24071400
-0.49086600
-0.99554300
0.14293300
0.15052500
1.46162400
-1.20189400
1.67561700
-1.32590700
1.23557600
-1.43212200
1.45378800
0.88756000
2.74178400
-1.02545500



0.34923700
1.57449300
5.30007900
5.58027400
3.98296200
3.76542300
5.42910900
3.62956100
-0.73098800
-1.95072000
0.08438100
-5.37769900
-4.59190300

m T m M M M M M M m m M T M

-4.38045100
Energy (0K) = -2740.8853313
Energy (0K) + ZPE = -2740.578445
Enthalpy (298K) = -2740.540592
Free Energy (298K) = -2740.655204

Br-

Number of imaginary freguencies: 0
Br 0.00000000

Energy (0K) = -2571.3834097

Energy (OK) + ZPE = -2571.383410

Enthalpy (298K) = -2571.381049

Free Energy (298K) = -2571.399585

1d
Number of imaginary freguencies: 0

C 0.71495600

-4.66622300
-4.95323600
-0.69333900
-1.94226800
-2.36616400
2.49252900
2.61498800
3.74120700
4.60727200
5.77086500
5.28438100
2.49734500
1.00649100
3.10317500

0.00000000

2.06071400

-2.52263400
-0.78327400
2.62308700
0.89849400
2.28455400
-2.62273000
-1.25602700
-0.88048300
2.52721000
1.18144500
0.65891800
-0.62343800
-1.96795700
-2.42729700

0.00000000

1.57711500
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1.88211800
3.25394000
4.14189700
3.72467300
5.47584400
3.77337000
5.06074000
3.03155000
5.93787600
6.15964400
5.41943600
6.98345100
-1.25869800
-0.60032800
0.03297700
0.79774900
2.19460200
0.17266200
2.94559900
2.67517500
0.93352400
-0.90979300
2.31847700
4.02668200
0.44197500
2.91009000
-2.07359000
-2.80473200
-2.77032800
-0.76801800

2.28966800
2.55554600
1.50015100
3.87685100
1.76674200
0.47669500
4.13317200
4.69207900
3.08081600
0.94446400
5.15958700
3.28536400
3.08757900
3.64644400
4.10915400
4.64700300
4.50570400
5.31811300
5.01974400
3.98811700
5.84177400
5.42428100
5.69133200
4.90140000
6.36474900
6.09787200
4.17870900
3.34728800
5.11443600
5.02848400

1.81391400
2.10355500
2.35758200
2.13106500
2.63622600
2.33491900
2.41005200
1.93073500
2.66347000
2.83335800
2.42999900
2.88207900
0.60728900
-0.42931100
-1.35610000
-2.43272700
-2.43500500
-3.49451000
-3.48356100
-1.60652900
-4.53160800
-3.49232300
-4.53110500
-3.48087500
-5.34878200
-5.34817000
1.65210800
2.59600500
0.78691800
2.49934700
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-1.23017500
-0.11005700
-0.22047100
-0.83836500
-0.26621700
-1.90013200
-0.37767900
-1.21440700
0.89970500
-0.78506500
-2.21428600
1.33219600
1.55917200
0.49067900
-1.44895300
2.32890400
0.82705600
-0.67911500
-1.29177400

Energy (OK) = -1567.6681343

Energy (0K) + ZPE = -1567.274869

Enthalpy (298K) = -1567.247779

Free Energy (298K) = -1567.334385

TSa

Number of imaginary freguencies: 1

C

C
C
C

-0.02194100
0.67921200
1.50342100
1.67198900

5.79607500
5.49027300
4.30916000
0.69291700
0.93821000
0.64748900
-0.61366200
-1.33497000
-1.11012800
-2.52700300
-0.95513900
-2.30316000
-0.54971400
-3.01412300
-3.07991100
-2.67924700
-3.94758300
1.84510600
1.62083500

-2.26825700
-2.75607500
-3.34818100
-4.74057200

3.12682200
1.75716000
3.11475800
0.19392500
-0.71032900
-0.07883800
0.77446900
1.63028100
0.50578000
2.20432000
1.84225900
1.07781900
-0.15705700
1.92926500
2.86557300
0.85620200
2.37532000
1.19693200
2.08129700

2.04471800
2.90467700
3.90767800
3.93791300
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2.14872200
2.47457500
1.16580700
2.94750000
2.01701500
3.11193300
2.60212700
3.44434600
3.73843400
-0.94774500
-0.68949400
-0.55784600
0.51068800
0.69287400
1.36082100
1.70375400
0.04881100
2.36383100
1.20826400
2.53638700
1.83700200
3.00942200
3.31813500
-1.51207800
-2.31843600
-2.06946200
-0.00202400
-0.26720600
0.63634700
0.46958100

-2.55011600
-5.31962400
-5.35457500
-3.13967100
-1.47020700
-4.52278000
-6.39929700
-2.51682700
-4.98083700
-0.26020700
0.49696700
1.16756200
1.73150300
3.10923200
0.84311600
3.58459400
3.80837200
1.32816200
-0.22976200
2.70026700
4.65788000
0.62854600
3.07849700
0.52940300
-0.46778100
1.79950600
0.82603600
1.35468300
1.45197200
-0.13434500

4.86277300
4.91184000
3.19534800
5.83373300
4.83348100
5.86037800
4.93219800
6.57374800
6.62214900
1.00350900
-0.02189400
-1.06721400
-1.88117900
-2.04240200
-2.55731500
-2.87159400
-1.51540400
-3.38697100
-2.45037600
-3.55115000
-2.98707300
-3.91283700
-4.20552300
2.48097600
3.15694000
2.05537200
3.34964500
4.27040700
2.72029800
3.57371700
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-0.29098200

0.75977500
-0.83395400
-0.42981500
-1.50527800

0.49363600
-1.66711500
-2.22194300

0.33188800

1.34518800
-0.74875100
-2.50837100

1.05779800
-0.86992900
-0.85097400
-1.87462500
-2.61929600
-3.65675200
-3.71515500
-4.63970100
-4.68414900
-2.99775900
-5.60848100
-4.67433500
-5.63691100
-6.38836900
-2.53624900
-2.63299400
-2.39786700
-2.57943300

-2.20772600
-1.89163600
-1.67610200
-3.68684600
-4.16206900
-4.60264000
-5.52325200
-3.44955100
-5.96616100
-4.24225000
-6.42978200
-5.87022300
-6.66974700
-7.49570700
-1.76886000
-2.15146300
1.35505900
0.78611000
-0.56644900
1.61945000
-1.04392200
-1.27402300
1.14676000
2.67175000
-0.18630800
-0.56417700
2.94414900
3.64438200
3.71181700
5.03995300

-0.40733900
-0.46060300
-1.19904600
-0.63703200
-1.38972500
-0.12661100
-1.62347300
-1.79761900
-0.35349000
0.45009600
-1.10070600
-2.22033200
0.04926200
-1.28098000
0.95699000
1.07700800
-1.89030300
-0.81232100
-0.42968300
-0.26670800
0.44480200
-0.84358500
0.61864200
-0.54288300
0.98924700
1.67777000
-1.97023300
-3.17361100
-0.79864200
-3.21498400
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-2.76201300
-2.33981000
-2.31785400
-2.42815500
-2.38101900
-2.41697000
-1.44082500
-3.23056600
-1.26416300
-0.79627300
-3.05929200
-4.04017800
-2.06545900
-1.92529500
-3.96478100
-0.14117800
-2.67005000
-2.22838300
-6.60578000
-4.73125000
-0.41735400

0.15945500

0.97978200
-3.76523000
-5.25611900
-3.79174200
-1.62904600
-3.77299300
-2.69505200
-1.38613500

3.10421800
5.09688100
3.21122500
5.77893800
6.86435300
0.49324000
0.80965700
-0.60912900
0.04621600
1.67428400
-1.37257700
-0.88434900
-1.06292400
-1.66008000
-2.54495100
0.36499500
5.70564600
5.89385000
2.12515600
-2.48059900
0.00782400
1.66837100
-0.29024900
-3.14129400
-2.18983400
-3.48099800
5.37872800
5.32760800
7.03873900
6.92834900

-4.11118000
-0.84002100
0.16611600
-2.05395800
-2.08538100
-3.22361800
-4.18695400
-3.51768500
-5.33509200
-4.04672600
-4.67216000
-2.84403400
-5.58750400
-6.48433300
-4.88524100
-6.27150100
-4.55193400
0.42118400
1.15512100
0.86174900
-7.53192700
-6.28285500
-5.92423700
-6.06360300
-4.82987500
-3.93481600
-5.33332100
-5.21435700
-4.46422000
0.28059400
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-3.41243900
-1.79287600
-5.97023400
-4.34821100
-3.93250400
-7.51837900
-7.26735300
-6.00998000

Energy (0K) = -4308.5606161

Energy (0K) + ZPE = -4307.856010

Enthalpy (298K) = -4307.792558

Free Energy (298K) = -4307.960283

A

Number of imaginary freguencies: 0

C

O Z2 I I T O I O IT O O O O O

0.05402700
1.26308600
2.68600900
3.42057100
3.35719600
4.80730200
2.89184400
4.74457900
2.77919100
5.47067400
5.37481400
5.26125100
6.55713400
-1.71565300
-1.38711600

6.41455800
5.16333700
-2.98138300
-2.63495500
-3.25839600
1.55180100
2.74262800
3.09023800

1.75328400
1.79073600
1.82549300
0.63263600
3.05746600
0.67637900
-0.31850600
3.08982200
3.97955500
1.90199400
0.25014000

4.04693400

1.93159200
3.24741500
3.78898000

0.77905400
1.45194700
0.77150100
2.13754600
0.12039000
1.94523100
0.16505500
1.86999800

1.46061100
1.54506200
1.62900500
1.68426100
1.62262500
1.73451600
1.68408800
1.66816900
1.56787500
1.72489700
1.77668000
1.65355600
1.75962300
0.89863200
-0.20437900
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-0.99505900
0.47602500
0.97332200
1.35159100
2.34228400
0.29175700
2.71664400
0.95250800
3.21369200
2.72724800
3.39322000
4.28174900

-2.18981700

-2.47202200

-3.19963100

-0.67231200

-0.84624900

-0.41412400
0.09784100

-1.85761200

-1.33935400

-2.92884500

-1.60864300

-2.56114500

-0.41780200

-2.32528400

-3.49696600

-0.18002800
0.32414400

-1.13356900

4.40211000
4.68550900
5.96461700
3.64525100
6.20117900
6.77334200
3.89379000
2.65277700
5.17239400
7.19891600
3.08347200
5.36384900
4.36132700
3.47676800
5.23294700
5.23331100
5.94819800
5.75839900
4.50780800
0.89583500
1.18284100
1.08247700
-0.55112300
-1.28967400
-1.17038300
-2.62378200
-0.81181200
-2.50391900
-0.60024000
-3.23247100

-1.26560700
-1.26543000
-1.00167400
-1.59072400
-1.09623000
-0.74135600
-1.68550700
-1.79557100
-1.44527000
-0.89877900
-1.94765000
-1.51902200

2.24914700
3.36066500
1.68497600
2.49083400
3.30148800
1.56551800
2.77001200
0.09555700

-0.82930900

-0.03793600
0.40961900
1.11491900
0.02303700
1.43254100
1.40547800
0.34046000

-0.53657800
1.04733600
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-3.07672400

0.74924600
-0.95019600
-1.38123600
-1.94848000
-2.06266900
-3.50651500
-3.62249700
-4.68636100
-4.83617200
-2.73833500
-5.91013800
-4.66648200
-5.99833100
-6.94814400
-2.07560300
-1.70906200
-2.43448000
-1.67649000
-1.42839500
-2.39093800
-2.75173700
-2.00389500
-1.96121200
-1.40927300
-0.11707200
-2.11313600

0.44051200

0.48327000
-1.56344800

-3.19098400
-2.97695300
-4.27626600
1.80478800
1.57563500
4.91659500
4.22189800
2.82120500
4.94102400
2.18441200
2.21060900
4.30573000
6.03077000
2.92451200
2.42697400
6.52818900
7.47024200
7.03780800
8.83691100
7.14154500
8.39654800
6.35290300
9.31743000
10.37870700
4.48121800
4.87934000
3.72683000
4.52349300
5.49505500
3.37833700

1.97745000
0.03001600
1.29266800
1.23069000
2.14208300
-2.51267800
-2.23812800
-2.21050000
-2.04048500
-1.98489000
-2.39261300
-1.81195400
-2.06516000
-1.77405800
-1.59352300
-2.27286300
-3.23810200
-1.01749000
-2.95572300
-4.23884100
-0.72774100
-0.23050800
-1.69453600
-1.46975200
-3.93902900
-4.31872400
-4.88498500
-5.54353300
-3.64873300
-6.11850400



H -3.12927700 3.39871900 -4.66786800
C -0.27510300 3.76437900  -6.46096600
H 0.15936200 3.49030500  -7.41749200
C -2.38720100 2.53945800 -7.04268700
C 1.82182500 5.00714200  -5.85052500
C -1.27377200 9.77105200 -4.05233800
C -2.74244600 8.81631000 0.66315700
C -7.11988300 5.16194200  -1.60945400
C -4.93539000 0.69326500  -1.92015400
F -3.62034400 3.04198000  -7.20231300
F -1.84513800 2.42402000  -8.25992900
F -2.54695300 1.29455100 -6.56359600
F 1.86904500 6.34682700  -5.92086300
F 2.29036000 4.53486000 -7.01056800
F 2.69557200 4.65078600  -4.89508000
F -1.20397500  11.04380600 -3.64758000
F -2.13824900 9.72770300  -5.07755200
F -0.07285300 9.45002400  -4.55789800
F -4.00687200 8.50157300 0.97455300
F -2.59844300  10.13029500 0.86108500
F -1.96433000 8.19187500 1.56699100
F -5.95046900 0.22650200 -2.65802300
F -5.16417500 0.27695300  -0.65896500
F -3.82277400 0.07744500 -2.33406600
F -8.23332800 444620200 -1.41782700
F -7.33826400 5.96144700 -2.66476200
F -6.97912500 5.96941100  -0.54755000

Energy (0K) = -4308.56676
Energy (OK) + ZPE = -4307.863748
Enthalpy (298K) = -4307.799614



Free Energy (298K) = -4307.969303

TSg

Number of imaginary freguencies: 1

C
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0.13924800
0.87350700
1.74932200
1.48277800
2.88170400
2.33911200
0.60278000
3.72883200
3.08280300
3.45936100
2.12865300
4.60390000
4.12419000
-0.85489300
-0.32583700
-0.44434100
0.73073900
1.10250200
1.43066500
2.15142500
0.57886500
2.46268500
1.14069300
2.83002200
2.43476400
2.98394300

1.22344500
0.84219500
0.47134200
-0.64961900
1.25790500
-0.97489800
-1.25419300
0.92700900
2.12274300
-0.18819100
-1.84531300
1.54002700
-0.44514700
3.19694400
3.99518900
4.57724800
4.99052900
6.32050100
3.97668800
6.62103800
7.12849700
4.28260200
2.93850000
5.60723600
7.66096000
3.47812200

1.57047800
2.45644600
3.51966500
4.31861900
3.78208600
5.36229500
4.11158100
4.83108300
3.15204000
5.62191200
5.97917400
5.03354000
6.44329100
0.54950200
-0.35357200
-1.51939700
-2.33017700
-2.55686700
-2.99687500
-3.42057600
-2.05242000
-3.87784900
-2.84359800
-4.09149300
-3.57051300
-4.39243100
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3.63905800
-1.45757300
-2.49734500
-1.74859300
-0.11261600
-0.38804600
0.80018500
-0.01700300
-0.11435600
0.92172200
-0.67303900
-0.17329300
-1.21164000
0.80177100
-1.28429300
-1.96438900
0.73026300
1.62547800
-0.31450800
-2.09690100
1.49708100
-0.36763700
-0.70415900
-1.71470400
-2.02610300
-3.25039500
-3.41744500
-4.24021500
-4.47831100
-2.70104300

5.84927600
3.91968900
3.02028900
5.29881100
3.95958200
4.72990400
4.23385900
2.98564800
1.29064300
1.65720500
1.80264900
-0.19182400
-0.72641600
-1.05337200
-2.09441500
-0.05726800
-2.42214100
-0.64266300
-2.94640600
-2.49346200
-3.08157500
-4.01606800
1.69456400
1.27599500
4.89149600
4.32688600
2.96209500
5.17439500
2.48702600
2.23973000

-4.77685000
2.02464700
2.49073100
1.65862600
3.18688600
3.91363500
2.65111200
3.66770000
-0.88232500
-0.92161400
-1.67486100
-1.12563900
-1.89211200
-0.61683100
-2.13479700
-2.30986200
-0.85600300
-0.03445900
-1.61303600
-2.73813800
-0.45499800
-1.80367200
0.48039800
0.58491300
-2.18265400
-1.26154900
-0.96291500
-0.75527000
-0.20204900
-1.34874300
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-5.30909100
-4.19121700
-5.43649500
-6.26017400
-2.04539800
-2.37766400
-1.71902300
-2.34532500
-2.66051600
-1.67345700
-1.48714000
-1.97785500
-1.93268200
-2.02880300
-1.16483900
-2.85290400
-1.10104600
-0.51574700
-2.79607200
-3.57936500
-1.91320800
-1.85818000

1.50847800

2.17687900

3.46894600

4.06599200

3.36459000

2.09340600

4.01165400

0.49734300

4.70613800
6.24393500
3.36005000
2.98837300
6.52523200
7.30507200
7.22266600
8.70325300
6.82473100
8.60792600
6.65937700
9.37011500
10.45595100
4.24523100
4.72339400
3.18250200
4.14951100
5.57115200
2.60077200
2.78013700
3.06859400
2.61408300
6.42111500
7.61937000
7.63581000
6.43884900
5.25384400
5.25679100
8.56973100
6.31835800

0.01327300
-0.95656700
0.30671300
0.91103900
-2.18247200
-3.28918300
-1.00490500
-3.24375800
-4.22618800
-0.95915100
-0.10284800
-2.08750600
-2.05487700
-3.68824500
-4.69409500
-4.06607700
-5.95572600
-4.49127600
-5.33643900
-3.36162800
-6.29365600
-7.28002600
0.67724000
0.55652100
0.03975000
-0.33007400
-0.19188200
0.29281500
-0.06827500
1.06507400



H 1.67412500 8.53038900 0.86487100
5.07734000 6.40706500 -0.72312900
@) 1.43936900 4.12426100 0.41586600
Br 4.11730200 3.60110200 -0.60407300
C -2.69206400 9.45299400  -4.49035400
C -1.24996700 9.32730500 0.27972900
C -0.14322300 4.65496500  -6.98584200
C -3.69324700 1.43861400 -5.61379500
C -4.61575400 1.03984300 0.14465000
C -6.30340300 5.70272700 0.51613800
F -2.65137500  10.77972800  -4.32714700
F -3.92272300 9.14413700  -4.92533300
F -1.85171000 9.15274700  -5.49381800
F -0.12904200  10.04560200 0.06510200
F -2.17497200  10.19853800 0.70197900
F -0.98694500 8.49973400 1.29987200
F -0.77463900 5.03896400 -8.10693100
F 0.72491700 3.69808600  -7.35604500
F 0.57853900 5.69719600 -6.56189800
F -3.61906100 1.01504500 -6.87980500
F -4.97842500 1.73188400 -5.36659200
F -3.39280300 0.38764500  -4.82962000
F -6.88483100 6.37239900  -0.49185300
F -5.72499800 6.62848600 1.29686800
F -7.28437300 5.14145200 1.23158200
F -5.83057100 0.56629200 -0.17189500
F -4.45998800 0.83001800 1.46047600
F -3.71624000 0.26543800  -0.48019000

Energy (OK) = -7202.4634466

Energy (0OK) + ZPE = -7201.675234



Enthalpy (298K) = -7201.604553

Free Energy (298K) = -7201.785823

B

Number of imaginary freguencies: 0

C
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1.18995300
1.98349300
2.92144200
2.87456400
3.89761800
3.78864500
2.11788300
4.80436400
3.93332200
4.75120000
3.74753600
5.55632400
5.46182900
0.14116900
0.90707900
0.61995400
1.77260200
2.12037600
2.48857500
3.13569400
1.60241200
3.49050500
2.22716900
3.81598300
3.38833000

-2.88769600
-3.28469300
-3.67513200
-4.95083400
-2.75892500
-5.29723800
-5.65879300
-3.11325700
-1.77359300
-4.38139200
-6.28767800
-2.39802700
-4.65671700
-0.88629500
-0.06643600
0.45238900
0.90143100
2.23827800
-0.09551700
2.55952900
3.04067400
0.22731300
-1.14018700
1.55866500
3.60486000

2.80120600
3.62788800
4.62995700
5.21016200
5.05148600
6.19686100
4.87960600
6.04132100
4.58961400
6.61620000
6.64397900
6.36646900
7.39196400
1.84948900
1.02890100
-0.17209400
-1.01067500
-1.24941800
-1.68907800
-2.14545000
-0.72848900
-2.59850300
-1.52621700
-2.83491300
-2.31195500
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4.01182200
4.59649000
-0.50489200
-1.65300300
-0.65170800
0.69882700
0.31950400
1.66445300
0.77343500
0.82239700
1.87816300
0.28293100
0.66780700
-0.39767500
1.57080400
-0.57165200
-1.09749300
1.39847900
2.41652200
0.32604500
-1.40620400
2.10945200
0.19554800
0.29286700
-0.71240000
-0.93121600
-2.18923900
-2.41815000
-3.16206200
-3.52154200

-0.56814900
1.81591700
-0.21035300
-1.02277800
1.21521200
-0.31647400
0.33361000
0.04894300
-1.34607700
-2.78166900
-2.48133800
-2.21115200
-4.25009800
-4.68305000
-5.19793200
-6.03233300
-3.94702300
-6.54942600
-4.87051500
-6.97041300
-6.34591000
-7.27668800
-8.02699000
-2.37721700
-2.80219200
0.67719400
0.15261500
-1.20527200
1.03057600
-1.64226200

-3.12694400
-3.54733200
3.26434400
3.63467800

2.96970000
4.57336400
5.36797900
4.21363300
4.92466400
0.37419100
0.31291400
-0.39102000
0.08895200
-0.70305300
0.57771800
-0.99175200
-1.09788200
0.29355000
1.18113700
-0.48925300
-1.61596400
0.68034400
-0.71335100
1.76573500
1.90338100
-0.84619800
0.07452400
0.36975200
0.56297500
1.09135300
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-1.71671800
-4.26648400
-3.07664900
-4.46008100
-5.31683300
-1.00907000
-1.28083500
-0.76652200
-1.25869500
-1.50493800
-0.72756700
-0.60864800
-0.96239600
-0.92067500
-0.95103100
-0.08141700
-1.79430100
-0.01738000

0.56986300
-1.74074000
-2.53685600
-0.84082300
-0.78838300

2.28232800

2.96300400

4.27881200

4.89879700

4.18945000

2.89822100

4.83025400

-1.95721200
0.60309800
2.09796300

-0.73773400

-1.08030600
2.31526000
3.05019000
3.06444500
4.45031600
2.53499400
4.44964600
2.53564500
5.16628400
6.25266500

-0.02417500
0.41025700

-1.08011700

-0.20030300
1.26167600

-1.69885700

-1.44848200

-1.27936200

-1.76463500
2.29705900
3.49377300
3.52828700
2.35600600
1.16878900
1.17957500
4.46322900

0.01433000
1.30526800
0.36567500
1.58116200
2.15581300
-0.94756800
-2.10038700
0.21756500
-2.10801500
-3.03503500
0.21370100
1.15518800
-0.96028000
-0.96839600
-2.33912400
-3.35981700
-2.69832000
-4.60558200
-3.18696500
-3.95159900
-1.99180400
-4.91685000
-5.88830800
2.05015500
2.03666900
1.58218300
1.17189700
1.19111600
1.60141300
1.56305200
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1.25933100
2.45893100
5.93076900
2.24951500
4.96814600
-1.53926300
-0.36355500
0.99786200
-2.66750800
-3.72401900
-5.23338900
-1.51052800
-2.74464900
-0.64608700
0.79790600
-1.27918300
-0.19816500
0.49221000
2.04162500
1.49902200
-2.61425800
-3.94335000
-2.38811600
-5.77097800
-4.63982500
-6.24919000
-4.97706700
-3.53158000
-2.89712500

Energy (0K) = -7202.4755344

2.16970000
4.38726900
2.34696300
-0.01695800
-0.45509400
5.14939700
5.20769600
0.24190300
-2.84234500
-3.08451400
1.63623400
6.48208500
4.81969700
4.81569100
5.87463400
6.12812700
4.41357300
0.28359800
-0.60644200
1.45364100
-3.27941100
-2.51658200
-3.89631900
2.32388200
2.54498700
1.11372300
-3.48365300
-3.32712300
-3.89793800

2.40437000
2.38908600
0.83662400
1.64168600
0.73388200
-3.39933900
1.44671700
-5.61023800
-4.20869100
1.42413600
1.78402700
-3.28548200
-3.88763800
-4.34527200
1.28054100
1.77271100
2.51441700
-6.85214100
-5.65779800
-5.34393100
-5.47153500
-3.95368900
-3.41902000
0.76260700
2.57423500
2.48113400
1.14985600
2.73038300
0.75400600



Energy (0K) + ZPE = -7201.683858

Enthalpy (298K) = -7201.613466

Free Energy (298K) = -7201.794477

TSc

Number of imaginary freguencies: 1

C
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0.30268500
1.16330700
2.17483900
2.43757200
2.91724500
3.42717900
1.85784000
3.90365500
2.70969000
4.16048900
3.62709800
4.47613600
4.93405600
-0.88689700
-0.06019300
-0.51669100
0.61869400
0.98142000
1.35271100
2.02754400
0.46387800
2.37042900
1.08323100
2.71071000

-2.18038300
-2.56750900
-3.00543400
-4.37396800
-2.06745500
-4.79172000
-5.09673400
-2.49530400
-1.00686500
-3.85584900
-5.85391100
-1.76401700
-4.18785700
-0.29598600
0.41485400
1.11784700
1.60442200
2.95077300
0.64625600
3.32700000
3.71180000
1.02895300
-0.40567600
2.37423800

2.06346700
2.82499800
3.73077200
3.89112500
4.46287000
4.77154900
3.31992200
5.34173000
4.33065000
5.49766900
4.89227500
5.90763200
6.18623200
0.99775100
0.09252200
-1.02648200
-1.85695200
-1.97754900
-2.57527400
-2.81774800
-1.40006800
-3.43666700
-2.48523800
-3.56445200
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2.29838400
2.90295900
3.51251100
-1.63600000
-2.80248100
-1.76914200
-0.50695300
-0.94131000
0.46876600
-0.41904400
-0.34449000
0.72142200
-0.91257100
-0.66820200
-1.90791700
0.22267300
-2.26693500
-2.59536800
-0.13105000
1.20113600
-1.37720500
-3.24106400
0.57208200
-1.65089800
-0.70283700
-1.68362300
-2.05005600
-3.34422200
-3.58467200
-4.37716900

4.37787200
0.27121300
2.67498700
0.48035100
-0.30903600
1.87740300
0.44727100
1.09934800
0.83015600
-0.57449400
-2.35863300
-2.18140400
-1.82223100
-3.82275300
-4.21570100
-4.80380600
-5.55807100
-3.45288200
-6.14948300
-4.50950200
-6.52956100
-5.84063100
-6.90515100
-7.58170700
-1.77082300
-2.16618500
1.37560500
0.85726600
-0.48168100
1.74056900

-2.89138600
-4.00661600
-4.23476000
2.28835600
2.65412100
1.88044800
3.66353900
4.42770700
3.34958700
4.03858900
-0.30094800
-0.49556500
-1.07273000
-0.37979000
-0.88616200
0.06068200
-0.93557000
-1.25020500
0.00934500
0.43983300
-0.48363700
-1.33024900
0.35397700
-0.52132300
1.08371900
1.38409100
-1.62694100
-0.75326300
-0.40894100
-0.40450100
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-4.76984900
-2.83067400
-5.54726900
-4.28593700
-5.76792800
-6.68773700
-2.18570600
-2.68632100
-1.87886700
-2.83834500
-2.97505800
-2.00640500
-1.53859700
-2.48432500
-2.58365800
-1.96887900
-1.20461200
-2.54238900
-0.99783400
-0.73673100
-2.32917300
-3.18964000
-1.54180100
-1.35617000

1.41105600

2.09512300

3.47322900

4.13722100

3.39377000

2.08822700

-0.91146800
-1.23943600
1.32704700
2.80100400
-0.01027900
-0.33941700
2.99989600
3.63541300
3.83316600
5.02216100
3.04264300
5.21652200
3.38607000
5.83324500
6.91278000
0.59825500
1.12052400
-0.65602600
0.42147300
2.09748300
-1.37023100
-1.10978600
-0.84561200
-1.40207400
2.67961900
3.85050100
3.87657900
2.74515600
1.59820700
1.61366100

0.18350000
-0.61518600
0.22907500
-0.63231100
0.52309000
0.99634200
-1.80040200
-2.93971300
-0.71674000
-3.00450300
-3.80849000
-0.78471300
0.21930900
-1.93442100
-1.99136500
-3.09670900
-4.15549900
-3.33162300
-5.33946300
-4.05294300
-4.51132800
-2.58672100
-5.52514400
-6.44163700
1.26781700
1.55116100
1.35369400
0.89526000
0.64648100
0.86618800
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4.03562500
0.32238500
1.54830800
5.20862000
1.22986500
4.19751300
-2.85788700
-0.08344000
-3.38226900
-1.56197500
-6.55279100
-4.94521400
-3.21471000
-3.92318500
-1.92748500
-0.57481600
1.10831700
0.16099000
-4.60298000
-2.60788400
-3.48492900
-1.71236100
-2.21839000
-0.25310700
-7.69664700
-6.86700300
-6.08435000
-3.96952200
-6.10607800
-4.90854800

4.78519000
2.57458700
4.71974200
2.74239600
0.23356500
0.02691600
-2.76329100
0.95707400
5.61405200
6.00716200
2.37094500
-2.37267000
-3.05077600
-2.99162500
-3.66977100
0.76366700
0.33289000
2.26441400
5.13574900
5.32299500
6.94653600
7.32430300
5.65868700
5.78644800
1.85128200
3.14840700
3.19684900
-2.87676000
-2.66761400
-3.07075000

1.54876500
1.34875700
1.89975300
0.71941200
0.25813300
0.01385600
-4.64609400
-6.39454000
-4.26580300
0.40088900
0.59298600
0.43137200
-5.90447800
-3.86762100
-4.29578000
-7.62700000
-6.36277500
-6.26365400
-4.55052200
-5.32286200
-4.20884000
0.24314000
1.51538900
0.65505900
1.05467100
-0.45538100
1.54283700
1.20492200
1.02339100
-0.72180400



Energy (0K) = -7202.4544928

Energy (0K) + ZPE = -7201.663507

Enthalpy (298K) = -7201.593694

Free Energy (298K) = -7201.771993

[N]

Number of imaginary freguencies: 0

C

Z I T T O O I O O

Br

-0.66222800
-2.44633000

0.22819700
-0.29992700
-1.66377200
-0.28718400

1.29860500
-2.11410100

0.37369000
-1.99191000

-4.34968200

Energy (0K) = -2818.7547599

Energy (OK) + ZPE = -2818.676382
Enthalpy (298K) = -2818.669819
Free Energy (298K) =-2818.707215

C

Number of imaginary freguencies: 0

C

»w W 2 O

-0.19565600
0.17587500
1.45963500

-0.69270300
1.67330200

1.87527400
2.98590800
2.76167500
1.03962600
3.93956000
3.81245400
2.63017700
4.74241600
4.53012700
1.98240500
3.12982000

-0.30061600
-1.72145400
-2.18583800
-0.02251300
-3.89619800

-0.87516100
-1.71231100
-1.46655300
-0.27749400
-2.35394500
-2.21943400
-1.33902700
-2.92931800
-2.69924400
-0.99440100
-1.87332600

1.70039400
2.00906800
2.10923000
0.14972400
2.41641000
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3.10666300
1.02066400
2.69930100
2.46796000
2.48477000
2.42549200
3.01071400
1.77549300
2.93394700
3.52434400
1.69367400
1.34409100
2.27261900
3.38320800
1.17876000
2.21068900
3.29270000
2.54985400
3.47755000
4.56680800
5.72223100
4.60421700
6.89165900
5.70003500
5.77391400
3.70919900
6.91860800
7.78568900
5.79173000
7.83348300

-4.03675500
-4.63943700
-1.41333600
0.01103400
1.20727200
2.59461700
3.53464400
3.02737500
4.88669600
3.18775800
4.38307800
2.28932100
5.31217100
5.61287800
4.71460200
6.37396300
-1.74250500
-1.50061300
-2.82392700
-0.98533200
-1.30944300
0.08265600
-0.57701800
-2.14995700
0.81628500
0.32542100
0.48952500
-0.84070400
1.64287100
1.06121000

2.62990000
1.35522700
1.84262100
2.02637500
2.24443700
2.54060800
1.67854500
3.70795400
1.97983500
0.78390900
3.99275000
4.38133500
3.13102600
1.30734800
4.89165500
3.35788000
0.46025700
-0.30747300
0.42718600
0.22556300
0.94120300
-0.67286400
0.76503300
1.63636700
-0.85302000
-1.24802200
-0.13096800
1.32623700
-1.56008000
-0.27066200
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-0.55217600
-0.35235900
-1.19189800
-0.82080000

0.15743300
-1.66834800
-1.32228000
-1.49347600
-0.67738700
-2.17383500
-1.87545100
-0.80514500

0.85096600
-0.51914200

0.74752600
-1.61146600

0.90101600

1.64305500
-1.46273600
-2.62587800
-0.20582900
-0.08253400
-2.31109600
-2.87792600
-3.19964400
-4.24729700
-2.23568200
-4.57362000
-2.84477300
-5.11781400

0.45762300
-0.06765600
1.71664600
0.60125700
-1.01996500
2.37781300
2.15683800
1.81843400
0.17858400
3.33289500
2.33514800
-2.43289700
-4.14301900
1.53127100
2.08937800
2.30715100
3.26483900
1.55620700
3.52514100
1.95590600
4.00424100
491884700
-0.39122700
-0.52694200
-0.45438200
-0.66825200
-0.48444800
-0.61634200
-0.37069900
-0.71717600

2.85832600
4.16560100
2.74146500
5.27673800
4.29968800
3.85985300
1.75876900
5.12388600
6.26713600
3.74861700
6.00118300
2.18962900
3.96265900
-0.36660600
-0.61755600
-0.76897000
-1.34689900
-0.29701100
-1.43180400
-0.58492100
-1.75725800
-2.33137400
0.12213800
-1.15436100
1.19619800
-1.34701000
-2.03491400
1.00707000
2.22217800
-0.26422500
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-6.18827000
0.04629400
0.93868500

-0.24174900
1.56463100
1.17728200
0.37060700

-0.97848400
1.29867100
1.79059900
1.31046900
1.02921400

-0.21594600
3.42024400

-5.43930700

-4.75332300

-2.70484500
2.24843800
0.03435300
2.60525800

-6.74326100

-5.23325600

-5.17732300

-6.06745400

-4.52579000

-4.13740200

-0.83387400

-0.50594000
1.12931100
2.35007000

-0.82583200
-1.05429800
-0.63880100
-2.43117000
-1.53287300
0.41273000
-3.32876400
-2.81848400
-2.89216300
-3.59477600
-3.48522200
-5.19050700
-3.95087800
-1.73112700
-0.67315200
-0.69728600
4.26368100
3.73436100
-4.78744400
-1.05733600
-0.70084000
0.38717900
-1.75840400
-0.93397700
0.47284800
-1.63744400
-5.11829400
-5.16659300
-5.54389500
-1.45071500

-0.40754000
-0.91233600
-1.90782500
-0.89567400
-2.77279800
-2.02831500
-1.76446200
-0.19605400
-2.70427800
-3.37549800
4.70489300
4.22635500
3.84347500
2.60878600
2.22444200
-2.75406100
-1.81610800
-1.79631200
-1.75099300
-3.73539500
1.93198700
3.02323200
2.96955600
-2.82754000
-3.37363400
-3.48500400
-0.79528400
-2.92394000
-1.58542800
-4.99053400
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2.72631100
3.81276500
-2.45834500
-3.36558400
-3.56077800
2.24361300
2.64919500
3.20170900

Energy (0K) = -4383.7823945
Energy (OK) + ZPE = -4383.070257
Enthalpy (298K) = -4383.006801
Free Energy (298K) = -4383.168437

TSp

Number of imaginary freguencies: 1

C
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-0.14869900
0.07748000
1.34979700

-0.69869500
1.58553300
3.01898600
0.95211400
2.53563600
2.09566700
2.28548600
2.30773600
2.87905100
1.74593100

2.87127600
3.33206600

0.27660600
-1.55488100
5.32502500
4.70634400
3.47276700
4.03832300
4.84428100
2.80848500

-0.28890000
-1.74986800
-2.25596400
-0.01692000
-3.94291900
-4.05685400
-4.71075300
-1.41526300
-0.01468500
1.18191400
2.54258300
3.50922100
2.92838700
4.84040000
3.18944200

-3.75338800
-3.41902500
-2.59012900
-0.73389100
-2.48144700
-3.10172200
-1.15620000
-1.61516200

1.61498800
1.92069200
1.97905900
0.05769600
2.30909800
2.53856000
1.25359600
1.73802300
1.78433700
2.00241400
2.35468400
1.50595500
3.58836700
1.88500800
0.57019700
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1.72515000
1.33668300
2.28706900
3.31682300
1.27855800
2.27772700
3.25275100
2.55996400
3.49984600
4.49832100
5.62416900
454273100
6.77031400
5.59973300
5.68941300
3.67533200
6.80419800
7.64217000
5.71360600
7.70126000
-0.58145600
-0.43718800
-1.19149000
-0.93443100
0.05858700
-1.70026700
-1.28668000
-1.58139000
-0.82800200
-2.18739400

4.26754500
2.16614600
5.21902000
5.59185300
4.57010000
6.26813400
-1.75596100
-1.58414700
-2.82436200
-0.93722700
-1.18938300
0.10518500
-0.41266800
-2.01182200
0.88382000
0.29536600
0.62730300
-0.62363500
1.68901800
1.23314200
0.45786900
-0.08572900
1.72284500
0.57578500
-1.04580800
2.37827300
2.17767300
1.80462300
0.13477500
3.34227100

3.94462200
4.24796600
3.09557000
1.23925500
4.88842100
3.38135400
0.42107900
-0.40688200
0.44489900
0.24497600
1.03356900
-0.68376800
0.89953700
1.74976800
-0.82042700
-1.31847500
-0.02701100
1.51512400
-1.55170300
-0.13391800
2.78454700
4.08349900
2.66258800
5.19084500
4.22059400
3.77488100
1.68217900
5.03686600
6.17841300
3.65444500
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-1.98666000
-0.92131500
0.74726100
-0.53284800
0.72277000
-1.63471500
0.85482600
1.62626900
-1.50634400
-2.64296100
-0.26223500
-0.15770700
-2.31718000
-2.91386600
-3.18511100
-4.28563700
-2.29150000
-4.56169300
-2.80588800
-5.13308400
-6.20505400
0.01205700
0.91280800
-0.30342200
1.52433100
1.17015400
0.28912900
-1.04482900
1.22978700
1.70796800

2.31532800
-2.42549500
-4.18237400

1.53264500

2.08410000

2.32278800

3.26382600

1.54616200

3.54272100

1.98262300

4.01467200

4.93239700
-0.37796600
-0.48569800

-0.47788900
-0.63847900
-0.41777900
-0.64583500
-0.42853200
-0.72059100
-0.83680000
-1.06847400
-0.68231100
-2.43968500
-1.59648000

0.36210400
-3.35673100
-2.81014000
-2.94925600
-3.66845500

5.90715000
2.11286300
3.84716000
-0.47976500
-0.79141100
-0.82805000
-1.51761300
-0.50999000
-1.49223200
-0.59508100
-1.87395500
-2.44705200
0.05914300
-1.20698200
1.14829400
-1.37514400
-2.10047000
0.98481500
2.16728500
-0.27635700
-0.40036500
-1.00768800
-2.00747100
-0.98143000
-2.86152400
-2.14569600
-1.84383100
-0.27725500
-2.78412200
-3.44761500
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1.19629400
0.92234300
-0.31856000
3.23263700
-5.39886500
-4.81930800
-2.75780900
2.18739900
-0.08828700
2.58455900
-6.70924400
-5.18635500
-5.10955000
-6.13450900
-4.60680900
-4.21640300
-0.94571900
-0.66373500
0.98735000
2.34945800
2.71726500
3.78258200
-2.53551000
-3.37070300
-3.64630200
2.14861800
2.59967500
3.15027200

Energy (OK) = -4383.7801657

Energy (0OK) + ZPE = -4383.068918

-3.51951700
-5.22826700
-3.99146100
-1.57570900
-0.73989100
-0.65090900
4.29397000
3.73016200
-4.80501800
-1.14802700
-0.77497000
0.30402800
-1.83892100
-0.88947800
0.52624400
-1.58149300
-5.11344900
-5.16539000
-5.59386600
-1.56264800
0.18443000
-1.64810500
5.36370100
4.72755800
3.51822000
4.01398200
4.85139800
2.81115700

4.59135800
4.11896200
3.71444800
2.57268600
2.21956200
-2.77160000
-1.81562500
-2.01127200
-1.82716900
-3.81472800
1.95651300
3.03810400
2.93392700
-2.82291700
-3.38334400
-3.52607800
-0.85446400
-2.98941000
-1.68736900
-5.06672700
-3.85464500
-3.46650400
-2.58582500
-0.70208000
-2.45524300
-3.32014000
-1.39737100
-1.83850600



Enthalpy (298K) = -4383.006027

Free Energy (298K) = -4383.167177

D

Number of imaginary freguencies: 0

C
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-0.17932700
1.11249100
1.12618400
0.25566800
2.37173700
1.87614100
3.62526000

-0.14670400

-0.99349100

-2.27349500

-3.62997900

-4.50751200

-4.14975200

-5.86212900

-4.08270100

-5.50513200

-3.45756500

-6.35295600

-6.54166900

-5.91851700

-7.42223600

-0.07450300
0.43512300
0.54408500

-1.44754100

0.00484800
-0.46012600
-1.85215600

0.55462700
-2.67893000
-4.04188400
-2.42114400
-2.49562300
-1.28873100
-1.35819400
-1.23557000
-1.46095800
-0.82011800

-1.26864100
-1.77808200
-0.62336600
-0.64812200
-0.84926600
-1.43081100
-0.29315000
-0.69073500
-3.57453200
-3.17604600
-4.38661600
-4.07321900

-1.63977000
-2.28369500
-2.37572100
-0.01301800
-3.20500200
-3.34584500
-2.52208600
-2.06083800
-1.66630200
-1.51689300
-1.65989600
-0.56591000
-2.92193300
-0.72715600
0.37948000
-3.06084000
-3.74312300
-1.96815800
0.10472100
-4.00905800
-2.08867000
-0.97538800
-0.08978600
-1.37771100
-0.63613000
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-2.22616100
-1.98877400
-3.51916700
-1.80520100
-3.28085000
-1.38381400
-4.05210300
-4.11142300
-3.69132500
-5.06374100
-0.89520000
-0.66877200
-1.85606000
-1.33772200
0.05493900
-2.52910000
-2.08135600
-2.26802300
-1.12826600
-3.25968500
-2.78697300
2.01756300
2.37834700
-1.07723100
-1.88589800
-1.41138900
-2.84888200
-1.73947700
-2.43026600
-0.85808700

-4.70913600
-3.89168700
-5.13070900
-4.88161400
-4.31975100
-3.41456800
-4.93175700
-5.62118900
-4.16922800
-5.26136100
1.00303400
0.96950500
1.89626100
1.83205500
0.27134400
2.75901700
1.92905700
2.73876700
1.79273800
3.45462700
3.41980400
0.24357600
-1.90702700
0.83125500
-0.17639900
2.13575400
0.08598900
-1.21519500
2.41339100
2.98151800

-1.61300300
0.64094500
-1.32656300
-2.60363100
0.93162100
1.41302700
-0.05479700
-2.09573800
1.92765900
0.17114600
-2.55301000
-3.93614300
-2.07276500
-4.79826400
-4.35570400
-2.93356400
-1.01169700
-4.29910900
-5.86503100
-2.52607900
-4.96961800
-2.68149900
-4.79670000
0.92134900
1.47830600
1.32289000
2.45593900
1.18754700
2.22998500
0.91546400
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-3.14066400
-3.88692500
1.12616200
1.73190200
1.29770600
2.43744500
1.63780100
2.00621700
0.87775800
2.58160000
3.13333100
1.26051400
0.91277800
2.60514000
1.80436100
-0.07802800
3.50040600
2.97268600
3.10513600
3.80294400
1.39776400
3.15433300
2.61212300
-0.57263100
1.29704200
4.93453300
2.16171100
3.03490800
-2.71562600
-3.53910500

1.38918900
1.59736600
1.94649400
2.37840100
2.78803100
3.57005400
1.76117300
3.99064700
2.51724300
4.39872000
5.33310100
-0.57148400
-1.45905300
-0.64759700
-2.40312100
-1.43633600
-1.57488400
0.04252300
-2.48433500
-3.21996700
-2.05962800
-2.40946800
-0.84690600
-2.93383200
-3.42444700
-1.59532400
4.80058500
4.03461300
3.84617200
-1.04779500

2.83832600
3.59922700
-0.08984100
1.10630100
-1.18997200
1.19599500
1.99939600
-1.10628900
-2.15510700
0.08405500
0.15466700
0.67686500
1.70071500
0.25827200
2.21680700
2.14333600
0.77301800
-0.49744700
1.75067900
2.14444200
-5.25702000
-5.38225200
-4.67613800
-2.97496700
3.18158900
0.34595100
-2.35261500
2.48447000
2.54857200
3.14869500
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2.25880000
0.77125700
0.32568800
5.33773600
5.73911200
5.18793700
4.32622500
2.97523900
2.41225100
3.00499100
0.99682500
2.63618200
-2.72853200
-4.62751000
-3.96427700
-3.65376600
-3.14265500
-1.62057500

Energy (0K) = -4383.8105876

Energy (OK) + ZPE = -4383.098549

Enthalpy (298K) = -4383.035533

Free Energy (298K) = -4383.198532

TSp1

Number of imaginary freguencies: 1

C

»w W 2 O

-1.39874400
-0.50023200

0.88847600

-1.81791400
1.60143800

-3.91008200
-4.47819200
-2.95087100
-2.83086200
-1.19998200
-0.79625500
4.37326900
3.11485200
5.13295500
4.21673500
4.94540100
6.02934600
-2.10878800
-1.49112500
-0.70797600
3.98769400
4.51153500
4.49032700

0.39954400
0.10634100
-0.04620200
-1.00488600
-0.66098100

3.97427600
2.52519500
3.97352800
0.01647200
1.35155200
-0.69058000
2.33775600
3.45246000
2.94563500
-3.21983500
-3.00381800
-2.11488000
3.29233900
2.48418800
4.36871900
3.49106000
1.46253100
2.97678800

0.76341800
1.97674400
1.85833800
-0.15944300
3.35764800
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3.04025000
0.97970700
1.88726500
1.76479900
1.82984800
1.87766300
1.41418700
2.34551000
1.41519600
1.03351900
2.33999900
2.69958400
1.87415400
1.05075400
2.70113500
1.87007600
2.07936700
1.22914700
2.09086800
3.36186400
4.59466500
3.34915300
5.78306700
4.62027200
4.53773400
2.39330500
5.75810100
6.73406000
4.50719800
6.68809700

-0.64755700
-1.92421200
0.12307800
1.37488900
2.47825800
3.82256500
4.16940700
4.83127200
5.49843500
3.39614400
6.15777400
4.55996800
6.49479400
5.75836400
6.93185700
7.53422200
-1.15410200
-1.31021100
-1.99537600
-1.13107400
-1.06819800
-1.18852500
-1.04941700
-1.04788900
-1.16954800
-1.25379800
-1.09689000
-1.00401400
-1.21288400
-1.08253000

3.10237400
3.71306700
0.76139600
0.02490700
-0.47626800
-0.95795000
-2.23396700
-0.10017100
-2.63850400
-2.89426500
-0.51101000
0.89242500
-1.78000500
-3.62974900
0.16228400
-2.10003000
-0.06743800
-0.73636000
0.64104600
-0.85314200
-0.19424300
-2.24624400
-0.91499200
0.89574000
-2.97173600
-2.76568900
-2.30763500
-0.38816400
-4.05863900
-2.87194500
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-1.37026200
-0.94579700
-1.89167300
-1.04046700
-0.55312700
-1.95673500
-2.25161200
-1.54291100
-0.71395900
-2.34927000
-1.59647600
-0.96864200

1.30499600
-1.11210400
-0.32159700
-1.45054000

0.09039700

0.00075100
-1.02587200
-2.08501600
-0.24996900

0.06536700
-3.44223800
-4.41636100
-3.93621200
-5.77766100
-4.12299300
-5.29829400
-3.24685100
-6.24509500

1.80100300
2.79127900
2.23951300
4.13873000
2.49643400
3.59014400
1.51915900
4.54351100
4.87945100
3.89479300
5.60219800
-0.02978600
0.59530500
-1.07384400
-0.12303000
-2.20737400
-0.27790200
0.77612700
-2.37637000
-2.97488800
-1.40247200
-1.52439500
-1.02583600
-1.63657000
-0.40058300
-1.56164700
-2.18695400
-0.27769300
0.03626200
-0.85222700

0.35279100
1.26858800
-0.87979100
0.96584000
2.24172000
-1.19609300
-1.60520200
-0.27175400
1.69181400
-2.16337000
-0.51659800
3.08932900
4.58065200
-1.64744200
-2.29265500
-2.41664200
-3.62332900
-1.76649400
-3.72459100
-1.97519200
-4.35189100
-5.38482200
-0.50701000
0.29507400
-1.65738500
0.00719500
1.18623800
-1.92799200
-2.37914000
-1.09371000
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-7.30751700
-1.39208100
-0.48611600
-1.88454800
-0.09686000
-0.04040500
-1.47873700
-2.55739100
-0.58550400
-0.26072500
1.46652200
2.05939100
0.29591900
2.82774400
-3.10194800
-4.42692800
-3.77580700
-5.11101800
-4.38978800
-4.46231500
-5.12118800
-5.62501800
-4.47144800
-5.65210600
-3.75038500
-2.94034300
0.91332100
-1.95148800
-1.37200100
0.86233600

-0.75463300
-2.31508100
-3.28439200
-2.50380700
-4.36745800
-3.20652600
-3.56098800
-1.76907900
-4.51851200
-5.33988900
1.57225700
0.42223700
0.49920600
0.24880900
0.53704400
2.02409000
2.50754500
3.21579900
1.28569900
3.70591600
4.08024700
3.44585200
4.33897200
5.02626000
1.67189800
1.95984100
-5.30872300
-3.66341000
-3.60203000
0.83143500

-1.29571600
0.74434800
0.30573400
2.04942600
1.09676900

-0.68528300
2.85271900
2.48352000
2.38268600
3.01576200

4.11544800
5.35435000
4.97630000
1.31324600
1.83304300
0.67512100
2.88759700
0.58359500
-0.11580400
2.83419600
1.66989900
-0.34485100
3.71579600
1.62724100
1.80208000
4.45596100
0.52951200
4.26604700

-4.50866000

-4.25951100



C -6.72583000 -2.27056200 0.92199800
C -5.68420500 0.60704000 -3.06574700
F -2.89907900  -4.60838700 4.41306600
F -2.47141800 -2.51815100 4.71939200
F -0.95490300  -4.00213800 5.09739500
F 1.18439000 -6.33666700 1.34078400
F 2.07943100 -4.68568200 0.28035400
F 0.51100800 -5.82436900 -0.64297300
F -6.59051600 -3.60275800 0.83289200
F -8.00669900 -1.98671300 0.65976400
F -6.50516200  -1.95491200 2.20714200
F -7.00003300 0.63557600  -3.28794600
F -5.08839400 0.25208800  -4.21184300
F -5.29714300 1.87821300 -2.81988500
F -0.29169600  -4.37243800  -4.71576200
F -1.84870200 -3.29005700  -5.72399500
F -2.28953500  -4.36392200  -3.90704900
F 1.35030600 0.50708200  -5.45972700
F 0.08452100 1.92009900  -4.43220300
F 1.89757200 1.22674000  -3.50510000

Energy (0K) = -7277.6509743

Energy (OK) + ZPE = -7276.857058

Enthalpy (298K) = -7276.785924

Free Energy (298K) = -7276.966695

D1

Number of imaginary freguencies: 0
C -0.35567200 0.80804900 0.80336200
C 0.64454100 0.49699100 1.95251600
N 2.03842000 0.40259400 1.81239500
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-0.64769500
2.77771900
4.21657700
2.22419200
3.03378800
2.94339300
3.07276000
3.20225900
2.80261500
3.69627000
2.89614400
2.39322200
3.78055600
3.99967100
3.38212900
2.58195600
4.16032200
3.44984000
3.22373200
2.37624700
3.22148000
4.51149400
5.74223400
4.50535900
6.93349700
5.76539700
5.69663600
3.55139600
6.91437300
7.88246200

-0.61906900
-0.21549100
-0.12977500
-1.51823700
0.56184400
1.81073300
2.89857100
4.22786500
4.56721000
5.23146100
5.88202200
3.80019500
6.54493700
4.96764300
6.87364800
6.13533100
7.31517000
7.90251300
-0.72641800
-0.88528500
-1.55790000
-0.73557300
-0.64773900
-0.85746000
-0.66235500
-0.58101400
-0.87202300
-0.94128000
-0.77060700
-0.59503400

-0.20966100
3.30339300
3.05574300
3.63234200
0.71209300
-0.03503500
-0.55776900
-1.06581600
-2.36528700
-0.21711000
-2.80329600
-3.01539100
-0.66025900
0.79416200
-1.95408800
-3.81333500
0.00726200
-2.30026200
-0.10052600
-0.77142500
0.61925700
-0.87840500
-0.21822800
-2.26764900
-0.93442500
0.86984500
-2.98871200
-2.78808700
-2.32380900
-0.40620200
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5.67031000
7.84672200
-0.16781800
0.26571300
-0.59106500
0.27926800
0.58684500
-0.56126100
-0.96297400
-0.13537000
0.62115300
-0.88540600
-0.11363800
0.22004200
2.43544200
0.05830000
0.87761800
-0.29717100
1.29105800
1.21993100
0.13104000
-0.94677600
0.92872800
1.24612300
-2.27122500
-3.23124600
-2.78235500
-4.59454600
-2.92342600
-4.14695100

-0.96344700
-0.78090100
2.21865300
3.20041000
2.64454000
4.54626600
2.91132200
3.99081100
1.92199200
494677400
5.28337900
4.28957100
5.99927600
0.29840000
0.99657800
-0.67885100
0.25331500
-1.80213900
0.09569600
1.13806800
-1.97764000
-2.56081300
-1.01732500
-1.14171700
-0.67898100
-1.31396000
-0.05398600
-1.27286200
-1.86129500
0.02506600

-4.07277100
-2.88436400
0.30246800
1.20905200
-0.96113600
0.86714900
2.21111200
-1.31621100
-1.68054400
-0.40094900
1.59034000
-2.31066100
-0.67615000
3.07589700
4.56054500
-1.69489800
-2.33259600
-2.47316400
-3.66334500
-1.79541500
-3.77882100
-2.03822700
-4.39904700
-5.43107400
-0.55929400
0.24119400
-1.70535000
-0.04557100
1.12982500
-1.97985700
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-2.10232400
-5.07839900
-6.14217300
-0.19460000
0.72791700
-0.66998700
1.15657500
1.15844700
-0.22793100
-1.35839900
0.68843600
1.04493000
2.54369100
3.21029900
1.43889600
3.97332900
-1.70306600
-3.12408700
-2.56204100
-3.91568800
-3.01309800
-3.35251100
-4.01763200
-4.44057900
-3.44214400
-4.62970700
-2.43594000
-1.75045600
2.18867400
-0.68999500

0.41733700
-0.57977700
-0.51679200
-1.93253500
-2.87835300
-2.15087500
-3.95581500

-2.78324000
-3.20301200
-1.44089400
-4.13009800

-4.94516700

1.99093700

0.84218300

0.84331500

0.68564400

0.84472900

2.33846800

2.69007200

3.46410300

1.67045400

3.82595400

4.23341000

3.71454800

4.37916300

5.12998200

1.97864800

2.11542000
-4.86224100
-3.33274800

-2.41571300
-1.14860600
-1.35647900

0.68151400
0.22511200
1.98884100
1.00313900
-0.77101400
2.77928700
2.43842200
2.29377000
2.91770700
4.11751700
5.31784000
4.96886700
1.26540100
1.63963700
0.56812600
2.83396500
0.55158200
-0.27616200
2.85085700
1.70291200
-0.36457800
3.77980300
1.72192800
1.67797800
4.40041500
0.41852200
4.19367900



-0.23206700
2.09245800
-5.52449200
-4.56866700
-1.60319500
-1.24920400
0.32088300
2.49469800
3.33511500
1.79247700
-5.36563300
-6.81166600
-5.30148400
-5.87510200
-3.90956800
-4.29914900
0.84029000
-0.71828800
-1.14958200
2.57561000
1.34346900

m MM M M M M M M m m m m m m m m m m 0O O O O

3.13539700
Energy (0K) = -7277.655922

Energy (0K) + ZPE = -7276.859908
Enthalpy (298K) = -7276.788804
Free Energy (298K) = -7276.970135

TSp2
Number of imaginary freguencies: 1

C -1.39896500

-3.19450400
1.18614900
-2.01096400
0.89213400
-4.31191500
-2.21040800
-3.64294600
-5.89056800
-4.20381600
-5.37708300
-3.33893200
-1.74652700
-1.70754400
0.81341300
0.60441000
2.18725200
-3.97164100
-2.87027600
-3.95473400
0.84966000
2.29419900
1.55540400

-0.18659200

-4.56822300
-4.29581200
0.86497200

-3.11920900
4.33686600
4.65878800
5.01872500

1.21697400
0.16741400

-0.75643900
0.75754300
0.61398500
2.15286700

-3.38404900

-4.24854600

-2.84622500

-4.79227800

-5.77697800

-3.96410500
-5.49545500
-4.47223800
-3.54032900

0.98548100
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-0.68550100
0.60655000
-2.18555200
0.88423300
2.30328800
-0.08709300
1.87083700
1.73768900
1.86811200
2.01206500
3.18825800
0.99552300
3.34265000
3.97448700
1.16096000
0.07945000
2.33135400
4.25694100
0.36534700
2.45461600
2.56573600
2.02453900
2.51136100
3.99957400
4.97531100
4.37659400
6.30007200
4.68716100
5.70213400
3.62023800

-1.44192500
-1.87177800
-0.23058400
-3.52016500
-3.75945000
-4.39426000
-1.09509300
0.34557800
1.54573800
2.95958000
3.57356500
3.74422500
4.94871700
2.95971000
5.11976900
3.26911700
5.72433000
5.41814500
5.72388000
6.80153600
-1.45924300
-0.99644000
-2.54461000
-1.00918900
-1.76593500
0.18069500
-1.34168800
-2.69809800
0.60607800
0.77734000

1.41161800
1.22227600
-0.35398400
1.81492500
1.59644700
1.18750600
1.00658300
1.15283100
1.26710900
1.38834600
0.93038200
1.95279100
1.04216200
0.49410500
2.05704800
2.30204400
1.60571300
0.68661200
2.48700500
1.68974100
-0.31999200
-1.14669500
-0.44716200
-0.32316900
0.33156800
-0.94893400
0.35907300
0.81790500
-0.92573300
-1.45871100
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6.66671500
7.05037300
5.98159100
7.70321000
-1.54964400
-0.69650800
-2.55814600
-0.83348900
0.08852400
-2.68377800
-3.26580900
-1.82425300
-0.16188900
-3.47116400
-1.92996800
-1.49550300
0.63818700
-0.89133800
0.03151200
-0.99331000
0.77220000
0.12802100
-0.26310800
-1.67007000
0.62684000
1.19109400
-3.65602500
-4.05281300
-4.65413300
-5.38120900

-0.15396500
-1.94250200
1.53162000
0.17565600
0.74420500
0.62718700
1.72629400
1.44922300
-0.12615500
2.56205700
1.83139500
2.42861900
1.33006300
3.31115000
3.08024600
-2.13574600
-3.38584300
0.84789400
0.38233500
2.22951200
1.27524500
-0.68504900
3.11748400
2.63557100
2.64759400
3.34495500
0.41732500
1.48534300
-0.22568400
1.91186500

-0.26968400
0.86873600
-1.42542200
-0.25269900
2.11651200
3.23471100
2.17297400
4.34064400
3.25067200
3.27412700
1.35764100
4.36072900
5.18658200
3.28812700
5.22458600
2.01917000
3.56478800
-0.78825500
-1.73436900
-0.59492300
-2.50314400
-1.91703900
-1.37245200
0.15260200
-2.33197900
-2.94836300
-0.42758800
-1.23290900
0.31701900
-1.26812300
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-3.31876200
-5.97779500
-4.38250400
-6.35634500
-7.38850900
-2.19459600
-2.39153700
-2.17113300
-2.51912700
-2.44815300
-2.30515000
-2.06760500
-2.46866000
-2.57047400
1.32908500
0.90138800
-0.40146300
2.53841300
-2.20604200
-2.68842000
-6.97993800
-5.71720200
-0.47993400
1.65913800
-8.21114500
-6.64698500
-7.05450400
-7.01420900
-5.02868900
-5.39968600

2.01548800
0.19825800
-1.07340600
1.27772800
1.61241800
-1.53859100
-1.32382700
-2.86939600
-2.37314200
-0.30518400
-3.92827100
-3.11701400
-3.69434100
-4.51571900
-2.62554300
-4.36486500
-3.13678400
-1.42500100
-5.33476500
-2.13548200
-0.54147600
3.08260900
4.59685500
0.79491500

-0.03072000

-0.52974100
-1.83146300
3.40204100
4.17534500
2.85056500

-1.84184400
0.28045200
0.95081400

-0.51091300

-0.53543500

-1.31118200
-2.68830500
-0.88642600
-3.58471000
-3.07205200
-1.79007700
0.16651700
-3.14398000
-3.84926700
3.94246000
3.97796600
3.77686100
1.81836000
-1.28706500
-5.05145300
1.10961400

-2.13708400

-1.26560300

-3.61256400

1.01127500

2.40938700

0.75126200

-2.10124200
-1.77009800
-3.41931800
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1.97418800
1.06959800
2.80651200
-1.19294500
-1.14378300
0.67568200
-2.82626500
-2.74641500
-0.93004600
-3.71633600
-1.60028700
-2.90515400

Energy (0K) = -4383.7662101
Energy (0OK) + ZPE = -4383.058244

Enthalpy (298K) = -4382.994210

Free Energy (298K) = -4383.161210

D2

Number of imaginary freguencies: 0

C
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-0.13691800
0.46938900
1.80212900

-1.39364400
2.06791700
3.51153400
1.20618600
3.06971700
2.94562000
3.02799000
3.06478600

-0.49849500
0.95417500
1.48649400
5.04694800

4.94091200

5.26919600
-6.20498400
-5.47566900
-5.73396700
-2.83974700
-2.52215100
-0.85104100

-0.17272800
-1.48779900
-1.88130800

-0.65006900
-3.54443200
-3.73290100
-4.41264900

-1.09857300
0.32483000
1.51796500
2.93293800

-3.49617500
-4.80427400
-3.65773500
-2.30938900
-0.15929600
-1.27333700
-2.09828700
-0.07158600
-1.19899000
-5.54842900
-5.73721200
-5.34963200

1.31006300
1.81408500
1.75829300
0.37555800
2.27863500
2.20326400
1.49635400
1.58993300
1.85673000
2.05459400
2.22801200



3.98898200 3.70162800 1.50386900
2.15156700 3.56870800 3.08322800
4.00099300 5.08334500 1.64283000
4.68847900 3.20207300 0.83542600
2.16828200 4.95148200 3.20878800
1.43544900 2.96616300 3.64126600
3.09025800 5.71036000 2.49083500
4.71919800 5.67524900 1.08020600
1.45589100 5.43952100 3.87003600
3.09878300 6.79313300 2.59202300
3.75695000  -1.38682500 0.23885300
3.13720200 -1.01769200 -0.58177600

3.83272400  -2.47499600 0.13734400
5.12033400 -0.76295200 0.16483200
6.20355600 -1.35231200 0.82090300

5.32152300 0.42692800 -0.53777700
7.46400300 -0.76437600 0.77406100
6.04924400 -2.28472000 1.36510700

6.58179100 1.01598200  -0.58934100
4.47606200 0.89115300  -1.04941400
7.65566300 0.42109100 0.06846400
8.30066200  -1.23599300 1.28528500

o I o o o o rr r oI OIT oo o o T r o IxT r T O IT O ITT O O 0

6.72562100 1.94019900 -1.14562800
8.64174600 0.87860000 0.02733800
-0.48213100 0.62802300 2.58353500
0.17639200 0.35018100 3.79058300
-1.41825900 1.67009000 2.60116900
-0.09348200 1.06215600 4.95434100
0.91737900  -0.44437000 3.85110300
-1.68714300 2.39043100 3.76210600
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-1.95227200
-1.03052700
0.43799600
-2.42279700
-1.24609200
-0.34268600
1.64043500
0.53675100
1.00782900
0.53521400
1.46690300
1.02164000
1.01027900
0.18079500
1.47255900
1.81962000
-2.67814200
-2.74905100
-3.82559300
-3.91660900
-1.87907700
-4.98960100
-3.80752900
-5.04538000
-5.95281400
-1.34368500
-1.48461200
-1.16572400
-1.35850400
-1.66286600

1.94691800
2.08962900
0.80700100
3.19085600
2.64696700
-2.24513200
-3.55154800
0.64188400
-0.00359900
2.04302400
0.71919700
-1.08832400
2.75686400
2.59118000
2.10570200
2.67087500
0.23737100
1.36006000
-0.12847500
2.11368100
1.67266400
0.62941000
-1.00784200
1.76118400
2.35377700
-1.88969100
-1.58849700
-3.23342200
-2.56935500
-0.56104700

1.69919500
4.94892400
5.86834800
3.72842700
5.85743200
2.33319000
3.99896200
0.20436700
-0.94269400
0.20438300
-2.03891500
-0.99726200
-0.88539100
1.07106500
-2.02586800
-2.88918800
0.21573700
-0.61467700
0.92654100
-0.69529400
-1.19345400
0.83831200
1.57264800
0.03323100
-0.02706000
-0.60901600
-1.97744900
-0.26248200
-2.94955100
-2.29032600
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-1.11560700
-1.05826700
-1.17916100
-1.09919900
2.23909700
1.93117600
0.57156500
3.74185200
-0.91370000
-1.38466000
-6.17616900
-3.90906300
0.99088800
1.87352900
-7.25079100
-5.91647700
-6.51968700
-5.02096100
-2.87154900
-3.78363800
2.07714300
0.92414700
2.99656000
0.15354800
0.60717300
2.19888800
-1.60092800
-1.30542900
0.37279900
-2.32585100

-4.22548300
-3.51614100
-3.90181300
-4.67320600
-2.78050200
-4.53975600
-3.38139600
-1.49572200
-5.66046700
-2.24043700
0.19331900
3.31123800
4.25594700
0.00580700
0.95738900
0.22624700
-1.06963100
4.04264000
4.11624400
2.95577600
-1.30037900
0.11988700
0.51774600
4.72369600
4.76972200
4.75826800
-6.48417000
-5.91471500
-6.02060400
-2.94458600

-1.24139000
0.77925500
-2.58819900
-3.35209700
4.49353700
4.36948000
4.12187900
2.36542100
-0.85862800
-4.41018500
1.64143900
-1.59339700
-0.88855300
-3.29114300
1.42886500
2.95649100
1.35390400
-1.48813400
-1.32000800
-2.88032000
-3.09333900
-4.23115100
-3.80735100
-1.82560400
0.28175200
-1.17544000
-1.66494000
0.39214400
-0.95684100
-5.05603700



F
F

-0.21491800
-1.62009000

Energy (0OK) = -4383.8107718

Energy (0K) + ZPE = -4383.099150

Enthalpy (298K) = -4383.035927

Free Energy (298K) = -4383.198134

D3

Number of imaginary freguencies: 0

C
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0.38907300
0.02496800
0.83166500
-1.66384300
0.52491900
1.27912700
-0.91515900
2.06843100
1.81788800
1.65544600
2.17839000
3.53963800
1.34112100
4.04367000
4.18540100
1.85290900
0.29387600
3.19988600
5.09732100
1.19627000
3.59706600

-2.55105300
-0.94845300

0.41101500
-0.88425600
-1.01289400

-2.12121400
-2.19869200
-3.39334800
-2.25805900
-0.13832000

0.56281500

0.44746500

0.37587700

0.10301500

0.58414200

0.00936700
-0.03408500

0.49424400

0.83503700

0.19815800
-0.21010400

0.64747500

0.11889600

-4.98949500
-4.64873700

0.70861500
1.40262700
2.49422200
-0.16591900
3.74427400
3.40836400
3.91784000
2.47140600
1.19923200
-0.09408300
-1.43501400
-1.63739400
-2.53920100
-2.92597600
-0.77169200
-3.82718000
-2.38097500
-4.02140700
-3.08079500
-4.67989400
-5.03087500
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3.33759100
3.27107800
3.37147800
4.59110500
4.83296800
5.55837500
6.00752300
4.10265900
6.73585700
5.38609900
6.96081100
6.18067300
7.47875200
7.87848900
-0.60410600
-1.65553500
-0.45642000
-2.55521300
-1.79049100
-1.34906500
0.35969800
-2.40653200
-3.37907900
-1.23071000
-3.11594900
-0.86592100
1.20306600
-2.72628500
-2.50095600
-3.90175000

-0.99139600
-1.66669900
-1.63203400
-0.16350100

0.86497400
-0.44443300
1.60718400
1.08317700
0.29582700
1.26081000

1.32703600
2.40518400
0.06454500
1.90872200
1.52106100
1.47775100
2.65417700
2.53474200
0.61185300
3.71407000
2.70030200
3.65584700
2.47623000
4.58106400
4.47773000
-1.73265800
-1.37892100
-0.93723700
0.10521200
-0.87160100

2.44198300
1.57909300
3.33313700
2.37038200
3.28612000
1.40296300
3.22191400
4.06577800
1.33898200
0.70132600
2.24569900
3.94062500
0.57891300
2.19679800
0.80992300
1.73071200
0.00582500
1.82376300
2.38016700
0.10826900
-0.71442300
1.01206600
2.53179500
-0.53829300
1.07872000
1.18166300
5.15624400
-0.44169100
-1.34777400
0.31210200
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-3.40112300
-1.59502700
-4.80520000
-4.11806900
-4.56504000
-5.26720400
-2.37074000
-3.08634000
-2.28770000
-3.67210100
-3.18564300
-2.87639400
-1.75831500
-3.57226700
-4.02533700
-0.53263700
0.74996500
-0.80606700
1.71815100
1.02079300
0.16112800
-1.79335700
1.43827400
2.19917400
2.29050000
0.93151400
0.71722100
2.03378900
3.06752300
-0.20421900

1.15547200
0.10075300
0.18075600
-1.65454600
1.20288900
2.02513000
-3.52378500
-4.22346500
-4.11849600
-5.45886500
-3.80066400
-5.35447800
-3.61489800
-6.04254200
-7.00784800
-2.38827100
-2.83592200
-2.27485000
-3.10176300
-2.98519700
-2.53725600
-1.95345100
-2.94643400
-3.12539500
-1.29222000
-2.01924700
-0.40504600
0.52467000
-3.55649300
-2.32770400

-1.49716200
-1.95061700
0.17148300
1.04041700
-0.73653500
-0.84828500
0.21761200
-0.76157000
1.47778600
-0.49847300
-1.76376100
1.74364300
2.28358700
0.76064400
0.96340200
-1.28914800
-0.94820700
-2.65729800
-1.91445200
0.10030700
-3.62444300
-2.99008800
-3.26558000
-4.01908800
5.09921800
6.00205000
5.26098000
3.34507000
-1.45953800
-5.05885900



-4.40334400
-2.72834600
-5.99559000
-3.17240400
-3.24625700
-3.32932800
-1.43800100
-4.87819600
-3.61331300
-5.44791500
-0.79053500
-1.08135700

0.85425800

3.96501900

3.56536300

3.02214000
-6.90306000
-5.63994300
-6.61692000
-3.88405800
-1.88915100

m MM M M M M M M m m m m m m m m m m 0O O O O

-3.54399600
Energy (0K) = -4383.8298559
Energy (0K) + ZPE = -4383.117940
Enthalpy (298K) = -4383.055112
Free Energy (298K) = -4383.217231

E
Number of imaginary freguencies: 0

C -1.72504700

-6.14399500
-5.89963300
0.22351900
2.22017900
-7.12483400
-5.11235100
-5.96960600
-7.34280200
-6.33209400
-5.41751900
-1.13250000
-3.24668500
-2.37617300
-3.59452200
-2.74002900
-4.77870800
1.12877300
0.53329700
-0.96198400
1.98775300
2.30987800
3.43155000

0.44726500

-1.60804400
3.12771900
1.07458900
-2.52289300
3.26544400
4.03499600
3.49178800
-1.25299900
-2.67719400
-2.03694400
-5.24230600
-5.48877200
-5.87407100
-2.44802400
-0.50987700
-0.91259000
0.69254300
2.33442000
1.14046100
-3.63832700
-2.89641200
-2.08473900

-1.37196700



O T o o o o o T r 6o T T T O I O I O O o o o o o 0 o0 u wmw zZz o0

-0.62584600
-1.01199100
1.45297100
-0.08741700
-1.00472700
1.15209700
-2.47765600
-2.90682600
-4.13435300
-5.36823000
-6.05612500
-5.97609700
-7.28545400
-5.58387900
-7.21490100
-5.44443300
-7.86102000
-7.80664900
-7.68634600
-8.83424400
-3.07672900
-2.63239600
-2.77186900
-4.56952700
-5.22195600
-5.33916600
-6.59635800
-6.71505700
-4.85135900
-7.34502300

-0.38117700
-1.74363800
0.13618400
-2.96489000
-4.08999000
-3.12668200
-1.83459800
-0.37594500
0.02285200
0.62762000
1.05796900
0.80878000
1.67728200
0.91831300
1.40427300
0.46462300
1.84216900
2.02689500
1.54347200
2.32068600
-2.69821800
-2.39193300
-3.73634000
-2.56122300
-2.19477800
-2.77033200
-2.00043700
-2.57447500
-3.08744800
-2.17453400

-1.34179900
-1.30549900
0.00996700
-2.04843700
-2.18124600
-1.31189800
-1.37471700
-1.27911000
-1.03447500
-1.13014000
0.03850500
-2.40574900
-0.07501100
1.00728200
-2.49908200
-3.28974800
-1.33631000
0.81143600
-3.46778000
-1.41910000
-0.27001200
0.68770500
-0.45505500
-0.23077200
0.95242100
-1.38659300
0.97170100
-1.36945500
-2.30810800
-0.19375700
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-7.08882900
-7.29557000
-8.41932700
-1.70501900
-1.11531800
-2.27392000
-1.08085600
-0.68002800
-2.22552800
-2.74445100
-1.62560000
-0.61563300
-2.65633500
-1.58289500
0.62369200
0.26585600
0.54531200
0.59924400
-0.49150600
-0.33572800
1.36109700
-1.42516100
-0.58792700
-1.36222800
-2.10067300
1.74134800
1.98543700
1.86152200
2.30318900
1.92296900

-1.70029600
-2.72886300
-2.00390700
1.91793400
2.63693600
2.62069700
4.02699600
2.09603200
4.01022100
2.06800900
4.71610600
4.57333200
4.54284500
5.80276700
-0.05748800
-2.32997400
-0.49825600
-1.85656100
0.24132000
-2.44779300
-2.48318500
-0.34271500
1.30211200
-1.70063200
-2.16753400
1.72160900
2.28158400
2.57202400
3.62866700
1.65478000

1.89414200
-2.27610200
-0.18039800
-1.34306300
-2.38731800
-0.27350300
-2.35740900
-3.22687400
-0.23735300

0.54051000
-1.27765200
-3.17465300

0.60776600
-1.24732400
-1.33283300
-3.66576400

1.19421300

1.51680600

1.77679800

2.36465400

1.05563800

2.62953100

1.54351800

2.92763400

3.57484300

0.18777700

1.44752200

-0.91649600
1.60079600

2.33617400
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2.17399200
1.70194200
2.39397900
2.63436700
2.86592300
3.72409100
3.32002700
4.95489300
3.42844000
4.53694000
2.69548000
5.37184900
6.31981300
-0.68181200
0.82832500
0.86327900
-2.78246000
-4.63236900
4.89741600
5.79541200
2.28800300
2.55795000
-0.30773000
-2.58916400
5.19324000
6.98710600
6.02619500
6.04891700
5.01509800
3.94757200

3.92036900
2.16703100
4.46395200
5.52016300
-0.60573900
-0.95068000
-0.88368400
-1.56646000
-0.74663300
-1.51603600
-0.61832500
-1.86847700
-2.36533100
-2.12997500
-3.10290100
-1.42006200
-2.20770700
-2.03251300
-1.82589500
-1.92379100
4.83352700
4.22505800
-3.93279800
0.46072200
-2.83720300
-2.42657800
-0.85853500
-2.49659400
-0.71132400
-2.56869400

-0.76705400
-1.91412400
0.49364500
0.60868000
-0.24399200
0.80440500
-1.53565100
0.57493300
1.83560500
-1.76919900
-2.38813600
-0.71573800
-0.89716700
-4.17508900
-4.19783600
-3.57615200
-2.36407000
1.85359400
-3.18497300
1.75766800
-1.94485700
2.94774200
2.51240700
3.10604800
2.53705800
1.41603500
2.54190200
-3.29657600
-3.92570300
-3.78156400
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1.98738200
1.47191000
3.52866100
1.72067900
2.42161800
3.79880100
-3.61851600
-3.06336500
-2.31110800
-0.74302900
-1.08571900
0.92675000

Energy (0K) = -4383.8386975

Energy (0K) + ZPE =-4383.125124
Enthalpy (298K) = -4383.062760
Free Energy (298K) = -4383.222229

TSk

Number of imaginary freguencies: 1

C
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-1.70857700
-0.57918400
-0.92149300
1.45301400
0.03004300
-0.86989000
1.26378800
-2.37926400
-2.82676900
-4.00863000
-4.94184100

4.23272900
5.89626900
5.33100300
5.24337200
3.34239200
4.73194500
0.37087500
0.04306800
1.76320200
-4.52643300
-4.37417400
-4.39995200

0.20585300
-0.58368900
-1.95878300

0.08421700
-3.10339400
-4.22708700
-3.30575700
-2.06075700
-0.68033000
-0.35762200

0.69639700

-3.10210100
-1.82839000
-2.07038600
3.20669400
3.94202800
3.03585800
2.22927200
4.28418000
3.21949600
1.38429700
3.50803900
2.73415300

-1.18574300
-1.29097700
-1.32133600
0.02748800
-2.14975200
-2.37812000
-1.41366700
-1.38185900
-1.00486700
-0.44963800
-0.64316700
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-5.56812900
-5.13354600
-6.32819500
-5.41058200
-5.89638000
-4.65002100
-6.48927100
-6.79229100
-6.02839100
-7.08513900
-3.04692300
-2.63429700
-2.84743400
-4.49886400
-5.03322800
-5.32428400
-6.41748900
-6.65632700
-4.90449100
-7.20974800
-6.84004800
-7.29116000
-8.27064200
-1.75048200
-1.37021400
-2.22576300
-1.45569300
-1.01270300
-2.29941800
-2.54655100

1.32179300
1.22063800
2.45918900
0.91490200
2.36450700
0.72994500
2.98094200
2.95476700
2.77853200
3.87921500
-3.10192700
-3.01693700
-4.10443400
-2.77103600
-2.01900100
-3.09087100
-1.73207900
-2.72808600
-3.64474600
-2.05885600
-1.23305700
-2.98176300
-1.82208800
1.67714600
2.40176200
2.37481500
3.78929100
1.86259900
3.76360900
1.82617000

0.45585900
-1.93843400
0.26567000
1.45215700
-2.12149700
-2.78107400
-1.02238600
1.11422000
-3.11763300
-1.16633400
-0.48819900
0.52419800
-0.87965800
-0.49965800
0.57151000
-1.59194200
0.60325900
-1.58225300
-2.43027200
-0.47160600
1.47160000
-2.42765400
-0.46256100
-1.14532300
-2.28019500
-0.02823200
-2.29835000
-3.15713100
-0.04256100
0.85690600



O T O o o o T O I O I O O O o T o IT O IT O O o o o o T T T O

-1.91426600
-1.16635800
-2.66294000
-1.97250800
0.66476000
0.38786400
0.58400500
0.67045000
-0.43597800
-0.23060300
1.42766500
-1.32941000
-0.55432000
-1.24298700
-1.94803100
1.61615300
1.79611500
1.67836700
1.98595100
1.77742400
1.86628900
1.56368700
2.01359600
2.14888600
2.91608500
3.78519300
3.39344700
5.05238900
3.46723500
4.64740100

4.47457000
4.33867300
4.29181700
5.56083400
-0.23976100
-2.32770000
-0.60047900
-1.97371000
0.08885600
-2.63070300
-2.56356200
-0.55771400
1.15842900
-1.93271400
-2.44005700
1.69150600
2.34815500
2.47903800
3.72696600
1.77512000
3.85609000
2.00445300
4.49660900
5.57602800
-0.57479500
-0.75489700
-0.96396400
-1.31278800
-0.46807300
-1.54449100

-1.17674500
-3.19128800
0.83647900
-1.18746800
-1.32080400
-3.70335900
1.21657500
1.45971900
1.88479800
2.29869500
0.94245000
2.73336200
1.72062100
2.94173600
3.59679100
0.12773200
1.35068800
-1.02700700
1.41927400
2.27661000
-0.96223200
-2.00013500
0.26311500
0.31466100
-0.16524300
0.91562900
-1.41772000
0.75304500
1.92030800
-1.58156300
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2.75790200
5.49707900
6.47566100
-0.55552600
1.02202300
0.91278500
-2.69985800
-4.43483900
5.03248700
5.89978800
1.92974500
2.13127800
-0.12399600
-2.43303700
5.36367700
7.13583300
6.02404700
6.17181000
5.19143800
4.07859100
1.63424900
1.07930900
3.15109000
1.11263400
2.17115900
3.25013200
-3.63268700
-2.54882000
-2.27968300
-0.42833900

-0.83940200
-1.72604200
-2.18107900
-2.15702700
-3.01760300
-1.38583200
-2.22821400
-1.89069400
-1.97008900
-1.50114300
4.69528400
4.43174900
-4.11716000
0.19021500
-2.39996800
-1.92406300
-0.36205500
-2.66867000
-0.91724100
-2.73495200
4.00979500
5.73443300
5.22469100
5.28124100
3.59414400
5.17210700
-0.08161700
-0.13987900
1.51677500
-4.70818000

-2.29269500
-0.49765000
-0.61950300
-4.23071900
-4.26783200
-3.52399100
-2.42503700
1.46965600
-2.95980200
1.96929400
-2.19706300
2.72974700
2.40556900
3.40701100
2.81134600
1.68106400
2.66874800
-2.99391000
-3.78029900
-3.51875800
-3.30752200
-2.13527000
-2.37486100
2.94619000
3.77080400
2.77533000
2.84529100
4.69955300
3.34403500
1.23561700



F
F

-0.94485900
1.11921900

Energy (OK) = -4383.82855
Energy (OK) + ZPE = -4383.115634

Enthalpy (298K) = -4383.054014

Free Energy (298K) = -4383.212700

F

Number of imaginary freguencies: 0

C
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-1.94186900
-0.79976000
-1.10403900
1.28730600
-0.15288600
-1.00268600
1.13937400
-2.56191100
-3.07991800
-4.39539700
-5.01987900
-5.71818600
-4.92764700
-6.27488900
-5.79223500
-5.48077900
-4.40320700
-6.15385100
-6.79791900
-5.39004900
-6.58706500

-4.63397300
-4.50985200

0.25893200
-0.50409000
-1.88831600

0.06951400
-3.07591000
-4.26160900
-3.14413800
-2.03419200
-0.61242400
-0.37651500

0.96072300

1.47525200

1.74791900

2.74901300

0.88741900

3.02269200

1.35089600

3.52937400

3.13789600

3.62049000

4.52658400

3.32715800
2.71336500

-1.35773000
-1.29814800
-1.16363700
0.00172100
-1.92295900
-1.96419900
-1.26557500
-1.25333300
-1.20631500
-0.95755300
-0.98934900
0.11216300
-2.14431300
0.06855300
1.02708900
-2.18751600
-3.01212200
-1.07881800
0.93979000
-3.09198700
-1.10962300
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-3.15331900
-2.88573700
-2.76392000
-4.62807800
-5.26850400
-5.39985800
-6.67994800
-6.76473500
-4.92731800
-7.40699100
-7.15500000
-7.34636100
-8.46615000
-1.89580400
-1.40723600
-2.31360600
-1.33929900
-1.07894400
-2.23300900
-2.71264600
-1.74555200
-0.95556100
-2.54931300
-1.67432300

0.43538400

0.06856500

0.48033700

0.71955200
-0.64475500
-0.12733800

-2.85698700
-2.36948500
-3.88006300
-2.84289800
-1.53943600
-3.98424600
-1.57163000
-3.92832200
-4.93753400
-2.72870100
-0.62464700
-4.84677800
-2.72761500
1.73377900
2.44750200
2.44504700
3.83706000
1.90058500
3.83223200
1.90057900
4.53239500
4.37729700
4.36885800
5.61746900
-0.11767400
-2.47456400
-0.67290400
-2.00365900
-0.06723200
-2.70025600

-0.12135400
0.83322000
-0.10399800
-0.30449400
-0.54319200
-0.25106900
-0.93963500
-0.53542900
-0.02818000
-0.88242400
-1.18809100
-0.49916400
-1.12009000
-1.32414500
-2.42213200
-0.19267500
-2.39388200
-3.30579800
-0.15660500
0.66245900
-1.25832600
-3.25635200
0.73557800
-1.22871800
-1.30911500
-3.57913100
1.20035100
1.55446000
1.77543500
2.41497500
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1.55990900
-1.49043800
-0.88704900
-1.24509700
-1.91167000

1.46806200

1.62415700

1.58265700

1.85653900

1.55835900

1.82298800

1.46924500

1.95600000

2.13492100

2.74565500

3.69239400

3.14832000

4.95834500

3.43875900

4.40585900

2.45088900

5.32904800

6.30700600
-0.91620900

0.64555100

0.61331000
-2.83430800
-5.50156000

4.71321100

5.88770300

-2.53080300
-0.75558700
0.96408000
-2.08682300
-2.63283900
1.66908700
2.23681800
2.53117600
3.60095800
1.60449000
3.89201500
2.12248100
4.44251200
5.50936800
-0.54943900
-0.78389300
-0.82263200
-1.29497300
-0.57729700
-1.34066400
-0.64615900
-1.58791400
-2.00060400
-2.34528700
-3.22875200
-1.52692000
-2.48883900
-1.34153600
-1.63888800
-1.55616100

1.10653800
2.64407100
1.51721000
2.96610900
3.62863300
0.22327900
1.49208400
-0.87437400
1.65907900
2.37661900
-0.71250800
-1.87731600
0.55823700
0.68448100
-0.32505300
0.67640300
-1.63445800
0.38802600
1.71852000
-1.92762500
-2.45204200
-0.91898400
-1.14595300
-4.03897100
-4.12257300
-3.55062100
-2.22057400
0.55378600
-3.35795700
1.52825700



1.97006700
1.98242900
0.10472800
-2.74544400
5.39127300
7.08965000
6.09051400
5.91137700
4.69298700
3.79972500
1.71135200
1.15097400
3.21495900
0.98119100
1.97085300
3.11886900
-3.77083300
-3.14314900
-2.63509100
-0.28815200
-0.57306300
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1.39710600
Energy (OK) = -4383.8572147
Energy (0K) + ZPE = -4383.144210
Enthalpy (298K) = -4383.082604
Free Energy (298K) = -4383.240150

2d
Number of imaginary freguencies: 0

S 3.80494900

4.80831600
4.21265300
-4.16256200
-0.10961400
-2.48160800
-1.99098900
-0.45403900
-2.20781600
-0.52768800
-2.46797300
4.21030500
5.87058700
5.30721500
5.07452600
3.30609900
4.91742400
-0.33099600
-0.58219400
1.21802700
-4.85268700
-4.66409600
-4.45516900

3.40139300

-1.88479300
3.01684400
2.60785700

3.13167000
2.36603300
1.13323100
2.26855700

-3.52918900
-4.11255600
-3.89470500

-3.05298300

-1.79550300

-1.96682700
3.26471900
3.99955400
3.14192600

2.27472100

4.31842300
3.24543100

1.52024100

3.64875000
2.79690500

16.83125500
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4.47865600
2.81628700
4.83274100
2.97353300
5.00299100
-0.19415600
2.69076200
-1.06354400
1.31821600
3.64207800
0.06586600
0.14359400
0.56902300
2.62569200
2.91958000
-2.37042900
-2.56264300
-0.75786500
-1.02717300
-0.81623000
-1.87457900
-1.67524100
-3.17347500
-3.98920100
3.01968900
3.24157700
2.98887200
3.18088300
-3.41961600
-4.42965000

4.38717400
3.83095000
1.51793100
2.31317300
2.38111700
-0.37629400
0.59932500
1.37855700
0.96921400
1.48764200
0.65422900
-1.71307300
-1.99973200
0.53594900
-0.47476500
0.88424700
-0.07307500
-0.01716300
1.02350100
2.61609900
3.32121300
4.27662200
2.81906400
3.38044600
-0.46615800
-1.36053200
-0.53343400
-1.47839300
1.59663100
1.19470400

16.00262900
17.81119300
14.69406500
15.81487900
17.63871500
13.49112900
12.78725600
15.13930700
14.90187600
14.91838200
14.52539800
13.71776500
14.67890800
14.29689600
14.62248600
15.09594600
14.61423800
12.26169000
12.08341700
15.77053000
16.33214700
16.81637100
16.28434700
16.73439700
10.64284600
10.06443300
12.03360200
12.54112300
15.66740200
15.63078300
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H

1.54642600
1.39332800
2.48483700
2.29259400
-0.59353500
-0.74359400
2.44264000
2.20751200
-0.94331600
-1.36413600
-0.05853900
0.20523300
2.76992200
2.79553500
0.58889800
0.82513400
0.70127600
5.52983800
4.47709300
5.69366700

Energy (0K) = -1643.0187482

Energy (OK) + ZPE = -1642.616035

Enthalpy (298K) = -1642.590597

Free Energy (298K) = -1642.670855

2d1

Number of imaginary freguencies: 0

C
C
N

-0.23859500

1.06321100
0.81494700

1.99376500
1.55026900
1.88066100
2.82820400
-2.29934500
-3.04531500
1.80896100
2.69802900
-0.96989500
-0.67486700
-2.67097800
-3.70928200
0.74048100
0.79443500
3.15440800
3.64313100
3.90267300
3.02674300
1.58268700
1.98267100

-0.10758000
0.67590600
1.98795800

15.99029700
16.98892000
10.74642600
10.24758600
11.49759700
10.72014600
12.13350800
12.72118100
11.26708500
10.30820700
12.72723800
12.91717300
9.99678600
8.91071000
15.79680100
14.83601500
16.58723900
18.34800000
18.16905600
16.89311900

1.00160400
1.09985300
0.69311400
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1.95608600

1.26596700

3.19001800
-0.60887100
-1.20830800
-2.42762300
-3.03412900
-2.78449300
-3.83041700
-3.30992500
-2.16519400
-4.35926700
-4.01720400
-4.09634300
-3.10371200
-4.96977500
-4.50460500
-0.92153800
-0.41332700
-0.54727400
-2.41293900
-3.14697500
-3.07325300
-4.52200100
-4.44655900
-2.50015600
-5.17062200
-5.08788100
-4.94761500
-6.24251900

3.22048500
4.46242400
2.87671100
2.27803300
0.89251500
0.67327500
-0.68230200
-1.60516300
-1.06239400
-2.89223800
-1.31026000
-2.34767200
-0.34555700
-3.26548300
-3.60616700
-2.63489000
-4.27217400
2.96356500
2.41173800
3.99164700
2.93644700
1.79609600
3.99436500
1.75020600
3.94323700
4.87093800
2.81854200
0.86822400
4.78185700
2.77046800

0.98435600
0.66425400
0.30054200
0.43833100
0.44246500
-0.07295300
-0.02552700
-1.04464300
1.05905600
-0.97243700
-1.89108500
1.12835000
1.85849800
0.11452200
-1.76692500
1.98177400
0.17145600
-0.87665400
-1.68489900
-0.88994300
-1.09290400
-0.70099600
-1.70712000
-0.94608500
-1.93860200
-2.00725400
-1.55696100
-0.65028700
-2.41699700
-1.73513200
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H

-0.61886000
-0.87316800
-0.75352200
-1.26808100
-0.76836000
-1.15027700
-0.56153800
-1.41140900
-1.46737600
-1.25927000
-1.72668100
2.12798100
2.19343800
1.23313900
2.91085100
2.59157900
-1.01221600
-0.07532400

Energy (0K) = -1643.0168374

Energy (0K) + ZPE = -1642.614004

Enthalpy (298K) = -1642.588570

Free Energy (298K) = -1642.668509

Hy

Number of imaginary freguencies: 0

H
H

1.00550300
1.74698200

Energy (OK) =-1.1687374

Energy (OK) + ZPE = -1.158672

Enthalpy (298K) = -1.155368

-0.68541400
0.16468500
-2.06189400
-0.35462400
1.24383800
-2.58326200
-2.72686200
-1.73172600
0.31612400
-3.65901500
-2.13843000
0.26254000
3.14298000
3.33580000
3.92798600
2.16193000
2.87910900
-0.93777300

1.85167000
1.85167000

2.34799300
3.42757400
2.51791500
4.65481100
3.30345500
3.74688300
1.67635300
4.81581000
5.48762600
3.86628000
5.77406400
1.50228800
2.73619800
3.22340700
2.99240300
3.00332000
1.27336800
0.29907800

0.92207300
0.92207300



Free Energy (298K) = -1.170156

2da

Number of imaginary freguencies: 0

C

O o 60 r T O r T T O I O I O O O o o o o o0 o uw ZzZ

-0.62430700
0.69940500
0.46094500
1.72015000
1.05338200
2.57547200

-0.89191300

-1.65833100

-3.05983500

-3.43251000

-3.12868400

-4.06268900

-3.43882500

-2.64922400

-4.36731200

-4.30385200

-4.05576700

-3.19702800

-4.85272800

-4.29836200

-0.89381100

-0.32781300

-0.36166600

-2.29270400

-3.29784900

-2.60059800

0.34802600
1.07985400
2.43165300
3.54527900
4.83298300
3.05844700
2.66943100
1.48841500
1.25833200

-0.21163400
-1.01629100
-0.79379200
-2.37313600
-0.57251000
-2.15143400
-0.17264900
-2.94604900
-2.98469400
-2.58948700
-4.00649500

2.64101300
1.75999500
3.51778500

2.60506400

1.94297100

3.23251000

1.30670400
1.49893600
1.26853500
1.00042300
0.85364000
-0.07299600
0.73023600
1.34281300
0.71460000
0.67640000
-0.42457700
1.77784400
-0.41959500
-1.29758600
1.78994300
2.64130800
0.68975200
-1.28660600
2.65982300
0.69428900
-0.79197300
-1.13562200
-1.18254200
-1.32894400
-0.61929800
-2.54107500
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H

-4.59689500
-3.88756100
-1.80664900
-4.89479200
-5.38363900
-4.10979600
-5.91141000
-0.77413200
-0.96949500
-0.66991800
-1.09451600
-1.02440300
-0.78956000
-0.50574300
-1.01052700
-1.25368400
-0.71540500
-1.11168700

1.76986200

2.60097800

1.92376100

3.42656600

2.97686600
-1.27119100
-0.57407100
-1.81478000
-3.77061800

Energy (OK) = -1644.2345646

Energy (0K) + ZPE = -1643.807204

Enthalpy (298K) = -1643.781881

1.92899500
3.19999600
3.75195600
2.54533500
1.41957000
3.69131100
2.52105600
-0.77421200
-0.51190200
-2.10026800
-1.55504200
0.51869600
-3.14631400
-2.31416200
-2.87678200
-1.33526400
-4.17478500
-3.69200900
0.59977200
3.49285600
3.78874800
4.20522100
2.47770700
3.63024300
-0.07972300
1.72834700
1.72797900

-1.14189300
-3.05708100
-3.07701200
-2.34846500
-0.58476700
-4.00189900
-2.73488200
2.30012900
3.65920200
1.88077700
4.57039300
4.01059700
2.79095000
0.82513400
4.13782400
5.62406000
2.44368400
4.85092400
1.80490500
2.52978200
3.33451700
2.43982600
2.67453900
1.09545200
0.29143600
2.40367000
1.41129900



Free Energy (298K) = -1643.860831
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3.84582700
4.09786200
3.03529500
4.68474900
3.05193100
5.37531200
-0.16035100
2.25969500
-0.98466700
1.40399800
3.57008900
-0.07332400
0.30634000
0.65514800
2.51595800
2.98829900
-2.33079900
-2.66923200
-0.62257600
-0.99336600
-0.57568300
-1.49930500
-1.16118100
-2.81808500
-3.51847500
2.52388800

3.05368700
4.22458300
3.19215000
1.60872900
1.86115600
2.26209100
-0.84154900
0.88064300
1.33687000
0.41719700
1.38001300
0.12531000
-2.14660800
-2.45047700
0.48648300
-0.50395600
1.14807300
0.15071100
-0.48274200
0.52508100
2.61196700
3.66438100
4.64933900
3.47144400
4.30361200
0.32753300

17.09701500
16.26876900
18.30061000
14.55660900
16.17589600
17.48912300
13.89206200
12.89325000
14.99966200
15.41404100
14.97693300
15.06317900
14.08096000
15.06886800
14.33093400
14.28188700
14.65468900
14.37778600
12.62462200
12.45070100
15.40896800
15.41487000
15.73663400
15.03461600
15.04565900
10.54366200
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2.88069600
2.71928900
3.21840600
-3.23879900
-4.27510700
1.59527900
1.34591700
1.42137500
0.91151900
-0.11436800
-0.09354200
1.61827000
1.24243100
-0.60083400
-0.95752700
0.33676100
0.70848100
1.86917900
1.71044000
0.83322900
1.39511400
0.82029600
5.94924200
5.16245700
5.89545300
1.72638900
-0.44269800

Energy (OK) = -1644.2230972

Energy (0K) + ZPE = -1643.795428

Enthalpy (298K) = -1643.770154

-0.35987600
0.02628000
-0.90247500
2.19637300
2.01759300
1.65884300
1.42209400
2.36911300
3.29137800
-2.68308300
-3.39319800
2.06317200
2.74628100
-1.39420000
-1.08663000
-3.05878600
-4.06718600
1.50104500
1.73969200
2.89759800
3.38325500
3.63124600
2.97127200
1.35502300
2.03692700
-0.42335900
-0.44412300

9.77954500
11.88713200
12.16342200
14.66029900
14.38181500
16.29637700
17.33708500
11.17302700
10.90265300

11.76813900
10.94429000
12.51608800
13.27322900
11.57260600
10.59139100
13.03099600
13.20139200
10.18127100

9.13190100
15.84640800
15.03389000
16.66316800
18.09290100
18.05990200
16.55523200

16.04244500
15.93303400



Free Energy (298K) = -1643.849575
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Number of imaginary freguencies: 0

Br

I o I O O O O O IT o o O o T 0o Oo O O Z2 uw O O =2 O w

11.81446300

1.85026900
6.21248500
5.36228100
1.45113300
5.13901300
5.49575400
2.34554900
0.90853700
5.94617900
3.81602000
5.00255900
5.61496300
3.23424100
5.35690100
3.32767100
6.28692200
6.14119900
4.77149200
7.77190300
4.99911300
2.43014900
3.58341800
4.27420200
3.90442600
2.89938400

9.71040400
8.44976700
6.81649100
7.66193700
9.05451500
9.99064300
9.31619800
6.84979600
8.32326200
6.68334100
5.35081900
7.18408300
7.69493900
6.57246300
5.71220600
4.83426400
5.50949700
4.55789600
4.81636800
5.70691100
3.35889800
5.78966500
3.67249000
2.92142200
2.48290100
2.88720900

-2.36002900
3.23663600
-3.03111000
-1.04878000
1.97910300
-0.17542500
-1.41723800
2.85588600
4.33344000
-1.86029100
2.00758900
0.29409800
1.06031200
1.80996100
0.20493400
3.26369500
-0.94819200
-1.47492400
1.02786500
-0.62353700
0.92860300
3.78715500
4.00388500
3.62762700
0.95033900
1.05932200
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3.52724700
3.30737300
2.92532500
7.23881900
8.69908700
8.34795400
2.94864800
3.14471800
8.22210600
7.51184000
1.78041700
1.08066400
3.34109400
2.04684200
6.28358500
7.14597900
7.72133200
7.03193900
8.08845600
7.68903700
3.77638800
3.18509300
4.07926100
3.72903700
4.09157300
3.23015500

10.49142100

11.54796800
5.74040100
9.94173400

7.39509300
8.45672200
7.03849300
9.48181400
5.70080900
5.54156500
3.49627700
2.59628400
5.93942900
5.94043800
5.60530800
6.34124900
9.20845200
4.44791900
2.82299100
3.48730400
9.61913500
9.65414900
9.40923400
9.29473200
8.94639000
8.32211500

10.00839200

10.21215800
1.11241600
0.44832400
6.14898400
6.32063800

10.30756000

9.62502500

0.60298500
0.72513500
-0.24913700

-1.68781100
-1.67098800

-2.68869900
5.22001600
5.80222100
0.67748300
1.50346200
5.00750800
5.39023400
3.80585700
5.73195300
0.78522400
0.78814300

-2.98356000

-3.82216300

-0.58531700

0.42090000
5.10528000
5.77169200
2.93706300
1.92778400
0.82178500
0.83188700

-0.11956500

0.07518700
4.68031800

-2.08621100
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6.46987500
7.47622500

10.04720100

10.75536800
9.45889100
10.14350700
9.57694400
9.91402300
5.37556100
5.52120900
4.97323600
5.32474200
1.37530800
0.75607800
0.72948200
2.11065200
5.27908400
5.86639000
7.01657400
6.81305100
7.66776000
7.56689800
4.78361500
9.09412300
9.49666500

Energy (OK) = -5394.6776428

Energy (0K) + ZPE = -5394.056408

Enthalpy (298K) = -5394.012992

Free Energy (298K) = -5394.132974

1.44983200
1.05047700
5.92284200
5.92472500
9.48374900
9.42848500
6.15000600
6.32005700
0.59102800
-0.48254600
9.50109200
9.30860200
4.20360500
3.29793000
5.04081400
4.05746000

10.54794100

11.17133600

10.91745000

11.82259400
11.20616600
10.23011900
9.60496500
9.69749100
9.80705800

0.66108100
0.55628000
-1.42121700
-2.24729200

-0.78793500

0.05383200
0.92834700
1.94871400
0.67784200
0.58147700
5.53059800
6.54283900
7.04991900
7.02078600
7.33446100
7.85131700
3.38313700
2.71045200
5.16700600
5.75376800
4.33573800
5.81886600
-2.64671000

-3.18526400

-4.18796600



511
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11.55163700

1.97315500
8.11287100
6.34433400
1.52339000
5.04594900
6.09811000
2.79671100
1.02202200
7.40917400
4.71626600
5.76792800
6.07168700
3.92451900
6.42783500
4.09456900
7.53679000
5.93300500
7.48179200
6.54748200
2.91460000
4.42586200
5.32693300
5.86829700
4.88854400
4.24938300
3.78024100
3.90846500

12.68852300
8.39937700
7.55220600
8.05564500
8.69534900

10.19338200
9.62849600
6.89450600
8.27651800
7.27440400
5.74222700
7.59295100
8.27216700
6.74446700
6.23737600
5.22691000
6.05620300
5.35531000
4.77139100
4.02998300
5.97141100
4.20976800
3.61596600
2.85841600
2.93049400
7.47369000
8.45581300
6.88579000

-0.12041000
2.56990300
-2.29372800
-0.88886700
1.22148100
-0.66917400
-1.50156700
2.48503200
3.65997400
-1.35162500
2.14987700
0.38288800
1.20396100
1.66469300
0.55170700
3.34384600
-0.44501800
1.43979300
-1.24148600
1.68725700
3.55233400
4.24835300
4.10510000
1.33785100
0.86675300
0.40258000
0.32880400
-0.46687200
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7.61151500
6.35227800
5.52659300
3.58674800
3.83257800
8.53312800
9.41364300
2.06369000
1.15134000
3.27024600
2.40803500
7.80628100
8.33414300
8.60221900
8.44824800
7.76738500
6.96918300
3.91976600
3.61005900
3.64506700
3.13875100
6.44298700
5.91098300
7.32386000
7.26131000
5.37704200
9.94037800
8.37601600
9.35333900
6.27258200

10.47214800
4.48214600
5.19439100
3.97058200
3.18094900
3.85860000
4.08172100
5.72166200
6.29066600
9.52165000
4.71385400
3.93590900
4.84755200

10.56061600

10.11294400

11.03162200

10.96318700
9.36120300
8.58469000

10.51339000

10.61905900
1.61607500
0.71106000
2.37935400
1.44638000

11.21442100

11.78165400
2.69073500
2.62779600
3.29329500

-1.12706000
-2.01054900
-2.04234900
5.32166300
6.03112300
-1.20481700
-0.60308800
4.62812100
4.76899500
3.00781500
5.52384400
2.28543000
2.56322100
-2.09961400
-3.07673300
0.13962700
0.87755800
4.23411100
4.93125500
2.10937800
1.15362600
1.57856400
1.29368300
-2.67658600
-3.23235100
3.65802200
-0.53170000
2.53704100
3.01077800
-2.72475500
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5.38836800
8.94940000
9.09627800
8.45488200
9.27976300
7.69519000
8.14030500
4.97103000
5.49173500
1.52950200
1.21022600
0.63022900
2.05815900
4.69495400
4.99118900
6.53237200
6.39323500
6.66831300
7.46416700
5.94408400
9.78252500
10.56960600
8.53199100

Energy (OK) = -5394.6766207

Energy (0K) + ZPE = -5394.054865

Enthalpy (298K) = -5394.011731

Free Energy (298K) = -5394.130790

B(CgFs)3 as catalyst
BArg(Ar:CG F5)

3.07734700
11.69363300
12.14122300

2.66596700

1.95786800

1.52933100

0.55582800
10.20694600
10.09048800

4.40674200

3.35696000

5.03143500

457178100
11.36020500
12.14729400
12.09987800
12.57062000
12.89357900
11.52219300

9.53180500
11.22743400
11.31525500

6.14112000

-3.32040900
0.44200000
1.42114400

-1.91924100

-1.87955700
2.18449200
2.37804000
4.54555500
5.49464000
6.69921500
6.69479800
6.70502800
7.64690400
2.44951200
1.75766800
4.00391000
4.98441100
3.26176200
4.06175300

-2.93921100

-1.79714700

-2.54051600
0.02108100



Number of imaginary freguencies: 0
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-2.31988300
-2.53062600
-2.19858900
-3.07369900
-2.39605300
-3.26668200
-2.92921700
-1.06024300
-1.11509300
0.19567500
-0.00733200
1.32794400
1.22173500
-3.37290900
-3.00113900
-4.74567200
-3.92025300
-5.69339100
-5.27495500
-0.10692100
-2.27075200
2.29034000
2.50616000
0.35496300
-1.71332000
-3.52265700
-6.16547200
-6.98964700
-5.19980300

4.60941300
4.37561600
5.33686700
3.18820500
5.14557400
2.95503100
3.94446800
5.37827500
6.23672900
5.23527400
6.91546600
5.88371300
6.73198900
4.06737300
3.51375900
4.11588100
3.03529000
3.66787500
3.12073400
7.73239100
6.45059500
7.36354700
5.70387200
4.42422100
3.40354700
2.50071500
2.67864300
3.75131500
4.63086600

0.60188100
2.13448200
3.09239800
2.63151700
4.45049900
3.98381500
4.89664300
0.08334700
-1.01786100
0.67820200
-1.49910300
0.21211800
-0.88130300
-0.42177700
-1.64872300
-0.16937100
-2.56836500
-1.07539600
-2.27984800
-2.53961200
-1.64418700
-1.33361700
0.79414200
1.72234700
-1.97136100
-3.71563700
-3.14994200
-0.80539500
0.97190000
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-1.69557600
-2.08121300
-3.11776500
-3.77036800
-3.41211600

Energy (OK) = -2207.3163907

Energy (0K) + ZPE =-2207.159718

Enthalpy (298K) = -2207.130306

Free Energy (298K) = -2207.219959

TSa

Number of imaginary freguencies: 1
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-0.07807700
0.68757400
1.58385500
1.89151600
2.16577900
2.76395100
1.43858200
3.03748200
1.92907000
3.33711200
2.99834500
3.48576600
4.02060400

-1.08512500

-0.83996100

-0.70470200
0.47195200
0.83398700

6.51145100
6.09137700
3.74560500
1.80514300
2.20545000

-2.39455000
-2.85070300
-3.40447400
-4.77238800
-2.59418700
-5.31687600
-5.39414900
-3.14868000
-1.53209500
-4.50842600
-6.37808500
-2.51619700
-4.93830300
-0.42300300

0.36003600

1.09175000

1.64356800

2.99010100

2.71781400
5.32589100
6.18895100
4.41252200
1.79922600

2.03783100
2.85947100
3.82207300
3.77821900
4.80748500
4.71091700
3.00863700
5.73534300
4.83499700
5.69027000
4.67380900
6.49789400
6.41881400
1.01516700
0.01262700
-0.99732000
-1.66775200
-1.57000900
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1.24513600
1.93549600
2.33821800
2.68268400
-1.64724000
-2.35312100
-2.31727200
-0.12567500
-0.38556700
0.43754100
0.42099300
-0.34836000
0.69292200
-0.90536900
-0.42772700
-1.65191300
0.69820900
-1.74539700
-2.53588000
0.60673700
1.65380100
-0.61545200
-2.70291000
1.49328200
-0.68826900
-0.93634000
-1.94922600
-2.77129700
-3.78791400
-3.82702300

0.77654700
3.46363700
1.26156100
2.60883900
0.31305100
-0.75381500
1.53782600
0.69768700
1.18007900
1.38504700
-0.23363400
-2.36717200
-2.02371700
-1.88808300
-3.86254100
-4.46828100
-4.66530100
-5.85125000
-3.84480400
-6.05012600
-4.19673600
-6.64532400
-6.31129800
-6.66422200
-7.72671100
-1.92636400
-2.33845300
1.48206500
0.99979700
-0.31514500

-2.45206000
-2.27469500
-3.15843400
-3.07982000
2.53036500
3.21516000
2.14320700
3.34180600
4.28900900
2.70469600
3.51438900
-0.39391800
-0.44857500
-1.20616500
-0.53173700
-0.82920300
-0.34467900
-0.94340000
-0.96909700
-0.46006600
-0.10868700
-0.75948600
-1.17795500
-0.31645400
-0.85147500
0.95712500
1.06894400
-1.99402300
-0.85392100
-0.38801900
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-4.72141900
-4.67655800
-5.59572900
-5.57644600
-2.61478100
-2.93918400
-2.21643300
-2.84278900
-2.08599000
-2.40594300
-2.54685000
-1.54068600
-3.33708400
-1.24768200
-3.08388500
-2.02214900
-3.86768400
-1.76634000
-4.43224600
-0.25550800
-0.81762700
-4.85687700
-6.46368800
-6.40812600
-4.63421400
-2.99894900
0.27092200
2.20992100
3.53633500
2.92543700

1.83913800
-0.78167900
1.41434900
0.09779900
3.06203100
3.70446900
3.91676000
5.07732500
5.28884900
5.87716900
0.57194600
0.86330700
-0.52686500
0.07147600
-1.33809700
-1.04813200
-2.37844700
-1.81050200
-0.84824500
0.39387700
1.97851500
3.11712000
2.26392200
-0.31637300
-2.05369500
-1.22719000
3.66099200
4.51296300
2.98860800
0.58224900

-0.23934800
0.59973600
0.75528700
1.18128200
-2.18670100
-3.38129100
-1.16135500
-3.56393900
-1.30829000
-2.52096900
-3.29464500
-4.22636500
-3.64621600
-5.32467500
-4.74595200
-5.58412500
-5.01038900
-6.63578100
-2.95610900
-6.14767000
-4.11632900
-0.59755100
1.29317600
2.12301300
0.98539800
-0.91303600
-0.92689900
-2.19149600
-3.63620300
-3.77251700
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0.96315000

-3.16999900
-3.38497700
-2.29613600
-1.64438500
-1.90727200

Energy (0K) = -3774.9846902

Energy (OK) + ZPE = -3774.432926

Enthalpy (298K) = -3774.377349

Free Energy (298K) = -3774.523443

A

Number of imaginary freguencies: 0

C
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1.68386000
2.45463000
3.31846800
4.36407700
3.11348700
5.18887200
4.51446800
3.94806600
2.29286500
4.98474100
5.99606800
3.78803600
5.63450900
0.65758400
0.66205100
0.63718800
2.00177200

-0.27306500
5.63075400
3.01104900
7.18765900
6.03681100
3.42244600

-2.70279000
-3.07192500
-3.45196200
-4.36337200
-2.89926500
-4.71516000
-4.79170500
-3.25226400
-2.19867700
-4.16028700
-5.42634900
-2.82123000
-4.43829000
-0.76285200
-0.02121300

0.74962400

1.12105800

-2.52159100
-4.72738200
-4.43237500
-2.68070000
-0.30144200

0.03986700

2.70006600
3.55899200
4.62806900
4.42459900
5.90149500
5.48487800
3.43587800
6.95297400
6.04781600
6.74647100
5.32684400
7.93840200
7.57303100
1.67156600
0.64431100
-0.38671000
-0.88964100
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2.60199800
2.67076400
3.84490100
3.90786800
4.49548000
0.25900300
-0.28798200
-0.53245800
1.86953700
1.74798300
2.26248100
2.49947000
1.26323200
2.27814500
0.61210700
1.24285500
0.02197200
2.42606100
-0.01279300
-0.90286100
2.39337400
3.37866200
1.17370200
-0.96808000
3.32252800
1.14635800
0.77582800
-0.24121600
-0.86480300
-2.08040700

2.34277400
0.20581700
2.65715900
0.53323100
1.76172000
0.03077000
-1.04496900
1.18637100
0.52070100
1.00315100
1.23219000
-0.36984800
-2.75356000
-2.36640000
-2.33611700
-4.25508300
-4.92905500
-4.99218400
-6.31819600
-4.35087700
-6.38283400
-4.46736400
-7.04784600
-6.83344300
-6.94803400
-8.13435300
-2.27974000
-2.65136700
1.22086200
0.77969500

-0.57944800
-1.70853500
-1.12001400
-2.25170700
-1.96361100
3.26863900
4.06889800
2.90934300
3.80141800
477657100
3.06855900
3.87870100
0.27386700
0.11422300
-0.50158600
0.20619700
0.11775600
0.24983600
0.06964300
0.08244200
0.19648900
0.31972100
0.10766800
-0.00294600
0.22372500
0.06569400
1.64710700
1.84043500
-1.12332500
-0.09346200
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-2.21827600
-3.00361900
-3.11634900
-3.93429100
-3.98998500
-0.77924400
-1.19987300
-0.34631200
-1.15128700
-0.27125800
-0.68044900
-0.86283900
0.07667000
-1.74674400
0.19881400
-1.66018100
-0.67341800
-2.53359300
-0.57755000
-2.78486300
1.12837800
0.90208500
-3.07231500
-4.77768600
-4.87185000
-3.14543800
-1.43736600
2.11027600
4.30596700
5.46285700

-0.52655600
1.65914100
-0.94201600
1.28966200
-0.01589000
2.85238400
3.56511800
3.65823200
4.95081000
5.04146600
5.69850200
0.45659800
0.79672900
-0.54320400
0.16007600
-1.21021300
-0.86656800
-2.16693300
-1.48975000
-0.91366200
0.53856500
1.83401400
2.94532900
2.19005700
-0.37764100
-2.21224400
-1.50570800
3.04073700
3.61171000
2.01742700

0.37823700
0.47429700
1.34719900
1.44263400
1.89371100
-1.27751500
-2.39772400
-0.22891600
-2.49342600
-0.27996300
-1.42794900
-2.58131700
-3.56027700
-2.98595300
-4.78549100
-4.20462700
-5.10958700
-4.51027700
-6.27717000
-2.22869200
-5.65927500
-3.37290200
0.11395700
1.93827400
2.81507600
1.74491500
-0.11846900
0.09195000
-0.87678300
-2.38934300
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4.41403600
2.20029400
-1.56458100
-1.70392700
-0.62706500
0.17856100
0.02010800

Energy (OK) = -3774.9940666

Energy (OK) + ZPE = -3774.441621

Enthalpy (298K) = -3774.385754

Free Energy (298K) = -3774.532984

TSg

Number of imaginary freguencies: 1

C
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0.11626500
0.81258600
1.63761600
1.29752600
2.79458900
2.10458500
0.39982600
3.59167100
3.05569500
3.24887300
1.83737900
4.48565300
3.87523600
-0.87991300
-0.36838700
-0.52156600

-0.17765900
-0.74721400
5.56799000
2.94172700
7.02215100
5.73759700
3.10120100

1.23950500
0.79908300
0.36012600
-0.77473500
1.08518700
-1.17409300
-1.33296500
0.68103000
1.96035500
-0.44749300
-2.05541400
1.24739800
-0.76155100
3.20899500
4.03246300
4.70114000

-2.90065000
-1.94595200
-3.59780900
-3.46925200
-1.50439600
0.76176500
0.93630600

1.53152900
2.42061500
3.49832500
4.24869800
3.82334700
5.30560800
3.99280500
4.88598000
3.23014500
5.62778800
5.88400300
5.13654400
6.45958000
0.46520400
-0.43016300
-1.55377800
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0.70548000
1.19692300
1.35860400
2.30771900
2.45332500
2.93151800
-1.43250400
-2.43434800
-1.76691300
-0.04961200
-0.27435400
0.86133200
0.01958500
0.03282700
1.05932300
-0.48331100
0.04250200
-1.14022300
1.22684400
-1.13398900
-2.07139200
1.23604200
2.14845000
0.05530800
-2.06037800
2.16805900
0.06022400
-0.67075700
-1.67210200
-2.08994600

5.12054700
6.42790600
4.12652200
6.73035900
4.43757200
5.74291700
3.89417000
2.95922700
5.27121900
3.94029900
4.75977200
4.14510800
2.99008200
1.30089000
1.69065100
1.75795300
-0.19542600
-0.88361400
-0.91868500
-2.26643100
-0.32673900
-2.30262600
-0.38443400
-2.97940000
-2.78988500
-2.85265000
-4.06064600
1.71111700
1.26150300
5.03156700

-2.29252800
-2.34246600
-3.03006000
-3.12319200
-3.82924300
-3.88063500
1.98044900
2.46553800
1.65249300
3.10421600
3.79364400
2.53650500
3.63392400
-0.90534600
-0.88114700
-1.75510900
-1.05729400
-1.34480500
-0.91139600
-1.49100100
-1.45436300
-1.06120900
-0.67859700
-1.35260900
-1.71801800
-0.94931300
-1.47160900
0.39942900
0.43416900
-2.24930400
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-3.27460800
-3.41483600
-4.17796500
-4.32914900
-5.12455600
-5.20251100
-2.20881700
-2.93350400
-1.70584200
-3.08615500
-1.82121800
-2.51865300
-2.11627300
-1.24431700
-3.00655700
-1.11998700
-2.92737000
-1.96277800
1.67066100
2.47138800
3.80111600
4.29715600
3.46217600
2.16331800
4.45023200
0.61955200
2.04237500
5.33119300
1.39711200
4.07131300

4.49867600
3.14067700
5.29337300
2.58943000
4.78702900
3.42711100
6.66520300
7.25336500
7.58123500
8.62601600
8.95797200
9.49024600
4.30227400
4.71113200
3.31504000
4.09342200
2.67133800
3.04609200
6.27499200
7.39216300
7.31529300
6.10897000
5.00801200
5.10350800
8.18349900
6.25355600
8.31337400
6.00455800
4.03213700
3.34030400

-1.23553000
-0.95890300
-0.52912400
-0.08067100
0.35879900
0.59302700
-2.44039900
-3.47519900
-1.52328500
-3.63247900
-1.64130100
-2.71247600
-3.74638000
-4.76273400
-4.17807500
-5.99896800
-5.40969400
-6.32601500
0.77623900
0.85976700
0.45759700
-0.01640000
-0.08923600
0.30042700
0.51459900
1.05199600
1.23968700
-0.32844400
0.26338200
-0.65419500
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H

-1.87229800
-3.79946200
-4.06414500
-0.22283800
-0.49215900
-2.60946200
-4.34850300
-6.08792300
-5.95563600
-4.21185100
-3.56268700
-3.78125100
-2.64865200
-1.28016100
-1.07382400
2.93947600
0.98716100
3.79026900
2.68219200
0.72716400

Energy (0OK) = -6668.8850981
Energy (OK) + ZPE = -6668.247945
Enthalpy (298K) = -6668.185312
Free Energy (298K) = -6668.347134

B

Number of imaginary freguencies: 0

C
C
C

0.85611700
1.44921400
2.14111600

2.44371800
1.71427200
2.94143400
4.52583000
5.80862400
2.25675500
1.27576300
2.93509300
5.61136600
6.62565200
6.50659900
9.11827700
10.80472500
9.76812200
7.15194500
3.65176700
3.10362600
5.98919800
7.75205700
7.21434100

-2.48794800
-2.90664100
-3.39673400

-7.50588500
-5.72316900
-3.44742000
-6.88324800
-4.61784500
-1.57169800
0.14435100
1.44984000
0.99456300
-0.65558400
-4.39237100
-4.65567500
-2.84880700
-0.73234700
-0.41811300
-4.40358500
-2.98980200
-4.50111900
-3.14213500
-1.76098000

2.97617900
3.94722700
5.09503600



O I I O I T T O O O u O o o o o o o o z T T T O T O T O O O

2.16807800
2.80319900
2.84453000
1.65558500
3.47542100
2.78519000
3.49752700
2.86142000
3.98525900
4.02478100
0.05624700
0.76674000
0.35220600
1.44154900
2.25854300
1.62070900
3.22197100
2.57781700
3.38382800
-0.59646400
-1.74733700
-0.73513300
0.59382600
0.32022900
1.60502200
0.51831400
0.97440700
2.03084700
0.59565900
0.84183400

-4.77454400
-2.51421800
-5.25568000
-5.45366700
-3.00551400
-1.44610500
-4.37439400
-6.32463000
-2.31660500
-4.75512200
-0.62159800
0.03509700
0.58194400
0.78442600
1.91232000
-0.26682500
1.98697600
-0.18738300
0.94237700
0.26018200
-0.49015600
1.62182900
0.34337900
1.22783300
0.45114200
-0.55939900
-2.75499200
-2.47435300
-2.34872500
-4.25357600

5.35801700
5.96136100
6.47116800
4.67947400
7.07288500
5.75189600
7.33048900
6.67039000
7.74233900
8.20214000
1.57165800
0.56284700
-0.59688900
-1.60567900
-1.72260000
-2.51533800
-2.72453400
-3.52121100
-3.62923300
2.85628300
3.33764400
2.34754600
4.18761000
4.77121400
3.78432000
4.79410300
0.55967300
0.64372600
-0.38098100
0.56908200
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-0.25339100

1.80277400
-0.39103000
-0.99746100

1.66762500

2.66806100

0.56767500
-1.24831300

2.42709800

0.46131900

0.19395000
-0.82777800
-1.23861900
-2.32295400
-2.33311800
-3.29473600
-3.22760600
-4.21597900
-4.18468600
-1.57480100
-2.76430700
-0.79078200
-3.14651100
-1.12678900
-2.31472700
-1.39956300
-0.72440600
-2.20739300
-0.72333400
-2.24549300

-4.86769100
-5.05633500
-6.25209200
-4.25102700
-6.44153200
-4.58723000
-7.04307400
-6.71510500
-7.05252300
-8.12564300
-2.11015000
-2.52074800
0.95855600
0.06045200
-1.32851100
0.54936900
-2.16859000
-0.25413700
-1.62378600
2.56936500
3.06555400
3.53903800
4.39687700
4.88695000
5.32406000
0.74820000
1.60254700
-0.17362000
1.47995700
-0.32972200

-0.04342200
1.18929600
-0.02694100
-0.54320500
1.20702200
1.65757000
0.60089900
-0.51127300
1.69086700
0.61194400
1.73034900
1.73470000
-1.03607000
-0.16745300
-0.27325300
0.70562200
0.36816300
1.37247300
1.20911000
-0.84013500
-1.37554600
-0.23801300
-1.33030000
-0.16707600
-0.72109900
-2.69815100
-3.57750100
-3.36693700
-4.96009400
-4.74942100
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-1.48514800
2.48312500
3.31223800
4.64049100
5.11660100
4.26063400
2.96596800
5.30901400
1.42507200
2.90071800
6.15013100
2.19061400

4.84103100
-1.50523600
-3.03095300
-3.05900400
-0.01056100
-0.01408000
-1.42866400
-3.17429700
-5.04650000
-5.11244400
-3.41647700
-3.64437600
-4.30277500
-2.65636500
-0.30941300

0.39863900

2.69256800

0.97872400

0.49310000
2.04957700
3.13142900
3.06159900
1.89817100
0.83086100
0.94284400
3.90432600
2.05047400
4.01795900
1.80612200
-0.16417000
-0.76386500
0.35854500
-1.25496700
-0.97532400
2.31525200
2.64368100
-1.93917600
-3.49196300
-2.40791000
0.29024500
1.85231100
2.22844100
4.79644000
6.60756800
5.75902700
3.23019800
-1.01216300
-1.14488700

-5.55906200
1.62022400
1.82125500
1.41687700
0.82711400
0.63140300
1.01807800
1.56241400
1.87515500
2.29147100
0.51015600
0.81196900

-0.12858000

-6.88056200

-5.29967300
-2.71399000
-5.71458000
-3.12027700
-1.06216700
0.20338600
1.84741300
2.19361800
0.98570300
-1.94659700
-1.85721100
-0.66938500
0.42315000
0.30858400
-4.22124100
-2.44313400



H
H
H

4.13170700
3.84383400
2.11877300

Energy (OK) = -6668.8988171

Energy (0K) + ZPE = -6668.259840

Enthalpy (298K) = -6668.197499

Free Energy (298K) = -6668.358346

TSc

Number of imaginary freguencies: 1

C
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1.00861700
1.65229800
2.39844600
2.47452800
3.06259400
3.20184500
1.95817000
3.78614500
3.00737000
3.85766700
3.25628000
4.29819700
4.42595700
0.09659700
0.83635700
0.32986900
1.41688400
2.27409000
1.58295600
3.25326400

1.01012800
2.87690800

2.75724900

-2.43770700
-2.80264100
-3.23725000
-4.60588100
-2.31278000
-5.03679700
-5.31861500
-2.75394300
-1.25171100
-4.11392000
-6.09897400
-2.03236000
-4.45456800
-0.65231000
-0.01139600

0.66149500

0.90174700

2.00421700

-0.10860100

2.10675900

-4.41618200
-2.80046700
-1.05224600

2.87081200
3.83155900
4.96788900
5.26786500
5.78765200
6.36927700
4.62787400
6.88797500
5.55193500
7.18127200
6.59617600
7.52030500
8.04368800
1.42171600
0.39447800
-0.73414400
-1.72970900
-1.75662000

-2.68592700

-2.74016400
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2.57127400
3.40629800
-0.72005200
-1.88682200
-0.85219600
0.33274000
-0.07455500
1.35918200
0.28888300
1.00106800
2.06328000
0.59212800
0.84420300
-0.29212400
1.82099300
-0.45609600
-1.05015300
1.66043200
2.71620700
0.51908600
-1.34664900
2.43174400
0.39269400
0.28006100
-0.73658100
-1.24537600
-2.36152900
-2.33938400
-3.39626600
-3.25141400

-0.00661600
1.10580600
0.21330400
-0.57312800
1.56791500
0.33275500
1.16031400
0.55373500
-0.59905400
-2.83351000
-2.56493800
-2.46897000
-4.32718100
-4.94479700
-5.12027300
-6.32347200
-4.33471300
-6.50023700
-4.64701200
-7.10490100
-6.78911700
-7.10459800
-8.18326900
-2.12507900
-2.54444900
1.07036600
0.18694400
-1.20336000
0.67933700
-2.04570000

-3.65761200
-3.69373200
2.61356800
2.98783100
2.08922200
4.04916600
4.63851900
3.74301300
4.61346000
0.47062500
0.49757100
-0.47410700
0.55588300
0.02802800
1.16278100
0.11644800
-0.46022100
1.25142600
1.56649200
0.73129200
-0.30055400
1.72478300
0.79902100
1.64216400
1.71357200
-1.16864000
-0.33144300
-0.40391200
0.46392500
0.20808400



O I IT IT T Z2 O O O O O O O O O O O O O O O O O O O

o8]
=

m M M m

-4.34111600
-4.27211300
-1.51079700
-2.65013900
-0.69755200
-2.95615400
-0.95836800
-2.09800900
-1.39735800
-0.73829300
-2.19662900
-0.76239100
-2.25579400
-1.52301800
2.60913800
3.40907800
4.75423200
5.27233800
4.41708700
3.14661600
5.40408500
1.53377000
2.97262700
6.31434300
2.11865500
5.01203700
-1.56479300
-3.03369700
-3.01521300
-0.07154600

-0.12656400
-1.49963000
2.69441500
3.26644000
3.60295000
4.61643500
4.96601800
5.48119200
0.87399000
1.74062400
-0.05815000
1.63514800
-0.19697900
0.64694300
2.02628300
3.11161800
3.07086400
1.95818800
0.90204600
0.98030000
3.91261300
2.00079000
3.96855800
1.90516000
-0.28342300
-0.62007500
0.52879900
-1.12946100
-0.89297000
2.48623200

1.09220600
0.96828500
-0.95631200
-1.52496000
-0.29947000
-1.46003900
-0.20905100
-0.79740500
-2.83613300
-3.71670600
-3.50248000
-5.10029800
-4.88631200
-5.69860600
1.66024100
1.97829500
1.62170200
0.96868100
0.68438800
1.04860700
1.84277500
1.85051200
2.48067100
0.66861200
0.41908500
-0.23633600
-7.02032300
-5.43336100
-2.85019800
-5.85645300
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H

-0.01593700
-1.39810800
-3.16229700
-5.15792500
-5.30221100
-3.55418800
-3.55190800
-4.06699900
-2.37116400
-0.11736900
0.44390000
2.68266000
0.91926800
4.17181000
3.90094800
2.16158900

Energy (0OK) = -6668.8789542
Energy (0K) + ZPE = -6668.242324
Enthalpy (298K) = -6668.179864
Free Energy (298K) = -6668.340251

C

Number of imaginary freguencies: 0

C

O O u w Z2 O

-0.42427000
0.12430400
1.31868700

-1.17990000
1.51040200
2.86594600
0.38849500

2.77315700
-1.80966800
-3.37108800
-2.28404100

0.41968200

1.98571800

2.49560200

5.09254700

6.77930900
5.77537800
3.20856500
-0.80097700
-0.97311500

1.19234500

2.98106600

2.80097800

-0.11774600
-1.42832000
-2.02246500

0.02210300
-3.67636400
-4.03847400
-4.45055500

-3.26145800
-1.15126900
0.08003000
1.57110700
1.83581300
0.70376200
-2.14983100
-2.01813000
-0.72714500
0.43325600
0.29133400
-4.39247200
-2.67192000
-4.46142700
-2.75601900
-1.02745900

1.44066700
1.94271800
1.63122100

-0.07205900

2.20693900
1.81960800
1.71656700
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2.55647000
2.56087700
2.71406600
2.85154800
3.71432500
2.10116300
3.80985900
4.29703100
2.20106500
1.45034900
3.05102200
4.47713200
1.61179400
3.12511400
2.83918300
2.07501500
2.73744400
4.22802400
5.31132100
4.47716500
6.61236600
5.12576300
5.77873200
3.64788000
6.84982300
7.44230800
5.95499800
7.86588300
-0.47991300
0.30088100

-1.39078000
0.05392200
1.25548000
2.67413900
3.25076700
3.50144000
4.63219400
2.60298400
4.88183800
3.05201500
5.44953900
5.07373700
5.51777100
6.53111000

-1.83118300

-1.41371800

-2.92238300

-1.44074300

-2.24112100

-0.27779700

-1.88986900

-3.15548700
0.07362800
0.35963000

-0.72904000

-2.52729700
0.97963200

-0.45379600

0.85263200
0.69663100

1.09372600
1.26340800
1.33448500
1.29419300
0.34887700
2.14268200
0.25020800
-0.30399000
2.03261400
2.88789500
1.08596900
-0.48620200
2.68940000
1.00049800
-0.35739600
-1.01848700
-0.38427500
-0.78367300
-0.40836100
-1.51807800
-0.75352100
0.15559800
-1.86746500
-1.82029300
-1.48493900
-0.45577300
-2.44420600
-1.75928100
2.48427300
3.66665000
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-1.37745600
0.19952100
1.00131700

-1.48554600

-2.04255600

-0.69642000
0.80784800

-2.19629600

-0.78451800

-0.69361200
1.47881900

-0.70695700
0.57574300

-1.49116100
1.05898900

-1.04088300
0.24669700

-2.82554600

-3.55140700

-3.60252800

-4.92718600

-4.98559700

-5.65429300

-0.79060600

-0.36512300

-1.03296400

-0.07139400

-0.74968300

-0.24936500
2.26791700

1.95004300
1.58793100
-0.13001500
2.83235500
2.07258000
2.65769400
1.45461400
3.65192300
3.35443500
-1.95333800
-3.51539400
1.51078800
1.69963100
2.66327700
2.88742000
3.88922300
4.00791400
-0.08101300
0.05336000
-0.36303100
-0.08312100
-0.51022300
-0.37448900
-1.22384900
-1.10096100
-2.54907800
-2.18140900
-3.65962400
-3.47413600
-2.81461300

2.43306100
4.71289400
3.75591300
3.48947000
1.58856700
4.62724200
5.60242400
3.43812300
5.45736000
2.68417100
3.96932200
-0.64527300
-1.15081400
-0.70362700
-1.67728000
-1.17994200
-1.67435700
0.03691700
-1.14808900
1.15418100
-1.23615200
1.11085600
-0.09177600
-1.10498900
-2.43166000
-0.73427900
-3.25576500
-1.51892300
-2.79549500
4.25732300
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1.69842700
0.49364000
3.37218000
-2.91361400
-3.05260100
-5.55583800
-6.97298900
-5.67037800
0.35720400
-0.22630900
0.02264500
-0.98999900
-1.60131700
2.28446100
1.41802100
0.68407600
-1.84660100
-2.76319900

Energy (0K) = -3850.2050851

Energy (OK) + ZPE = -3849.646634

Enthalpy (298K) = -3849.590740

Free Energy (298K) =-3849.733909

NaBPh, as catalyst
BAr; (Ar=Ph)

Number of imaginary freguencies: 0

B

C
C
C

-2.32681900
-2.53927600
-2.06633900
-3.20798300

-4.51142700
-3.17752500
-1.79271800
0.35463500
-0.49612700
0.06569900
-0.51140200
-0.77775800
-1.98117800
0.08950600
-4.51213400
-4.88773500
-2.81807300
2.95211900
0.66521100
5.16405200
4.94695200
2.66943300

4.60743500
4.37907000
5.29834900
3.23942100

4.36703300
4.29075000
1.71428600
-2.28607500
2.36485400
-2.39918900
-0.14940100
2.21984900
-4.50018200
-3.02316100
-3.57546500
-1.07196500
0.44431500
-2.18962200
-1.20740400
-2.15324800
-1.18239900
-0.27107400

0.59440200
2.12653400
3.08099500
2.60973100
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-2.26124600
-1.54533700
-3.38448300
-3.58384300
-2.91563900
-1.89708600
-3.89164400
-3.06046000
-1.06174800
-1.11270500

0.17297300

0.00194600
-2.05336500

1.30060600

0.25015500

1.21420600
-0.07030300

2.24748000

2.09183100
-3.37923200
-2.99082300
-4.75120300
-3.91777000
-1.93539000
-5.68888300
-5.08879800
-5.27144900
-3.58649200
-6.74605600
-6.00099100

5.09989900
6.19378100
3.01926400
2.50403100
3.95440700
5.83438700
2.12087000
3.79065600
5.36969600
6.16791900
5.28827800
6.86205500
6.25594500
5.95506200
4.67670900
6.75006100
7.48577600
5.86040000
7.28259100
4.06957300
3.60289800
4.02842100
3.10513900
3.61995400
3.56071500
4.38606900
3.08985400
2.73375400
3.55595600
2.71063900

4.44340800
2.74319300
3.97113000
1.89931900
4.89084600
5.15895000
4.31711300
5.95693000
0.07992200
-1.07726500
0.74922500
-1.53465900
-1.61979300
0.28270000
1.64753900
-0.85801800
-2.42333400
0.81051000
-1.21916900
-0.43055300
-1.69943800
-0.12356500
-2.60866000
-1.96994500
-1.03785500
0.84874300
-2.28056000
-3.57637300
-0.78023100
-2.99349700



Energy (0K) =-719.2725789

Energy (OK) + ZPE = -718.996391

Enthalpy (298K) = -718.980307

Free Energy (298K) = -719.040046

TSa

Number of imaginary freguencies: 1

C
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-0.07152800
0.68561300
1.57408300
1.49738800
2.53684300
2.37068200
0.75103700
3.40366900
2.59920900
3.32318900
2.30763600
4.14776200
4.00500300

-1.00274500

-0.78098000

-0.68183900
0.46311700
0.71356500
1.31455700
1.79758700
0.06136600
2.38780700
1.10724500

-2.28127900
-2.74786700
-3.32198000
-4.69346600
-2.53291400
-5.26001600
-5.30145300
-3.10914700
-1.47097400
-4.47130500
-6.32369800
-2.49250400
-4.91892400
-0.29663400
0.44415600
1.12596700
1.66052700
3.03098100
0.74930300
3.47616800
3.74635800
1.20373000
-0.31697600

2.06174000
2.88543700
3.84319700
4.12847000
4.48924600
5.04721000
3.62140000
5.40836900
4.26048500
5.68892900
5.26433000
5.90690800
6.40823100
0.99763500
-0.04052600
-1.09180100
-1.83190600
-1.94991000
-2.47259600
-2.70070400
-1.45491200
-3.22825500
-2.39723500
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2.63288200
1.98515500
3.03497800
3.47309900
-1.55073300
-2.31365900
-2.14578500
-0.01965600
-0.26546500
0.58670200
0.47664000
-0.39538500
0.64787700
-0.96989500
-0.50590300
-1.70550900
0.56515600
-1.83508200
-2.54239000
0.43873000
1.50456900
-0.76238900
-2.77392300
1.28278600
-0.86118400
-0.92622600
-1.95596700
-2.57792800
-3.65152100
-3.68177000

2.56970600
4.54462100
0.48544000
2.92509800
0.50372200
-0.50285900
1.75680400
0.83531700
1.36254700
1.47026300
-0.11497100
-2.30662600
-1.98037600
-1.84248400
-3.80378300
-4.38921800
-4.63048200
-5.77301900
-3.75029800
-6.01522700
-4.18101400
-6.58931600
-6.21440200
-6.64678300
-7.67140600
-1.80379300
-2.16449900
1.37883700
0.77795100
-0.57937100

-3.34705800
-2.78206200
-3.72679900
-3.93915400
2.48501500
3.19758900
2.06557500
3.30391600
4.23075400
2.65231600
3.51630800
-0.37121800
-0.47433300
-1.18299000
-0.46228500
-0.87464400
-0.11661500
-0.93640100
-1.15980100
-0.17868700
0.20419900
-0.58681700
-1.26377400
0.09037300
-0.63715000
0.98245400
1.12529100
-1.91539400
-0.87915100
-0.51163100



r r*T 6O T 6 T 6o 0o o 60 T T T O T O T O O O o T T T O T O T O O

-4.67106800
-4.63435700
-2.94128900
-5.63892300
-4.71555900
-5.62015500
-4.60879200
-6.40986000
-6.36898700
-2.52011600
-2.60224000
-2.40837100
-2.55255900
-2.71034100
-2.35858400
-2.34711500
-2.42318600
-2.61710900
-2.26659800
-2.38048500
-2.39914200
-1.43321500
-3.24166900
-1.29455000
-0.76629400
-3.12027500
-4.03381300
-2.13685300
-0.52678300
-3.80073300

1.57577000
-1.10597100
-1.25861700

1.06529600

2.63210600
-0.27761200
-2.16439500

1.72455700
-0.67835300

2.98052300

3.70142300

3.74045200

5.09464100

3.16293100

5.13005700

3.22484900

5.81580600

5.61665800

5.68168700

6.90306800

0.57091500

0.92021800
-0.50073200

0.23188300

1.76009700
-1.19430200
-0.79594500
-0.83675100

0.53617900
-2.01499900

-0.33563000
0.35500100
-0.93250200
0.52739500
-0.59603400
0.88679700
0.61355700
0.92290800
1.56716900
-1.96873000
-3.16880300
-0.78826600
-3.19991400
-4.10957600
-0.80564300
0.17099100
-2.01823500
-4.15326100
0.12860900
-2.03859500
-3.29615600
-4.26151300
-3.64005900
-5.46259500
-4.07597100
-4.84253800
-2.95481900
-5.75850400
-6.17222100
-5.06348900



H

-2.03351900

Energy (OK) = -2286.9337423

Energy (0K) + ZPE = -2286.263499

Enthalpy (298K) = -2286.220860

Free Energy (298K) = -2286.340612

A

Number of imaginary freguencies: 0

C
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0.98064400
1.75643600
2.66883500
2.59931000
3.64861200
3.49744000
1.83986100
4.53991900
3.70544500
4.46696800
3.44079200
5.29729200
5.16800900
0.01710900
0.15496900
0.19247900
1.43498000
1.71413500
2.33406900
2.87346300
1.02777400
3.48220400

-1.37670600

-1.91093500
-2.37383400
-2.94052300
-4.30987200
-2.14655300
-4.87007000
-4.92100100
-2.71650700
-1.08648500
-4.07666900
-5.93212900
-2.09671200
-4.51907400
0.05484700
0.78159800
1.48061500
1.97140100
3.33111500
1.01970800
3.72355400
4.07988200
1.42081700

-6.69781600

2.23215300
3.04041600
3.97967800
4.27662800
4.59315000
5.17509000
3.79347500
5.49256300
4.35449000
5.78476100
5.40151600
5.96647100
6.48863600
1.16008900
0.11515500
-0.94886200
-1.58430900
-1.75055300
-2.08207900
-2.41301800
-1.36319100
-2.75426300



o ™ I 6O T T T O T O T O o0 o o T r O T r T O o0 O »wW T T T O T

2.10374600
3.75542000
3.08358200
4.16430700
4.65290900
-0.55217100
-1.33181400
-1.13676800
0.97175800
0.71707600
1.59049400
1.45853600
0.60431000
1.64779900
0.01675100
0.48494800
-0.74167600
1.57425700
-0.87842400
-1.59541000
1.44000400
2.53500400
0.21284900
-1.83814700
2.29786200
0.10771500
0.10258900
-0.92363400
-1.47320000
-2.61705200

-0.03882700
2.77564600
4.78402400
0.67064500
3.09110200

0.86269400

-0.14852000
2.11379800
1.18290700
1.71593800
1.81110800
0.23012000

-1.97778100

-1.65994800

-1.52208200

-3.47619800

-4.06504200

-4.29965600

-5.44903200

-3.42945000

-5.68502400

-3.84775700

-6.26220200

-5.89401200

-6.31429500

-7.34462100

-1.45548000

-1.81104500
1.73822800
1.12926900

-1.97079900
-2.92349400
-2.53391000
-3.14815800
-3.45056000
2.66593000
3.35217300
2.23040900
3.50194000
4.42320900
2.85550100
3.72453800
-0.19284800
-0.31942400
-1.00022500
-0.25289900
-0.57130700
0.03871600
-0.59567500
-0.81043800
0.01493600
0.28388500
-0.29980000
-0.84912100
0.24218600
-0.31956600
1.16357400
1.33798800
-1.72193900
-0.74008700
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-2.67242100
-3.63591500
-3.63920200
-1.94135700
-4.61771500
-3.66620200
-4.61845400
-3.63053200
-5.38437900
-5.37714500
-1.49702600
-1.62226700
-1.39828400
-1.63210300
-1.71297500
-1.40828300
-1.30236000
-1.51860900
-1.72912100
-1.32590500
-1.52197100
-1.34904400
-0.35359100
-2.26351800
-0.25962200

0.37105500
-2.18555500
-3.07597200
-1.17489300

0.53167500

-0.23669400
1.92285400
-0.77233800
-0.91827300
1.40504800
2.98594600
0.05491700
-1.83757800
2.06532100
-0.35147400
3.35601700
4.06920800
4.12535900
5.46367100
3.52265900
5.51605500
3.61637200
6.19494900
5.97870300
6.07383300
7.28303500
0.97615900
1.29771400
-0.01334000
0.66241700
2.07876800
-0.65566200
-0.28774900
-0.32714800
0.94503100

-0.40736800
-0.19130500
0.43887200
-0.84350200
0.65224500
-0.42507600
0.98393900
0.66896900
1.05486300
1.64990600
-1.79023300
-2.99017800
-0.61519600
-3.02610000
-3.92855600
-0.63592000
0.34506900
-1.84895300
-3.98076000
0.29580000
-1.87318000
-3.15222900
-4.09688700
-3.55032200
-5.33155600
-3.87020700
-4.78535700
-2.87958200
-5.68178100
-6.02428800



H
H

-2.92177400
-1.10521000

Energy (0K) = -2286.9344989

Energy (0K) + ZPE = -2286.264166

Enthalpy (298K) = -2286.221103

Free Energy (298K) = -2286.341861

TSg

Number of imaginary freguencies: 1

C
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0.13273500
0.91255700
1.83897100
1.73868100
2.85879000
2.64523100
0.94704500
3.75735800
2.93244700
3.65241100
2.56309600
4.54455900
4.35707000
-0.89106300
-0.32893400
-0.45130600
0.73839000
1.11385700
1.46539800
2.19265300
0.56848600

-1.41455200
-0.82759700

1.22756800
0.81662900
0.42412200
-0.82149400
1.31284800
-1.16626200
-1.50729700
0.96070700
2.27428300
-0.27813700
-2.13348300
1.65378200
-0.55232500
3.21521700
4.02210300
4.59895100
5.01361100
6.34394200
4.00103900
6.64516600
7.14900000

-5.04613700
-6.64585300

1.54746800
2.37989200
3.39170800
4.02718800
3.76593200
5.02136800
3.73431100
4.76390900
3.26036600
5.39297300
5.51168500
5.05123700
6.17459700
0.56949800
-0.32072100
-1.49269900
-2.27942800
-2.49900500
-2.91838200
-3.32501100
-2.01306800
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2.52881000
1.16994100
2.89977300
2.47737900
3.07047400
3.73464600
-1.49099400
-2.50241700
-1.81281700
-0.14034100
-0.46431900
0.74836900
0.03141400
-0.20723200
0.81647100
-0.81214500
-0.22112300
-1.41828800
0.95354800
-1.44002200
-2.33940900
0.93568700
1.88970300
-0.26163700
-2.37858900
1.86020700
-0.27737300
-0.75033200
-1.76157900
-2.03280500

4.30655800
2.96295900
5.63153900
7.68582500
3.50178900
5.87393700
3.90261700
2.97644900
5.28408300
3.94045700
4.61646300
4.32704000
2.93582300
1.29190300
1.67785100
1.75514900
-0.20364000
-0.87400100
-0.94606900
-2.25835300
-0.29966300
-2.33130800
-0.42715000
-2.99055600
-2.76711200
-2.89623800
-4.07283500
1.71989200
1.30950600
4.91496300

-3.76081200
-2.77522500
-3.96670000
-3.46903100
-4.25361100
-4.62055300
2.04670600
2.52703700
1.71987600
3.20396500
4.00112400
2.69961000
3.59285100
-0.87778800
-0.97830300
-1.66719600
-1.02645400
-1.29078900
-0.89650400
-1.42364000
-1.40079400
-1.03167000
-0.69011600
-1.29510200
-1.63334200
-0.93270600
-1.40323200
0.49478300
0.63065900
-2.20152700
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-3.26170100
-3.43734700
-4.26407400
-4.50759000
-2.71644800
-5.34323400
-4.20457600
-5.47065700
-4.58618700
-6.08952900
-6.30945100
-2.02045900
-2.20394800
-1.81778000
-2.14523900
-2.38864100
-1.75391000
-1.71520100
-1.90511700
-2.28645500
-1.58728900
-1.84986000
-2.02832100
-1.13225600
-2.92708900
-1.10828800
-0.42733100
-2.91877300
-3.67357900
-2.00060500

4.36837900
3.00687100
5.21994000
2.52617400
2.28256100
4.76117200
6.28666700
3.40827900
1.45894700
5.46929300
3.04439800
6.55304300
7.31991400
7.27736200
8.71422100
6.81797400
8.66716800
6.72609800
9.39722400
9.26735700
9.18397300
10.48425400
4.23205200
4.63813700
3.22069700
4.06244800
5.44269600
2.63203200
2.87732400
3.04416200

-1.27524000
-0.96854800
-0.78564800
-0.22059800
-1.34642800
-0.03005400
-0.99729900
0.26318100
-0.01172400
0.32818200
0.85380700
-2.23130300
-3.38950500
-1.04037300
-3.37823100
-4.33883800
-1.01209000
-0.10428600
-2.19087700
-4.30597800
-0.06706000
-2.17935500
-3.69772000
-4.70864900
-4.07713000
-5.97570500
-4.50899200
-5.34206900
-3.36363100
-6.30069600
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-0.38851200
-3.63977800
-1.98579200
1.45313700
2.13422600
3.44365700
4.04454100
3.32959000
2.04242800
3.99749200
0.42549500
1.62478800
5.06904100
1.37642500
4.08400500

Energy (OK) = -5180.8253423

Energy (0K) + ZPE =-5180.069734

Enthalpy (298K) = -5180.020297

Free Energy (298K) = -5180.153161

B

Number of imaginary freguencies: 0

C
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0.08101300
0.89804000
1.86092900
1.87569200
2.80288500
2.81527800
1.14664300
3.73581600

4.41586400
1.84968500
2.58794500
6.42162200
7.61378700
7.61685600
6.41271000
5.23411400
5.25265500
8.54564500
6.33110800
8.52970600
6.37114000
4.12183800
3.57171000

-2.29976100
-2.72232500
-3.14806300
-4.46836100
-2.22950100
-4.85652400
-5.17890000
-2.62596500

-6.71325800
-5.57573900
-7.28898400
0.69737400
0.59221300
0.12206700
-0.21878200
-0.09903500
0.33881800
0.02685100
1.03951600
0.87434700
-0.57481500
0.44667500
-0.46647000

2.05547600
2.84593300
3.80957200
4.28168300
4.29772700
5.22812600
3.89839400
5.24671000
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2.79164300
3.74370400
2.82210800
4.46130600
4.47561000
-0.99719500
-0.23400100
-0.51493000
0.66885400
1.04601900
1.40829300
2.12017500
0.50079900
2.47102400
1.12002900
2.83305100
2.39709100
3.01752600
3.66534600
-1.59532800
-2.65273600
-1.85502300
-0.29783500
-0.66416800
0.61353700
-0.12359500
-0.35713100
0.67138500
-0.97482100
-0.40160500

-1.20827000
-3.93850500
-5.88193600
-1.90853200
-4.24728500
-0.31380200
0.48423600
1.01930000
1.43798100
2.76623100
0.42252100
3.06156800
3.57792500
0.71869500
-0.61526800
2.04214800
4.10134600
-0.09118300
2.27873300
0.36928200
-0.50635500
1.77291200
0.37112300
1.00142600
0.79738000
-0.64713300
-2.26662900
-1.90918600
-1.80105900
-3.76464200

3.92046100
5.71391400
5.59011600
5.62343300
6.45664500
1.08133700
0.23419100
-0.96434100
-1.77506500
-2.01343900
-2.39735000
-2.84846500
-1.53738300
-3.24413600
-2.23644500
-3.47439700
-3.01221000
-3.72325600
-4.13368000
2.50962900
2.99076800
2.19907500
3.73327200
4.54926300
3.30679600
4.08393300
-0.34693500
-0.49195000
-1.12482700
-0.46561100
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-1.61853700
0.76689000
-1.66494100
-2.53687800
0.72459000
1.71821800
-0.49253600
-2.61941800
1.64482900
-0.52860900
-0.84546800
-1.84783600
-2.04872300
-3.32803200
-3.54729500
-4.34018900
-4.66015900
-2.82394400
-5.46056200
-4.25723700
-5.62878700
-4.76657300
-6.20849600
-6.50022000
-2.06899500
-2.24451500
-1.90460400
-2.20824700
-2.40556800
-1.86459100

-4.42387100
-4.52236700
-5.81064900
-3.84044900
-5.91006500
-4.01284700
-6.55746000
-6.30979200
-6.48624500
-7.64167600
-1.80154700
-2.21855200
1.30924800
0.80783700
-0.54216700
1.68403400
-0.98812500
-1.28716200
1.26282600
2.74463400
-0.07983800
-2.04930000
1.99337800
-0.41551500
2.95597200
3.68686900
3.72275300
5.08204500
3.15531300
5.11377600

-0.65911100
-0.37198700
-0.75774100
-0.73850800
-0.47287200
-0.21772900
-0.66545600
-0.91147100
-0.40250900
-0.74608400
1.03752100
1.21466900
-1.66435100
-0.76216100
-0.43199800
-0.33979800
0.27304900
-0.75781800
0.37821900
-0.57321100
0.69468600
0.50091600
0.68498000
1.25420500
-1.76063700
-2.94317900
-0.59001300
-2.97373500
-3.88080200
-0.60144600
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-1.82395000
-2.00221600
-2.34161200
-1.72909800
-1.96548400
-2.07044700
-1.18204400
-2.97978100
-1.17364600
-0.46956200
-2.98756700
-3.72432800
-2.07570200
-0.45781000
-3.71745100
-2.07350000
1.15464500
1.84852500
3.20259500
3.84183800
3.11671000
1.79407500
3.76628000
0.09589200
1.31861300
4.90043500
1.13758900
3.90857400

Energy (OK) = -5180.8337558

Energy (0K) + ZPE = -5180.076398

3.20388400
5.80596300
5.60380500
5.66120400
6.89369800
0.59709300
0.97574100
-0.41346700
0.37803900
1.77904300
-1.02556500
-0.73937400
-0.63925100
0.71395800
-1.80618100
-1.11328500
2.79411200
3.98130500
4.00097200
2.82231000
1.64577500
1.66964500
4.92786900
2.68026900
4.87816900
2.80040100
0.47893500
0.01445100

0.36660900
-1.80446500
-3.92085100

0.33138400
-1.82568700
-3.16036200
-4.18938300

-3.51775200
-5.44674000
-4.01382000

-4.77199700
-2.79438700

-5.74687900
-6.19642500
-4.98380200

-6.72694100

1.21726400

1.28142800

0.96025900

0.59965400

0.53631500

0.82753100

1.00024200

1.44726700

1.58419500

0.36200700

0.79772600

0.12291700



Enthalpy (298K) = -5180.026850
Free Energy (298K) = -5180.160507

TSc

Number of imaginary freguencies: 1

C
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0.28544600
1.09722900
2.04519200
2.19329900
2.83469500
3.11444400
1.57810100
3.75231200
2.71896900
3.89450800
3.22408700
4.36088000
4.61402800
-0.81218400
-0.01471900
-0.48173700
0.65809300
0.93974500
1.50066200
2.03342200
0.31045600
2.57024900
1.28945300
2.84681500
2.23850200

-2.16217800
-2.62833400
-3.18218800
-4.57455200
-2.34993700
-5.11907300
-5.21492800
-2.90434600
-1.27019700
-4.28760200
-6.19903200
-2.25392300
-4.71766100
-0.21327800
0.49483800
1.12091600
1.61091700
2.96640100
0.65774700
3.35113000
3.72962000
1.04386100
-0.40053200
2.39633800
4.41042500

2.10646100
2.87770700
3.78926200
3.88016300
459597700
4.76469500
3.25088800
5.47873500
4.52197700
5.56540400
4.83090000
6.10285200
6.25832700
1.04154700
0.10257100
-1.05863600
-1.88609800
-2.09751900
-2.48147000
-2.87111700
-1.64758700
-3.27512000
-2.33511400
-3.46964300
-3.01129000
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3.19630600
3.69268900
-1.41470900
-2.50061400
-1.63617900
-0.13024000
-0.46824900
0.81145100
-0.01813500
-0.27848200
0.78564000
-0.84328900
-0.53834800
-1.80923000
0.47224900
-2.06540200
-2.59989400
0.21893400
1.46758600
-1.05155500
-3.05778200
1.01770900
-1.25069300
-0.67396000
-1.67495200
-2.01807600
-3.28951000
-3.43827400
-4.37893000
-4.55585000

0.28392900
2.70042100
0.55559600
-0.26203400
1.94869100
0.57057200
1.26594900
0.91727400
-0.43371600
-2.28301600
-2.07913900
-1.77353300
-3.76264000
-4.24063900
-4.68109900
-5.60747800
-3.52923200
-6.04928400
-4.31389100
-6.51537400
-5.96533500
-6.75321200
-7.58442900
-1.69573200
-2.07262100
1.33942700
0.81363700
-0.51942500
1.64709000
-0.98876600

-3.73762800
-4.08221600
2.40863600
2.92752800
2.02997700
3.64564300
4.41991500
3.21047200
4.05714200
-0.26816500
-0.44384300
-1.05918500
-0.32273700
-0.65465700
-0.03093600
-0.68914200
-0.90028500
-0.06411000
0.21966500
-0.39189900
-0.95507300
0.16070200
-0.42137100
1.10457000
1.36499300
-1.67881800
-0.77924200
-0.35701600
-0.47510900
0.32537800
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-2.65169800
-5.50803100
-4.35534500
-5.60407100
-4.59917800
-6.31847600
-6.48111500
-2.14632000
-2.45565900
-1.99743400
-2.57447900
-2.60733500
-2.10655300
-1.81304400
-2.38599300
-2.81464400
-1.97965200
-2.46995800
-1.98495300
-1.17519800
-2.76609400
-1.13515900
-0.54740200
-2.73670600
-3.44046800
-1.91456800
-0.48846300
-3.36644400
-1.88415300

1.31126500

-1.23378600
1.20143500
2.69090200

-0.12283400

-2.03439900
1.89848800

-0.47618400
2.97376300
3.62621800
3.79820300
5.01471000
3.03879000
5.18419400
3.32992800
5.80434200
5.48019800
5.78314100
6.88773400
0.55214400
0.98220400

-0.58397600
0.32823200
1.86397000

-1.25376600

-0.96373400

-0.80470500
0.70886600

-2.13028200

-1.32274500
2.87575900

-0.58317000
0.21323200
-0.78486100
0.62488100
0.63201000
0.42334300
1.16423800
-1.85375000
-3.05304300
-0.72253300
-3.13453800
-3.95808400
-0.78807900
0.24537100
-2.00515200
-4.08969800
0.11330300
-2.06808400
-3.15183100
-4.22306100
-3.42054200
-5.45111500
-4.10389000
-4.64462600
-2.65597000
-5.67046400
-6.24073400
-4.79146200
-6.62731300
1.10435100
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1.93967900
3.32892100
4.05740400
3.36812000
2.04386000
3.85138700
0.22391500
1.34217900
5.14132100
1.28870600
4.26377100

Energy (0K) = -5180.8149307

Energy (0K) + ZPE =-5180.059153

Enthalpy (298K) = -5180.009915

Free Energy (298K) =-5180.142378

C

Number of imaginary freguencies: 0

C
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-1.12484500
-0.92021700

0.28863800

-1.69917100

0.24084700
1.64247500

-0.66680600

1.62733800
1.73610500
2.04732300
2.34888400
3.19888700

4.08874800
4.13788600
2.98407100
1.79586500
1.79537200
5.07850000
2.74209900
4.97107600
2.99500200
0.38511500
0.18613600

0.05930400
-1.34257600
-1.99173600
0.21231400
-3.65401100
-4.04414500
-4.40574600
-1.49799200
-0.04948300
1.12409900
2.51448100
3.00774700

1.33067500
1.26212300
0.99454000
0.79740100
0.87658000
1.41079000
1.09324200
1.53527200
0.93366300
0.30914300
0.44648600

0.69343900
1.18679600
1.26289600

-0.83929400

1.80913500
1.88507700
0.96274000
0.84401500
0.90001800
0.90035400
0.84971500

-0.15299000
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1.76690900
3.45492500
3.64525400
2.01389600
1.12083900
2.85633300
4.11775000
1.54983500
3.05062600
2.02132900
1.34539000
1.86407700
3.45041500
4.48744800
3.76777900
5.81532000
4.24094700
5.09610300
2.96074100
6.12243000
6.61405800
5.32862500
7.16079100
-1.17491600
-0.80790200
-1.64295400
-0.91137900
-0.43901100
-1.75765300
-1.93010500

3.40220500
4.36956100
2.31096600
4.76472600
3.01178100
5.25031900
4.74847300
5.45051600
6.31769000
-2.02741300
-1.58473500
-3.11362700
-1.70957300
-2.38688500
-0.72084100
-2.08056300
-3.16520000
-0.41414900
-0.19353300
-1.09245700
-2.61663900
0.35493800
-0.85490800
1.01911900
0.65936900
2.34146400
1.55845200
-0.34204700
3.23516700
2.65003300

1.76583700
-0.23454200
-0.86084400
1.66330300
2.54941000
0.66590100
-1.00888200
2.36850000
0.59105000
-0.54725600
-1.28553900
-0.54904400
-0.87533900
-0.22795000
-1.80836500
-0.50666500

0.49564700
-2.09221200
-2.31974800
-1.43972000

0.00172600
-2.82612000
-1.66102100

1.75722600
3.08374900
1.54255000
4.12417600
3.29492600
2.59319000
0.54325200
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-1.39382000
-0.62815400
-2.12910900
-1.48412000
-1.96233700
-0.38504600
-1.44878800
-0.15703800
-2.47368300

0.09628400

0.67666500
-2.23326900
-3.49583700
-0.94791200

1.11196400
-3.05938400
-0.75959800
-3.34541100
-4.02997200
-4.13669300
-5.41895300
-3.46284300
-5.52741900
-3.67649200
-6.17899000
-5.90710300
-6.10142100
-7.26432600
-1.09180900
-0.34133900

2.84849600
1.26238100
4.23925800
3.55415700
-1.86356800
-3.53093100
1.70059600
2.25359400
2.49126800
3.52822600
1.66450400
3.76536300
2.11219100
4.29601000
3.92453400
4.34793400
5.29542900
-0.03048200
-0.52981100
0.36053500
-0.61719000
-0.83761000
0.26776800
0.74752900
-0.22209000
-0.99690400
0.57738000
-0.29715900
-0.95358500
-0.63957500

3.88122800
5.13029300
2.40863500
4.70378400
1.56437800
3.45985800
-1.46502900
-1.49848700
-2.00422500
-1.99530600
-1.11409300
-2.52027400
-2.00710000
-2.50758000
-1.97580500
-2.92549000
-2.89532300
-0.67364900
-1.79471900
0.41324300
-1.83485700
-2.67235400
0.38862300
1.32091200
-0.73763200
-2.73124900
1.26074500
-0.76057800
-1.82827300
-2.97171100
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-1.34973600
0.14548600
-0.12703200
-0.86861800
-1.95667600
-0.11126800
0.72471000
-1.08973200
0.26567700
0.29088600
-0.36809500
-1.40366500
2.33158700

Energy (0K) = -2362.1550289

Energy (OK) + ZPE = -2361.478147

Enthalpy (298K) = -2361.434926

Free Energy (298K) = -2361.552767

-2.32200800
-1.61717100
0.40374000
-3.30837900
-2.63955900
-2.96143100
-1.32131800
-4.35432700
-3.72868100
-2.89162200
-4.54981500
-3.14189600
-1.91233200

-1.62434300
-3.84116700
-3.19955400
-2.48018400
-0.77666300
-3.59667400
-4.71496000
-2.27216000
-4.27029600
4.03395900
3.85992300
3.43857700
1.57907800



Compound la

P Ph
Ts< /
N
Ph
2000 -1 #491 [modified by admin] UV VIS 1
’ mAU WVL:254 nm
1,500
1,000
] 1-16.113
500+
1 2 -34.880
20T e T T T T T T T T
7.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU _ mAU*min %
1 16.11 n.a. 765.641 1123.781 49.64 n.a. BMB*
2 34.88 n.a. 328.661 1139.917 50.36 n.a. BMB*
Total: 1094.302 2263.698 100.00 0.000
4.000 -1 #495 [modified by admin] UV VIS 1
’ mAU WVL:254 nm
3,000+
2,000+
1 1-16.467
1,000
20 s M1 B
7.0 35.0 40.0 45.0 50.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU _ mAU*min %
1 16.47 n.a. 1420.168 2552.524  99.98 n.a. BMB*
2 34.95 n.a. 0.015 0.638 0.02 n.a. BMB*
Total: 1420.183 2553.162 100.00 0.000




Compound 1b

P Ph
Bs. /
N
Ph
1.500 -1 #708 [modified by admin] UV VIS 1
’ mAU WVL:254 nm
1.200;
1,000;
800;
600; 1-6.707
400;
200i 2-21.973
-8*"“‘[\}&‘“‘*‘*”“ — ﬁ#\ﬁ\\\‘\\\n\]in
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 6.71 n.a. 586.687 640.156 49.92 na. BMB*
2 21.97 n.a. 142.961  642.260  50.08 na.  BMB*
Total: 729.649 1282.416 100.00 0.000
4,000 -1 #711 [modified by admin] UV VIS 1
’ mAU WWL:254 nm
3,000
2,000
1 1-6.773
1,000+
| 4 2-20427 min|
BOTTTT T T T T T s T
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 6.77 n.a. 1585.837 1654.646 99.84 na. BMB*
2 20.43 n.a. 1.385 2.625 0.16 na.  BMB*
Total: 1587.222 1657.271 100.00 0.000




Compound 1c

P Ph
PhO,S. 7“7
N
Ph
6.000 -1 #738 [modified by admin] UV VIS 1
’ mAU WWVL:254 nm
5,000
4,000
3,000
1 1-11.347
2,000
1 000; 2-25.413
-20 “j‘bh‘H“‘HH_H‘_‘H“HH‘HH_H"‘J”
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 11.35 n.a. 2531.910 3183.931 49.04 na. BMB*
2 25.41 n.a. 961.530 3307.970  50.96 na.  BMB*
Total: 3493.441 6491.901 100.00 0.000
3.000 -1 #739 [modified by admin] UV VIS 1
’ mAU WWL:254 nm
2,500;
2.000;
1,500;
1,000;
] 1-11.460
500;
0* ‘ 2-25.687 min
A0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 11.46 n.a. 854.000 833.966 97.92 na. BMB*
2 25.69 n.a. 14.050 17.678 2.08 na.  BMB*
Total: 868.050 851.644 100.00 0.000




Compound 1d

_ Ph
Ms\ /
N
Ph '
\/\
Ph
200 1 #1042 [modified by yia-hple] glj-1-85-rac-98-2-8-254-14 Uy IS 1
AL WAL 2594 nim|
1404
1004
1- 18540
2-ZETAT
a0+
T L T
-10 : . . . . o
145.0 16.3 175 188 20.0 213 224 238 250
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAl  mAUFmin % n.a.
1 19.84 n.a. 73493 39763 AG0A0 na  BMB*
2 2275 n.a. B3.726 38975  49.50 na  BMB*
Total: 137218 78738 100.00 0.000
1 D00 F1043 [modified by ytw-hple] _ gj-1-85-5-98-2-6-264-14 UV _WIS_1
' AU WL 254 nm)
00+
B0 1. 13673
4004
200
2 - EREST )
-10 T T = T T T =T 5
148.0 16.3 1748 188 200 213 2245 238 250
Ho. | Ret.Time Peak Hame Height Area  Rel.Area Amount Type
min mAU  mAUFmin ki n.a.
1 19.67 n.a. 561.508 315766 93.36 na  BMB*
2 22.59 n.a. 9.577 5.263 1.64 na.  BmB*
Total: 571.386  321.030 100.00 0.000




Compound 1e

F
/
Ms. ==
N
Ph S S
\/\
Ph
10,0001 #406 [modified by admin] wcm-4-8-rac-98-2-8-254-1A UV_ VIS 1
: mAU WVL:254 nm
8,000
6,000
: 1-16.987
1 2-19.007
4,000
2,000
A S min
20 e e e
8.0 125 15.0 175 20.0 225 25.0 275 30.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 16.99 n.a. 4904.565 3388.893 50.13 n.a. BMB*
2 19.01 n.a. 4232.816 3370.956  49.87 n.a. BMB*
Total: 9137.381 6759.849 100.00 0.000
5000 W1 #410 [modified by admin] UV_ VIS 1
’ mAU WVL:254 nm
4,000
3,000
2,000
J 1-16.620
1,000+
| 2-18.860 i
T o L e e o e e
8.0 125 15.0 17.5 20.0 225 25.0 275 30.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 16.62 n.a. 1430.203 1009.349  99.05 n.a. BMB*
2 18.86 n.a. 16.099 9.716 0.95 n.a. BMB*
Total: 1446.302 1019.064 100.00 0.000




Compound 1f

Cl
/
Ms. 7=
N
Ph S
\/\
Ph
5.000 -1 #388 [modified by admin] wcm-3-227-rac-98-2-8-254-IA UV_VIS_1
’ mAU WVL:254 nm
4,000+
3,000+
2,000
i 1-17.487 519503
1,000
min
A7 "
8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 240 26.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 17.49 n.a. 1656.887 1475.734 50.68 na.  BMB*
2 19.59 n.a. 1605.915 1436.318  49.32 na. BMB*
Total: 3262.802 2912.051 100.00 0.000
50001 #390 [modified by admin] Uv_ VIS 1
’ mAU WVL:254 nm
4,000
3,000
1 1-18.100
2,000
1,000
1 | 2-20.347 min
A7
8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 240 26.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 18.10 n.a. 2655.025 2015.856 99.14 na. BMB*
2 20.35 n.a. 31.751 17.443 0.86 na. BMB*
Total: 2686.777 2033.298 100.00 0.000




Compound 1g

Br
/
Ms. 7=
N
Ph ~
\/\
Ph
-1 #395 [modified by admin] UV_VIS_1
10,000 mAU WVL:254 nm
8,000
6,000
] 1-19.260
4,000
1 2-21.447
2,000
A min
AT "
8.0 12.5 15.0 175 20.0 225 25.0 275 320
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 19.26 n.a. 4804.197 2662.777 50.86 n.a. BMB*
2 21.45 n.a. 3470.054 2572.240 49.14 n.a. BMB*
Total: 8274.251 5235.017 100.00 0.000
5.000 -1 #394 [modified by admin] UV_VIS_1
: mAU WVL:254 nm
4,000
3,000
] 1-18.847
2,000
1,000+
1 /) 2-21253 min
AT
8.0 12.5 15.0 175 20.0 225 25.0 275 320
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 18.85 n.a. 2701.762 1928.096 99.01 n.a. BMB*
2 21.25 n.a. 34.323 19.300 0.99 n.a. BMB*
Total: 2736.085 1947.396 100.00 0.000




Compound 1h

Me
/
Ms. .~
N
Ph B
\/\
Ph
500 yf-1 #375 [modified by admin] wcm-3-154-rac-98-2-8-254-1A-2 UV_VIS 1
ImAU WVL:254 nm
400+
300+
200+
1 1-20.560
] 223,727
100
B e T e T B
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 20.56 n.a. 126.430 105.736 51.44 na.  BMB*
2 23.73 n.a. 105.731 99.797  48.56 na. _ BMB*
Total: 232.162 205.533 100.00 0.000
1.500 yf-1 #372 [modified by admin] UV VIS 1
! JmAU WVL:254 nm
1,200;
1,000;
800;
600;
] 1-20.073
400
200;
'107““\““\‘“‘\““T“‘Z-?&\OB““\“‘Jm
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
No. [ Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__ mAU*min %
1 20.07 n.a. 468.165 344.291 99.43 na. BMB*
2 23.01 n.a. 3.507 1.987 0.57 n.a. BMB*
Total: 471.672 346.278 100.00 0.000




Compound 1i

/ x._Ph
MS\ /\/
N
Ph ~ S
\/\
Ph
3000 W1 #417 [modified by admin] wem-4-31-rac-90-10-10-254-IC UV_ VIS 1
’ mAU WVL:254 nm
2,500;
2,000;
1,500;
1,000 1-12.933
1 2-16.873
500;
20 Fee e e e e —————min
6.0 10.0 125 15.0 175 20.0 225 26.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 12.93 n.a. 978.081 509.604 49.88 n.a. BMB*
2 16.87 n.a. 826.576 512.026  50.12 n.a. BMB*
Total: 1804.657 1021.629 100.00 0.000
5.000 -1 #420 [modified by admin] UV_ VIS 1
’ mAU WVL:254 nm
4,000
3,000
1 2 -16.520
2,000
1,000+
7_/;_¥~_JA12'753 | min|
BT T T e e —————
6.0 10.0 125 15.0 175 20.0 225 26.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 12.75 n.a. 50.558 19.326 1.46 n.a. BMB*
2 16.52 n.a. 2146.795 1308.763  98.54 n.a. BMB*
Total: 2197.352 1328.089 100.00 0.000




Compound 1j

P Ph
Ms /
N
Ph : S
Cl
5.000 -1 #626 [modified by admin] UV_VIS_1
! mAU WVL:254 nm
4,000
3,000+
2,000 1-10.587
] 2-13.673
1,000
20— - min
5.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 10.59 n.a. 1972.951 974.420 50.58 na.  BMB*
2 13.67 n.a. 1667.232  952.144  49.42 na.__ BMB*
Total: 3640.183 1926.564 100.00 0.000
7000 -1 #627 [modified by admin] UV_VIS_1
! mAU WVL:254 nm
6,000+
5,000
4,000~
] 2-13.507
3,000
2,000+
1,000
] Jk 1-10.47, )
p——
5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 10.47 n.a. 144.437 40.482 2.09 na. BMB*
2 13.51 n.a. 3285.320 1898.914  97.91 na.__ BMB*
Total: 3429.758 1939.397 100.00 0.000




Compound 1k

P Ph
Ms /
N
Ph - S
Br
8.000_W-1#628 [modified by admin] UV_ VIS 1
’ ImAU WVL:254 nm
6,250
5,000-|
] 1-11.520
3,750;
1 2-15.533
2,500
1,250
| min
A |
5.0 10.0 15.0 20.0 25.0 30.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 11.52 n.a. 4142.441 2352.195 50.11 n.a. BMB*
2 15.53 n.a. 2786.750 2341.858  49.89 n.a. BMB*
Total: 6929.191 4694.052 100.00 0.000
70001 #630 [modified by admin] UV_ VIS 1
! mAU WVL:254 nm
6,000
5,000
4,000
3,000 2-14.067
2,000
1,000
1 J\_,\,_A,JI\ 10.8% min|
AT S e
5.0 10.0 15.0 20.0 25.0 30.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 10.85 n.a. 49.003 24.526 1.37 n.a. BMB*
2 14.07 n.a. 2879.864 1766.825  98.63 n.a. BMB*
Total: 2928.868 1791.351 100.00 0.000




Compound 11

P Ph
Ms /
N
Ph ~
\\
Me
7.000 -1 #633 [modified by admin] UV_ VIS 1
! mAU WVL:254 nm
6,000
5,000
4,000
3,000+ 1-11.193
1 2 -16.087
2,000
1,000+
1 LNJ\N\,J\ min
B —————— ——
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 11.19 n.a. 2797.670 2197.450 50.42 n.a. BMB*
2 16.09 n.a. 2598.098 2161.049  49.58 n.a. BMB*
Total: 5395.768 4358.498 100.00 0.000
7.000 -1 #634 [modified by admin] UV_ VIS 1
! mAU WVL:254 nm
6,000
5,000
4,000
3,000 2-16.247
2,000
1,000+
| R W Sl min
20 e = T !
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 11.67 n.a. 38.724 13.745 0.49 n.a. BMB*
2 16.25 n.a. 3018.899 2793.151  99.51 n.a. BMB*
Total: 3057.622 2806.896 100.00 0.000




Compound 1m

70001 #582 [modified by admin] UV_ VIS 1
! mAU WVL:254 nm
6,000
5,000
4,000
3000; 1-18.893
] 2-23.713
2,000
1,000+
| min
20 e e e el
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 18.89 n.a. 2973.108 3026.939 49.66 n.a. BMB*
2 23.71 n.a. 2446.865 3068.170 50.34 n.a. BMB*
Total: 5419.973 6095.109 100.00 0.000
8.000_W-1#583 [modified by admin] UV_ VIS 1
’ ImAU WVL:254 nm
6.250;
5.000;
3,750;
] 1-18.240
2,500+
1,250;
] 2-24.653 i
20 e e e =
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 18.24 n.a. 2743.507 2690.338 97.41 n.a. BMB*
2 24.65 n.a. 97.773 71.511 2.59 n.a. BMB*
Total: 2841.280 2761.850 100.00 0.000




Compound 1n

40001 #596 [modified by admin] wcm-3-182-rac-98-2-8-254-1A UV_ VIS 1
’ mAU WVL:254 nm
3,000
2,000
1 1-20.527
] 2-26.147
1,000+
min
20 e e
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 20.53 n.a. 1672.445 1486.837 49.93 na. BMB*
2 26.15 n.a. 1428.225 1491.068  50.07 na. _ BMB*
Total: 3100.670 2977.904 100.00 0.000
8.000_L#895 [modified by ylw-hplc] wecm-8-232-chiral-98-2-8-254-1A-1 UV VIS 1
: mAU WVL:254 nm
6,250
5,000
3,750 1-19.773
2,500
1,250
1 2 -25.460 .
-200-—————————————— e e
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 19.77 n.a. 3651.196 3030.971 99.37 na.  BMB*
2 25.46 n.a. 25.121 19.189 0.63 na. BMB*
Total: 3676.317 3050.160 100.00 0.000




Compound 1o

8.000_W-1#609 [modified by admin] UV_ VIS 1
’ ImAU WVL:254 nm
6,250;
5,000;
3,750
1 2-13.413
1 1-11.08
2,500
1,250
st s min
0.0 5.0 10.0 15.0 20.0 25.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 11.09 n.a. 3028.927 1553.669  49.01 n.a. BMB*
2 13.41 n.a. 3205.092 1616.344  50.99 n.a. BMB*
Total: 6234.019 3170.014 100.00 0.000
8.000 W1 #611 [modified by admin] UV_ VIS 1
’ ImAU WVL:254 nm
6.250;
5.000;
3,750;
] 2-13.187
2,500;
1,250;
] 1-10/940 _
20— e D
0.0 5.0 10.0 15.0 20.0 25.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 10.94 n.a. 173.941 45.298 2.60 n.a. BMB*
2 13.19 n.a. 2927.979 1697.297  97.40 n.a. BMB*
Total: 3101.919 1742.595 100.00 0.000




Compound 1p

6000 1#1132 [modified by ylw-hplc]  glj-1-157-rac-98-2-8-254-1A L WIS _1
! ALl WL 254 nim)
5,000
1- 14953
4,000+ 2-17.447
3,000+
2,000+
1,000
i 1 T T A
-100 T T T T T T T T T
13.0 15.0 16.3 17.8 18.8 20.0 21.3 2248 240
Mo. | Ret.Time Peak Name Height Area RelArea Amount Type
min mAU  mAlFmin " n.a.
1 14.95 n.a. 4087 995 2XBES.316 0 4932 na.  BMB*
2 17.45 n.a. 3825.088 2735.458 50.68 na.  BMB*
Total: 7913.082 5403774 100.00 0.000
& g #1130 [modified by ylwhple]  g-1-157-5-98-2-8-254-14 UV_WIS_1
' ALl WL 254 nm)
4,000
3,000
1. 14793
2,000+
1,000
. 2-17.413 .
-100 T T II T I T T T T ”;“I
13.0 15.0 16.3 175 188 200 M3 2245 24.0
No. | Ret.Time Peak Hame Height Area  RelArea Amount Type
min mAl  mAlFmin kil n.a.
1 14.79 n.a. 2319968 1057317 9741 na.  BMB®
2 17.41 n.a. 76127 ZBam 259 n.a.  BMBT
Total: 2396.095 1085.418 100.00 0.000




Compound 1d’

_ Ph
Ms . /
N
Ph
RN
Ph
200 1 #1042 [maodified by ylw-hplc] qlj-1-85-rac-98-2-8-254-14 UY_WIS_1
mAL WWL:294 nm
1404
1004
1- 19540
z-22.747
50+
T L T
-10 T T T T T T T o
15.0 163 17.4 18.8 20.0 213 224 238 250
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU  mAlFmin % n.a.
1 19.64 n.a. 73493 39763  4A0.A0 na.  BMBE*
2 2275 n.a. B3.7256 385975 4340 na.  BMB”
Total: 137.218 78739 100.00 0.000
& goo- #1040 [modified by yiw-hple]  glj-1-85-1-08-3-8-254- 14 Uy _WIS_1
' AL WL 254 nm|
4,000+
2-22.400
3,000
2,000+
1,000
. 119713 min
-10 1 1 1 1 I 1 I
148.0 16.3 17.5 18.8 200 21.3 225 238 25.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU  mAU*min i n.a.
1 19.71 n.a. 43623 25417 0.97 na.  BMWBE*
2 22.40 n.a. 3404.237 Z604.962  99.03 na.  BWBE*
Total: 3447.860 2630479 100.00 0.000




Compound 4a

Ph
Ts—N
A ——=——Ph
N
\
Ts
2.000 1 #217 [modified by yiw-hplc] ~ wcm-7-88-rac-90-10-15-210-IC UV_VIS 1
’ ImAU WVL:210 nm|
1,500
1,000
1 1-17.220
i 2 - 26.060
500
1 | - o
B e I
6.0 10.0 15.0 20.0 25.0 30.0 33.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 17.22 n.a. 833.075 958.933  49.57 na.  BMB*
2 26.06 n.a. 643.586 975.674  50.43 na. _ BMB*
Total: 1476.661 1934.607 100.00 0.000
2 500 1 #216 [modified by ylw-hwcm-8-24-chiral-90-10-15-21¢( Uv_VIs
! mAU WVL:210 nm
2,000
1,500+
1,000 2-26.373
500
| ‘ 1-17.447
T
6.0 10.0 15.0 20.0 25.0 30.0 33.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 17.45 n.a. 0.733 0.526 0.04 na.  BMB*
2 26.37 n.a. 929.161 1402.963  99.96 na. BMB*
Total: 929.894 1403.489 100.00 0.000




Compound 4b

1-16.380

Ph
Bs—N
A ——=——Ph
N
\
Ts
2500 1 #110 [modified by yiw-hplc] wem-7-116-rac-92-8-15-210-IC-1 UV VIS 1
! mAU WVL:210 nm
2,000
1,500

2 -24.380

B —————7————————
10.0 15.0 20.0 250 30.0 350
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.

1 16.38 n.a. 1368.224 1453.803 48.52 na. BMB*

2 24.38 n.a. 1129.577 1542.706  51.48 na. _ BMB*
Total: 2497.800 2996.508 100.00 0.000
2.000 1 #112 [modified by yiw-hpic] UV VIS 1

: mAU WWVL:210 nm
1,500
1,000 2-24.627

500

1-16.713 )
T T -
80— T T T
10.0 15.0 20.0 250 30.0 350
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 16.71 n.a. 5.360 8.465 0.61 na.  BMB*
2 24.63 n.a. 935.393 1386.526  99.39 na. BMB*
Total: 940.752 1394.991 100.00 0.000




Compound 4c

F
Bs—N
A ——=—Ph
N
\
Ts
600 1 #320 [modified by ylw-hplc] wcm-8-69-rac-90-10-15-210-IC UV_VIS_ 1
mAU WVL:210 nm
500
400+
300
1 1-13.227
200
100+
u min
20 e
50 75 10.0 125 15.0 175 20.0 225 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 13.23 n.a. 231.915 135.075 49.76 n.a. BMB*
2 19.31 n.a. 151.402  136.353 50.24 na. _ BMB*
Total: 383.317 271.429 100.00 0.000
2 500 1 #549 [modified by ylw-h Uv_VIs
! mAU WVL:210 nm
2,000
1,500+
i 2 -19.493
1,000+
500
1 N rrisass .
SO e e e e
5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 13.43 n.a. 21.311 17.765 0.96 n.a. BMB*
2 19.49 n.a. 1255.491 1833.882  99.04 na.  BMB*
Total: 1276.802 1851.647 100.00 0.000




Compound 4d

Cl
Bs—N
A ——=——Ph
N
\
Ts
1.000 1 #402 [modified by yiw-hpic] UV VIS 1
: mAU WWVL:210 nm
800+
600
1 1-15.180
400
i 2-22.013
200
| 1 T ) T N
20| ;e e
7.0 10.0 125 15.0 175 20.0 225 25.0 275 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 15.18 n.a. 413.811 515.152  49.90 n.a. BMB*
2 22.01 n.a. 314.752 517.149 50.10 na. _ BMB*
Total: 728.563 1032.301 100.00 0.000
1.000 1 #401 [modified by ylw-hplc] UV VIS 1
’ ImAU WVL:210 nm
800
600
1 2-22.800
400
200
1-14.027
200 D T
7.0 10.0 12.5 15.0 17.5 20.0 225 25.0 27.5 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 14.03 n.a. 11.386 5.701 0.97 n.a. BMB*
2 22.80 n.a. 421.331 582.823  99.03 na.  BMB*
Total: 432.717 588.525 100.00 0.000




Compound 4e

Br
Bs—N
A ——=——Ph
N
\
Ts
1.500 1 #277 [modified by yiw-hplc] wem-7-151-rac-92-8-15-210-IC-4 UV VIS 1
: mAU WWVL:210 nm

1-18.560

2 -27.680

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 18.56 n.a. 524.781 770.736  49.97 n.a. BMB*
2 27.68 n.a. 395.116 771.705 50.03 n.a. _ BMB*
Total: 919.897 1542.441 100.00 0.000
800 1 #280 [modified by ylw-hplc] wcm-8-43-chiral-92-8-15-210-1C-3 UV VIS 1
JmAU WVL:210 nm
625-]
500-]
375
250 2-27.147
125+
] 1-18.320
BO o T T
5.0 10.0 15.0 20.0 25.0 30.0 35.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 18.32 n.a. 7.802 6.078 1.33 na. BMB*
2 27.15 n.a. 259.813  450.542  98.67 n.a. _ BMB*
Total: 267.616 456.619 100.00 0.000




Compound 4f

Me
Bs—N
A ——=——Ph
N
\
Ts
1.000 1 #231 [modified by yiw-hplc] wem-7-187-rac-90-10-15-210-IC UV VIS 1
: mAU WWVL:210 nm
800
600+
1 1-18.260

2 -26.433

A0 T e T
10.0 15.0 20.0 250 30.0 350
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 18.26 n.a. 438.101 558.820 49.47 n.a. BMB*
2 26.43 n.a. 334.625 570.777  50.53 na. _ BMB*
Total 772.726 1129.597 100.00 0.000
1.500 1 #232 [modified by ylw-hplc] wcm-8-33-chiral-90-10-15-210-IC UV VIS 1
’ _JmAU WVL:210 nm
1,20(%7
1,00(%7
80(%7
600
] 2-25.880
400
20(%7
1 1-17.827
207 T T T T T T T
10.0 15.0 20.0 25.0 30.0 35.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 17.83 n.a. 7.655 7.959 1.04 n.a. BMB*
2 25.88 n.a. 491.666  760.937  98.96 na.  BMB*
Total: 499.321 768.896 100.00 0.000




Compound 4g

OMe
Bs—N
A ——=—Ph
N
\
Ts
1.000 1 #282 [modified by yiw-hplc] wcm-7-184-rac-85-15-15-210-IC UV VIS 1
: -mAU WWVL:210 nm
875+
750
625-|
500
] 1-18.320
375
1 2 -25.980
250
] L
07 T T
5.0 10.0 15.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 18.32 n.a. 370.877 535.001 50.36 na.  BMB*
2 25.98 n.a. 290.348 527.272  49.64 na. _ BMB*
Total: 661.224 1062.273 100.00 0.000
800 1 #285 [modified by ylw-hplc] wcm-8-42-chiral-85-15-15-210-IC-2 UV VIS 1
JmAU WVL:210 nm
625;
500;
375
1 2-26.327
250-]
125
1 | 1-18613 ) min
A0 T s T e T A T
5.0 10.0 15.0 20.0 25.0 30.0 35.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 18.61 n.a. 2.923 6.012 1.31 n.a. BMB*
2 26.33 n.a. 310.617 452.926  98.69 na.  BMB*
Total: 313.539 458.938 100.00 0.000




Compound 4h

Me
Bs—N
N —=—Ph
N
\
Ts
1.100 1 #202 [modified by yiw-hplc] wem-7-229-rac-92-8-15-210-IC-3 UV VIS 1
! mAU WWVL:210 nm
800
1 1 -20.600
600
1 2-30.093
400
200
B0 e
10.0 15.0 20.0 250 30.0 35.0 40.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 20.60 n.a. 667.977 1026.618 49.76 na. BMB*
2 30.09 n.a. 508.822 1036.618  50.24 na. _ BMB*
Total: 1176.799 2063.235 100.00 0.000
1.300 1 #201 [modified by yiw-hpic] UV VIS 1
: mAU WVL:210 nm
1,000
800
] 2-30.233
600
400
200
1 . 1-20.773 )
— T T i
T L L
10.0 15.0 20.0 25.0 30.0 35.0 40.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 20.77 n.a. 5.535 6.041 0.53 na.  BMB*
2 30.23 n.a. 693.047 1138.397  99.47 na. BMB*
Total: 698.582 1144.438 100.00 0.000




Compound 4i

Ph
Bs—N
F A ——=——Ph
N
\
Ts
1.000 1 #576 [modified by ylw-hplc] wem-8-63-rac-90-10-15-210-IC-3 UV VIS 1
: mAU WWVL:210 nm

1-13.567

2-18.253

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 13.57 n.a. 532.888 582.205 50.02 na.  BMB*
2 18.25 n.a. 436.278  581.724  49.98 na. _ BMB*
Total: 969.166 1163.928 100.00 0.000
1.500 1 #577 [modified by ylw-hplc] UV VIS 1
’ _JmAU WVL:210 nm
1,20[%7
1,00[%7
80(%7
60(%7
i 2-17.900
400
20(%7
i 1-13.300 ‘
A~ - @@ D= —min
B0 e e T
5.0 7.5 10.0 12.5 15.0 175 20.0 225 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 13.30 n.a. 13.639 5.872 1.19 na. BMB*
2 17.90 n.a. 540.233  486.195 98.81 na. BMB*
Total: 553.871 492.066 100.00 0.000




Compound 4j

Ph
Bs—N
N ——=——Ph
Cl N
Ts
2500 1 #849 [modified by ylw-hplc] Uv_ VIS 1
’ mAU WVL:210 nm
2,000+
1,500+
i 1-10.660
1,000+
i 2-15513
500
.l J min
8O N T R
3.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 10.66 n.a. 1183.917 579.030 50.05 na.  BMB*
2 15.51 n.a. 843.090 577.820  49.95 na. _ BMB*
Total: 2027.007 1156.850 100.00 0.000
2.000 1 #851 [modified by ylw-hplc] UV VIS 1
’ ImAU WVL:210 nm
1,500+
1,000+
i 2-14.547
500
1 1-10.073 )
- T
BO T
3.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 10.07 n.a. 12.285 7.206 1.05 n.a. BMB*
2 14.55 n.a. 858.163 678.065 98.95 na. BMB*
Total: 870.449 685.271 100.00 0.000




Compound 4k

Ph
Bs—N
Me y Ph
N
\
Ts
5000 1 #342 [modified by yiw-hplc]  wcm-8-79-rac-85-15-15-210-IC UV_VIS_ 1
’ mAU WVL:210 nm
4,000+
3,000+
1 1-14.253
2,000
] 2-21.007
1,000
| | .
B e T A AL
5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 14.25 n.a. 2118.722 1909.458 50.38 na.  BMB*
2 21.01 n.a. 1550.553 1880.406  49.62 na. _ BMB*
Total: 3669.275 3789.864 100.00 0.000
2.000 1 #532 [modified by ylw-hplc] UV VIS 1
’ mAU WVL:210 nm
1,500+
1,000+
i 2 -20.940
500
; | _1-14.120
T e T
5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 14.12 n.a. 7.724 4.537 0.40 n.a. BMB*
2 20.94 n.a. 775.113 1141.154  99.60 na. BMB*
Total: 782.838 1145.691 100.00 0.000




Compound 41

Ph
Bs—N
A ——=——Ph
Me N
Ts
3000 1 #641 [modified by yiw-hplc] UV_VIS 1
’ _mAU WVL:210 nm
2,50(%7
2,00(%7
1.50&7
] 1-11.887
l,OO(kﬁ
i 2-20.787
500
. : T min
B0 S
5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 11.89 n.a. 1200.008 706.503  50.07 na.  BMB*
2 20.79 n.a. 692.999 704.515 49.93 na. _ BMB*
Total: 1893.007 1411.018 100.00 0.000
4.000 1 #781 [modified by yiw-hplc] UV_VIS 1
’ mAU WVL:210 nm
3,000
2,000
i 2 -20.480
1,000
_ | 1-11.660
= S
A0 | T
5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 11.66 n.a. 11.527 7.006 0.37 n.a. BMB*
2 20.48 n.a. 1829.155 1865.756  99.63 na. BMB*
Total: 1840.682 1872.762 100.00 0.000




Compound 2a

H TS
N
O
H
PhPh
2 500 W1 #505 [modified by admin] UV_ VIS 1
7T mAU WVL:254 nm
2,000
1,500+
1,000+ 1-24.660
| 2-29.953
500+
—— e N
12.0 15.0 20.0 25.0 30.0 35.0 40.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 24.66 n.a. 919.537 1231.465 49.61 n.a. BMB*
2 29.95 n.a. 775.851 1250.645 50.39 n.a. BMB*
Total: 1695.388 2482.110 100.00 0.000
50001 #507 [modified by admin] UV_ VIS 1
’ mAU WVL:254 nm
4,000
3,000
2,000
1 1-22.767
1,000+
1 2-29.540 )
0 T T ‘ T T T T ‘ T - T \7\7‘ T T T T ‘ T T T T ‘ T T T m|n
12.0 15.0 20.0 25.0 30.0 35.0 40.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 22.77 n.a. 1579.469 2381.697 99.21 n.a. BMB*
2 29.54 n.a. 29.772 19.000 0.79 n.a. BMB*
Total: 1609.240 2400.698 100.00 0.000




Compound 2b

H Bs
1
N
0]
H
PhPh
1.000 -1 #730 [modified by admin] UV VIS 1
’ mAU WWVL:254 nm
800+
600—
400
1 1-16.760
200+
] 2 -26.920
— e - ; min|
B L e
10.0 15.0 20.0 25.0 30.0 35.0 40.0 450 50.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 16.76 n.a. 276.055 749.049 50.83 na. BMB*
2 26.92 n.a. 127.568  724.507  49.17 na.  BMB*
Total: 403.623 1473.557 100.00 0.000
1.000 -1 #729 [modified by admin] UV VIS 1
’ mAU WWL:254 nm
800+
600
400
J 2-25.887
200+
s e
10.0 15.0 20.0 25.0 30.0 35.0 40.0 450 50.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 16.61 n.a. 9.791 16.234 0.97 na. BMB*
2 25.89 n.a. 287.128 1653.261  99.03 na.  BMB*
Total: 296.919 1669.495 100.00 0.000




Compound 2c

H SOzPh
N
O
H
Ph Ph
2000 -1 #732 [modified by admin] UV VIS 1
’ mAU WWVL:254 nm
1,500
1,000+
: 1-13.720
1 2-19.113
500+
20— — ‘ ————min
5.0 10.0 250 30.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 13.72 n.a. 709.979 635.648 50.10 na. BMB*
2 19.11 n.a. 557.201  633.205  49.90 na.  BMB*
Total: 1267.180 1268.853 100.00 0.000
8.000 -1 #734 [modified by admin] UV VIS 1
’ ImAU WWL:254 nm
6,250;
5,000;
3,750;
] 1-13.860
2,500;
1,250
] 2-20.320 .
15— ——— e e T e =i
5.0 10.0 15.0 20.0 250 30.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min %
1 13.86 n.a. 3233.265 3319.049 98.05 na. BMB*
2 20.32 n.a. 63.920 66.171 1.95 na.  BMB*
Total: 3297.185 3385.220 100.00 0.000




Compound 2d

H Ms
1
N
0]
H
Ph Ph
150 1 #1045 [modified by yiw-hple]  gli-1-87-rac-80-10-8-254-A0-H U 51
ALl WL 254 nim|
1254
100
759
a0+
1-13.173
254
2-29.773
- . T
-10 T T T T T rl-mr'I
g.0 15.0 20.0 250 30.0 36.0
Ho. | Ret.Time Peak Hame Height Area Rel.Area Amount Type
min mAl  mAUFmin % n.a.
1 13.17 n.a. 34826 20759 50.06 na  BMBT
2 2977 n.a. 14678 20710 49.94 n.a. Bk~
Total: 49.504  41.469 100.00 0.000
200 1 #1048 [modified by ylw-hple]  glj-1-87-5-80-10-8-254-A0-H UV _WIS_1
mALl WAL 254 nmy
2504
2004
1804
2-28.307
1004
a0+
1-12.847
- 1 —-
-10 T T T T T rl-mr'I
8.0 15.0 200 250 0.0 36.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAlU  mAU*min % n.a.
1 12.95 fn.a. 4.373 1.660 1.04 n.a.  BMB*
2 2891 n.a. 111.942 157580 98.56 n.a.  BMB*
Total: 116.314  159.240 100.00 0.000




Compound 2e

Ms
H
N
0]
H
Ph
F
5.000 -1 #422 [modified by admin] UV_VIS_1
! mAU WVL:254 nm
4,000
3,000+
2,000+
1-9.987
] 2-15.267
1,000
B N
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 9.99 n.a. 1804.360 994.684  49.77 na. BMB*
2 15.27 n.a. 1185.862 1003.975  50.23 na. _ BMB*
Total: 2990.221 1998.660 100.00 0.000
4000 -1 #424 [modified by admin] UV_VIS_1
! mAU WVL:254 nm
3,000
2,000
1 2-15.013
1,000
1-9.907 ;
-SC*M‘?_‘/Q\"‘\““““““““W'H
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 9.91 n.a. 27.330 10.777 0.86 na. BMB*
2 15.01 n.a. 1435.925 1248.227  99.14 na. _ BMB*
Total: 1463.255 1259.003 100.00 0.000




Compound 2f

2-14.613

Ms
H
N
o
H
Ph
(0]
1,500 -1 #398 [moadified by admin] UV_VIS_1
” JmAU WVL:254 nm)
1,200;
1,000;
800-|
600 1-10.080

9.0 12.0 14.0 16.0 18.0 20.0 22.0
No. [ Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__ mAU*min %
1 10.08 n.a. 597.015 322.685 49.82 n.a. BMB*
2 14.61 n.a. 416.996 324.969 50.18 n.a. BMB*
Total: 1014.011 647.654 100.00 0.000
9 000_Yf-1 #400 [modified by admin] Uv_VIS 1
T _mAU WVL:254 nm|
7,500
6,250
5,000
3,750
] 2-14.407
2,500
1,250-]
1 1-10.133 ;
min
-50 —— ——
9.0 12.0 14.0 16.0 18.0 20.0 220
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 10.13 n.a. 53.071 22.271 0.80 n.a. BMB*
2 14.41 n.a. 3337.166 2767.538  99.20 n.a. BMB*
Total: 3390.237 2789.809 100.00 0.000




Compound 2g

Ms
H
N
0]
H
Ph
Br
-1 #404 [modified by admin] UV VIS 1
10,000 mAU WVL:254 nm|
8,000
6,000
4,000
1 1-12.040
2,000+
— in
20— T e ]
9.0 120 14.0 16.0 18.0 20.0 22.0 24.0 26.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 12.04 n.a. 2338.558 1359.720  49.06 na. BMB*
2 16.12 n.a. 1913.803 1412.028  50.94 na. _ BMB*
Total: 4252.361 2771.748 100.00 0.000
-1 #405 [modified by admin] UV_VIS 1
10,000 mAU WVL:254 nm|
8,000+
6,000
4,000
1 2-15.913
2,000+
1 1-11973 min
20— T 7 T T [ T
9.0 120 14.0 16.0 18.0 20.0 22.0 24.0 26.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 11.97 n.a. 96.417  43.016 1.50 na. BMB*
2 15.91 n.a. 3225.221 2817.486  98.50 na. _ BMB*
Total: 3321.638 2860.502 100.00 0.000




Compound 2h

Ms
H
N
0]
H
Ph
Me
5.000_W-1#386 [modified by admin] UV_VIS_1
: mAU WVL:254 nm
4,000
3,000
2,000+ 1-9.187
] 2-14.693
1,000+
10— — — —min
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 9.19 n.a. 1787.270 960.648 50.34 na. BMB*
2 14.69 n.a. 1142.653 947.687  49.66 na. _ BMB*
Total: 2929.923 1908.335 100.00 0.000
5.000 -1 #384 [modified by admin] UV VIS 1
’ mAU WVL:254 nm|
4,000
3,000
2,000+
1,000 2-14.487
1 1-9.087 minl
10 e e T ——
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 9.09 n.a. 20.206 5.419 0.85 na. BMB*
2 14.49 n.a. 864.373  629.302  99.15 na.__ BMB*
Total: 884.579 634.721 100.00 0.000




Compound 2i

Ms
H
N
0]
H
Ph V4
Ph
1 500_W-1#438 [modified by admin] UV_ VIS 1
’ mAU WVL:254 nm
1,200;
1,000;
800;
600;
] 1-11.147
400
] 2-21.487
200+
B e R e e e R B e e e e B
4.0 75 10.0 125 15.0 175 20.0 225 26.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 11.15 n.a. 418.732 270.912 50.74 n.a. BMB*
2 21.49 n.a. 225.697 263.028  49.26 n.a. BMB*
Total: 644.428 533.940 100.00 0.000
4500 -1 #442 [modified by admin] UV VIS 1
’ mAU WVL:254 nm
3,000
2,000
| 1-11.213
1,000+
2-21.153 min|
200 T T T e T e
4.0 75 10.0 125 15.0 175 20.0 225 26.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 11.21 n.a. 1499.495 968.119 98.41 n.a. BMB*
2 21.15 n.a. 18.393 15.650 1.59 n.a. BMB*
Total: 1517.888 983.769 100.00 0.000




Compound 2j

Ms
H
N
o
H
Ph
Cl
5 0001 #644 [modified by admin] UV VIS 1
' imAU WVL:254 nm|
4,000
3,000+
2,000+
1 1-9.993
1,000-| 2-18.160
20— ]
0.0 50 10.0 15.0 20.0 25.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__ mAU*min %
1 9.99 n.a. 1330.838 971.956  49.70 na. BMB*
2 18.16 n.a. 918.617  983.755  50.30 na.__ BMB*
Total: 2249.455 1955.711 100.00 0.000
9.000 -1 #648 [modified by admin] UV_VIS_1
T _mAU WVL:254 nm
7,500-]
6,250
5.000-1 2-17.587
3,750
2,500
1,250
] 1-9.907 ™ )
I e e I D D
0.0 5.0 10.0 15.0 20.0 25.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 9.91 n.a. 160.625 98.150 2.09 na. BMB*
2 17.59 n.a. 4925.568 4600.653  97.91 n.a. BMB*
Total: 5086.194 4698.803 100.00 0.000




Compound 2k

Br
5 000_W-L #645 [modified by admin] UV VIS 1
' mAU WVL:254 nm
4,000
3,000
1 1-10.260
2,000+
1,000 2-23.427
-5 e min
0.0 5.0 25.0 30.0 35.0
No. [ Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU___ mAU*min %
1 10.26 n.a. 2121.596 1307.919  49.42 na.  BMB*
2 23.43 n.a. 987.531 1338.839  50.58 na. __ BMB*
Total: 3109.127 2646.757 100.00 0.000
6.000_W-L #646 [modified by admin] UV_VIS_1
' mAU WVL:254 nm
5,000
4,000
3,000
] 2-19.393
2,000
1,000
1 1-10.440 :
2 e e min
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
No. [ Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU___ mAU*min %
1 10.44 n.a. 119.695 68.744 1.96 na. BMB*
2 19.39 n.a. 2412.764 3431.976  98.04 na. __ BMB*
Total: 2532.459 3500.719 100.00 0.000




Compound 21

Ms
H |
N
0]
H
Ph
Me
4.000_WF1 #651 [modified by admin] UV_VIS_1
' mAU WVL:254 nm|
3,000
2,000+ 1-8.820
| 2-14.167
1,000
20— e ————1nin
0.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__ mAU*min %
1 8.82 n.a. 1831.160 1082.613 49.60 n.a. BMB*
2 14.17 n.a. 1236.689 1100.253  50.40 na.__ BMB*
Total: 3067.850 2182.865 100.00 0.000
5 000_Wi-1 #654 [modified by admin] Uv_ VIS 1
’ imAU WVL:254 nm|
4,000
3,000+
1 2-13.933
2,000
1,000
| 1-8.813 .
-25““““““\‘ﬁ“““ ““r‘mn
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min %
1 8.81 n.a. 27.873 11.769 0.61 n.a. BMB*
2 13.93 n.a. 2107.651 1918.669  99.39 na.__ BMB*
Total: 2135.524 1930.439 100.00 0.000




Compound 2m

Ms
H
N
O
Cl H
Ph Ph
3004 #899 [modified by yiw-hplc] UV VIS 1
JmAU WVL:254 nm
250+
200+
1501 1-8.073
100
] 2-20.373

No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 8.07 n.a. 129.848 60.482  50.57 na. BMB*
2 20.37 n.a. 54.379 59.117  49.43 na.  BMB*
Total: 184.227 119.599 100.00 0.000
500 1 #905 [modified by ylw-hplc] wem-4-Cl-chiral-90-10-15-254-ADH UV VIS 1
mAU WVL:254 nm
400
300
: 2-18.787
200
100+
L
| T:
min|
20F
5.0 75 10.0 125 15.0 175 200 225 250
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 7.89 n.a. 13.140 6.779 2.51 n.a. BMB*
2 18.79 n.a. 224.986 263.389  97.49 na. BMB*
Total: 238.126 270.168 100.00 0.000




Compound 2n

Ms
H
N
O
Br H
Ph Ph
350 1 #900 [modified by yiw-hplc] UVv_ VIS 1
JmAU WVL:254 nm
300-]
250
200
] 1-7.867
150+
100
] 2-19.840
50
A5 T
0.0 5.0 10.0 15.0 20.0 250 28.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 7.87 n.a. 156.006 73.211 51.03 n.a. BMB*
2 19.84 n.a. 62.710 70.261  48.97 n.a. BMB*
Total: 218.716  143.472 100.00 0.000
1.500 1 #903 [modified by yiw-hpic] UV VIS 1
: mAU WVL:254 nm
1,200;
1,000-|
800;
600
1 2-18.947
400-|
200;
1 1-8.033
50— ] e —
0.0 5.0 10.0 15.0 20.0 25.0 28.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 8.03 n.a. 15.134 7.124 1.04 n.a. BMB*
2 18.95 n.a. 521.788 676.882 98.96 n.a. BMB*
Total: 536.923 684.006 100.00 0.000




Compound 20

Ms
H
N
0]
Me H
Ph Ph
8.000 -1 #616 [modified by admin] UV_ VIS 1
’ ImAU WVL:254 nm
6,250
5,000-|
3,750 1-10.153
2,500
1 2-20.873
1,250
] min
A e [
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 10.15 n.a. 3628.039 2402.307 50.46 na. BMB*
2 20.87 n.a. 1757.473 2358.173  49.54 na. _ BMB*
Total: 5385.513 4760.480 100.00 0.000
8.000 -1 #617 [modified by admin] UV_ VIS 1
’ ImAU WVL:254 nm
6,250;
5,000;
3,750
] 2-20.233
2,500
1,250
] 1-10.020 )
/N min
P e e, e e [
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
No. [ Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU__ mAU*min %
1 10.02 n.a. 160.795 86.854 2.05 na. BMB*
2 20.23 n.a. 2852.688 4160.103  97.95 na. _ BMB*
Total: 3013.483 4246.957 100.00 0.000




Compound 2p and 2p’

H |/V|S H Ms
/
N Me N
o (0]
H H
Me Ph Ph Ph Ph
3 500 1#1138 [modified by yiw-hple] glj-1-127-rac-90-10-10-240-14 L g _1
! rmAL WAL 240 nim)
2,000
1,500
1.0004 211227
1.{o.413
a00+
3 - 20807 A -28200
= T ! T T
-1004— . . : : L
9.0 15.0 20.0 250 300 340
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU  mAUmin % n.a.
1 10.41 n.a. B21.797  201.001  17.58 n.a. B *
2 11.23 n.a. 939008 365291  31.94 n.a. ME*
3 20.81 n.a. 299877 206153 18.03 na.  BMB*
4 25.20 n.a. ISF.9M0 37165 3246 na. _ BMB*
Total: 2278.292 1143.609 100.00 0.000
5 goo— #1137 [modified by yhw-hple] _qj-1-158-6-90-10-10-240-14 U _Y15_1
' AL WL 240 nim)
1,400
1,000
A00+
3-21.453
429173
1. fREEDSE3
— 1 1
T T N
-1a0 T T . | : min|
9.0 146.0 200 250 300 340
No. | Ret.Time Peak Hame Height Area RelArea Amount Type
min mAl  mAlUFmin kil n.a.
1 10.68 n.a. 29.837 7B77 1.10 n.a.  BMB*®
2 11.53 n.a. 34.963 9.709 1.36 n.a.  BMB*®
3 21.45 n.a. 419229 304759 4246 n.a.  BMB*®
4 2517 n.a. 365485 393735 5498 n.a.  BMB*
Total: 852519 716.084 100.00 0.000




Compound 2d'

150 1 #1045 [modified by yiw-hple]  gli-1-87-rac-80-10-8-254-A0-H U 51
ALl WL 254 nim|
1254
100
759
a0+
1-13.173
254
2-29.773
- . T
-10 T T T T T rl-mr'I
g.0 15.0 20.0 250 30.0 36.0
Ho. | Ret.Time Peak Hame Height Area Rel.Area Amount Type
min mAl  mAUFmin % n.a.
1 13.17 n.a. 34826 20759 50.06 na  BMBT
2 2977 n.a. 14678 20710 49.94 n.a. Bk~
Total: 49.504  41.469 100.00 0.000
200 1 #1044 [modified by yka-hple]  gli-1-87-r-90-10-8-254-AD-H L WS _1
ALl WLI254 nim|
2804
2004
1404
1.13.127
1004
a0+
. 228407
. . e ]
-10 T T T T T i
8.0 15.0 200 250 300 35.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAlU  mAU*min % n.a.
1 13.13 fn.a. MO777 74643 9834 n.a.  BMB*
2 28.41 n.a. 1.787 1.263 1.66 n.a.  BMB*
Total: 112564 755906 100.00 0.000




Compound 5a

3000 1 #220 [modified by yiw-hpic] UV VIS 1
: _mAU WVL:254 nm
2,500;
2,000;
1,500;
] 1-11.793
1,000
] 2-21.267
500;
-20 —
0.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 11.79 n.a. 1015.079 1125.295 50.00 na.  BMB*
2 21.27 n.a. 684.326 1125.164  50.00 na.  BMB*
Total: 1699.405 2250.459 100.00 0.000
1.100 1 #222 [modified by ylw-hplc] UV VIS 1
’ 7mAU WVL:254 nm
800
600
40(% 2 -21.360
200
| -12.020
o | 1-12020 ™
- ——— T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 12.02 n.a. 4.304 3.037 0.53 na.  BMB*
2 21.36 n.a. 355.765 572.417  99.47 na. BMB*
Total: 360.069 575.454 100.00 0.000




Compound 5b

4.000 1 #114 [modified by yiw-hpic] UV VIS 1
: mAU WVL:254 nm
3,000
2,000 1-12.320
1 2 -25.007
1,000
Il
-100————+——7
0.0 5.0 10.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 12.32 n.a. 2001.064 2172.633 50.76 na.  BMB*
2 25.01 n.a. 1079.531 2107.932  49.24 na.  BMB*
Total: 3080.595 4280.565 100.00 0.000
2500 1 #116 [modified by yiw-hpic] UV VIS 1
! mAU WVL:254 nm
2,000
1,500
i 2 -24.693
1,000
500
1 1-12.273
~100—————— - min
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 12.27 n.a. 44.907 31.990 1.17 n.a. BMB*
2 24.69 n.a. 1339.056 2695.664  98.83 na. BMB*
Total: 1383.963 2727.653 100.00 0.000




Compound 5¢

2-19.780

2 5001 #553 [modified by yw-hplc] UV VIS 1
’ mAU WVL:254 nm

2.00&?

l,SO(Ff

1,00(%: 1 - 13.400

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 13.40 n.a. 952.573 913.860 49.03 na.  BMB*
2 19.78 n.a. 762.183 949.845 50.97 na. _ BMB*
Total: 1714.757 1863.705 100.00 0.000
500 1 #552 [modified by ylw-h Uv_VIs
mAU WVL:254 nm
400
300+
2004 2 -19.940
100+
1 1-13.640
S04 FF 77—
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 13.64 n.a. 2.814 2.191 0.74 n.a. BMB*
2 19.94 n.a. 215.138  294.224  99.26 na.  BMB*
Total: 217.952 296.414 100.00 0.000




Compound 5d

1.200 1 #410 [modified by yiw-hpic] UV VIS 1
T mAU WWL:254 nm
1,000
800
600
] 1-12.947
2-19.007
—1 ! T 1|
20T e T
5.0 75 10.0 125 15.0 175 20.0 225 250
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 12.95 n.a. 438.361 430.607 50.03 na.  BMB*
2 19.01 n.a. 324.173 430.132  49.97 na. _ BMB*
Total: 762.534 860.738 100.00 0.000
600 1 #409 [modified by ylw-hplc] Uv VIS 1
mAU WVL:254 nm
500
400+
300
1 2-19.080
200
100
1 1-13.167
B e S R R S R S L
5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 13.17 n.a. 4.111 3.423 1.08 n.a. BMB*
2 19.08 n.a. 235.400 313.739  98.92 na.  BMB*
Total: 239.511 317.162 100.00 0.000




Compound 5e

2.000 1 #290 [modified by yiw-hpic] UV VIS 1
: mAU WVL:254 nm
1,500+
1,000
| 1-14.640
1 2-21.073
500
-20 T
5.0 10.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 14.64 n.a. 809.397 988.972 49.42 na. BMB*
2 21.07 n.a. 629.575 1012.097  50.58 na. _ BMB*
Total: 1438.971 2001.069 100.00 0.000
1.000 1 #289 [modified by ylw-hplc] Uv VIS 1
’ ImAU WVL:254 nm
800
600
1 2-20.573
400+
200
1-14.540
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 14.54 n.a. 10.614 9.175 1.34 n.a. BMB*
2 20.57 n.a. 494.154  673.377 _ 98.66 na.  BMB*
Total: 504.768 682.552 100.00 0.000




Compound 5f

300 1 #155 [modified by yiw-hplc] UV VIS 1
JmAU WVL:254 nm
250-]
200;
150-]
i 1-12.187
100 2-18.907
50;
o I}
A2 e T T T T
5.0 75 10.0 125 15.0 175 20.0 225 250 28.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 12.19 n.a. 136.473 171.269 49.34 n.a. BMB*
2 18.91 n.a. 105.506  175.834  50.66 n.a. _ BMB*
Total: 241.979 347.103 100.00 0.000
1.500 1 #259 [modified by ylw-hplc] UV VIS 1
’ _JmAU WVL:254 nm
1,20(F7
1,00(%7
80(%7
600 2-18.133
400
200
1 1-11563
A T T T T T T e T T T T T
5.0 7.5 10.0 12.5 15.0 17.5 20.0 225 25.0 28.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 11.55 n.a. 7.342 8.235 0.91 n.a. BMB*
2 18.13 n.a. 558.464 898.615  99.09 n.a. BMB
Total: 565.806 906.850 100.00 0.000




Compound 5g

MeO

700 1 #295 [modified by yiw-hplc] UV VIS 1
mAU WVL:254 nm
600
500
400+
300+
B 1-19.567
2-24.373

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 19.57 n.a. 230.764 349.570 50.77 n.a. BMB*
2 24.37 n.a. 201.011 339.018 49.23 na. _ BMB*
Total: 431.775 688.588 100.00 0.000
1.000 1 #293 [modified by ylw-hplc] UV VIS 1
’ ImAU WVL:254 nm
800
600
1 2-24.320

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % n.a.
1 19.96 n.a. 5.747 11.776 1.50 n.a. BMB*
2 24.32 n.a. 407.866  772.411  98.50 n.a. _ BMB*
Total: 413.613 784.187 100.00 0.000




Compound 5h

1.000 1 #203 [modified by ylw-hplc] UVv_VIS 1
: mAU WVL:254 nm
800
600

] 1-11.213
4004 2-18.580
200
,_J/Lk I i
T L
0.0 5.0 10.0 15.0 20.0 250 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 11.21 n.a. 543.544 567.355 50.04 n.a. BMB*
2 18.58 n.a. 375.642 566.514  49.96 n.a. _ BMB*
Total: 919.185 1133.869 100.00 0.000
800 1 #204 [modified by yiw-hplc] UVv_VIS 1
JmAU WVL:254 nm

625

500

375 2-18.440

250

1254

1 | 1-11.180 )
i . -

30— T N

0.0 5.0 10.0 15.0 20.0 250 30.0

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU _ mAU*min % n.a.
1 11.18 n.a. 2.264 1.865 0.34 n.a. BMB*
2 18.44 n.a. 358.358 552.771  99.66 n.a. _ BMB*
Total: 360.622 554.636 100.00 0.000




Compound 5i

\
Ts
6001 #585 [modified by yiw-hplc] wem-8-67-rac-90-10-10-254-ADH-1 UV VIS 1
mAU WVL:254 nm
500
400
300
i 1-13.447
200
1 2-18.753

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 13.45 n.a. 206.433 210.538 51.20 na.  BMB*
2 18.75 n.a. 159.092  200.709  48.80 na.  BMB*
Total: 365.525 411.247 100.00 0.000
1.200 1 #584 [modified by ylw-h Uv_VIs
’ mAU WVL:254 nm
1,000+
800
600
| 2-18.727
400
200+
1 | 1-13.513
7 T
S+
5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 13.51 n.a. 4.071 5.330 0.84 n.a. BMB*
2 18.73 n.a. 487.668 627.370  99.16 na. BMB*
Total: 491.739  632.700 100.00 0.000




Compound 5j

Cl

UV VIS 1

1 #854 [modified by ylw-hplc]
mAU

1-7.280

WVL:254 nm

2-13.540

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 7.28 n.a. 1250.526 614.676 50.84 na. BMB*
2 13.54 n.a. 695.278 594.280  49.16 na.  BMB*
Total: 1945.803 1208.956 100.00 0.000
1.200 1 #855 [modified by ylw-hplc] UV VIS 1
’ mAU WVL:254 nm
1,000+
800
600
40&7 2-13.353
200
q 1-7.260
———\N\’_/—’—/JAV\JV‘ i
B0 T e T
0.0 5.0 10.0 15.0 20.0 25.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 7.26 n.a. 13.266 5.962 1.50 na. BMB*
2 13.35 n.a. 361.580 391.063 98.50 na. BMB*
Total: 374.846 397.025 100.00 0.000




Compound 5k

1-12.053

2 -20.587

2.000 1 #349 [modified by ylw-hplc] UV _VIS 1
: ImAU WVL:254 nm

1,500

1,000

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 12.05 n.a. 709.135 626.880 50.79 na.  BMB*
2 20.59 n.a. 419.935 607.456  49.21 n.a. _ BMB*
Total: 1129.070 1234.336 100.00 0.000
800 1 #540 [modified by ylw-hplc] UV VIS 1
JmAU WVL:254 nm
625
500-|
375-]
250 2-20.507
125
- 1-12.273
40T S
5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 12.27 n.a. 4.736 3.359 0.88 na.  BMB*
2 20.51 n.a. 248.839 379.570 99.12 n.a. _ BMB*
Total: 253.575 382.929 100.00 0.000




Compound 5I

Me
2,000 1 #783 [modified by yiw-hplc] UV_VIS_ 1
’ mAU WVL:254 nm
1,500
1,000

1 1-10.413

2-19.853

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 10.41 n.a. 765.085 547.806 49.07 na.  BMB*
2 19.85 n.a. 467.609 568.594  50.93 n.a. _ BMB*
Total: 1232.695 1116.400 100.00 0.000
1,500 1 #782 [modified by yiw-hplc] UV_VIS 1
’ m WVL:254 nm|
1,20(%7
1,00(#
800
600
] 2-19.827
400
20(%7
1 | 1-10.540 T
L —————
5.0 10.0 15.0 20.0 25.0 30.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % n.a.
1 10.54 n.a. 3.394 2.254 0.31 n.a. BMB*
2 19.83 n.a. 520.196  725.746  99.69 n.a. _ BMB*
Total: 523.590 728.001 100.00 0.000




Compound 2da

000_yyf-1 #8009 [m odifi uv _Vv
m AU W VL:210 nm
500 _
000 _
500 _
000 _ 1 -32.007
500 _
] in
-30 ——" ST T
25.0 30.0 35.0 40.0 45.0 50.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 32.01 n.a. 917.458 1528.460 50.11 n.a. BMB*
2 39.53 n.a. 632.122 1521.462  49.89 na.  BMB*
Total: 1549.580 3049.922 100.00 0.000
6.000 -1 #811 [modified by admin] UV_ VIS 1
7T mAU WVL:210 nm
5,000
4,000
3,000
1 1-32.227
2,000+
1,000
1 2-40.333 min
B —
25.0 30.0 35.0 40.0 45.0 50.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 32.23 n.a. 2610.943 6777.531 98.99 na.  BMB*
2 40.33 n.a. 57.911 68.851 1.01 na. BMB*
Total: 2668.854 6846.382 100.00 0.000




Compound 2db

200 1 #1085 [modified by yiw-hplc] olj-1-98-rac-80-10-10-254-AD-H UY_WIS_1
mAL WL 254 nim|
248.04
20,04
148.04
1- 13827
1004 z- 16813
5.0
L T
1.0+ . ; | | | : | | min
11.0 125 138 14.0 16.3 17.5 18.8 200 220
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAlU  mAU*min il n.a.
1 13.83 n.a. 10.532 7350 50.40 na.  BMB*
2 16.81 n.a. 8.873 7232 4560 n.a  BMB®
Total: 19.704 14582 100.00 0.000
30,0 ¥1067 [modified by yiw-hple] _glj-1-98-5-80-10-10-264-AD-H Uy VIS 1
AL WYLI254 nim
26.04
20.0
- 1. 12.807
10.04
5.0
1 2-15.287
2.0+ . ; | | | : | | min
11.0 124 13.8 14.0 16.3 17.5 18.8 200 220
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU™min k] n.a.
1 12.81 n.a. 15674 9484 9877 na.  BMB”
2 15.29 n.a. 0.248 0.118 1.23 na.  BMBE"
Total: 15922 9602 100.00 0.000




LOE”

9L1'¢
S61°¢
0lz ¢
622"
[l
[82°¢
662 't
§Ie’e

L01°S
4
Syis

690
180"
961"
Sle”
[A7
092"

192

18T
[
vog *
vie:
81¢”
(VA
(4
06"
018"

[ e S S N N S N S N

N

(\'K

Ph

Y

N i
/

Ts

Bn

Ph

la

W 960

"~ 0F Nﬁ
or-et
0872

VoL

4.0 3.5 3.0 2.5 2.0 5 1.0 0.5 0.0

5

4.
f1 (ppm)

5.0

7.5 7.0 6.5 6.0

8.0

8.5

9.0

J.5


dell
打字机文本

dell
打字机文本
1a

dell
打字机文本


A%

00"

08"

86"

89

00"

4%
v8
S¢
69

60
68
01
€6
124]
Vi
9¢
147
Sy
4%
Vs
4t
19
vs
L6
86"

621
el
.::u\v
vel

SE1

EL~—
1N

LL
6L
g
98—

14
14!
el
Lgl
‘821
‘8¢l
‘821
‘821
'8¢l
6gl

Wi—

p/ _ y;

~-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210


dell
打字机文本
1a

dell
打字机文本


881 ¢

£
‘m%
't
C~E
—F
¢
e
¢

902
444
0ve
LLe
L6C
I1e
1e¢

01

921 ¢

Gy1-

680
§01 -
144
vse”
€Le”
98¢ ”
50¢ -
91¢
€28 "
vey
oey -
9ty -
6l
Ly
9€s”
LSS
621
052

—

I

w [ Ay

F oot

w/. 80Tt

6¢ 11
102
T. 60 2
Trole’l

4

0.0

0.5

1.

5

2.0

2.5

3.5 3.0

5.5 5.0 4.5 4.0
f1 (ppm)

6.0

6.5

7.0

8.0

8.5

9.0

9.5


dell
打字机文本
1b

dell
打字机文本


V6 0F—

90 'S§¢—

9L"
e
4

Ly

92
1Y
&
59
€6
0$
€5
€5
9.
01
08
6€

121~

N.NT/.

‘821
‘821
821
‘8T1
821
621
‘621
el
1e1
K49
gel
91

92"
g -

15
69"
£6 "
0§”
€5 "

€S

01

0Ll —

el

L1ET ="

T~

Ph

\ /

N e
/

Bs

Ph
1b

Bn

i

132 131 130 129 128 127 126

133

f1 (ppm)

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210



dell
打字机文本
1b

dell
打字机文本


661 °¢
Vig 't
92z ¢
V2 ¢ ~&

744
062
20t
L1g

0ST1 ¢

591
081 °

160
So1-
40
voz -
12z
827
gse
98z "
S92
692"
§Lg”
282"
18T
862
20¢
91¢”
0ee”
80
iy
€
6ey
606 °
bas:
6ES
€06
816"

=
€
't
't

rd

.
£ o
o o
\ /
(&)
Z —
/
A 5
% o}
b
—
Ny

I

Wmo 4

Foot

B2z
74
V66
70y
61°1

Feoz

0.0

1.0

2.0

2.5

3.0

3.5

1 {(ppm)


dell
打字机文本
1c

dell
打字机文本


86

£9°¢
6L
00"
i
LV
g6k

QL

0V

0s

821
Rt

‘651 —

oxf
£ 0

T

126.5

129.5 128.5 127.5

130.5

1 (ppm)

10

30

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

£1 (ppm)


dell
打字机文本
1c

dell
打字机文本


Lv6"

V92 ¢
782 °¢

662
91¢”
Gee”
JASt o
0Le”
16¢°

SIr
el

9e1 ¢

€51

L
12X
162"
80¢
4t
345
443
£ee
ove
65¢
6Lt "
SOV °
60V
vev
68Y °
ey
€06 ”
[AER

T~ 0= £~ C= 0~ [~ U= [= 0~ b= 0= 0= 0 0= 0= [e 0=

s PR

7—

[t

Mmoo

$&

S

J

W

F s60

me‘:.
907

Fez

I. 0.5 0.0

5

1.

™~

2.5

3.0

3.5

4.0

50

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

£1 (ppm)


dell
打字机文本
1d

dell
打字机文本


8¢ 'BE—
28 0y—

I8 V56—

98
gy

€2
Ge

29
L8
8¢
9L
00

121~
"
ge -

\\NT/.

‘8¢1
821
8¢

821
‘821
‘821
621
et

9¢1

N fire
/

1d

20
0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210


dell
打字机文本
1d

dell
打字机文本


N

286 72— r.!J - Fooe

€5g ¢

EN.,W

882 ¢

S0¢ ¢ S S
S1¢°¢ '

9¢e ¢
6VE ¢
0LE

[agiiarilas o la s ia sl an Wasy
/
]
i
/
/
i
I
<
o
N

Ph

N\ 7/

Zin
/

(N
821°¢
1e1°6
6V g

Fes0

&P
Is
le
|
I

Ms
Bn

Fuz

Lo,
€61
8l ¢

0.5 0.0

1.0

3.5 3.0 2.5 2.0

4.0

—
6.5 6.0 5.5 5.0 4.5
f1 {(ppm)

7.0

8.0

9.0

9. 5


dell
打字机文本
1e

dell
打字机文本


IV '8¢ —
€80V —

LLVG—

087Gl
[ .m,:W.
96 'STI
b 811
6V ‘811
Nw;NT\.

SE .BNT/

6t "821
09 '821
06 '821
IS .mmﬁ\‘

IL°1el
78 "¢el
06 ‘€¢I
Vb vel
€5 Vel
b6 'S¢l

82 '191—
9L e91—

0c e
LS
96 'S

9’
S

Z8

6
6€ '821
.mEW
821

‘621~

09
06
s

78 ¢
06"
i
£S5 ”

Tel—

121~

er—

Ms

N\

Z
/

Ph

le

Bn

125 120 115
f1 (ppm)

130

135

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

210


dell
打字机文本
1e

dell
打字机文本


bee
942 *
vig”
16 °
60¢
£ee”
Lve”

89¢ ¢

s
621°¢
A3
08I ¢

e
6L2"
v6z
Sig-
£ee
eve
08¢ °
JASS
oy
611
(A4

L S S S N S

-

£
€
€

&

~

g

Cl

ANV

2
/

Ms
Bn

Ph

F ss0

0.0

0.5

1.

1.5

2.0

wy

3.0

4.0

4.5
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

9.0


dell
打字机文本
1f

dell
打字机文本


95 '8¢ —
€6 0v—

V8 ps—

20
28
oF
Iy
¥9
69
76
Y
VL
06
€2
16

eI~
e

'L21

‘8T
‘821
81
‘821
‘621

‘el
eel
FET
el

Cl

200 190 180
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
. 20 10

10

f1 (ppm)


dell
打字机文本
1f

dell
打字机文本


126 7— o . — oo

€4z ¢
0Lt .m/
182 "¢~ N

i\ === Lot

90¢ "¢ N B -
826 ¢
e e
£9¢ ¢

Br

e

&

¢ i _ T .
el .mW S / IAWA 660
6V G .

Ms
Bn

4
897"
9.7
€8C°
682 °
voe -
[

L

!

L

L

L

L

L B
vee L, T R =
gre .NN. T— - -
8vE L
16¢ 'L

L

L

L

L

TTT

oy Oy
oo
T

86¢
el
(U727
9%

0.0

2.0

2.5

3.0

. . 4.0
{1 (ppm)

5.5

6.0

7.0

8.0

9.0



dell
打字机文本
1g

dell
打字机文本


86 '8¢ —
68 0y —

08 Vg—

81 121
YRTIAN
¢ zz1-"
98 L21~_

8¢ '821
09 '821
ﬁm.wmﬁwww
61 '621

LG TET
0L°1¢1
10 'e¢1
98 "¢l

10

20

30

40

50

60

70

i

80

Br
90

100
f1 (ppm)

110

120

130

190 180 170 160 150 140

200

210


dell
打字机文本
1g

dell
打字机文本


19¢”

6"
[4r
692 ¢
L8C"
yoe ¢
Lee”
6V
29¢”
€8¢

601 s
[
Lel s
vris

€er”

(45!

gve”
e
8.7
88¢C "
26T
LOE”
9zt "
[A%5
8€¢ "
96¢ "
9L¢”

z8¢
16e
€0V
80V
(447

9Ty -

[ S R e R e e e S Nl N Sy Ny Ny

Me

F sz

0z ¢l

T

0.0

0.5

0

gl

2.0

Lo

3.5 3.0

4.0

4.5

f1 (ppm)

5.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0

9.5


dell
打字机文本
1h

dell
打字机文本


by 11—

2t 86—
v8 0V —

08 V§—

(2
89 .om./v
00 .t.\.
e LL
81 .wm.\.

00 58—
b6 98—

AY

16"

e
LY
09
€8
01
9
LL
98
60

61—
21—
Ll
‘821
‘821
‘821

.mmﬁw
‘621
1E1
.?gu\x

9¢1
8ET

Me

Zitm

Ms .

80

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
200

T
210


dell
打字机文本
1h

dell
打字机文本


126
474
857
§LT

96t

L8008
5014
801 °¢
6719

see

Mmoo

g—

A

€67
008
178"
pee -

N

9~

9LE "9

= o00°¢

60 2

.

Tmo;’v

’
o~
=N
o
R

0.0

0.5

1.0

2.0

3.0

4.0

4.5

£1 (ppm)

5.0

e

6.0

6.5

7.0

5.0

9.0


dell
打字机文本
1i

dell
打字机文本


127
08

9L

L’
89°
00"
A%
vl
06"
V6"

9¢

L8
2
€e
LE
4
09

88
v
9L
66
€2
LS

@Nﬁ./r
.21

.mmﬁ/
‘821

‘821
‘821
'8¢l
14
el
5el
9el
ol

8E—
ov—

Lol—

‘T2t

S

Ph

\NV4

Z e

Ms<

Bn

Ph

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210


dell
打字机文本
1i

dell
打字机文本


9ze
L92"
1.2
882
Gee
8E€ "
Lve”
vse
412
L8V
961 -
506 -

/)

Ci

1j

—= Feo

J Foo¢ .

= WON 7|

ooy 3
T

0.0

0.5

5 0

1.

2.0

2.5

3.0

4.0

4.5
f1 (ppm)

5.5 5.0

6.0

6.5

7.0

7.5

8.0

9.0


dell
打字机文本
1j

dell
打字机文本


£V '8C—
bl 0b—

89 V5—

61 'FL

monm“ﬂ”
00 LL~x

.L\-
thm
vm.mm.\\

€L°68
mmAmeVI

143
oy
6¢

29
1L
IS
69
96
96
6

0t —
cTI—
Lt
92 821
G¢ "821
‘821
‘821
621
‘TE1
el
el
Set

Ph

\

Ms.

Bn

Cl

1j

il

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

210


dell
打字机文本
1j

dell
打字机文本


0.0

1.0

L

2.0

R — : = T oo

= F oo

PESNORDRSEDUDEIN I !
e U
il

Br

Z
X
1k

9grre
et
el
Fol ¢

T oo

¢

Ms.,;l

Bn
J

3.0

3.5

4.5

f1 (ppm)

5.0

LOT "
6V7 "
v9g -
oLt
18"
960
[t
826"
Tee”

6.0

[ S e e gl i el o

05t
TLE
Z0l
0%

1er
42
agt
16V
00¢
604

P N A e e

kil
[
I
JK
Ty

8.0

9.0



dell
打字机文本
1k


S¢
18

9.

90"
89"
00"
45
68"

L8

V6"

£8"
Sy
62
81
e
123
9¢
€8
0§
oL
e
L6"

BE—
0y—

Ve

121~

e
et
821 AY
‘821
821
‘821

‘8¢C1
621

[€1
£el
Sl

Br

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

10


dell
打字机文本
1k

dell
打字机文本


£he g— N _ F oo

816 72— — - oo
447 '€

Nsm.m“/r

682 "¢~ N

90¢ ‘t~F N = %u 01z
§2¢ ¢ L
Ly e

¢

£ L

/
/
I

09¢ ¢
I8¢ °¢

Me

660 °
g1 ¢
0216
LE1'S

N tine L B
= F v

RV
S
Ms
Bn

.
Gl
8¢C "
6VC "
992
e
€82 °
182"
862 °

L
L
L
L
L
L
L
L
L
LeL
€28, ,,,,!;,,,....,,:1;1..,,;:;‘,,//
L
L
L
L
L
L
L
L
L

Fzz
wm. Ly 01 *,

£ee

ase "
95¢
eLe”
S8y
061 -
66¥
€05 °
60¢ -

Fez

0.5 0.0

0

1.

6.0 55 5.0 LE 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

6.5

9.0 8.5 8.0 7.5 7.0

9.5


dell
打字机文本
1l

dell
打字机文本


Ly 1g—

£e 8e—
V8 0y —

88 p5—

9L 81—

mm“wmi
61821
7€ 871

8¢ ‘wNAW
[AN14
€5 °621
€9 °1¢1
PLIICH
S0 .cﬁ\

01 '6¢t

Me

=
o

T

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210


dell
打字机文本
1l

dell
打字机文本


6L0°¢
bz e
1z m/
847 ¢
92 ¢

86C '¢—g
81¢ ¢
cee e
£9e ¢

990 '
980 .mW
W1 g

822"
€LT”
L6Z *
81¢
(A%
08¢ -
ooy -
vop
611"
0Ly -
9Ly
v8y L
€61 L

[ S S N

L S S S Sy

Im
‘]ﬁ—

886
861
£0°C

/I
ﬁ

7.5

0.0

0.5

1.0

5

L.

2.0

2.5

3.0

4.0

5.5

6.0

6.5

7.0

8.0

8.5

9.0

f1 (ppm)



dell
打字机文本
1m

dell
打字机文本


0¥
Ll

8E~—
0y—

9 pe—

el
89
00
4%
LL

oV
ov

v9-
6C°
0g”
Ge”
1
0L
00
G8
[F
€L
4
A%

821
821
821
831
‘621

0el

L
AN
LI~
.t*
81

pg—
18—

12I~o
[4ACal

1e1

181

eel
Vel

1im

200
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)


dell
打字机文本
1m

dell
打字机文本


L80 ¢

1z-e

622 ¢

gve e
~E

€92 ¢

982 't —F
90¢€ "¢
0ce "¢
1ve'e

L9079
680 °S
L80°G
S01°'S

$&

Fooe

1n

I

96°¢
_ = WMwm;
- 68°¢

Wmo T

R Fet

682 |

T

7.5

3.5 3.0 2.5 2.0 1.0 0.5 0.0

4.0

4.5

f1 (ppm)

5.0

6.0

6.5

7.0

9.0 8.5 8.0

9.5


dell
打字机文本
1n

dell
打字机文本


SV '8¢—
1€ ov—

OV vg—

'ﬁh T
20

30

1n

T
110 100

T
120

T T
170 160 0 140 130

T
180

200 190

10

1 (ppm)


dell
打字机文本
1n

dell
打字机文本


g1e”

666 °
L2g”
e
st
892"
16¢"
80¢ "
61¢”

9te

980°G
001°s
Vot 's
LIS

6c1°
1428
002"
ove”
9¢¢”
082"
682 °
68¢"
62
10¢"
voe”
ore”
€1g”
oze”
€ce”
Lege”
1€e°

6ee
[42%
80V
(a7
91y

748
Lav’
(a5
v8l
88y "
vey
L6
€06 °
JAVS

O S e S S g

LS S
e L

o= 0~
e

[ S NP
(S

1o

b

Fsso

161
V61
€6°G

E-06°1

Ep61

0.0

0.5

1.

2.0

2.5

3.0

3.5

4.0

5.0

5.5

6.0

7.5 7.0 6.5

8.0

8.5

9.0

f1 (ppm)


dell
打字机文本
1o


20"

62
14

V6 ¢
SL”
00"
T
L8’

V6
6L

€8 °
47
ST
82
A%
08
44
2%
L9
69
18
S8

8E—
oy—

Ve—

v~
98—

[21~

'2e1="
821
.wa-
‘821
Bl
621
621
el
el
zel
9el

1o

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)


dell
打字机文本
1o

dell
打字机文本


06¢ °

266
28¢
§6¢
60¢ °
€28
are”
€9¢°
€Le”
06€ °

€qr”
891"
8L "

ver:
6€T "
80¢°
Staan
092"
€Le”
062 °
1ve”
€4¢”
69¢€ °
18¢"
Sl
0Ly "
iz
iz
€66 "
096 *

—

e
.mu/
e~~~

[apNapRasias]

G
G
G

N

D= b= D= D= D= D= D= D= D= D= D= D= D D= D=

L
L

1p

Foo¢

Fso¢

Fuez|

L1670

=90

107 |

=801
HH”NN 9

1272
Bgzz

3.0

2.0 1.5 1.0 0.5 0.0

2.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

9.0


dell
打字机文本
1p

dell
打字机文本


Gr-

91
19

G69°

L8
GL

00"
9¢°

06

68
18

12
€€
8%
88
90
61
[44
0€
0L
4!
12
€L
€6

‘121
k44!
921
Le1
821
8¢l
8¢l
8¢l
8¢l
‘0€l
1e1
ael
LET

8E—
or—

€L
.@m./.
.wm.\.

T8
98—

S

1p

i

-10

30 20 10

40

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210



dell
打字机文本
1p

dell
打字机文本


6VL°
L9L
G8L"
96L "
V16"
ce6”
056 °
260"

0TT "¢

Let”
420
(@t
LT
961 °

6L6°
866 °
L10°

061 °
L6T
602 °
[4¥4
022
9¢¢
092
28¢
260
86¢
€re
0€e
1443
29¢
9L€
c6¢
90V
[88%
e

L S O e el S S e O e L ol Sl S S Se SR o

Y

i
i
G

N

//{

)

1q

Forrsr

F oz

F s

F oot

80 °T|
29 ¢l
§0°C

5.0

0.0

0.5

8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

8.5

9.0


dell
打字机文本
1q

dell
打字机文本


ve-

60
1L
v

81"

GG -

€l
89
00

[4%

ST
LS

00"
63"
Sr-°
Ge "
i
I<h
8L"
v
89"
[qn
8¢ "

e
Le—
or—

0L~
ELNL
9L

LL~

98—~
98—

1q

-10

10

20

40

70

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210



dell
打字机文本
1q

dell
打字机文本


196 '1—

0V T~
692 2"

529 't
969 't
969 ¢
899 €—¢
L89°¢
00L°¢
81L ¢

BN

G1g'§
L28°S
£e6°8
Prs's

oo
860 'L
ovi L

62G 'L
162 .NH/
g1e L
61€°L
§7e L
60¢ 'L

619 L=
2917

UL LT
68L s\
2018~y
621 '8

= It
.,
Z
o
N
| ——

4a

K
oo ¢

Feo

Feo

=

9

Noial Z el ol <
v

1.0 0.0

2.0

2.5

3.5 3.0

4.0

4.5
f1 (ppm)

6.0

7.0

8.5 8.0

9.0

i


dell
打字机文本
4a

dell
打字机文本


6V ‘12
(41 ANHV.

Ve ve—

68 '¢G—

SLEL
GL .E../-
00 .E\W.
G2°LL
€9 .mp.\.

8¢ 78—
0% 98—

8y ¢ll—
iAo

G2 921

S6 .mmﬁ./
86 °L21
¥0 '8¢1
€€ .wmﬁu\

Ly 821
L€ 621
98 '621
¥61eT
0L°T¢ET

LS ¥l
€8 ;ELV.

14

€0°

S8
65

Ly

§¢ -
S6°
86"
¥0-
€e”
Ly
Le”
i
98"
¥S°
0L°

Le”
56
L’

ST

0er—

(4

F4ALan
€T
A8\

4a

bt

136 134 132 130 128 126 124 122 120

138

f1 (ppm)

W

T

~-10

200 190 180 170 160 150 140 130 120 110 100) 90 80 70 60 50 40 30 20 10
f1 (ppm

210


dell
打字机文本
4a

dell
打字机文本


€L

£99
8L9

992
0ee”
9ee”
ebe”
96¢ -
ey
609"
929"
G1L”
el

0cl”
e
9el”
AN

g—

RSN
ixd

4b

=00°¢ T

o > .
Naa el <~

0.0

3.0 2.0

4.0

1.5

{1 (ppm)

6.0

6.5

7.0

8.0

8.5


dell
打字机文本
4b

dell
打字机文本


6V 10—

9%

Ve

ye 6 —

[40]
6L
00

L
B

.tan

§¢LL
10 .@m.\|

60 'V8—

SL

9L”
g
78

V2
£e
[0)2
89
0¢”
4%
88
§9
69
[40]

16"

,mf/.
.mmﬁ/
8¢l
8¢l
‘821

621
@NMN
mmﬂ&

98—

Zi—

b1

TE1
el
el

yhi—

oL”
1L
Sv-

728"
eL’
e
oV

39
0t

[23
88

w9
G9
20

89
8¢
82

m%
HmNT/.

0zt~

121~
e~

£l —
vel—

6¢!1

621
B~

18l
._EW
76

atd
Ge1—
9 —
1281~

[

136 134 132 130 128 126 124 122 120
f1 (ppm)

138

130 120 110 100 90 80 70 60 50 40 30 20 10

140

200 190 180 170 160

210

f1 (ppm)


dell
打字机文本
4b

dell
打字机文本


062 °2—

819 't~
299 ¢~

Vs s
9g¢ .mW
[LS°S

] (Y ——
6407
S11°L
el L
¥91 'L
€692 L
oLt .p_/
A3
91 "L
62y L
209 "L~
29 L —
80L L~T
92L 'L

911 g~
eer g~

.

Ph

Vi

Bs—N
€

4c

Ts

Foog |

161

Fes0

%£H
Kyg
Fs-

10

Hk.;.

— s o3 =
T

0.0

5

2.0 1.

2.5

3.0

4.0

4.

f1 (ppm)

Lo

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5


dell
打字机文本
4c

dell
打字机文本


16§°1¢—

Sy ve—

0¢'€5—

96 191 —
Vs 91—

16"
9"

6.

14
8Y

89
I

S8
Ll
92
L2
€L
66

0¢°6

88
69
L0
LL
€8
69

43
91

eI

21BN
ST~
s11-"

811
.w:vu

021l —
el —

Rrdd
ZAC
921~
821

AmN_V
87—~
621

.ms\
T~
71"
et

€l
Ve

9 "6e1—"

9g1~"
e

— g

Ts

T T T
125 120 115
f1 {(ppm)

T
130

T
135

4c

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

f1 (ppm)


dell
打字机文本
4c

dell
打字机文本


i8¢ '2—

159 "€~_
599 ¢~

8¥5°S
€96 .mw
8L6°6

)1

=00°¢ [

Feoz

o001

91-
H/mm.
61
H/.wm
~2e

11
10’

NN G -l
. T

0.5 0.0

0

1.

2.0

Lo

4.0 3.5 3.0

4.5

50

6.0

6.5

7.0

8.0

8.5

9.0

f1 (ppm)


dell
打字机文本
4d

dell
打字机文本


9y 1e—

LV ve—
6¢5—

G0 €L
89 .omv
00°LL

[4% AE*
2008

00 V88—
98 98—~

8L 71—
LR
:.5/
17921
42821
1L 871
V1821
€2 671
@N.@NMN
98 671
99°1€1
10°7¢1
6L zEl

£6Vri—

99

V6"

V9

Cl

Ts

4d

136 134 132 130 128 126 124

138

£1 (ppm)

20 10

30

40

200 190 180 170 160 0 140 130 120 110 100 90 80 70 60

210

£1 (ppm)


dell
打字机文本
4d

dell
打字机文本


€8¢

819"
€99

9¥s”
196"
§Ls”

£09-
691
8VT "
263"
JA
1oy °
81"
0S¥ -
99v *
109”
L19”
969 °
eiL”

eI
(U

Nll

[N
M|\|

N
e

-

7

Ph

|

§

Bs—N

Ts

e

Tmm;

SO e T —
PRSP
A Al R - —
T
T T

0.0

0.5

0

1.

2.0

2.5

3.0

3.5

4.0

6.0

7.0

8.0

8.5

9.0

9.5

f1 (ppm)


dell
打字机文本
4e


6"

1e°

61

LT
GL-

10

20

30

40

50

60

70

9L
e

00
LL
.om\‘

588

98—~

Br

90 80

4e
100
£1 (ppm)

110

120

130

120
140

122
0

124

126
160

128
f1 (ppm)
170

130

132
180

134

190

136

200

138

140
210



dell
打字机文本
4e

dell
打字机文本


6L T—
89¢ ¢

199 m./| _—
¥99 "¢ —
L99 ¢

eV s
656 .mW- mem—
€L5°S

811 '8~
ZANEd

Me

4

4f

60"
6

0.0

0.5

1.0

2.0

3.5 3.0

4.0

4.5

f1 (ppm)

5 5

6.0

6.5

7.0

9.0



dell
打字机文本
4f

dell
打字机文本


W

6V

%

MQ
1w

Ve—

Ve 't5—

€0
SL
00
5t
0¢
81
€L

s
68
18"
oL

44
<9

Ve
88
0L
8L
86

88

z\
,of%

‘821
'8¢1
GL'6

621
.mmﬁwn
631
et
el
g1

Yri—

A2

.@w./‘
ANLW
LL

.w\..\l
V8
98—

(28 S

iAo

Me

0L
8L

8
0L

LT
144
59
98
§1

3¢

86

8L
€9

13!

Bl —
0gl—
g1

€l
Wel—

91—

‘871
.mﬁ/
821~
‘621—=
ﬁ.mm_“
621
0L°1¢1
.EW
TEl

e
Lel—
D9l —

Lel~

DLl —

4

Bs—N"

Ph

=

Ts

4f

T

140

136 134 132 130 128 126 124 122 120
f1 (ppm)

138

T

90

70 60 50 40 30 20 10

80

200 190 180 {70 160 150 140 130 120 110 100
£1 (ppm)

210


dell
打字机文本
4f

dell
打字机文本


682 T—

629
4%
8¥9°
959
599
6.9
969"
928"

=

B hededeted ol

865G
16676
SIS
L9678

pe9 '9—
168 .cv
ged 7
697 'L
e6L L
£ov 'L
R
02k L
11974~
829 .P..\\.
LILL
veL .m\.

021 "8~
9¢1 '8~

OMe
Ph

~—..

49

Fooe [

iz

=i0¢

08"

W
B80T
ezt

0.0

0.5

5 1.0

L.

2.0

4.0 3.5 3.0 2.5

4.5

5.0

8.0 7.5 7.0 6.0 6.0

8.5

9.0

f1 (ppm)



dell
打字机文本
4g

dell
打字机文本


9¢ "

92
6¢

€L
00
tré
89
544
0L

eg—
66—

€L
§L9L
‘N\.Wm
Ll
L
8
98—

gL 21l
mo.v:W
v viI—=

S

88 b1
08

€21
.5/

cNT/.

69
8T "

712N

V9

69
96
§L

88

8C1—2
LE .awﬂn\\.
88 '621
) ;f\
5161
RAAN

4725

68'651—

69

08
69

8¢

Ve’
b9
€8
LE°6
886

96"

i)

0 —
1 —

eer—
Ver—

OMe

136 134 132 130 128 126 124 122 120

138

£1 (ppm)

T

30 20 10

40

100 90 80 70 60

110

200 190 180 170 160 150 140 130

210

f1 (ppm)


dell
打字机文本
4g

dell
打字机文本


82 T~
€8T

o

=}
[Rejiie]

v

e

R——
-

Me

—88

4h

~00°¢

= =260

0.5

1.0

1.5

2.0

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

8.0

8.5

9.0

9.5

f1 (ppm)


dell
打字机文本
4h

dell
打字机文本


—144.89
2
32

.16

[ToRarRars o3 o9 — S o~ — o~
o - o O - ~ = ™ ™~
s Gl = Nod oo ot ag of of 0BE - o N =g
oL oo oo o en o PSRRI RSN IR=N BEak Jiar o | [N aN] [aNJEaN an ]
CeETmT REROCRAAND Rl i g = o RS )

77 1 T+ 1 T T L R 4h
140 138 136 134 132 130 128 126 124 122 120

f1 (ppm)

| Lkl

Me

—86.75
—84. 16

53.24

34. 44

1.48

2
™~-21.19

T T T T T T T T T T T — 1 1 T -1 T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)



dell
打字机文本
4h


26¢ T

9v9 ¢
859 mW
£99°¢

1€5°S
l4ER
8¥G 'S
196§

6899
[4STA)
1LZ2°L
ze€ 7L
8EL L
EI29)

9L

05 _NW
€9F 2

185 "L~_
€09 L—>
VL L~
0L L~

790 '8
€08
2808
160 '8

e .

AN .

4i

J

Fooe |

Fuso



dell
打字机文本
4i


¢5 16—

LV ve—

91

.

08"
SIl
911

921

‘821
‘821
‘821

V6

144
L2
0g
157
9L
€€
96
99
89
L0
58

Ie}

V8
GL

621
1et1
el
ar

901
9012

‘821
617

9¢1
Gri—

gGI—
090—

eI~

o1y

e
,.mﬁ./
g7

‘821
.mmﬂ%
> 6el—
5621~
el
el
el
\.mm_.\n
S

SIS s
9t .\-

T T T T T
125 120 115 110 105
£1 (ppm)

T
130

T
135

200 190 180 170 160 0 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)


dell
打字机文本
4i

dell
打字机文本


00€ 2

629 ¢
w9t
Lv9 e

€08 'S
916°§
025
(AR

8117
6v1°L
841
297
208"
Teg
86t
b
9y
£ov
¢19°
269
geL°
gL

S S S S S S S N N

SN =

€

91"
0L1'8

o

Y

v

—,

e

Ci

Fooe [

,.Mlmo.;

2.0 1.5 1.0 0.5 0.0

2.5

3.0

4.5 4.0

f1 (ppm)

5.5

6.0

6.5

7.0

7.5

8.0

9.0


dell
打字机文本
4j

dell
打字机文本


vS'1e—

€1

60 "

Sl
00
14
¥6
S8

06

v
g0
82

Lz
62
£
9L
28
20
59

89
80

0¢

.wmﬁ/
‘8¢1
8¢1
‘821

821
6C1~7

0€T
‘TET
hty!
2e1

Gh1—

Ye—

€G—

VL
,mm./u
AN
LL
47
€8—
‘98—

eil—

Ak

8¢ "
9
6t °

(4R

8¢
SL
Le
62
94
9L
c0
[43
L0
L
SS
83
80

6¢
37
62

[4%

92T
Ll
821
821

81—
8217

621
.mNT\.
‘0€1
.omT\.
1e1

il

GET

.mfwu
9eT—
Lel—

3

136 134 132 130 128
f1 (ppm)

138

-10

40

T
50

60

T T ¥ T T ¥ T T ¥ T 1
200 190 180 170 160 150 140 130 120 110 100 90
fl (ppm)

T
210



dell
打字机文本
4j

dell
打字机文本


LS T—
G6¢ 2—

6£9 "E~_
pe9 ¢~

9.§°§
16676
909§

N

mmm“wl.
161 L
1622
097
028 L
676y
€28,
6VE L
99¢ L —=
63¢ L
9092\
619 L~
969 L~

886 'L~
500 '8~

p—

Me

4k

J

——=ane

10
00

Los:

oL
k3

_—— N o

0.0

0.5

0

1.

5

1.

o™

3.0 2.5

3.5

4.0

7.0 6.5 6.0 5.5 5.0

7.5

8.0

9.0

9.5

1 (ppm)


dell
打字机文本
4k


™N-136. 35
_~135.56

S

~—135.35
134,67

S

(=2} =M O — — O 00O T OF 02
o~ O N~ WO — WM — — &~
< = — O O3 00 00 0 O O S o
< PN CIN NN AN A O —
DORCRICACSE G o S bl i B e

o O —~ QW T CO oC o

o)~ O OC M2 — [~ W 07T 0N —_—

—_— o3 O3 O o6 96 o8 oF {ogtet

[apRapiRap] [N Ia [a\ [aV ok Hak lab | [aN IRaN |

RERACRCEL T B JE R ks oo

Bs—N

—86. 61
—B84. 27
79
77
77
76
74

53.28

34. 45

21.45
21.23

<

f1 (ppm)

] 1 T T T T T T T [ 7 1T 17 77
138 136 134 132 130 128 126
f1 (ppm) 4k
|
I
|
|
| il !
|
! W !

T T T T T T T T T T T T T T T T T T T T T i T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 30 80 70 60 50 40 30 20 10



dell
打字机文本
4k

dell
打字机文本


619 't~
0£9 ¢~

L28°S
18
966 "¢

N

6% 7

082 °L

997"
9z¢
[4%3
6¢¢
8L¢
§6¢
068
909
669
91

[ e O L S S SR

e e

L6 7L

S e,

Me

41

"

Fesz |

Froo¢

Hlmmg

F 60

S e, - — O
T T

0.0

0.5

L.

2.0

3.5 3.0

4.0

4.5

f1 (ppm)


dell
打字机文本
4l

dell
打字机文本


05"
¢l

€0’

6L
00
144
90
52
59

08"
5
Lg

81
61
£
6t
59
e
18
¢
o
00

08

.mﬁ/
9zt
‘821
.wmﬁw

mm_\
621
el

Ve—

|2

SN
AN
L

dm.\.
V8—
98—

[4% Sl

0y

‘821
821

el
cel

i —

LE°S
81"
00"

61"
£g”
6¢ "
59°
28"
SZ°6
L8°6
§9°
L
00"

06"
8L°

8L
6t

Lel—

Me

|

bt o

40

70

T
100
f1 (ppm)

T
110

T T
130 120

T
140

T | — T T
190 180 170 160

T
200

10


dell
打字机文本
4l

dell
打字机文本


748
081
6L1°

£68 "¢
106 °¢

126"
€66 "
900

01g”
ara
10e
£ee”
8€¢ "
0¥e "
6% "
16"

£8L
86!
298"
bt
aer
ne
981"
208
9¢7
298

veg”
088"

Ll 2=

LS U2 LD LD 0D 1D 1D WD

9
9

9~
w:\n

N4

1/

[/

J /f

JU

——=

.

_

F oo

F e

T

F oot



dell
打字机文本
2a

dell
打字机文本


91—

5 '9¢—

1§°24—

18°09—

GL .cm./.

00°LL
S¢ .E‘Nn

L8CLl—

9% 921 —

12021~
P L2l

ﬁ.EV
86 L1

L0 .mﬁV
L18Z1—~
61 .mﬁ\
65 '821—
98 821 —

Iy 61—
9L'6¢1—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

10


dell
打字机文本
2a

dell
打字机文本


LS 1e—

LE9€—

0§ '26—

08 09—

vy 91
1g°L21
€V L2l
§6°L21
86 °L21
90 '821
81821
LS 821
¥8 ‘821
6€ ‘621

%47

1g”
€V’
66"
86"

90"
81"

LS 73
¥8"

6¢

91—

‘68—

128 127 126
f1 (ppm)

129

130

200 190 180 170 160 150 140 130 120 110 1(00 90 80 70 60 50 40 30 20 10
f1 (ppm)

210



dell
打字机文本
2a

dell
打字机文本


858 ¢
298\
€88 .m\
868 °C

Gz0 .«1\.

Gl e\
L0g°G
022 .o“\u

96L°9
189~

\A
8.8 w a
76% 9

181 .NV
882 L~
1921
¥8F L~
908 "L —
9L°L
€81 "L

S/

J Jﬁ/

Lo

107
66 "

—96"

o —

4.0

5.0

)

6.0

6.5

7.0

7.5

8.0

8.5

9.0

£1 (ppm)


dell
打字机文本
2b

dell
打字机文本


£y 96—

6€ '¢5—

¥6 09—

8§
¢l
4
CL
90
L1
[44
LS
86
91
§e
S0
9L
62
Ie
99
18
65

€8

921
Ll
L2l
Lol
'8¢1
'8¢l
821
81—
'8¢1
‘621
‘621
eel
eel
6el
9¢1
9T
LET
LET

eLT—

86"
¢l
25"
L’
90"
L
1
LS”
86"
ar”
§e”

S0 -
oL’

62

1€
99

65

GeT—

9ET—~
9eT—
1§°

LET~_

LET—

Ph

2b

30

90

i T T T T T I T T T
200 190 180 170 160 150 140 130 120 110

T
210

f1 (ppm)


dell
打字机文本
2b

dell
打字机文本


L2 e~
€91 g —=
861 ¢~

i)
786 °¢
Lv6 .mM

810 %

Lee 'S
8€¢ .mW-
172 'S
29¢ .mu\-
€LCS

¥8L°
208 "¢

by 9
9e1 -
01
181
692
el
agr
166

55

L
i)
o0
7

AECCNVRN

£ (= D = P [ D=

€96 °
186"

v

J/

/

SO,Ph
H

H

Ml@o.

Wmﬁ
00"

Foo-

—



dell
打字机文本
2c

dell
打字机文本


L€ 9 — —

67 ‘56— —

16 09— -

SL9L
oo‘mumwvrl
SCLL

100 90 80 70 60 50 40 30 20 10

f1 (ppm)

110

T O
= N
a
0§ 921

S1Le1
8% L2l
8G .21
86 "LZ1
00 '8¢1
11821
0z '821

09 °821
8 '821
V6 '821
99 °621

JA A
V6 eet
8¢ 'GEl
5¢ 961
LT 81
§8 7.1
60 '8¢1

V8 TL—

0S

51
8y
86
86
00
I
02
09
¥8
6

99

9z —

e

ACNE
1g1~

‘121
.wSV
821

g1
87—

8TI~
81—

6ol—

120

125
130

140

126
150

127
160

170

128
f1 (ppm)

129
180

190

200

10


dell
打字机文本
2c

dell
打字机文本


(43 Y
08t .mW
6L1°¢

reze

008 ¢
I8¢
628 '€
0v8 ¢

%1 y—

a3
o
o3
LO LT LO L2 LD 0 LD

c08 "
118"
el
BN
e
oLl
[y
¥ee”
8¢G”
8¢
S6%°
01e”
Set”

EETRE

e

f
I

o

e
Foo-

Fao

Lo
90 "

)
Feo-

—

™~

ol <h
T

5 1. 0.5 0.0

1.

2.0

3.0

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

o]

9.0

9.5

f1 (ppm)


dell
打字机文本
2d

dell
打字机文本


S0 96—

09 Tp—

29 25—

25 09—

SL9L
oo.mmmww
S2°LL

15921
92221
25121
567221
80821
81821
€2 821

VS 821
vz 621
66621
§92¢1

9€ 'S¢l
bE9el
JAANAN
99 '8¢1

00 yL1—

LS

92
49
56
81

€2
Vs

124

65

2d

97— IIIHM
Lel— -

Lel— —

Lo~ —

.wwﬁuun =

‘821 -
g1/

81— -

‘601 — —

128 127 126
f1 (ppm)

129

130

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

f1 (ppm)


dell
打字机文本
2d

dell
打字机文本


11 96—

9 17—

0L°26—

L5°09—

29921
¥e L2l
LG°L21
66 °L21
€1°8¢1
€2 '8¢21
62 '821
09 "821
67 '6¢1

29 '9¢1—

¥e 'Lal
LS°LeT—

66 "LCI~C
mﬁ.mwﬁmun
€2 '8¢C1

mN.wNﬁL\1
09 '821~"

62 ‘621

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

210



dell
打字机文本
2d

dell
打字机文本


o
LeT”

[AA

8LG"

G6L”
608"
1e8”
g’

951"

€0T "
902"

L1z e

16g”
86T "
e
(AT

asg -

208"
618"
766
¢10-
060"
LE0
60
oy
9I1
6¢1
evl”
191"
081"
£¢6”
e’
£65°
e’
0ee”

t~ b= [= = D= = b= [= D~ b= I b= P 0~ 0= 6 O O

BN -

N

(

) s
il

|

LO A0 10 10D 10 LD 1O 10D

Il

i
Foo-

Feo-

Pl ey

~ -

0.0

0.5

1.0

2.0

2.5

3.0

Ko

1.0

4.5
f1 (ppm)

7.0 6.0 5.0

8.0

8.5

9.0


dell
打字机文本
2e

dell
打字机文本


96 ‘Se—

08 Tvr—

GL 16—

LZ 09—

G 9L
00 .E.W.
SZ°LL

11
8¢
65
85
81
1€
8%
06
96
02
9§
1€
€€
¥4
§¢
8

9¢
4%

€8

911
.w:v
921
Lel
‘821
‘821
‘821
8¢l

‘821
!
2el

vel
PEL
6E1
9g1
LEl

91—
91—

CLI—

65

85

81°
1e"
8G”
06"
96"
0z "

‘91—

Lel—

129 128 127 126
f1 (ppm)

130

131

-

R

s —————————————

T
100
fl (ppm)

-10

30

T T T
80 70 60 50

T
90

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

¥
210



dell
打字机文本
2e

dell
打字机文本


=

i

]
W01 E~ _
9e1 .m“ ~— ||I|m Eore
AN’ — - Foo-
9ze~
6L ¢
608 '€ - )
088 °€ T = For
Gre ¢
L1 p— Ny S 9
861 ¢
507 °C
607" W —— o
06251
PE e

—
[y ]
o0 oo
el

N

(]
=)
%
P S N T

0.0

0.5

.0

1.

2.0

o3
T

f1 (ppm)

LR U]
T



dell
打字机文本
2f

dell
打字机文本


86 'S¢—

8 1y—

26 15—

08 09—

5292
00 AEWW
€z212

V9
19
£e
LE
65
29
88
197
95
00
L1
€2
L6
ko

LS

921
LTt
‘8¢l
‘821
‘821
821
‘821
621
el
R49!
sel
¢t
9¢1
‘8¢€1

TSN

Ll

o

2f
v RO

||]||l

210


dell
打字机文本
2f

dell
打字机文本


601°¢

et
eI

66L°
018"
128"
658"

861"
00g"
602"

[T

9z’

8CEG ¢

Ay
0ve”

908"
128"
610"
9€0”
91
81
€€e”
Gee”
8¥e”
e’
43
6c¢
hiad
9%

e e i Sy g 4

L 0 1010 1D O 1D WO

L

BN NIESEN

oy =
T

1.0

1.

2.0

3.0 2.5

5.5 5.0 4.5 4.0 3.5
f1 (ppm)

6.0

6.5

7.5 7.0

8.0

9.0


dell
打字机文本
2g

dell
打字机文本


86 66—

18 1Fr—

66 16—

0€ 09—

SL9L
00 .;W-
G2 LL

4
§9
19
¥e
8¢
65
6L
v6

99
ST
[44
8y
L0

tig

gel
921
Lel
821

821
821
821
821
Le"
eel
Ge1 %
‘9€1
LE1
‘8€1

CLT—

S9

-

Vo
8E
6S
6L
76

-

92—

Lel—

‘831"
831"
‘8g1—
821~
821~

129.0 128.0 127.0 126.0

130.0

f1 (ppm)

60 40

I T T T 1 1 T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

T
210



dell
打字机文本
2g

dell
打字机文本


LEE”

01 °¢

6ET "
LT

S¥5 ¢

¥8L”
86L°
618"
7e8”
L60 "

07"
PIC”
JANA

6¥C G

= = =

[Ee It~ Tl

= = b

Far

e

= h el

0.0

0.5

1.0

1.

3.0 2.0

4.0

4.5

1 (ppm)

5.0

7.0 6.5 6.0

7.5


dell
打字机文本
2h

dell
打字机文本


01'1g—

L0°9¢—

§§1y—

Lees—

1G°09—

SL9L
00 .twn
SZ°LL

86
b0
6V
S0
A
0z
€8
€L
€6
69
4%
19
144
92

L

81

9Z1
XAl
L2l
‘821
971
821
821
‘621
‘621

.NmT\
6el
‘SEl
9¢1

LET
LET

PLI—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)


dell
打字机文本
2h

dell
打字机文本


GL8"
£06 2
y16°C
176"

[

[N
850"
180"
160"

806
626 *
9e6
(A

009"

166
0LS
856

666

L]

[ L N Sy N S

\/ SN

= = = = I~ M~ O~ b= b

b

¥ 62

g
%
Ty

Fvo-

o~

NS EEENEY

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Ko}

4.0

4.5
f1 (ppm)

6.5 6.0 5.5

7.0

7.5

9.0 8.5 8.0

9.5


dell
打字机文本
2i

dell
打字机文本


1887
o6 Th~—
6% "Sh~_
16 96—
TEAN
sz 1,7
ey
(@] o
n I \
M ’N
H " —
i e
g { &
6% "L21
£8°171
8¢ 821
b9 821
08 821
11621
£¢ 621
10 °0¢1
ol 'GeT
m
88 921
i g
€8 221 —
8¢ 821~
59821 —
£8 89T — 08 .wﬁ\ .
11 621 o2
£2 621 S &
200817 T
—
G

¥G el —

AT EN
61 °6¢1~"

98 '9€1—

135

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 1?0 ) 90 80 70 60 50 40 30 20 10
f1 (ppm

T
210



dell
打字机文本
2i

dell
打字机文本


602"
€22
e
86¢"

fele
8LL"
9vl
291
991
881
032"
aee
Tag”
Lo’
Spe
09¢ "

IepicRtanis]

N

[ S S i Sl S Sl Ve Rt

s

t

[Pt

5.0

8.0 7.5 7.0 6.5 6.0 5.5

8.5

9.0


dell
打字机文本
2j

dell
打字机文本


L6°Ge—

29 '1y—

€9 26—

05 09—

SL9L
00 .gv
SCLL

37
14
29
€1
(44
99
0¥
61
69
el
08
00
187
65

0L

921
¥l
221
‘8¢1
821
8¢1
621
‘0€1
cel
Tel
Pel
GET
9E1
‘8€1

eSS

CLT—

-10

T T T
50 40 30

60

T T T T T I T T T 7 T I
200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

T
210



dell
打字机文本
2j

dell
打字机文本


STwoowD & oo oo g O —Do© t~ <t gy

(S ch i 2 1D B Td ot = & Food LS 0O T
3504 R 03 O G — s 4 00 B RN N = oXor= O =
R S S S e e ey rol ] Gaid s -+ oSt ed el eded

Br 2k

. JlA.UM
T

2.5 2.0 1.5 1.0 0.5 0.0


dell
打字机文本
2k

dell
打字机文本


90 '9¢—

19 1p—

€9 26—

v5 09—

§L9.L
00 .NLW-
§2°LL

65
92
€5
96
60
61
€¢
6§
82
65
99
9t
5¢
17
99

20

921
L1
Lgl
'Lel
‘821
‘821
‘821
‘821
‘621
621
el
el
9e1
el
8¢l

W

TSRS

YLl—

2k

Br

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210


dell
打字机文本
2k

dell
打字机文本


660 °¢
FeT .mW
691
ere e

08L°¢
P6L e
I8¢
068 °¢

6V1 v—

102
§1g”
9¢g "
08z -

T R NI Nt

N

L18°9~_
9¢8 ‘9~
180"
AN
rer:
791"
8i1°
At
08T
e
¥67"
eIe”
168"
e

[ e A

Ph
2

Me

Fer

00"

Feo

Fe0-

o3 —

< aied el

4.0

4.5

f1 (ppm)


dell
打字机文本
2l

dell
打字机文本


02 12—

80 96—

65 1y—

89 'C6—

8G 09—

SL9L
00 .?W.
G2°LL

99
8¢

S0

921
pral
na
26"
It
s
88"
L
Ve’
7
AR
€5”
8-
18"
8L°

Vil

A

21

Me

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)


dell
打字机文本
2l

dell
打字机文本


150~
980"
121"
LS2°

q8L”
008"
128"
9€8 "

0gr”

S81
861

€8L"
0€6 "
901"
Se1-
961~
102"
Lie”
122"
Lve”
862"
182"
GIE "
1€€°
we”
LS€”°
€9¢ "

‘S
'S
612"
€€2 "

(\%l\l\l\l\l\l\l\l\@@

/

J

A

U{h

—

Fo01

Fooe f

Fso1 |

Foo1

Fso1 |

M\mﬁ C

LA G4

Ee1 |

Fro

1.0 0.5 0.0 -0.5

1.5

2.5 2.0

3.0

3.5

4.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

9.0

f1 (ppm)



dell
打字机文本
2m

dell
打字机文本


¥ 56—

19°1v—

19 26—

G2 09—

GL'9L
00 .tv
SZ°LL

¥s
12
66
60
147
(4%
0L

€0
60
09
187
LS
99
L6
9€

€L

‘'9¢1
121
'Lel
‘821
821
‘601
.mNHV
S6 -

0€T
1€1
€1
1€1
eeT
GET
9E1

‘9g1
8¢1

CLI—

'I|||I

-10

T
50 40 30 20

T
60

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

T
210



dell
打字机文本
2m

dell
打字机文本


9¢0°¢

¥90°
760"

962 °¢

LLL”
68L°
908 °
L18°

801"

681"
161"
00¢”
603"

Are

614 °S
8¢ 'Y

1€g”

£06 "
126"
¥O1°
Lor-
611"
€er”
181"
881"
€02 °
602"
91¢”
07¢ "
1ee”
age "
09¢”
GLe”
9Le”

L K3 LD D D LD O 1O

[ S e e e el e e e e e e e L e ]

/

J

e

Fio

Ws.
o1’

m\wou

o2

O N
T

0 0.5 0.0

5

1.

3.0

4.0 3.5

4.5
1 (ppm)

0

5.5

8.0 7.5 7.0 6.5 6.0

8.5

9.0


dell
打字机文本
2n

dell
打字机文本

dell
打字机文本


68 1V —

09 25—

S1°09—

10

ST T
30 20

10

50

60

70

SL9L
00 A.E.W. -
G2l

0y "121—
02 .5/

60 821

5% .WEW

0S "821

2€ 621

9¢ '621

20°0¢1

L60¢T

arien

8% 1¢1

0S°1€1

€6 661

96 °9¢1

82°LE1

9¢ '8¢1 07 "L21—

60 871~
N TACNG
05°821—"

2€ 621~
1L°6L1— 9¢ 621~

20 0E1—

16 08T~_ _
2118~ =
8 TE1~, _

0s 1€l E

100 90 80
f1 (ppm)

110

120

126 125
150 140 130

127

128
160

131 130 129
f1 (ppm)
190 180 170

132

133
200

210



dell
打字机文本
2n

dell
打字机文本


|

202 t—

990 "€~
¥60 't—F
et e
152 ¢~

09. ¢
LLe
88L ¢
66L ¢

811 ¥—

u Froe
= Feor o
- Foo1

681 °
[
102 °
€02 "
L1z
022
622
1€2°

W60 W W wwww

TR SN\

€19°
9L
88L°
886 °
€V0 "
§%0 "
650 °
090"
0z1°
€el”
¥el
8€1
€02
812
G52
682
162
10€
0l¢
L1€

j//// T j/ J

[ S S N e S S N e S Y- N TR toRTe]

3.5

4.0
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

9.0



dell
打字机文本
2o

dell
打字机文本


¢lig—

69 4¢—

19°1p—

99 26—

0L 09—

GL9L
oo.mmth
2L

12121
G2 121
16°L21
10821
2V '821
LL 821
02 '6¢1
L8621
29 621
61°6¢1
vw.wmﬁuuu
£ LET-T2

AN
oN‘mmﬁL\w

01—

10

20

30

40

50

60

70

80

90

100
f1 (ppm)

110

120

140 130

0

160

190 180 170

200

10


dell
打字机文本
2o

dell
打字机文本


SI9'T—

€66 T

910"
o
120
€60
171
6V -
967 °¢
667
012
82 °€

R

s

~

(a4
[4a%

Y

680"
660
[
€er
Y02 "
912"
[a%n
we”
969
[
0€6
6 -
296
8.6
€10
820
8¢1
€ST
891
€81
€02
81¢
0€g "
Sizan
092"
692 °
€8¢ °
90¢°
ore”
Gge”
LEE”
0s€ "
voe”
98¢ "
10v -
SIv -

LO O O O O O O O

e |

O S e S S S e Sl e e S e e e e e e e e el Y- Rl R o R o]

Ms
Ph
I

H

e N
(=0
H
Ph
2p'

M

Me

L
Ph
2p

T

68"

=0¢°

99"
6V "

98"
mA..ON.
99"

i

Fio

F99°
e

20
My
HH\‘\.mm.

—— OO
T

-0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0


dell
打字机文本
2p

dell
打字机文本

dell
打字机文本
2p'

dell
打字机文本


02"

114

L9°

€l
66
LS

09°
68"

8¢ "
€9°

GL*
00"
Gz°

9¢
16
L2
1€
29
06
66
¥0
4]
12
8%
47
€4
[44
79
€0
€l
€6
vs
i
9¢
z8
LE
L6

8V
L0

10~

e

9g—
e~

T~

921
921
'L21
'L21
‘L2l
Lel
XAl
8¢l
8¢l

‘6c1
.mﬁw.
‘621
1e1
cel
cel

Vel
Vel
gel
9eT1
LeT
8¢l
8¢l
‘6E1
‘6E1

LT~
FLI=T

9¢ "
15"
Lg
1e”
a9°
06"
66"
70"
[a<h
1c”
7"
i

(S
[aaye
ich

€0 "
er”

€6°G
¥s-
S
9¢°
8"
Le”
L6°

2p'

2p

T T T T T T
136 134 132 130 128 126
£1 (ppm)

T
138

T
140

-10

10

40

50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 80 70
f1 (ppm)

T
210



dell
打字机文本
2p

dell
打字机文本

dell
打字机文本

dell
打字机文本
2p'

dell
打字机文本


V47
Ley -

S¥0°
(40
860 °

890

SLL”
L8L"
c08 "
vig-’
o9t
91
AN
PLL'S
681"
881"
L6l "
661 "

£0€

8tk

¥20
§2¢
8€¢
8¥2
652
§L2
682
7€
¥5€

vi6”
876"

£v6
LS6
244

882"

b

9
600 °
40N
2e0”

06 66 b= b= b= b= b= D= 0= De b= b= b= b= 0= be De O-

V N S\

S

JJWL

80"
e

F-o0-

66"

60"

odedod i —
T

1.0 0.5 0.0 -0.5

1.5

2.0

2.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0

9.0

f1 (ppm)


dell
打字机文本
5a

dell
打字机文本


L9'1e—

2S5 ‘60—

01 25—

90 19—

6L 9.
00 .EWT
12°1L

09

U

127

€e

89
Ly
69

8¢
69
It

8
€9

£g1—

ver—

Ser—

9C1—
9L

Lz"
1g—
EAENS

ger

821~

‘621 —
601 —

08—

130 129 128 127 126 125 124 123
f1 (ppm)

131

50 30 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210



dell
打字机文本
5a

dell
打字机文本


9T -

L50°
880 °
(4

060

[
98L”
Vil
68L°
8¥1 G
Is1°
41
§91 *
6L1°
281"
€61 "
961 "

e N e e S e e e e e S RY- TN

VN =

o6 o3

86"

o
Fos:
LSt
50

Foo-

NN~
T

-0.5

1.0 0.5 0.0

1.5

2.0

2.5

3.0

3.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

9.0

f1 (ppm)


dell
打字机文本
5b

dell
打字机文本


89 12—

96 63—

96 15—

SI

49—

69,
oogﬁwy
5L

0§
99
60
8¥
ob
L6
ov
99
81
06
§1
Gy
09
02
;14
§S
82

28
L8
1] 7%
£V
L8
56
v
s

9

28
‘811
021
€2l
74!
24!
921
921
Lzl
Ll
‘821
‘8C1
'8¢C1
‘621
621
621
0¢l
82"

[44}
ER;
cel
et
.mfvu
.@f\-
w
8ET
Ch1—

LT

8V 't

16"

oy-
99 -
81"
06"
SUe
Sy-
09-
026
v 6
556
82"

82"

28 '2¢

182

oL e
ev’s
L8
66"

136 134 132 130 128 126 124 122

138

f1 (ppm)

[rree

200 190 180 170 160 0 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210


dell
打字机文本
5b

dell
打字机文本


Lev t—

AN
990 €~
860 °¢

[A7A7%
96L v
SLLY
68L ¥
vi-g
961 ¢
[AAS
981 ¢

80 9
k6 9
856 9
296 °9
5169
1669
200°L
867 "1

L

L

L

Y/

1.z
Gee
4419
€691
1697,

988,

106 .N/
126 "L~
2v6 L

5§92 "8~
782 8~

5c

!

iy

Fooe

Fsoa

o0t

Fera |

c o
SENE N
< el

o011

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

6.5 6.0

7.0

9.0 8.5 8.0 7.5

9.5

f1 (ppm)


dell
打字机文本
5c

dell
打字机文本


]
3
69 17— —
3
Lb 60— _—
-
S 1g— — ]
£6 "09—
4
58 9L~
AYAY aup oy oy S
¢l Ly )
08 'y11
AR
22911
65 811
v0 021
bS €zl
81 bzl
85 121
Ve 921
99921 I3)
127821 T9)
25821 —
15821 -/
98821 -t
06 '8Z1 -
S 621 [—
117621
08 "0€1
9¢ .Nm_W
6L7261~X
82 €617
0l S_\.
g .mf\
98 o€ PG £Z1— -
66 9¢T RN 5
86 'Sy 1— 96 pp1 = . — _—
He}
e 92T~ - N
99 ‘971 - w‘
12 °821
08 191~ 28 821 _ m L
98 821 -
06 ‘821 _— o
Vs .mf\ _ e
1 1621 =
4 0g .o:\ = -
b o
96 76T~ ] =
6L 761 — ——
87 'c61— ——
o5
oV VEI— — —
L8761 — R~ ©
o
98 981 ~_ -
66 981" 7
v o]
o
—_—

20

—
60

70

T T T T T T T T
170 160 150 140 130 120 110 100

T
180

T
200

f1 (ppm)


dell
打字机文本
5c

dell
打字机文本


bey t—

10 .m./
200§ —=
vot "

650 'v—

68L Y
€SL°Y
aLLy
98L Y
0¢l ¢
EeL’s
Wl
V1§
091 g
€91 ¢
Si1°g
LIS

ele”

86t -
196"
v86
92z
0vz
£ve
552
10
gee
6%

o o e o e o S O @0 O

frpmtmtm =

ve9 -
8¢9
19 -
688"
206"

VN

p9Z "
1828

v

Feo:

Foo-

Feo-

v o3
T

5

1.

3.0 2.5 2.0

3.5

4.0

4.5
r1 (ppm)

5.0

5.5

8.5 8.0 7.5 7.0 6.5 6.0

2.0



dell
打字机文本
5d


89 '[g—

25 '62—

e 1g—

b6 09—

91 2Ll —

I NA
Vg

> 9%~
921

821
821
,.mSWu
821
621~
:@.N_\
.@2\.
081
el
Ze1—

eElI—
VeI~

6eT
1

9¢1
591 W.
9¢]

124

122

136 134 132 130 128 126
f1 (ppm)

138

10

T T T T
130 120 110 100 90 80 70 60

T
140

T Y T
180 170 160

T
190

T
210

f1 (ppm)


dell
打字机文本
5d

dell
打字机文本


9y’

Ivo-
¢Lo
Vot

o -

JAY

1SL°
69L°
P8L”
9z1-
b1
LST°
YA

vie:
0ge”

606"
926"
186"
166"

18-

16¢°
I8¢ "
168"

§29°
€y9°
088"
688"
168"
206"
V9
182"

6N

IS

iV

9
9
9
9

!

L
L
L

N

PR

L
L
L
L
L
L

8
8

/

VoSN

T
—_—
—_—
—_—
——

il

Foo0-

Fro-

0.0

0.5

0

1.


dell
打字机文本
5e

dell
打字机文本


89"

SL°
00"
S¢-

L0

i
17—
T
g —
——3
15—
09—
)
RW
U
F
1
o
811
gl
221
£zl
el
74
921
971 8
821 1o k
821 —]
871 -
821 —
621 -—
621 —
0g1 =
28l - - .
Nf/ T
761~ _
I =
o IJ._
sel T .
9¢1 ﬁ o™
Nf 81221 — -
“Gp1— - _
66 €71 — B
11 4Z 1~ L
0$ VZ1— .
[do]
8¢ 921~ e
99 9z 1—
0 821 % L
81 821~ -
. 29821~ =
oLl— L8 .m,ﬁ\ g —
£ 6217 L L -
7 i
26 €1~ - &
g¢ Z¢l -
V8281~
51— sy
€ "SE 1~
v sel | <
18°9¢1— -
P LEl—
oC
= o

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)


dell
打字机文本
5e

dell
打字机文本


GpE T~
§ev ¢—

€50 'E~_
v80 €—
911 ¢

60 p—

SeLy
ovL v
8GL ¥
gLLY
911°g
0¢1 _mk
arts
091°§

62¢ 9~
pEG 9
0069
816 "9
¥20 L
0v0 L

§§¢ .m/
892 'L
282°L
$39)
LvE .m..V.

096 "L~
LS 1"

8£8 L
gs8 NV
988 L7
206 °L

897 "8~_
5§82 ‘g~

T —

—
——

Fee-

[2e]

SIS SRR RN N
v T

—
T

0.5

1.0

5

L.



dell
打字机文本
5f

dell
打字机文本


¢l
L9

89"

GL”

00
8z

L

1o~
e~

‘67—

9L
.NNW.
Ll

Vil
811
031
21
bl
6zl
921
921
) ‘921
8C1
871
‘821
621
621
0¢T
el
el
el
el
GE1
5 6e1
9e1
9e1
el
Sy1—

S

LT

v e
JAS
I

4
89"
96"
20
Iy
29°
IV 6

LT
81°

99 -
18"

V2o
9y

561
.mfwu
9E1
.om;w.

et

0s
L8
68
5L

136 134 132 130 128 126

138

f1 (ppm)

1 1 (Dp“l) ( Z

210


dell
打字机文本
5f

dell
打字机文本


vey 'e—

£60 "€~
620 g—=
901 ‘¢~

018 '¢—

280 v—

Lely
(A2
09L v
vLLY
1216
9e1 s
2818
991§

Y

(=g i)
& © o
~ N A
e O S =R to Rt

1111111
S—

ML Foa

Feo-

i
M

Jw Foo¢

0.0

0.5

1.0

5

L.


dell
打字机文本
5g


L9°1g—

86 62—

11°16—

€e 64—

40 '19—

§L°9L
oo.mmva
S2°LL

s

L9
A
Ly
6€
81
134
L9
81
52
147
29
42
6V
L2
9¥

89
V8
4%
6V
68
00
0s

0¢

€8

28!
§g-
‘811
021
‘€21
Vel
51
9e1
921
‘8T1
‘821
‘821
‘821
621
621
ogT
0¢l
ve zel

.ngmwwu
K43

5el

6el
9el
LEl

Gyl —
BE1—

TLi—

wee
6t "
81"

eV

ST°
§2°
ey’
29"
I3
6V "
L
9"
|24
89°C
8-

Ve
S128°]
68"
00"

—

T T T T T T T T
136 134 132 130 128 126 124 1922

T
138

f1 (ppm)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£f1 (ppm)

210


dell
打字机文本
5g

dell
打字机文本


b9z T—
Sy T—

890 "€~
680 t—=
121 ¢

L) y—

68L Y
€8y
oLLy
98L Y
8€1°G
AT
891°6
281G

D oo
o QO O T
AN N

RV,

M

Fzo-
Foo-

Fro-

Fs6-

Fo-

Fuo-

e

NS e

0.5

1.0

5

1.

2.0

2.5

3.0

3.5

4.0

|"¥l
5.0

5.5

6.0

6.5

-

7.5

8.0

8.5

9.0

f1 (ppm)


dell
打字机文本
5h


oV 'ig
\.cgmv

29 60—

06 15—

LUT9—

Y
00 .RWM
9z L1

0§
L9
11
9¥
61
8¢
80
47
69
28
¢l
44
89
10
Ly
LZ

€L
L8
Ly

6
0¥
26
1§

8L

bt
‘811
021
€21
Vel
Vel
STl
9¢g1
‘921
Ll
‘821
‘8¢1
‘821
621
621
0el
[

gel
.Nmﬁ./

zel

GEI~C
68"

.wf\
8E1

Ghl1—

9€1
cfw.

Ui

9¥ ¢
61
8¢ "
80°¢

av’
69"

8"
18
4’a
89"
[0°
JAZN]

LT

44

€L’

L8

e~
281~
e

—T

123

125

127

129

131

133

f1 (ppm)

210


dell
打字机文本
5h

dell
打字机文本


6ty 7 —

810 ¢
080 ‘6>
e e

8L0 V—

,,,,,,,,,
=

i

1]

dh_

Fo0-

66"

Fss-

Feo-

Foo-

Fs1-

1.0

5

L.

2.0

7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0
f1 (ppm)

8.0

8.5

9.0

). 5


dell
打字机文本
5i

dell
打字机文本


1L1z— _—
89 ‘67— [P
26 16— _
L6 °09— ——
52 9.
00 .EW-I —
5210
7L 60! o)
26 501> -
AR
L8 N:V. —
£ °611
09 .m:v. ——
8 811 —
be 8t
99921
g1 .EV E—
96 LZ1—F — = =
£¢ 821
7L 821 ———
22621 =
9y 621 - —
9¢ 0g 1 # N E—
62 €1
P 2 671 — -
99 FINY - S {
S .5/
LOLARN
AR = o
96 21— - -
L8861 ~— £ 821" l 1 ——
82 091 — AR AL ——]
2z 621 = -
E:mﬁ.\ - &
09 671 —
9¢ .oz\ =
£ 21— LN |
67 281~ — e 1
6V ze1—" —_
91 e~ —= e
4 3
— D
[ 2 O ] ~—
68 VeI — —
0z 'sg1—" 7 <
-
68 9¢1— -
[ee]
- o
0b '8¢1— —— —
'
o
= <t

20 10

30

50

80 60

T T T T T T 1 1 T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
200



dell
打字机文本
5i

dell
打字机文本


18y ¢—

820 "€~
0L0 6 —=
101 ¢~

SLO Vv —

00L'%
VIiL'¥
€LY
L'y
0€T "
€eT”
44!
Lyl
191
€91
SLT
8L1

TR N T N T NI RT-RT-R T

2029
6168
086 "9
886 °9
200°L
92"
157"
857"
192"
182"
887
VLE"
T6¢ "
6L5°
16"

\%

P e

7S8”
IL8°L
¥68°
116"

2

o~ o~

€0t "
L0€"

%7

/

T

Fooe

Foot

T
3.5

4.0

f1 (ppm)

Frot

4.5

Fw1t

5.0

Fes0

5.5

Fro1 |

6.5

i)
3 3
7.5

&
8.0

680 |

8.5

9.0


dell
打字机文本
5j

dell
打字机文本


€L '1c—

66 '6¢—

€6 16—

66 ‘09—

SL 9.
00°LL
S2°LL

¥9
[43
9.
S1
88
ge
9.
91
96
92
29
€2
9%
29
Sy
0¢
17
8¢
L1
61
98
91
|87
68

€6

Pl
811
‘0zI1
vel
Vel
621
921
L2l
L31
‘821
‘821
‘621
621
‘621
0ElL
.Nmﬁ./'
el
eET—
GET
6e1
9E1
LET
‘8E1
SYI—

LT

==

Sl

88
Ge¢

9.
91

96
92
29
€¢
9%
29

Sy

0¢
g

8¢

Vel—

Yel—
Ge1—

921—
Ler—

LT~
8eI—
‘81—
621

.mNHM
‘681

0ET—

TET~
T

eET—

130 128 126 124
f1 (ppm)

132

134

10

T
50

T
60

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80

T
190

f1 (ppm)


dell
打字机文本
5j

dell
打字机文本


L1 2—

61y '2—

£20 ¢
ba0
980 ¢~

180 'p—

LIL'Y
180 ¥
0sL v
VoL 'y
el s
91y
[A* 1]
91’8

e

Faoe

Fooe

Foo

Feeo L

0.0

0.5

0

1.

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 (ppm)

8.0

8.5

9.0


dell
打字机文本
5k


€c”
99"

L6’

91~

7
00"
SZ°

e
€
xR
61

80
oy
29
61
Lb
2
%

8¢

v9

.WW%
.wNT/.

‘821

.mmﬁv.
621
61
o€t

el

e~

S 67—

pI1=—"
INENG

SYI—

TLI—

8"
¢l
€9
99 -
61"
68 "
80"
[
29’
616
Lv'6
2576
[

L2
88 °C
L6°
01°¢

g1
v g
Sh g

I0-

T

124

138 136 134 132 130 128 126

140

f1 (ppm)

-10

200 190 180 170 160 150 140 130 :
120 110 100 90 80 70 60 50
40 3
1 Coom) 0 20 10

210


dell
打字机文本
5k

dell
打字机文本


87V T~
evy 2"

220 "t~
P50 t—=
80e~

6L0 V—

oLy
GILY
veL '
8¥L 'V
6€1 G
vl
€616
951G

591 'S
LS
V81§
981°G

691

981 9~

wey
18L°9
800"
220"
Lee”
252"

84¢
29¢
oLe”
§L7°
Gee
16¢
vLS”

L
TR
T8 L
188°L

P N o i

Y

=

680 '8—

S

————

51

60"
moo.

Feo

o0

H\.:.
69 -

90
9l
e
Foo
10

N ed =
:

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5
£1 (ppm)

5.0

5.5

6.0

6.9

7.0

7.5

8.0



dell
打字机文本
5l

dell
打字机文本


L9712
mm.ﬁmv

09 60—

96 16—

61 19—

§L9L
00 .?W
SZ°LL

65 Y11=
99 '811~_

R
2

mm”ﬁm_./.

01 xN_W
6¢ 871
81621
Sy 621
vZ oel
GZ cel

ov "SPi—

§9Ll—

Lt
VA
96"
29"
81"
18
or-
6t
19°
81°6
S 6
1576
Ve

072
2 ¢
67

E
0%
bse
66"
§E

L5

138 136 134 132 130 128 126
1 {(ppm)

140

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

210

f1 (ppm)


dell
打字机文本
5l

dell
打字机文本


182°¢
STA NS
0€€ ¢
86€ "€
gve’e
9¢G '€
096 ¢

mmm.ml\x
S19°¢
€€9°¢
999 '€

SASNPRVER

8EV T~
§5% p~"
5e8 v
098 7
988
798 ¥
8%
988 ¥

928 9
€879
0¥8°9
678 9
6169
€069
8£6°9
260 'L
201
L0T
111
0c1
Pel
pLl
181
681
v02
L02
Lee
152
L92
862
g’

O e e T e e e e S Sl S S S o

L

M

06"
10°
66 "

Fs6-

Foo-

S — =
.

O -
v

-9.5

3.0 2.5 2.0 I.b 1.0 0.5 0.0

3.5

4.0
f1 (ppm)

7.0 6.5 6.0 5.5 5.0 4.5

7.5

8.0

8.5

9.0


dell
打字机文本
2da

dell
打字机文本

dell
打字机文本

dell
打字机文本


bive—

06 [V
L6°TV

06 "9v="
[ORLENG

V6 LS—

89 9L
oo.mthm
28 °LL

V0 LTl
61 °L21
Gy L2l
09 L2l

21821
€€ 821
19821

S0 ‘621
G8 621
10 Vel
0¢ "LET

62 '8¢1
p176€1

Ve vii—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

f1 (ppm)


dell
打字机文本
2da

dell
打字机文本


788"
€0
960 -
6L0°
0LT "
881 -
961 -
VIZ
02z
867"
0z "
192
G8e -
807 -
621
zev
66y -
€0 -
125
128"
ECE
692"
882"
262
y0€ -
ore”
128
£6e -
VIv-
181
06L°
208
018
s
18
968
698 °
216 "9
9.6 9
186 9
£66 9 -
1669
600"

210’

120

520"

820"

Ge0”

o

L
L
L
L
L
L
L
050 "L —_—
090 "L
)
L
L
L
L
L
L
L
L

3.0

Feot
E00°T

SN TN
/]
n

FTFHFFIT I I FTTONNDDNNMNMNMNMMMMMMMMMA

© © © © O OO O
T

2db

0z [
V12
Gry
L8V
121
B80T

7.0

690"
e
LT
8eT-
zer”
LET"
v
061
€er
8cT "2
291 "L L
B
69T "L
261 "L
961 "L
112 "L .
P12 L
622 "L L
262 "L
097 "L
617 L
262 L+

0.0

0.5

2.0 1.5 1.0

2.5

4.0 3.5

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

9.5 9.0 8.5 8.0 7.5

10.0


dell
打字机文本
2db

dell
打字机文本


LS°
8L"

18"
16"
62"

¥9°
ve-

6L
00
14

8¢ ¢

1L°
7
G0 -
ve”
€8°
LE"
[
G6°
€6°
9¢ "
[4n
18"
L6°

9.
.EW.
LL

8¢ "
1L°
L
§0°
ve”
€8°

LE"
[

§6

€6

‘601 —

2db

130 129 128 127 126 125 124

131

f1 (ppm)

10 -10

30

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210



dell
打字机文本
2db

dell
打字机文本


[
GL*
8L°
60 °
8¢ "

18"

i
9 -

66 "

L6

19
a8

68
G6

€e”

89
8¢

v
Gl
8L
60
8¢
L8
Iy
¥
66
L6

6
.mmv
EiaN

O—

96—
09—

071
071
0z1
121
L71~X
121
821
821
821
621

‘601 —

T T T T T
129 128 127 126 125
f1 (ppm)

T
130

T
131

2db

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

T
210

20


dell
打字机文本
2db

dell
打字机文本


	SI-data.pdf
	SI-spectrum
	spectrum-sub
	1a1
	1a2
	1b1
	1b2
	1c1
	1c2
	1d1
	1d2
	1e1
	1e2
	1f1
	1f2
	1g1
	1g2
	1h1
	1h2
	1i1
	1i2
	1j1
	1j2
	1k1
	1k2
	1l1
	1l2
	1m1
	1m2
	1n1
	1n2
	1o1
	1o2
	4a1
	4a2
	4b1
	4b2
	4c1
	4c2
	4d1
	4d2
	4e1
	4e2
	4f1
	4f2
	4g1
	4g2
	4h1
	4h2
	4i1
	4i2
	4j1
	4j2
	4k1
	4k2
	4l1
	4l2

	spectrum-pro1
	2a1
	2a2
	2b1
	2b2
	2c1
	2c2
	2d1
	2d2
	2e1
	2e2
	2f1
	2f2
	2g1
	2g2
	2h1
	2h2
	2i1
	2i2
	2j1
	2j2
	2k1
	2k2
	2l1
	2l2
	2m1
	2m2
	2n1
	2n2
	2o1
	2o2
	5a1
	5a2
	5b1
	5b2
	5c1
	5c2
	5d1
	5d2
	5e1
	5e2
	5f1
	5f2
	5g1
	5g2
	5h1
	5h2
	5i1
	5i2
	5j1
	5j2
	5k1
	5k2
	5l1
	5l2
	2da1
	2da2
	2db1
	2db2





